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Abstract

Introduction—Western-constructed neuropsychological tests have been used in low and middle 

income countries to assess the impact of HIV/AIDS and other chronic illnesses. We explore using 

such instruments cross-culturally in a sub-Saharan Africa setting.

Methods—IMPAACT P1104S was a two-year observational study carried out at six clinical sites 

(South Africa- 3 sites, Malawi, Uganda and Zimbabwe) to assess and compare neuropsychological 

outcomes in three cohorts of children 5–11 years of age: HIV-infected (HIV), HIV-exposed but 

uninfected (HEU) and HIV unexposed and uninfected (HU). Descriptive statistics compared 

socio-demographic characteristics among children at sites. Instruments included the KABC-II 

cognitive ability, TOVA attention/impulsivity, BOT-2 motor proficiency tests, and BRIEF 

executive function problems. Test characteristics were assessed using intraclass and Spearman 

non-parametric correlations, linear regression and principal factor analyses.

Results—Of the 611 participants, 50% were male and mean age ranged from 6.6 to 8 years. In 

Malawi, Uganda and Zimbabwe, substantial proportions of families lived in rural settings in 

contrast to the South African sites. Intraclass correlation coefficients between weeks 0 and 48 were 

highest for the KABC scores, ranging between 0.42 to 0.71.Correlations among similar test 
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domains were low to moderate but significant, with positive correlation between KABC Sequential 

and TOVA scores and negative correlation between BRIEF and KABC scores. TOVA response 

time scores correlated negatively with the BOT-2 Total points score. Strong and significant 

associations between individual measures of growth, disability and development with all test 

scores were observed. Performance-based measures were markedly lower for HIV compared to 

HEU and HU participants, even after controlling for age, sex and site. Factor analyses confirmed 

the underlying theoretical structure of the KABC scaled item scores.

Conclusion—The KABC, TOVA, BRIEF and BOT-2 were valid and reliable tools for assessing 

the neuropsychological impact of HIV in four sub-Saharan African countries.
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INTRODUCTION

Access to pediatric prevention and care for HIV/AIDS has expanded throughout low and 

middle income countries (LMIC), with reduced pediatric infection, morbidity and mortality, 

shifting attention to the impact of the HIV virus on neurocognitive development and other 

longer term outcomes. As learning and problem solving approaches may differ across 

cultures, researchers have questioned whether tests developed in high income settings are 

valid elsewhere1–6. Tests need to be reliable, consistent, and robust to challenging testing 

situations, simple to score and interpret and sensitive to population variability and changes 

in health and home environment.7–11

For this study, we chose four Western-developed standard tests, previously used in LMIC 

HIV/AIDS and other high burden illness settings, These measures have proven sensitive to 

the neuropsychological effects of pediatric HIV in the sub-Saharan African context, 

assessing aspects of motor development and proficiency, attention, working memory, 

learning, visual-spatial analysis and problem solving, and planning and reasoning11–16. The 

present study used the Kaufman Assessment Battery for Children, 2nd edition (KABC-II)17, 

the Test of Variables of Attention (TOVA; www.tovatest.com)18, the Bruininks-Oseretsky 

Test of Motor Proficiency, 2nd edition (BOT-2)19, and the Behavior Rating Inventory for 

Executive Function (BRIEF)20

Some have questioned the validity of adapting “Western-based” tests to the African context, 

and have recommended instead the development of altogether new neurodevelopmental 

assessment batteries more appropriate for such settings along with normative data specific to 

the target culture5. Contrary to this view, Boivin and Giordani (2009, 2013) have proposed 

that human neurodevelopment can be characterized within a foundational brain/behavior 

“omnibus”, universally accessible by neuropsychological assessment batteries (even 

“Western” ones) that are well designed, carefully adapted, and appropriately applied21,22. In 

order to substantiate this view, we evaluate the feasibility, reliability and validity of cross-

cultural neuropsychological testing in a sub-Saharan Africa setting with children affected by 

HIV/AIDS. We hypothesize that these instruments meet adequate test construction criteria 
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and can be used effectively and successfully in cross-cultural neuropsychological research in 

at-risk African children.

METHODS

Study population and design

IMPAACT P1104S was a two-year multi-site observational study carried out at six clinical 

sites in four sub-Sahara African countries: three in South Africa (Soweto, Tygerberg and 

Johannesburg); Kampala (Uganda); Harare (Zimbabwe); and Lilongwe (Malawi). The 

purpose was to assess and compare neuropsychological outcomes in three cohorts of young 

children (5 to < 11 years): HIV-infected (HIV), HIV-exposed but uninfected (HEU) and 

HIV-unexposed and uninfected (HU)23. HIV-infection and exposure was assumed to be 

perinatal or during breastfeeding. HIV-infected children were eligible if they had previously 

enrolled and were actively being followed in PACTG 1060, version 5.0, a longitudinal study 

evaluating nevirapine-based vs. lopinavir/ritonavir-based antiretroviral regimens24. The two 

P1104S comparison groups (HEU and HU) were recruited from similar neighborhoods as 

the HIV-infected participants; siblings were encouraged to co-enroll. Target sample sizes 

were determined based on the number of eligible P1060 children and a power computation 

for cross-sectional pairwise group differences. To ensure balance of the two control groups 

with the HIV-infected participants within sites, site and age-specific enrollment limits were 

imposed based on the number and age distribution of the eligible P1060 participants. Each 

HIV-uninfected cohort was to enroll 182 children (35 <6 years, 64 6 − <7 years and 83 7 − 

<11 years). Data for P1104S were collected between September 23, 2013 and December 12, 

2016.

Other eligibility criteria included documented evidence of mother’s HIV status during 

pregnancy (if HIV-infected) and at birth or afterwards (if HIV negative). For the HU control 

group, exclusion criteria included history of documented brain injury, seizures, or 

hospitalization from CNS infection. Local institutional review boards approved the study 

and parental/guardian informed consents were obtained. Assent was obtained for children 

seven years and older. Study assessments were performed at baseline (week 0), week 48 and 

week 96; Data from all study weeks are included in the reliability analysis, while only 

baseline data are included in the validity analysis.

Measures

Socio-demographic characteristics collected included that of the caregiver (education, HIV-

status, length of time child was in care of primary caregiver, family income, fuel and water 

sources, urban or rural living zone and employment) and child (anthropomorphic measures, 

illness history, and medications which may influence neuropsychological testing). 

Children’s neurodevelopment was assessed using performance-based measures and 

subjective assessments. Performance-based measures (e.g., KABC-II, TOVA, and BOT-2) 

are those in which there is a direct observation of the child performing a specific task using a 

standardized battery of tests that can include props and toys. Subjective assessments (BRIEF, 

Multiple Indicators Cluster Survey) generally include questionnaires with items relating to 
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the child’s behavior that are read out loud to the informant (e.g. parent), who evaluates the 

extent to which those behaviors describe the child.

Kaufman Assessment Battery for Children, second edition (KABC-II)—The 

KABC-II17 measures neuropsychological outcomes for ages 3 – 18 years, and has been 

previously validated in Uganda25,26 and in South Africa6. In this study the KABC-II Luria 

model was used to assesses cognitive abilities in four domains: 1) Sequential Processing 

(short-term memory), 2) Simultaneous Processing (visual-spatial processing and problem 

solving), 3) Learning (immediate and delayed memory), 4) Planning (executive reasoning). 

All subtests were administered to all participants with instructions in local languages (the 

child’s preferred language). Subtests were administered even if out of age-range for the 

purpose of future analyses by age-band, but only scaled if within appropriate age-ranges. 

Subscale scores and Global scores (Mental Processing Index and Non-Verbal Index) were 

scaled to a US population by age. The KABC-II takes about 1.5 hours to administer. The 

Appendix describes the KABC-II subtests. Items of three subtests were administered in 

English at all sites; Rebus and Rebus delayed and Number recall (designed for one-syllable 

numbers). As such, the Rebus tests assessed learning in a foreign language. It is common in 

Anglophone Africa for English numbers to be used and translating would have complicated 

the subtest by introducing multisyllabic words.

Test of Variables of Attention, version 8 (TOVA)—The TOVA is a computerized test 

measuring key components of attention and self-control, variability (consistency), response 

time (speed), commissions (impulsivity), and omissions (focus and vigilance). Prior studies 

suggest that the visual TOVA (where a child responds rapidly by pressing a switch when a 

simple geometric stimulus “signal” appears on a computer screen) is a sensitive measure of 

persisting neurocognitive effects among African children surviving cerebral malaria27–29. 

Following instructions and practice trials, the TOVA takes 22 minutes for children older than 

5.5 years. Scoring is based on establishing whether or not response times and attention is at 

the normal range for the sex and age of the child with ADHD scores more negative than 

−1.8 considered suggestive of ADHD for USA norms.

Bruininks-Oseretsky Test of Motor Proficiency, 2nd edition (BOT-2), Brief form
—The BOT-219,30 is a standardized test comprehensively assessing gross and fine motor 

skills in children ages 4–21 years through eight subtests: Fine Motor Precision, Fine Motor 

Integration, Manual Dexterity, Bilateral Coordination, Balance, Running Speed and Agility, 

Upper Limb Coordination, and Strength. The Brief form of the BOT-2 has 12 items, each a 

game-like task, and takes about 15 minutes in all to administer. Composite scores include 

Fine Manual Control, Manual Coordination, Body Coordination, Strength and Agility and 

Total Composite Score. Total scores (0–72) are standardized to US norms by age.

Behavior Rating Inventory for Executive Function (BRIEF)—The BRIEF Parent 

form for school-age children (5–18 years) was especially designed to evaluate executive 

function behaviors through 86 items rated as Never=1, Sometimes=2 and Often=3, and takes 

about 15–30 minutes to administer31. The BRIEF has eight non-overlapping clinical scales 

and two statistically derived indexes: 1) Behavioral Regulation Index (BRI; sum of Inhibit, 
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Shift and Emotional Control), and 2) Metacognition Index (MI; sum of Initiate, Working 

Memory, Plan/Organize, Organization of Materials and Monitor). The Global Executive 

Composite score (GEC) is the sum of the BRI and MI. BRIEF standardized scores are 

calculated based on the scores of other respondents from a standardized sample, by age and 

sex. Higher scores suggest a higher level of dysfunction in a specific domain. A negativity 

and inconsistency score is also obtained which assists with determining the validity of 

responses

MICS-4 Early Childhood Development and Childhood Disability Scales—We 

used the Early Childhood Development portion of the Questionnaire for Children Under 5 

(17 items) and Questionnaire Form for Child Disability from the Multiple Indicators Cluster 

Survey (MICS) research program is sponsored by UNICEF32. The primary caregiver 

answered the questionnaire and selected questions were scored and summed to develop an 

overall Disability score (scale 0–100) and an overall Development score (scale 0–100), with 

higher values indicating better child development and worse child disability respectively.

Procedures

Standardized operating procedures were developed for each battery of tests, including test 

administration, scoring and quality assurance. The KABC-II, TOVA, and BOT-2 tests were 

designed to be readily adaptable to cross-cultural settings and instructions for the various 

tasks and items can be spoken by the examiner to the child in the local language or in 

English (the official educational language at some study sites) during administration, 

without the need for formal written translation or written explanation for the child. Each 

subtest of the KABC-II has example “teaching” items to ensure that the child understands 

the task required. In fact, the KABC-II has a nonverbal index score (NVI) compiled from the 

subtests for which language fluency is not required (even administrable by pantomime), and 

this global performance composite was a principal outcome for our analyses. Likewise, the 

BOT-2 items can be demonstrated by modeling on the part of the tester, and the TOVA relies 

on simple geometric figures for the signal and non-signal stimuli, not on letters or numbers 

or specific images as is the case in other continuous performance monitoring tests of 

attention.

The 86 items of the BRIEF questionnaire, read out loud to the parent or principal caregiver 

of the child, were formally translated by permission of the publisher. The publisher provided 

translated versions for Luganda, Afrikaans and Xhosa. For Shona, Zulu, Chichewa, Sesotho 

and Setswana, instructions and items were translated (forward and backward) and approved 

by the authors of the BRIEF, before being administered by trained assessors. The HSCL, 

MICS-4 disability and MICS-4 child development and household socio-economic 

questionnaires were translated into local languages by the sites and administered as 

interviews. Where possible, tests were administered by testers who were blinded to the 

child’s HIV status. The TOVA was administered first so that attention was assessed before 

the child was tired, and also that visual deficits for study children would immediately 

become evident, allowing for adaptation of subsequent assessments to limited vision 

capability if necessary. The battery was mostly completed in one day unless a child appeared 

tired, requiring a second session to complete the assessment (within one week).
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Testing quality assurance procedures included a one-week training by coauthor MJB, weekly 

practice sessions over a one-month period by all testers, and a quality assurance plan 

required each month for every tester (KABC-II video evaluation, team self-video evaluation, 

standard operating procedures review for all tests). KABC-II testing quality was scored 

according to a consistent rubric and the scores were tracked monthly for every tester at every 

site by independent KABC-II testing experts at the Global Health Uganda assessment center 

in Kampala. The TOVA was automated and the BOT-2 was a straight-forward test of motor 

proficiency so these were not evaluated as carefully as the KABC-II, but they also had 

standard operating procedures that were to be reviewed by testers monthly. These will be 

described in depth in a separate manuscript.

Statistical analysis

Data were retrieved on May 3, 2017. Sociodemographic characteristics were summarized by 

site and compared using Chi-square, analysis of variance and Wilcoxon rank-sum tests. A 

socioeconomic index was based on seven characteristics: fuel, water, refrigerator, caregiver’s 

work status, social grant main source of income, caregiver education, sufficiency of 

household income to meet basic needs. Each item was scored from 0–10, and a mean score 

was computed with 10 reflecting the highest socio-economic status.

Feasibility was assessed through test completion rates and the ability to complete the tests in 

one day without significant interruptions. Test-retest reliability was assessed through 

absolute (mean difference, upper and lower limits of agreement and the coefficient of 

repeatability) and relative (Pearson product-moment correlation, intraclass correlation 

coefficient, ICC) measures33–35. Absolute and relative measures assessed the consistency 

and agreement of test scores from week 0 to week 48 and from week 48 to week 96 

(differences were computed as the value at the most recent week minus the value at the 

earlier week). ICCs were computed using linear mixed models regression with participants 

nested within cohorts, both unadjusted and adjusted for site, participant age at entry and sex. 

Models used restricted maximum likelihood (REML) estimation. Test-retest analyses were 

repeated on the HIV-infected cohort as a sensitivity analysis to explore potential effects of 

change in disease status.

An exploratory principal factor analysis was performed on 13 of the 15 KABC-II week 0 

items for the full sample and by HIV status (HIV-infected, HIV-uninfected), using the 

squared multiple correlations as initial communality estimates and varimax orthogonal 

rotation, with a four-factor model based on the theoretical underlying structure. Factor 

loadings, percent of common variance and percent of total variance were summarized. Prior 

to carrying out the factor analysis, we explored the data distributions graphically and tested 

for normality using the Shapiro-Wilk test.

Construct validity was assessed using baseline (week 0) data. First, correspondence 

(convergence) validity among test domains was assessed using linear regression models and 

generalized estimating equations (GEE) for robust error estimates. Models, adjusted just for 

cohort (unadjusted) and also for age, sex and site (adjusted), were run pooling all study 

participants and then separately by group (HIV-infected; comparison, pooling HEU and 

HU). Parameter estimates and 95% confidence intervals were estimated. We also computed 
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Spearman rank correlation coefficients for the unadjusted data. Prior cross-cultural work 

suggests that measures of attention (e.g., TOVA D-prime), memory (e.g., KABC sequential 

processing) and visual spatial processing would be associated, that working memory and 

attention would reflect executive function (assessed in this study through the BRIEF) and 

that sequential processing and mental processing indices would be inversely correlated with 

TOVA error scores (impulsivity, inattention)5,36,37. We were also interested in assessing 

comparability of performance based (KABC, TOVA) with parental evaluations (BRIEF).

Second, we assessed whether neuropsychological scores correlated with HIV status, growth, 

quality of the home environment and caregiving (child’s development, disability; and socio-

economic status). For each characteristic and test score, a linear regression model using GEE 

methods was fit over all cohorts and then separately for the HIV and comparison (pooling 

HU and HEU) cohorts. Unadjusted regressions and those adjusted for site, sex and age at 

study entry were performed. Parameter estimates and their standard errors and significance 

levels were used to indicate degree of associations. Statistical significance was determined 

with two-sided tests at alpha=0.05. All analyses were carried out with SAS version 9.4.

RESULTS

Of the original 615 enrolled, 611 participants (246 HIV, 183 HEU and 182 HU) completed 

the baseline study visit and were eligible for analysis (Figure 1). Of these, 603 (98.7%) 

completed the week 48 visit and 588 (96.2%) completed the week 96 visit; twenty three 

(3.8% of 611) discontinued prematurely (prior to week 96; 4 HIV-infected, 11 HEU, 8 HU). 

Test completion rates were 95% or higher at each study visit with over 91 percent of 

children completing test batteries in one day. Although only seven percent of caregivers 

completed the entry visit batteries in one day, on subsequent visits over 95% did so. Over 97 

percent of child and caregiver tests were considered to be valid by the test administrators.

Socio-demographic characteristics

Table 1 shows personal and family characteristics by study site, pooling cohorts. By design, 

there were approximately 40% HIV and 30% each HEU and HU at each study site. About 

50 percent were male. Mean age ranged from 6.6 to 8 years. Johannesburg and Soweto 

enrolled older participants while Malawi, Uganda and Zimbabwe enrolled younger 

participants (p<0.001). Weight and height z-scores were especially low at Malawi (−1.14 

and −1.55, respectively, p < 0.001). MICS disability scores were highest at Uganda (10.56, p 

< 0.001) compared to the other sites. Development scores were lowest at Malawi (50.4; p < 

0.001). Over 90% of caregivers across sites were biological mothers at entry and over 88% 

had been primary caregivers for five years or more at that time. Close to 70% of primary 

caregivers across the 3 arms were HIV-infected.

Among the HIV cohort, several of the HIV disease characteristics differed across study sites, 

in particular age at ARV initiation (youngest at Soweto and Tygerberg, oldest at Malawi) and 

length of time on ARVs (longest at the South African sites), WHO disease stage (most 

severe at Johannesburg and Zimbabwe, least severe at Soweto; Supplemental Table 1)
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In Malawi, Uganda and Zimbabwe, substantial proportions of families lived in rural settings 

in contrast to the South African sites. In Johannesburg and Malawi, non-rural families were 

split equally between urban and peri-urban settings while in the other sites, the non-rural 

families lived primarily in one setting (p < 0.001). The composite socio-economic indicator 

showed that participants from Johannesburg had better socio-economic circumstances than 

the others, with Malawi the least resourced (p < 0.001; Table 1).

Test-Retest reliability

Unadjusted intraclass correlation (ICC) measures between weeks 0 and 48 were highest for 

KABC scaled scores. Except for delayed recall, these values ranged from 0.54 to 0.73. The 

ICC for the BOT-2 Total points score was 0.69. BRIEF ICC measures ranged from 0.50 

(Monitor), 0.52 (BRI) to 0.56 (MI) and 0.57 (GEC). The ICC values for the TOVA D-Prime 

and D-Prime Standard were 0.63 and .45, respectively (Table 2). Pearson correlations were 

very similar to the unadjusted ICCs (Table 2) while adjusted ICC measures were slightly 

lower (data not shown).

Both Pearson and intraclass correlations between measures at week 48 and week 96 were 

slightly higher than those between weeks 0 and 48 (Supplemental Table 2). In a few cases, 

these differences were substantial. For example, whereas the Pearson correlation between 

weeks 0 and 48 for KABC learning was 0.56, the same correlation between weeks 48 and 96 

was 0.82.

Mean difference scores varied by time and test. For example, mean scores were stable 

between weeks 0 and 48 (as indicated by the 95% CI for the mean difference including zero) 

for the KABC Nonverbal index and the KABC Mental processing index, while there were 

small but statistically significant increases for the KABC simultaneous scores and decreases 

for the KABC Delayed recall. During this same time frame, BRIEF scores decreased on 

average, indicating improved function (Table 2). Most of the KABC scores as well as the 

TOVA ADHD and D-Prime scores increased slightly between weeks 48 and 96 while 

BRIEF scores were stable (Supplemental Table 2). By definition, 95% of individual 

difference scores would lie between the lower and upper levels of agreement and the 

coefficient of repeatability is about half the width of this interval. Patterns of absolute and 

relative measures of test-retest reliability were similar for the analysis of data just from the 

HIV-infected cohort (data not shown).

Correspondence (convergent) validity – Association among neuropsychological tests

There were patterns of modest though statistically significant positive correlations between 

KABC Sequential scaled scores and TOVA ADHD and D-Prime baseline scores. 

Correlations ranged between 0.18 and 0.31 for the full sample and were slightly higher for 

the HIV positive group, ranging up to almost 0.4 for the TOVA D-prime (Table 3).

TOVA response time scores correlated negatively with the BOT-2 Total points score. The 

BRIEF global scales and TOVA error measures were either not significantly correlated or 

correlations were very low. The other pairwise correlations were low but significant and in 

the expected directions. Subgroup analyses of HIV-infected and uninfected children 

followed similar patterns. These relationships were supported by the adjusted regression 
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parameter estimates, most of which were all significantly different from zero in the expected 

directions (Supplemental Table 3).

Construct validity – Association with predictors of neuropsychological functioning

TOVA and KABC scores were markedly lower for the HIV cohort in comparison to HEU 

and HUU (Table 4). There were strong and significant adjusted associations between 

individual measures of growth, disability and development with baseline KABC global 

scores (non-verbal, mental processing index; Table 4). Although these measures were also 

associated with the BRIEF GEC score, only the child development and disability scores 

were consistently associated in the expected directions. Strong and significant linear 

associations also held between individual indicators of socio-economic status and KABC 

global domains but largely not with BRIEF global scores (Supplemental Table 4). For the 

KABC non-verbal test, associations with growth measures were largely driven by the HIV 

uninfected study group (HEU/HU) (Supplemental Table 5) and this held true also for the 

associations between both KABC measures and socioeconomic indicators (data not shown).. 

TOVA D-prime and ADHD scores were associated with child development and disability 

when all participants were analyzed (Table 4) but in subgroup analyses, only child 

developmental scores were associated with these outcomes (Supplemental Table 5).

Factor analyses

Distributional analysis indicated item-scores were not normally distributed (all Shapiro-Wilk 

p-values < 0.001). However, except for Gestalt closure, graphical analysis indicated 

approximate normality with slight kurtosis and skewness (Supplemental Figure 1a and 

Figure 1b). When we analyzed KABC-II baseline scores of all participants together, 47% of 

the total variance was explained by the four-factor solution. Factor 1 largely loaded on 

measures reflecting learning (Atlantis, Atlantis delay, Rebus, Rebus delay), factor 2 loaded 

on simultaneous processing (Block count, Rover) and planning (Pattern reasoning, Story 

completion); factor 3 loaded on sequential processing (Number recall, Word order) and 

factor 4 loaded on simultaneous processing (Triangles and Gestalt closure; Figure 2). These 

results also held for the analysis of HIV-infected participants alone and for the analysis of 

the uninfected group (HEU and HU combined; Table 5).

DISCUSSION

Despite demographic differences across six research sites in four countries speaking nine 

languages (including English), we were able to use a Western-based set of 

neuropsychological tests successfully in an African context with psychometrically valid and 

reliable outcomes yielding consistent findings across all study sites. Previously, we have 

shown that scores on these tests were lower in the HIV-infected cohort38 and these results 

were confirmed in this study. These results demonstrated acceptable testing consistency 

across 96 weeks for the KABC, TOVA, BRIEF and BOT-2.

Other researchers have noted moderate to high test-retest correlations at two to three weeks 

in three LMIC countries for KABC learning, sequential processing and planning subtests 

and tests equivalent to KABC simultaneous processing and TOVA measures of inattention 
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and error rates5. In that study testing was repeated at two to three weeks, whereas in this 

study we repeated testing at 48 and 96 weeks. Although time intervals for the retesting 

differed, the test-retest reliability measures were comparable.

The lowest KABC intraclass correlations corresponded to subtests that have differing age 

bands. For example, among the KABC raw scores, Delayed recall is not usually 

administered to children if their original scores (Rebus and Atlantis) were low (< 4); but we 

administered these scores to all participants, which could have affected correlations with 

their scores when they were one year older (at week 48). It is also possible that their school 

status changed between the two study visits, which could also have influenced their learning 

and delayed recall abilities. On the other hand, conceptual thinking and face recognition 

were designed for children 7 years and under; these children may have reached a ceiling one 

year later (at the second study visit).

The test-retest analysis of just the HIV-infected cohort demonstrated substantially similar 

measures of relative agreement (correlations) as on the full set of study participants and 

absolute measures largely followed the same patterns, mitigating the concern that change in 

disease status might influence these results.

A recent study of rural, HIV-unexposed isi-Zulu-speaking South African children from 

seven to 11 years of age validated the factor structure of the KABC-II, focusing on eight 

subtests, two each from the learning, sequential, simultaneous and planning scales6. Factor 

analyses of the KABC scaled scores in our study discriminated the theoretical constructs, 

though explaining less of the total variation than in two previous African studies (over 50% 

of total variability), one study in healthy Zairian children, and a second in healthy South 

African children primarily from Soweto.3,39. A third study in Uganda, testing children with 

cerebral malaria, used the same subtests as in the current study, but analyzed raw scores, 

finding a five-factor solution discriminated among learning, simultaneous processing, 

sequential processing and planning26. In our four-factor analysis of all study participants, we 

found similar interpretations for the first three factors. Whereas Bangirana’s fourth factor 

loaded on planning, in our analysis, planning loaded on the second factor.. In all of these 

cited studies, staff administered the KABC in local languages. Modifications to account for 

cultural differences varied, including omitting certain test items which participants may not 

have been familiar with, omitting whole subtests and considering whether to modify time-

based administration rules. These studies also reviewed important factors which could 

influence test-taking: children’s prior exposure to individualized testing, culturally distinct 

learning styles, differences in perceptual discrimination, and whether children are 

encouraged to complete tasks accurately rather than quickly.

As a measure of convergent validity, test results for similar domains correlated and 

regression analyses showed there were statistically significant associations in the expected 

directions. However, Spearman correlations were low. Since the regression analyses were 

adjusted for site, sex and age, we can only posit the unadjusted correlations might have been 

affected by measured or unmeasured cultural differences such as noted above.

Chernoff et al. Page 10

J Pediatr Infect Dis. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Test results were correlated with expected health, growth, development, disability, and, for 

the KABC, socio-economic indicators. BRIEF scores were associated with child 

development and disability. Subgroup analyses did not show the same strength of association 

for the HIV-infected group as for the HIV-uninfected. This could have been due to loss of 

power resulting from smaller samples and or from actual differences between the groups.

In this study, tests and task and item instructions were spoken to the children as needed in 

their local language. Despite the manner in which the standardized administration of the 

tests could have been undermined by speaking the instructions in the local languages, the 

measures themselves were sensitive enough in their design, and proved highly adaptable to 

the various cultural and language contests in the present study. This may have been because 

of the ability to administer the evaluation with the provision of teaching sample items 

(KABC-II) for all of the subtests, a short practice session prior to testing (TOVA), and the 

modeling of motor tasks for all of the items (BOT-2). We acknowledge questions of cross-

cultural validity in neuropsychological testing remain difficult ones in light of potential 

differences in social and learning experiences, understanding of test content and familiarity 

with test-taking2,3,11,12.

Our study was not without limitations. At the entry visit, the test battery for caregivers 

proved too lengthy to be completed in one day. Several of our analyses were of HIV-status 

subgroups, for which smaller sample sizes may have reduced the statistical power to 

distinguish significant effects. There were several conditions that could have influenced test 

scores for the same children across time: In some cases (fewer than 5%) the caregiver 

completing the BRIEF at week 0 differed from that completing it at week 48 and 96; there 

may have been practice effects of repeated tests; HIV-infected children’s changes in health 

or stability could have influenced their test-taking abilities differently at different study 

visits. In our factor analysis of KABC scores, we used item scores which were normed to the 

US population. Since data on the 13 KABC items were not strictly normally distributed, we 

should treat our results as exploratory findings. The BRIEF instrument may be especially 

susceptible to bias derived from using non-local scoring norms. Further analyses are planned 

to develop local norms in these four African countries using the P1104S HU cohort data, 

recognizing these analyses may still yield tentative results due to the small sample sizes of 

population subgroups categorized by age, sex at birth and ethnicity/language.

CONCLUSIONS AND IMPLICATIONS

We found the KABC, TOVA, BRIEF and BOT-2 to be valid and reliable when using 

standardized scores from high-income countries in a study of HIV infected and uninfected 

perinatally exposed and unexposed children at six research sites in four sub-Saharan African 

countries. Yet, further research into adapting tests developed in high income Western 

settings for LMIC contexts is also warranted.

Boivin and Giordani (2009) proposed the concept of a brain/behavior omnibus as a way to 

conceptually interface foundational neuropsychological functions21. This approach suggests 

that foundational brain/behavior functions are universal to human neurodevelopment, and 

therefore, consistent across cultures. However, this approach also recognizes that the 
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neuropsychological assessment of these functions must be sensitive to how such 

foundational brain/behavior domains are shaped by ecological necessity and cultural 

experience. The robust validity and reliability of our application of a Western-based 

neuropsychological assessment battery to evaluate the brain/behavior effects of pediatric 

HIV across six different study sites representing nine different local languages in four 

different countries supports this premise.

Neuropsychological measurement can be used to evaluate the extent to which the integrity of 

the foundational brain/behavior domains is consistently compromised across settings in a 

given manner for a given disease (for example, HIV). Likewise, these measures can also be 

used to evaluate improvement in function, given health interventions.

We need to continue to develop more sensitive and innovative technologies within the cross-

cultural neuropsychology of African children, As these technologies become increasingly 

accessible to resource-constrained settings such as those represented in the present study, we 

will gain a wealth of information that lends interpretive power for a dynamic biocultural co-

constructivist paradigm (demonstrating biocultural reciprocity and plasticity) as applied to 

the neuropsychology of African children. Western-based tests, which have been adapted for 

use in culturally sensitive, effective, and appropriate manners, will yield valuable results and 

will, along with dynamic testing, neuroimaging and genomic analyses, help us characterize 

the foundational universal brain/behavior domains.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The number of participants at each P1104S study visit and reasons for discontinuations.

Note: HIV=HIV-infected cohort; HEU=HIV-exposed, uninfected; HU=HIV unexposed, 

uninfected
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Figure 2. 
Factors and factor loadings for the exploratory factor analysis of scaled KABC items for all 

study participants.

Note: Factor loadings are only shown if 0.40 or over. The values by the curved arrowed lines 

indicate factor and error variance estimates. Factor variances are scaled to the value “1”. 

Factor interpretations are noted in the oval shapes; in order of the amount of total variance 

explained, they are: Learning, Planning (with Simultaneous), Sequential and Simultaneous 

processing. Values by the straight arrowed lines indicate factor loadings, which represents 

the correlation of the specific factor with the indicated KABC item. The square of the factor 
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loading indicates the proportion of variance for that item accounted for by the specific factor. 

For example, the correlation between the factor representing Learning and Rebus is 0.89. 

The amount of variance of Rebus accounted for by the Learning factor is (.89)2= 79%. Error 

variances for the item scores indicate the proportion of total variance that is unique and not 

explained by the four common factors. For example, for Block count, 73% of the total 

variance is unique to that variable while 27% is common to the four factors (refer to 

manuscript Table 5 for the communalities).
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