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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.
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Introduction
In spite of advances in the treatment of HIV infection through the development of 

combination antiretroviral treatments, individuals with HIV infection, even those with 

nondetectable viral loads, continue to develop HIV-related cognitive deficits.1 These 

cognitive deficits are significant in light of their impact on patients’ functional status,2–4 

medication adherence,4–6 and quality of life.7–10 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.11,12

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,13 but their usefulness is limited by their 

abuse potential and side effects.14,15 Other investigators have 

argued for the utility of computer-delivered cognitive training 

interventions,16 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.17 Developers 

of cognitive training software programs have often tried to 

include game elements into their software18 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,18 but their acceptability to the 

user is limited by the violent nature of their content, which 

at times includes simulations of violence and gore.18,19

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.20 Others have also argued for the 

effectiveness of commercially available games in improving 

and sustaining cognitive function in older adults.17,21–24

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 

of users. 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.21,22 Computer games have 

been shown to have sustained cognitive training effects that 

may transfer to other domains25 including cognitive control 

in older adults.20

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,26 working memory,27–29 and 

learning in various contexts including in a computer-based 

threat detection simulation30 and object location memory in 

the elderly.31

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.32

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,33 and it is possible that similar effects occur else-

where in the brain. BDNF is affected by HIV infection34,35 

and is related to both cognitive decline in older persons36 

and depression.37 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 depression32,38). Individuals 

using an extensive list of psychotropic medications were 

excluded, as drugs in these classes have been shown to 

modify the effects of tDCS.39 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 Society40 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,41 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,42 verbal learning and memory with the Hopkins Verbal 

Learning Test – Revised or HVLT-R,43 and psychomotor 

speed with the Grooved Pegboard Test.44 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.40 They thus fulfilled Frascati criteria45 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),46,47 a 

more extensive measure of self-reported cognitive difficulties 

across language, perception, and memory previously used 

in studies of HIV-related cognitive impairment,47 as well as 

the Center for Epidemiological Studies Depression (CESD) 

scale,48 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 
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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.49 Electrodes were 5×5 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 Ionto 

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.32 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 

a current 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 infection2 as well as cognition,2 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 

www.dovepress.com
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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 (6–15 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.50 

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.

Table 1 Description of participants

Age  
(years)

Gender Education  
(years)

Race Condition Completion  
status

Viral loada 

(copies/mL)
ln loada  

(natural log  
of copies/mL)

CD4  
(cells/mm3)

CD4  
per cent

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 11 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 0 811 42.0

Notes: aViral loads reported as “undetectable” (,20 copies/ml) are listed as 0; the ln load for undetectable is listed as 0.
Abbreviation: tDcs, transcranial direct current stimulation.
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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 

Table 2 Test and self-report data

Treatment N Baseline Follow-up

Mean SD Mean SD

Digit span forward (number correct)
sham 5 7.00 1.73 8.80 1.64
tDcs 6 8.67 1.63 8.83 2.32

Digit span backward (number correct)
sham 5 6.20 1.79 7.20 0.84
tDcs 6 6.33 1.21 7.17 2.56

Digit span sequencing (number correct)
sham 5 6.60 3.36 7.00 2.65
tDcs 6 7.33 1.63 8.00 3.03

Digit span scaled score
sham 5 6.20 3.27 7.80 1.64
tDcs 6 7.33 2.07 11.67 10.86

hVlT-r total (number correct)
sham 5 15.60 4.56 19.20 6.61
tDcs 6 20.00 4.15 22.17 3.31

hVlT-r delayed recall (number correct)
sham 5 5.60 2.70 6.80 2.39
tDcs 6 5.17 2.14 7.50 2.26

hVlT-r recognition (number correct)
sham 5 9.00 4.53 10.40 0.89
tDcs 6 8.17 3.66 9.33 1.51

Trails a (seconds)
sham 5 14.40 64.33 33.00 9.41
tDcs 6 35.33 9.09 34.17 9.87

Trails B (seconds)
sham 5 112.00 32.84 100.00 46.24
tDcs 6 97.33 22.43 84.67 24.04

Pegs dominant hand (seconds)
sham 5 98.60 16.59 115.60 51.15
tDcs 6 94.83 18.57 90.00 13.04

Pegs nondominant hand (seconds)
sham 5 155.80 86.97 154.00 83.35
tDcs 6 108.33 24.65 101.50 24.35

PaOF language (average rating)
sham 5 2.36 0.81 1.80 0.44
tDcs 6 2.57 0.47 2.37 0.41

PaOF motor/sensory perceptual  
(average rating)

sham 5 2.60 0.45 2.16 0.67
tDcs 6 2.33 0.56 1.97 0.59

PaOF cognitive/intellectual  
(average rating)

sham 5 2.07 0.89 1.51 0.40
tDcs 6 2.28 0.71 1.80 0.29

PaOF memory (average rating)
sham 5 2.76 1.07 2.08 0.31
tDcs 6 2.77 0.82 2.25 0.55

PaOF total (average rating)
sham 5 2.45 0.72 1.89 0.23
tDcs 6 2.49 0.35 2.10 0.13

cesD (total score)
sham 5 15.20 3.96 10.20 3.27
tDcs 6 22.50 8.26 20.33 9.97

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.

Figure 1 hVlT-r total by group and time.
Abbreviations: hVlT-r, hopkins Verbal learning Test-revised; tDcs, transcranial 
direct current stimulation.

Figure 2 grooved Pegboard dominant hand by group and time.
Abbreviation: tDcs, transcranial direct current stimulation.
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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 

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,27 including a study in patients with Parkinson’s 

disease.51 However, it should be acknowledged that positive 

treatment effects have not been obtained in all studies.52

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.50 As tDCS has been success-

fully used as an adjunctive treatment for depression,53,54 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.55

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 HIV infection. Lack of a true 

double-blind design raises the concern about bias induced 

Figure 3 PaOF by group and time.
Abbreviations: PaOF, Patients assessment of Own Functioning; tDcs, transcranial 
direct current stimulation.

Table 3 effect sizes for the interaction of group by time

η2 d P-value

Digit span forward 0.12 0.73 0.51
Digit span backward 0.43 1.74 0.16
Digit span backward with change in cesD 0.77 3.63 0.12
Digit span sequencing 0.55 2.22 0.09
Digit span sequencing with change in cesD 0.98 13.04 0.01
Digit span scaled score 0.26 1.18 0.31
hVlT-r total 0.16 0.88 0.43
hVlT-r delayed 0.82 2.58 0.06
hVlT-r recognition 0.21 1.02 0.36
Trails a 0.64 -2.66a 0.11
Trails B 0.15 0.84 0.45
Pegs dominant 0.12 0.75 0.50
Pegs nondominant 0.16 0.96 0.43
PaOF total 0.36 1.50 0.28
PaOF total with change in cesD 0.15 0.83 0.62
cesD 0.22 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. ainteraction 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.
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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 al56 

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 al57 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.
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Supplementary material

Table S1 Nonparametric correlations (spearman’s rho) for covariates, treatment, and outcomes

Gender Education Race ln  
load

CD4 Treatment Digit  
Span

HVLT-R  
total

HVLT-R  
delayed

Trails A Trails B Grooved Pegboard 
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 0.22 0.55 -0.22 -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 0.52 -0.34 -0.04 -0.45 -0.04 0.41 -0.26
ln 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 0.15 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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