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As people age with HIV, they often confront medical and behavioral issues. One pressing 

issue is HIV-Associated Neurocognitive Disorder (HAND), which occurs in nearly 50% of 

adults with HIV (Heaton et al., 2010). The severity and prevalence of HAND may also 

increase with the onset of age-related neurological insults (e.g., transient ischemic attack), 

thus compromising everyday function such as medication adherence and driving safety 
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(Vance, Fazeli, & Gakumo, 2013). The mechanisms leading to HAND are varied and 

complex, and may include neuroinflammation, depression, substance abuse, and poor mental 

stimulation. Over time, these mechanisms may decrease cognitive reserve and brain health, 

resulting in cognitive deficits, as observed with HAND (Vance, Fazeli, Moneyham, Keltner, 

& Raper, 2013).

Nurses have struggled to find effective treatment strategies to improve cognition in this 

vulnerable population, and currently, few strategies exist that may be effective in reducing 

HAND (Vance, Fazeli, Moneyham et al., 2013). Non-pharmacological, behavioral strategies 

are preferred when treating HAND, given the complexity of multiple system impairments 

(e.g., hepatic and renal insufficiency) and frequent polypharmacy. One behavioral strategy to 

address HAND is computerized cognitive training, which has markedly improved cognition 

and everyday function in some clinical populations (Ross et al., 2016; Vance, Humphrey, 

Nicholson, & Jablonski-Jaudon, 2014; Wolinsky et al., 2006). In the NIH-funded ACTIVE 

(Advanced Cognitive Training for Independent and Vital Elderly) Study, 2,802 normal 

community-dwelling older adults were randomized into one of four treatment arms: (a) 10 

hours of speed of processing (SOP) training, (b) 10 hours of memory training, (c) 10 hours 

of reasoning training, and (d) a no-contact control group. Although there were some training 

benefits in targeted proximal cognitive domains, SOP training also produced unique transfer 

benefits to participants, including safer driving (Ross et al., 2016). In fact, the director of the 

National Institute of Nursing Research remarked that SOP training, as used in the ACTIVE 

Study, helps people as they age to retain their cognitive function (Cire, 2014), even 10 years 

after training. Furthermore, SOP training protected against depression and improved internal 

locus of control, self-rated health, and health-related quality of life. These quality of life 

outcomes are essential aspects of living with HIV that likewise require intervention (Vance 

et al., 2014; Wolinsky et al., 2006).

Given the efficacy of SOP training found in the literature, such training may be of use in 

adults with HIV. In a pre-post experimental design, 46 middle-aged and older (40+) adults 

with HIV were randomized to one of two treatment arms: (a) 10 hours of SOP training or (b) 

a no-contact control group (Vance, Fazeli, Ross, Wadley, & Ball, 2012). Compared to the 

control group, those in the training group improved significantly on a measure of visual SOP 

called the Useful Field of View (UFOV®). Furthermore, this cognitive improvement 

translated into significant improvement on a laboratory measure of everyday function called 

the Timed Instrumental Activities of Daily Living Test.

Building on these findings, an on-going R01 study (The Think Fast Study) is examining the 

effectiveness of SOP training in older (40+) adults diagnosed with HAND. Participants were 

randomized to one of three treatment arms: (a) 10 hours of Internet training (control), (b) 10 

hours of SOP training, or (c) 20 hours of SOP training. This descriptive study compared 

cases in each of these treatment arms to provide insight on the potential value of this 

approach.
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Methods

Overview

The first three participants with HAND to complete training in each of the treatment arms of 

the parent study were analyzed for the case comparison study reported here by examining 

pretest-posttest changes in their HAND diagnoses and their UFOV® scores. As this was a 

descriptive study of a treatment protocol, causal inferences are limited. The parent study was 

approved by the University of Alabama at Birmingham Institutional Review Board.

Participants

Participants were recruited from the larger parent study. All potential participants were 

recruited with flyers and brochures posted at a university HIV clinic, and were telephone 

screened to determine eligibility. To qualify for the study, participants had to: (a) be 40+ 

years of age, (b) be diagnosed with HIV at least 1 year, (c) have no severe neuromedical 

comorbidity (e.g., schizophrenia), (d) be able to drive, (e) reside within 60 miles of the 

research center, (f) not be blind or deaf, (g) be able to understand/speak English, and (h) be 

stably housed. Eligible participants were consented during a baseline (pretest) visit and were 

then administered a neurocognitive battery to determine if they had HAND. Only those who 

had HAND continued with the study; for the qualifications of HAND, please see the Frascati 

Criteria below.

Instruments

Demographics and health—Basic demographic information (e.g., age, gender, 

education, and ethnicity) and health information (e.g., self-reported CD4+ T lymphocyte 

count) were gathered at baseline (pretest). An obvious limitation of self-reported health 

information is that these data are subject to recall bias, coupled with poor health literacy and 

numeracy (Gakumo, Vance, Moneyham, Deupree, & Estrada, 2013). In the larger parent 

study, electronic medical chart extraction will be performed to verify self-reports in the 

entire sample. Nevertheless, the values reported by these participants were within typical 

expected ranges.

Frascati criteria—Using a comprehensive neurocognitive battery at baseline (pretest) and 

posttest, a diagnosis of HAND was determined using the Frascati criteria and a clinical 

rating algorithm developed by the HIV Neurobehavioral Research Center (Blackstone et al., 

2012; Woods et al., 2004). Using a cognitive battery that assessed seven domains of 

cognitive functioning (i.e., verbal memory, verbal fluency, executive functions, speed of 

information processing, visual and verbal learning, working memory, and motor skills), 

participants were ranked for each test according to norms based on their age, gender, 

education, and race. Those performing at least one standard deviation below the normed 

mean for any two of the cognitive domains were diagnosed with HAND. A clinical rating 

algorithm used these data to calculate an overall score ranging from 1 (above average) to 9 

(severe impairment); a score of 5 or higher is indicative of HAND (Woods et al., 2004). 

Although other factors can be considered in determining HAND (i.e., Instrumental Activities 

of Daily Living performance), the HAND diagnoses in this study were based strictly on 

cognitive performance.
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Useful Field of View (UFOV®) test—The UFOV® is a measure of visual SOP and 

attention administered on a computer monitor with touch-screen technology. The UFOV® 

consists of four increasingly complex visual subtests in which one must identify target 

objects presented several times from 17 – 500 milliseconds (ms). Lower scores (fewer ms) 

reflect faster SOP, whereas higher scores may indicate a SOP deficit. Test-retest reliability is 

quite high and ranges from 0.74 to 0.81 (Edwards et al., 2005).

Procedure/Treatment

Participants diagnosed with HAND were randomized to receive either 10 hours of Internet 

training (control), 10 hours of SOP training, or 20 hours of SOP training. Block stratified 

randomization was used to ensure participants were evenly distributed by race and SOP 

(UFOV®) deficit. The first three participants to complete training (one in each treatment 

arm) were used to avoid any selection bias. Internet training consisted of reviewing websites 

to learn about nutrition, health and fitness, animals, state capitals, etc. These Internet 

activities were chosen to be interesting but were not considered to have any therapeutic 

cognitive benefit. The SOP training consisted of five games specifically designed to increase 

visual SOP, namely: (a) Double Decision (UFOV®), (b) Eye for Detail (eye movement), (c) 

Hawk Eye (visual accuracy), (d) Target Tracker (multiple object tracker), and (e) Visual 

Sweeps (fundamental SOP). All participants completed the maximum amount of assigned 

training and then completed a posttest assessment. On average, the posttest was completed 

27 days after the last day of training, contributing to an average of 73 days between baseline 

(pretest) and posttest.

Data Analysis

A simple pre-post qualitative comparison of these cases was constructed (Table 1) to observe 

changes in HAND diagnosis and UFOV® scores.

Results

All three cases were African Americans 50 to 59 years of age with similar education and 

income levels. Participants did not have AIDS (self-reported CD4+ T lymphocyte count > 

200 cells/mm3). Only the participant who received 20 hours of SOP training no longer met 

the criteria of HAND at posttest, as indicated by a 1-point improvement in his clinical rating. 

Participants in the SOP arms improved noticeably more on UFOV® by 450 ms to 783 ms 

compared to the Internet (control) participant (187 ms).

Discussion

Our case comparison study reflects an explicit hypothesis of the parent R01 study: that 

dosage (amount of training) represents an important consideration in improving cognitive 

function. The participant who received 20 hours of SOP training (Case C) had larger SOP 

gains than the participant who received 10 hours of SOP training (Case B), and both had 

larger gains than the control group (Case A). In addition, both cases B and C improved 

remarkably on the UFOV® test (450 ms improvement for 10 hours of SOP training and 783 

ms improvement for 20 hours of SOP training). In the gerontology literature, improvement 
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on this test is the hallmark of this cognitive training, which also reflects better driving ability 

in older adults (Ross et al., 2016). The larger parent study is currently gathering self-rated 

driving data, driving simulator data, and driving records from the division of motor vehicles 

to examine the effects of SOP training over a 5-year period. As observed in previous studies 

with older adults who completed this training, it is expected that older adults with HIV who 

engage in SOP training will likewise improve their driving behavior over time by being able 

to process information more quickly and efficiently as they drive.

Additionally, the participant who received 20 hours of SOP training improved enough on the 

cognitive battery to no longer meet the Frascati criteria for HAND, while the other two cases 

remained stable. According to a meta-analysis on cognitive training in older adults, Lampit, 

Hallock, and Valenzuela (2014) found that a dose of 20 hours or less of SOP training was 

more effective in improving performance in this cognitive domain (effect size = 0.34), 

compared to more than 20 hours (effect size = 0.24). In other words, there may be a point of 

diminishing therapeutic return in the investment of engaging in training. Although 

preliminary, our case comparison study suggests that 20 hours of SOP training may prove to 

be the optimal therapeutic dose to improve HAND; however, a larger sample is needed to 

replicate such initial findings.

Based on prior work with SOP training, it has been hypothesized that these cognitive 

exercises “are most clearly procedural, operating through sensory-motor elaboration and 

repetition” and such “[p]rocedural tasks have a broader pattern of regional brain activation” 

(Wolinsky et al., 2006, p.1325). Electrophysiological studies have already indicated that 

adults who receive SOP training, compared to controls, experience increased N2pc and P3b 

amplitudes, which reflect increased attention toward a target stimulus and increased ability 

to ignore task-irrelevant stimuli (processing capacity), respectively (O’Brien et al., 2013). 

Both amplitudes decrease with age, which suggests changes in prefrontal lobe function. 

Furthermore, the lack of attention and inhibition control associated with prefrontal 

dysregulation, especially in those infected with HIV (Schweinsburg et al., 2012), may be an 

inefficient way to process information quickly and accurately. Thus, SOP training may 

reduce dependence on frontal lobe-oriented activity by reallocating such responses to 

posterior brain regions that can improve SOP and translate to everyday functional 

improvements (O’Brien et al., 2013).

Conclusion

In conclusion, as cognitive abilities begin to decline with age, concerns emerge about more 

profound cognitive declines in older adults with HIV (Vance, Fazeli, & Gakumo, 2013). 

Fortunately, prior work already shows that SOP training can improve this cognitive ability 

and improve everyday functioning in middle-aged (40+) and older adults with HIV in the 

short-term (Vance et al., 2012), and in the long-term for normal community-dwelling older 

adults (Ross et al., 2016). Although more data are needed on a much larger sample to 

confirm the efficacy of this cognitive training program, this case comparison study 

highlights the potential impact of SOP training in addressing HAND and the many 

symptoms caused by poorer cognitive functioning.
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Table 1

Baseline and Posttest Case Comparisons Between Treatment Conditions

Case A 10 hours of 
Internet Training

Case B 10 hours of SOP Training Case C 20 hours of 
SOP Training

Comparisons/Observations

Race/Gender African American/Female African American/Male African American/Male Similar

Age (years) 50 55 59 Similar

Education (years) 13 11 14 Similar

Income $0 – $10,000 USD $0 – $10,000 USD $0 – $10,000 USD Similar

Reported CD4+ T 
Lymphocyte Count

625 cells/mm3 370 cells/mm3 758 cells/mm3 Not AIDS

Reported HIV Viral 
Load

Undetectable Don’t Know Undetectable Controlled

Comorbidities/Lifestyle Smokes Non-Drinker Hypertension Smokes Non-Drinker Migraines Anxiety

Days Between Baseline 
and Posttest

70 86 62 Similar

Days Between Last 
Training Date and 
Posttest

23 30 28 Similar

Frascati Criteria CR

CR Baseline 5 5 5
Case C no longer has 

HANDCR Posttest 5 5 4

CR Improvement 0 0 −1

UFOV® Baseline 667 1,084 1,031

Cases B & C improved the 
mostUFOV® Posttest 480 634 248

UFOV® Improvement −187 −450 −783

Note. CR = Clinical Rating; HAND = HIV-Associated Neurocognitive Disorder; SOP = Speed of Processing; UFOV® = Useful Field of View; 
USD = U.S. dollars.
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