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Introduction: Predictors of neurodevelopment among children who are HIV-exposed uninfected (CHEU) are poorly under-
stood.

Methods: Mothers with and without HIV and their children were enrolled during 6-week postnatal care visits across seven
sites in Kenya between March 2021 and June 2022. Infant neurodevelopment was assessed using the Malawi Developmental
Assessment Tool, including social, language, fine motor and gross motor domains. We used multivariate linear mixed effects
models to identify associations between 1-year neurodevelopment scores, HIV and antiretroviral therapy (ART) exposures, and
household factors, adjusted for potential confounders and clustered by the site.

Results: At 1-year evaluation, CHEU (n = 709) and children who are HIV-unexposed uninfected (CHUU) (n = 715) had com-
parable median age (52 weeks) and sex distribution (49% vs. 52% female). Mothers living with HIV were older (31 vs. 27
years), had lower education (50% vs. 26% primary) and were more likely to be report moderate-to-severe food insecurity
(26% vs. 9%) (p < 0.01 for all). Compared to CHUU, CHEU had higher language scores (adjusted coeff: 0.23, 95% Cl: 0.06,
0.39) and comparable social, fine and gross motor scores. Among all children, preterm birth was associated with lower gross
motor scores (adjusted coeff: —1.38, 95% Cl: —2.05, —0.71), food insecurity was associated with lower social scores (adjusted
coeff: —0.37, 95% Cl: —=0.73, —0.01) and maternal report of intimate partner violence (IPV) was associated with lower fine
motor (adjusted coeff: —0.76, 95% Cl: —1.40, —0.13) and gross motor scores (adjusted coeff: —1.07, 95% Cl: —1.81, —0.33).
Among CHEU, in utero efavirenz (EFV) exposure during pregnancy was associated with lower gross motor scores compared
to dolutegravir (DTG) exposure (adjusted coeff: —0.51, 95% Cl: —1.01, —0.03). Lower fine and gross motor scores were also
associated with having a single or widowed mother (adjusted coeff: —0.45, 95% Cl: —0.87, —0.03) or a deceased or absent
father (adjusted coeff: —0.81, 95% Cl: —1.58, —0.05), respectively.

Conclusions: Biologic and social factors were associated with child neurodevelopment. Despite socio-demographic differences
between CHEU and CHUU, 1-year neurodevelopment was similar. Addressing IPV and food insecurity may provide benefits
regardless of maternal HIV status. DTG use was associated with higher neurodevelopmental scores in CHEU, compared to
EFV regimens, potentially contributing to a lack of neurodevelopmental difference between CHEU and CHUU.

Keywords: neurodevelopment; HIV exposure; children who are HIV-exposed uninfected; CHEU; maternal mental health; inti-
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1 | INTRODUCTION

Successful prevention of vertical transmission programmes
over the last decade has contributed to a rapidly grow-
ing population of almost 16 million children who are HIV-
exposed uninfected (CHEU) around the world, with an addi-
tional one million born every year in sub-Saharan Africa (SSA)
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[1, 2]. Compared to children who are HIV-unexposed unin-
fected (CHUU), CHEU are at increased risk of morbidity,
adverse birth outcomes, growth faltering, environmental and
pathogenic exposures, poor mental health and social inequities
as a member of a family affected by HIV [2-10]. In multiple
high HIV burden countries in SSA, the population of CHEU
accounts for over 20% of all children under 15 years of age,
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and the SSA region is estimated to have the largest propor-
tion of children under 5 years of age at risk of not meet-
ing their developmental potential [11, 12]. Early neurodevel-
opmental delays are associated with poorer physical and men-
tal health and learning potential [11]. A child’s neurodevelop-
ment is remarkably sensitive to parental caregiving and home
environment factors, especially during the first 1000 days of
life. It is possible to reverse early delays in children, and the
earlier the intervention, the greater the impact [13, 14].

Most, but not all, studies have found an increased risk
of neurodevelopmental delays in CHEU compared to their
CHUU peers. Previous studies have been limited by small
sample sizes. Preterm birth, in utero ART exposure, mater-
nal viremia and early child inflammatory markers have been
associated with significantly poorer neurodevelopment among
CHEU [15-17]. Studies have noted differences in language,
social and motor skills, brain composition and structure, and
altered cell-mediated immunity between CHEU and CHUU
[9, 18, 19]. While biologic aetiologies of neurodevelopmen-
tal outcomes among CHEU have been assessed, there are
fewer data on modifiable, social and behavioural factors that
may synergistically influence neurodevelopmental outcomes.
Women living with HIV are especially vulnerable to poverty,
parental relationship instability, low paternal involvement, inti-
mate partner violence (IPV) and poor maternal mental health;
such factors may influence their ability to care responsively
for their children and promote healthy neurodevelopment [12,
20-29].

Kenya alone is home to nearly one million CHEU for whom
research is urgently needed to identify caregiver and home
factors to reduce the risk of suboptimal child neurodevelop-
ment [1]. In 2016, the World Health Organisation (WHO) rec-
ommended dolutegravir (DTG), an integrase strand transfer
inhibitor, as first-line treatment for all adolescents and adults
living with HIV, and in 2019, for women of reproductive
age [30]. Prior to DTG scale-up, non-nucleoside reverse tran-
scriptase inhibitor regimens containing efavirenz (EFV) were
commonly used during pregnancy. In utero exposure to EFV-
based regimens has been associated with neurodevelopmen-
tal deficits among 2-year-old CHEU in Botswana, compared to
non-EFV-based regimens [31]. DTG-based regimens and EFV-
based regimens have comparable safety in pregnancy [32];
however, there are few data on the impact of in utero DTG
exposure on neurodevelopmental outcomes of CHEU. This
study aimed to assess the associations between caregiver and
household factors, HIV and ART exposure, and child neurode-
velopment in Kenya.

2 | METHODS

21 |

The HOPE Study is an ongoing prospective longitudinal
cohort in Kenya aimed to understand the impacts of HIV and
ART exposure on infant health and development. Mothers liv-
ing with and without HIV were recruited with their infants
(1000 CHEU and 1000 CHUU) at 4-10 weeks of age during
routine postnatal care at seven maternal and child health clin-
ics across the Nairobi and Western Kenya regions between
March 2021 and June 2022. Mother-infant pairs are being

Study overview

followed every 6 months until children reach 3 years. This
exploratory analysis identified cofactors associated with child
neurodevelopment among the subset of children who have
reached age 1 year and had complete neurodevelopmental
assessments by June 2023 (Figure S1).
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To measure child neurodevelopment, we administered the
Malawi Developmental Assessment Tool (MDAT) [33], a vali-
dated test designed specifically for the SSA cultural context.
The MDAT assessment generates scores for four domains,
social, language, fine motor and gross motor, with 36-42
pass/fail items in each. Scripts for each item were trans-
lated and back-translated to Kiswahili and Dholou. Tests were
administered by a trained assessor in the preferred language
of the mother/caregiver and combined direct child observa-
tion and caregiver reporting. Once a child reached six con-
secutively failed items in a domain, the assessors moved on
to the subsequent domains until all were complete. Assess-
ments that were either incomplete (e.g. due to noisy environ-
ment, fussy child, assessor still completing training) or invalid
(e.g. the assessment did not note six consecutive fails) were
excluded from this analysis (Figure S1). Assessors underwent
a rigorous training curriculum and each conducted >10 super-
vised practice assessments prior to certification and study
start. We utilised a train-the-trainer approach involving six
half-day didactic and practical sessions over the course of sev-
eral weeks. Certified trainers then employed a similar training
to all study nurses and routinely reviewed in-person and over
video recordings to ensure consistency. MDAT scores were
assessed as raw continuous scores per domain.

Data collection

Outcome ascertainment
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A primary exposure of interest was maternal HIV status
(CHEU vs. CHUU). Per national Kenyan guidelines, all preg-
nant women presenting with unknown HIV status are tested
for HIV. Maternal HIV status was confirmed by self-report
and review of medical records. Women living with and without
HIV were enrolled into this study when their infants reached
approximately 6 weeks of age. At health facilities, infants of
children born to women living with HIV are tested for HIV
DNA on dried blood spots at 6 weeks, 6 and 12 months
and then tested using an HIV antibody test at 18 months.
For this study, infant HIV status was abstracted from medi-
cal records at each time point to ensure CHEU remained HIV
negative. A small subset of the 709 CHEU (nh = 34) included
in this analysis still had pending HIV test results by the time
of this analysis. Other exposure variables collected at baseline
(6 weeks postpartum) included maternal socio-demographic
information, family characteristics, medical history and house-
hold factors. The gestational age of children was ascertained
by maternal report and antenatal care medical records, and
preterm birth was defined as less than 37 weeks of gestation.

The following mental health assessments were conducted:
the 9-item Patient Health Questionnaire (PHQ-9, >10
cut-off) [34] for clinically significant, moderate-to-severe
depression, 10-item Kessler Psychological Distress Scale

Exposures ascertainment
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Table 1. Socio-demographic characteristics comparing CHEU and CHUU

Overall CHEU CHUU Unadjusted

Characteristic: n (%) or median (interquartile range) N = 1424 n = 709 n=715 p-value
Region

Nairobi 588 (41%) 272 (38%) 316 (44%) ref

W Kenya 835 (59%) 437 (62%) 398 (56%) 0.03
Child sex is female 723 (51%) 348 (49%) 375 (52%) 0.2
Child age (weeks) 52 (52, 52) 52 (52, 53) 52 (52, 52) 0.6
Preterm birth (gestational age <37 weeks) 39 (2.7%) 21 (3.0%) 18 (2.5%) 0.6
Child is orphaned (maternally, paternally or both) 109 (7.7%) 71 (10%) 38 (5.3%) <0.001
Exclusively breastfed at 6 weeks 1381 (97%) 695 (98%) 686 (96%) 0.005
Number of times breastfed in last 24 hours 14.0 (11.0, 16.0) 14.0 (12.0, 18.0) 14.0 (10.0, 16.0) <0.001
Child has siblings 1126 (79%) 622 (88%) 504 (71%) <0.001
Mother age (years) 29.0 (25.0, 33.0) 31.0 (27.0, 35.0) 27.0 (24.0, 31.0) <0.001
Mother education, primary or less 540 (38%) 352 (50%) 188 (26%) <0.001
Mother is employed (professionally or casually) 279 (20%) 142 (20%) 137 (19%) 0.7
Mother marital status

Married (monogamous) 1112 (78%) 517 (73%) 595 (83%) ref

Married (polygamous) 109 (7.7%) 79 (11%) 30 (4.2%) <0.001

Steady partner 57 (4.0%) 22 (3.1%) 35 (4.9%) 0.2

Single, separated or widowed 144 (10%) 91 (13%) 53 (7.4%) <0.001
Mother height (cm) 162 (158, 167) 162 (157, 167) 162 (158, 167) 0.2
Mother body mass index <18.5 41 (2.9%) 27 (3.8%) 14 (2.0%) 0.04
Moderate-to-severe household food insecurity 246 (17%) 181 (26%) 65 (9.1%) <0.001
Moderate-to-severe maternal depression 47 (3.4%) 21 (3.1%) 26 (3.6%) 0.4
Moderate-to-severe maternal anxiety 113 (8.1%) 68 (9.9%) 45 (6.3%) 0.5
Moderate-to-severe maternal distress 135 (9.6%) 76 (11%) 59 (8.3%) 0.01
Maternal report of intimate partner violence 33 (2.4%) 14 (2.0%) 19 (2.7%) 0.1
Perceived level of social support

High 972 (69%) 446 (63%) 526 (74%) Ref

Medium 401 (28%) 227 (32%) 174 (24%) <0.001

Low 45 (3.2%) 32 (4.5%) 13 (1.8%) <0.001

Note: Table 1 presents basic child and maternal socio-demographic characteristics among the overall cohort of children (n = 1424), as well as
comparing children who are HIV-exposed uninfected (CHEU, n = 709) and children who are HIV-unexposed uninfected (CHUU, n = 715). The
unadjusted p-value indicates whether there was a statistically significant difference in each characteristic between the two comparison groups

using a chi-squared test.

Unadjusted p-values that indicate statistical significance at the p < 0.05 level are bolded.
Abbreviations: CHEU, children who are HIV-exposed uninfected; CHUU, children who are HIV-unexposed uninfected.

(K10, >20 cut-off) [35, 36] for anxiety, the Multidimensional
Scale of Perceived Social Support (MSPSS, <35 = low, 36-60
= medium, >61 = high) and the Hurt-Insult-Threaten-Scream
(HITS, >10 cut-off) [37] for IPV. The degree of household
food insecurity was assessed using the Household Hunger
Scale [38]. Existing referral pathways in each of the participat-
ing clinics were identified for study nurses to refer caregivers
and/or infants for psychiatric, IPV, child neurodevelopmental
or nutritional support. Neurodevelopmental referrals were
informed by failed “red flag” items on MDAT assessments.
Additionally, mothers living with HIV were asked questions
regarding HIV, experience with status disclosure to their
partner, and ART initiation, duration and regimen. Data
on maternal ART regimens were abstracted from medical
records, including information on any regimen switches dur-
ing or after pregnancy. The final models assessed the most
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recently prescribed regimen during pregnancy and compared
mothers who most recently received DTG-based regimens
compared to EFV-based regimens. We additionally compared
the subset women who received DTG-only to those who
received EFV-only.

23 |

Descriptive statistics and univariable log-binomial models
described differences between CHEU and CHUU (Table 1).
Univariable and multivariable linear mixed effects models
determined associations between neurodevelopment scores,
HIV-exposure status and caregiver factors, adjusting for con-
founders selected a priori. We expected some degree of
site-specific differences, as sites spanned across Nairobi and
Western Kenya, and therefore, we included facility as a

Data analysis
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random intercept in all models. Mean MDAT scores at 1 year
of age were compared between CHEU and CHUU, and scores
were compared among all children to test for associations
with caregiver cofactors. Potential confounders adjusted in
multivariable analyses included preterm birth, maternal age
(years), education level, marital status, and infant sex and age
(weeks). Based on the literature, we expected these factors
to be associated with exposures, such as maternal HIV status,
and child neurodevelopment scores. Collinearity was exam-
ined using a threshold of 10% change in standard error and
multivariable models included non-collinear variables univari-
ately associated with neurodevelopment (p < 0.05). Exposures
evaluated in the models included maternal depression, anxi-
ety, distress (depression and/or anxiety), marital status, IPV,
household food insecurity and absence of a biologic father
(defined as either deceased or uninvolved in any way in the
child’s life, including physically, financially and emotionally).
Among CHEU, MDAT scores were compared by maternal
ART start timing (pre/post-pregnancy), HIV disclosure to part-
ner (ever/never) and ART regimen (DTG, EFV or protease
inhibitor [Pl]-based).

24 |

The study was approved by the University of Washington'’s
Institutional Review Board and the Kenyatta National Hospi-
tal's Ethical Review Committee. All participants provided writ-
ten informed consent.

Ethical board approvals

3 | RESULTS
3.1 | Study population
3.1.1 | All children (N = 1424)

This analysis used data collected from 709 CHEU and 715
CHUU mother-child pairs who had complete MDAT data.
Compared to CHUU, CHEU had a comparable median age
at 1-year neurodevelopmental assessment (52 weeks), propor-
tion born preterm (3% each) and sex distribution (49% vs.
52% female) (Table 1). A greater proportion of CHEU had a
father who was either deceased or absent from the child’s life
(10% vs. 5%). At baseline, mothers living with HIV were more
likely to be older (31 vs. 27 years), with only primary school
education (50% vs. 26%), have other children (88% vs. 71%),
either single or widowed (13% vs. 7%) or in a polygamous
marriage (11% vs. 4%), and report moderate-to-severe food
insecurity (26% vs. 9%, p < 0.01 for all). Prevalence of depres-
sion, anxiety and IPV were similar between mothers with and
without HIV.

3.1.2 | CHEU only (n = 709)

Among mothers living with HIV, all were on ART; 88% started
ART pre-pregnancy, and 12% post-pregnancy (Table 2). At
baseline, 88% of mothers had already disclosed their HIV sta-
tus to their primary partner and had been taking ART for a
median of 54 months (Interquartile Range [IQR]: 22-89). Of
608 mothers with data on ART regimen during pregnancy, the
most recently used regimen during pregnancy was DTG-based
(74%), followed by EFV-based (20%) and Pl-based regimens

Table 2. HIV and ART-related characteristics of CHEU popula-
tion

Characteristic: n (%) or median (interquartile

range) n =709

Child received ART prophylaxis by 6 weeks 693 (98%)

Child ART regimen

AZT based 329 (47%)

NVP alone 364 (53%)

Unknown 16
Maternal ART start timing

Pre-pregnancy 590 (88%)

Post-pregnancy 83 (12%)

Unknown 36
Most recent maternal ART regimen during

pregnancy
DTG based 448 (74%)
EFV based 122 (20%)
Pl based or other 38 (6.3%)
Unknown 101
Mother switched ART regimen during pregnancy 191 (30%)
Unknown 67
Mother ART regimen changes during pregnancy
DTG only 316 (52%)
DTG from EFV 129 (21%)
EFV only 110 (18%)
EFV from DTG 12 (2.0%)
Other regimens 38 (6.3%)

Unknown 104
Maternal duration on ART (months) 54.1 (22.2, 88.7)
Unknown 131
622 (88%)
Note: Table 2 presents data on child and maternal HIV and ART-
related characteristics among the subset of children who are HIV-
exposed uninfected (CHEU) in this cohort (n = 709).
Abbreviations: ART, antiretroviral therapy; AZT, azithromycin; DTG,
dolutegravir; EFV, efavirenz; NVP, nevirapine; Pl, protease inhibitor.

Disclosed HIV status to partner

(6%). Overall, 30% of mothers switched their ART regimen
during pregnancy, and 66% of them had switched from EFV to
DTG-based regimens. Table S1 summarises ART changes dur-
ing pregnancy and the median duration of ART use.

3.2 | Cofactors of child neurodevelopment
3.2.1 | MDAT score comparison for CHEU versus
CHUU

Overall, the CHEU and CHUU groups had comparable 1-
year neurodevelopment scores across all domains, in both uni-
variable and multivariable mixed linear effects models with
site clustering and adjustment for infant age, sex, preterm
birth, and maternal age, education and marital status (Table 3).
CHEU exhibited statistically higher language scores than
CHUU (adjusted coeff: 0.23, 95% Cl: 0.06, 0.39, p < 0.01).
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Figure 1. Forest plot of statistically significant cofactors of neurodevelopment among all children. These forest plots present impor-
tant cofactors of neurodevelopmental scores within the four tested neurodevelopmental domains (social, language, fine motor and gross
motor), among all children in this cohort. The small black dots in the forest plots represent the adjusted coefficients with 95% confi-
dence intervals, within each neurodevelopmental domain, and the coloured dots represent the statistically significant findings. Abbrevi-

ation: CHEU, children who are HIV-exposed uninfected.
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Compared to female children, male children scored signifi-
cantly lower in the social (adjusted coeff: —0.46, 95% CI:
-0.72, =019, p < 0.01) and language domains (adjusted
coeff: —0.18, 95% ClI: -0.33, —=0.02, p = 0.02) (Table 3
and Figure 1). Children born preterm scored lower in gross
motor than children born full-term (adjusted coeff: —1.38,
95% Cl: —2.05, —=0.71, p < 0.001). IPV was significantly asso-
ciated with lower fine motor (adjusted coeff: —0.76, 95% ClI:
-1.40, -0.13, p = 0.02) and gross motor scores (adjusted
coeff: =1.07, 95% Cl: —1.81, —0.33, p < 0.01). Moderate-to-
severe food insecurity was associated with lower social scores
(adjusted coeff: —0.37, 95% Cl: =0.73, —=0.01, p = 0.047).
Lower gross motor scores were associated with lower levels
of maternal perceived social support (adjusted coeff: —0.31,
95% Cl: —=0.56, —0.06, p = 0.02), but not with other mental
health measures.

Entire cohort, adjusting for CHEU status

3.2.3 | CHEU only

Consistent with analyses among all children, male CHEU
scored significantly lower than female CHEU in the social
domain (adjusted coeff: —0.58, 95% Cl. —=0.97, —0.20, p <
0.01) and CHEU born preterm scored significantly lower
in the gross motor domains compared to CHEU born full-
term (adjusted coeff: —1.00, 95% Cl: —-1.95, =005, p =
0.04) (Table 4 and Figure 2). Lower gross motor scores
were observed among CHEU with deceased or absent fathers
(adjusted coeff: —0.81, 95% Cl: —1.58, —0.05, p = 0.04) and
lower fine motor scores were observed among CHEU with
single or widowed mothers (adjusted coeff: —0.45, 95% ClI:

-0.87, —=0.03, p = 0.04), compared to CHEU with monoga-
mously married mothers.

Neurodevelopment was significantly associated with the
maternal ART regimen used during pregnancy. Gross motor
scores were significantly lower with most-recent in utero
exposure to EFV-based regimens than DTG-based regimens
(adjusted coeff: —=0.47, 95% Cl: =0.92, —0.02, p = 0.04). This
finding remained the same in sensitivity analyses comparing
CHEU exposed exclusively to EFV to those exposed exclu-
sively to DTG (Table 4), as well as in analyses restricted to
full-term infants only (data not shown).

4 | DISCUSSION

In this cohort of 1-year-old children, we found that CHEU and
CHUU had comparable neurodevelopment scores and, unex-
pectedly, CHEU had higher scores in the language domain.
Among all children, lower child neurodevelopment scores
were associated with male sex, preterm birth, lower perceived
level of social support, and maternal report of IPV and food
insecurity. Among CHEU only, lower child neurodevelopment
scores were also associated with having a deceased or absent
father, single or widowed mother and in utero exposure to
EFV-based ART regimens.

Reassuringly, CHEU in this study had similar neurodevelop-
mental scores to their HIV-unexposed peers which could be
explained by more recent universal test and treat guidelines
for people living with HIV and newer, improved ART regimens
using DTG-based combinations. We observed that CHEU had
higher language scores, a surprising finding, given that other
studies have found a higher risk of language and motor skill
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Figure 2. Forest plot of statistically significant cofactors of neurodevelopment, among CHEU only. ART, antiretroviral therapy; CHEU,
child who is HIV-exposed uninfected; DTG, dolutegravir; EFV, efavirenz. These forest plots present important cofactors of neurodevel-
opmental scores within the four tested neurodevelopmental domains (social, language, fine motor and gross motor), among the subset
of CHEU only. The small black dots in the forest plots represent the adjusted coefficients with 95% confidence intervals, within each
neurodevelopmental domain, and the coloured dots represent the statistically significant findings. Abbreviation: CHEU, children who are

HIV-exposed uninfected.

delays in CHEU. It is possible that having more siblings (as
seen in CHEU) could impact language development, but this
finding warrants further investigation. Neurodevelopmental
differences between CHEU and CHUU in other studies
have been linked to altered brain composition and structure,
immune function, adverse birth outcomes and growth falter-
ing [2. 16, 18, 19, 39-42]. In an extensive meta-analysis of
21 studies comparing neurodevelopment between CHEU and
CHUU under 5 vyears, 57% of studies found subtle delays
among CHEU in at least one domain, and primarily in the
language and gross motor domains [40]. Included studies had
relatively small sample sizes, and relied on studies published
prior to May 2020 prior to newer HIV treatment guidelines.
The effects of ART regimens on CHEU neurodevelopment
have been studied with mixed results [40]. To the best of our
knowledge, our study is the first to assess CHEU neurodevel-
opment in a largely DTG-exposed cohort. DTG has superior
efficacy, less frequent drug resistance and comparable safety
during pregnancy compared to EFV-based regimens [32].
EFV-based regimens have been associated with a higher risk
of microcephaly and other neurologic disorders among CHEU
[43]. We found that in utero EFV-exposed CHEU scored sig-
nificantly lower in gross motor than DTG-exposed CHEU,
even when accounting for regimen switches during preg-
nancy. A study in Botswana among 2-year-old CHEU found
that in utero EFV exposure was associated with significantly
poorer language and motor skills, compared to exposure to
non-EFV-regimens (abacavir/ZDV/lamivudine or Pl-based reg-
imens) [31]. Moreover, EFV-exposed children had longer ART
exposure than children exposed to other regimens, and longer
EFV exposure was associated with more pronounced deficits
[31]. In our study, women on EFZ had longer ART duration

34

than those on DTG and a higher likelihood of pre-pregnancy
ART use (Table S1). To disentangle the potential collinearity of
duration and EFZ exposure, we compared EFZ and DTG in a
subset of women with pre-pregnancy use of ART (Table S2).
In this analysis, the association of EFZ with lower gross motor
scores persisted, albeit not significantly, likely due to the much
smaller sample. In addition, in the overall CHEU cohort, the
duration of ART was not associated with lower gross motor
scores. Together, these findings suggest that the effect may
be related to EFZ exposure rather than ART duration. Despite
WHO recommendation, DTG uptake has remained subopti-
mal in SSA among reproductive-aged women, partly due to
initial concerns around neural tube defects [44]. Over time,
the vast majority of mothers living with HIV will be on DTG-
based regimens, making it impossible to discern the impact of
DTG-based regimens. Our study was conducted in the oppor-
tune period of changing regimen implementation, providing a
unique opportunity to examine the impact of different regi-
mens.

Maternal marital status, absence of a biologic father, IPV
and food insecurity were significantly associated with lower
child neurodevelopment scores. Parental relationship conflict
and household violence can threaten a child’s neurodevelop-
ment [22, 45-51]. Over a quarter of women of reproduc-
tive age in eastern Africa were estimated to have experi-
enced IPV in the past year [26, 52, 53]; the prevalence of IPV
among Kenyan pregnant women is estimated to be approxi-
mately 10%, with almost all perpetrators being a current or
former husband or partner [54]. Among Kenyan women, pre-
vious experiences with IPV were strongly predictive of inci-
dent IPV during pregnancy and postpartum, and could serve
as an important screening tool for women at increased risk
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of IPV [54, 55]. A large meta-analysis of psychological thera-
pies for women experiencing IPV concluded that individualised
counselling and therapy was beneficial. The standard of care
for Kenyan women living with HIV includes referrals to [PV
counsellors; however, barriers to successful referral include
disclosure of IPV and low rates of referral uptake [56]. A ran-
domised controlled trial tested an intervention package, which
included IPV-centred training for HIV care providers, an on-
site IPV counsellor for immediate support, and pictorial take-
home materials for clients, all tailored for women attending
HIV services in Nairobi, Kenya. Compared to the standard
of care, this intervention was associated with a significantly
higher likelihood of IPV disclosure, as well as improved men-
tal health, desire to adhere to ART treatment to prevent ver-
tical transmission and eagerness to take actions to improve
their home situations [57]. Implementing similar programmes
to better identify and support women living with HIV who are
experiencing IPV during pregnancy and postpartum could pro-
vide benefits for CHEU, but have yet to be tested.

Abuse and separation can often lead to disproportionate
burdens on women, leading to financial hardship, childcare
responsibility and social stigma [58, 59]. However, separa-
tion in abusive relationships may benefit parents and chil-
dren. Studies from Western nations show that children with
separated parents who co-parent have better neurodevelop-
mental outcomes than children whose parents stay together
with persistent conflict, but this has yet to be studied in
the SSA context [60, 61]. Couples affected by HIV separate
frequently during pregnancy/postpartum when HIV testing is
common. HIV-serodifferent couples in which the female is liv-
ing with HIV separate significantly more often than couples in
which the male is living with HIV [62]. Paternal involvement
can improve birth outcomes, parental satisfaction, maternal
engagement with care, and child growth and development
[63-68]. Rwanda’s Sugira Muryango (“Strengthen the Family”),
a nationally scaled home-delivered IPV-reduction intervention,
has successfully reduced acts of abuse, and improved paternal
engagement, paternal and maternal mental health, relation-
ship satisfaction and child neurodevelopment [69-72]. This or
similar interventions could be adopted within maternal child
health or prevention of vertical transmission programmes in
Kenya. Food insecurity has been significantly associated with
a greater risk of IPV among Kenyan women living with HIV,
as well as a greater risk of preterm birth, which we found to
be strongly associated with neurodevelopmental delay among
CHEU [73]. Multifactorial interventions to address food inse-
curity and IPV among pregnant women living with HIV are
urgently needed. Ensuring the safety and nutritional health
of women and infants during pregnancy and breastfeeding
will be paramount to protect CHEU from neurodevelopmen-
tal delay and growth faltering [74-78].

Among all children, regardless of in utero HIV exposure, the
male sex was associated with lower MDAT scores, a find-
ing not previously observed [41, 42]. Historically, child sex
bias has skewed clinical diagnoses for neurodevelopmental
disorders and intellectual delays towards boys, most notably
in autism spectrum disorder [79]. Research into the mecha-
nistic pathways of such neurodevelopmental sex differences
has found complex interactions between different behavioural
expression, biologic and environmental factors [80]. Further

assessment into possible interactions between male child sex
and paternal absence is necessary.

Our study has several strengths, including its large sample
size and longitudinal design. This large cohort assessed ART
regimen heterogeneity during pregnancy, including the con-
temporaneous DTG-based regimens, and is currently under-
going 6-monthly neurodevelopment assessments until children
reach 3 years which will allow for future longitudinal analy-
ses. We conducted the MDAT assessment, which was devel-
oped specifically for use in SSA, and relies on both direct child
observation and caregiver report. Limitations of the study
include the enrolment of infants at 6 weeks of age, which
may result in selection bias, as we excluded infants potentially
at greatest risk of neurodevelopmental delay (e.g. preterm
and/or hospitalised infants, or infants who did not return for
their standard 6-week visit). Additionally, 11% of our study
population were lost-to-follow-up by their 12-month visit; as
a result, mother-infant pairs who were disengaged in routine
postnatal care and who could be at elevated risk of poorer
outcomes were excluded. Loss-to-follow-up among CHEU in
Kenya remains high and is associated with poor child growth
and being orphaned, both risk factors for poor neurodevelop-
ment [81]. A small proportion (5%) of our 1-year-old CHEU
population had pending HIV test results at the time of anal-
ysis, posing a risk for misclassification of child HIV status.
We anticipate that <1% of these children would be misclas-
sified based on available data for the other 1-year-olds in the
cohort. Another limitation of our study is that we did not con-
firm the HIV-negative status of mothers of CHUU at 1 year
postpartum; however, we anticipate few women (~1%) would
have seroconverted between 6 weeks and 12 months post-
partum. Our analysis assessed factors collected at baseline to
assess associations with 1-year neurodevelopment; longitudi-
nal analyses using repeated measures on caregiver exposures,
such as relationship factors or mental health, are needed to
improve the estimation of these associations. The cofactors
discussed in this paper were identified through exploratory
analyses and may have some degree of false discovery; con-
firmatory analyses are needed. Some mothers were missing
ART data, and analyses assessing ART exposures were only
conducted among those with ART data. Our study does not
capture mothers <18 years old, mothers not engaged in post-
natal care or prevention of vertical transmission programmes
and children whose mothers died prior to the child reaching
6 weeks of age. Differential misclassification and recall bias
could have influenced findings if mothers with psychological
distress and/or mothers living with HIV were more likely to
recall factors that influenced their wellbeing and child neu-
rodevelopment. Nurses conducting MDAT assessments were
unblinded to maternal HIV status, which could have intro-
duced bias, irrespective of the lack of difference between
CHEU and CHUU. The COVID-19 pandemic led to viral load
testing shortages in Kenya, limiting our ability to assess the
role of maternal viral load on CHEU neurodevelopment.

5 | CONCLUSIONS

In this cohort of Kenyan CHEU and CHUU, biologic and
social factors were associated with 1-year neurodevelopment.
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CHEU and CHUU had similar neurodevelopmental scores
across all domains and may be due to the high frequency
of DTG use during pregnancy but warrants further investi-
gation. Among CHEU, in utero exposure to DTG-based reg-
imens was associated with higher gross motor scores, com-
pared to EFV-based regimens. Maternal marital status, father
absence, IPV and food insecurity were associated with poorer
neurodevelopmental scores. Rigorous longitudinal and mixed
methods research are needed to identify modifiable factors
among families impacted by HIV and caregiver relationship
conflict. It is critical to develop strategies to incorporate neu-
rodevelopmental screening programmes into health systems in
SSA with clear referral pathways that equip healthcare work-
ers and caregivers to identify early signs of delays, and to
design multi-factorial interventions that best support children
at the highest risk of suboptimal outcomes.
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