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Abstract

BACKGROUND—HIV-infected children with long-term nonprogressive disease (LTNPs) 

eventually convert to a progressive disease type, yet the extent to which these children experience 

the cognitive and emotional symptoms observed in typical progressive HIV (Progressors) is 

unknown.

METHODS—Eighty-eight LTNPs, 53 Progressors, and 323 healthy controls completed annual 

assessments of cognitive and emotional health as part of a prospective study. The two HIV-infected 

groups and the healthy controls were matched on age and sex distribution at enrollment. Plasma 

HIV RNA, T-cell counts/percentages, activated monocytes, perivascular monocytes, and markers 

of macrophage activation (sCD163 and sCD14) were compared by progression subtype. Cognitive 

and emotional outcomes were compared using cross-sectional linear regression analysis and 

longitudinal sensitivity models.
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RESULTS—LTNPs exhibited the same cognitive phenotype and emotional dysregulation as 

Progressors, with worse outcomes in both groups compared to controls. Additionally, cognitive 

and emotional symptoms were evident before children reached the minimum age for LTNP 

designation (8 years). Baseline plasma HIV RNA, sCD163, activated monocytes, and perivascular 

monocytes were lower in LTNPs versus Progressors, with no difference in T-cell counts/

percentages or sCD14 levels. Most LTNPs converted to a progressive disease subtype during the 

study, with similar cognitive and emotion profiles between these subgroups.

CONCLUSIONS—Pediatric LTNPs experience cognitive and emotional difficulties that mirror 

symptoms of progressive disease. The abnormalities are present at young ages and persist 

independent of plasma T-cell counts. The findings highlight the neurodevelopmental risk of 

pediatric HIV, even in those with early innate disease control.

INTRODUCTION

Nearly half of all children exposed to human immunodeficiency virus (HIV) in utero, during 

birth, or breast feeding, will develop viral infection and subsequent immunosuppression.1 In 

the absence of treatment, the mortality rate of pediatric HIV exceeds 50% within three years 

from birth.2–3 Most HIV-infected children who survive the early postnatal period develop 

persistent plasma viremia and CD4 T-cell depletion characteristic of progressive HIV 

disease. However, a subset of HIV-infected children display some degree of innate capacity 

to maintain CD4 T-cell counts > 350 cells/mm3 and plasma viral loads levels < 10,000 

copies per ml without prior or current treatment.4–5 Phenotypically, these individuals are 

described as pediatric long-term nonprogressors (LTNPs).6

Compared to children with progressive disease (identified herein as Progressors), pediatric 

LTNPs are more likely to express the delta 32 mutation on the CCR5 gene,7 exhibit higher 

levels of anti-nef antibodies,8–9 lower levels of cytotoxic T-cells, lower levels of memory 

CD4+ T-cells, and a higher percentage of plasma-derived naïve CD4+ T-cells,4,10–11 all of 

which correspond to less intense disease activity compared to pediatric Progressors. 

However, elevated plasma levels of activated T helper cells and T cytotoxic cells have been 

reported in a well-characterized cohort of pediatric LTNPs.6 Additionally, longitudinal 

studies demonstrate that most LTNPs eventually convert to a progressive disease phenotype,
12 raising concern that these children harbor an underlying vulnerability for HIV-related 

disease complications despite innate control over select disease mechanisms early in life.

Cognitive and emotional complications of HIV have long been recognized as important 

components of pediatric HIV. Pediatric Progressors exhibit impaired intellectual 

performance and poor academic achievement when compared to demographically similar 

HIV-uninfected peers.13–14 Below average performance in attention, executive function, 

learning, and memory is common in children with HIV infection,15–19 and the cognitive 

difficulties remain despite otherwise successful HIV treatment.20–22 Numerous studies also 

identify poor emotional health in this population.23–25 HIV-infected children face 

psychosocial pressures typical of youth, plus the challenge of managing a chronic illness 

characterized by high potential for stigma and social marginalization.
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Limited information is available regarding the extent to which pediatric LTNPs experience 

the cognitive and emotional challenges typical of progressive HIV. Results from a cross-

sectional investigation of 12 treatment-naïve children with CD4>25%, and WHO Stage 1 

disease revealed worse executive function, processing speed, attention, and memory in the 

HIV-infected sample compared to demographically-similar healthy controls.26 Pediatric 

slow progressors also exhibited abnormalities on neuroimaging when compared to 

Progressors on ART.27 These preliminary outcomes, combined with the recognition that 

most pediatric LTNPs eventually convert to a progressive subtype, suggest that children with 

robust viral control may be vulnerable to poor cognitive and emotional outcomes.

No prospective studies have examined cognitive or emotional complications associated with 

LTNP disease progression or whether immunological markers of brain integrity correspond 

to cognitive and emotion phenotypes in this population. The present study addressed these 

gaps by leveraging the prospective design of the Pediatric Randomized Early vs. Deferred 

Initiation in Thailand study (PREDICT).28 Prior studies from PREDICT revealed no 

differences in AIDS-defining illnesses28 or cognitive outcomes29 among children who 

initiated ART early (i.e., CD4 15–24%) compared to children who initiated treatment 

consistent with treatment guidelines in practice at the time (CD4<15%). Based on the results 

of children with slow progressive disease and the observation of high conversion from LTNP 

to progressive disease type, we hypothesized that pediatric LTNPs would exhibit cognitive 

and emotional abnormalities that were similar to Progressors, and the severity of these 

symptoms would correspond to plasma-derived immune markers previously linked to HIV 

neuropathogenesis.

METHODS

Study Design

The PREDICT28 study (clinicaltrials.gov identification number NCT00234091) enrolled 300 

HIV-infected, treatment-naïve children age 2–17 from Thailand and Cambodia. A neuro sub-

study of PREDICT was initiated approximately one year after the start of the parent trial. 

Results reported in the present study were acquired in the neuro sub-study. The PREDICT 

trial and the neuro sub-study were approved by Institutional Review Boards from each 

participating agency. Informed consent was obtained from caregivers following a thorough 

explanation of the study procedures. Assent was obtained from children older than age 8 

years of age.

Participants completed standardized assessments of cognition and emotional health on an 

annual basis. Since LTNP designation required a minimum age of 8 years, the PREDICT 

study enrolled and prospectively followed children up to 7 years prior to individual LTNP 

designation. Additionally, most of the participants elected to enroll in subsequent 

prospective studies after completing the PREDICT trial, and they were administered many 

of the same cognitive and emotional health outcome measures in the follow-up studies. We 

included results from children randomized to the deferred treatment arm of the PREDICT 

trial as well as the additional study visits to extend the follow-up period of the LTNP group 

(median: 5.7 years; IQR: 5.2–6.1). The study design (see Figure 1) provided the opportunity 

to address cognitive and emotional health in LTNPs from three clinically relevant 
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perspectives. First, we employed a cross-sectional model to contrast cognitive, emotional, 

and immunological indices of LTNPs, Progressors, and healthy controls. Second, a 

prospective model examined all available time points, including annual assessments 

completed before children met the minimum age of 8 for LTNP classification. Third, we 

examined demographic, immune, viral, and cognitive/emotional indices in the minority of 

children who continued to meet LTNP designation over all follow-up periods (n=17) 

compared to LTNPs who converted to a progressive disease subtype (n=71).

Participants

Pediatric LTNPs (n=88), Progressors (n=53), and two groups of HIV-uninfected healthy 

controls (n=323) were included in the present study. HIV-infected children were treatment-

naïve at the time of study enrollment, and began treatment prior to experiencing sustained 

immunosuppression. HIV-uninfected children were recruited from regional health clinics 

with similar demographic characteristics of LTNPs and Progressors. The two healthy control 

groups included HIV exposed, but uninfected children (HEU, n=157) and HIV unexposed, 

uninfected children (HUU, n=166). Inclusion criteria were as follows: (1) HIV confirmed by 

positive antibody test for the HIV-infected children; (2) younger than 18 years of age; and 

(3) informed consent by legal guardians and assent by children older than 8 years of age. 

Exclusion criteria included: (1) previous or current brain infection; (2) neurological or 

psychiatric disorder known to affect brain integrity; (3) congenital abnormalities; (4) 

previous use of immunomodulators within four weeks of enrollment; (5) absolute neutrophil 

count < 750 cells/mL, hemoglobin < 7.5 g/dL; (6) platelet counts < 50,000 per mL; or (7) 

alanine aminotransferase > 4 times greater than average. LTNP designation was determined 

using previously established criteria6 (at least 8 years old, CD4 T-cell count > 350 cells/

mm3, and no history of ART).

Neuropsychological Assessment

Participants completed age-appropriate neuropsychological tests selected for cultural 

relevance in Thailand and Cambodia. The tests were administered by study personnel in 

accordance with a rigorous training program and quality control system to ensure high 

fidelity to standardized administration and scoring procedures. Cognitive testing was 

completed in the child’s native language (Thai or Khmer) and occurred approximately one 

year after enrollment into the main PREDICT trial when the neuro sub-study was initiated. 

The neuropsychological battery included Children’s Color Trails Test 1 and 2 (Color Trails),
29 Beery Visual Motor Integration (Beery VMI),30 and Purdue Pegboard.31 Raw scores 

served as dependent variables.

Children from Thailand were also administered the Thai version of the Wechsler Scale of 

Intelligence for Children – III (WISC-III).32 This version includes modifications to the 

Vocabulary, Comprehension, and Similarities subtests to ensure cultural relevancy for Thai 

children. Normative data from more than 3,000 Thai children without neurological/

psychological histories revealed acceptable psychometric properties for the primary 

summary scales. Dependent measures from the WISC III included the Verbal Intelligence 

Quotient (VIQ), the Performance Intelligence Quotient (PIQ), and the Processing Speed 

Index Quotient (PSIQ). Performances on the WISC-III were converted to standardized 
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scores. A Cambodian version of the test was not available for administration and therefore 

the intellectual measures were only administered to the Thai sample.

Emotion Measure

Emotion and behavioral dysregulation was measured using the Child Behavior Checklist 

(CBCL).33 The scale was translated into Thai and Khmer and back-translated into English to 

ensure accuracy. Caregivers completed the CBCL at each study visit. Raw scores were 

converted to standardized indices based on external norms. Three scales served as the 

primary variables of interest for this study, including the Internalizing (anxiety, depression, 

and somatic complaints), Externalizing (rule breaking and aggressive behavior), and the 

Total Problem scale (sum of scales). This approach is consistent with prior studies that 

reported CBCL outcomes from the parent PREDICT trial and other pediatric cohorts in 

Thailand.34–36

Laboratory Variables

Laboratory markers were collected at enrollment into the neuro-study (and before 

Progressors initiated treatment). Standard HIV disease variables included CD4 and CD8 T-

cells (number and percent), CD8/CD4 T-cell ratio, and log transformed plasma HIV viral 

load. The frequencies of activated monocytes (CD14+/CD16+/HLA-DR+) and perivascular 

monocytes (CD14+/CD16+/CD163+) were defined by flow cytometry following procedures 

defined by the National Institute of Allergy and Infectious Diseases – Division of AIDS. A 

stand-alone ELISA assay quantified plasma levels of sCD14. sCD163 was quantified from 

plasma using the Macro163 kit (IQ Products and Trillium Diagnostics, Bangor, Maine, 

USA).

Statistical Analysis

Analyses were conducted with STATA 14.1 (Statacorp, College Station, TX, USA).37 Age 

differences between groups were compared using analysis of variance (ANOVA). Sex, 

household income/child living situation, and educational levels of participants and their 

caregivers were analyzed using Chi-square or Fisher’s exact tests. Preliminary analyses 

revealed significant group differences in age, sex, living situation, caregiver’s educational 

level, and household income (see Table 1); therefore, these variables were included as 

covariates in adjusted models. Country of origin was included as a covariate with the 

exception of analyses of WISC III measures since these were not administered to the 

Cambodian sample.

Adjusted and unadjusted cross-sectional linear regression models compared cognitive 

performances and CBCL indices by disease progression subtype. Prospective data were 

examined using a longitudinal sensitivity analysis (generalized estimating equations; GEE), 

contrasting the LTNP group to each reference group (Progressors, HEUs, HUUs) and the 

Progressor group to the three reference groups. This analytic approach allowed comparisons 

between the HIV-infected children to each control group separately. Laboratory measures 

were compared using a Wilcoxon test or Kruskal Wallis test. Finally, cognitive, emotion, and 

laboratory data were compared between children who maintained LTNP designation (n=17) 
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throughout all observation periods compared to children who converted to a progressive 

disease phenotype (n=71).

RESULTS

Collapsed across progression subtype, the HIV-infected sample included 49 males (35%) 

and 92 females (65%), and averaged 7.0 (3.0) years of age at baseline. Demographic and 

clinical characteristics are provided in Table 1. The majority of children in the Progressors 

group (44/53 = 83%) were on ART at the time of the cross-sectional analysis (median 

duration: 2.5 years (IQR 1.1–4.0)). First line treatment included zidovudine, lamivudine, and 

nevirapine. Children who experienced sensitivity to nevirapine were switched to efavirenz or 

lopinavir boosted with ritonavir. One individual in the Progressors group initiated ART after 

receiving a diagnosis of esophageal candidiasis one month after enrollment into PREDICT 

(CD4 =21.5%, viral load=100,000). No other AIDS-defining illnesses were observed.

Cross-Sectional Analyses of Cognitive Performances and CBCL Scales

Adjusted models revealed no differences in cognitive performance between LTNPs and 

Progressors. Performances on VIQ, PIQ, and PSIQ were similar between the two HIV-

infected groups (all ps > 0.20). Additionally, LTNPs and Progressors performed similarly on 

the Beery VMI, Pegboard, Color Trails 1, and Color Trails 2 (ps > 0.35). When compared to 

both groups of healthy controls, LTNPs performed worse on VIQ, PIQ, PSIQ, and Color 

Trails 2 (ps < .05). LTNPs also performed worse than HUUs, but not HEUs, on Color Trails 

1 (p < .05). Progressors performed worse than both groups of healthy controls on VIQ, PIQ, 

PSIQ, and Color Trails 2 (ps < .01), and worse than HUUs, but not HEUs, on Color Trails 1 

and the Beery VMI (ps < .05).

On the CBCL, the adjusted analyses revealed similar scores between LTNPs and Progressors 

on the Internalizing, Externalizing, and Total Problem scales. (Table 2). When compared to 

both groups of healthy controls, caregivers reported that LTNPs exhibited more symptoms 

on the Internalizing and Externalizing scales (indicating worse outcomes; ps < .05). 

Caregivers of the Progressors reported that the children exhibited more symptoms than both 

groups of healthy controls on all three CBCL scales (ps < .05).

Longitudinal Analyses by Disease Progression Subtype

Results of the longitudinal sensitivity analyses were consistent with the cross-sectional 

outcomes. (Table 3). LTNPs and Progressors performed similarly on VIQ, PIQ, PSIQ, Beery 

VMI, Color Trails 1, and Color Trails 2 (all p values > 0.14). Pegboard performances were 

modestly lower among Progressors than LTNPs (p < .01). When compared to both groups of 

healthy controls, longitudinal analyses revealed worse performance by LTNPs and 

Progressors on VIQ (ps < 0.001), PIQ (ps < .01), PSIQ (ps < .001), and Beery VMI (ps < 

0.001) compared to both control groups. LTNPs performed worse than HUUs, but not 

HEUs, on Color Trails 1 (p= 0.008) and Color Trails 2 (p=0.006). A similar pattern was 

evident when Progressors were compared to the control groups (ps < .01), with the addition 

of worse performance on Color Trails 1 among Progressors compared to HEUs and HUUs 

(ps < .05).
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On the CBCL, longitudinal analyses revealed similar index scores between LTNPs and 

Progressors on all three scales (ps > .05). Compared to healthy controls, caregivers reported 

that LTNPs exhibited more symptoms on the Externalizing scale and Internalizing scale than 

HEUs (ps < .05). Internalizing, Externalizing, and Total Problem scores were higher in 

Progressors than both groups of healthy controls (ps < .05).

Disease Progression Subtypes and Baseline Laboratory Markers

Of the 88 individuals in the LTNP group, 44 (50%) met the LTNP criteria at the time of 

enrollment. The remainder of the LTNP sample (n=44) met criteria when the children 

reached age 8. The median time from baseline to LTNP classification was 6 weeks (IQR 0 – 

79), and the median time from baseline to determination of progressive disease was 72 

weeks (IQR 59 – 120). At baseline, LTNPs had lower median log10 plasma HIV RNA, lower 

sCD163 concentrations, lower counts of activated monocytes, and lower counts and 

frequencies of perivascular monocytes than Progressors (all ps < .05) (Table 1). By contrast, 

sCD14 plasma levels and total counts and percentages of CD4 and CD8 T-cells and 

CD4/CD8 ratios did not differ between LTNPs and Progressors (all ps > .6).

Exploratory correlational analyses revealed associations between laboratory indices and 

cognitive performance/CBCL scales at the cross-sectional visit when LTNP status was 

ascertained. Among LTNPs, lower sCD163 levels correlated with higher PSIQ scores (r = −.

30), and lower perivascular monocyte percentage correlated with higher VIQ scores (r = −.

55) and PIQ scores (r = −.50). Higher CD8 percent among LTNPs correlated modestly with 

better performance on the Pegboard test (r = .29). On the CBCL, higher CD8 percent 

correlated modestly with more severe problems on the Internalizing scale (r = .28). Among 

Progressors, higher perivascular monocyte cell counts correlated with higher PIQ scores (r 

= .54), better performances on Color Trails 2 (r = .40), and higher (worse) scores on the 

CBCL Externalizing scale (r = .47). Finally, higher CD8 counts correlated inversely with 

performance on the Pegboard (r = −.30). (Supplemental Figure 1).

Extended Follow-Up of LTNPs

Seventy-one of the 88 LTNPs converted to a progressive disease type over the follow-up 

period (median 5.7 years). The 17 children who continued to meet LTNP criteria had higher 

baseline CD4 T-cell counts and percentages than children who converted to a progressive 

subtype. (Supplemental Table 1). Plasma HIV RNA levels did not differ between converters 

and nonconverters, and there were no differences at baseline in sCD14, sCD163, or activated 

monocyte and perivascular monocyte concentrations between converters and nonconverters. 

Individuals that maintained the LTNP designation exhibited the same cognitive test 

performances as Progressors. The one exception was performance on Color Trails 1, on 

which children who maintained LTNP status performed worse than converters (p=0.03). On 

the CBCL scales, adjusted analyses revealed higher scores (worse outcomes) on the 

Internalizing scale (p = 0.03) and the Total Problem scale (p = 0.02) among children who 

maintained LTNP status compared to converters. Children who maintained LTNP status 

were also identified by caregivers as experiencing more symptoms than converters on the 

Externalizing scale, but the difference was not significant (p = 0.07).
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DISCUSSION

The present study reveals several important findings. First, pediatric LTNPs exhibit cognitive 

and emotional complications that are similar in nature and severity to the challenges 

experienced by children with progressive disease. Results from both cross-sectional and 

longitudinal sensitivity analyses revealed a similar phenotype of cognitive and emotional 

disruption relative to HIV-uninfected controls. Second, baseline levels of select viral and 

immune factors were preserved in LTNPs when compared to Progressors, while other 

markers did not differ between groups (i.e., sCD14 plasma levels, CD4 and CD8 T-cells 

counts/percentages and ratios). Third, nearly all LTNPs converted to a progressive disease 

subtype over the course of the study, yet LTNPs who maintained viral control without 

treatment exhibited the same pattern of cognitive difficulties and some evidence of worse 

emotional health compared to children who converted to progressive disease.

The observation of cognitive symptoms among HIV-infected, treatment-naïve children with 

functionally intact CD4 T-cell counts is consistent with preliminary work conducted in 

South Africa26–27 and Uganda.38 When compared to HUUs and HEUs, the two HIV-

infected groups in the current study performed worse on intellectual measures, and tests of 

psychomotor speed, executive function, and visuomotor integration. These findings 

remained after adjustments for potential confounds and were observed in both cross-

sectional and longitudinal analyses. The cognitive phenotype resembles the profile of typical 

pediatric HIV.13–19 It remains unknown if earlier treatment would lead to better long-term 

outcomes in pediatric LTNPs. Results from the CHER study revealed better cognitive 

outcomes when ART is initiated ART within the first 6 months of life,39 which coincides 

with the main results of the PREDICT study. Collectively, the data suggest that the critical 

window of treatment initiation is very early, at least in terms of cognitive outcomes. Whether 

long-term complications of HIV can be fully arrested in perinatally infected children 

requires further study.

Our study also identified higher rates of emotional and behavioral dysregulation in LTNPs 

and Progressors compared to healthy controls. Results from the adjusted analyses revealed 

no differences between the LTNPs and Progressors on scales sensitive to depression, 

withdrawal, agitation, or disobedience. It is important to note that the CBCL was completed 

by caregivers and the results may not fully reflect the burden perceived by the children 

themselves. Nevertheless, the observation that LTNPs are described by caregivers as 

burdened by symptoms of emotional and behavioral dysregulation indicates that while LTNP 

designation corresponds to some immunologically advantages, these children are not free of 

emotional and behavioral complications.

Baseline laboratory results revealed lower plasma HIV RNA (median log10), sCD163 levels, 

and frequencies of activated monocytes, and perivascular monocytes in LTNPs compared to 

Progressors. (Table 1). By contrast, sCD14 plasma levels and total counts and percentages of 

CD4 and CD8 T-cells and CD4/CD8 ratios were similar between the two HIV-infected 

groups. The observation that sCD163 and CD14+/CD16+/CD163+ were lower in LTNPs 

than Progressors is intriguing, as both immune markers correspond to cognitive performance 

in HIV-positive adults.40–44 Correlation analyses focused on LTNPs revealed inverse 
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associations between the PSIQ and PIQ with sCD163 levels, and an inverse association 

between VIQ and frequencies of perivascular monocytes. The functional relevance of these 

immune activation makers requires further examination since the correlational analyses 

conducted in this study were exploratory and associations were evident in both groups of 

HIV-infected children.

At the longest follow-up visit, all but 17 of the 88 LTNPs converted to progressive disease, 

and while those who maintained LTNP status had higher CD4 T-cell counts and lower 

plasma HIV RNA levels, the cognitive and emotional symptoms were nearly identical to 

children who converted to a progressive subtype. The primary exception being worse 

performance on one test of fine motor speed and worse emotional health among the group 

with sustained LTNP status. Interestingly, children who sustained LTNP status were rated by 

caregivers as having more severe difficulties on the CBCL compared to converters. Whether 

differences in clinical contact among Progressors translated into fewer perceived emotional 

and behavioral problems requires further study.

The observation that pediatric LTNPs convert to a progressive subtype differs from the long-

term outcome of HIV-infected adults with innate viral control. The difference in disease 

progression may be due to the absence of protective human leukocyte antigen (HLA) class I 

alleles (e.g., HLA-B*27) in pediatric LTNPs.45–46 Posthoc analyses of our data revealed a 

low frequency of HLA-B*27 heterozygosity in Progressors (7.5%) and LTNPs (9.2%), with 

no difference in risk allele frequencies between groups. Similarly, heterozygosity of HLA-

B*57 was uncommon in our samples of Progressors (1.9%) and LTNPs (3.5%), again with 

no difference in the frequency of the risk allele. Recent work by Muenhchoff et. al.12 

suggests that the pace of disease progression in pediatric HIV is likely determined by 

immune activation rather than the severity of viral replication. Our data provide ancillary 

support for this perspective, as we observed high sCD14 levels in children years before they 

met the minimum age criteria for LTNP.

Limitations of the study merit consideration. The main PREDICT trial enrolled children as 

young as 12 months of age, and the baseline assessments for cognition, emotional/behavioral 

function, and entry labs occurred several years before some children met LTNP criteria. 

Additionally, we applied US norms for a subset of outcome measures given the lack of 

available local data, and this may have artificially compressed the standardized scores for the 

Thai and Cambodian children. However, the impact would be minimal as such compression 

would have applied to all four groups and would be expected to remain consistent over time. 

Further, the observation of worse cognitive performance in LTNPs and the Progressors 

compared to the two control groups indicates that the normative approach was sufficient to 

reveal significant group-level differences. Finally, it is important to note that the two healthy 

control groups differed from each other and the HIV-infected groups on several 

socioeconomic variables. Comparisons of outcomes to the HEUs who most closely matched 

the demographic profiles of the two HIV-infected groups revealed a similar pattern of results 

to both the full group design and the longitudinal sensitivity analyses, which together 

provide a strong basis of support for the main study findings.
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The present study offered the unique opportunity to model cognitive and emotional health in 

LTNPs using data acquired prior to the minimum age for LTNP status. Outcomes revealed 

that cognitive and emotional abnormalities of typical pediatric HIV emerged early in life 

among LTNPs, were independent of disease progression subtype, and remained persistent 

over time. The findings emphasize that significant and prolonged immunosuppression is not 

mandatory for poor cognitive and emotional outcomes in pediatric HIV. Even when CD4 T 

cell counts are maintained, perinatally infected children experience the same cognitive and 

emotion/behavioral symptoms of children who meet current classification of progressive 

disease. Additional studies are needed to identify central drivers of disease progression 

during the dynamic phases of neurodevelopment in pediatric HIV and opportunities to 

maximize resilience in this vulnerable population.
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Figure 1. 
Long-term nonprogressors (LTNPs); HIV unexposed, uninfected (HUU); HIV exposed, 

uninfected (HEU). ^Median duration of follow-up: 5.8 (5.4–6.1 years. *Median duration of 

follow-up: 2.3 (2.0–2.9) years.
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Table 2

Cross sectional regression models comparing cognitive and emotion indices.

Test and Group Unadjusted Adjusted^

Coef (95% CI) P Coef (95% CI) P

VIQ

Progressors −1.09 (−7.06,4.88) 0.72 −0.50 (−7.40,6.40) 0.89

HEUs 8.93(4.83,13.04) <0.001 5.43 (0.90,9.96) 0.02

HUUs 13.51(9.50,17.53) <0.001 10.24 (5.72,14.77) <0.001*

PIQ

Progressors −1.40 (−8.96,6.16) 0.72 −5.55 (−14.53,3.44) 0.23

HEUs 11.97 (6.78,17.17) <0.001 7.78 (1.89,13.67) 0.01*

HUUs 16.46 (11.37,21.56) <0.001 11.94 (6.05,17.82) <0.001*

PRIQ

Progressors −4.07 (−12.09,3.95) 0.32 −4.59 (−14.06,4.88) 0.34

HEUs 12.49 (6.96,18.02) <0.001 10.28 (4.06,16.50) 0.001*

HUUs 17.33 (11.93,22.74) <0.001 14.15 (7.93,20.36) <0.001*

Beery VMI

Progressors −3.99 (−9.19,1.21) 0.13 −2.60 (−8.03,2.84) 0.35

HEUs 2.52 (−1.46,6.50) 0.21 1.67 (−2.50,5.83) 0.43

HUUs 5.75 (1.80,9.69) 0.004 3.61 (−0.54,7.76) 0.09*

Color Trails 1

Progressors −2.90 (−8.90,3.11) 0.34 −3.03 (−9.53,3.47) 0.36

HEUs 2.01 (−2.73,6.75) 0.40 −0.31 (−5.43,4.80) 0.90

HUUs 10.27 (5.66,14.89) <0.001 7.83 (2.83,12.83) 0.002*

Color Trails 2

Progressors −1.33 (−6.75,4.09) 0.63 −0.23 (−6.15,5.69) 0.94

HEUs 8.49 (4.22,12.76) <0.001 6.62 (1.95,11.28) 0.006*

HUUs 11.05 (6.89,15.21) <0.001 8.56 (4.00,13.12) <0.001*

Purdue Pegboard

Progressors −0.65 (−1.36,0.07) 0.08 −0.08 (−0.72,0.56) 0.81

HEUs −0.77 (−1.33,−0.22) 0.007 −0.40 (−0.89,0.09) 0.11

HUUs −0.74 (−1.29,−0.19) 0.008 −0.36 (−0.85,0.13) 0.15

CBCL Internalizing Problem Scale

Progressors −2.89 (−6.20,0.42) 0.09 −2.01 (−5.58,1.55) 0.27

HEUs −4.03 (−6.56,−1.49) 0.002 −3.45 (−6.18,−0.72) 0.01

HUUs −5.02 (−7.53,−2.52) <0.001 −4.07 (−6.78,−1.35) 0.003

CBCL Externalizing Problem Scale

Progressors −1.49 (−4.50,1.52) 0.33 −1.38 (−4.63,1.86) 0.40
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Test and Group Unadjusted Adjusted^

Coef (95% CI) P Coef (95% CI) P

HEUs −3.29 (−5.60,−0.98) 0.005 −2.66 (−5.14,−0.18) 0.04

HUUs −5.38 (−7.66,−3.09) <0.001 −4.27 (−6.74,−1.80) 0.001

CBCL Total Problem Scale

Progressors −2.53 (−5.84,0.78) 0.13 −1.94 (−5.50,1.63) 0.29

HEUs −3.30 (−5.84,−0.77) 0.01 −2.55 (−5.28,0.18) 0.07

HUUs −5.52 (−8.03,−3.01) <0.001 −4.33 (−7.05,−1.61) 0.002

Results comparing long-term nonprogressors to children with progressive disease (Progressors), and children who were HIV-exposed but 
uninfected (HEU) and children who were not HIV-exposed (HUU).

^
Adjusted for age, sex, caregiver education and income, and ethnicity.

*
p<.05.
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Table 3

Longitudinal models comparing cognitive and emotion indices.

Test and Group Unadjusted Adjusted^

Coef (95% CI) P Coef (95% CI) P

VIQ

Progressors 1.18 (−4.05,6.42) 0.66 2.00 (−4.28,8.28) 0.53

HEUs 11.53 (7.87,15.19) <0.001 8.05 (3.85,12.25) <0.001

HUUs 17.06 (13.49,20.63) <0.001 13.75 (9.58,17.92) <0.001*

PIQ

Progressors −3.63 (−10.13,2.87) 0.27 −5.83 (−13.58,1.92) 0.14

HEUs 9.24 (4.71,13.76) <0.001 6.68 (1.51,11.85) 0.011*

HUUs 13.73 (9.32,18.15) <0.001 10.86 (5.72,16.00) <0.001*

PRIQ

Progressors −3.83 (−10.76,3.10) 0.28 −2.38 (−10.85,6.09) 0.58

HEUs 11.45 (6.58,16.31) <0.001 10.79 (5.10,16.47) <0.001*

HUUs 15.94 (11.21,20.68) <0.001 14.34 (8.70,19.98) <0.001*

Beery VMI

Progressors −1.71 (−5.81,2.39) 0.41 −0.77 (−4.94,3.41) 0.72

HEUs 6.47 (3.23,9.71) <0.001 5.89 (2.59,9.19) <0.001*

HUUs 9.32 (6.12,12.52) <0.001 7.60 (4.33,10.86) <0.001*

Color Trails 1

Progressors −2.27 (−6.81,2.27) 0.33 −1.84 (−6.65,2.98) 0.45

HEUs −0.81 (−4.42,2.80) 0.66 −1.67 (−5.49,2.15) 0.39

HUUs 7.01 (3.52,10.51) <0.001 5.08 (1.35,8.80) 0.008*

Color Trails 2

Progressors −1.94 (−6.26,2.38) 0.38 −1.85 (−6.65,2.94) 0.45

HEUs 4.36 (0.94,7.79) 0.01 3.61 (−0.18,7.40) 0.06*

HUUs 7.28 (3.97,10.60) <0.001 5.19 (1.49,8.90) 0.006*

Purdue Pegboard

Progressors −2.34 (−2.96,−1.71) <0.001 −2.22 (−2.91,−1.53) <0.001

HEUs −1.79 (−2.29,−1.28) <0.001 −1.68 (−2.23,−1.13) <0.001

HUUs −1.77 (−2.26,−1.27) <0.001 −1.79 (−2.33,−1.24) <0.001

CBCL Internalizing Problem Scale

Progressors 0.38(−1.87,2.64) 0.74 1.38 (−0.92,3.69) 0.24

HEUs −2.46(−4.30,−0.63) 0.008 −2.30 (−4.18,−0.42) 0.02*

HUUs −2.05(−3.86,−0.24) 0.03 −1.70 (−3.56,0.16) 0.07*

CBCL Externalizing Problem Scale
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Test and Group Unadjusted Adjusted^

Coef (95% CI) P Coef (95% CI) P

Progressors 0.85 (−1.12,2.81) 0.40 1.38 (−0.74,3.49) 0.20

HEUs −2.45 (−4.06,−0.85) 0.003 −2.03 (−3.76,−0.31) 0.02*

HUUs −3.33 (−4.91,−1.75) <0.001 −2.68 (−4.38,−0.98) 0.002*

CBCL Total Problem Scale

Progressors 0.79 (−1.49,3.08) 0.50 1.80 (−0.57,4.17) 0.14

HEUs −1.93 (−3.78,−0.07) 0.04 −1.36 (−3.29,0.56) 0.17*

HUUs −2.62 (−4.44,−0.79) 0.005 −1.84 (−3.74,0.07) 0.06*

Results comparing long-term nonprogressors to children with progressive disease (Progressors), and children who were HIV-exposed but 
uninfected (HEU) and children who were not HIV-exposed (HUU).

^
Adjusted for age, sex, caregiver education and income, and ethnicity.

*
p<.05.
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