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Summary
OBJECTIVES—To determine the influence of body mass index (BMI) on pregnancy outcomes of
HIV-infected and HIV-uninfected Zambian women and to assess the possible role of BMI on mother-
to-child transmission rate of HIV.

METHODS—We analysed data from a clinical trial on nevirapine administration for the prevention
of mother-to-child transmission of HIV in Lusaka, Zambia. Demographic characteristics, medical
information and pregnancy outcomes were used in this secondary analysis.

RESULTS—A total of 1211 women were included in this analysis and 36% were HIV-infected.
Among HIV-infected women, maternal parity and prior stillbirths increased with increasing BMI in
univariate analysis. Mean birth weight rose as well at 28.3 g [95% confidence interval (CI)
=14.0-42.6] of infant weight per BMI unit. Transmission of HIV from mother to child appeared
inversely related to BMI when compared according to BMI quartile (P for trend = 0.07). In the HIV-
uninfected group, infant birth weight increased with increasing BMI, at 32.7 g(95% CI = 23.5-41.9)
of infant weight per BMI unit.

CONCLUSION—Birth weight increased alongside BMI in both HIV-infected and HIV-uninfected
women. There is a suggestion that women with lower BMI have a greater risk of perinatal HIV
transmission, even after adjustments for HIV viral load and CD4 count.
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Introduction
Body mass index (BMI) is an anthropometric measurement for defining body composition and
nutritional status. Initially, the BMI was used as a measure of obesity in developed countries,
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but it is now applied to define underweight and overweight adults in countries throughout the
world (World Health Organization 2000). In developed countries, poor nutritional status of
women - as defined by a low BMI - has a negative effect on pregnancy outcomes, particularly
low infant birth weight and preterm delivery (Ogunyemi et al. 1998; Ehrenberg et al. 2003;
Neggers & Goldenberg 2003; Helgstrand & Andersen 2005).

The impact of BMI on pregnancy outcome among HIV-infected women has been less well
studied. As BMI is linked to poor survival among HIV-infected individuals in many settings
(Lindan et al. 1992; Malvy et al. 2001; Van der Sande et al. 2004), we hypothesized that low
BMI in HIV-infected pregnant women would lead to higher proportions of negative birth
outcomes. We performed this analysis to determine whether pregnancy outcomes differed by
maternal BMI among HIV-infected and HIV-uninfected women. As a secondary aim, we
studied the possible correlation between BMI and perinatal HIV transmission.

Methods
Data presented in this paper were originally collected during a clinical trial on the
administration of nevirapine (NVP) for prevention of maternal to child transmission of HIV
(PMTCT). Two strategies were evaluated: (i) ‘targeted’ strategy of HIV testing, with NVP
administration only among women who were identified as HIV-infected and (ii) ‘universal’
strategy of NVP administration without prior HIV testing. The primary outcome of the study
was maternal adherence to the intrapartum NVP regimen, determined by the presence of NVP
in the infant's umbilical cord blood.

This trial was conducted in two Lusaka Health District maternity clinics between September
2000 and May 2001 and has been described in detail elsewhere (Stringer et al. 2003, 2004).
Our study population consisted of pregnant women receiving obstetric care in the government
run, public health system in Lusaka, Zambia. Women were enrolled either: (i) during prenatal
care, at approximately 36 weeks' gestation or (ii) on arrival to the labour ward. All participants
provided written informed consent.

Maternal HIV status was assessed using a dual rapid test algorithm previously validated in our
setting (Determine HIV-1/2, Abbott Laboratories, Abbott Park, IL, USA and Capillus-1/
HIV-2, Trinity Biotech, Wicklow Co., Ireland) (Stringer et al. 2003, 2004). Umbilical cord
blood was collected from the placental specimen following delivery and tested for detectable
drug levels of NVP via high performance liquid chromatography (Dailly et al. 2001). Those
with detectable NVP in their infant's cord blood were considered NVP adherers. Those who
did not have NVP detected in the cord blood were considered non-adherers, even if this was
inconsistent with their self-report.

Infant HIV status was determined using DNA polymerase chain reaction (PCR) from dried
blood spots taken via heelstick at birth and 6 weeks post-partum. Whole blood was collected
on filter paper that lysed cells and bound the DNA, eliminating specimen centrifugation and
extraction procedures; each specimen was then subjected to two independent amplifications.
For the purposes of analysis, we categorized infants with a positive HIV DNA PCR at 6 weeks
as HIV-infected. We did not collect additional specimens to confirm the diagnosis of infant
HIV infection, nor did we attempt to delineate between intrauterine and intrapartum/early post-
partum-HIV infection. Because infant HIV status was not essential to the primary outcome of
the study, infant HIV testing was based on maternal choice. This study was conducted before
the local availability of long-term paediatric antiretroviral therapy.

To determine our study population, we compared participants who were enrolled during
prenatal care to those enrolled during labour. Significant differences in maternal height, BMI,
gestational age at delivery and HIV status (P < 0.001 for all) were noted between the two
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groups. When we controlled for these covariates in a generalized linear model (GLM),
however, the effects of maternal BMI on infant birth weight were similar. Among prenatal
enrollees, infant weight increased by 29.8 g/BMI unit; among labour ward enrollees, infant
weight increased by 31.4 g/BMI unit. Because the relationship between BMI and infant birth
weight appeared comparable regardless of time of enrollment, we collapsed the two sub-
populations into one to simplify analysis.

Body mass index was computed as weight (kg) divided by height (m) squared. Measurements
were taken at the time of enrollment. HIV-infected and HIV-uninfected groups were each
subdivided into four separate categories according to maternal BMI quartiles. Because all
women were enrolled late in the third trimester of pregnancy, we chose to categorize study
participants based on these quartiles rather than internationally accepted thresholds for
underweight, overweight and obese individuals (World Health Organization 2000). To have
uniform cut points, quartiles were obtained for the combined group before splitting them into
HIV-infected and HIV-uninfected women. Quartile one (Q1) was defined as BMI ≤22.7; Q2
as BMI >22.7 and ≤24.5; Q3 as BMI >24.5 and ≤26.8 and Q4 was defined as BMI >26.8.

Both univariate and multivariate analyses were conducted. In univariate analyses, proportional
data were compared using Mantel-Haenszel chi-square or the Fisher exact test as appropriate.
Analysis of variance (ANOVA) was used to compare the differences in the means in the four
BMI quartile groups. For the multivariate analyses, logistic regression and GLM procedures
were used. BMI was thus used both as a continuous and categorical (according to quartiles)
variable. Data were analysed with SAS, version 8.1 (SAS institute, Cary, NC, USA). Statistical
significance was set at P < 0.05; all tests were two sided. The study was approved by both the
University of Alabama at Birmingham Institutional Review Board and the University of
Zambia Research Ethics Committee.

Results
The study population for this secondary analysis comprised three groups. Among women
enrolled at 36 weeks' gestation, there were 121 HIV-infected women enrolled at clinics using
the ‘targeted’ strategy for NVP administration, and 484 HIV-infected and HIV-uninfected
women enrolled at clinics using the ‘universal’ strategy for NVP administration (Stringer et
al. 2003). Another 634 women were enrolled at time of labour to receive NVP without prior
HIV testing (Stringer et al. 2004).

Of these 1239 participants, 1211 (98%) were interviewed at the time of enrollment to collect
demographic and medical information. These women had a mean age of 24.2 ± 5.5 years and
6.7 ± 2.9 years of education. Mean BMI at enrollment for all women was 24.9 ± 3.3. Thirty-
six per cent were HIV positive. HIV-infected women tended to be older (24.8 ± 5.2 vs. 23.6 ±
6.0; P < 0.01) and were more likely to have been treated recently for a sexually transmitted
disease (21.6% vs. 9.7%; P < 0.01).

Maternal characteristics of each of the four BMI quartile groups for HIV-infected and HIV-
uninfected women are reported in Table 1. Among the 430 HIV-infected women, there were
no significant differences across the four BMI quartile groups in terms of maternal age, income,
education, marital status, breastfeeding, CD4 count and HIV viral load. BMI appeared to be
directly related to parity (P = 0.01). In univariate analysis, history of stillbirth was also related
to BMI, with women with higher BMI having had more prior stillbirths (P 0.02); however, this
relationship did not persist when parity was taken into account (P = 0.12). Among the 781
women who were HIV-uninfected, those with higher BMI were older, had more income and
had greater parity. However, no differences were noted by BMI quartile in maternal education,
marital status, breast-feeding or history of stillbirths among these women.
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Pregnancy outcomes across the four maternal BMI quartile groups for both HIV-infected and
HIV-uninfected mothers are reported in Table 2. Among the infants of HIV-infected women,
crown heel length, head circumference and 1- and 5-minute Apgar scores were not significantly
different across the four BMI categories. Among the infants of HIV-uninfected group,
statistically significant differences were observed in the distribution of 1- and 5-minute Apgar
scores (P = 0.04 for both).

To better understand the relationship between BMI and infant birth weight, we performed
separate multivariable analyses according to maternal HIV status via GLM. In each,
adjustments were made for covariates, such as age, parity, income and time of enrollment. In
the HIV-infected group, infant birth weight increased by 28.3 g [95% confidence interval (CI)
= 14.0- 42.6; P < 0.0001] for every unit increase in BMI. Among HIV-uninfected women,
infant birth weight increased by 32.7 g (95% CI = 23.5- 41.9; P < 0.0001) for every unit increase
in BMI. The incremental gains in infant birth weight according to BMI were not statistically
different between the two groups (P = 0.13). No interactions were seen between BMI and
covariates in either model.

Overall, 276 of 430 HIV-infected participants agreed to HIV testing for their newborn. Of
these, 30 (10.9%) were diagnosed as HIV-infected based on their 6-week PCR test. In the
univariate analysis, proportions of women transmitting HIV to their infants in each BMI
quartile were as follows: 10/64 (15.6%) in Q1; 10/76 (13.2%) in Q2; five of 65 (7.7%) in Q3
and five of 71 (7.0%) in Q4. This overall distribution did not demonstrate statistical significance
(P = 0.30); however, there was a suggestive inverse association between perinatal HIV
transmission and BMI (P for trend = 0.07). When women below the median BMI were
compared with those above it, thinner women were almost twice as likely to transmit HIV to
their infants (12.8% vs. 7.3%, P = 0.11); in a multivariate analysis controlling for CD4 count,
viral load and NVP adherence, the relative risk for infant HIV transmission at 6 weeks was 1.7
(95% CI = 0.7-4.1).

Discussion
Our primary objective for this analysis was to determine the impact of BMI on pregnancy
outcome among HIV-infected and HIV-uninfected women in a sub-Saharan African setting.
Among HIV-infected individuals, no association was detected between BMI and crown heel
length, head circumference and Apgar scores. Among the HIV-uninfected women, only the
distributions of 1- and 5-minute Apgar scores were statistically different; however, the clinical
significance of this finding is unclear. In both groups, there appeared to be strong linear
associations between BMI and infant birth weight.

In our analysis, BMI appeared to have similar effects on birth weight in both HIV-infected and
HIV-uninfected women. This relationship is consistent with other previously described
populations in the developed and developing world, suggesting that factors that influence
pregnancy outcomes in HIV-infected women are similar to those for the general population
(Dreyfuss et al. 2001). These findings also refute our original hypothesis that HIV infection
and low BMI may have a compounded effect on negative pregnancy outcomes.

Although much of the medical literature in developing countries focuses on individuals with
low BMI, we recognize that there is greater risk for adverse pregnancy outcomes at the both
ends of the spectrum. Obesity in pregnancy has been associated with obstetric complications
and poor outcomes in numerous studies (Doherty et al. 2006; Smith et al. 2007). In our analysis,
we did not observe an increased likelihood of poor outcomes among women in the highest
BMI quartile. These findings may have been as a result of our categorization of patients based
on BMI distribution among study participants (i.e. quartiles), rather than established
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international classifications. It may have also resulted from our outcome measures, which
described fetal growth and infant status at time of birth but did not describe obstetric
complications or maternal co-morbidities.

As a secondary objective, we studied the relationship between BMI and perinatal HIV
transmission. There appeared to be a suggestive inverse relationship between BMI and
perinatal HIV transmission, with thinner women having higher rates of HIV transmission to
their infants. This finding remained consistent even in multivariable models controlling for
markers of advanced HIV disease. While the results did not meet our a priori definition of
statistical significance, this possible association deserves additional investigation. This is
particularly interesting given the sparse — but consistent — literature describing the lack of
association between BMI and perinatal HIV transmission. For example, Semba et al. (1994)
found that the BMI did not predict infant HIV acquisition in a cohort in Malawi. Burns et al.
(1999) demonstrated an association between the two factors in univariate analysis; however,
this finding faded under multivariable analysis.

In summary, we demonstrated few differences in pregnancy outcomes between HIV-infected
and HIV-uninfected women in Lusaka, Zambia. BMI was associated with a linear increase in
infant birth weight regardless of maternal HIV status. Taken together, these results point to the
importance of increased caloric intake and increased maternal weight to pregnancy outcome.
From a policy perspective, antenatal programmes that monitor and improve nutritional status
can also increase birth weight of enrolled infants, regardless of the HIV status of their mothers.
Further investigation is needed to better delineate the relationship between low BMI and
increased perinatal HIV transmission.
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