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Abstract

Objectives—To examine the association between maternal body mass index (BMI) and
gestational weight gain (GWG) and adverse birth outcomes in HIV-infected and -uninfected
women.

Methods—In an urban South African community, 2921 consecutive HIV-infected and -
uninfected pregnant women attending primary health care services were assessed at their first
antenatal visit. A subset of HIV-infected women enrolled in a longitudinal study was assessed
three times during pregnancy. All women had birth outcome data from medical records and study
questionnaires. In analyses, the associations between BMI, GWG, maternal factors and adverse
birth outcomes were assessed with logistic regression models.

Results—The estimated pre-pregnancy BMI median was 29 kg/m? (IQR, 24-34) overall,29
kg/m? (IQR, 24-34) for HIV-uninfected and 28 kg/m? (IQR, 24-34) for HIV-infected women;
HIV prevalence was 38%. In adjusted models, increased BMI in the overall cohort was positively
associated with age, haemoglobin and parity at first antenatal visit. Maternal obesity was
associated with increased likelihood of having high birthweight (aOR 2.54, 95% CI 1.39-4.66)
and large size for gestational age (aOR 1.66, 95% CI 1.20-2.31) infants. In the subset cohort,
GWG was associated with increased likelihood of spontaneous preterm delivery (aOR 4.35, 95%
Cl 1.55-12.21) and high birth weight (aOR 3.00, 95% CI 1.22-7.34) infants.

Conclusion—Obesity during pregnancy is prevalent in this setting and appears associated with
increased risk of adverse birth outcomes in both HIV-infected and -uninfected women. Weight
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management interventions targeting women of child-bearing age are needed to promote healthy
pregnancies and reduce adverse birth outcomes.
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Body mass index; gestational weight gain; preterm delivery; birthweight; size for gestational age

INTRODUCTION

Despite a significant reduction of maternal, neonatal and child mortality, South Africa and
other sub-Saharan African (SSA) countries failed to meet the Millennium Development Goal
targets in 2015 (1-3). To achieve the third Sustainable Development Goal, which aims to
‘Ensure healthy lives and promote well-being for all at all ages’ by 2030, accelerated efforts
are required, especially in SSA. Poor maternal health is directly responsible for poor child
health outcomes (4), one preventable risk factor that can be targeted to improve child health
is obesity, which is on the rise in SSA (5, 6). A recent WHO report classed South Africa as
the unhealthiest country globally, with obesity being one of the main contributing factors
(7). The steady rise in obesity is partly attributed to changing lifestyle from consumption of
traditional foods to a high fat and high sugar diet, and an increased sedentary lifestyle (8, 9).
South Africa has the largest prevalence of obesity in SSA, especially in women of child-
bearing age (18 — 44 years) (10, 11).

In pregnancy, obesity (=30 kg/m2) in the first trimester and high GWG (per IOM guidelines
for different BMI categories) have been shown to be independently associated with adverse
birth outcomes (12-16). Women with either high BMI or high GWG are likely to have high
birthweight (HBW, >4000 g) and large size for gestational age (LGA, >90'" centile) infants
(17-20). There is some evidence from South Africa to suggest that obese women tend to
gain more weight during pregnancy than those with normal BMI (21, 22), suggesting an
even higher risk of adverse birth outcomes compared to normal weight women. Increased
BMI has also been associated with low birthweight (LBW, <2500 g), small size for
gestational age (SGA, <10t centile) and preterm delivery (PTD, <37 weeks) (23-26); high
GWG similarly increases risk of PTD in overweight and obese women (27). Adding
complexity to the association between high BMI and adverse birth outcomes is HIV
infection. This double burden poses a challenge in understanding the association between
high BMI and adverse birth outcomes as HIV has also been shown to be associated with
adverse birth outcomes (12, 28, 29).

Given the high prevalence of both obesity and HIV infection in women of child-bearing age
in South Africa, further research to identify and quantify the association between maternal
factors and overweight/obesity and high GWG and associated adverse birth outcomes in this
population is needed. We take advantage of a large population-based study of HIV-infected
and -uninfected women attending antenatal care (ANC) clinic in Gugulethu, Cape Town to
provide further insight in this issue.
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METHODS

Consecutive pregnant women seeking ANC services at the Gugulethu Community Health
Centre were enrolled into a prospective cohort between April 2015 and October 2016 and
followed through May 2018. Gugulethu is a peri-urban community of predominantly low
socioeconomic status (30, 31). The study was reviewed and approved by the Faculty of
Health Sciences Human Research Ethics Committee of the University of Cape Town and the
Institutional Review Board of the University of Southampton. Written informed consent for
collection of baseline and obstetric data from medical records was obtained from all
participants at enrolment. For the study, consecutive women were enrolled into the overall
cohort (n = 3281), with an initial questionnaire and medical record review from the first
ANC visit; this cohort was followed subsequently via medical records only. A subset cohort
(n = 552) of the overall cohort, those who made their first ANC visit at <24 weeks’ gestation
and were HIV-infected, was enrolled into a prospective cohort with intensive measurements
throughout pregnancy to 12 months postpartum. For the overall cohort, we excluded women
with missing BMI as a result of having neither weight nor height measurements at first ANC
visit (n = 316, 9.8%); and for the subset cohort we excluded women with missing GWG as a
result of having one weight measurement (n = 73, 13.4%) (Figure 1). Analyses included
women aged =18 years with pregnancy losses (stillbirth/miscarriages) and live singleton
births (overall cohortn = 2921 and subset cohortn = 471). There were 91 women who had
pregnancy losses in the overall cohort, with 44 in the subset cohort. Stillbirth/miscarriage are
combined in analyses of BMI for the overall cohort due to small numbers. All 44 women in
subset with pregnancy loss could not be included in the GWG analysis as no further weight
data were available for them.

For the overall cohort, weight and height measurements were performed by health
practitioners as part of routine procedures at first ANC visit. Using standard GWG charts a
correction factor on weight measured at first ANC visit was applied to estimate pre-
pregnancy BMI using a method described by Santos et al (32). Briefly, using international
standards for GWG in pregnancy (32), the median weight gained for each week of gestation
was subtracted from the weight measured at first ANC visit based on BMI category as GWG
differs according to pre-pregnancy BMI. Using this corrected weight, the estimated pre-
pregnancy BMI was then calculated and categorised as underweight (<18.5), normal (18.5 —
24.9), overweight (25 — 29.9) and obese (=30) in kg/m?). Baseline blood pressure (BP) and
haemoglobin measurements were performed by nurses as part of routine care at first ANC
visit. For the subset cohort, weight measurements at antenatal study visits were collected by
a trained study nurse using a calibrated scale (Charder, Taichung City, Taiwan) accurate to
within 0.5 kg; height measurements were taken to the nearest 0.1 cm using a stadiometer
(Seca, Birmingham, United Kingdom). These measurements were used to calculate weekly
maternal GWG by dividing the weight change between enrolment and last study visit by the
number of weeks elapsed between the two (29), and expressed as kg/week.

For the overall cohort, GA at first ANC visit was measured by health practitioners using last
menstrual period (LMP n = 1385, 47%) and symphysis-fundal height (SFH n = 92, 3%) as
part of routine care. For all HIV-infected women in the subset cohort and 973 (33%) women
of the remainder of the overall cohort, GA at first ANC visit was measured by
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ultrasonography (USS) operated by an experienced sonographer. For both cohorts, delivery
GA was calculated by adding the number of weeks elapsed between enrolment and delivery
dates to the GA measured at first ANC visit. Delivery GA was categorised as term (=37) and
preterm (PTD, <37) deliveries in weeks (33). Preterm PTD was separated into spontaneous
and provider-initiated PTD since they have distinct causes and divergent risk factors.
Spontaneous PTD was defined as onset of labour and spontaneous vaginal delivery at less
than 37 weeks GA, while provider-initiated PTD was defined as delivery at less than 37
weeks after induction of labour or by caesarean section.

Infant birth weight and sex were obtained from medical records. Infant birth weight was
categorised as low (<2500), normal (2500 — 4000) and high (>4000) birthweight in grams
(34). Size for gestational age was obtained based on infant GA, birthweight and sex using
INTERGROWTH-215t tool; and was categorised as small (<10™), appropriate (10 — 90t
and large (>90™) for GA in percentiles (35). Stillbirth was defined as delivery at >28 weeks
and miscarriage as delivery at <28 weeks (36). Socio-demographic information was obtained
from medical records for the overall cohort and additional information was obtained from
face-to-face interview-administered questionnaires for the subset cohort of HIV-infected
women. Socioeconomic status of the subset cohort was based on a composite score that
included level of education, employment status, type of housing and whether there is a toilet,
running water, electricity, fridge, telephone and television inside the house (37).

Statistical Analysis

RESULTS

All data were analysed using STATA version 14.0, (Stata Corporation, College Station, TX,
USA). Baseline characteristics were stratified by maternal BMI and differences between
groups were compared using Chi-Squared test for categorical variables and Wilcoxon rank-
sum test for continuous variables. To assess potential risk factors for increased maternal
BMI (in the overall cohort) and GWG (in the subset cohort), we used univariate and
multivariate linear regression models. To assess the associations between adverse birth
outcomes and BMI/GWG, logistic regression was used for two-level pregnancy outcome
categories (livebirth and stillbirth/miscarriage) and multinomial logistic regression was used
for three-level GA at delivery (spontaneous PTD, term delivery — base, provider-initiated
PTD), birthweight (LBW, NBW-base, HBW) and size for GA (SGA, AGA-base, LGA)
categories. Results are presented as adjusted odds ratios (aOR) and related 95% confidence
intervals (CI). The adjusted multiple logistic regression models included a priori
confounders such as maternal age, parity and HIV status (38). Because maternal BMI and
GWG were not normally distributed, we used robust standard errors in all regression models.

Body mass index

Data on 2921 women in the overall cohort with live singleton births and stillbirth/
miscarriage were analysed (Figure 1). The mean age was 28 years, 24% of women were
primigravid and the median BMI was 29 kg/m? (IQR, 24-34). Overall, 38% of the cohort
were HIV-infected, and there were 84 (3%) underweight, 822 (28%) normal weight, 718
(25%) overweight and 1297 (44%) obese women. Of the 1297 obese women, 812 (46%)
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were HIV-uninfected and 485 (42%) were HIV-infected. Table 1 shows maternal baseline
characteristics overall and stratified by BMI category. Overweight and obese women were
likely to be older and had higher gravidity and parity than normal BMI women. Women with
normal BMI were more likely to be moderately anaemic and to present late for first ANC
visit compared to those who were obese.

Table 2 shows the associations between various risk factors and BMI as a continuous
variable. In models adjusted for maternal characteristics, increased BMI was significantly
associated with higher age, higher haemoglobin, higher parity, lower height and being HIV-
uninfected. Table 3 presents results for the associations between BMI and birth outcomes
using four separate models for PTD, birthweight, size for GA and stillbirth/miscarriage.
Logistic regression was used for two-level pregnancy loss categories and multinomial
logistic regression was used for three-level PTD, birthweight and size for GA categories.
Results from the four models adjusted for maternal characteristics show that obese women
were more likely to have HBW (aOR 2.54, 95% CI 1.39-4.66) and LGA (aOR 1.66, 95% ClI
1.20-2.31) infants. In agreement, birthweight distribution stratified by BMI showed a dose-
dependent shift to the right for obese women (Figure 2). Consequently, obese women were
less likely to have LBW (aOR 0.60, 95% CI 0.44-0.82) and SGA (aOR 0.57, 95% CI 0.41-
0.79) infants; they were also less likely to have spontaneous PTD (aOR 0.65, 95% CI 0.43—
0.99) and had a trend towards increased likelihood of having provider-initiated PTD (aOR
1.74, 95% CI 0.94-3.21). No associations were noted between obesity and stillbirth/
miscarriage (aOR 0.67, 95% CI 0.37-1.23). Associations for all outcomes assessed were
similar for overweight women but did not reach statistical significance consistently. For PTD
outcome, a sensitivity analysis assessing possible bias introduced by using USS dating only
for the subset cohort showed no changes on the direction of the association between obesity
and spontaneous/provider-initiated PTD for LMP/SFH/USS (Table S4).

Gestational Weight Gain

A total of 471 HIV-infected women who came for their first ANC visit at <24 weeks’
gestation and were followed longitudinally in the subset cohort through to delivery and had
live singleton births were included in this analysis. Comparison of BMI distribution between
the subset cohort and the overall cohort (excluding the subset) showed no significant
difference (p=0.275). The mean GWG was 0.27 kg/week and the median GWG was 0.25 kg/
week (IQR, 0.11-0.42).

Data on the associations between various baseline risk factors and GWG as a continuous
variable are shown in Table 4. The only variable significantly associated with GWG in the
subset cohort was the estimated pre-pregnancy BMI, where a one-unit increase in BMI was
associated with a decrease in GWG of 0.014 kg/week. Without reaching statistical
significance, factors positively associated with GWG in adjusted models included
haemoglobin, hypertension, being married, low socioeconomic status, alcohol use, GA at
first ANC visit and CD4 cell count; factors negatively associated were age, height, ART-
initiation before pregnancy, having completed high school, high socioeconomic status, parity
and gravidity. Table 5 presents data for the associations between GWG and birth outcomes
using three separate models for PTD, birthweight and size for GA. Adjusted models showed
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that GWG (kg per week) was positively associated with spontaneous PTD (aOR 4.35, 95%
Cl 1.55-12.21) and HBW (aOR 3.00, 95% CI 1.22-7.34). Associations with provider-
initiated PTD were in the negative direction, and in the positive direction for LBW, SGA and
LGA, but did not achieve statistical significance.
DISCUSSION

Using a large population-based cohort of HIV-infected and -uninfected pregnant women, we
found that maternal obesity was associated with high risk of HBW and LGA infants.
Further, in the subset cohort of HIV-infected women followed longitudinally through
delivery, we found that high GWG was associated with increased risk of spontaneous PTD
and HBW infants. In a country with both a high prevalence of obesity in women of child-
bearing age (11) and a high prevalence of HIV in pregnant women (39), our findings
highlight the need for weight management interventions before and during pregnancy to
minimise adverse birth outcomes.

There are two methods that have been used to estimate GWG, namely, total GWG (weight
gained from conception to onset of labour) and incremental GWG (rate of weight gain
between two weight measurements expressed as per week, month or trimester). The
limitation with using total GWG is that preconception weight is not usually available, and
researchers rely on self-reported data and measured first trimester weight, the latter has been
shown to be inaccurate due to under-reporting and lack of correlation with preconception
weight. Alternatively, authors have estimated preconception weight by subtracting a constant
of 0.5-1 kg from first trimester weight, this is also inaccurate due to high variability of
weight gained between these two timepoints, which also depends on the timing of presenting
for the first ANC. The use of incremental GWG, which estimates the rate of weight gain per
time period between the first available measure and subsequent measures, is an alternative
and generally preferred approach, and has been reported to play an important role in
studying pregnancy outcomes (40) and hence was used in this study.

This is one of the few studies demonstrating a very high prevalence of obesity (42%) in HIV-
infected pregnant women in sub-Saharan Africa. Historically, most studies that investigated
maternal BMI and adverse birth outcomes in HIV-infected women focus on low BMI
associated with chronic HIV disease, which exacerbated HIV-associated adverse birth
outcomes (12, 28, 29). However with the majority of HIV-infected people using ART in
keeping with recent international policy shifts, our findings reflect recent advances in weight
changes in HIV-infected women where obesity is more prevalent (41-43) and affects birth
outcomes.

High BMI and GWG are important causes of metabolic dysregulation. In pregnancy, uterine
‘metabolic imprinting’ related to maternal metabolic dysregulation makes the fetus
susceptible to adverse birth outcomes and long-term poor health (4). Independently, HIV
infection and its treatment may also affect metabolic function (44). However, there are few
insights into how the combination of obesity and HIV disease may affect birth outcomes as
well as women’s health over long-term. Consistent with our findings - although not
consistently significant, others have reported an increased risk of provider-initiated PTD in
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obese women and increased risk of spontaneous PTD in women with high GWG (15, 45).
The mechanisms mediating both types of PTD in women with high BMI are similar to those
reported in HIV-infected women using ART — hypertension and diabetes for provider-
initiated PTD and elevated inflammatory markers which mediate premature myometrial
contractility, cervical dilatation and rupture of amniotic membranes for spontaneous PTD
(46, 47). Although both term and PTD infants born from women with high BMI are pre-
disposed to childhood obesity and cardiovascular diseases later in life (48), PTD infants are
prone to additional developmental challenges including recurrent hospitalisations and
neurodevelopmental challenges associated with impaired organ function (33, 49, 50).

While there are conflicting data regarding the association between high BMI and PTD, there
is consensus about the association between high BMI and HBW and LGA infants (17-20).
Indeed, we also found that high BMI and GWG are positively associated with HBW. Unlike
previous studies which reported inadequate weight gain associated with LBW infants in
HIV-infected women (12, 29), we found a strong association between GWG and HBW
infants in these women. Although a study conducted in Cameroon did not find any
association between GWG and birthweight (51), several other African studies have reported
that high GWG reduces the risk of LBW with a parallel increase in risk of HBW, similar to
what was observed in our study (12, 29, 52). These differences are possibly due to having
healthier women in our cohort where all HI\-infected women were on treatment.
Hyperinsulinaemia and hyperglycaemia have been implicated to promote fetal growth in the
uterine environment in women with high BMI and GWG (53). Consequently, women with
high BMI and GWG tend to have large babies who are permanently conditioned to
experience long-term health problems related to metabolic dysregulation. Multiple studies
have shown that HBW infants experience obesity and related cardio-metabolic abnormalities
as early as 3 years of age and this worsens through adolescence to adulthood (54-56).
Considering that female infants are genetically prone to increased weight gain regardless of
maternal BMI, those born from obese mothers may face additional risks of weight-related
morbidities, creating a vicious generational cycle of obesity among mothers and daughters.

Not surprisingly, we found that obese BMI is associated with reduced risk of LBW and SGA
in both HIV-infected and -uninfected women. HIV-infected women with normal BMI have
been reported to be at high risk of LBW/SGA (29); our results suggest that high BMI in
HIV-infected women changes the direction of the relationship between HIV infection and
LBW/SGA. However, in some cases obese women are likely to have LBW infants due to
intrauterine growth restriction as a result of insufficient nutrients delivered to the fetus (23,
25). Although this may be plausible, especially because obese women tend to have poor
micronutrient intake (57), this was not the case in our cohort as we found that increased BMI
was associated with increased Hb, suggesting absence of iron-deficiency.

With the high rate of obesity in women of child-bearing age, identification of risks factors
driving high BMI and related GWG in this group is critical for targeting interventions
towards curbing the epidemic and associated adverse birth outcomes. In the overall cohort,
maternal BMI was positively and significantly associated with age, haemoglobin and parity.
In the subset cohort of HIV-infected women, risks factors that showed a trend of increased
risk (not statistically significant) of GWG included haemoglobin, hypertension, being
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married, low socioeconomic status, alcohol use, GA at first ANC visit and CD4 cell count.
These results shed light on the type of women in which weight management programs
should be targeted to before and during pregnancy in low-resource settings to minimise
PTD, HBW and LGA infants. We also provide evidence that risk factors of high BMI and
GWG are not all in the same direction such as age and parity, reflecting the independency of
these health determinants.

These findings should be interpreted in light of certain limitations. Our investigations were
conducted in a cohort of women presenting for first ANC visit at varying gestations and
therefore we estimated pre-pregnancy BMI using international standard developed for HIV-
uninfected women. Our participants included HIV-infected women and these standards may
not be completely applicable to them, however there are no GWG standards available for
HIV-infected women and so whether there are differences in GWG in this population
remains unclear. The limited sample size in the subset cohort may have resulted in non-
significant results for the association of GWG and maternal characteristics as well some
adverse birth outcomes. Finally, the use of HIV-infected women in the subset cohort may
have resulted in selection bias and hence our results for GWG may not be generalisable to
the general public, especially because we did not have a control group of HIV-uninfected
women.

In conclusion, we found a high prevalence of obesity in HIV-infected and -uninfected
women in our setting. High BMI was associated with increased risk of HBW and LGA
infants; and GWG in HIV-infected women was also associated with high risk of HBW and
spontaneous PTD. While it appears that high BMI reduces the risk of LBW and SGA, this
may depend on the nutritional status of the women. These findings demonstrate the need to
integrate weight management interventions with routine care to support women at high risk
of high BMI and GWG to have healthy pregnancies.
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Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Flow diagram showing the selection of women included in the overall cohort of HIV-
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cohort of HIV-infected women (B) assessed for GWG (gestational weight gain)
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Table 2.

Linear regression of maternal BMI and maternal characteristics in the overall cohort (n = 2921)

Unadjusted M odels
Coefficient (95% CI) p-value

Adjusted Models

Coefficient (95% CI)

p-value

Age (year) 0.32 (0.27, 0.36) <0.001
Height (cm) -0.14 (-0.24, -0.04)  0.007
Hb (g/dL) 0.85 (0.63, 1.07) <0.001
HIV status

HIV-uninfected 1.00

HIV-infected -0.66 (-1.22, -0.10) 0.020
Blood pressure (mmHg)

Normotensive 1.00

Hypertensive 1.50 (-0.48, 3.48) 0.139
GA at first ANC visit (weeks) —0.06 (-0.10, —0.03) <0.001
Parity (number) 1.34 (1.04, 1.64) <0.001
Gravidity (number) 1.18 (0.92, 1.44) <0.001

0.29 (0.23, 0.36)
-0.18 (~0.30, —0.05)
0.80 (0.58, 1.03)

1.00
-0.85 (-1.49, —0.21)

1.00
1.56 (~0.64, 3.75)
-0.02 (-0.06, 0.02)
0.48 (0.07, 0.88)
~0.15 (~0.75, 0.45)

<0.001
0.005
<0.001

0.009

0.164
0.313
0.020
0.625

Hb - haemoglobin, GA - gestational age, ANC - antenatal care

Page 16

All adjusted models include variables significantly different at baseline and in univariate analysis: maternal age, height, Hb, HIV status and parity.
Missing data, n (%): Height n=750 (0.3), Blood pressure n=87 (0.1), Parity and Gravidity n=2 (0.0). Where data are missing on predictors, cases

were excluded on the regression.
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Table 3.

Association between adverse birth outcomes and BMI in the overall cohort

Unadjusted Models

Adjusted Models

N (%)
N =2921 OR (95% CI)  p-value aOR (95% Cl) p-value

Delivery GA (weeks)
Spontaneous PTD (<37 weeks GA) 293 (10.0)
Normal 102 (12.4) 1.00 1.00
Underweight 16 (19.0)  1.71(0.95,3.09) 0.076  1.69(0.70,4.11) 0.244
Overweight 75(10.5)  0.87(0.63,1.19) 0.381 0.96 (0.62, 1.49)  0.870
Obese 100 (7.7)  0.63(0.47,0.85) 0.002  0.65(0.43,0.99) 0.043
Provider-Initiated PTD (<37 weeks GA) 188 (6.4)
Normal 40 (4.9) 1.00 1.00
Underweight 4(4.8) 1.09 (0.38,3.15) 0.874  1.54(0.34,6.95) 0.572
Overweight 47 (6.6) 1.39(0.89,2.14) 0.144  1.37(0.68,2.76) 0.377
Obese 97 (7.5) 1.56 (1.07,2.29)  0.022 1.74(0.94,3.21)  0.077
Birth weight (g)
Low (<2500) 385(13.2)
Normal 129 (15.7) 1.00 1.00
Underweight 16 (19.1)  1.29(0.72,2.30) 0.394  1.16(0.57,2.37) 0.688
Overweight 93 (13.0) 0.84 (0.63,1.12) 0.232 0.79 (0.56,1.12)  0.187
Obese 147 (11.3) 0.71(0.55,0.92) 0.009  0.60 (0.44,0.82) 0.001
High (>4000) 125 (4.3)
Normal 20 (2.4) 1.00 1.00
Underweight 2(2.4) 1.04 (0.24,4.54) 0961  0.69 (0.09,5.42) 0.722
Overweight 33 (4.6) 1.92(0.09,3.38) 0.024  2.14(1.09,4.18) 0.027
Obese 70(5.4)  2.19(1.32,3.63) 0002  2.54(1.39,4.66) 0.002
Size for GA (centile)
Small (<10t 362 (12.3)
Normal 124 (15.1) 1.00 1.00
Underweight 17(202)  1.64(0.91,2.94) 0100  163(0.81,3.30) 0.173
Overweight 103 (14.4) 1.02(0.77,1.36) 0.886  0.98(0.70,1.37) 0.903
Obese 118(9.1)  0.63(0.48,0.83) 0.001  0.57(0.41,0.79) 0.001
Large (>90t) 378 (12.9)
Normal 81(9.9) 1.00 1.00
Underweight 8(9.5) 1.18 (0.54,2.58) 0.681  1.15(0.46,2.87) 0.760
Overweight 79(11.0) 1.20(0.86,1.67) 0285  1.27(0.87,1.87) 0.221
Obese 210 (16.2) 1.72(1.31,2.27) <0.001  1.66 (1.20,2.31) 0.002
Pregnancy outcome
Stillbirth/Miscarriage 91 (3.1)
Normal 22 (2.7) 1.00 1.00
Underweight 2(2.4) 0.88(0.20,3.82) 0.866  0.56(0.07,4.23) 0.575
Overweight 31(4.3) 1.64 (0.94,2.86) 0082  0.63(0.30,1.31) 0.219
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Unadjusted Models Adjusted Models
N (%)
N =2921 OR (95% Cl)  p-value aOR (95% Cl) p-value
Obese 36 (2.8) 1.04 (0.61,1.78)  0.891 0.67 (0.37,1.23) 0.192

OR - odds ratio, GA - gestational age, PTD - preterm delivery

Preterm model: adjusted for maternal age, HIV status, haemoglobin, parity, previous PTD

Birth weight, size for GA and birth outcome models: adjusted for maternal age, HIV status, haemoglobin and parity. Missing data, n (%): GA at
delivery n=232 (7.9), Birthweight n=49 (1.7), Size for GA n=232 (7.9), Pregnancy outcome n=16 (0.6). Where data are missing on outcomes, cases
were excluded on the regression. Interpretation of OR’s: Compared to normal BMI, underweight/overweight/obese BMI increases (OR>1) or
decreases (OR<1) the likelihood of having spontaneous PTD/PI1-PTD/LBW/HBW/SGA/LGA/Stillbirth/Miscarriage

Trop Med Int Health. Author manuscript; available in PMC 2020 August 01.
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Table 4.

Page 19

Linear regression of GWG and maternal characteristics among HIV-infected women with live singleton births,

subset cohort (n=471)

Unadjusted Models

Adjusted Models

Coefficient (95% ClI) p-value Coefficient (95% ClI) p-value

Age (years) -0.008 (-0.014, -0.002) 0.006  -0.007 (-0.016, 0.003)  0.156
Height (cm) -0.001 (-0.006,0.004)  0.710  -0.003 (-0.008, 0.002)  0.221
BMI (kg/m?) -0.016 (-0.025, -0.007) 0.001 -0.014 (-0.026, -0.001)  0.030
Hb (g/dL) 0.005 (~0.028, 0.038) 0.765  0.029 (-0.016, 0.073) 0.203
Blood pressure (mmHg)

Normotensive 1.000 1.000

Hypertensive -0.178 (-0.352, -0.003)  0.046  0.082 (-0.134, 0.298) 0.457
ART status

ART-initiation during pregnancy ~ 1.000 1.000

ART-initiation before pregnancy  -0.017 (-0.087, 0.052) 0.626 -0.054 (-0.156, 0.049) 0.304
Marital status

Single 1.000 1.000

Married -0.039 (-0.111, 0.034) 0.293 0.037 (-0.052, 0.125) 0.414
Education (Grade)

Not completed high school 1.000 1.000

Completed high school -0.001 (-0.082,0.079)  0.978  —0.046 (-0.145, 0.053)  0.361
Socioeconomic status

Medium SES 1.000 1.000

Low SES 0.046 (-0.037, 0.130) 0.275 0.076 (-0.009, 0.161) 0.080

High SES -0.013 (-0.103, 0.077) 0.777 -0.043 (-0.141, 0.056) 0.392
Alcohol use

No alcohol use 1.000 1.000

Alcohol use -0.013 (-0.088, 0.063) 0.742 0.020 (-0.079, 0.120) 0.689
GA at first ANC visit (weeks) 0.003 (~0.003, 0.009) 0.350  0.002 (-0.006, 0.010) 0.567
Parity (number) -0.002 (-0.005,0.001)  0.196  —0.020 (-0.095, 0.055)  0.600
Gravidity (number) -0.023 (-0.055,0.009)  0.159  -0.007 (-0.069, 0.084)  0.852
CD4 cell count (cells/pl) 0.001 (~0.001, 0.002) 0.567  0.001 (-0.001, 0.002) 0.691

Hb - haemoglobin, SES - Socioeconomic status, GA - gestational age, ANC - antenatal care

All adjusted models include variables significantly different at baseline and on univariate analysis: maternal age, BMI, haemoglobin, parity and

CD4 cell count. Missing data, n (%): Height n=2 (0.004), BMI and Marital status n=3 (0.01), Hb n=109 (0.2), Blood pressure n=13 (0.03),

Education n=1 (0.002) SES n=11 (0.02), Alcohol use, Parity and Gravidity n=5 (0.01), GA at first ANC n=14 (0.03) CD4 count n=94 (0.2). Where
data are missing on predictors, cases were excluded on the regression.
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Table 5.

Page 20

Association between adverse birth outcomes and GWG among HIV-infected women with live singleton births

in the subset cohort

Unadjusted M odels

OR (95% ClI)

p-value

Adjusted Models

aOR (95% ClI)

p-value

Delivery GA (weeks)

Term (237)

Spontaneous PTD (>37)
Provider-initiated PTD (>37)

Birth weight (g)

Normal (2500-4000)

Low (<2500)
High (>4000)

Size for GA (centile)
Appropriate (10-90t)

Small (<10t
Large (>90t)

1.00
1.37 (0.11, 17.13)
0.92 (0.36, 2.39)

1.00
1.38 (0.53, 3.58)
3.19 (1.29, 7.91)

1.00
1.14 (0.58, 2.24)
2.19 (0.99, 4.87)

0.808
0.869

0.506
0.012

0.708
0.054

1.00
4.35 (1.55, 12.21)
0.70 (0.14, 3.55)

1.00
1.90 (0.70, 5.15)
3.00 (1.22, 7.34)

1.00
1.15 (0.55, 2.41)
2.03(0.87, 4.73)

0.005
0.670

0.209
0.016

0.706
0.100

OR - odds ratio, GA - gestational age, PTD - preterm delivery

Preterm model adjusted for maternal age, ART status, haemoglobin, parity, previous PTD

Birth weight, size for GA and birth outcome models adjusted for maternal age, ART status, haemoglobin and parity. Missing data, n (%): GA at
delivery n=3 (0.6), Birthweight n=9 (1.9), Size for GA n=6 (1.3). Where data are missing on outcomes, cases were excluded on the regression.

Interpretation of OR’s: Increase in GWG increases (OR>1) or decreases (OR<1) the likelihood of having spontaneous PTD/PI-

PTD/LBW/HBW/SGA/LGA compared to respective reference categories.
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