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Abstract

Background—Insufficient data on neurodevelopmental benefits of antiretroviral therapy (ART)

in children.

Methods—Prospective study of 329 mothers and children aged 0–6 years to assess

neurodevelopment. Results stratified by the maternal (M) and child (C) HIV status (MHIV−/CHIV

−, MHIV+/CHIV−, and MHIV+/CHIV+). Gross Motor, Visual Reception, Fine Motor, Receptive

and Expressive Language scores assessed by Mullen Scales of Early Learning. Global cognitive

function was derived from an Early Learning Composite score (ELC). Standardized Weight and

Height for Age z-scores were constructed and the lowest 15% cutoff defined disability.

Generalized linear models were used to estimate Prevalence Rate Ratios (PRR) adjusted for the

child’s age, weight and height. In HIV-positive children, generalized linear models assessed the

impact of ART initiation and duration on neurodevelopment.

Results—Compared to MHIV−/CHIV− children, HIV+ children were more likely to have global

deficits in all measures of neurodevelopment except gross motor skills, whereas in MHIV+/CHIV

− children, there was impairment in receptive language (adj.PRR=2.67, CI: 1·08, 6.60) and the

ELC (adj.PRR=2.94, CI: 1.11, 7.82). Of the children born to HIV positive mothers, HIV+ children

did worse than - MHIV+/CHIV− only in Visual Reception skills (adj.PRR=2.86; CI: 1.23–6.65).

Of the 116 HIV+ children, 44% had initiated ART. Compared to ART duration of <12 months,
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ART durations 24–60 months was associated with decreased impairments in Fine Motor,

Receptive Language, Expressive Language and ELC scores.

Conclusions—Longer duration on ART is associated with reduction of some neurologic

impairment and early diagnosis and treatment of HIV+ children is a priority.
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Introduction

Neurodevelopmental impairments are an important but largely unaddressed problem among

children in low-income countries,1–3 but in the developed world, HIV has emerged as a

leading cause of neurologic impairment4. HIV-infected children present with a wide range

of disabilities, including generalized cognitive defects,5 motor deficits,6;7 and visual,8–10

language,7;11;12 or learning disorders7;13. These deficits are thought to result from the

increased risk to central nervous system as the HIV virus can permeate the blood-brain

barrier14.

A recent review on the impact of HIV infection on cognitive development in children found

that of the fifty-four studies identified, over 75% of the studies were from the United States

or Europe with results that are not generalizable to sub-Saharan Africa where a majority of

HIV infected and exposed children live15. The review identified a significant gap in our

knowledge about the impact of HIV infection on neurodevelopment outcomes among

children from developing world settings but concluded that a majority of studies from

developed nations found a detrimental neurocognitive impact as a result of HIV infection.

Few studies in the developing world have assessed the impact of HIV infection on

neurodevelopmental outcomes and results are mixed, with some studies showing no

impact, 16 whereas the majority of studies 7,1117;18 found that HIV-positive children had

higher rates of cognitive and motor impairment compared with uninfected children. This in

part may be due to differences in neurodevelopmental assessment, poor ART availability

and adherence, differences in populations assessed as a majority of these studies were in

urban settings, as well as the lack of prospective data where confounders could potentially

be controlled for. Antiretroviral Therapy (ART) improves survival of HIV-infected children,

and has been shown to reduce neurologic pathology,19;20 and HIV-infected children

accessing care have improved motor development scores21. ART is becoming increasingly

available in resource-poor settings, although little is known about the impact of age at

initiation and duration of ART on neurodevelopment.

The majority of studies on the impact of HIV infection and ART on neurodevelopment

outcomes among children in western countries are not applicable to developing countries

due to differences in environmental exposure such as substance use, different child-rearing

environments and other risk factors such as malnutrition and high levels of infectious

diseases and opportunistic infections in developing country settings22. There are few

prospective studies assessing long term neurocognitive outcomes in children in developing

countries, most only follow children up to 24 months of age and are in hospital-based, urban
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settings which are not representative of the majority of children affected by HIV globally.

We assessed neurodevelopmental outcomes among children infected and affected by HIV,

and prospectively examined the impact of ART use on neurodevelopmental outcomes

among HIV positive children in a rural African, community-based setting.

Methods

Mothers and children enrolled in this study were recruited from the Rakai Community

Cohort Study (RCCS), the nevirapine (NVP) Prevention of Mother to Child HIV

Transmission (PMTCT) study23, and from Rakai ART clinics providing free ART funded by

the Presidents Emergency Plan for AIDS Relief (PEPFAR). Since 1994, RCCS has

maintained approximately annual surveillance in an open, community-based cohort of

~14,000 adults aged 15 to 49 years in rural Rakai, Uganda24;25. Detailed information is

collected on demographic, behavior, and health status. After the completion of the interview,

blood is obtained for HIV serology. HIV testing used two separate EIAs (Vironestika,

Organon Teknika and Welcozyme) with Western blot confirmation (HIV-1 Western Blot,

Bio-Metriux-Vitek) of EIA discordant samples and of new seroconverters. HIV infection in

children <18 months was detected by RNA-RT PCR using Roche Amplicor 1.5 assays

(Branchberg, NJ), and by EIA/WB in older children.

Based on WHO guidelines26, all children less than 24 months had ART initiated upon

diagnosis (AZT/3TC/Nevirapine or D4T/3TC/Nevirapine for children less than 3 years of

age), for children between 2 and 5 years, ART was initiated when CD4% declined ≤ 25%

and for children over the age of 5 years, ART was initiated at CD4 ≤ 350 cells/mm3 or at

WHO clinical stage 3 or 4 disease.

Mothers gave written informed consent to be interviewed for: 1) the Ten Questions

screening tool (TQ10) which is a mother/caretaker interview shown to be reliable, and valid

(sensitivities 80–100%), for detection of serious cognitive, motor and seizure disorders 27

and 2) questionnaire to assess morbidity and mortality of the child. The questions for

assessment of morbidity included asking the parent or guardian if the child had experienced

any illness in the past 3 months and if yes, if the child had experienced the following in the

past 3 months and the duration of the illness: fever, convulsions, fainting, cough, difficulty

breathing, oral thrush, vomiting, non-bloody diarrhoea, bloody diarrhoea, jaundice,

abnormal body movements, skin rash, boils, peeling of skin, passed worms in stool/vomiting

worm, body swelling, silky hair, weight loss, loss of appetite, apathy and any other illness.

For the child, maternal/guardian consent was obtained for: 1) anthropometric assessments

(height in cms and weight in kilograms), and 2) neurodevelopmental assessments using the

Mullen Scales of Early Learning for children under 6 years of age28. All HIV-negative

children testing positive in the TQ10 screening test (108 out of 340) and all HIV-positive

children were referred for in-depth neurodevelopmental assessments using the Mullen

Scales of Early Learning.

The Mullen Scales of Early Learning test provides scores for Gross Motor, Visual

Reception, Fine Motor, Receptive Language, and Expressive Language domains. It has

excellent correspondence validity to the Bayley scales2 and has the advantage of estimating
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a global cognitive function from the Early Learning Composite (ELC) score. The ELC is

derived as the average of the Z scores for visual reception, fine motor, receptive language

and expressive language, which are converted into a standard score using a conversion table

provided by the Mullens Learning test. A two week training of midwives in the use of the

Mullen test was conducted by a psychologist and the tools were pilot tested among 2–3

children in each age category from 0 to 6 years of age.

Based on HIV test results, mother (M) and child (C) pairs formed three groups: reference

group of HIV negative children born to HIV negative mothers (MHIV−/CHIV−); HIV

affected children who are HIV negative and born to HIV positive mothers (MHIV+/CHIV

−); HIV infected children born to HIV positive mothers (MHIV+/CHIV+). Comparison at

baseline was made among MHIV+/CHIV+, MHIV+/CHIV−, and MHIV−/CHIV− to assess

differences in neurodevelopmental outcomes. HIV positive children were followed

prospectively to assess the impact of ART initiation and duration on neurodevelopment

outcomes.

Statistical Methods

All Mullen cognitive scores were age standardized using a modified Mullen age-

standardization based on the normal distribution of standardized neurodevelopmental scores

for the HIV-negative children controlling for age. Predicted Z-scores were estimated by age

for the HIV-positive and HIV-affected children. To determine a threshold for disability, z

scores (based on control group of HIV-negative children) of either −1.5 or −2.029;30 have

been used by studies. Using the standardized tables for the Mullen, the standard scores (from

American norms in the Mullen table) for the referent MHIV−/CHIV− children equivalent to

a z score of approximately the 15th percentile averaged across the various scales for the

Ugandan MHIV−/CHIV− children was approximated at a z-score of <−1.5, and this cut-off

was used to create a dichotomous disability score for each of the five Mullen domains.

Generalized linear models were used to estimate Prevalence Rate Ratios (PRR) to assess the

potentially non-linear associations between HIV status and Mullen cognitive scores. All

multivariate models adjusted for the child’s age, weight and height. 95% confidence

intervals were generated using generalized estimating equation (GEE) models with robust

variance with an exchangeable correlation matrix to account for correlation due to repeat

observations in individual children.

In a sub-analysis of HIV-positive children, generalized linear models were fitted to assess

the impact of ART on neurodevelopment scores, adjusting for age at ART initiation and

ART duration. Early Learning Composite scores were plotted against ART duration (in

months), adjusted for age, height and weight z-scores, current age, and study visit, and

controlled for correlation due to multiple visits using generalized estimating equations

(xtgee). All analyses were determined a priori and were performed using the statistical

analysis software STATA version 12 (Stata Corp LP, College Station, TX).

This study was approved by Scientific and Ethics Committee of the Uganda Virus Research

Institute, the Uganda National Council of Science and Technology in Uganda, and Johns

Hopkins Bloomberg School of Public Health.

Brahmbhatt et al. Page 4

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results

329 mother-infant pairs were enrolled, of whom 108 (32·8%) were HIV-negative mothers

and HIV-negative children (MHIV−/CHIV−), 105 (32·0%) in group B (HIV-positive

mothers and HIV-negative children (MHIV+/CHIV−) and 116 (35·3%) in group C (HIV-

positive mothers and HIV-positive children (MHIV+/CHIV+). Table 1 shows the

sociodemographic characteristics at enrollment and the proportion of children classified with

a neurodevelopmental impairment, stratified by the mother and child’s HIV status. On

average, children in group A (MHIV−/CHIV− reference group) were significantly older

compared to children in groups B or C. A significantly higher proportion of children in

group C (HIV-positive children) were classified as impaired in all domains (except Gross

Motor), and in the Early Learning Composite (ELC) score, compared to children in groups

A or B.

The bivariate and multivariate PRR of a disability by maternal and child HIV status are

summarized in Table 2. Adjusted analyses controlled for the child’s age at baseline, weight

for age and height for age z-scores. In the unadjusted analyses, the PRR of a disability were

significantly higher among HIV-positive children compared to the reference group A

children in fine motor, visual reception, receptive and expressive language scores, and

overall ELC score (PRR=4.34; CI: 1.87, 10.10). When HIV-infected children were

compared to either MHIV−CHIV− or MHIV+CHIV− children, the PRR of disability was

significantly higher for all neurologic domains and the overall ELC score. There were no

consistent differences between Group B and A children.

In the adjusted analyses, compared to children in group A, HIV-infected children had

significant impairment in Fine Motor (adj.PRR=2·39; CI: 1.15–4.95), Visual Reception

(adj.PRR=5·86, CI:2.30–14.92), Receptive Language (adj.PRR= 4.20; CI: 1.83–9.64),

Expressive Language (adj.PRR=2·27; CI: 2.27–1.15–4.50) and ELC scores (adj. PRR=6.87;

CI: 2.54–18.58). HIV-infected children (Group C) had poorer scores than children affected

with HIV (group B) in Visual Reception scores (adj. PRR=2.86). When comparing MHIV+/

CHIV− to MHIV−/CHIV− children, there were no significant differences in

neurodevelopmental scores except for Receptive Language (adj.PRR=2.67) and ELC scores

(adj. PRR=2.94, CI: 1.11, 7.82).

Of the 116 HIV-positive children, 51 (44%) received ART. Compared to HIV-positive

children not on ART, those who initiated ART were significantly younger (median age 33·6

months versus 58·3 months, respectively, p=0·001). Of the children on ART, 19 (37·3%) had

initiated ART between 0 and 23 months (only 5 initiated less than 12 months), 25 (49·0%)

between 24 and 59 months and 7(13·7%) between the ages of 60 and 83 months. HIV-

positive children on ART were assessed longitudinally for neurodevelopment outcomes at

baseline, 12 months, 18 months, and 24 months. Of the 51 children, 83% were seen at the 12

month visit, 69% at the 18 month visit and 39% at the 24 month visit.

The PRRs of neurodevelopment disability by ever use of ART for 116 HIV-positive children

with a total of 308 visits are summarized in Table 3. Of the 116 HIV positive children, the

65 not on ART contributed 160 visits while the 51 who initiated ART contributed 148 visits.
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Children who initiated ART were significantly more likely to have poorer scores for Visual

Reception (adj. PRR=2.07, CI: 1.3, 3.3), Receptive Language (adj.PRR=2.47, CI: 1.6, 3.8),

Expressive Language (adj.PRR=3.0, CI: 1.9, 4.9), and ELC scores (adj. PRR=1.93, CI: 1.3,

3.0).

Generalized linear models were fitted (controlling for child’s age, height and weight z

scores) to assess the impact of ART duration on risk of neurologic impairment among 51

HIV- positive children with 131 visits (Table 4). Children who were on ARTs for more than

24 months were significantly less likely to have neurologic impairment than children on

ART for less than 24 months for Fine Motor (adj. PRR=0.15; CI: 0.01–0.5), Receptive

Language (adj.PRR=0.38; 0.2–0.8), Expressive Language (adj.PRR=0.09; 0.01–0.3) and

ELC scores (adj.PRR=0.45; CI: 0.1–0.15). Once the age of child and ART duration were

controlled for, there was no statistically significant impact of age at ART initiation on

neurologic outcomes.

Figure 1 summarizes the Early Learning Composite scores plotted against ART duration (in

months) and shows that on average, ELC scores improved by 0.016 per month duration of

ART (gradient=0.016, p=0.02).

Discussion

We assessed neurocognitive function in 3 groups of children less than 6 years of age, born to

HIV negative and positive mothers using the Mullens Scales of Early Learning28. The key

findings were that compared to HIV-negative children, HIV-infected children had deficits in

all measures of neurodevelopment, whereas among HIV-negative children born to HIV+

mothers, only receptive language scores were significantly worse. The risk of overall

cognitive impairment was significantly higher among children born to HIV-positive mothers

(irrespective of the child’s HIV infection status), compared to the HIV-negative referent

children. Among HIV-positive children, longer duration on ARTs was associated with a

reduced risk of impairment in Fine Motor, Receptive Language, Expressive Language and

overall global Early Learning Composite score.

A review of six studies assessing pediatric HIV and neurodevelopment in sub-Saharan

Africa17 showed that motor development impairment was most commonly associated with

HIV infection in young children, but concluded that there is an urgent need for data for

children over 24 months of age. Our study confirms findings of significant

neurodevelopmental impairment associated with HIV infection in children13;31.

Global cognitive defects were probably due to the direct effects of the virus on the brain

areas associated with cognitive development and motor skills32. The HIV virus is present in

the central nervous system (CNS) of most infected children, irrespective of age, CD4 count,

or stage of disease33. The resulting inflammation leading to neuronal death is hypothesized

to cause neurodevelopmental deficits.

Language development, and specifically receptive language, appears to be significantly

impacted among both HIV-infected and affected children in our study as is seen in other

studies34;35. In an American cohort of HIV exposed but uninfected children35, with a
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majority having in utero exposure to combination ARVs, high rates of late language

emergence were identified in one (26%) and two (23%) year olds compared to unexposed

controls. However once confounders were adjusted for, late language emergence was not

associated with maternal combination ARV use but rather related to HIV exposure in utero.

This finding is comparable to a an earlier study by Rice, et al34 which found high rates of

language impairment among children infected and affected by HIV. In our study, children

affected by HIV had no significant deficits compared to HIV-negative controls except for

receptive language scores. Receptive language is more dependent on the working memory of

the child in response to the items being presented, and may be a consequence of maternal

illness and lack of an environment conducive to language learning. Although there is

improvement in language skills after ART use in some studies36, others find no impact of

ART on reversal of language delay, despite benefits in overall cognitive performance with

extended ART use37. We found significant improvements in both Receptive and Expressive

Language scores with extended ART use among HIV+ children. Impaired verbal

performance can have a significant impact on academic performance as well as adherence to

HIV treatment, and hence, interventions to enhance language acquisition are critical.

Based on the CHER randomized trial in South Africa which found improved survival among

HIV-infected infants who initiated ART early,38 WHO changed its recommendation to

initiate ART among all HIV positive children less than 2 years of age, irrespective of CD4

count or WHO clinical stage26. Approximately 56% of the infected children in our study

initiated ART after 24 months of age. A majority of HIV positive children in Rakai are

frequently brought to the ART clinic when the child is already sick and early ART initiation,

especially for infants is challenging. As seen in table 3, ART initiation was associated with

poorer neurologic outcomes most likely because a majority of children are already ill and

hence ART initiation may be a proxy for advanced HIV disease. Unlike other studies that

found no improvement in cognitive deficits in response to ART39;40, we found significant

improvements in several neurodevelopmental domains with longer duration of ART use.

Interventions with proven efficacy to prevent or reverse neurodevelopmental impairment

due to HIV are urgently needed. However studies assessing the impact of ART initiation on

neurodevelopment outcomes are mixed: results from the PREDICT neurodevelopment study

of HIV infected Thai and Cambodian children over a year old, randomized to early versus

deferred ART treatment found that regardless of whether children initiated ART at CD4

15%–24% or deferred until CD4 was <15%, there was not significant impact on

neurodevelopment outcomes assessed, despite the early ART arm achieving higher CD4

levels and viral suppression 41. The study concluded that cognitive deficits in HIV positive

children potentially occur in infancy and they do not improve with initiation of ART after

one year of age. However, another study of HIV-positive children aged 18 to 71 months21

found that early initiation of primary HIV care and ART, resulted in improved motor

development and possibly cognitive development. Our study supports this observation.

Other interventions that have shown some success have been reported recently; a study

among Ugandan children 2 to 4 years of age using the Mullen instrument found significant

improvements for a year-long caregiver training program to enrich the children’s home

environment, specifically in receptive and expressive language. So although the HIV
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exposed but uninfected and HIV-positive children were at risk for significant language delay

and impairment, the Mullen documented significant improvements associated with

improved caregiving in early childhood42.

Some of the limitations of our study are that a majority of the infants and children were not

enrolled at birth and did not initiate ART early. In addition, data on adverse birth outcomes

were not available. It was also not possible to control for other risk factors for

neurodevelopmental impairment such as malaria, as well as other environmental and parent

or guardian factors. Also, we were unable to follow up all children who started on ART.

Conclusions

HIV infection in children resulted in global deficits in neurodevelopmental and cognitive

function and extended ART use potentially mitigated some of the neurodevelopmental

deficits. Interventions to prevent or reverse the negative consequences of HIV infection on

neurodevelopmental outcomes of infants and children are critically needed in resource-poor

settings.
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Figure 1. Adjusted Early Learning Composite Z-scores for HIV Positive Children, by ART
duration
* adjusted for HAZ (Height for Age Z-Score), WAZ (Weight for Age Z-Score), current age

and study visit
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Table 1

Basic demographic information by maternal and child HIV Status

ALL CHILDREN Group A
MHIV−/CHIV−

N=108

Group B
MHIV+/CHIV−

N=105

Group C
MHIV+/CHIV+

N=116

P-Value

Age, months

Median 57.5 36.1 49.6 <0.001

Mean 49.5 39.7 47.9 0.003

Gender

Males 47.2% 51.4 % 40.5% 0.258

Females 52.8% 48.6% 59.5%

WAZŦ(mean) −1.44 −1.56 −1.73 0.150

HAZŦ(mean) −1.51 −1.57 −1.90 0.350

Neurodevelopment Disability*

Gross Motor 25.0 % 11.4 % 23.3 % 0.021 %

Fine motor 10.2 % 6.7 % 19.8 % 0.011 %

Visual Reception 6.5 % 5.7 % 26.7 % <0.001 %

Receptive Language 6.5 % 11.4 % 21.6 % 0.004 %

Expressive Language 8.3 % 9.5 % 21.6 % 0.007 %

ELC** 5.6 % 7.6 % 24.1 % <0.001 %

*
A 15% cut-off of each age standardized z-score, based on mean neurodevelopment scores of HIV-negative children, was used to create a

dichotomous disability score

**
ELC-Early Learning Composite Score

Ŧ
WAZ: Weight for Age Z-Score; HAZ: Height for Age Z-Score
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Table 2

Prevalence Risk Ratio of Disability by Child and Maternal HIV Status at Baseline

Disability Assessment
(A) HIV−M/HIV−C (N=108)
(B)HIV+M/HIV−C (N=105)
(C)HIV+M/HIV+C (N=116)

Bivariate PRR (CI) Multivariate ‡ PRR (CI)

Gross Motor Score

B vs A 0.46 (0.24,0.86) 0.59(0.31,1.11)

C vs A 0.93(0.58,1.48) 0.87(0.55,1.39)

C vs B 2.04(1.09,3.82) *** 1.24(0.68,2.27)

Fine Motor Score

B vs A 0.65(0.26,1.63) 1.00(0.36,2.73)

C vs A 1.95(1.00,3.81) ** 2.39(1.15,4.95) **

C vs B 2.97(1.33,6.66) *** 1.99(0.90,4.41)

Visual Reception Score

B vs A 0.88(0.31,2.54) 1.61(0.59,4.39)

C vs A 4.12(1.89,8.98) ** 5.86(2.30,14.92) **

C vs B 4.68(2.03,10.78) *** 2.86(1.23,6.65) ***

Receptive Language Score

B vs A 1.76(0.72,4.31) 2.67(1.08,6.60) *

C vs A 3.33(1.50,7.38) ** 4.20(1.83,9.64) **

C vs B 1.89(1.00,3.57) *** 1.45(0.80,2.64)

Expressive Language Score

B vs A 1.14 (0.48,2.71) 1.19(0.52,2.71)

C vs A 2.59(1.26,5.30) ** 2.27(1.15,4.50) **

C vs B 2.26(1.14,4.49) *** 1.70(0.77,3.76)

ELC score

B vs A 1.37(0.49,3.83) 2.94(1.11,7.82) *

C vs A 4.34(1.87,10.10) ** 6.87(2.54,18.58) **

C vs B 3.17(1.51,6.65) *** 1.82(0.90,3.67)

‡
Adjusting for HAZ (Height for Age Z-Score), WAZ (Weight for Age Z-Score), and Age at baseline

*
HIV affected children (group B) significantly different from reference children (group A)

**
HIV infected children (group C) significantly different from reference children (group A)

***
HIV infected children (group C) significantly different from affected children (group B)
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