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Abstract

Background: Maternal HIV and antiretroviral therapy exposure in-utero may influence infant
weight, but the contribution of maternal y body mass index (BMI) to early life overweight and
obesity is not clear.

Objective: To estimate associations between maternal BMI at entry to antenatal care and infant
weight through approximately 1 year of age and to evaluate if associations were modified by
maternal HIV status, maternal HIV and viral load, breast feeding intensity through 6 months or
timing of entry into antenatal care.

Methods: We followed HIV-uninfected and -infected pregnant women initiating efavirenz-based
antiretroviral therapy from first antenatal visit through 12 months postpartum. Infant weight was
assessed via World Health Organization BMI and weight-for-length (WL) z-scores at 6 weeks, 3,
6, 9, and 12 months. We used multivariable linear mixed effects models to estimate associations
between maternal BMI and infant z-scores over time.
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Social Media Quote: In a cohort of South African HIV-exposed and HIV-unexposed infants, nearly 20% of infants were overweight
by 1 year of age. Maternal BMI was positively associated with increasing infant weight, regardless of HIV-exposure status.
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Results: In 861 HIV-uninfected infants (454 HIV-exposed; 407 HIV-unexposed), nearly 20%
of infants were overweight or obese by 12 months of age, regardless of HIV-exposure status. In
multivariable analyses, increasing maternal BMI category was positively associated with higher
infant BMIZ and WLZ scores between 6 weeks and 12 months of age and did not differ

by HIV exposure status. However, HIV-exposed infants had slightly lower BMI1Z and WLZ
trajectories through 12 months of age, compared to HIV-unexposed infants across all maternal
BMI categories. Differences in BMIZ and WLZ scores by HIV exposure were not explained

by timing of entry into antenatal or maternal viral load pre-antiretroviral therapy initiation, but
z-scores were slightly higher for HIV-exposed infants who were predominantly or exclusively
versus partially breast fed.

Conclusions: These findings suggest maternal BMI influences early infant weight gain,
regardless of infant HIV-exposure status. Intervention to reduce maternal BMI may help to address
growing concerns about obesity among HIV-uninfected children.
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Background

The successful scale-up of antiretroviral therapy (ART) for prevention of mother-to-child
transmission of HIV has led to a decline in pediatric HIV incidence globally, but introduced
new potential health consequences for children exposed to, but uninfected with HIV
(CEUH). In particular, concerns have been raised about the impact of HIV and ART
exposure on infant growth, with inconsistent findings.1 Recently, in a South African cohort
of HIV-uninfected breast fed infants whose mothers had access to universal efavirenz-based
ART in pregnancy, we reported few differences in child growth outcomes between CEUH
and children unexposed to HIV (CUH), but elevated levels of overweight/obesity at 12
months of age. These findings suggest that in South Africa, disparities in infant growth by
HIV exposure status® may be declining under polities of universal ART for women living
with HIV (WLHIV), longer infant ART prophylaxis and continued breast feeding, & 7 but
that childhood obesity may be an emerging issue.

Globally, rising levels of obesity in pregnancy have the potential to increase infant weight
and obesity in early life. 8-10 Of the 14.8 million CEUH globally, nearly 90% live in
sub-Saharan Africa where the prevalence of obesity in pregnancy is rapidly increasing.11: 12
In South Africa, up to 50% of pregnant women are affected by obesity and obesity in
pregnancy has increased nearly 20% since 2004.13: 14 Obesity in pregnancy is well-known to
increase the risk of obesity in childhood for CUH 91015 byt less is known about CEUH.
16-19 1n addition, maternal viral load, an indicator of HIV severity and control, 29-22and
breast feeding intensity and duration 23-27 may influence the relationship between maternal
obesity and infant weight gain. As the number of CEUH expands across sub-Saharan
Africa, there is a need to understand how maternal body mass index (BMI) influences early
postnatal weight in the context of universal ART for WLHIV.
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To address this gap and extend our previous findings, we examine associations between
maternal BMI and infant weight through 12 months of age in a prospective cohort of breast
fed CUH and CEUH exposed to efavirenz-based ART during pregnancy in South Africa.
We examined whether trajectories of infant weight differed by maternal BMI overall, and
by HIV-status, HIV status and maternal viral load at entry into antenatal care (ANC), and
breast feeding status. We hypothesized that maternal BMI would influence infant weight
trajectories for both CEUH and CUH.

Cohort Selection

Exposure

Data come from two prospective cohort studies in Cape Town, South Africa of WLHIV and
HIV-unexposed pregnant women and their infants from 2013-2015. Details of both cohorts
have been published previously.l: 28 29 Briefly, using similar inclusion/exclusion criteria,
parallel cohorts of pregnant WLHIV who were initiating ART and pregnant HIV-uninfected
women who were >18 years of age and presented for ANC in Gugulethu, an urban Black
South African community in Cape Town, were enrolled. All women were followed from
their first ANC visit through delivery. A sub-set of women breast feeding at any intensity

at 6-28 days postpartum were enrolled for postpartum follow-up through 12 months.1- 28. 29
Starting in 2013, pregnant WLHIV were eligible for lifelong ART, regardless of CD4

count or WHO clinical stage.5 WLHIV initiated efavirenz-based ART (tenofovir 300 mg

+ emtricitabine 200 mg/lamivudine 300 mg + efavirenz 600 mg), the preferred first line
regimen at the time of the study; 73% initiated ART on the same day as their first ANC
visit.30

Participants were included in the present analysis if they were enrolled into postpartum
follow-up, and had a live born, singleton, HIV-uninfected infant (Figure 1). All HIV-exposed
infants were tested by study nurses at 6 and 48 weeks of age using HIV-PCR testing (Roche
COBAS AmpliPrep/COBAS TagMan HIV-1 qualitative assay; Roche Molecular systems,
Branchburg, NJ, USA).2° Women who tested negative for HIV at their first ANC visit were
re-tested for HIV in the third trimester when feasible, and approximately every 3 months
while breast feeding as part of routine clinical care. If women seroconverted, infants were
tested for HIV and both women and infants were referred to HIV care services for further
management.

The exposure of interest was maternal BMI at entry into ANC (range 4-39 weeks’ gestation,
IQR 14, 26 weeks). Maternal BMI was categorized as underweight (<18.5 kg/m?2), normal
(18.50<25.0 kg/m?), overweight (25.0 < 30.0 kg/m?), or obese (= 30.0 kg/m?) according

to WHO standards. For WLHIV, BMI was assessed prior to ART initiation. Due to the

small number of underweight women (n=9), underweight and normal BMI categories were
combined in statistical analyses.
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The outcomes of interest were infant weight and overweight/obesity status through
approximately 1 year of age. Infant anthropometry was measured at 6 weeks of age

and every 3 months between 3 months and 12 months of age by trained study staff

using standardized protocols based on WHO guidelines.3! Staff training was repeated at
regular intervals, with structured, supervised competency assessments. Infant weight was
measured to the nearest 10g using a calibrated digital infant scale (MTB 20 Baby Scale,
Adam Equipment, Milton Keynes, UK) and length was measured to the nearest 0.25

cm using a rigid recumbent length-board (ADE MZ 1013 Baby Length Measuring Rod,
ADE, Hamburg, Germany). Anthropometry measures were converted to continuous infant
age-and-sex adjusted BMI (BMIZ), weight-for-length (WLZ), and weight-for-age (WAZ)
z-scores, based on WHO child growth standards.32 Secondary outcomes included binary
measures of overweight, defined as BMIZ or WLZ >2 SD and obesity, defined as BMIZ or
WLZ >3 SD.33: 34 \We descriptively evaluated rapid weight gain, defined as increase of >0.67
SD in WAZ between 6 weeks and 12 months.32

All covariate information was assessed at entry into ANC unless otherwise noted. Based on
the local context, we developed3® a composite score to assess poverty level based on current
employment, housing type, and access to household assets and categorized women based on
tertiles as “most’, “‘moderate’ or ‘least’ disadvantaged. Household food security was assessed
at 12 months of age using a measure adapted from the Household Food Insecurity Access
Scale, Food and Nutrition Technical Assistance Project, and the Community Childhood
Hunger Identification Project Index and categorized as ‘none’, ‘at risk’, or ‘food insecure’.36
Alcohol use was measured using the 3-item Alcohol Use Disorders Identification Test-
Consumption (AUDIT-C; range 0-12). An AUDIT-C score =3 indicates hazardous drinking
in the previous 12 months for women.3” Depressive symptoms were measured using the
Edinburgh Postnatal Depression Scale (range 0-30); a score of =213 was used to indicate
probable depressive symptoms.38 Blood pressure was measured at baseline as a part of
routine care and categorized using standard clinical guidelines.3° To assess maternal HIV
and viral load status at enrollment into ANC, we created a three-level categorical variable
defined as HIV-uninfected, WLHIV <4 logq copies/ml, or WLHIV = 4 logyg copies/ml.

Following clinical practice in South Africa, gestational age was measured by ultrasound for
women < 28 weeks’ gestation (=692, 80%); after 28 weeks gestation fundal height was
used unless it differed from late ultrasound measurement by more than 21 days (n=169, 20%
fundal height measure).? 42 Size for gestational age at birth was defined as birthweight
<10t percentile (small for gestational age; SGA), >90™ percentile (large for gestational age;
LGA) or otherwise appropriate for gestational age (AGA) based on the INTERGROWTH-21
standards. 40 41 Preterm birth was defined as a live birth at <37 weeks gestation, low
birthweight (LBW) as <2500 grams, and high birthweight (HBW) as >4000 grams.

Infant feeding was assessed at all postnatal visits via 24 hour maternal recall.29 Breast
feeding decreased as infant age increased, therefore we evaluated a summary measure of
exclusive, predominant or partial breast feeding in the first 6 months of life, when breast
feeding was most common. Exclusive breast feeding (EBF) was defined as only receiving
breastmilk and prescribed medication; predominant breast feeding was defined as breast
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feeding with any clear liquids (ex. water) but no nutritive liquids (e.g. infant formula) or
food; partial breast feeding was defined as any breast feeding in addition to nutritive liquids
or food, following WHO guidelines. 42 Due to few women predominately breast feeding,
breast feeding status through 6 months was collapsed into a binary measure of exclusive or
predominant breast feeding versus partial breast feeding in statistical analyses.

Statistical analysis

The goal of the statistical analysis was to examine the relationship between estimated
maternal BMI and measures of infant weight through ~12 months of age. First, we
descriptively evaluated mean BMIZ and WLZ scores, as well as indicators of overweight,
obesity, and rapid weight gain between birth and 12 months overall and unadjusted
differences by HIV-exposure status. Few children were obese over follow-up, thus modeling
analyses focused on mean BMIZ/WLZ and overweight outcomes. Second, we used
multivariable linear (continuous BMIZ/WLZ outcomes) and modified Poisson (binary
overweight outcomes) mixed effects models to evaluate if maternal BMI was associated
with trajectories of infant BMIZ and WLZ scores between 6 weeks and ~12 months of age.
Mixed effects models were used to estimate marginal predicted means or probabilities of
each outcome across maternal BMI categories. Models included random intercepts for each
infant to account for variation across children and robust variance estimators to account for
multiple observations per person. Confounders and predictors of the outcome were identified
using directed acyclic graphs (Figure S1)*3 and included baseline poverty, marital status,
maternal age, gravidity, depression, alcohol use, maternal HIV status/viral load and food
insecurity at 12 months postpartum.

Missing data—We used multiple imputation (n=50 imputations) from a multivariate
normal distribution to address missing covariate and outcome data.** The imputation

model contained all identified confounders and predictors of the outcome, exposure and
outcome information, as well as additional measured infant (ex. infant sex, duration of breast
feeding), maternal (ex. planned pregnancy and duration of ANC in days), HIV if applicable
(ex. CD4 cell count and viral load) and delivery characteristics (ex. birthweight, size for
gestational age) hypothesized to be associated with missing data.

Sensitivity Analyses—In stratified analyses, we explored potential effect measure
modification of associations between maternal BMI and continuous BMIZ and WLZ scores,
to maximize statistical power. Potential modifiers of interest included maternal HIV status,
maternal HIV and viral load (HIV-uninfected, WLHIV <4 log,q copies/ml, WLHIV =>4
logyg copies/ml), breast feeding status through 6 months (exclusive or predominant vs
partial), and timing of entry into ANC (<24 weeks, = 24 weeks’ gestation) as a proxy for
health seeking status, since health outcomes may differ among women presenting earlier in
pregnhancy compared to later in pregnancy. Since maternal BMI at entry into ANC likely
over-estimates BMI, we conducted a sensitivity analysis where we estimated pre-pregnancy
BMI using a previously published method to account for gestational weight gain between
pre-pregnancy and entry into ANC, conditional maternal BMI category.12: 14. 45,
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Ethics approval

Results

Ethics approval was provided by the University of Cape Town’s Human Research Ethics
Committee and Columbia University Institutional Review Board.

Of the 861 mother-infant pairs with HI\-uninfected infants included, 454 were CEUH

and 407 were CUH (Figure 1). Compared to HIV-uninfected women at enrollment into
ANC, WLHIV were more likely to be in the most disadvantaged poverty category, endorse
hazardous drinking, have stage 1 or 2 hypertension and to be food insecure at 12 months
postpartum, but were less likely to be affected by obesity (Table 1). There were no
meaningful differences between gestational age at entry into ANC, presenting to ANC
before 24 weeks, or maternal age by HIV status.

The median gestational age at delivery regardless of HIV-exposure was 39 weeks (IRQ 28,
40) and 10% of infants were born preterm. At delivery, CUH were slightly heavier and more
likely to be LGA or high birth weight, compared to CEUH (Table S1). CEUH were slightly
more likely to be SGA, low birth weight or to be born preterm, relative to CUH. The median
duration of EBF for CUH was 5.4 weeks (IQR 0.4, 13 weeks) and 6 weeks (IQR 0.9, 15.6
weeks) for CEUH. Between birth and 6 months, nearly half of all women partially breast
fed, but EBF was more common among CEUH than CUH. For women who were normal
weight and above, partial breast feeding between birth and 6 months was most common
(Table S2).

In descriptive analyses, both BMIZ and WLZ scores increased over time (Table 2).
Compared to CUH, BMIZ and WLZ scores were lower at all time-points for CEUH. In
addition, at 6 months of age more CUH were overweight and obese, relative to CEUH.

By ~12 months of age, differences in infant overweight by HIV exposure status largely
disappeared and few infants were obese. By 12 months, nearly half of CEUH and CUH
experienced rapid weight gain (Table S3), with few differences by HIV exposure status and
maternal BMI.

In multivariable analyses, there were positive associations between increasing maternal BMI
category with increasing infant BMIZ/WLZ scores and the probability of infants being
overweight between 6 weeks and 12 months (Figure 2). In analyses stratified by infant
HIV-exposure status, compared to CUH, CEUH had lower BMIZ and WLZ scores across
all time points and maternal BMI. Among WLHIV, trajectories of infant BMIZ and WLZ
scores did not differ meaningfully by maternal viral load at entry into ANC (Figure 3).

In analyses stratified by a combined indicator of infant HIV-exposure status and breast
feeding, breast feeding appeared to influence trajectories somewhat more for CUEH than
CUH. Across maternal BMI categories, CUH had slightly higher BMIZ and WLZ scores
than CEUH, regardless of breastfeeding status (Figure S2). Among CEUH, small increases
in BMIZ and WLZ scores were seen for infants who were predominantly or exclusively
breast fed, compared to those partially breast fed, across maternal BMI categories.
Differences in BMIZ or WLZ measures by breast feeding status were not observed for
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CUH. There was no evidence that timing of entry into ANC influenced associations between
maternal BMI and infant weight trajectories (Figure S3). Findings were similar when
estimated pre-pregnancy BMI was used as the primary exposure (Figures S4-S6).

Principal Findings

In a cohort of 861 CEUH and CUH, nearly 20% of children were affected by overweight or
obesity by ~12 months of age, with no differences by HIV-exposure status. For both CUH
and CEUH, higher maternal BMI at entry into ANC was positively associated with higher
infant BMIZ and WLZ scores between 6 weeks and 12 months of age. However, compared
to CUH, CEUH had slightly lower BMIZ and WLZ trajectories through 12 months across all
maternal BMI categories. Differences in weight trajectories by infant HIV-exposure status
did not appear to be explained by maternal viral load prior to ART initiation or timing of
entry into ANC, with small differences by breast feeding intensity among CEUH.

Strengths of the study

Strengths include repeated infant weight measures in a well-characterized cohort of HIV-
uninfected infants followed through 1 year of age, rich data on maternal factors during
pregnancy and delivery information, and the use of multiple imputation to address potential
selection bias due to missing data and attrition during follow-up.

Limitations of the study

Limitations include the fact that our analysis included a subset of women with live born
HIV-uninfected infants who were breast feeding in the early postpartum period and enrolled
into postnatal follow-up. To explore the possibility of selection bias, we examined potential
predicators of not being followed postpartum including HIV status, maternal BMI, timing of
entry into ANC, comorbidities such as hypertension, alcohol use, and perinatal depression,
and infant indicators including birthweight, preterm delivery, and length of gestation. We
did not find any meaningful differences between the full cohort and the subset of women
included in this analysis with respect to measured covariates potentially associated with

not being followed postpartum (Table S8). In South Africa approximately 10% of women
report never initiating breast feeding®®; the relatively high level of breastfeeding initiation

in this context may help to explain the lack of evidence of selection bias in this analysis

of breast feeding women followed postpartum. Additional limitations include the fact that
ultrasound-based gestational age dating was not available for a minority of women, nor

was pre-pregnancy weight. However, no meaningful differences were observed in sensitivity
analyses estimating pre-pregnancy BMI.

Interpretation

These findings document a high level of overweight and rapid weight gain through 1 year
of age in breast fed infants in the era of universal ART, regardless of HI\-exposure status.

In Southern Africa 13% of children under 5 were estimated to be overweight in 2018, up
from 9% in 1990.47 Early life overweight or obesity and rapid weight gain increases the risk
for obesity in childhood and type 2 diabetes and cardiovascular disease in adulthood.48: 49
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For infants exposed to HIV and ART in utero, the mechanisms by which HIV and ART
exposure may influence growth and metabolic health are not well understood but may
related to mitochondrial toxicity or placental insufficiency. 18 Impaired growth has been
reported among CEUH, relative to CUH, in other cohorts sub-Saharan African cohorts.50-52
However, in this cohort high levels of overweight and rapid weight gain were observed, and
did not differ by HIV exposure status. In the South African context, high levels of maternal
obesity and relatively short duration of breastfeeding may in part explain the high prevalence
of overweight and rapid weight gain observed in infants. 46: 53 Future work is needed to
better understand mechanisms of early infant weight gain among both CUH and CEUH in
low and middle income countries with high levels of HIV and ART exposure. Overall, these
findings highlight the growing burden of overweight early in life among CEUH and CUH

in South Africa and the potential for obesity in pregnancy to exacerbate childhood obesity.
54,55

Our findings also demonstrate that in some areas of South Africa, obesity, rather than under-
nutrition, is a growing concern for WLHIV. Nearly half of pregnant women were affected by
obesity in this cohort, regardless of HIV status. WLHIV had a slightly lower prevalence of
obesity at entry into ANC compared to HIV-uninfected women, which could influence infant
weight. Compared to CUH, CEUH had slightly lower BMIZ and WLZ scores and a slightly
lower probability of being overweight through 12 months across maternal BMI categories.
Differences in breastfeeding (discussed below) and the fact that CEUH were born at the
same median gestational age as CUH, but were lighter may help to explain the remaining
differences in weight by infant HIV exposure status.

Breast feeding is hypothesized to influence infant weight by protecting against rapid weight
gain, but may also increase adiposity.23-27 In a cohort of CUH in South Africa, 30% were
overweight by 2 years of age, but infants who were breast fed at 12 weeks of age had

lower BMIZ and weight velocity z-scores, relative to infants who were not breast fed.%6
Data from the pre-universal ART era on the impact of breast feeding on infant weight

in CEUH is mixed, with some studies demonstrating that breast feeding mitigates deficits
in early weight gain for CEUHZ and others showing no differences between breast and
formula fed CEUH.57 In this cohort of breast fed infants from the universal ART era,
CEUH who were predominately or EBF between birth and 6 months had slightly higher
BMIZ and WLZ scores through 12 months across all maternal BMI categories, relative to
CEUH who were partially breast fed; however these differences were small and may not

be clinically meaningful. Breast feeding status between birth and 6 months did not have

the same influence on weight for CUH. Larger differences by breast feeding status many
not have been observed due to the fact that breast feeding information was only assessed at
study visits (every 6 weeks to 3 months) and the limited variation in breast feeding overall in
this cohort, where all women breast fed for at least some duration.

Conclusions

In a cohort of breast fed CEUH and CUH, we observed high levels of overweight and rapid
weight gain among infants by 12 months of age regardless of HIV exposure status. For both
CEUH and CUH, increasing maternal BMI was associated with higher infant weight and the
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probability of being overweight through 12 months of age. Compared to CUH, CEUH had
slightly lower BMIZ and WLZ scores over time; however, BMIZ and WLZ scores remained
above average WHO values for both CEUH and CUH. For CEUH differences in BMIZ
and WLZ scores did not appear to differ by maternal viral load prior to ART initiation or
duration of ANC, with small differences by breast feeding intensity between birth and 6
months of age. These findings highlight the growing burden of overweight among infants,
including among CEUH, in South Africa and suggest high levels of obesity in pregnancy
may be a driver of this relationship. Public health interventions to mitigate y obesity in
pregnancy and address the growing burden of obesity in childhood are urgently needed in
South Africa to support optimal infant growth and long-term cardiometabolic health for
women and children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis
Study question:

In South Africa, a country with a high burden of HIV and obesity, how does maternal
body mass index (BMI) influence infant weight through 1 year?

What’s already known:

Maternal BMI is well-known to influence early infant weight gain among HIV-unexposed
infants, but its impact among infants exposed to, but uninfected with, HIV is unclear.

What this study adds:

In a cohort of HIV-exposed and HIV-unexposed South African infants, maternal BMI
in pregnancy was positively associated with increasing infant BMI and weight for-
length (WL) z-scores through 1 year, regardless of HIV-exposure status. HIV-exposed
infants had slightly lower BMIZ and WLZ trajectories over 1 year, compared to HIV-
unexposed infants. However, nearly 20% of HIV-exposed and HIV-unexposed infants
were overweight by 1 year of age.
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HIV-uninfected living with HIV
(n=599) (n=627)

Excluded:

* 29 unknown pregnancy outcome

9 women with twins

3 stillbirths

27 miscarriages

2 infant deaths (on day of delivery)

120 not enrolled into postnatal phase

2 mothers & infants who sero-converted

Excluded:

« 13 unknown pregnancy outcome

11 women with twins

10 stillbirths

6 miscarriages

123 not enrolled in postnatal phase

10 mothers & infants who sero-converted

Children exposed but
uninfected with HIV &
mothers
(n=454)

Children unexposed to
HIV & mothers
(n=407)

Mother-Infant Pairs

(N=861)

Visits
6 weeks n=413 (91%)
3 months n=358 (79%)
6 month n=378 (83%)
9 months n=356 (78%)

12 months n=338 (74%

Visits
6 weeks n=382 (94%)
3 months n=364 (89%)
6 month n=342 (84%)
9 months n=327 (80%)

12 months n=339 (83%

Figure 1.
Study Population
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Figure 2. Multivariable association between maternal body mass index (BMI) category at entry
into antenatal care and infant body mass index BMIZ and weight for length (WLZ) z-scores
between 6 weeks and approximately 12 months of age.

Estimates from linear (continuous BMIZ and WLZ) and modified Poisson (BMIZ and WLZ
>2 SD) multivariable mixed effects models with random intercepts adjusted for baseline
measures of maternal poverty (categorical); marital status (categorical); age (spline);
gravidity (spline); depressive symptoms (binary); alcohol use (binary); and maternal HIV/
viral load status at entry into antenatal care (categorical) and food insecurity (categorical) at
12 months postpartum.
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Figure 3. Multivariable association between maternal BMI category at entry into antenatal care
and infant BMI1Z and WLZ scores between 6 weeks and approximately 12 months of age —
stratified by maternal HIV status and disease severity.

Estimates from linear multivariable mixed effects models with random intercepts adjusted
for baseline measures of poverty (categorical); marital status (categorical); maternal

age (spline); gravidity (spline); depressive symptoms (binary); alcohol use (binary) and
postpartum food security (categorical). VL: viral load, measured by number of logig HIV
RNA copies/mL and assessed at entry into antenatal care.
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Table 1.

Characteristics at enrollment into antenatal care among 861 mothers and HIV-uninfected infants pairs in Cape
Town, South Africa

HIV-uninfected women  Women living with HIV Total
N=407 N=454 N=861
Maternal characteristics
Median, IQR
Maternal age 27 (23, 32) 28 (24, 32) 28 (24, 32)
Gravidity 2(2,3) 1(1,2) 2(1,3)
Gestational age, weeks 20 (13, 26) 21 (16, 26) 20 (14, 26)
BMI, kg/m? 30.1(25.9, 35.5) 28.7 (25.2, 33.9) 29.5 (25.6, 34.8)
N (%)

BMI, category

Underweight (<18.5) 5(1.3) 4(1.0) 9(1.2)

Normal (18.5 - <25.0) 72 (18.3) 87 (22.5) 159 (20.4)

Overweight (25.0 — <30.0) 115 (29.3) 128 (33.2) 243 (31.2)

Obese (= 30.0) 201 (51.2) 167 (43.3) 368 (47.2)
First antenatal care visit < 24 weeks gestation

No 129 (31.7) 160 (35.2) 289 (33.6)

Yes 278 (68.3) 294 (64.8) 572 (66.4)
Education

Less than secondary 224 (55.0) 345 (76.0) 569 (66.1)

Secondary or higher 183 (45.0) 109 (24.0) 292 (33.9)
Poverty category

Most disadvantaged 118 (29.0) 156 (34.4) 274 (31.8)

Moderate disadvantage 176 (43.2) 155 (34.1) 331 (38.4)

Least disadvantaged 113 (27.8) 143 (31.5) 256 (29.7)
Planned current pregnancy

No 270 (66.3) 324 (71.4) 594 (69.0)

Yes 137 (33.7) 130 (28.6) 267 (31.0)
Marital status

Not married/cohabitating 226 (55.5) 267 (58.8) 493 (57.3)

Married/cohabitating 181 (44.5) 187 (41.2) 368 (42.7)
Primigravida

No 308 (75.7) 369 (81.3) 677 (78.6)

Yes 99 (24.3) 85 (18.7) 184 (21.4)
Perinatal depression]

No probable depression 378 (92.9) 408 (90.3) 786 (91.5)

Probable depression 29 (7.1) 44 (9.7) 73 (8.5)

Alcohol usez
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HIV-uninfected women  Women living with HIV Total
N=407 N=454 N=861
Below threshold 377 (92.6) 337 (74.6) 714 (83.1)
Hazardous drinking 30 (7.4) 115 (25.4) 145 (16.9)
Blood pressure category3
Normal 210 (56.8) 177 (45.7) 387 (51.1)
Elevated 76 (20.5) 85 (22.0) 161 (21.3)
Stage 1 or 2 hypertension 84 (22.7) 125 (32.3) 209 (27.6)
Food security4
None 243 (69.8) 212 (55.8) 455 (62.5)
At risk 94 (27.0) 100 (26.3) 194 (26.7)
Food insecure 11 (3.2) 68 (17.9) 79 (10.8)
Maternal HIV characteristics (N=454)
Median, IQR
Gestational age at ART initiation, weeks - 21 (16, 26)
Days between first ANC and ART initiation 0 (0, 0.6)
Log 10 viral load, copies/ml - 4.0(3.3,4.5) --

CD4 count, cells/mm3

354 (247, 517)

N (%)
HIV diagnosis
Before this pregnancy - 193 (42.5) --
During this pregnancy - 261 (57.5) --
Initiated ART before 24 weeks gestation
<24 weeks GA - 284 (63.0) --
>24 weeks GA - 167 (37.0) --
PMTCT prophylaxis in a previous pregnancy
No - 259 (70.2) -
Yes - 110 (29.8) -
Previous combination ART
No - 436 (96.0) -
Yes - 18 (4.0) --
Viral load, logy, copies/ml
<4.0 237 (52.2)
24.0 217 (47.8)
CD4 count, cells/mm3
<200 - 73 (16.5) -
201 - <350 - 143 (32.4) -
351- <500 - 108 (24.4) -
>500 - 118 (26.7) -

BMI = body mass index; ART = antiretroviral therapy, GA= gestational age; PMTCT = prevention of mother-to-child HIV transmission.
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JBased on the Edinburgh Postnatal Depression Scale (range 0-30); a score of 213 indicates probable depression.
ZBased on the AUDIT-C (range 0-12); a score of =3 indicates hazardous drinking.

3Blood pressure categorized as: normal (< 120/80 mm Hg), elevated (systolic 120-129 and diastolic <80 mm Hg), or stage 1 high (systolic
130-139 or diastolic 80-89 mm Hg) or stage 2 hypertension (systolic > 140 or diastolic > 90 mm Hg).

4H0useh0|d food security was assessed using adapted measures of the Household Food Insecurity Access Scale, Food and Nutrition Technical
Assistance Project, and the Community Childhood Hunger Identification Project Index and categorized as ‘none’, ‘at risk’, or ‘food insecure’.
Missing data: pre-pregnancy BMI n=85 (9.9%) gestational age at enrollment n=3 (0.4%), perinatal depression n=2 (0.2%), alcohol use n=2 (0.2%),
blood pressure n=104 (12.1%), food insecurity n=133 (15.5%); GA at ART initiation 3 (0.7%), previous antiretroviral prophylaxis n=85 (18.7%),
CD4 cell count n=12 (2.6%).
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