Nursing: Research and Reviews Dovepress
Taylor & Francis Group

STUDY PROTOCOL

Executive Functioning Training for Reducing
Cognitive Intra-Individual Variability in People
Living with HIV: A Pilot Randomized, Controlled
Trial Protocol

Ikenna O Odii(®', Hathaichanok Phaowiriya 12 Cierra Hopkins @', :
Video Abstract

Pariya L Fazeli®?, Leah H Rubin@?, Andres Azuero®', Junghee Lee ®*,

Shayla B Brooks (', Crystal Chapman Lambert®', David E Vance ®' E E
'School of Nursing, University of Alabama at Birmingham, Birmingham, AL, USA; 2Princess Agrarajakumari College of

Nursing, Chulabhorn Royal Academy, Bangkok, Thailand; *Department of Neurology, Johns Hopkins University, E

Baltimore, MD, USA; “Department of Psychiatry and Behavioral Neurology, School of Medicine, University of Alabama -

at Birmingham, Birmingham, AL, USA Point your SmartPhone at the code

above. If you have a QR code reader, the
video abstract will appear. Or use:

Correspondence: David E Vance, Email devance@uab.edu hps/lyoutube/edK0yeQWAG)

Background and Purpose: Cognitive training programs have been attempted to improve cognition in cognitively vulnerable people
living with HIV (PLWH). Some have attempted to improve episodic memory or speed of processing, while others have used an
individualized cognitive domain approach targeting each person’s cognitive deficits. Although effective, none of these approaches
considered the influence of cognitive intra-individual variability (IIV). Cognitive IIV refers to the fluctuations in one’s individual
cognitive ability across cognitive domains (dispersion) or within the same test (inconsistency). Greater cognitive IV predicts cognitive
decline as well as decreased cognitive integrity and increased neuropathology. Some neuroscientists posited that poor executive
functioning, known as the Executive Dyscontrol Hypothesis, increases cognitive ITV. Thus, if we can improve executive functioning,
we may be able to decrease cognitive IIV and improve overall cognitive functioning. This article provides the rationale and protocol
for a feasibility clinical trial examining an executive functioning training intervention in middle-aged and older PLWH.

Study Design: This study utilizes a two-arm baseline/posttest experimental design to examine the primary aim 1 (feasibility and
acceptability) and the exploratory aim 1 (cognition) in 120 community-dwelling PLWH aged 40 and older. Participants will be
randomized into one of the two arms: 1) 20 hours of computerized executive functioning training group, or 2) a no-contact control
group. The proposed training time is 10 to 12 weeks (1 to 2 one-hour training sessions/week while working around participants’
schedules). At baseline and posttest, participants will receive a 1.5 to 2-hour assessment that includes many measures including the
Connor’s Continuous Performance Test (Version 3), and a 50-minute self-administered computerized cognitive performance battery
(BRACE+ = BrainBaseline Assessment of Cognition and Everyday Functioning).

Conclusion: This study tests an innovative intervention designed to reduce cognitive IIV; to our knowledge, no other study has
targeted cognitive IV as an intervention outcome.

Plain Language Summary: Cognitive intra-individual variability (IIV) refers to the fluctuations in one’s individual cognitive ability
across cognitive domains or within the same test. Greater cognitive IIV predicts cognitive decline as well as decreased cognitive
integrity, increased neuropathology, and even greater mortality. We are using this concept to design cognitive interventions to help
people with HIV to age successfully cognitively.

Keywords: HIV-associated neurocognitive disorder (HAND), intra-individual variation, brain fitness, cognitive reserve, cognitive
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Introduction

Approximately, 44% of people living with HIV (PLWH) experience mild-to-moderate cognitive impairments known as
HIV-Associated Neurocognitive Disorder (HAND), which may affect medication adherence and other instrumental
activities of daily living (IADLs), mood, and quality of life.' However, for most PLWH with HAND, it is mild,
known as asymptomatic neurocognitive impairment (ANI) which does not dramatically impair IADLs. Age-related
cognitive decline is a significant concern, as 70% of PLWH in the United States will be 50 or older by 2030.> HIV may
accentuate or accelerate the aging process, including cognitive aging.® In comparing the cognitive functioning of older
and younger adults, both with and without HIV, generally older adults with HIV perform the worst; in fact, with
increasing age with HIV, cognitive deficits can become more common and severe.*” Unfortunately, pharmacological
cognitive interventions have short-lived effects, if any, and can produce adverse side effects in a clinical population that
is susceptible to multiple comorbidities and polypharmacy.®

These impairments occur across cognitive domains, although executive functioning is particularly affected. In a 2018
meta-analysis of 37 studies of PLWH, the results indicated that HIV may differentially affect executive functioning and it
should be specifically targeted for intervention.” Executive functioning is essential for coordinating various cognitive
abilities/domains, and according the Executive Dysfunction Hypothesis, enhancing executive function could improve
cognitive function in PLWH. Conversely, poor executive functioning leads to disorganized and less efficient functioning
in other cognitive domains, resulting in greater variability and inconsistency in cognitive performance.’

Recent research suggests that traditional mean-based neuropsychological assessments do not fully capture cognitive
impairments in PLWH; in fact, variations in an individual’s cognitive ability across cognitive domains (ie, dispersion) or
across multiple trials within the same test (ie, inconsistency), known as cognitive intra-individual variability (IIV), may
better reflect underlying pathology. To highlight this concept of IIV, Figure 1 shows an example of dispersion. For
instance, three people (eg, Tom, Dick, and Harry) could complete a cognitive a performance battery and have the same
global mean score (eg, 39), which might lead to the assumption that they are all functioning at a similar level. Albeit, if
one looks at the spread of their domain scores, Tom’s performance across cognitive domains was rather consistent and
had little variability, while Dick’s performance was more spread out, and Harry’s performance fluctuated widely across

the domains. Based on this underlying concept of cognitive IIV, we would expect that Harry would have more executive

Tom Dick Harry
LOW MEDIUM HIGH
Cognitive Cognitive Cognitive
Intra-Individual Variability Intra-Individual Variability Intra-Individual Variability
(Dispersion) (Dispersion) (Dispersion)
— @
° o ®
elre o . : .- :
old T Global o | J o Global o lL.J _____ Global
P T e = P ® = 2 ° Mean = 39
il ° ° Mean =39 — ° Mean =39 -
[} [}
[ [ ]
L
C C 90 v > a0 > CC\JDDDE\UD? CCDDDDEDDE\
o80cEs5ES 80cEs5ES o0cEs5ES
©EQEEEE CE QB EEEE CEQEEEE
EEEEEE cg8gege cg852§e
- e LEg42d2
oy IS O @ ® o Y T O ® © ) I T O @ ®©
Z =892 % 2 %Se%g 2 %Se%g
5 25398 8g 5 9 38 o 5 29 8 o
> Q > 2
g 3549 g8 3500 R X
x (] x o x (0]
L o (NN} o L o
(%)) (%2} w

Figure | Example of Cognitive IIV — Dispersion.
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functioning dysfunction and that he would be more susceptible to cognitive decline than Tom and Dick; likewise, we
would assume based on this spread of cognitive performance (ie, dispersion) that Dick would be more cognitively
vulnerable than Tom. Similarly, as seen in Figure 2, inconsistency is measured in a similar way but within a single
domain. Similarly, as seen in Figure 2, inconsistency is measured in a similar way but within a single domain. For
example, in a reaction time test with multiple trials, a person’s reaction time (or any response) tends to have some
variability, and it would not be identical each time. In this example of seven reaction time tests measuring how quickly
they responded to the correct stimulus. Tom, Dick, and Harry have the same mean-based outcome of 1.4 seconds, but,
like before with dispersion, one can see that there is a lot of spread (ie, inconsistency) in their reaction times. The same
interpretation applies and, that is, the greater the spread, the worse the predictive outcomes.

Greater cognitive ITV predicts cognitive decline, decreased cognitive integrity, and increased neuropathology.®® One
hypothesis suggests that cognitive IIV may result from “executive dyscontrol”, where executive control processes are
inefficient in coordinating other cognitive domains.”'® A meta-analysis of 37 studies found that specific domains of
executive functioning are differently impacted by HIV.” Furthermore, an integrative review of 13 articles analyzed two
types of cognitive IIV in PLWH, inconsistency and dispersion, summarizing that greater cognitive IIV in PLWH has been
associated with 1) cognitive decline and poorer cognitive functioning, 2) brain atrophy in both white and gray matter
volume, 3) poorer functioning in instrumental activities of daily living (IADLs, eg, medication adherence) and activities
of daily living (ADLs), and 4) mortality.""

Cognitive training has been shown to produce changes in brain function and structure, resulting in cognitive
improvements.'> A study of working memory training by Chang et al found that approximately 10 hours of working
memory training, a type of executive functioning training, was administered over 5-8 weeks to 173 participants with and
without HIV.'® At baseline, PLWH exhibited poorer cognitive functioning than the group without HIV; however, those
who received the working memory training showed improvement. Compared to the group without HIV at baseline, fMRI
results indicated that PLWH required greater frontal activation to perform working memory tasks, suggesting increased
neural effort to compensate for their poorer cognitive functioning. After 1 to 6 months of cognitive training, both the
HIV-negative group and the PLWH group showed decreased frontal brain activation, indicating improved neural
efficiency. Although cognitive IIV was not examined and the training duration was not extended to 20 hours, which
might have yielded stronger results, the findings suggest that executive functioning training may reduce the burden on
executive control resources. Consequently, these neural resources can be redirected to other cognitive domains that need
compensation. As a result, such training should reduce cognitive IIV and improve cognitive function.

In a systematic review of 13 cognitive training studies in PLWH, it was found that cognitive training effectively
improved the specific cognitive domain it targeted (eg, executive functioning training improved executive functioning).'*
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Figure 2 Example of Cognitive IIV — Inconsistency.
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Yet, none of these studies included cognitive IIV in their training protocols or outcome measures. Theoretically,
enhancing executive functioning could reduce cognitive IIV and possibly reduce the prevalence and severity of cognitive
impairments. It remains unclear how much executive functioning training would be tolerated as training can be fatiguing
as it requires prolonged periods of staring at a computer screen and responding to stimuli and tasks. Based on a meta-
analysis of cognitive training in older adults and a systematic review of cognitive training in HIV, approximately
20 hours of training is considered the upper limit for achieving optimal therapeutic benefits.'*'?

Based on the rationale above, the purpose of this article is to provide an overview of a funded feasibility and
acceptability study with the goal of reducing cognitive IIV (both dispersion and inconsistency) by administering 20 hours
of executive functioning training to PLWH 40 and older and comparing their cognitive functioning, specifically their
cognitive IIV scores, to a no-contact control group. This study is significant and innovative because it focuses on
cognitive IIV within the context of cognitive training in PLWH. This will be the first study to use cognitive IIV as a guide
to target executive functioning training to improve global cognitive ability, which may reduce the severity of cognitive
impairment. It will be one of the first studies to prospectively include both types of cognitive IIV — dispersion and
inconsistency — as an outcome of the study; this will allow us to examine the relationship between dispersion and
inconsistency which has been greatly missed in the literature."’

Methods

Study Overview

This study will utilize a two-arms baseline/posttest experimental design (Figure 3) to examine the primary aim 1
(feasibility and acceptability) and the exploratory aim 1 (cognition) (Figure 4). After participants are recruited,
a baseline (pretest) assessment is administered to participants during a ~1.5 to 2-hour visit at the research office. After
the baseline assessment, all participants are randomized into one of the two arms: (i) an executive functioning training
group with 20 hours of training or (ii) a no-contact control group. Random assignment ensures that an equal number of
participants are in each arm by gender, minority status, and low vs high cognitive IIV scores (cutoff = 55 on the HRT SD
(Hit Rate Standard Deviation) on the Connor’s Continuous Performance Test (Version 3 (CCPT-3)). The proposed
training time is 10 to 12 weeks (1 to 2 one-hour training sessions/week while working around participants’ schedules).
After training is completed, participants are scheduled for their posttest assessment where they are administered nearly
the same assessment battery.

Human Subjects/Ethical Approval

Human subject use/ethical approval for this study was approved by the University of Alabama at Birmingham
Institutional Review Board on January 3, 2022 (#FWA0000596) and remains in compliance. The study was registered
with Clinical. Trials.gov (NCT05598047) prior to enrollment. Participants are explained the study over the phone and if
they are eligible and agree to participate, they are mailed a consent form and a date for their baseline visit to the center is
arranged. When they come to their baseline visit, a trained staff member explains the consent form to them again in
person, reviewing all the specific elements of the consent process (ie, confidentiality, right to discontinue, etc).
Participants are then given a brief true/false test to see if they understand the consent form; if they fail the test, the
consent form is explained to them again, and the participant is given the test again. If they fail the test again, they are not
allowed to participate in the study. If they pass the test indicating that they understand the consent form and what the
study is about and about what rights they have, then they are allowed to sign the consent form and proceed with the study
activities. In this study, the guidelines outlined in the Declaration of Helsinki are followed.

Rationale and Background of Study Aims

In this two-arm baseline/posttest experimental design, the overall aim of this study is to assess the feasibility and
acceptability of the executive functioning training intervention on PLWH as examined through the baseline and posttest
assessment. This will harness feedback for future implementation of the executive functioning training in PLWH. One
primary study aim and one exploratory aim are examined. The primary aim is to determine the feasibility and
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Figure 3 Study Design and Flowchart.

acceptability of the intervention by specifically assessing feedback, acceptability, and attrition (Table 1). The exploratory
aim will examine baseline/posttest differences in measures of IIV (ie, dispersion and inconsistency) as well as several
cognitive indices (Table 1). More specifically, we hypothesize that i) executive functioning training will improve
executive functioning, ii) executive functioning training will reduce the prevalence/severity of cognitive impairments
globally and across cognitive domains (eg, executive functioning, attention, verbal learning, verbal memory), and iii)

executive functioning training will reduce cognitive IIV (ie, dispersion and inconsistency).

Recruitment

Participants will be recruited from an HIV/AIDS clinic using flyers and other recruitment materials. These recruitment
materials describe the study purpose and protocol as well as state the compensation that will be provided for participat-
ing. Those interested in cognitive training or have concerns about their own cognitive health are encouraged to call.
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Aim 1 - Feasibility and Acceptability: Red/Solid
Exploratory Aim 1 — Cognition: Blue/Dashed
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Figure 4 Conceptual Framework with Study Aims.

Participants are instructed to call the research office for further information, and during this time, the research assistant
screens them over the phone to determine if they meet the basic eligibility criteria. Only those who meet these criteria are
invited into the study, otherwise they are thanked but excused from further participation. In addition, participants are also
recruited via a participant contact list provided by the HIV/AIDS clinic in which participants indicated a priori that they
wanted to be contacted for studies. As with recruitment by flyers, participants were administered a screen over the phone
to determine their eligibility.

The eligibility criteria consisted of the following. Participants must be 40 or older, English-speaking, and diagnosed
with HIV for at least 1 year. Since participation requires ~12 weeks and in-person visits, participants living beyond 60
miles away from the center will be excluded. Participants living in unstable housing (eg, halfway house) or with
significant neuromedical comorbidities (eg, schizophrenia) will be excluded. Other physical or neurological conditions
(eg, legally blind/deaf, currently undergoing radiation or chemotherapy, history of significant brain trauma, or diagnosed
with COVID-19 over the past 3 months) that could impact cognitive functioning or testing also necessitate exclusion.
These criteria are typical of neuroHIV studies.'®!” As cognitive training effects can be robust two years after training is
completed, those who have received cognitive training within the past three years will be excluded.

Table | Study Measures Corresponding to Study Aims

Demographic, Background, Aim |: Feasibility and Acceptability Exploratory Aim |: Cognition

and Covariate Measures

® Demographic Questionnaire ® Baseline  Assessment of Cognitive  Training | Inconsistency — Connor’s Continuous

® Wide Range Achievement Questionnaire Performance Test-3 (CCPT-3)

Test-3 (WRAT-3) ® Cognitive Training Satisfaction Questionnaire (after | Dispersion — BrainBaseline Assessment of
® Addiction Severity Index (ASI) 10 hours of training completed and posttest only) Cognition and Everyday Functioning (BRACE+)
® HIV History/Status ® Perception of Their Need of Cognitive Training ® Executive Functioning Test

® Centers for Epidemiological | ® Exit Survey Attention Test

.
Studies — Depression (CES-D) | ® Attrition & Adherence Rates (after study data | ® Speed of Processing Test
°

® Medical Outcomes Scale collection) Immediate & Delayed Verbal Learning/Memory
Form-35 (MOS-35) Test
® Medication Adherence Visual ® Spatial Memory Test
Analog Scale (VAS) ® Global Composite — formed by combining the
® Electronic Medical Records above BRACE+ tests
(EMR)
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Retention

To encourage retention, we utilize several strategies. First, we provide snacks and beverages to participants while they
visit the center. Second, we offer free parking, which is conveniently located on a level lot immediately outside of our
building. Third, we provide Medical UBER transportation, free of charge, if participants request it. Fourth, we
compensate participants $50 USD for completing the baseline assessment, $75 USD for completing the posttest
assessment, and $15 per hour of cognitive training completed.

Measures

A comprehensive battery of measures (Table 1) will be administered at the baseline and posttest (approximately 12 weeks
later) assessments. This battery assesses 1) demographic and participant characteristic measures (ie, Demographic
Questionnaire), educational quality (ie, Wide Range Achievement Test-3), substance use (ie, Addiction Severity Index
(ASI)), depressive symptoms (ie, Centers Epidemiological Studies — Depression Questionnaire (CES-D)), quality of life
(ie, Medical Outcomes Scale — 35), medication adherence for HIV (ie, Medication Adherence Visual Analog Scales —
a percentage measure of how consistently one takes their HIV medication); 2) Aim 1 measures, specifically feasibility and
acceptability measures; and 3) Exploratory Aim 1 measure, specifically cognitive functioning performance measures. Several
study-developed questionnaires are also included, such as a Baseline Assessment of Cognitive Training Questionnaire,
Cognitive Training Satisfaction Questionnaire, Perception of Their Need of Cognitive Training, and Exit Survey. Reaction
time will be computer administered using the Connor’s Continuous Performance Test — Version 3 (CCPT-3; from which
inconsistency will be calculated; similar to Figure 2) and a computer-tablet administered cognitive functioning performance
battery (ie, BRACE+; from which dispersion will be calculated; similar to Figure 1) will also be administered at baseline and
posttest. These measures of feasibility and adherence as well as cognitive functioning tests are described further below.

Feasibility and Acceptability Measures of Aim |

Baseline Assessment of Cognitive Training Questionnaire

Using this experimenter-generated measure, at baseline only, participants will be asked questions about computer use,
knowledge about cognitive training, their perceptions about whether they need cognitive training, knowledge about HIV
and cognition, etc. Both quantitative and qualitative (ie, open-ended responses) data will be collected.

Cognitive Training Satisfaction Questionnaire

Using this experimenter-generated measure, participants will be asked questions at posttest to assess likes/dislikes of the
intervention; both quantitative questions and qualitative (ie, open-ended responses) data are gathered as has been used in
our previous cognitive intervention studies to evaluate feasibility and acceptability.

Perception of Their Need of Cognitive Training

Using this experimenter-generated measure, participants will be asked questions at baseline and posttest to answer
question related to how much they think or believe that they need cognitive training and how much they think it will
improve their abilities. Some studies suggest that expectations of the benefits of cognitive training influence adherence
and cognitive benefits.'®?° Baseline and posttest differences will be examined to determine if participating in this
intervention changed such perceptions.

Exit Survey

If a participant withdraws, they will be administered a brief quantitative and qualitative (ie, open-ended responses)
survey to assess what he/she liked/disliked about the training, how to improve it, and why he/she is withdrawing from the
study. We also ask if they have received any other cognitive intervention during this time.

Attrition/Adherence Rates
As the study will keep track of the number of visits to the research office for baseline and posttest appointments
(attrition) and how much computer training is completed on the computer (adherence), the overall study attrition rate and

adherence rate of the participants will be calculated, similar to our other cognitive training studies.>'
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Cognition Measures of Exploratory Aim |

Inconsistency — Connors’ Continuous Performance Test, Version 3 (CCPT-3)

The Connors’ Continuous Performance Test (CCPT-3) is used to measure IV inconsistency, which refers to the variability
in a single person’s performance on a single task (ie, within a task) across multiple instances or trials, such as the variability
observed across a person’s distribution of reaction times (RT) on a cognitive task. Two common formulas to calculate this
variability are the intra-individual standard deviation (iSD) and the coefficient of variation (CoV).?* These measures are
assessed and will be calculated at both baseline and posttest as an outcome variable to evaluate the overall improvements in
cognitive function. The CCPT-3 is a widely accepted test for evaluating sustained and selective attention and impulsivity. It

is the most frequently used test in cognitive IV research to determine IIV inconsistency coefficients.''*

Dispersion — BrainBaseline Assessment of Cognition and Everyday Functioning (BRACE+)

The BrainBaseline Assessment of Cognition and Everyday Functioning (BRACE+) is a HIPAA compliant tablet-based
cognitive assessment platform, supported by NIMH R42099964 and Digital Artefacts/UCSD. It is designed to be self-
administered without requiring literacy (ie, automated audio/video instructions). BRACE+ uses validated cognitive tests
that are sensitive to mild-to-moderate cognitive impairments and have demonstrated good validity relative to
a comprehensive standard cognitive performance test battery and test-retest reliability. During its development,
BRACE+ generated T-scores (mean = 50, SD = 10) using a normative-based regression approach, adjusted for age,
sex, race/ethnicity, and education. The data came from the Women’s Interagency HIV Study (WIHS, all women) and the
Multicenter AIDS Cohort Study (MACS, all men).

The BRACE+ also demonstrated good discriminant validity by effectively differentiating between PLWH with and
without HAND, using a T-score cutoff of less than 40 on the gold standard cognitive tests. Designed for repeat
administration, BRACE+ randomizes trials from all experimental conditions within each test administration, creating
an unlimited number of “versions” of each test and ensuring that no two test administrations are alike, avoiding practice
effects that plague many current cognitive assessments.

The BRACE+ measures various cognitive domains including 1) executive functioning, 2) attention, 3) speed of
processing, 4) verbal learning, 5) verbal memory, and 6) spatial memory. Using the IIV formula for dispersion,
a dispersion coefficient can be generated by measuring the fluctuation in one’s individual cognitive variability across
cognitive domain, as it typically conducted with cognitive batteries such as these.

Randomized Two Arm
Executive Functioning Training Arm
Participants in the Executive Functioning Training Arm will perform various exercises (eg, Mind Bender) that necessitate
set shifting, which involves maintaining at least two sets of rules and determining the appropriate one for a given
response (see Table 2). Participants will be engaged in 1 to 2 hours of training at a time where they sit in front of
a computer, the research assistant logs them on to their account, and the training program will present the various training
exercises (around 15 minutes in each) and then it rotates to other similar cognitive training exercises. By rotating to other
types of related executive functioning training exercises, this is purposely done to avoid repetition and boredom and
encourage engagement and interest.

The Training On Purpose Study (TOPS) included 88 PLWH and a subset of those participants (n=9) engaged in
10 hours of executive functioning training, which found that the use of these cognitive training exercises yielded
a significant effect size (d=—0.89). Yet, other studies suggest a dosage of 20 hours of training is considered as the
upper limit required to achieve an optimal therapeutic effect.*'>*? Thus, 20 hours is the target dosage for this study.

No-Contact Control Arm

This arm will not receive any intervention. Due to this study’s pilot nature and feasibility constraints, we do not have the
resources to include a contact control group. Notably, previous research has demonstrated no significant difference
between no-contact control groups and contact control (sham) groups, and both served as an excellent comparison for
cognitive intervention.”*
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Table 2 Executive Functioning Training Exercises

Cognitive Training Domain

Cognitive Training Exercises Matching the Cognitive Domain
(see POSIT Science Inc (Brain HQ) at www.brainhq.com for
Details)

Executive Functioning — These exercises require one to set shift;
that is, to maintain at least two sets of rules and decide which one is
appropriate for the response. In a prior cognitive training study in
PLWH, the effect size for executive functioning training in our last study
was d = —0.89.

Mind Binder — This exercise is a “set shifting” exercise where one is
presented with two rules, but one must choose the correct answer
based upon the rules provided in this exercise.

Mixed Signals — This exercise requires one to listen to a number,

letter, or other information while looking at a similar set of information,

similar to the Stroop test.

Card Shark — This exercise is an extension of a visual n-back paradigm
using an aspect of executive functioning (ie, working memory).
Freeze Frame - This exercise is an extension of the go/no go

paradigm using an aspect of executive functioning (ie, working memory).

Power Analysis

The sample size for this study is based on three considerations: 1) the exploratory rather than confirmatory nature of the
project which focuses on feasibility and effect size estimation rather than null hypothesis significance testing (as there
have not been cognitive training studies on cognitive II'V for HIV); 2) the effect size obtained in our Training on Purpose
Study (TOPS) on PLWH for global cognitive score of |d|=0.21; and 3) an expected attrition rate of 19.2% based on
TOPS. An effective sample size of 48 per group (after attrition; n per group = 60 enrolled; total N=120) is sufficient for
estimating reasonable upper and lower bounds for an effect size, assuming random sampling from the target population.
We conducted 5000 computer simulations of an experiment with a true effect size of 0.22 comparing two groups with n =
48, intra-subject correlation of 0.5, and data distributed following a Student’s # (df = 48) distribution. Tabulation of the
16th and 84th percentiles (ie, 68% of the distribution centered at the mean) of the 5000 observed effect sizes resulted in
the interval 0.02-0.42, which provided reasonable lower and upper bounds for the expected effect size in a larger sample.
If formal testing is conducted at a traditional level of 0.05, and again assuming intra-subject correlation of 0.5, a sample
of 48 per group provides 80% power to detect an effect of 0.57 (a medium effect size).

Data Analysis

For the primary aim, feasibility and acceptability of the adherence rate of the protocols and attrition rate will be
calculated. Measures of bivariate association will be used to explore predictors of attrition and adherence. We will
tabulate training satisfaction responses and apply qualitative techniques to examine open-ended responses to feedback
about training. We will have multiple sources of data (ie, see Table 1) in which we can triangulate data to examine
barriers and strengths to the acceptability and feasibility of this intervention in this clinical population.

For the exploratory aim, cognitive performance will be assessed post-intervention. Between-group differences in
proportions will be converted into effect size using the method by Chinn,** and confidence intervals will be estimated.
For each cognitive outcome measure (Global Score, IIV Dispersion, IIV Inconsistency), longitudinal models will be
fitted with a group assignment indicator, time-point indicator, and group by time-point interaction. A random effect for
participants will be fitted to account for non-independence among the repeated measures on the same individuals. Linear
contrasts will be used to estimate and compare the groups’ mean outcome change. The between-group difference in
change will be transformed into an effect size with respective confidence intervals. If necessary, the models will be
adjusted for baseline covariates imbalanced at baseline or associated with attrition. Interpretation will be based on the
magnitude of the estimated effect sizes and the resulting width of the respective confidence intervals.

Discussion

As PLWH age, concerns mount that HIV and the factors surrounding HIV (ie, inflammation, stigma) may accelerate or

3

accentuate the cognitive aging process.” These impairments occur across cognitive domains although executive
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functioning is particularly affected.”® In a 2018 meta-analysis of 37 studies of PLWH, executive dysfunction may be
more pronounced and should be specifically targeted for intervention.” Age-related changes in the frontal lobe are
associated with reduced executive functions (ie, working memory, set-shifting, inhibitory control), and white matter
hyperintensities in the frontal lobe may specifically contribute to the decline in executive function observed with aging.?’
Computerized cognitive training interventions have shown significant improvements in executive functioning, as well as
in processing speed, episodic memory, working memory, and overall cognitive performance.*®

Improving executive functioning ability/resources can improve functioning in other cognitive domains. In prior work
with the TOPS Study involving PLWH with HAND, executive functioning training not only improved executive
functioning (n=9; d=—0.89) but improvements were also observed in the speed of processing (d=—0.56), attention (d=
—1.24), and delayed verbal learning and memory (d=—0.40).** By training executive functioning, we expect to reduce
cognitive IIV (indicating improvement in executive coordination), which may subsequently improve global cognition and
decrease the prevalence and severity of cognitive impairment.

This is the first study to use IIV as a guide for focusing solely on executive functioning training to improve global
cognitive ability, which may reduce the severity and prevalence of cognitive impairment. This study will be the first to
prospectively include both types of cognitive IIV — dispersion and inconsistency; this will allow us to examine the
relationship between dispersion and inconsistency in cognitive IV, which is a concept relatively unexplored in the
cognitive training and cognitive rehabilitation literature.

The initial step is to validate the clinical effectiveness of executive functioning training in reducing cognitive
impairment and improving cognitive functioning. After this proof of concept, further studies should examine: 1) changes
in neurological structures/pathways using fMRI and 2) the extent to which this cognitive training approach in PLWH
improves everyday functioning and quality of life. Future research could also focus on improving specific cognitive
domains other than executive function to determine if the strain on executive functioning is reduced and cognitive
impairment symptoms alleviated. Although we initially considered this broader approach, we concluded that focusing on
reducing cognitive IIV by improving executive functioning is a necessary first step.

Nursing Implications

The study highlights the significant implications of executive functioning training for reducing cognitive impairment and
enhancing cognitive functioning in nursing practice. First, as a part of holistic care, nurses may consider incorporating
executive function assessments into routine patient evaluations, especially for PLWH, and should be trained to accurately
administer assessments and interpret results to identify patients who may benefit from targeted cognitive training
interventions. Second, nurses can educate PLWH about possible executive dysfunction and ways to improve this
cognitive ability. Lastly, nurses should emphasize the importance of interdisciplinary collaboration that can contribute
to the overall well-being and quality of life of PLWH with cognitive challenges.

Strengths/Limitations

All studies have strengths and limitations, and this study is without exception. Notable strengths include the following.
First, this study is the first to examine whether cognitive IIV can be modified by cognitive training. Second, it
incorporates both types of cognitive 11V, dispersion and inconsistency. Third, it utilizes computerized cognitive testing,
which should potentially minimize tester error. Notable limitations include the following. First, this study is minimally
powered to explore global cognitive differences, but not across various cognitive domains (ie, verbal learning, processing
speed). Second, this study occurs in a city in the Southern United States; regional differences may prevent the findings
from being generalizable. And third, this study lacks follow-up beyond 12 weeks, so it is unclear whether the training
effect would be robust over time (ie, 6 months, 12 months, 24 months).

Conclusions

In conclusion, as PLWH age, they will be more at-risk for cognitive impairment; as such nurses and other healthcare
professionals will require therapeutic strategies to mitigate the risk of such cognitive decline and neurological dysfunc-
tion. Prior research has suggested that cognitive training approaches can be minimally to moderately effective in
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improving cognitive function, at least in the short term and only with specific cognitive domains. Fortunately, the

protocol presented here suggests that perhaps EFT can improve this cognitive ability and in turn improve cognitive I1IV.

This is important because cognitive IIV may be a more important predictor of developing cognitive impairments in

PLWH than mean-based cognitive measures. Thus, it is the expectation of this study that targeting the reduction of

cognitive IIV, including the underlying neurological sequelae, the trajectory of such detrimental outcomes can be altered.

At the juxtaposition of neuroscience and nursing care, cognitive IIV is an innovation in exploring the neurocognitive
issues of HIV.

Acknowledgments

This work was supported by a National Institutes of Health/National Institute on Aging R21-award (1IR21AG076366-01);
Vance, Principal Investigator) titled “Reducing Cognitive Intra-Individual Variability and Cognitive Impairment in HIV”.
The ClinicalTrails.gov number is NCT05598047.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically

reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article

has been submitted; and agree to be accountable for all aspects of the work.

Funding

This study was funded by a National Institutes of Health/National Institute on Aging R21-award (1R21AG077957-01;
Vance, Principal Investigator) titled “Reducing Cognitive Intra-Individual Variability and Cognitive Impairment in HIV”.
The ClinicalTrails.gov number is NCT05598047.

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

References

1

2.

7.

8.

10.

12.

13.

. Wei J, Hou J, Su B, et al. The prevalence of Frascati-criteria-based HIV-associated neurocognitive disorder (HAND) in HIV-infected adults:

a systematic review and meta-analysis. Front Neurol. 2020;11:581346. doi:10.3389/fneur.2020.581346
Altman B, Callow A. Older adults with HIV/AIDS: a growing population. U.S. Department of Health and Human Services; 2021. Available from:
https://acl.gov/news-and-events/acl-blog/older-adults-hivaids-growing-population. Accessed October 1, 2023.

. Aung HL, Gates TM, Mao L, Brew BJ, Rourke SB, Cysique LA. Abnormal cognitive aging in people with HIV: evidence from data integration

between two countries’ cohort studies. Aids. 2022;36(8):1171-1179. doi:10.1097/qad.0000000000003230

. Chan P, Valcour V. Neurocognition and the aging brain in people with HIV: implications for screening. Top Antiviral Med. 2022;29(5):423-429.
. Vance DE, Fazeli PL, Azuero A, et al. A 2-year longitudinal randomized controlled trial examining the transfer of speed of processing training to

secondary cognitive domains in middle-aged and older adults with HIV-associated neurocognitive disorder: results of the think fast study. Clin
Neuropsychol. 2024;38(2):471-492. doi:10.1080/13854046.2023.2212867

. Smith L, Letendre S, Erlandson KM, Ma Q, Ellis RJ, Farhadian SF. Polypharmacy in older adults with HIV infection: effects on the brain. J Am

Geriatr Soc. 2022;70(3):924-927. doi:10.1111/jgs.17569

Walker KA, Brown GG. HIV-associated executive dysfunction in the era of modern antiretroviral therapy: a systematic review and meta-analysis.
J Clin Exp Neuropsychol. 2018;40(4):357-376. doi:10.1080/13803395.2017.1349879

Morgan EE, Woods SP, Delano-Wood L, Bondi MW, Grant I. Intraindividual variability in HIV infection: evidence for greater neurocognitive
dispersion in older HIV seropositive adults. Neuropsychology. 2011;25(5):645-654. doi:10.1037/a0023792

. Morgan EE, Woods SP, Grant I. Intra-individual neurocognitive variability confers risk of dependence in activities of daily living among

HIV-seropositive individuals without HIV-associated neurocognitive disorders. Arch Clin Neuropsychol. 2012;27(3):293-303. doi:10.1093/arclin/
acs003

Bellgrove MA, Hester R, Garavan H. The functional neuroanatomical correlates of response variability: evidence from a response inhibition task.
Neuropsychologia. 2004;42(14):1910-1916. doi:10.1016/j.neuropsychologia.2004.05.007

. Vance DE, Del Bene VA, Frank JS, et al. Cognitive intra-individual variability in HIV: an integrative review. Neuropsychol Rev. 2022;32

(4):855-876. doi:10.1007/s11065-021-09528-x

Lampit A, Hallock H, Suo C, Naismith SL, Valenzuela M. Cognitive training-induced short-term functional and long-term structural plastic change
is related to gains in global cognition in healthy older adults: a pilot study. Front Aging Neurosci. 2015;7:14. doi:10.3389/fnagi.2015.00014
Chang L, Lehaugen GC, Andres T, et al. Adaptive working memory training improved brain function in human immunodeficiency
virus-seropositive patients. Ann Neurol. 2017;81(1):17-34. doi:10.1002/ana.24805

Nursing: Research and Reviews 2025:15 hetps: 27


https://doi.org/10.3389/fneur.2020.581346
https://acl.gov/news-and-events/acl-blog/older-adults-hivaids-growing-population
https://doi.org/10.1097/qad.0000000000003230
https://doi.org/10.1080/13854046.2023.2212867
https://doi.org/10.1111/jgs.17569
https://doi.org/10.1080/13803395.2017.1349879
https://doi.org/10.1037/a0023792
https://doi.org/10.1093/arclin/acs003
https://doi.org/10.1093/arclin/acs003
https://doi.org/10.1016/j.neuropsychologia.2004.05.007
https://doi.org/10.1007/s11065-021-09528-x
https://doi.org/10.3389/fnagi.2015.00014
https://doi.org/10.1002/ana.24805

Odii et al

14.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Vance DE, Fazeli PL, Cheatwood J, Nicholson WC, Morrison SA, Moneyham LD. Computerized cognitive training for the neurocognitive
complications of HIV infection: a systematic review. J Assoc Nurses AIDS Care. 2019;30(1):51-72. doi:10.1097/jnc.0000000000000030

. Lampit A, Hallock H, Valenzuela M. Computerized cognitive training in cognitively healthy older adults: a systematic review and meta-analysis of

effect modifiers. PLoS Med. 2014;11(11):e1001756. doi:10.1371/journal.pmed.1001756

. Valcour V, Paul R, Neuhaus J, Shikuma C. The effects of age and HIV on neuropsychological performance. J Int Neuropsychol Soc. 2011;17

(1):190-195. doi:10.1017/51355617710001438

. Vance DE, Fazeli PL, Gakumo CA. The impact of neuropsychological performance on everyday functioning between older and younger adults with

and without HIV. J Assoc Nurses AIDS Care. 2013;24(2):112—125. doi:10.1016/j.jana.2012.05.002

. Tsai N, Buschkuehl M, Kamarsu S, Shah P, Jonides J, Jaeggi SM. (Un)Great expectations: the role of placebo effects in cognitive training. J Appl

Res Mem Cogn. 2018;7(4):564-573. doi:10.1016/j.jarmac.2018.06.001

. Wager TD, Jung H. Unpacking placebo and working memory training effects on cognitive performance. Proc Natl Acad Sci U S 4. 2022;119(42):

€2214268119. doi:10.1073/pnas.2214268119

Boot WR, Simons DJ, Stothart C, Stutts C. The pervasive problem with placebos in psychology: why active control groups are not sufficient to rule
out placebo effects. Perspect Psychol Sci. 2013;8(4):445-454. doi:10.1177/1745691613491271

Vance DE, Fazeli PL, Azuero A, et al. A 2-year, randomized, clinical trial examining the effects of speed of processing cognitive training on
quality-of-life indicators in adults with HIV-associated neurocognitive disorder in Birmingham, Alabama: results of the think fast study. J Assoc
Nurses AIDS Care. 2024;35(2):104—121. doi:10.1097/jnc.0000000000000449

Vance DE, Fazeli PL, Azuero A, Wadley VG, Raper JL, Ball KK. Can individualized-targeted computerized cognitive training benefit adults with
HIV-associated neurocognitive disorder? The Training on Purpose Study (TOPS). AIDS Behav. 2021;25(12):3898-3908. doi:10.1007/s10461-021-
03230-y

Conners CK. Conners’ Continuous Performance Test 1I: Computer Program for Windows Technical Guide and Software Manual. Multi-Health
Systems; 2000.

Wadley VG, Benz RL, Ball KK, Roenker DL, Edwards JD, Vance DE. Development and evaluation of home-based speed-of-processing training for
older adults. Arch Phys Med Rehabil. 2006;87(6):757-763. doi:10.1016/j.apmr.2006.02.027

Chinn S. A simple method for converting an odds ratio to effect size for use in meta-analysis. Stat Med. 2000;19(22):3127-3131. doi:10.1002/1097-
0258(20001130)19:22<3127::aid-sim784>3.0.c0;2-m

Waldrop D, Irwin C, Nicholson WC, et al. The intersection of cognitive ability and HIV: a review of the state of the nursing science. J Assoc Nurses
AIDS Care. 2021;32(3):306-321. doi:10.1097/jnc.0000000000000232

Boutzoukas EM, O’Shea A, Albizu A, et al. Frontal white matter hyperintensities and executive functioning performance in older adults. Front
Aging Neurosci. 2021;13:672535. doi:10.3389/fnagi.2021.672535

Harvey PD, Zayas-Bazan M, Tibiri¢a L, Kallestrup P, Czaja SJ. Improvements in cognitive performance with computerized training in older people
with and without cognitive impairment: synergistic effects of skills-focused and cognitive-focused strategies. A4m J Geriatr Psychiatry. 2022;30
(6):717-726. doi:10.1016/j.jagp.2021.11.008

Nursing: Research and Reviews DOVepI'eSS
Taylor & Francis Group

Publish your work in this journal

Nursing: Research and Reviews is an international, peer-reviewed, open access journal publishing original research, reports, reviews and
commentaries on all aspects of nursing and patient care. These include patient education and counseling, ethics, management and organizational
issues, diagnostics and prescribing, health outcomes, economics and resource management, improving patient safety in all settings. The
manuscript management system is completely online and includes a very quick and fair peer-review system. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/nursing-research-and-reviews-journal

28

. Nursing: Research and Reviews 2025:15
HXinO g


https://doi.org/10.1097/jnc.0000000000000030
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.1017/s1355617710001438
https://doi.org/10.1016/j.jana.2012.05.002
https://doi.org/10.1016/j.jarmac.2018.06.001
https://doi.org/10.1073/pnas.2214268119
https://doi.org/10.1177/1745691613491271
https://doi.org/10.1097/jnc.0000000000000449
https://doi.org/10.1007/s10461-021-03230-y
https://doi.org/10.1007/s10461-021-03230-y
https://doi.org/10.1016/j.apmr.2006.02.027
https://doi.org/10.1002/1097-0258(20001130)19:22%3C3127::aid-sim784%3E3.0.co;2-m
https://doi.org/10.1002/1097-0258(20001130)19:22%3C3127::aid-sim784%3E3.0.co;2-m
https://doi.org/10.1097/jnc.0000000000000232
https://doi.org/10.3389/fnagi.2021.672535
https://doi.org/10.1016/j.jagp.2021.11.008
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Overview
	Human Subjects/Ethical Approval
	Rationale and Background of Study Aims
	Recruitment
	Retention
	Measures
	Feasibility and Acceptability Measures of Aim 1
	Baseline Assessment of Cognitive Training Questionnaire
	Cognitive Training Satisfaction Questionnaire
	Perception of Their Need of Cognitive Training
	Exit Survey
	Attrition/Adherence Rates

	Cognition Measures of Exploratory Aim 1
	Inconsistency– Connors’ Continuous Performance Test, Version 3 (CCPT-3)
	Dispersion– BrainBaseline Assessment of Cognition and Everyday Functioning (BRACE+)

	Randomized Two Arm
	Executive Functioning Training Arm
	No-Contact Control Arm

	Power Analysis
	Data Analysis

	Discussion
	Nursing Implications
	Strengths/Limitations

	Conclusions
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

