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Neurocognitive impairment (NCI) is very common among people 
living with HIV (PLWH), even those virally suppressed
 About 50% of PLWH have NCI – most have mild NCI1

 NCI in HIV is associated with increased risk for2-7:
o Mortality
o Developing more severe NCI
o Poor antiretroviral therapy (ART) adherence
o Employment difficulties
o Impaired activities of daily living (ADLs)
o Poor decision making (e.g., condomless sex)

Background
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NCI in HIV thought to be mostly ‘subcortical’ in nature with some 
‘cortical’ features8

 Basal ganglia
 Neocortex
 White matter tracts connecting those regions

Neurocognitively speaking this equates to
 Speed of information processing/processing speed
 Attention/working memory
 Motor skills

Background
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In research, the Frascati criteria are often used to describe HIV-
related NCI9
 Nomenclature: HIV-associated Neurocognitive Disorder (HAND)

o Asymptomatic Neurocognitive Impairment (ANI)
o Mild Neurocognitive Disorder (MND)
o HIV-Associated Dementia (HAD)

Requires neuropsychological evaluation 
 Examine neurocognitive performance across numerous 

neuropsychological domains

Background
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Globally, there are approximately 37 million PLWH10

 18.5 million likely have NCI
o Poor adherence + condomless sex = high HIV transmission risk

Detecting NCI11-13

 Enable providers to track and monitor neurocognition, detect early signs
 Educate patients about its impact and how to manage it
 Provide additional supports and referrals; minimize impact on ART
 Help allocate resources better and refer to treatments (when available)
 Adjust ART regimens

Background
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Routine screening recommended as good clinical practice11-13

 However, not routinely done
 Screening for NCI faces numerous challenges
 No clear policies or guidelines exist 
 HIV-provider knowledge of it varies greatly – may not be on clinicians 

‘radar’

Background
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Background
Assessment of neurocognitive functions  
 Gold-standard = full neuropsychological assessment, requires:

o Neuropsychologist
o 2 – 4 hours to administer, more time to score and interpret
o Specialized forms and equipment
o Not feasible for routine care
o Not scalable for the 37 million PLWH
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Screening more feasible
 Less time
 Less equipment and forms
 Still need highly trained personnel to administer, score and interpret

Background
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Many shortcomings of currently available screening tests
 Poor sensitivity and specificity to detect milder forms of NCI14,15

 Some not appropriate for certain populations16

o MoCA in South Africa
 Black, isiXhosa-speaking adults could not draw 3D cube
 Scores more similar to MoCA Alzheimer norms

 Some not appropriate for use by full range of healthcare workforce17-18

o IHDS when used by community health workers in South Africa can 
grossly over- or under-estimate impairment

Background
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Quick Tangent – Global Mental Health Workforce
Psychiatrists 

per 
100,000

population19
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Quick Tangent about Global Mental Health Workforce
Psychologists 

per 
100,000

population19
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Quick Tangent about Global Mental Health Workforce
Medical 
Doctors 

per 
10,000

population19
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How and who can screen for NCI?
What about an app?
 Consulted with software engineers from South Africa
 Worked with engineers and neuropsychologists, psychiatrists, and 

psychologists to develop smartphone prototype 
o Android OS – has larger market share in low- and middle-income 

countries (devices less expensive than Apple)
o Developed neurocognitive tests that could be implemented on a 

touchscreen device and that would be sensitive to the NCI observed in 
HIV (processing speed, attention, and motor)

Background
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Background

There’s an app for that!



16

NeuroScreen Android OS tablet app20-22

 Highly automates neurocognitive test administration
 Designed to be used by all levels of clinical staff
 Assesses neurocognitive domains of:

o Processing speed (3 tests)
o Attention/Working memory (2 tests)
o Motor (2 tests)
o Learning and Memory (1 test)
o Executive functioning (1 test)

 Results synced with server and available electronically

Background
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NeuroScreen tablet app
 Adapt NeuroScreen for South Africa (i.e., Xhosa-language version)
 Evaluate NeuroScreen acceptability and ease of use among 

community health workers (i.e., lay counselors)
 Evaluate NeuroScreen’s ability (i.e., sensitivity and specificity) to 

detect gold-standard defined NCI when administered by 
community health workers

Study Aims
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11 HIV lay counselors recruited from local clinics for acceptability 
and usability focus group

One hundred two adults living with HIV recruited from another 
study (RCT of a multimedia based ART adherence intervention)
 From two public health clinics in the Western Cape, South Africa 
 Underwent neuromedical evaluation
 Administered NeuroScreen by lay counselor
 Complete 2 – 3 hour gold-standard neuropsychological assessment

Method
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Global Deficit Score (GDS) calculated from the 
neuropsychological test battery (higher scores = more 
impairment)23

 GDS ≥ 0.5 = NCI
o GDS of 0.5 – mild impairment

 GDS Algorithm (All Tests): Successive FT Dom, Successive Finger ND, 
Pegs Dom, Pegs Ndom, HVLT Total, HVLT Delay, BVMT Total, BVMT Delay, 
Digit Symbol, Symbol Search, Spatial Span Total, TMT A, CTT 1, CTT 2, 
Digit Span Total, WCST Persev Error, WCST Trials to 1st, WCST FMS, 
Animal Fluency, Fruit & Veg Fluency

Method
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All NeuroScreen scores converted to Z-scores based on the full 
sample
 Three composite Z-scores were calculated: 

o Sum of all individual test scores; sum of all individual test scores and 
total errors from the number speed test; sum of four tests (visual 
discrimination 1 and 2, trail making 1, and number span total)

 Logistic regression with NeuroScreen score + age + education + 
gender predicting gold-standard defined NCI

 Use predicted probabilities to compute ROC curves to evaluate 
sensitivity and specificity

Method
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Community health worker focus group:
 83% female
 Mean age 43.17 yrs
 Four (4) reported ever having used a tablet before, and none currently 

owned one
 Five (5) reported currently owning a smartphone 
 Nine (9) reported that the NeuroScreen tablet was “Somewhat easy” 

to “Very easy” to use; two reported it as “Somewhat difficult” to use 
 Overall acceptability was high. Lay health workers reported that they 

would feel comfortable and confident using the app in their clinics, and 
that it could be helpful

Results
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Psychometric 
evaluation

Results
Table 1. Sample Characteristics (N = 102)

Mean or % SD or N Min Max 

Age 33.31 7.46 19 56

Gender (% Female) 81% n=83 -- --

Education (years completed) 11.25 1.99 3 14

TBI with LOC>15 minutes 4% n=4 -- --

Likely learning difficulty 9% n=9 -- --

Most Recent CD4 Cell Count 501.31 287.41 47 1654

% Most Recent Viral Load Undetectable 91% n=81 -- --
Note: CD4 Cell Count available for 88 participants; Viral Load data for 81 
participants
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Results
Table 2. Gold-Standard Neuropsychological Test Battery Performance (T-scores)
Test Mean SD Min Max
Global T 48.01 4.79 34.00 57.63
Successive Finger Tapping Dominant Hand 46.51 11.29 -1.31 64.05
Successive Finger Non-Dominant Hand 44.98 13.45 -43.87 61.66
Grooved Pegboard Dominant Hand 47.41 7.96 12.67 60.05
Grooved Pegboard Non-Dominant Hand 49.26 3.09 34.09 53.27
HVLT Total Trials 1 - 3 45.97 8.33 24.34 62.67
HVLT Delay Recall Total 44.74 9.86 22.64 67.13
BVMT Total Trials 1 -3 48.40 9.80 28.09 73.75
BVMT Delay Total Recall 49.58 11.48 29.03 72.20
WAIS-III Digit Symbol Coding Total 46.73 10.08 25.45 77.15
WAIS-III Symbol Search Total 47.24 8.95 27.19 64.76
WMS-III Spatial Span Total 50.47 9.65 30.06 73.85
Trail Making Test, Part A 43.82 11.99 -7.48 72.04
Color Trails Test 1 46.72 9.98 12.22 64.02
Color Trails Test 2 48.32 9.73 14.83 66.80
WAIS-III Digit Span Total 49.33 1.21 46.70 52.09
WCST Perseverative Errors 50.74 12.89 3.52 63.76
WCST Trials to 1st Sort 48.10 11.32 29.66 57.98
WCST Failures to Maintain Set 50.59 4.79 31.88 53.94
Animal Fluency Total 49.41 8.70 27.72 70.48
Fruit & Vegetable Fluency Total 51.83 8.75 33.26 72.21
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Results

AUC = 0.86; 95% CI: 0.78, 0.94. 
Sensitivity = 81.48% (95% CI: 
62% to 94%) 
Specificity = 74.67% (95% CI: 
63% to 84%) 
PPV = 53.66%; NPV= 91.80%. 
19 false positives, and 5 false 
negatives. 

AUC = 0.86; 95% CI: 0.78, 0.94. 
Sensitivity = 81.48% (95% CI: 
62% to 94%) 
Specificity = 81.33% (95% CI: 
63% to 84%) 
PPV = 61.11%; NPV= 92.42%. 
14 false positives, and 5 false 
negatives. 

Mean completion time: 23.88 minutes (SD = 6.21)

AUC = 0.87; 95% CI: 0.80, 0.94. 
Sensitivity = 92.59% (95% CI: 
76% to 99%) 
Specificity = 70.67% (95% CI: 
59% to 81%) 
PPV = 53.19%; NPV= 96.36%. 
22 false positives, and 2 false 
negatives. 

Completion time: ~12 minutes
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NeuroScreen shows promise as an NCI screening tool:
 For adults living with HIV in South Africa
 When administered by community health workers/lay counselors
 Limitations: small sample size, convenience sampling, regionality

Discussion
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Currently being evaluated to assess NCI among adolescents 
with perinatal HIV infection in Cape Town, South Africa (R01 
HD095256; PI: Robbins)

Currently adapting app for Thai and will be pilot tested among 
Thai youth with perinatal HIV (R21 HD098035; PI: Robbins)

Currently being adapted for Zulu-speaking adolescents and 
adults as general assessment of NCI

To date, NeuroScreen has been adapted for use with Shona 
(Zimbabwe), Luganda (Uganda), Swahili (Kenya), and Thai 
(Thailand) languages

Future Directions
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