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Abstract

Human immunodeficiency virus (HIV)-negative children born to HIV-infected mothers may

exhibit differences in neurodevelopment (ND) compared to age- and gender-matched controls

whose lives have not been affected by HIV. This could occur due to exposure to HIV and

antiretroviral agents in utero and perinatally, or differences in the environment in which they grow

up. This study assessed neurodevelopmental outcomes in HIV-exposed uninfected (HEU) and

HIV-unexposed uninfected (HUU) children enrolled as controls in a multicenter ND study from

Thailand and Cambodia. One hundred sixty HEU and 167 HUU children completed a

neurodevelopmental assessment using the Beery Visual Motor Integration (VMI) test, Color

Trails, Perdue Pegboard, and Child Behavior Checklist (CBCL). Thai children (n = 202) also

completed the Wechsler Intelligence Scale (IQ) and Stanford-Binet II memory tests. In analyses

adjusted for caregiver education, parent as caregiver, household income, age, and ethnicity,

statistically significant lower scores were seen on verbal IQ (VIQ), full-scale IQ (FSIQ), and Binet

Bead Memory among HEU compared to HUU. The mean (95% CI) differences were −6.13 (−10.3
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to −1.96), p = 0.004; −4.57 (−8.80 to −0.35), p = 0.03; and −3.72 (−6.57 to −0.88), p = 0.01 for

VIQ, FSIQ, and Binet Bead Memory, respectively. We observed no significant differences in

performance IQ, other Binet memory domains, Color Trail, Perdue Pegboard, Beery VMI, or

CBCL test scores. We conclude that HEU children evidence reductions in some

neurodevelopmental outcomes compared to HUU; however, these differences are small and it

remains unclear to what extent they have immediate and long-term clinical significance.
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Introduction

Children infected with human immunodeficiency virus (HIV) sometimes have compromised

neuropsychological functioning compared to their uninfected counterparts (Puthanakit et al.,

2013). However, children whose lives have been affected by HIV (HIV exposed, uninfected,

[HEU]) may show neurodevelopmental differences when compared to uninfected and

unexposed children (HUU). Higher rates of mental health problems have been found among

HEU compared to perinatally HIV-infected children (Malee et al., 2011). This underscores

the importance of obtaining a better understanding of neurodevelopmental outcomes in HEU

children. Maternal HIV immune activation may influence the developing fetal brain, as

might exposure to antiretroviral therapy (ART) designed to prevent mother-to-child

transmission (Sirois et al., 2013). In addition, HIV disproportionately affects those of lower

socioeconomic status (Perry, 1998). Lower socioeconomic status is associated with poorer

physical and psychological health outcomes in adolescents and adults (Chen & Paterson,

2006; Mani, Mullainathan, Shafir, & Zhao, 2013). Likewise, environmental stressors

associated with HIV such as parental loss, illness or disability, and family economic

hardship may impact on cognitive and behavioral development in HEU children

(Hochhauser, Gaur, Marone, & Lewis, 2008; Mellins et al., 2011).

In the Pediatric Randomized to Early versus Deferred Initiation in Cambodia and Thailand

(PREDICT; ISRCTN00234091) neurodevelopment sub-study, HEU and HUU children

performed better on neurodevelopment (ND) tests compared to HIV-infected children

(Puthanakit et al., 2013). The current study compared ND outcomes and sociodemographic

characteristics that might influence these outcomes, in the HEU and HUU enrolled as

controls in the PREDICT ND sub-study. We tested the hypothesis that neuropsychological

performance would be lower in HEU versus HUU, after controlling for sociodemographic

differences.

Methods

Participants

The PREDICT study was a randomized open-label trial of early versus deferred ART, in

children aged 1–12 years with a CD4 between 15% and 24% and no history of AIDS-

defining illness or ART use (Puthanakit et al., 2012). We conducted an ND sub-study at
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seven hospitals in Thailand and two hospitals in Cambodia (Puthanakit et al., 2013), where

two age- and gender-matched control groups were enrolled. The HEU children were

recruited from siblings of HIV-infected children in the main study or uninfected children

delivered to HIV-infected mothers at these sites. The HUU children were recruited from

“well-child” clinics at the same hospital study sites. Group frequency matching was used to

create age and gender similarity across both the HIV-negative group and the HIV-infected

group. This was accomplished using four age bands: 2–5 years, 5–8 years, 8–11 years, and

≥11 years, based on the gender and age when the HIV-infected children first enrolled in the

PREDICT ND sub-study. Children were confirmed to be HIV-uninfected by standard

enzyme-linked immunosorbent assay (ELISA) for HIV. Written informed consent was

obtained from the caregivers and assent from the children. This study was approved by local

and National Thai and Cambodian Institutional Review Boards and the University of

California, San Francisco. The Study Team is listed in the Appendix.

Procedures

Detailed test procedures have previously been described (Puthanakit et al., 2013). Briefly,

the neuropsychological test battery assessed cognition using a comprehensive battery of

intelligence measures and neuropsychological tests among the Thai children and selected

psychomotor and behavioral tests in all children. The cognitive tests were either the Thai

Psychological Association-validated versions of the Wechsler Intelligence Scale for

Children (WISC-III) for children aged 6–17 years or the Wechsler Preschool and Primary

Scale of Intelligence (WPPSI-III) for children aged 2–6 years and the Stanford-Binet II

memory tests (beads/sentences in children aged 3.25–17 years and digits/objects in children

aged 6–17 years). Psychomotor assessments included the Beery Visual Motor Integration

(VMI) for children aged 2–17 years, Purdue Pegboard for children aged 5–17 years, and

children’s Color Trails for children aged 8–17 years. Behavioral assessment was conducted

utilizing the Child Behavior Checklist (CBCL) for preschool (1.5–5 years) and school-age

(6–18 years) children. Neuropsychologists completed the IQ and Stanford-Binet memory

tests at all Thai sites. At Cambodian sites, nurses were certified by neuropsychologists to

administer the psychomotor tests, after correctly administering and scoring a minimum of 10

subjects per test. The English version of CBCL was translated into Thai and Khmer and then

back-translated into English to ensure accurate translation. Caregivers completed the CBCL

questionnaires in their own language, rating on a three-point scale, how correct a series of

statements were in describing their child’s behavior. Standardized scores based on age and

gender were then calculated from the raw scores. Borderline-clinical range CBCL T scores

were calculated using normative data and indicate concerning behaviors (Achenbach &

Rescorla, 2001). For the internalizing T scores (anxiety, depression, and somatic complaints)

and externalizing T scores (rule breaking and aggressive behavior), as well as total problem

T scores (the sum of all syndrome scales), borderline and clinical scores are above the 84th

and 91st percentiles, respectively; for individual syndrome-scale T scores, borderline and

clinical scores are above the 93rd and 98th percentiles, respectively. In the absence of Thai

and Cambodian normative data, standardization was based on US norms. HEU and HUU

children underwent a single neurodevelopmental test battery assessment. Sociodemographic

data, including household income, child’s area of residence, whether the parent was

caregiver, and educational level of the parents or caregiver, were also collected.
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Quality assurance

External quality control was performed biannually throughout the study. A test

administration manual was developed prior to the start of the study (in local languages), and

all individuals responsible for neuropsychological assessment completed an initial training

protocol to ensure fidelity to the test manual. The manual included verbatim instructions for

test administration as well as detailed instructions for data scoring. A neuropsychologist

visited sites for the duration of the study to ensure compliance with the test manual and

standardized data collection, and completed protocols were checked at random to ensure

accurate scoring procedures were implemented. Individuals involved in neuropsychological

administration were periodically required to complete an assessment under observation to

ensure overall accuracy in the assessment process. As a further quality control measure, a

nurse-monitor reviewed all test results before they were entered into the database.

Statistical analysis

Statistical analyses were conducted with Stata 12 (College Station, TX) with the available

data considered valid by the neuropsychologist or nurse who administered the tests. Four of

206 (1.9%) Wechsler tests were considered invalid due to uncooperative behavior, and 7 of

323 (2.2%) Beery tests were excluded from analysis due to uncooperative behavior (n = 6)

and a motor handicap (n = 1). Sociodemographic characteristics at the time of

neuropsychological testing were compared by exposure group, using a chi-square test or t

test as appropriate. Less than 3% of sociodemographic characteristics were missing or

unknown.

For the cognitive and psychomotor tests (except Purdue Pegboard), regression models were

used to compare standardized test scores. For Purdue Pegboard, the outcome variable was

the number of successful pin placements by the dominant and nondominant hands. The

outcome variables for CBCL were the externalizing, internalizing, and total problem T

scores, and each of the syndrome-scale based raw scores in school-aged children

(Achenbach & Rescorla, 2001). Comparisons between HEU and HUU as a reference group

in unadjusted linear regression models were completed first, followed by a second model

adjusting for age, ethnicity, and socio-demographic differences (educational level of

caregiver, income, and parent as caregiver) between exposure groups. Gender was included

in adjusted models if there were statistically significant differences observed in univariate

analysis at a level of p < 0.10. The proportion of children classified with borderline-clinical

range scores for internalizing, externalizing, total problem, and individual syndrome-scale T

scores on the CBCL was examined between HEU and HUU children using a chi-square test.

Logistic regression models were used to assess the odds ratio of having a borderline-clinical

score between subject groups after adjusting for sociodemographic characteristics.

Results

Sociodemographic characteristics

One hundred sixty-six HEU (64% Thai) and 167 HUU (67% Thai) children were enrolled

(Table 1). The mean (SD, range) age of all children was 7.6 (3.3, 2–15) years and 58% were

female. There were no differences in age or gender between the two exposure groups (p =
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0.5 and 0.4, respectively). More HEU children were cared for by parents (93% vs. 83%; p =

0.01). Caregivers of HEU children were less likely to have an education beyond elementary

school compared to HUU children (63% vs. 33%; p = 0.001), and HEU children were more

likely to be from lower than average income households than HUU children (57% vs. 34%;

p < 0.001).

Neurodevelopmental test scores

Verbal IQ (VIQ) and full-scale IQ (FSIQ) were lower in HEU children in adjusted and

unadjusted analyses (Table 2). The adjusted mean difference in VIQ in HEU versus HUU

children was −6.13 (95% CI −10.3 to −1.96; p = 0.004) and −4.57 (95% CI −8.8 to −0.35; p

= 0.03) for FSIQ which is comprised of VIQ and performance IQ (PIQ). These differences

were very similar to those observed in the unadjusted models. In contrast, PIQ did not differ

between the HEU and the HUU children by the Wechsler Scales in unadjusted and adjusted

analyses.

When FSIQ was broken into quartiles, there were no differences in the proportion of

children from families with below average income and children with parents as caregiver (p

= 0.17 and 0.61, respectively). However, children with FSIQ in the highest quartile were

more likely to have parents educated beyond elementary level (74% vs. 53%; p = 0.02).

On the Stanford-Binet Intelligence tests, Sentence Memory, Digit Memory, and Object

Memory did not differ between HEU and HUU children. However, Bead Memory scores

were lower in HEU children with a mean difference of −3.72 (95% CI −6.57 to −0.88) in

adjusted analyses.

In both unadjusted and adjusted analyses, there were no differences between HEU and HUU

in Beery VMI scores, Color Trail 1 and 2 scores, and the number of successful pin

placements using the Purdue Pegboard in the dominant and nondominant hands.

Behavior problems, assessed by the CBCL, showed no differences in internalizing,

externalizing, and total problem T scores between HEU and HUU in unadjusted and

adjusted analyses (Table 2). Amongst school-age children, there were statistically significant

but only slightly higher CBCL syndrome-based social problem and aggressive behavior

scores in HEU children in unadjusted analyses, which were not significant in adjusted

models (Table 2). Likewise, there were no observed differences in the proportion of children

with borderline-clinical internalizing, externalizing, and total problem scores. The

proportion of HEU and HUU children with borderline-clinical internalizing, externalizing,

and total problem T scores in the borderline-clinical range was 18.5–18.4 (p = 0.98), 12.4–

13.3 (p = 0.80), and 15.4–18.4 (p = 0.49), respectively. Amongst school-age children, there

were no differences in the proportion of HEU and HUU children with borderline-clinical

syndrome-based scales except in the attention domain where a higher proportion of HEU

children had attention problems (6.1 vs. 0.9%, p = 0.05; Table 3). However, after adjusting

for sociodemographic differences between groups in a logistic regression model, the odds of

attention problems amongst HEU children were not significantly different than that observed

in HUU (adjusted odds ratio 6.5 (95% CI 0.70–60.1; p = 0.1).
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Discussion

As hypothesized, we found that HEU children had statistically lower Wechsler VIQ, FSIQ,

and Stanford-Binet Bead Memory scores compared to HUU children, but the absolute

differences were small. The Stanford-Binet tests were selected to assess memory. Although

FSIQ scores were significantly lower in HEU children, only Bead Memory scores were

significantly lower in HEU versus HUU children. Both Bead and Object Memory measures

assess nonverbal fluid reasoning and correlate with FSIQ in normative subjects (Becker,

2003), but the correlation between Object Memory and general measures of intelligence is

lower than with Bead Memory (Sattler, 1988). This may explain why Bead but not Object

Memory scores were significantly lower in HEU children in our study.

No differences were observed between HEU and HUU groups in PIQ, Sentence, Digit, or

Object Memory. Scores for tests assessing motor coordination, sustained attention,

sequencing, and executive function did not differ between groups. There were no differences

in behavior scores or proportion of children with borderline-clinical scores noted, with the

exception of borderline significant differences in attention problems that did not persist after

adjustment for sociodemographic factors.

Thirty-eight percent of HEU youths in a recent report from the US-based Pediatric HIV/

AIDS Cohort study (PHACS) were at risk for, or currently had, clinically significant mental

health problems. The odds were significantly higher in HEU compared to perinatally

infected children and children with caregivers who had a psychiatric disorder (Malee et al.,

2011). We found lower rates of borderline-clinical disorders in HEU children than the

PHACS, and the odds of borderline-clinical scores between HEU and HUU groups were not

increased after adjusting for sociodemographic factors. One possible reason for lower rates

of mental health problems observed in our HEU is the age distribution of children in the two

studies. Although a comparable proportion of subjects in our study was aged <12 years

(77% in the PHACS vs. 87% in our study), the PHACS did not include children <7 years,

and 46% of children in our study were aged <7 years when neuropsychological testing was

performed. Direct comparison of the two studies is also complicated because we did not

collect data on psychiatric disorders or health status of the caregivers in our study, or other

home environmental factors which could potentially influence caregiver effectiveness and

neuropsychological outcomes among children. For example, in the PHACS, 63% of HEU

resided with single caregivers, whereas in Asia, it is common for several generations of

family to live together, with an extended family network of aunts, uncles, cousins, and

grandparents who can provide additional support and child supervision.

We identified lower VIQ and FSIQ in the HEU children before and after adjustment for

sociodemographic covariates. Growing up in a household affected by HIV may subject

children to disadvantages in the home literacy environment. In Western settings, this has

been shown to contribute to disparities in reading ability amongst children attending

kindergarten (Aikens & Barbarin, 2008). Within an extended family household, literacy

might reasonably be consistent across generations due to economic factors limiting or

facilitating access to education. In our study, 57% of HEU versus 34% of HUU resided in

homes where the income was low or very low, and 66% of HEU caregivers were educated at
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elementary level or had no education versus 34% of HUU caregivers. We also found a

higher proportion of children with FSIQ in the highest quartile had parents or caregivers

educated beyond elementary school (p = 0.02). It is possible that the low-income and low

education levels of the caregivers are primary drivers of lower IQ and Bead Memory

performance among the HEU children. Further, lower VIQ scores in HEU could be related

to environmental stressors, such as parental loss or sickness, or reduced stimulation provided

by parents or caregivers with lower levels of education. While HIV-positive children are

regularly followed up in specialized clinics that cater to their needs, their uninfected siblings

may not come in contact with health and support services.

In resource-rich settings, studies on infants ≤2 years have not identified ND delays in HEU

children after adjusting for confounds (Le Doare, Bland, & Newell, 2012), however,

precisely when deficits begin to manifest is not clear. Thirty-four percent of HEU youths

participating in the Child and Adolescent Self-Awareness Health Study (CASAH) scored in

the lowest 10th percentile on the Peabody Picture Vocabulary Test, an instrument that

assesses receptive language abilities and correlates strongly with Wechsler VIQ and FSIQ

scores (Brackis-Cott, Kang, Dolezal, Abrams, & Mellins, 2009). Compared to the children

in our cohort, CASAH participants were older (aged from 9 years to 16 years), only 70% of

CASAH participants had a parent as primary caregiver, and most were living in

impoverished urban communities, likely without the extended family support that is

common in Thailand and Cambodia.

The lower VIQ scores noted among HEU versus HUU children in our study may not be

without consequence. Language and reading skills are critical to academic success (Ippolito,

Steele, & Samson, 2008) and also for negotiating successful relationships in adolescence

and adulthood. Further functional studies of this cohort of children and adolescents are in

progress and will inform the degree to which the differences in IQ scores between the HEU

and the HUU children in our cohort impact social functioning and resilience.

There are few studies in resource-limited settings, but in Africa, more pre-school HEU than

HUU children were classified with moderate to severe cognitive, motor, and language

deficits (Van Rie, Mupuala, & Dow, 2008). Differences between these groups may stem

from dissimilarities in social structures and support networks, and a higher proportion of

HEU children living in poverty. In support of this, 80% of the HEU children in this African

study lived in households with inadequate income versus 21% in the HUU group, and 31%

of HEU children had poor access to water versus 13% of HUU children. In contrast, all of

the HEU and HUU in our study had access to water and health care. Nevertheless, direct

comparison of the results of these studies is complicated by standardization against US

norms, and scoring may be subject to cultural differences in interpretation.

Our study has a number of limitations. First, FSIQ is comprised of VIQ and PIQ, and thus,

the significant difference noted in FSIQ between HIV-exposure groups is highly influenced

by the difference in VIQ. Second, our study employed a cross-sectional design and children

were matched for age, gender, and ethnicity; however, elucidating how these ND differences

evolve over time requires robust longitudinal data. Third, we did not capture data on

maternal exposure to antiretroviral agents or details about the pregnancy (such as premature
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birth) that could potentially influence the developing brain. A large Pediatric AIDS Clinical

Trials Group (PACTG) study did not find associations with lower scores on the Bayley

Scales of Infant and Toddler Development and exposure to antiretroviral agents in utero,

after adjusting for confounds (Williams et al., 2010). A more recent study also, using the

Bayley Scales, reported lower mean scores in the language domain with in utero exposure to

atazanavir (Sirois et al., 2013). Although our children were older than the infants in these

latter two studies, the most commonly used regimens for the prevention of mother to child

transmission for children in our cohort would have been zidovudine from week 34 of

pregnancy, with or without single dose nevirapine or zidovudine + nevirapine + lamivudine

for the youngest exposed children. At Last, we did not collect measures of caregiver

cognitive function and mental and physical health status, recent stressful events in the

household, or health status of other children in the household. These factors are known to

influence neurocognitive function (Mellins et al., 2008) and may have contributed to the

poorer neurocognitive scores observed in the HEU in our study.

Strengths of our study include a large sample size, the relative absence of maternal

substance abuse, the tight quality control measures employed on a biannual basis, and the

completion of the our study in a resource-limited setting where ND data are lacking.

Conclusions

This study, conducted in a resource-limited setting, demonstrates that HEU children have

modest but significant reductions in VIQ, FSIQ, and Bead Memory (assessed by Stanford

Binet) compared to HUU children, after adjusting for relevant sociodemographic covariates.

No differences in other neurodevelopmental or behavioral outcomes were noted. These data

suggest that ND is measurably different between groups; however, the differences are small

and their clinical impact remains unclear. Longitudinal studies of ND outcomes in HEU are

warranted to examine long-term clinical consequences.
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Table 1

Sociodemographic characteristics of study participants.

HIV-exposed (N = 160) HIV-unexposed (N = 167) Total (N = 327) p

Mean (SD) age (years) 7.4 (3.4) 7.7 (3.2) 7.6 (3.3) 0.5

Female gender 91 (57) 98 (59) 189 (58) 0.4

Ethnicity 0.5

Thai 102 (64) 112 (67) 214 (65)

Cambodian 58 (36) 55 (33) 113 (35)

Primary caregiver 0.009

Parent 149 (93) 140 (84) 289 (88)

Grandparent 4 (3) 18 (11) 22 (7)

Aunt/uncle 5 (3) 8 (5) 13 (4)

Orphanage 1 (1) 0 1

Unknown 1 (1) 1 (1) 2

Income <0.001

Very low 10 (6) 8 (5) 18 (6)

Low 81 (51) 48 (29) 129 (39)

Average 58 (36) 90 (54) 148 (45)

Above average 8 (5) 19 (11) 27 (8)

Unknown 3 (2) 2 (1) 5 (2)

Child attends school 0.7

No 27 (17) 24 (14) 51 (16)

Yes 131 (82) 142 (85) 273 (83)

Unknown 2 (1) 1 (0.6) 3 (1)

Education of caregiver <0.001

None 17 (11) 8 (5) 25 (8)

Elementary 83 (52) 47 (28) 130 (40)

High/vocational 47 (29) 73 (44) 120 (37)

Bachelor 7 (4) 26 (16) 33 (10)

Masters/Ph.D. 1 (1) 9 (5) 10 (3)

Unknown 5 (3) 4 (2) 9 (3)

Note: Age between groups was compared using an unpaired t-test; categorical variables were compared using a chi-square test or Fisher’s exact test
as appropriate. p ≤ 0.05 were considered statistically significant (shown in bold font).
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Table 3

Percentage of children with CBCL borderline-clinical problem scores, by subject group.

Domain HIV-exposed (N = 158) HIV- unexposed (N = 162) p

Internal T score 18.4 18.5 0.97

External T score 13.3 12.4 0.80

Total problem T score 18.4 15.4 0.49

CBCL syndrome based T scales (school-age children)

Anxious/depressed 9.2 6.4 0.46

Withdrawn/depressed 11.2 12.8 0.72

Somatic complaints 15.3 16.5 0.81

Social problems 10.2 4.6 0.18

Thought problems 10.2 10.1 0.98

Attention problems 6.1 0.9 0.05

Rule-breaking behavior 9.8 7.3 0.63

Aggressive behavior 10.2 7.3 0.47

Note: Proportion of HEU and HUU with borderline-clinical scores was compared using a chi-square test. p ≤ 0.05 were considered statistically
significant.
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