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Background: In spite of treatment advances, HIV infection is associated with cognitive deficits.
This is even more important as many persons with HIV infection age and experience age-related
cognitive impairments. Both computer-based cognitive training and transcranial direct current
stimulation (tDCS) have shown promise as interventions to improve cognitive function. In this
study, we investigate the acceptability and efficacy of cognitive training with and without tDCS
in older persons with HIV.

Patients and methods: In this single-blind randomized study, participants were 14 indi-
viduals of whom 11 completed study procedures (mean age =51.5 years; nine men and two
women) with HIV-related mild neurocognitive disorder. Participants completed a battery of
neuropsychological and self-report measures and then six 20-minute cognitive training sessions
while receiving either active or sham anodal tDCS over the left dorsolateral prefrontal cortex.
After training, participants completed the same measures. Success of the blind and participant
reactions were assessed during a final interview. Assessments were completed by an assessor
blind to treatment assignment. Pre- and post-training changes were evaluated via analysis of
covariance yielding estimates of effect size.

Results: All participants believed that they had been assigned to active treatment; nine
of the 11 believed that the intervention had improved their cognitive functioning. Both
participants who felt the intervention was ineffective were assigned to the sham condition.
None of the planned tested interactions of time with treatment was significant, but 12 of
13 favored tDCS (P=0.08). All participants indicated that they would participate in similar
studies in the future.

Conclusion: Results show that both cognitive training via computer game playing and tDCS
were well accepted by older persons with HIV infection. Results are suggestive that tDCS
may improve cognitive function in persons with HIV infection. Further study of tDCS as an
intervention for HIV-related cognitive dysfunction is warranted.

Keywords: HIV, transcranial direct current stimulation, tDCS, cognitive aging

Introduction

In spite of advances in the treatment of HIV infection through the development of
combination antiretroviral treatments, individuals with HI'V infection, even those with
nondetectable viral loads, continue to develop HIV-related cognitive deficits.! These
cognitive deficits are significant in light of their impact on patients’ functional status,**
medication adherence,*¢ and quality of life.”' Cognitive dysfunction may have an
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even greater impact on those aging with HIV, who face both
HIV- and age-related cognitive changes.'"!?

Although significant, treatments for HIV-related cognitive
deficits are limited. Drug studies have shown that stimulant
medications may improve some symptoms of HIV-related
cognitive impairment,'® but their usefulness is limited by their
abuse potential and side effects.'*!> Other investigators have
argued for the utility of computer-delivered cognitive training
interventions,'® but the software is not always affordable for
indigent patients or those on limited budgets. Further, many
programs developed specifically for cognitive training do not
have high levels of inherent interest, reducing their uptake
outside of compensated research studies.

An alternative strategy to expensive commercial software
may be more readily available computer games.!” Developers
of cognitive training software programs have often tried to
include game elements into their software'® to enhance the
inherent interest of the training programs, but a vast number
of readily available games have already demonstrated their
commercial viability. This type of viability stems from the
games having high levels of intrinsic interest, play that
engages the user, and online social communities. Games such
as first-person shooters (in which the participant uses some
form of gun to target enemies) have been shown to improve
attention and reaction time,' but their acceptability to the
user is limited by the violent nature of their content, which
at times includes simulations of violence and gore.'®!

An alternative to first-person shooters would be a car racing
game, which also requires attention and cognitive speed but
may be more generally acceptable to users. One study showed
that a purpose-built car racing game improved cognitive
function in older persons.? Others have also argued for the
effectiveness of commercially available games in improving
and sustaining cognitive function in older adults.'7-*'-*

Commercial games are successful precisely because of
their ability to engage and sustain users’ interest. A number of
games, for example, have millions of engaged users actively
involved in online communities. Games may involve team
play and some have worldwide tournaments with thousands
ofusers. One group has shown that a commercially available
game requiring psychomotor speed was more likely to result
in long-term use in users compared to a commercial cogni-
tive training computer program.*'*> Computer games have
been shown to have sustained cognitive training effects that
may transfer to other domains? including cognitive control
in older adults.?

In addition to cognitive training, many studies have
shown that transcranial direct current stimulation (tDCS) can

enhance cognitive function. tDCS involves the application
of very small currents (1-2 mA) using a regulated direct
current source, usually via sponge electrodes placed over
relevant portions of the brain. Studies of tDCS have shown
enhancement of specific aspects of cognitive function, includ-
ing verbal problem solving,?® working memory,”?° and
learning in various contexts including in a computer-based
threat detection simulation®® and object location memory in
the elderly.?!

In addition to effects on cognition, many studies have also
shown that tDCS may be an effective adjunct treatment for
depression, with individuals receiving both antidepressants
and tDCS showing greater improvements than those receiv-
ing antidepressant medications alone.*

Although the precise mechanism by which tDCS pro-
duces effects on cognition and mood is unclear, one pos-
sible mechanism is particularly relevant to the treatment of
individuals with HIV infection. Direct current stimulation of
neurons in the motor cortex has been shown to stimulate the
activity of brain-derived neurotrophic growth factor (BDNF)
in that area,*® and it is possible that similar effects occur else-
where in the brain. BDNF is affected by HIV infection***
and is related to both cognitive decline in older persons*
and depression.’” An intervention that might stimulate its
production in older persons with HIV might be an important
therapeutic intervention.

To date, no readily identifiable study has evaluated the
usefulness of commercial games as a cognitive training
strategy among persons with HIV infection nor has any study
evaluated their effect combined with tDCS. The purposes of
this study were to evaluate the feasibility and acceptability
of game-based cognitive training intervention in older
persons with HIV infection and to evaluate the acceptability
and efficacy of the cognitive training intervention with and
without active tDCS. We believed that individuals would
find the computer game interesting and that those receiving
active tDCS would show improvements in psychomotor
speed. As the number of participants is small, analyses focus
primarily on description of outcomes and effect size estima-
tion rather than parametric hypothesis testing. We present
preliminary data here from our first 11 participants.

Patients and methods

Game

In this study, we chose to use an off-the-shelf computer game
that is inexpensive (free to download on some version of
Windows™), was of an appropriate level of difficulty, and
was widely popular, thus demonstrating its acceptability to
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potential users. GT Racing 2 (Gameloft SE, Paris, France)
requires that individuals steer a simulated car over courses
that include city streets, racetracks, and outside courses.
Each course requires that the user achieve a basic level of
proficiency before moving on to the next level. The initial dif-
ficulty level allows the game to provide considerable steering
and braking assistance to the person playing, guaranteeing
their ability to play the game and achieve at least some suc-
cess. The game is visually attractive and provides a variety
of courses that stimulate user interest. All participants were
able to navigate successfully at least the first four courses of
the game over six training sessions.

tDCS

Participants

Participants were individuals treated for HIV infection who
reported cognitive difficulties and evidenced objective cogni-
tive impairment in two neuropsychological domains. Exclu-
sion criteria included factors that might expose individuals to
increased risks if they participated in tDCS, such as history
of seizures or bipolar disorder (there have been some reports
of mania in studies of tDCS for depression®*3?). Individuals
using an extensive list of psychotropic medications were
excluded, as drugs in these classes have been shown to
modify the effects of tDCS.** These included medications
with serotonergic (many antidepressants), dopaminergic
(stimulant medications, antipsychotics), or gamma-amino
butyric acid actvitiy (benzodiazepines). Left-handed partici-
pants were excluded as well. Participants were also asked
about game-playing experience; none reported substantial
personal computer (PC) or console gaming experience,
although one participant indicated that he played games on
his phone occasionally.

Procedures

Recruitment and eligibility determination

Individuals were initially recruited from participants in a
previous study during which they completed a battery of
cognitive measures, allowing us to identify persons likely to
meet entrance criteria. Individuals were also recruited from
several local organizations providing services to individuals
treated for HIV infection. Participants were first screened by
telephone for the presence of subjective cognitive impair-
ments using questions developed by the European AIDS
Clinical Society* as well as for medication use, ability to
bring laboratory results, and interest in participating in a study
of cognitive training and tDCS. All participants were required
to be in active treatment for HIV and stable on their current

regimen of antiretroviral medications for 1 month. Persons
who met initial inclusion and exclusion criteria were sched-
uled for an in-person visit to determine final eligibility.

At the in-person visit, participants completed a brief
battery of neuropsychological measures selected to assess
domains commonly affected in persons with HIV infection.
These included attention and working memory using the
Digit Span subtest of the Wechsler Adult Intelligence Scale,
4th edition, or WAIS-IV,* which includes assessments
of digit span forward, backward, and a number and letter
sequencing task. Measures also assessed executive function
and mental flexibility with the Trail Making Test, Parts A
and B,* verbal learning and memory with the Hopkins Verbal
Learning Test — Revised or HVLT-R,* and psychomotor
speed with the Grooved Pegboard Test.* Individuals were
considered eligible if their performance in two of the domains
was one standard deviation (SD) or more below the mean
according to normative data. Participants were also required
to report subjective cognitive difficulties in at least one of the
following areas: 1) memory, 2) cognitive slowing, or 3) prob-
lems in attending.*’ They thus fulfilled Frascati criteria* for
mild neurocognitive disorder. All participants were currently
in active treatment for HIV, and routine monitoring of treat-
ment response and immune status is part of their care. We
required that participants furnish recent laboratory results
at study entry, as well as bring all their medications to the
eligibility visit, so that we could examine pill bottles and
verify that they met protocol eligibility requirements.

Individuals who met entry criteria then completed the
Patient’s Assessment of Own Functioning (PAOF),*47 a
more extensive measure of self-reported cognitive difficulties
across language, perception, and memory previously used
in studies of HIV-related cognitive impairment,*’ as well as
the Center for Epidemiological Studies Depression (CESD)
scale,”® a self-report measure of depressive symptoms.
Participants completed these measures using automated
computer-assisted self-interview (ACASI) software that only
required touching a computer’s screen to record responses.
Participants were compensated with US $40 for the first and
last sessions and $20 for each training visit. After complet-
ing baseline procedures, participants were scheduled for the
first training visit.

Computer-based cognitive training

At the first visit, individuals were assigned to treatment condi-
tion via a predetermined computer-generated schedule with
randomized blocks of four. Individuals were oriented to tDCS
procedures and the computer game controller (standard Xbox

Neuropsychiatric Disease and Treatment 2016:12

submit your manuscript

2747

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ownby and Acevedo

Dove

game controller connected via USB interface to a PC running
the Windows® 10 operating system). The investigator sat at
another desk behind and to the participant’s left so that the
tDCS device and the investigator recording performance were
not visible during training. The investigator controlled the
computer and the game via a wireless mouse. All individuals
participated in tDCS anode placement over the left dorsolateral
prefrontal cortex and cathode over the right supraorbital area,
with locations determined according to the 10-20 placement
system.*’ Electrodes were 5x5 cm sponges (Soterix EASY-
Pads; Soterix Medical, New York, NY, USA). They were
moistened with ~6 cc of sterile saline and held in place with an
elastic band. Current was supplied using a Chattanooga lonto
iontophoresis device (DJO International, Surrey, England)
with flat carbon electrodes inserted into the dual riveted
sponges to improve the uniformity of current density.

Participants were informed that they might feel nothing
or minor itching or burning at the onset of tDCS and that the
feeling might continue or go away during the training session.
This procedure has previously been successfully used to blind
research participants to active vs sham tDCS.3? Participants
were encouraged to attend to the computer screen as the game
and tDCS were initiated. For individuals assigned to active
treatment, tDCS was begun and continued for 20 minutes at
acurrent of 1.5 mA. For individuals assigned to sham tDCS,
the tDCS device was turned on and the current allowed to
ramp up to 1.5 mA over a period of 30 seconds. The device
was then turned off out of sight of the participant.

Participants were allowed to work through the game at
their own pace, subject to its restrictions. For example, in
order to progress through the game, participants had to finish
a race in first, second, or third place or finish a course in a
specified time prior to accessing the next course. Participants
completed at least five trials of each course before progress-
ing. At the conclusion of each training session, participants
responded to three questions via ACASI that asked how
they would rate their mental abilities, mood, and level of
discomfort during that session. All participants completed
six training sessions over the next 2 weeks, with most ses-
sions completed with 1-day intervening between sessions
(eg, Monday, Wednesday, and Friday).

All activities were completed within a 3-week interval.
After the final training session, participants again completed
the PAOF, CESD, and the neuropsychological battery admin-
istered by an assessor blind to treatment condition. The asses-
sor also completed a final interview during which participants
were asked to which group they had been assigned in order
to assess the effectiveness of the blinding procedure. They

were asked whether they believed the computer training and
tDCS were helpful and whether they would participate in the
future in a study of tDCS.

Human subjects approval and trial

registration

This protocol was approved by the Institutional Review
Board of Nova Southeastern University (protocol number
12031424F) and was registered on ClinicalTrials.gov
(NCT02647645). All participants provided oral consent for
screening procedures and written informed consent prior to

randomization and treatment procedures.

Analyses

Data analyses were completed in several steps. Given the
small number of participants, it was possible to inspect the
data for extreme values, but inspection was supplemented
by obtaining frequencies and descriptive statistics. Effects of
covariates were evaluated in correlation analyses. Treatment
effects were evaluated in analysis of covariance (ANCOVA)
models yielding estimates of effect size and plots of estimated
marginal means corrected for covariates. Our primary out-
come measure was effect size estimates as we anticipated that
the current sample size would not provide sufficient power
to detect statistical significance.

Treatment effects were also evaluated through inspection
of plots derived from ANCOVA models.

As depression can affect self-report of symptoms in per-
sons with HIV infection? as well as cognition,? we assessed
the impact of changes in depression on the observed interac-
tion between treatment group and time in post hoc analyses.
The change in CESD score over time was calculated and used
as a covariate in a subset of analyses to evaluate the effect
of changes in depressive symptoms on cognitive measures
and self-report of symptoms.

All analyses presented here were completed using the
Statistical Package for the Social Sciences, 23rd edition
(IBM/SPSS, Armonk, NY, USA).

Results

Demographic and educational data for each participant are
presented in Table 1. We enrolled 14 individuals, 11 of
whom completed all study procedures. Two participants
completed the baseline study visit but withdrew prior to
randomization as they lived some distance from the study
site and felt driving to our research office three times a week
for 2 weeks was impractical. Another participant completed
baseline assessment and was randomized, but after several
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Table | Description of participants

Age Gender Education Race Condition Completion Viral load®> In load® CD4 CD4
(years) (years) status (copies/mL) (natural log (cells’rmm?) per cent
of copies/mL)
46 Male 12 African American tDCS Completed 25 1.4 841 40.0
57 Male 9 African American tDCS Completed 0 0 605 20.0
49 Female 10 African American Not randomized Withdrew 35 1.54 350 18.0
59 Male I African American Not randomized Withdrew 0 0 907 30.0
49 Female 6 African American Sham Completed 97,040 4.987 169 14.1
44 Female 9 African American  Sham Withdrew 0 0 726 33.0
51 Male 12 African American Sham Completed 93,129 4.97 394 20.0
54 Male 12 African American tDCS Completed 0 0 443 16.4
46 Male 15 African American tDCS Completed 27,060 4.432 471 24.8
51 Male 10 White Sham Completed 50 1.699 840 52.5
51 Male 12 White Sham Completed 0 0 309 6.0
50 Male 12 African American tDCS Completed 0 0 499 27.7
62 Female 11 African American Sham Completed 62 1.79 798 30.0
49 Male 12 African American tDCS Completed 0 0 8l 42.0

Notes: *Viral loads reported as “undetectable” (<20 copies/mL) are listed as 0; the In load for undetectable is listed as 0.

Abbreviation: tDCS, transcranial direct current stimulation.

training visits was hospitalized for an unrelated health issue
and could not complete study procedures in the 3-week
period specified in our protocol. The average age of partici-
pants was 51.5 years (SD =4.71), and they had completed
a wide range of years of education (615 years, mean age
11.18 years, SD =2.27). Two women and two Whites were
participants so that the majority of participants in this study
were African American men.

Baseline and follow-up means and SDs for tests and
the two self-report measures are presented in Table 2.
The possible relations of covariates to cognitive variables
were explored via parametric (Pearson) and nonparametric
(Spearman) correlations. As correlations of age, gender,
education, race, and immune status with cognitive variables
were often substantial and judged to be potentially mean-
ingful, we included them in ANCOVA models assessing
differences in performance before and after training with or
without tDCS. Although the number of covariates is substan-
tial, especially in light of the small overall sample size, all
showed relations to other variables and might reasonably be
expected to be confounders of any evaluation of treatment
effect. The complete table of nonparametric correlations is
included as a data supplement to this paper (Table S1).

As we were primarily interested in exploration of prelimi-
nary results via graphing and effect sizes, repeated measures
ANCOVA models for baseline and follow-up were created,
with a specific focus on the extent to which the interactions
between time and treatment condition might represent an
effect of tDCS on cognitive outcomes. Examples of covariate-
corrected baseline and follow-up changes for each group are
presented in Figures 1-3. Figure 1 (higher scores reflect better

performance) presents results for the HVLT total learning
score, suggesting that persons in the tDCS score may have
improved relatively more over the baseline assessment than
did those in the sham group. Figure 2 (higher scores reflect
worse performance) shows results for the Grooved Pegboard
dominant hand time; in this instance, after taking covariates
into account those in the sham group performed more poorly
at the second assessment compared to those in the tDCS
group. Figure 3 (lower scores indicate fewer complaints)
shows changes in the PAOF total score over assessments.
While the sham group reported modestly greater overall
problems at the follow-up assessment, the figure suggests a
substantial decrease in complaints for the tDCS group.

Effect sizes for the interactions of treatment group by
time are presented in Table 3. Effect sizes are presented as
partial eta squared and converted to the more widely used
Cohen’s d. Effect sizes range from moderate to large when
interpreted based on the guidelines suggested by Cohen.®
The average of all effect sizes for cognitive measures (not
including Trails A and the effects corrected for change in
depression) was 1.28. When the negative effect for Trails A
is included, the average is 0.99. Of the 13 planned estimates
of treatment effect size, 12 were in the positive direction,
suggesting a positive effect of tDCS (P=0.08).

Table 3 also includes effect size estimates for several
cognitive measures we believed might be sensitive to changes
in depression and the PAOF total score. In these models,
change in depressive symptoms was included as a covariate.
The inclusion of this variable reduced the effect size for the
group by time interaction for the PAOF but increased it for
cognitive measures.

Neuropsychiatric Disease and Treatment 2016:12
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Table 2 Test and self-report data

Treatment N Baseline Follow-up
Mean SD Mean SD

Digit Span forward (number correct)

Sham 5 700 1.73 880 164

tDCS 6 867 1.63 883 232
Digit Span backward (number correct)

Sham 5 620 1.79 720 084

tDCS 6 633 121 7.7 256
Digit Span sequencing (number correct)

Sham 5 660 336 7.00 265

tDCS 6 733 1.63 800 3.03
Digit Span scaled score

Sham 5 620 327 780 164

tDCS 6 733 207 11.67 10.86
HVLT-R total (number correct)

Sham 5 1560 4.56 19.20 6.6l

tDCS 6 20.00 4.15 22.17 3.3I
HVLT-R delayed recall (number correct)

Sham 5 560 270 680 239

tDCS 6 517 214 750 226
HVLT-R recognition (number correct)

Sham 5 9.00 453 1040 089

tDCS 6 817 366 933 |5l
Trails A (seconds)

Sham 5 1440 64.33 33.00 94l

tDCS 6 3533 9.09 34.17 9.87
Trails B (seconds)

Sham 5 112.00 32.84 100.00 46.24

tDCS 6 97.33 2243 84.67 24.04
Pegs dominant hand (seconds)

Sham 5 98.60 16.59 115.60 51.15

tDCS 6 94.83 1857 90.00 13.04
Pegs nondominant hand (seconds)

Sham 5 155.80 86.97 154.00 83.35

tDCS 6 10833 24.65 101.50 24.35
PAOF language (average rating)

Sham 5 236 08l 180 044

tDCS 6 257 047 237 041

PAOF motor/sensory perceptual
(average rating)
Sham 5 260 045 216 0.7
tDCS 6 233 056 197 0.59
PAOF cognitive/intellectual
(average rating)

Sham 5 207 089 |51 040

tDCS 6 228 071 1.80 029
PAOF memory (average rating)

Sham 5276 107 208 03I

tDCS 6 277 082 225 0.55
PAOF total (average rating)

Sham 5245 072 189 023

tDCS 6 249 035 210 0.3
CESD (total score)

Sham 5 1520 396 1020 3.27

tDCS 6 2250 826 2033 997

Notes: Digit Span forward, backward, sequencing: WAIS-IV subtests; Trails A and B:
Trail Making Test, Parts A and B; Pegs dominant and nondominant: Grooved
Pegboard test, dominant and nondominant hands time.

Abbreviations: SD, standard deviation; tDCS, transcranial direct current
stimulation; HVLT-R, Hopkins Verbal Learning Test, Revised; PAOF, Patient’s
Assessment of Own Functioning; CESD, Center for Epidemiological Studies
Depression scale; WAIS-IV, Wechsler Adult Intelligence Scale, 4th edition.

HVLT-R total by treatment
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Figure | HVLT-R total by group and time.
Abbreviations: HVLT-R, Hopkins Verbal Learning Test-Revised; tDCS, transcranial
direct current stimulation.

Success of blind, and participant reactions
In order to evaluate how successful the blinding procedure
was, an interviewer blind to participants’ treatment assign-
ments asked them to which treatment group they believed
that had been assigned. All participants indicated that they
believed they had been assigned to the active tDCS group.
We also asked them whether they believed the intervention
had been helpful to them. Nine of the 11 participants stated
they felt the intervention had been helpful to them (including
several assigned to the sham condition) while two participants
stated they were not sure or believed it had not been helpful.
Both were assigned to sham treatment. All participants stated

Grooved Pegboard dominant
hand by treatment
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g — tDCS
E & 1051
.g c
9
T
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85 1004
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m )
°
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> © 95_ —
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Figure 2 Grooved Pegboard dominant hand by group and time.
Abbreviation: tDCS, transcranial direct current stimulation.
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PAOF total by treatment
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Figure 3 PAOF by group and time.
Abbreviations: PAOF, Patients Assessment of Own Functioning; tDCS, transcranial
direct current stimulation.

they would participate in a similar study in the future. Both
men and women indicated that they enjoyed the car racing
game, with several participants inquiring about how they
could obtain the game in order to continue playing it.

Discussion

The purpose of this study is to explore the acceptability and
potential efficacy of computer-delivered cognitive training
using commercial gaming software with or without tDCS in

Table 3 Effect sizes for the interaction of group by time

n* d P-value
Digit Span forward 0.12 073 0.51
Digit Span backward 043 1.74 0.16
Digit Span backward with change in CESD 0.77 3.63 0.12
Digit Span sequencing 055 222 0.09
Digit Span sequencing with change in CESD  0.98  13.04 0.01
Digit Span scaled score 026 1.18 0.31
HVLT-R total 0.16 0.88 0.43
HVLT-R delayed 0.82 258 0.06
HVLT-R recognition 021 1.02 0.36
Trails A 0.64 -2.66> 0.1l
Trails B 0.I5 084 0.45
Pegs dominant 0.12 075 0.50
Pegs nondominant 0.16 0.96 0.43
PAOF total 036 1.50 0.28
PAOF total with change in CESD 0.15 083 0.62
CESD 022 1.07 0.42

Notes: Digit Span forward, backward, sequencing: WAIS-IV subtests; Trails A
and B: Trail Making Test, Parts A and B; Pegs dominant and nondominant: Grooved
Pegboard test, dominant and nondominant hands time. *Interaction effect in favor
of sham group performance. Bold value was significant after inclusion of change in
CESD scale as a covariate.

Abbreviations: CESD, Center for Epidemiological Studies Depression scale;
HVLT-R, Hopkins Verbal Learning Test, Revised; PAOF, Patient’s Assessment of
Own Functioning; WAIS-IV, Wechsler Adult Intelligence Scale, 4th edition.

persons with HIV infection. Given our small sample size, our
analyses evaluated the treatment effects by assessing effect
sizes and inspecting graphs of covariate-corrected baseline
and follow-up performance. Cognitive testing before and after
training suggests the presence of a positive effect of tDCS on
learning, memory, and motor speed compared to cognitive
training alone. Of the 13 effect sizes presented in Table 3,
12 were positive in showing an advantage for the active tDCS
group. These findings are illustrated in the figures, which show
either relatively greater improvement (Figure 1) or lack of
decline (Figure 2) over assessments in those receiving tDCS.
In addition, objective findings are mirrored in participants’
self-report of cognitive difficulties (Figure 3).

Observed changes in performance on working memory
tasks such as Digit Span Backward and Sequencing are
consistent with other studies that have found improvement in
working memory after left dorsolateral prefrontal cortex tDCS
stimulation,?” including a study in patients with Parkinson’s
disease.”! However, it should be acknowledged that positive
treatment effects have not been obtained in all studies.*

Although we did not specifically recruit participants who
might be suffering from depression, mean CESD scores
for both groups were in a range consistent with clinically
significant disturbance of mood. It is thus noteworthy that
the interaction of group by time for this measure, while
not statistically significant, was small to medium based on
Cohen’s interpretive guidelines.’® As tDCS has been success-
fully used as an adjunctive treatment for depression,*** this
finding is also consistent with previous literature on tDCS
in other patient groups as well as results of a small trial in
persons with HIV infection.>

Strengths of this study include the success of the single-
blind procedure, as all participants indicated they believed
that had been in the active treatment group. All baseline
and outcome data were collected either by an assessor blind
to participants’ treatment assignment or by way of ACASI,
again reducing the likelihood of experimenter bias in these
results. We collected information about participants’ subjec-
tive experience of the interventions as well; their comments
supported objective test results. Our participants were in
many respects typical of those who might be expected to
benefit from cognitive interventions based on their age,
education, and cognitive deficits.

Limitations of this study include the small sample size
and single-blind design. The sample size reflects that this
is a pilot study targeted at determining whether further
study is warranted and whether the interventions would be
acceptable to older persons with HI'V infection. Lack of a true
double-blind design raises the concern about bias induced
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by the investigators. We did a number of things to decrease
the likelihood of experimenter effects, including positioning
the experimenter and the tDCS device out of sight of the
participant during stimulation, providing neutral informa-
tion about the likelihood of experiencing physical sensations
from stimulation, and collecting rating scale data via ACASI
with the investigator out of the room. Follow-up cognitive
testing and interviews were completed by an assessor blind
to treatment condition. While these procedures reduced the
likelihood of experimenter bias, they cannot eliminate it.
Participants included small numbers of women and Whites,
creating another potential source of bias. As the purpose of
this study was to assess the acceptability and possible effi-
cacy of training with and without tDCS, we did not include
a no-treatment control condition. Thus, we cannot evaluate
the effect of computer training by itself, as all participants
receive the same cognitive training intervention. As noted,
our sample size is quite small and we controlled for a number
of covariates. Since the covariates were all factors that might
reasonably be related to performance on outcome measures,
such as age, gender, education, and immune status, and thus
confound any evaluation of the effect of treatment, we believe
this was an appropriate strategy. However, it must be acknowl-
edged that our assessment is based on a small sample.

An anomalous finding was the change in Trails A
performance, in which the active the performance of the
tDCS group actually declined while that of the sham group
improved. Other investigators have evaluated the effect of
tDCS on Trail Making Test performance. Fagerlund et al*
assessed the effect of anodal stimulation over M1 (somewhat
posterior to the site of stimulation in this study) and found no
effect on Trail Making test performance. In a study of tDCS
for depression, Brunoni et al’” showed a modest differential
in Trails A improvement over time favoring sham treatment
(sham improved 8.1 seconds while the active group improved
3.2 seconds). We can speculate that this finding may simply
be a random outcome, especially in light of otherwise con-
sistent results favoring tDCS.

Results of this pilot study thus provide suggestive evi-
dence for the efficacy of tDCS combined with computer-
delivered cognitive training in improving cognitive function
in persons with HIV-related cognitive deficits. Although our
small sample size limited the power of this study to detect sta-
tistically significant treatment effects, most effect sizes were
moderate to large, and all but one were in the direction of a
positive effect for tDCS. Objective findings are reflected in
participants’ own estimation of the effectiveness of the inter-
ventions, although it should be noted that some individuals
who received sham tDCS also believed they had benefited

from the intervention. This may reflect a nonspecific effect
of simply participating in an intervention study or a positive
effect of the cognitive training intervention. As we did not
include a no-treatment control condition, this possibility
cannot be evaluated.

Given the importance of cognitive deficits for affected
persons’ functional status and quality of life as well as lack
of effective alternative treatments, these results have potential
clinical significance. Due to the limited scope of this study,
we did not include measures of functional status so that it is
not possible to know whether the observed changes in cogni-
tive tasks had an impact on other outcomes directly related
to everyday functioning, such as self-care, medication adher-
ence, or driving. Future research should focus on assessing
not only laboratory outcome measures but also outcomes
with clearer real-world significance, such as instrumental
activities of daily living and medication adherence.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Heaton RK, Clifford DB, Franklin DR Jr, et al; CHARTER Group.
HIV-associated neurocognitive disorders persist in the era of potent
antiretroviral therapy: CHARTER Study. Neurology. 2010;75(23):
2087-2096.

2. Thames AD, Becker BW, Marcotte TD, et al. Depression, cognition, and
self-appraisal of functional abilities in HIV: an examination of subjec-
tive appraisal versus objective performance. Clin Neuropsychol.2011;
25(2):224-243.

3. Thames AD, Kim MS, Becker BW, et al. Medication and finance man-
agement among HIV-infected adults: the impact of age and cognition.
J Clin Exp Neuropsychol. 2011;33(2):200-209.

4. Thames AD, Arentoft A, Rivera-Mindt M, Hinkin CH. Functional dis-
ability in medication management and driving among individuals with
HIV: a 1-year follow-up study. J Clin Exp Neuropsychol. 2013;35(1):
49-58.

5. Hinkin CH, Hardy DJ, Mason KI, et al. Medication adherence in HIV-
infected adults: effect of patient age, cognitive status, and substance
abuse. A/DS. 2004;18(suppl 1):S19-S25.

6. Hinkin CH, Castellon SA, Durvasula RS, et al. Medication adherence
among HIV+ adults: effects of cognitive dysfunction and regimen
complexity. Neurology. 2002;59(12):1944-1950.

7. Degroote S, Vogelaers D, Vandijck DM. What determines health-related
quality of life among people living with HIV: an updated review of the
literature. Arch Public Health. 2014;72(1):40.

8. Degroote S, Vogelaers DP, Vermeir P, et al. Socio-economic, behav-
ioural, (neuro)psychological and clinical determinants of HRQoL in
people living with HIV in Belgium: a pilot study. J Int AIDS Soc. 2013;
16:18643.

9. Moore RC, Fazeli PL, Jeste DV, et al; HIV Neurobehavioral Research
Program (HNRP) Group. Successful cognitive aging and health-related
quality of life in younger and older adults infected with HIV. AIDS
Behav. 2014;18(6):1186-1197.

10. Tozzi V, Balestra P, Galgani S, et al. Neurocognitive performance and
quality of life in patients with HIV infection. AIDS Res Hum Retrovi-
ruses. 2003;19(8):643-652.

11. Valcour V, Shikuma C, Shiramizu B, et al. Higher frequency of demen-
tia in older HIV-1 individuals: the Hawaii aging with HIV-1 cohort.
Neurology. 2004;63(5):822-827.

submit your manuscript

2752

Dove

Neuropsychiatric Disease and Treatment 2016:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

tDCS for HIV cognitive impairment

12.

13.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Wendelken LA, Valcour V. Impact of HIV and aging on neuropsycho-
logical function. J Neurovirol. 2012;18(4):256-263.

Hinkin CH, Castellon SA, Hardy DJ, Farinpour R, Newton T, Singer E.
Methylphenidate improves HIV-1-associated cognitive slowing.
J Neuropsychiatry Clin Neurosci. 2001;13(2):248-254.

. Watkins CC, Treisman GJ. Cognitive impairment in patients with

AIDS — prevalence and severity. HIV AIDS (Auckl). 2015;7:35-47.

. Cody SL, Vance DE. The neurobiology of HIV and its impact on cogni-

tive reserve: a review of cognitive interventions for an aging population.
Neurobiol Dis. 2016;92(Pt B):144—156.

. Vance DE, Fazeli PL, Ross LA, Wadley VG, Ball KK. Speed of process-

ing training with middle-age and older adults with HIV: a pilot study.
J Assoc Nurses AIDS Care. 2012;23(6):500-510.

. Zelinski EM, Reyes R. Cognitive benefits of computer games for older

adults. Gerontechnology. 2009;8(4):220-235.

Green CS, Seitz AR. The impacts of video games on cognition (and
how the government can guide the industry). Policy Insights Behav
Brain Sci. 2015;2(1):101-110.

Wu S, Spence 1. Playing shooter and driving videogames improves
top-down guidance in visual search. Atten Percept Psychophys.
2013;75(4):673-686.

AngueraJA, Boccanfuso J, Rintoul JL, et al. Video game training enhances
cognitive control in older adults. Nature. 2013;501(7465):97-101.
Belchior P, Marsiske M, Sisco S, Yam A, Mann W. Older adults’ engage-
ment with a video game training program. Act Adapt Aging. 2012;36(4):
269-279.

Belchior P, Marsiske M, Leite WL, Yam A, Thomas K, Mann W. Older
adults’ engagement during an intervention involving off-the-shelf
videogame. Games Health J. 2016;5(3):151-156.

Bavelier D, Green CS, Han DH, Renshaw PF, Merzenich MM, Gentile DA.
Brains on video games. Nat Rev Neurosci. 2011;12(12):763-768.
Basak C, Boot WR, Voss MW, Kramer AF. Can training in a real-time
strategy video game attenuate cognitive decline in older adults? Psychol
Aging. 2008;23(4):765-777.

Cardoso-Leite P, Bavelier D. Video game play, attention, and learning:
how to shape the development of attention and influence learning? Curr
Opin Neurol. 2014;27(2):185-191.

Cerruti C, Schlaug G. Anodal transcranial direct current stimulation
of the prefrontal cortex enhances complex verbal associative thought.
J Cogn Neurosci. 2009;21(10):1980—-1987.

Fregni F, Boggio PS, Nitsche M, et al. Anodal transcranial direct current
stimulation of prefrontal cortex enhances working memory. Exp Brain
Res. 2005;166(1):23-30.

Zaehle T, Sandmann P, Thorne JD, Jancke L, Herrmann CS. Tran-
scranial direct current stimulation of the prefrontal cortex modulates
working memory performance: combined behavioural and electrophysi-
ological evidence. BMC Neurosci. 2011;12(1):2.

Heimrath K, Sandmann P, Becke A, Muller NG, Zachle T. Behavioral
and electrophysiological effects of transcranial direct current stimulation
of the parietal cortex in a visuo-spatial working memory task. Front
Psychiatry. 2012;3:56.

Clark VP, Coffman BA, Mayer AR, et al. TDCS guided using fMRI
significantly accelerates learning to identify concealed objects.
Neuroimage. 2012;59(1):117-128.

Floel A, Suttorp W, Kohl O, et al. Non-invasive brain stimulation improves
object-location learning in the elderly. Neurobiol Aging. 2012;33(8):
1682-1689.

Brunoni AR, Valiengo L, Baccaro A, et al. The sertraline vs. electrical
current therapy for treating depression clinical study: results from a
factorial, randomized, controlled trial. JAMA Psychiatry. 2013;70(4):
383-391.

Fritsch B, Reis J, Martinowich K, et al. Direct current stimulation
promotes BDNF-dependent synaptic plasticity: potential implications
for motor learning. Neuron. 2010;66(2):198-204.

Avdoshina V, Bachis A, Mocchetti I. Synaptic dysfunction in human
immunodeficiency virus type-1-positive subjects: inflammation or
impaired neuronal plasticity? J Intern Med. 2013;273(5):454-465.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

Bachis A, Avdoshina V, Zecca L, Parsadanian M, Mocchetti I. Human
immunodeficiency virus type 1 alters brain-derived neurotrophic factor
processing in neurons. J Neurosci. 2012;32(28):9477-9484.
Buchman AS, Yu L, Boyle PA, Schneider JA, De Jager PL, Bennett DA.
Higher brain BDNF gene expression is associated with slower cognitive
decline in older adults. Neurology. 2016;86(8):735-741.

Shimizu E, Hashimoto K, Okamura N, et al. Alterations of serum levels
of brain-derived neurotrophic factor (BDNF) in depressed patients with
or without antidepressants. Biol Psychiatry. 2003;54(1):70-75.
Galvez V, Alonzo A, Martin D, Mitchell PB, Sachdev P, Loo CK.
Hypomania induction in a patient with bipolar II disorder by transcranial
direct current stimulation (tDCS). J ECT. 2011;27(3):256-258.
Medeiros LF, de Souza IC, Vidor LP, et al. Neurobiological effects
of transcranial direct current stimulation: a review. Front Psychiatry.
2012;3:110.

European AIDS Clinical Society. Guidelines 8.0. Brussels: European
AIDS Clinical Society; 2015.

Wechsler D. Manual for the Wechsler Adult Intelligence Scale — IV.
San Antonio TX: Pearson Assessment; 2008.

Lezak M. Neuropsychological Assessment. 5th ed. New York: Oxford
University Press; 2004.

Brandt J, Benedict RH. Hopkins Verbal Learning Test — Revised:
Professional Manual. Odessa, FL: Psychological Assessment
Resources; 2001.

Lafayette Instrument. Grooved Pegboard Test User Instructions.
Lafayette, IN: Lafayette Instrument; 2002.

Antinori A, Arendt G, Becker JT, et al. Updated research nosology for
HIV-associated neurocognitive disorders. Neurology. 2007;69(18):
1789-1799.

Chelune GJ, Heaton RK, Lehman RAW. Neuropsychological and per-
sonality correlates of patients’ complaints of disability. In: Goldstein G,
Tarter RE, editors. Advances in Clinical Neuropsychology. Vol. 3. New
York: Springer; 1986:95-126.

Rourke SB, Halman MH, Bassel C. Neurocognitive complaints in HIV-
infection and their relationship to depressive symptoms and neuropsycho-
logical functioning. J Clin Exp Neuropsychol. 1999;21(6):737-756.
Radloff LS. The CES-D Scale: a self-report depression scale for research
in the general population. Appl Psychol Measurement. 1977;1(3):
385-401.

Acharya JN, Hani A, Cheek J, Thirumala P, Tsuchida TN. American
Clinical Neurophysiology Society guideline 2: guidelines for standard elec-
trode position nomenclature. J Clin Neurophysiol. 2016;33(4):308-311.
Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
New York: Routledge; 1988.

Boggio PS, Ferrucci R, Rigonatti SP, et al. Effects of transcranial direct
current stimulation on working memory in patients with Parkinson’s
disease. J Neurol Sci. 2006;249(1):31-38.

Tremblay S, Lepage JF, Latulipe-Loiselle A, Fregni F, Pascual-Leone A,
Theoret H. The uncertain outcome of prefrontal tDCS. Brain Stimul.
2014;7(6):773-783.

Nitsche MA, Boggio PS, Fregni F, Pascual-Leone A. Treatment of
depression with transcranial direct current stimulation (tDCS): a review.
Exp Neurol. 2009;219(1):14-19.

Brunoni AR, Ferrucci R, Fregni F, Boggio PS, Priori A. Transcranial
direct current stimulation for the treatment of major depressive disor-
der: a summary of preclinical, clinical and translational findings. Prog
Neuropsychopharmacol Biol Psychiatry. 2012;39(1):9-16.

Knotkova H, Rosedale M, Strauss SM, et al. Using transcranial direct
current stimulation to treat depression in HIV-infected persons: the
outcomes of a feasibility study. Front Psychiatry. 2012;3:59.
Fagerlund AlJ, Freili JL, Danielsen TL, Aslaksen PM. No effect of
2 mA anodal tDCS over the M1 on performance and practice effect on
Grooved Pegboard Test and Trail Making Test B. eNeuro. 2015;2(4).
Brunoni AR, Tortella G, Bensenor IM, Lotufo PA, Carvalho AF,
Fregni F. Cognitive effects of transcranial direct current stimulation
in depression: results from the SELECT-TDCS trial and insights for
further clinical trials. J Affect Disord. 2016;202:46-52.

Neuropsychiatric Disease and Treatment 2016:12

submit your manuscript

2753

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ownby and Acevedo

Dove

Supplementary material

Table S| Nonparametric correlations (Spearman’s rho) for covariates, treatment, and outcomes

Gender Education Race In

CD4 Treatment Digit

load Span total delayed dominant hand

Age 0.19 —0.44 —0.15 -0.24 -0.07 -0.32 0.55 0.00 0.26 —-0.26 0.08 0.08
Gender —0.57 022 055 -022 -0.52 —0.61 -0.68 —-0.53 0.52 0.67 0.15
Education 0.12 -0.18 -0.01 0.44 0.08 0.30 —0.15 0.08 —0.54 0.12
Race 0.16 0.00 052 -0.34 -0.04 —0.45 —0.04 0.41 -0.26
In load -0.25 —-0.54 -0.57 -0.42 —-0.18 0.06 0.32 0.02
CD4 0.35 —0.18 0.13 0.41 0.48 0.25 0.06
Treatment 0.I5 0.38 —-0.09 —0.18 —0.26 —0.14
Digit Span 0.54 0.48 -0.79  -0.67 -0.07
HVLT-R total 0.64 —-0.37 —-0.32 -0.23
HVLT-R delayed —0.34 —0.14 —0.19
Trails A 0.53 0.23
Trails B —0.15
Note: Values in bold, P<<0.05.
Abbreviation: HVLT-R, Hopkins Verbal Learning Test-Revised.
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