
The impact of HIV and ART 
exposure during pregnancy 
on fetal growth: a 
prospective study in a 
South African Cohort

HIV and ART-exposed but uninfected infants continue to be at risk of adverse birth outcomes such as stillbirth, 
preterm birth, low birth weight, or microcephaly. These adverse birth outcomes may increase the risk of 
developing metabolic, cardiovascular, and neurological disorders across the life course.

The Eastern and Southern Africa region has the highest 
proportion of people (20.6 million) living with human 
immunodeficiency virus (HIV) in the world (1). Specifically, 
7.5 million adults in South Africa (SA) were living with HIV in 
2021 (1). Unfortunately, girls and women of reproductive age 
(aged 15 to 49 years) remain the most vulnerable group to 
HIV infections (24.5%) compared to their counterparts 
(13.5%) (1). However, the expansion of HIV treatment known 
as antiretroviral therapy (ART) has enabled people living 
with HIV to live longer and healthier lives. Additionally, ART 
has also assisted in reducing and preventing the risk of 
transmitting HIV to those who are not living with HIV, 
including unborn children. In 2021, more than 96% of South 
African women who were pregnant and living with HIV had 
access to ART to prevent mother-to-child transmission 
(PMTCT), resulting in a vertical transmission rate of 3.5 % (1). 
Despite these satisfactory results and the benefits of ART 
initiation before and during pregnancy, several HIV and ART-
exposed but uninfected infants continue to be at risk of 
adverse birth outcomes such as stillbirth (death shortly 
before or shortly after birth), being born too early (preterm 

birth), weighing less than 2500 grams at birth (low birth 
weight), or having a smaller-than-normal head (e.g., reduced 
head circumference or microcephaly) (2,3). These adverse 
birth outcomes may increase the risk of developing 
metabolic, cardiovascular, and neurological disorders 
across the life course (3,4). Emerging research from high-
income countries (e.g., Canada) and low- and other middle-
income countries (e.g., Uganda, Kenya, and Brazil) suggest 
that the negative effects of HIV and ART on placental and 
umbilical cord function and morphology (e.g., shape/
structure) might be the cause of these adverse birth 
outcomes. (5,6). In brief, the placenta and umbilical cord 
transport nutrients, and the placenta also acts as a barrier 
that protects the fetus/unborn baby from harmful maternal 
toxins and infections (7,8). To achieve these functions, the 
placenta may change its size, shape, or efficiency to 
maintain appropriate fetal growth (9). To the best of our 
knowledge, no study has examined the mediating effects of 
placental morphology on the association between HIV and 
ART exposure, and longitudinal fetal growth parameters, 
thus requires further investigation.



Methodology
To address the gaps in the literature, we conducted a 
prospective study and used structural equation models 
(SEMs) to explore the associations of HIV and its treatment 
on the size and the velocity of fetal growth measures, and 
whether these associations are mediated by placental 
morphology in an urban South African Cohort (Figure 1). A 
total of 372 pregnant women living with HIV (WLWH, n=122) 
and not living with HIV (SWNLWH, n=250) underwent 
repeated ultrasonography during pregnancy, and at 
delivery, to determine the size and velocity of longitudinal 
fetal growth parameters. For this study, fetal growth 
parameters refer to the size and velocity of the head and 
abdominal circumference, biparietal diameter, and femur 
length. These parameters were collected at six-time points 
during pregnancy (<14 weeks; 14–18 weeks; 19–23 weeks; 
24–28 weeks; 29–33 weeks and 34–38 weeks), as well as at 
delivery. Thereafter, the Superimposition by Translation and 
Rotation was used to calculate the size and velocity of the 
fetal growth parameters. Placenta digital photographs taken 
at delivery were used to estimate morphometric 
parameters, and trimmed placental weight was measured. 
All WLWH were receiving an ART regimen consisting of 
efavirenz plus tenofovir plus emtricitabine provided as a 

fixed dose combination unless contraindicated according to 
PMTCT guidelines (10,11).

What the study found
A lower placental weight and significantly shorter umbilical 
cord length were reported in WLWH compared to their 
counterparts. After sex stratification, umbilical cord length 
was significantly shorter in males born to WLWH than in 
male fetuses born to WNLWH. In contrast, female fetuses 
born to WLWH had lower placental weight, birth weight, and 
head circumference than their counterparts. The SEM 
models showed an inverse association between HIV and ART 
and head circumference size and velocity in female fetuses. 
In contrast, HIV and ART exposure was positively associated 
with femur length growth (both size and velocity) and 
abdominal circumference velocity in male fetuses. None of 
these associations were mediated by placental morphology.

Conclusion and recommendations
In conclusion, our findings suggest that HIV and ART 
exposure during pregnancy in urban-dwelling Black South 
African women may directly impact head circumference 
growth in females and abdominal circumference velocity in 
male fetuses; but may improve femur length growth in male 
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Figure 1: Represents a single SEM mediation analysis model
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fetuses only. Whether these associations are linked to 
adverse health outcomes across the life course, remains to 
be fully elucidated. Therefore, more prospective studies are 
needed to provide better insights into the risks and benefits 
of ART regimens, and the timing of ART initiation (pre-
conception, early and late pregnancy), particularly in women 
of reproductive age in high-risk countries such as SA. This 
knowledge will help clinicians and policymakers in 
producing safer ART regimes and in formulating new 
guidelines that also consider fetal sex, types of ART 
regimens, and timing of ART initiation as important factors in 
determining the health status of the child. This is paramount 
since the current guidelines are favouring the use of 
dolutegravir-based regimens as first-line ART due to stronger 
viral suppression and higher genetic barrier to resistance 
compared to efavirenz-based regimens (12,13). Despite 
these benefits, there is limited knowledge about the effects 
of dolutegravir-based regimens and their associations with 
placental morphology, fetal growth parameters, and related 
developmental and functional implication across the life 
course, particularly in a South African population. 

References
1. UNAIDS. UNAIDS DATA 2022. Geneva, Switzerland; 2022. 

2. Evans C, Chasekwa B, Ntozini R, Humphrey JH, Prendergast AJ. 
Head circumferences of children born to HIV-infected and HIV-
uninfected mothers in Zimbabwe during the preantiretroviral 
therapy era. Aids. 2016;30(15):2323–8. 

3. Williams PL, Yildirim C, Chadwick EG, Van Dyke RB, Smith R, 
Correia KF, et al. Association of maternal antiretroviral use with 
microcephaly in children who are HIV-exposed but uninfected 
(SMARTT): a prospective cohort study. Lancet HIV [Internet]. 
2020;7(1):e49–58. Available from: http://dx.doi.org/10.1016/S2352-
3018(19)30340-6

4. Martín-Calvo N, Goni L, Tur JA, Martínez JA. Low birth weight and 
small for gestational age are associated with complications of 
childhood and adolescence obesity: Systematic review and meta-
analysis. Obesity Reviews. 2022 Jan 1;23(S1). 

5. Ikumi NM, Malaba TR, Pillay K, Cohen MC, Madlala HP, Matjila M, 
et al. Differential impact of antiretroviral therapy initiated before 
or during pregnancy on placenta pathology in HIV-positive 
women. AIDS. 2021 Apr 1;35(5):717–26. 

6. Dunk CE, Serghides L. Protease inhibitor-based antiretroviral 
therapy in pregnancy: effects on hormones, placenta, and 
decidua. Vol. 9, The Lancet HIV. Elsevier Ltd; 2022. p. e120–9. 

7. Conroy AL, McDonald CR, Gamble JL, Olwoch P, Natureeba P, 
Cohan D, et al. Altered angiogenesis as a common mechanism 
underlying preterm birth, small for gestational age, and stillbirth 
in women living with HIV. Am J Obstet Gynecol. 2017;217(6):684.
e1-684.e17. 

8. Obimbo MM, Zhou Y, McMaster MT, Cohen CR, Qureshi Z, Ong’Ech 
J, et al. Placental Structure in Preterm Birth among HIV-Positive 
Versus HIV-Negative Women in Kenya. J Acquir Immune Defic 
Syndr (1988). 2019;80(1):94–102. 

9. Vrooman LA, Xin F, Bartolomei MA. Morphological and molecular 
changes in the placenta: What we can learn from environmental 
exposures. Fertil Steril. 2016;106(4):930–40.  

10. National Department of Health South Africa. National HIV 
screening policy 2016. 2016. 

11. National Department of Health South Africa, South African 
National AIDS Council. Clinical Guidelines: PMTCT (Prevention of 
Mother-to-Child Transmission). 2010. 

12. National Department of Health South Africa. 2019 ART Clinical 
Guidelines for the Management of HIV in Adults, Pregnancy, 
Adolescents, Children, Infants and Neonates. 2019. 

13. Kintu K, Malaba TR, Nakibuka J, Papamichael C, Colbers A, Byrne 
K, et al. Dolutegravir versus efavirenz in women starting HIV 
therapy in late pregnancy (DolPHIN-2): an open-label, 
randomised controlled trial. Articles Lancet HIV [Internet]. 
2020;7:332–71. Available from: www.thelancet.com/hiv

Reference: 
The impact of HIV and ART exposure during pregnancy on 
fetal growth: a prospective study in a South African Cohort
Asanda Mtintsilana1,2*, Shane A. Norris1,3, Siphiwe N. Dlamini1,4, 
Lukhanyo H. Nyati1,5, David M. Aronoff1,6, John R. Koethe7,8, 
Jeffrey A. Goldstein9, Alessandra Prioreschi1

Affiliations
¹ SA MRC/Wits Developmental Pathways for Health Research Unit (DPHRU), 

Department of Paediatrics, Faculty of Health Sciences, School of Clinical 
Medicine, University of the Witwatersrand, Johannesburg, South Africa

² DSI-NRF Centre of Excellence in Human Development, University of the 
Witwatersrand, Johannesburg, Gauteng, South Africa

³ School of Human Development and Health, University of Southampton, 
UK

⁴ School of Physiology, Faculty of Health Sciences, University of the 
Witwatersrand, Johannesburg, South Africa 

⁵ Faculty of Community and Health Sciences, University of the Western 
Cape, Blanckenberg Street, Bellville, Cape Town 7535

⁶ Department of Medicine, Indiana University School of Medicine, 
Indianapolis, IN, 46202

⁷ Division of Infectious Diseases, Department of Medicine, Vanderbilt 
University Medical Center, Nashville, TN 37232

⁸ Vanderbilt Institute for Global Health, Vanderbilt University Medical 
Center, Nashville, TN 37232.

⁹ Department of Pathology, Feinberg School of Medicine, Northwestern 
University, Chicago, IL, USA

Corresponding author email: Asanda.Mtintsilana@wits.ac.za

Funding information: The study was funded by the African Research 
Leadership Scheme of the UK Medical Research Foundation and the South 
African Medical Research Council. SAN is supported by the DSI-NRF Centre 
of Excellence in Human Development at the University of the 
Witwatersrand, Johannesburg, South Africa. The content is solely the 
responsibility of the authors and does not reflect the views of the CoE in 
Human Development. 

mailto:Asanda.Mtintsilana@wits.ac.za

