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Background

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




Background

“*NCI in HIV thought to be mostly ‘subcortical’ in nature with some
‘cortical’ features®

» 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
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Background

**In research, the Frascati criteria are often used to describe HIV-
related NCI°
» 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
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Background

“ Globally, there are approximately 37 million PLWH?

» 18.5 million likely have NCI

o Poor adherence + condomless sex = high HIV transmission risk

% Detecting NC|11-13
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)
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Adjust ART regimens




Background

“ Routine screening recommended as good clinical practice!l-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’
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Background

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

Neuropsychologist
2 — 4 hours to administer, more time to score and interpret

Not feasible for routine care

0
0

o0 Specialized forms and equipment

0

o Not scalable for the 37 million PLWH
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Background

*» Many shortcomings of currently available screening tests
» Poor sensitivity and specificity to detect milder forms of NCI[14.15
» Some not appropriate for certain populationsi®

o0 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 workforcel/-18

o IHDS when used by community health workers in South Africa can
grossly over- or under-estimate impairment
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Quick Tangent — Global Mental Health-Workforce

Psychiatrists

per j’*
100,000 -

%

United States of America

population!®  ws e 1 m

Thailand
0.721

Mozambique
0.046

South Africa
1.521
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Quick Tangent about Global Mental Health Workforce

Psychologists
per Norway 2

Psychologists: 73.522

100,000 France
1 19 United States of America Psychologists: 48.704
p O p u I a.tl O n Psychologists: 29.864

Thailand
Psychologists: 1.749

Mozambique
Psychologists: 0.389
Argentina
Psychologists: 222.572

0 D 222.572
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Quick Tangent about Global Mental Health Workforce
Medical |
Doctors p,

per

10,000
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Background

+* 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)
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Background

Neurobcreen

There’s an app for that!
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Background

“* NeuroScreen Android OS tablet app?®-22
» Highly automates neurocognitive test administration
» Designed to be used by all levels of clinical staff
» Assesses neurocognitive domains of:
0 Processing speed (3 tests)
o Attention/Working memory (2 tests)
o0 Motor (2 tests)
0 Learning and Memory (1 test)
0 Executive functioning (1 test)
» Results synced with server and available electronically
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A SMARTPHONE APP TO SCREEN FOR A Culturally Fair Test of Processing Speed: Cons}ruct Validity,

Preliminary Normative Data, and Effects of HIV Infection on Performance

HIV-RELATED NEUROCOGNITIVE IMPAIRMENT A s o
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¢ e E . et Objectives: Impaired processing speed (PS) is a feature of cognitive profiles associated with neurological
A Mobile App to Screen for Neurocognitive Impairment: Preliminary disordrs paricularly prealent m ow- or middle income countries (LMICS) Hower,conmonly used
: . . PS tests are not validated for use in LMICs. We assessed, using a sample of healthy South African adults,
Validation of NeuroScreen Among HIV-Infected South African the consiruct validity of PS tests contained within NeuroSercen (» ablet-based application and test
Background: Neurocognitive Impairment (NCI) is one of the most common complicatior| A d |t battery designed to be culturally fair), and established preliminary normative data for those tests (Study
infection, and has serious medical and functional consequences. However, screening fo ults 1). Moreover, because South Africa has the highest population prevalence of people living with HIV and
N N . . . o PS deficits are a core feature of HIV-associated cognitive impairment, we assessed whether NeuroScreen
routine and NCI ({ft;n goes un.dlag'nosed Screening fOT.N.CI n HIV disease faces could detect PS impairment in a sample of HIV-infected South African adults (Study 2). Methods: In
challenges, such as limited screening tests, the need for specialized equipment and appara Study 1 (N = 112 healthy adults) and Study 2 (the Study 1 sample, plus n = 102 HIV-infected adult).
highly trained personnel to administer, score and interpret screening tests. To add| - P - 2 ~ T s we and a paper-and-pencil fest battery.
h% lly dp loped 2 | smartwhone-based Pr tool. N s S. o T L COEEM“=han = TS O =Ra = IR (0 W =5 R O e’ TN, [ =8 s T & Results: In Study 1, factor analyses indicated that NeuroScreen PS scores loaded onto one factor and
EENE I WO i N Bl i B sl N LR Kiaieg S LG AR G 1y SIF = ¥ = R S R 0TI N = T & TR I DA e converged with scores on paper-and-pencil PS tests. Regression modeling indicated that age significantly
related NCI that includes an easy-to-use graphical user interface with ten highly ey i predicted NeuroScreen PS performance (i.e., younger participants performed better). In Study 2.
neuropsychological tests. HIV-infected participants performed significantly more poorly on NeuroScreen PS tests than their
F B LT e S TR T T3 o (T CIE T s HE fected Moreover, a sig larger proportion of HIV-infected participants
. X , L X 3 . EEE T Ty displayed impaired PS when judged against the regression-based norms. Conelusions: These results
Aims: To examine NeuroScreen’s: 1) acceptability among patients and different potentia B e TR e VIO MG MO TN suggest that NeuroScreen has cross-cultural utility in assessing adult PS performance, and that it might
test construct and criterion validity; and 3) sensitivity and specificity to detect NCI. R I TS MO TR be useful in tracking trajectories of PS decline within HIV infection.
& o onm
Methods: Fifty HIV+ individuals were administered a gold-standard neuropsychol IR Y N General Scientific Summary

This is the first study to show that NeuroScreen (a tablet-based application and test battery designed
10 be culturally fair) allows adequate assessment of adult processing speed (PS) performance in a
resource-challenged low- or middle-income country. Using a South African sample. the study
confirms NeuroScreen has the potential to detect the kinds of PS deficits commonly observed in
HIV-infected individuals, and to track disease-related PS decline over time.

battery, designed to detect HIV-related NCI, and NeuroScreen. HIV + test participants
potential provider-users of NeuroScreen were asked about its acceptability.

Results: There was a high level of acceptability of NeuroScreen by patients and potential
users. Moderate to high correlations between individual NeuroScreen tests and paper-
tests assessing the same cognitive domains were observed. NeuroScreen also demonsty
sensitivity to detect NCI.

‘ords: construct validity, cross-cultural, HIV, normative data, processing speed, South Africa

speed (PS), defined as the swiftness with which one  DeLuca, & Genova, 2016; Kore et al., 2015; Lu, Chan, & Lam,
plete mental tasks, is a complex cognitive function  2017). The faster one’s PS, the more quickly information is made
compromised in neurological disorders, including  available to higher-level cognitive operations (e.g.. working mem-

Conclusion: NeuroScreen, a highly automated, easy-to-use smartphone-based screening te:
NCI among HIV patients and usable by a range of healthcare personnel could help ma|

screening for HIV-related NCI feasible. While NeuroScreen demonstrated robust ps ed with HIV infection (Dobryakova, Costa, Wylie,  ory [WM] and executive functioning [EF]), and the more likely it
properties and acceptability, further testing with larger and less neurocognitively impaired Abstract
warranted.
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Study Aims

**» 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
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Method

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
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Method

*» Global Deficit Score (GDS) calculated from the
neuropsychological test battery (higher scores = more
impairment)?3

» GDS =2 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, TMTA, CTT 1, CTT 2,
Digit Span Total, WCST Persev Error, WCST Trials to 1st, WCST FMS,
Animal Fluency, Fruit & Veg Fluency
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Method

++» 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

COLUMEIA SRR NEWYORK | New York State . ;s o
COLUMBIA UNIVERSITY COLUMBIA UNIVERSITY
@ COLUMBIA | 1rvinG MEDICAL CENTER P OPPORTUNITY. Psychiatric Institute @ CO LUMBIA | DerARTMENT OF PSYCHIATRY



Results

*»» 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
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Results

. :
% PsyChO_memC Table 1. Sample Characteristics (N = 102)
evaluation

Mean or % SDor 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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Table 2. Gold-Standard Neuropsychological Test Battery Performance (T-scores
Test Mean SD Min Max
Resu ItS 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 4474 9.86 22.64 67.13
BVMT Total Trials 1 -3 48.40 9.80 28.09 73.75
BVMT Delay Total Recall 4958 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 12.89 352 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

10 ROC Curve for NeuroScreen Total Score 1 0 ROC Curve for NeuroScreen Total Score 2 ROC Curve for NeuroScreen Total Score 3
. _ |
0.8 0.8 0.8+
_-E' 0.6 :E' 0.6 :E' 0.6
% AUC =0.86; 95% CI: 0.78, 0.94. % AUC =0.86; 95% CI: 0.78, 0.94. % AUC =0.87; 95% CI: 0.80, 0.94.
s Sensitivity = 81.48% (95% CI: | § Sensitivity =81.48% (95% ClI: | § Sensitivity = 92.59% (95% CI:
@ 0.4 62% to 94%) ? 04 62% to 94%) ? 04 76% to 99%)
Specificity = 74.67% (95% CI: Specificity = 81.33% (95% CI: Specificity = 70.67% (95% CI:
63% to 84%) 63% to 84%) 59% to 81%)

0.2 PPV = 53.66%; NPV=91.80%. 0.2 PPV = 61.11%; NPV= 92.42%. 0.2+ PPV =53.19%; NPV= 96.36%.
19 false positives, and 5 false 14 false positives, and 5 false 22 false positives, and 2 false
negatives. i negatives. negatives.

0.0 T T 1 1 0.0 T | T T 0.0 1 1 1 T

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity 1 - Specificity
Mean completion time: 23.88 minutes (SD = 6.21) Completion time: ~12 minutes
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Discussion

** 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
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Future Directions

» Currently being evaluated to assess NCI among adolescents
with perinatal HIV infection in Cape Town, South Africa (RO1
HD095256; PI: Robbins)

*» Currently adapting app for Thai and will be pilot tested among
Thal 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 Thal
(Thailand) languages

New York State

COLUMBIA UNIVERSITY COLUMBIA UNIVERSITY
@ C OLUMBIA | 1rviNG MEDICAL CENTER SORTUNITY. Psychiatric Institute @ CO LUMBIA ‘ DEPARTMENT OF PSYCHIATRY




Acknowledgements

NYSPI/CUIMC UCT
Robert Remien John Joska

Claude Mellins Hetta Gouse

Bruce Levin Dan Stein
Cheng-Shiun Leu Michelle Henry
Travis Scott Kevin Thomas,
Miguel Arce Thandeka Mbonambi
Chris Ferraris Yoliswa Mtingeni
Anthony Santoro Ziyanda Ncusane

Thandiwe Mngxuma
Dudu Mbakaza
Zodwa Makuluma

Funders

Digital Science
HIV Center Pilot Studies Program

Eunice Kennedy Shriver National Institute
of Child Health and Human Development
National Institute
of Nursing Research

Fog

arty

MSINAD!!

COLUMEIA SRR NEWYORK | New York State i U e
COLUMBIA UNIVERSITY COLUMBIA UNIVERSITY
Gi_D COLUMBIA | 1rvinG MEDICAL CENTER ¢ OPPORTUNITY. Psychiatric Institute @ CO LUMBIA | DerARTMENT OF PSYCHIATRY



References

1.

ok w

© ©

10.
11.

12.
13.

14.
15.

16.

17.

18.

Heaton RK, Clifford DB, Franklin DR, Woods SP, Ake C, Vaida F, Ellis RJ, Letendre SL, Marcotte TD, Atkinson JH, Rivera-Mindt M, Vigil OR, Taylor MJ, Collier AC, Marra CM, Gelman BB,
McArthur JC, Morgello S, Simpson DM, McCutchan JA, Abramsom |, Gamst A, Fennema-Notestine C, Jernigan TL, Wong J, Grant |, For the CHARTER Group. HIV-associated neurocognitive
disorders persist in the era of potent antiretroviral therapy: CHARTER Study. Neurology. 2010;75(2087-2096).

Vivithanaporn P, Heo G, Gamble J, Krentz HB, Hoke A, Gill MJ, Power C. Neurologic disease burden in treated HIV/AIDS predicts survival. Neurology. September 28, 2010 2010;75(13):1150-
1158.

Ettenhofer ML, Foley J, Castellon SA, Hinkin CH. Reciprocal prediction of medication adherence and neurocognition in HIV/AIDS. Neurology. April 13, 2010 2010;74(15):1217-1222.

Gorman A, Foley J, Ettenhofer M, Hinkin C, van Gorp W. Functional Consequences of HIV-Associated Neuropsychological Impairment. Neuropsychology Review. 2009;19(2):186-203.
Heaton RK, Marcotte TD, Mindt MR, Sadek J, Moore DJ, Bentley H, McCutchan J, Reicks C, Grant |. The impact of HIV-associated neuropsychological impairment on everyday functioning.
Journal of the International Neuropsychological Society. May 2004;10(3):317-331.

ludicello JE, Woods SP, Cattie JE, Doyle K, Grant |, The HIV Neurobehavioral Research Program Group. Risky decision-making in HIV-associated neurocognitive disorders (HAND). The
Clinical Neuropsychologist. 2013/02/01 2012;27(2):256-275.

Thames AD, Streiff V, Patel SM, Panos SE, Castellon SA, Hinkin CH. The role of HIV infection, cognition, and depression in risky decision-making. The Journal of Neuropsychiatry and Clinical
Neurosciences. 2012;24(3):340-348.

Woods SP, Moore DJ, Weber E, Grant |. Cognitive neuropsychology of HIV-associated neurocognitive disorders. Neuropsychology review. 2009 Jun 1;19(2):152-68.

Zipursky AR, Gogolishvili D, Rueda S, Brunetta J, Carvalhal A, Mccombe JA, Gill MJ, Rachlis A, Rosenes R, Arbess G, Marcotte T, Rourke SB. Evaluation of brief screening tools for
neurocognitive impairment in HIV/AIDS: a systematic review of the literature. AIDS. 2013;Publish Ahead of Print:10.1097/QAD.1090b1013e328363bf328356.

UNAIDS. Fact sheet - Latest statistics on the status of the AIDS epidemic: UNAIDS; 2018 [Available from: http:/mww.unaids.org/en/resources/fact-sheet]

Barber TJ, Bradshaw D, Hughes D, Leonidou L, Margetts A, Ratcliffe D, Thornton S, Pozniak A, Asboe D, Mandalia S, Boffito M, Davies N, Gazzard B, Catalan J. Screening for HIV-related
neurocognitive impairment in clinical practice: Challenges and opportunities. AIDS Care. 2013:1-9.

Morley D, McNamara P, Kennelly S, McMahon G, Bergin C. Limitations to the identification of HIV-associated neurocognitive disorders in clinical practice. HIV Medicine. 2013.

The Mind Exchange Working Group. Assessment, Diagnosis, and Treatment of HIV-Associated Neurocognitive Disorder: A Consensus Report of the Mind Exchange Program. Clinical
Infectious Diseases. April 1, 2013 2013;56(7):1004-1017.

Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M, et al. Updated research nosology for HIV-associated neurocognitive disorders. Neurology. 2007;69(18):1789-99.

Kamminga J, Cysique L, Lu G, Batchelor J, Brew B. Validity of Cognitive Screens for HIVV-Associated Neurocognitive Disorder: A Systematic Review and an Informed Screen Selection Guide.
Current HIV/AIDS Reports. 2013/12/01 2013;10(4):342-355.

Robbins RN, Joska JA, Thomas KG, Stein DJ, Linda T, Mellins CA, Remien RH. Exploring the utility of the Montreal Cognitive Assessment to detect HIV-associated neurocognitive disorder:
the challenge and need for culturally valid screening tests in South Africa. The clinical neuropsychologist. 2013 Apr 1;27(3):437-54.

Robbins RN, Remien RH, Mellins CA, Joska J, Stein D. Screening for HIV-associated dementia in South Africa: The potentials and pitfalls of task-shifting. AIDS Patient Care and STDs.
2011;25(10):587-593.

Breuer E, Stoloff K, Myer L, Seedat S, Stein D, Joska J. Reliability of the Lay Adherence Counsellor Administered Substance Abuse and Mental lllness Symptoms Screener (SAMISS) and the
International HIV Dementia Scale (IHDS) in a Primary care HIV Clinic in Cape Town, South Africa. AIDS and Behavior. 2012/08/01 2012;16(6):1464-1471.

COLUMEIA SRR f NEWYORK | New York State e R e Ty
COLUMBIA UNIVERSITY COLUMBIA UNIVERSITY
Gi_D C OLUMBIA IRVING MEDICAL CENTER OPPORTUNITY Psychiatric Institute @ C O L U M B l A DEPARTMENT OF PSYCHIATRY



References

19. World Health Organization. http://apps.who.int/gho/data/node.main.MHHR?lang=en
20. Robbins RN, Gouse H, Brown HG, Ehlers A, Scott TM, Leu CS, Remien RH, Mellins CA, Joska JA. A mobile app to screen for neurocognitive impairment: preliminary validation of

NeuroScreen among HIV-infected South African adults. IMIR mHealth and uHealth. 2018;6(1):e5.
21. Robbins RN, Brown H, Ehlers A, Joska JA, Thomas KG, Burgess R, Byrd D, Morgello S. A smartphone app to screen for HIV-related neurocognitive impairment. Journal of mobile technology

in medicine. 2014 Feb 1;3(1):23.
22. Katzef C, Henry M, Gouse H, Robbins RN, Thomas KG. A culturally fair test of processing speed: Construct validity, preliminary normative data, and effects of HIV infection on performance in

South African adults. Neuropsychology. 2019 Mar 14.
23. Carey CL, Woods SP, Gonzalez R, Conover E, Marcotte TD, Grant I, Heaton RK. Predictive Validity of Global Deficit Scores in Detecting Neuropsychological Impairment in HIV Infection.

Journal of Clinical and Experimental Neuropsychology. 2004/05/01 2004;26(3):307-319.

COLUMEIA SRR NEWYORK | New York State i U e
COLUMBIA UNIVERSITY COLUMBIA UNIVERSITY
Gi_D COLUMBIA | 1rvinG MEDICAL CENTER P OPPORTUNITY. Psychiatric Institute @ C OLUMBIA | DerARTMENT OF PSYCHIATRY




	A MOBILE APP TO SCREEN FOR NEUROCOGNITIVE IMPAIRMENT IN HIV
	Disclosures
	Background
	Background
	Background
	Background
	Background
	Background
	Background
	Background
	Quick Tangent – Global Mental Health Workforce
	Quick Tangent about Global Mental Health Workforce
	Quick Tangent about Global Mental Health Workforce
	Background
	Background
	Background
	Número de diapositiva 17
	Número de diapositiva 18
	Study Aims
	Method
	Method
	Method
	Results
	Results
	Results
	Results
	Discussion
	Future Directions
	Acknowledgements
	References
	References

