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Abstract

Objectives—To assess neurodevelopment of breastfed HIV-exposed uninfected (HEU) and
breastfed HIV-unexposed (HU) children in the context of universal maternal antiretroviral therapy
(ART).

Design—~Prospective study with antenatal enrolment and follow-up of breastfeeding HEU and
HU mother-infant pairs through 12-18 months postpartum.
Setting—Peri-urban community, Cape Town, South Africa.

Subjects—HEU (n=215) and HU (n=306) children.

Main outcome measures—Cognitive, motor and language development at median 13 (IQR
12-14) months of age: continuous and dichotomous BSID-I11 scores (Bayley Scales of Infant and
Toddler Development 3" edition; delay defined as composite score <85)

Results—Incidence of preterm delivery (PTD, <37 weeks) was similar among HEU and HU
children (11% vs. 9%, p=0.31; median gestation 39 weeks); 48% were boys. Median breastfeeding
duration was shorter among HEU vs. HU children (6 vs. 10 months). All HIV-infected mothers
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initiated lifelong ART (TDF/FTC/EFV) antenatally. HEU (vs. HU) children had higher odds of
cognitive delay [OR 2.28 (95%CI 1.13-4.60)] and motor delay [OR 2.10 (95% CI 1.03-4.28)], but
not language delay, in crude and adjusted analysis. PTD modified this relationship for motor
development: compared to term HU, term HEU children had similar odds of delay, preterm HU
children had 5-fold increased odds of delay (aOR 4.73, 95% CI 1.32; 16.91) and preterm HEU
children, 16-fold (aOR 16.35, 95% CI 5.19; 51.54).

Conclusions—Young HEU children may be at increased risk for cognitive and motor delay
despite universal maternal ART and breastfeeding; those born preterm may be particularly
vulnerable.
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HIV; Prevention of mother to child transmission; HIV-exposed uninfected children; Preterm birth;
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INTRODUCTION

With the rapid expansion of lifelong, triple-drug antiretroviral therapy (ART) across sub-
Saharan Africa, the incidence of pediatric HIV infection is declining while a large and
growing proportion of the region’s children are born perinatally HIV-exposed but uninfected
(HEU). In some areas, HEU newborns constitute 20-30% of births annually, and there is
growing concern regarding the potential adverse health outcomes in this specific group of
children.[1, 2]

HEU children may be at higher risk of neurodevelopmental delays than their HIV-unexposed
(HU) counterparts.[3] While findings have been inconsistent, [4-9] neurodevelopmental
delays across cognitive, motor and/or language domains have been documented among
preschool HEU children, [3, 10-12] with grade repetition,[13] poor school grades,[14]
reduced working memory profiles[15] and lower 1Q scores[16] reported among school-age
children. However, data come predominantly from non-breastfeeding populations in high
income countries, and/or predate the widespread availability of universal ART (treatment for
all, irrespective of disease stage) in resource-limited settings.[17] In addition, inferences
have been limited by the scarcity of appropriately sampled HU control groups from the same
communities, inadequate consideration of psycho-social and environmental confounders
including alcohol and drug use in pregnancy, as well as inconsistent use of standardized,
validated assessment tools.[3]

As a result, there is a clear need for comparison of early development in HEU and HU
infants and young children under conditions of breastfeeding with universal maternal ART,
particularly from settings with high HIV prevalence. To address this gap, we compared
cognitive, motor and language development in a well-characterized, prospective cohort of
young, breastfed HU, and HEU children born to women who initiated universal ART in
pregnancy, in Cape Town, South Africa.
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METHODS

Study design and population

HIV-infected women and HEU children were participants of the Maternal and Child Health
Antiretroviral Therapy study (MCH-ART; 2013-2016), a prospective study of strategies to
improve postpartum adherence and retention in ART care.[18] HIV-uninfected women and
HU children were participants of the HIVV-unexposed-uninfected mother and child health
study (HU2; 2014-2017), a prospective cohort study specifically designed to complement
MCH-ART, using the same study structure, design, staff and measures.[18] HIV-uninfected
women, and HIV-infected women initiating ART (tenofovir-emtricitabine-efavirenz,
TDF/FTC/EFV) in pregnancy, were followed from first antenatal clinic visit, through
pregnancy to delivery, and with their breastfed children, until 12—-18 months postpartum.
Study methodology has been described elsewhere.[18] Briefly, after enrolment in pregnancy,
women attended 1-3 antenatal study visits and were asked to return within 7 days
postpartum. Breastfeeding mother-infant pairs were eligible for continued postnatal follow-
up, with visits scheduled at 6 weeks; 3, 6, 9 and 12 months. MCH-ART participants returned
for a final visit at 18 months. At the final or near-final study visit, eligible children (11-18
months old, HIV-uninfected, gestational age at birth > 28 weeks, without known congenital
abnormalities or severe cerebral palsy) of consenting mothers from both studies received a
single developmental assessment.

Study setting

Research was based at a primary health care center in Gugulethu, a peri-urban township in
Cape Town, South Africa. The facility serves a population of about 350 000, with an
estimated 30% antenatal HIV seroprevalence.[19] The Gugulethu Midwife Obstetric Unit
(MOU) provides antenatal and obstetric care, and universal ART to all HIV-infected
preghant women since 2013.[19, 20] Study visits, including developmental assessments,
were conducted at the research unit adjacent to, but separate from, routine care.

Measurements

Trained interviewers administered questionnaires to both groups of women. Study-specific
questionnaires, identical except for HIV-related items, asked about pregnancy intentions,
maternal demographic and health information, and psycho-social measures including
alcohol/drug use (AUDIT, alcohol use disorders identification test; DUDIT, drug use
disorders identification test)[21, 22], depression (Edinburgh postnatal depression scale,
EPDS)[23] and experiences of intimate partner violence (IPV; WHO Violence against
women questionnaire)[24]. After delivery, additional questionnaires assessed infant feeding
practices, maternal-infant health and demographics. Obstetric, child health and laboratory
data were abstracted from medical records. In addition to HIV-related phlebotomy and
developmental assessments, clinical measurements included antenatal ultrasound at
enrolment, repeated at 20-22 weeks for fetal anomalies where possible, and during the third
trimester. Maternal-infant anthropometry was measured at all postnatal visits, with gestation-
adjusted Z-scores generated using the Intergrowth-215t growth reference standards.[25]
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Routine PMTCT services conducted antenatal HIV counseling and testing (HCT) using a
rapid finger-prick test (Alere Determine®). Positive women provided serum for CD4 cell
count and HIV viral load, and all initiated ART (TDF/FTC/EFV) at the MOU.[18] HIV-
exposed children received HIV-PCR testing to exclude MTCT at 6 weeks and 12 months.
[18] HU2 mothers received repeat HCT via routine health services during and after
pregnancy. At final study visit, all HU2 mothers had repeat HCT at the study site.

Cognitive, motor and language development was assessed using the Bayley Scales of Infant
and Toddler Development®, Third Edition (BSID-I11), which has been validated in South
Africa.[26, 27] Developmental assessments were conducted by either a paediatric
occupational therapist or a child health physician; all assessors received systematic
supervised training in the use of BSID-I11 and were assisted by a trained, isi-Xhosa-speaking
counsellor. Composite cognitive, motor and language scores were generated from cognitive,
fine and gross motor, and expressive language subscale scores using BSID-I11 normative and
conversion tables, which account for gestation at delivery.[26] Receptive language testing
using standardized BSID-I1I tools proved contextually challenging; throughout, results
represent expressive language scores only. For interrater reliability, video-graphed
assessment scores were compared between assessors, generating estimates for interrater
variability (correlation coefficients and percent agreement) per developmental domain.
Correlation coefficients for cognitive and motor scores were above 0.9; language ranged
from 0.7 to 0.98. There was perfect agreement between the binary classifications of some vs.
no delay in all three domains.

Several known risk factors for maternal HIV acquisition may also be independent
determinants of development in early childhood.[28, 29] Potential confounders identified a
priorifor this analysis included maternal age, education, relationship status, pregnancy
intentions and socio-economic status (employment and housing). Psychosocial measures
included alcohol use (risky drinking at enrolment and/or in late pregnancy, AUDIT-C score >
3), postpartum depression (EPDS score = 13 at enrolment and/or 6 weeks), and IPV (any
violence reported at enrolment). We also assessed infant sex, gestational age and
anthropometry at birth, giving special consideration to the role of preterm delivery (PTD,
<37 weeks’ gestation) given its potential mediating role in the HIV-exposure-development
relationship. Postnatal factors included breastfeeding duration and at 12 months, maternal
smoking and child attendance at a nursery.

Loss to follow-up was minimized through use of telephonic contact and household tracing.
Systematic differences between those with and without developmental assessments within
strata of maternal HIV status were explored and findings are interpreted accordingly (figure
1; Supplemental digital content 3, table).

Statistical methodology

BSID-111 composite scores generally have an expected mean (standard deviation, SD) of 100
(15).[26] While these expected values are based on the US-based reference population,
similar expected values have been reported in low-resourced settings including South Africa.
[27] In clinical practice, a BSID-111 score below 1 SD from the mean (<85) typically
indicates some delay and below 2SD, severe delay.[30] We estimated that an overall sample
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size of 500, including 200-250 HEU children, would achieve >90% power to detect a mean
difference of = 5 points (0.33 of SD).

Data were analyzed using Stata 14.0 (Statacorp, College Station TX). Composite scores
were analyzed in continuous and binary form (score <85 indicating “any” delay).[30] For
between-group comparisons of severity, delay was further categorized into [(i) no delay
(composite score =85); (ii) mild/moderate delay (=70, <85); and (iii) severe delay (<70)].
[30] Exposure-outcome relationships were explored graphically and tested using correlation
coefficients, Kruskal-Wallis or chi? tests as appropriate. Categorization of continuous
variables followed published boundaries where available, or locally weighted regression
plots. Absolute differences in mean composite scores and relative odds of delay were
obtained from linear and logistic regression, respectively. Multivariable model selection was
based on improvements in Akaike’s information criterion (AIC) building on a null model
that included variables chosen a priori (maternal education, alcohol use and IPV; infant
gestational age at birth, birth-size and duration of breastfeeding; directed acyclic graph,
supplemental digital content 1). Based on a priori hypotheses, effect modification was
assessed between HIV-exposure and (i) gestation at birth, (ii) infant sex and (iii) duration of
breastfeeding; effect modification by other variables was tested as exploratory analysis. In
sensitivity analyses, we examined the HIV-exposure-development relationship among
relatively “healthy” children (term, appropriate-for-gestational age (AGA); no maternal IPV,
risky drinking or substance use; breastfed for at least 6 months; HIV-infected maternal pre-
ART CD4 > 200 cells/mm3).

Ethical considerations

Both MCH-ART and HU2 are approved by the University of Cape Town’s Faculty of Health
Sciences Research Ethics Committee (UCT-HREC, 567/2014; 451/2012).

RESULTS

Overall, 521 mother-infant pairs contributed to this analysis (HEU, n=215; HU, n=306;
figure 1, table 1). HIV-infected women (median nadir CD4 cell count 346 cells/mm3; 75%
with HIV viral suppression < 50 copies/mL at delivery) were significantly less likely to have
completed high school (27% vs. 46%, p<0.0001), and more likely to report risky drinking
(29% vs. 8%, p<0.0001) and IPV (20% vs. 8%, p<0.0001) at first antenatal visit, than HIV-
uninfected women. One HIV-infected mother reported drug use in pregnancy. Comparing
HEU to HU children, there were no significant differences in gestation at delivery [median
39 (IQR 39-40) weeks in both groups], the incidence (13% vs. 9%, p=0.31) or relative odds
of PTD [OR 1.49 (95%CI 0.85; 2.59)]. Similar proportions of HEU and HU children were
born small-for-gestational age (SGA, <10t percentile). Median duration of breastfeeding
was shorter among HEU than HU children (6 vs. 10 months, p=0.0004). Differences in
maternal and infant characteristics by preterm delivery-HIV exposure status reflected the
overall differences between HEU and HU children (table, Supplemental digital content 2).
HU children contributing to these analyses were largely representative of the larger HU
cohort (table, supplemental digital content 3). HEU children contributing to analyses had
somewhat older mothers and better living conditions than those not included in the analysis
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(table, supplemental digital content 3). In both HEU and HU groups, children included in the
analyses had longer median duration of breastfeeding than those not included, partly due to
breastfeeding censoring at last attended study visit.

There were no significant differences between HEU compared to HU children in median
cognitive scores [100 (IQR 95-110) vs. 100 (IQR 95-110)], motor scores [97 (IQR 89-107)
vs. 97 (IQR 91-103)] or language scores [94 (IQR 89-112) vs. 100 (IQR 94-106)]. Average
scores were comparable to the BSID reference standards (table, supplemental digital content
4). A larger proportion of HEU than HU children demonstrated any delay (composite score
<85) in cognitive and motor domains [HEU vs. HU: 10% vs. 5%, relative risk (RR) 2.15
(95% CI1 1.12;4.14); and 9% vs. 5% (RR 2.00, 95% CI 1.02;3.89), respectively]. Risk of
language delay was similar between HEU and HU children (RR 1.23, 95% CI 0.83; 1.83).
Among children with scores <85, a very small number had severe delay (score <70), with no
substantial differences noted between HEU and HU children (tables, supplemental digital
content 5-7).

Cognitive development

Overall, the average cognitive scores of HEU and HU children were similar (table 2).
However, in both crude and adjusted logistic regression models, HEU children were twice as
likely to be diagnosed with any cognitive delay compared to HU children [adjusted odds
ratio, aOR 2.56 (95% CI 1.22; 5.40), table 3]. Increasing gestational age at birth was
protective in both linear and logistic regression (tables 2 and 3). There was some evidence
for interaction between HIV exposure and preterm delivery on the odds of cognitive delay
(figure 2a).

Motor development

HEU and HU children had similar mean motor scores [ 0.55 (95% CI —1.84; 2.95), table
2], but HEU children were at higher odds for any motor delay [(OR 2.10 (95% CI 1.03;
4.28), table 3]. The latter association was attenuated (aOR 1.59, 95% CI 0.70; 3.64) after
adjusting for several other significant predictors of motor development including gestational
age, informal housing and IPV (table 3). There was evidence for interaction between HIV-
exposure and gestational age (figure 2b). While term HEU children had similar odds of
motor delay compared to the reference group of term HU children (aOR 1.17, 95% CI 0.45;
3.07), preterm delivery increased the odds of motor delay almost 5-fold among HU children
(preterm HU vs. term HU: aOR 4.73, 95% CI 1.32; 16.91) while the combination of both
HIV exposure and preterm delivery increased the odds 16-fold (preterm HEU vs. term HU:
aOR 16.35, 95% CI 5.19; 51.54; figure 2b).

Language development

Overall, HEU children had an average 2.8 point higher composite language score than their
HU counterparts (ap 2.8; 95% CI 0.08; 5.59; table 2). Compared to term HU, preterm HU
were at higher odds of any language delay (aOR 2.49, 95% CI 1.00; 6.29) but the odds of
delay were similar comparing either term HEU or preterm HEU to term HU (figure 2c).
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Sensitivity analyses

Point estimates for relative odds of any delay comparing “healthy” HEU (n=48) to similar
HU (n=160) children approximated that of the full cohort for all three domains (table,
supplemental digital content 8): OR (95% ClI) for cognitive delay, 2.21 (0.69;7.10); motor
delay, 2.28 (0.37;14.03); and language delay, 1.40 (0.57;3.42). In exploratory subgroup
analysis, the effects of HIV-exposure on child development varied somewhat within strata of
various maternal-child characteristics (tables and figures, supplemental digital content 9—
12).

DISCUSSION

Compared to HIV-unexposed community controls, we observed increased odds of cognitive
and motor, but not language, delay among young, breastfed HEU children born to women
who initiated universal ART in pregnancy. Overall, median developmental scores of HEU
children approximated those of HU children. That is, although the average scores of HEU
and HU children were similar at a group level, there was an excess of minor deficits
detectable among HEU children. Severe delays were scarce, and equally distributed between
the groups.

Our findings are in keeping with results from several other studies, including a recent meta-
analysis of developmental outcomes in young children with HIV-infected mothers.[3, 10-12,
14, 15] Notably, this analysis included only one African study where mothers received ART
during pregnancy.[3] Our findings contrast with some other recent African studies. A large
cohort study in Botswana found no substantial differences between HEU and HU children at
24 months of age.[6] Maternal ART in pregnancy was restricted to women with low CD4
cell count (36% of all HIV-infected women); only 10% of HEU children were breastfed.
However, living conditions were significantly better than in our cohort, and only 6% of HIV-
infected women reported any prior alcohol use compared to almost 30% in ours. It may be
that despite better access to ART and prolonged breastfeeding in our cohort, differences in
socio-economic conditions and alcohol exposure disproportionately predisposed our HEU
children towards developmental vulnerability. In a South African cohort (all mothers
receiving ART; 40% of HEU children breastfeeding by 2 weeks; similar living conditions
and antenatal use of alcohol) no differences in mean BSID-111 composite cognitive, motor or
language scores were seen comparing HEU to HU children at 12 months of age.[9]
However, a larger proportion of HEU than HU children had some evidence of developmental
delay (composite score <85) in cognitive (HEU vs. HU, 9% vs. 0%) and language (HEU vs.
HU, 28% vs. 18%) domains; precision was limited due to relatively small sample size.

We found no differences in language delay between HEU and HU children. However,
language assessment in a multicultural setting is difficult, and the use of US-designed BSID-
I11 language tests may not be optimal for language assessment in this setting. Reassuringly,
average language scores in our cohort approximated those of the US reference group.[26]
Nevertheless, assessments were conducted at a young age, when much reliance is on sounds
rather than words or grammar, particularly in expressive language testing. As recently
demonstrated among Kenyan HEU children, subtle differences in language development
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may only become detectable at an older age, underscoring the importance of repeated
developmental assessments throughout childhood and adolescence.[31]

Taken together, these data indicate that breastfed HEU children born to women initiating
universal ART in pregnancy may be at increased risk for some developmental delay, which
is identifiable at a young age. However, delays appear to be in the mild-moderate range and
associated with similar risk factors as neurodevelopmental delays in HU children.[32]

We observed a strong positive relationship between gestation at birth and neurodevelopment,
reflecting findings from HIV-uninfected populations globally. [33] In our cohort, children
born both preterm and HEU had the highest relative odds of motor and cognitive delay.
Similar synergistic effects have been described among very preterm HIV-uninfected infants,
with the highest risks of delay observed among those who were also SGA and had evidence
of systemic inflammation.[34] These interaction effects can be explained by the so-called
“two-hit” hypothesis, wherein intrauterine insult(s) increase vulnerability to later perinatal
insults.[34, 35] Our findings are particularly concerning given the known association
between maternal HIV infection and preterm delivery, potentially compounded by maternal
use of ART.[36, 37]

There is biological plausibility for a relationship between maternal HIV infection and
neurodevelopmental delay in HEU children. The immune system plays a critical role in
brain development and homeostasis.[38] Neuroinflammation, including pathological
microglial activation, may disrupt early brain development.[39, 40] A growing body of
evidence from HIV-unrelated epidemiological, preclinical and clinical studies points to
antenatal maternal immune activation (mlA) as an important risk factor for offspring
neurodevelopmental disorders.[39, 40] Immune activation and inflammation are hallmarks
of HIV infection itself; chronic inflammation can persist despite suppressive ART,
particularly among those with microbial translocation and microbiome dysbiosis.[41, 42]
Additionally, maternal viral co-infections such as CMV typically exacerbate immune
activation in both mothers and infants, while congenital CMV infection has direct effects on
the developing brain. [43, 44] /n utero exposure to mIA may partly explain the pro-
inflammatory immunological changes typically observed among HEU infants.[45] In animal
models, perinatal neuroinflammation has consistently been associated with white matter
damage.[46] Concordantly, two recent studies using diffusion tensor imaging described
alterations in white matter when comparing otherwise healthy HEU and HU children.[47,
48] White matter changes are also typical of perinatal brain injury in preterm infants, with
the worst injuries described among those who also had /n utero exposure to mIA.[46, 49]
Thus in HEU children, particularly those born to women with viral co-infections and/or
altered microbiota, neuroinflammation may be a mechanism of developmental delay, and
further research is required to better understand these and other related causal pathways.

To our knowledge, this is the first large study of neurodevelopment among young, breastfed
HEU children who were all born to relatively healthy women initiating universal ART in
pregnancy. Unlike many of the large, US-based studies, our cohort was homogenous in the
use of a single WHO first-line ART regimen.[50] In addition, we were able to obtain
detailed longitudinal measures of several major determinants of developmental outcomes in
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early childhood, with a large group of community-control HU comparators sampled and
followed using the same methodology. We used a comprehensive, robust and validated
measuring tool, supported by demonstration of reliability in quality assurance. Nonetheless,
our findings need to be interpreted in the light of several limitations. Without measures of
maternal-infant inflammation and viral co-infections we were unable to assess underlying
causal mechanisms. Our inferences on language development are limited by the lack of
receptive language measures. We assessed development cross-sectionally, among a subgroup
of HEU children who were still in follow-up a year after birth, and whose mothers were
willing to return for the assessment. All women received good perinatal care including ART
for those with HIV infection, the majority of whom achieved viral suppression before
delivery. Furthermore, all children in our cohort were breastfed; breastfeeding promotes
neurodevelopment [51]. As such, our findings may underestimate differences between HEU
and HU children in less fortunate settings. Simultaneously, our findings may not extend to
populations with lower levels of antenatal alcohol use and IPV.

HEU children are vulnerable, at least partly due to social determinants of disease that cluster
with maternal HIV infection, but possibly also via exposure to maternal HIV. Although our
data adds significantly to the knowledge base of HEU child development at a young age,
little is known about the long-term effects of /n utero exposure to maternal HIV in the
context of universal ART and breastfeeding. As such, continued follow-up and assessment
throughout childhood and adolescence will be critical. Finally, our data highlight
challenging environments for many families in settings such as ours, including those of HIV-
uninfected women and their children. Without effectively addressing the broader social
determinants of health, efforts to improve childhood developmental trajectories in resource-
limited settings are unlikely to succeed.

CONCLUSIONS

Despite universal ART during pregnancy and breastfeeding, HEU children may be at
increased risk of cognitive and motor delays. Early developmental screening and
intervention programs are clearly warranted for this growing group of vulnerable children,
prioritizing those born preterm. Data are required on neurodevelopment of HEU children
born to women who initiated suppressive ART prior to conception.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Study flow diagram
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FIGURE 2. Forest plots of adjusted oddsratios for developmental delay (BSID-I11 composite
scores <85) by maternal HIV status and preterm delivery with term HIV-unexposed children as
reference category across (a) cognitive, (b) motor and (c) language domains

(a) Adjusted OR (95% CI) for cognitive delay in term HIV-exposed uninfected children,
2.52 (1.09; 5.83); preterm HIV-unexposed children, 3.30 (0.85; 12.78); and preterm HIV-
exposed uninfected children, 8.25 (2.69; 25.28) [Reference group, term HIV-unexposed
children; model adjusted for maternal education, intimate partner violence, risky drinking,
infant size (small-for-gestational-age) and duration of breastfeeding; p-value for interaction
=0.15]

(b). Adjusted OR (95% CI) for motor delay in term HIV-exposed uninfected children, 1.17
(0.45; 3.07); preterm HIV-unexposed children, 4.73 (1.32; 16.91); and preterm HIV-exposed
uninfected children, 16.35 (5.19; 51.54) [Reference group, term HIV-unexposed children;
model adjusted for maternal education, housing, intimate partner violence, risky drinking,
infant size (small-for-gestational-age) and duration of breastfeeding; p-value for interaction
=0.07]

(c). Adjusted OR (95% CI) for language delay in term HIV-exposed uninfected children,
1.14 (0.65; 1.98); preterm HIV-unexposed children, 2.49 (1.00; 6.29); and preterm HIV-
exposed uninfected children, 0.65 (0.18; 2.37). [Reference group, term HIV-unexposed
children; model adjusted for maternal education, maternal age, intimate partner violence,
risky drinking, infant size (small-for-gestational-age) and duration of breastfeeding; p-value
for interaction = 0.04]
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Maternal and infant characteristics of HIV-exposed uninfected (HEU) and HIV-unexposed (HU) children with
completed neurodevelopmental assessments

. HIV-uninfected
Total HI V"Eféwueghn'grrgnen and women and HU pvalue
(N=521) (n=215) children
B (n=306)
Maternal characteristics
Age in years 28 (24 -33) 29 (25-33) 28 (24-32) 0.07
Married/cohabiting 227 (44%) 89 (41%) 138 (45%) 0.40
Completed secondary education 202 (39%) 59 (27%) 143 (46%) <0.0001
Employed 225 (43%) 81 (38%) 144 (47%) 0.03
Formal housing 281 (54%) 119 (55%) 162 (53%) 0.59
Primigravida 110 (21%) 30 (14%) 80 (26%) 0.001
Planned pregnancy 163 (31%) 54 (25%) 109 (36%) 0.01
0, 0, 0,
Risky drinking, enrolmentl 85 (16%) 61 (29%) 24 (8%) <0.0001
Risky drinking, 3 trimester” 27 (5%) 25 (12%) 2 (<1%) <0.0001
0, 0, -
Any drug use, 31 trimester‘Z 1(<1%) 1(<1%) 0
Intimate partner violencez 66 (13%) 43 (20%) 23 (8%) <0.0001
0, 0, 0,
Depression, enrolment3 39 (7%) 19 (9%) 20 (7%) 0.31
0, 0, 0,
Depression, 6 weeks postpartum3 17.3%) 9 (4%) 8 (2%) 0.33
Log!® HIV viral load at ART initiation (copies/mL) - 4.1(3.6-4.6) - -
CD4 cell count at ART initiation (cells/mm3) - 346 (235-522) - -
Birth and infant characteristics
Gestational age at delivery (weeks) 39 (38 - 40) 39 (38 - 40) 39 (38 - 40) 0.72
Term (237 weeks) 465 (89%) 187 (87%) 278 (91%)
Late preterm (234 to <37) 32 (6%) 17 (8%) 15 (5%) 0.31
Preterm (228 to <34) 24 (5%) 11 (5%) 13 (5%)
Caesarian section delivery 183 (35%) 63 (29%) 120 (39%) 0.02
Male 252 (48%) 114 (53%) 138 (45%) 0.08
Birth weight for age, Z-score4 -0.1(-0.810 0.5) -0.2(-0.9t00.4) 0(-0.8t00.6) 0.02
Small for gestational age 64 (12%) 29 (14%) 35 (11%) 0.48
Birth head circumference for age, Z—score4 0.7 (-0.3t0 1.5) 0.4 (-0.6t0 1.4) 0.8(-0.1t01.7) 0.004
Duration of any breastfeeding (months) 9(3-12) 6 (1-12) 10 (3-12) 0.0004
Age at assessment (months) 13 (12-14) 13 (13-14) 13 (12-14) 0.30
0, 0, 0,
Attending nursery/creche at time of assessment5 71 (14%) 23 (11%) 48 (16%) 0.11

Values are median (interquartile range) or n (column %); p-values are based on Kruskal-Wallis or chi2 and are not corrected for multiple testing
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Hazardous drinking, defined as Alcohol use disorders identification test (AUDIT-C) score =3 as reported at first antenatal visit and at
approximately 34 weeks’ gestation (missing data, n=2); Drug use defined as any Drug use disorders identification test (DUDIT) score > 0, at
approximately 34 weeks’ gestation (missing data, n=12)

Any physical, sexual or psychological violence as measured with World Health Organization violence against women questionnaire at first
antenatal visit (missing data, n=3)

Maternal depression, EPDS (Edinburgh postnatal depression scale) score of > 13 at first antenatal visit and at 6 weeks’ postpartum (missing data,
n=16)

Corrected for gestational age at birth, calculated using Intergrowth—ZlSt reference standards (missing data for birth length, n=9; birth head
circumference, n=11)

5 .
Maternal self-report; missing data, n=1

AIDS. Author manuscript; available in PMC 2019 August 24.



Page 19

abe Jo sieak pg> .m>m

ETUERIE Z'SA >
It Y07 Y07 5

spaepuels adusialel TZ-yimolbiau _m

12°0=d ‘abenbue] ‘96°0=d ‘1010w ‘6."0=d ‘8A1IUBOI :]apOW B|GRIIBAIIINW Ul UOIJRIBIUI X3S JUBSUI/2INSOAXa-A\|H 10} «mﬁm

Ajuo abenbue| anissaidxa uo nmmmm_N

MNAEEOEV uoleinp Buipsajisealg

(sz0%20-) 100 | (92°0:22°0-) 200 (££°0'80°0-) STO (tro'v00-)6T0 | (T€0:€T0-)600 | (¥€0:TT0-)TTO

ROUX et al.

(LT'G'ST'6-) ¥6'T-

(65°€ '€2'6-) L0E~

(026 '¥5'€-) 80°€

uoissaidap wnyrediso
o p wnyeadisod

(1€ TT'S-) Ov'T-

(¥6°C ‘€6'€-) 05°0-

(TT2TLY-) 08T~

(¥0'T '6€°S-) LT'2-

(82 ‘25'2-) 880

(T€°€ '¥0'€-) ¥1°0

Emc_v_c% Aisry

(ve'v '19'€-) 980

(og'y ‘7€) 670

(98°06€'9-) LL2-

(60°T '66'S-) S¥'z—

(Ly'Z'98'7-) 6T'T-

(062 :02'7-) G9°0—

30UB|OIA Jauvied arewnu
or |01 1ed sjewinul

(0e'T:9T'v-) €V'T-

(86T '89'€-) ST'T-

(L826T°2-) ¥€0

m\Gcmcmma pauue|d

(TzT:i18°€-) €€ T-

(€T0- ‘€8'7-) 8¥'Z-

(550 :9T'v-) 18'T-

(£9°0'90'7-) 69'T-

(v6°0:92°€-) TV'T-

mmc_m:o: [ewoyu]

(822 'v8'¢-) 82 0-

(#v'z 0€2-) L00

(252 t2°2-) 910

uEmE\Ao_QEm |eulsie|N

(8T°5 '81°0-) 05°Z

(8e¥'18°0-) 8L'T

(eLT'0z'e-) €L 0-

(18'T ‘20'e-) 19°0-

(€T°€ '28'T-) 59°0

(€8'2'86'T-) €V°0

.@:o:S:um [eusale

(8v'z'zLe-) 2T o~

(LT¥:59°0-) 92T

(66€ 'T8'0-) 6S'T

mﬂmm\ﬂ 0€ < abe |eulsieN

(LL'2'60G-) 9T'T-

(00 ‘2L%-) 98°0~

(ov'e ‘08°€-) 0Z°0-

(022 '€5v-) 26°0-

(18°0'9€'9-) 8L°2-

(z2°0'6€°9-) €8°2-

vmmm [euo1elsab-104-|[ews

(880 'vL'T-) €¥'0-

(€8°0:09'T-) 8£'0—

(¥8'T '85°0-) €9°0

m;t_g 1e 8102s-7 abe-103-1yBIapn

(ev'zis9z-) ero-

(89°€:20T-) €€'T

(ev'e'92T-) 60T

No_mEE "SA 9[BW :X8S

(ZTT'TT0-) 150

(TT'T:0T°0-) 0S50

(26'T:'8L°0)GET

(T6'T '64°0) GE'T

(92°7'€9°0) 02T

(S2T'¥9°0) 6TT

(sxaam) AIaA1Iap 18 uoNeISaD)

(e'S '80°0-) 89°Z

(¥S'¥'9°0-) 26T

(rre'8z1-)€TT

(562 :¥8'T-) S50

(91°€ '68'T-) ¥9°0

(69°2:2072-) 1€0

NADI 'SA NFH) AIH [UIRIRN

(12 %s6) ge

(12 %s6) d

(12 %s6) de

(12 %s6) ¢

(1D %s6) ge

(12 %s6) d

I Obenbue

1010\

anlubod

a|qel e

Author Manuscript

¢ 31avl

Author Manuscript

Author Manuscript

“Juswdojanap yabenbue| pue
Jojow ‘anniubod uo uaippiya (NH) pasodxaun-AlH 01 (N3H) pa1dajulun pasodxa-AlH Bulredwod sal109s ausodwod |11-a1Sg 4o sisAjeue uolssalfial seaul

Author Manuscript

AIDS. Author manuscript; available in PMC 2019 August 24.



Page 20

ROUX et al.

uo17esse0 BuIpaasisealq JO a1ep se pasn pariodal sem BuIpaasiseslq Aue YoIym 18 81ep NISIA Apnis 1se| ‘Lodal-4|8s [eulsiew uo ummmmmw

USIA Apns winpedisod ,SY8am g 18 £T> "SA £T=< 81095 (8]2s uolssaidap [erewsod ybinquip3) mon_m_NN.

HSIA [BTRUBIUR 1SI1) ‘€> "SA €2 81095 (D-L1ANY) 158} UOIILI13USPI SIBPIOSIP asn _o£oo_<ww
‘3UOoU "SA JISIA [eTRUSIUR 1S.1) T8 parlodal aouajoIA [ea1fojoydAsd Jo [enxas ‘[eaisAyd >ch~

Aoueubaid pauuejdun _w>m

Buisnoy o1iq ‘sA
Isnoy xouq 9

auou ‘sA JuswAojdwa \Em\

Burjooyds Arepuodss a18]dwod J0u pIp ‘SA uBm_QEon

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2019 August 24.



Page 21

ROUX et al.

Gg'0=d ‘abenbue| ‘gz'0=d ‘1010w ‘6g"0=d ‘@ARIUBOI :(S|apOW 3|geLieAl|NW) SWIS) UOIIdRISIUI X3S JueUl/aInsodxa >_IN

Ajuo abenbue| anissaidxa uo paseq

r

(207 €6°0) 260

(20T '€6°0)L6°0

(#0°'7 :06°0) 260

(T0'T '68°0) G560

(60°'T '96°0) 20'T

(80°'T'S6°0) TO'T

m.wﬁmEcoEv uolrenp Buipasjisealg

(L0 20 ¥TT

(58'8:2v°0) ¥6'T

'/

uolssaidap wnyediso,
ar P wnleaysod

(PLZvL0)EV'T

(8£2:18°0)SST

(#0°€ 'S¥°0) LT'T

(197 '€6'0) 60°C

(88T ‘¥T°0) ¥7'0

(98°T :22°0) ¥9°0

Emc_é% Aisid

(L1'215°0) 90'T

(8€'2:290) 12T

(ez'6'er'T) €9°€

(or'L18T) vEe

(ev'e2r0) 02T

(ET'€w1'0) LT'T

30UBJOIA Jaulied syewnu
or 1ot nl

(€zTZvr0) 2L 0

(€02 ‘7¥°0) ¥6°0

(2Tz'870) 10T

m>u%cmwa pauueld

(28T TL0)VTT

(07'5:90°'T) 6€°C

(1£°€°08°0) 29T

(#82'TL0) EV'T

%mc_m:o; [ewogu]

(£6°T:09°0) 260

(96'T:2t°0) 96°0

(#S°T:2€°0) 920

\EmE\Ao_QEm leulaie|N

(02°0:€2°0) 070

(82°0:92°0) 970

(LLT'1€0) 720

(e¥'T'1€°0) 99°0

(62'2'15°0) 80T

(68°T :9%°0) €6°0

lI0NENP? [eUsRIE

(06'2'60T) 8L'T

(652 :00T) 19T

(L8'T 'e¥°0) 06°0

X-

(ev'e'180)€LT

m,mam; 0€ < abe Jeusare

(08'€:16'0) 26'T

(90°€ ‘¥8°0) 09°'T

(Sov:L¥°0) 8ET

(85°¢ '6%7°0) €€'T

(822 '0€0) 260

(£9°2'1€°0) T6°0

vomm |euoneisab-ioy-1jews

(TZ'T'vL'0) 560

(97'T:0L0)TO'T

(08T ¥9°0) 160

m;t_g 1 81095-7 9be-105-1yBIapn

(€£1:190)80T

(€8T '77°0) 06°0

(82°2'85°0)STT

Zleway 'SA afew 1xes

(18'2:€2°0) 18°0

(95°6€ '60'S) 6T HT

(96T ¥2'2) 299

PASOAXINH ‘WIBIAIS

(959 :0T'T) 69°C

(ze'sT0eT) L'y

(ET'TT:9L°0) T6°C

P3SOAX3UNA[H ‘WIdNSld

(162'€6'0) SS'T

(28'€ '¥9°0) 95°T

(LL7:96°0) ¥T°T

DBSOAXINIH ‘Wid]

ERIVEETEN]

CRIVEIETEN]

ERIVEEI )]

(13.) pasoaxaun-pJH ‘wiaf

5911068120 WalaId/A|H-|euIBIBIA

(2T'1:68°0) 00T

(TT'T68°0) 66°0

(92°0:25°0) 99°0

(82°0°09°0) 89°0

(€6°0°22°0) 280

(€6°0:22°0) 280

(sx99M) AIBAIIBP TR UONBISAD)

(09T :95°0) 56°0

(50°z:08°0) 82T

(#9°€:02°0) 6G'T

(82%:€0T) 0T'Z

(ov's ‘2z'1) 952

(097 :€1T) 822

(NH 'sA N3H) AIH [eussre

(10 %s6) Hoe

(19 %Sg6) 4O

(10 %s6) Hoe

(1D %s6) HO

(10 %g6) Hoe

(10 %56) 4O

I Obenbue

1010

annubon

a|qel e

Author Manuscript

juswidojanap xabenbue| pue Jojow ‘aAniubod uo ualpjiyd (NH) pasodxaun-A|H 01 (NIH) pardasuIun

‘€31avl

Author Manuscript

Author Manuscript

Author Manuscript

pasodxa-A\|H Buredwod ‘(g8>8109s a1sodwod Juswdojansp luejul Jo sajeas AsjAeq) Aejap eluswdolanap JO Sppo Jo SisAjeue uolssalbal o160

AIDS. Author manuscript; available in PMC 2019 August 24.



Page 22

ROUX et al.

uo17essad BuIpaasisealq Jo aiep se pasn pauiodal sem Buipasgisesiq Aue yaIym Je a1ep JIsiA Apnis 1se| ‘Lodal-J|as [eualew uo paseg .

|89 |INU 03 3Np 8|qe|NoeD Jou Aejap 8

Author Manuscript

3

609 10} o134 SPPO ‘HSIA Apnis winredisod ,S¥8am 9 Je €T> SA £T=< 9109s (8]eas uoissaidap [ereursod ybinquipa) SAd3

cr

MUSIA [BIRUBIUR JSI1Y ‘€> "SA €2 8109 (D-L1ANY) 158) UONRIINUBPI SI9PIOSIP asn _o;oo_<ﬁ.

3UOU "SA JISIA [eJeudlue 1S11) e payiodal adus|oln [ed1bojoydaAsd 1o jenxas ‘eaisAyd >ch~.

AoueuBaid pauuejdun .m>m

Buisnoy oLiq ‘sA
Isnoy ouq 9

auou ‘sA JuswAojdwa \Emm

Burjooyds Arepuodass a18]dwod Jou pIp ‘SA uam_anow

abe Jo sreak 0g> _m>m

a|nusasad Z'SA >
Il Y0t 0T )

spJepuess sousisyal TZ-yimolbiaiu _m.

Author Manuscript Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2019 August 24.



	Abstract
	INTRODUCTION
	METHODS
	Study design and population
	Study setting
	Measurements
	Statistical methodology
	Ethical considerations

	RESULTS
	Cognitive development
	Motor development
	Language development
	Sensitivity analyses

	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1.
	TABLE 2
	TABLE 3.

