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Introduction 

1.3 million women living with HIV (WLH) become pregnant annually (1). South Africa faces a 

significant HIV burden with a prevalence of 20% in the entire population, however, this burden 

disproportionately effects women among whom the prevalence is 30% (2). Pregnancy is a critical time 

in a woman's life as it can have long-term implications for both maternal and infant health (3, 4). 

Furthermore, obesity is on the rise both in South Africa and globally in women of reproductive age 

causing public health concern (5, 6). This is further compounded in WLH on antiretroviral therapy 

(ART) that includes dolutegravir (DTG), as it has been implicated as an obesogen that 

disproportionately effects women (7). 

ART  has led to a drastic improvement in the quality of life for people living with HIV, by suppressing 

viral replication and preventing the progression into acquired immunodeficiency disease (AIDs)(8). The 

evolution of ART regimens for pregnant women has also been a cornerstone of HIV management by 

preventing perinatal mother-to-child transmission (9). Notably, significant improvements in birth 

outcomes of pregnant women have been seen since the shift from Option B+, which focused on 

initiating lifelong ART for all pregnant and breastfeeding women regardless of CD4 count, to Universal 

Test and Treat, which expanded this approach to all individuals living with HIV, not just pregnant 

women (9, 10). This HIV management strategy has improved birth outcomes as women with known 

HIV infection are on ART, meaning their HIV infection could be completely virally suppressed, or at 

least viral replication has decreased to the point of not being extremely toxic and causing problems in 

early pregnancy (9, 11). Effective management of HIV is important to the global sustainable goals to 

end the AIDS epidemic globally and in South Africa (12). Thus far the universal test and treat method 

of HIV management has been effective, however, there are still differences in the birth outcomes 

between women living with HIV (WLH) and HIV-negative women (13, 14). A further improvement in 

the effective management of HIV introduced in recent years is DTG. DTG is an integrase strand transfer 

inhibitor (INSTI), successful viral suppressant and has outperformed all other ART regimens in clinical 

trials with regards to efficacy, and its resistance profile (15, 16). 

This literature review will delve into maternal ART use, specifically DTG, to understand its impact on 

birth outcomes. It is important that we study the birth outcomes, particularly in the context of South 

Africa where the health profile of the population is uniquely shaped by a high HIV prevalence, co-

existing infectious and non-communicable disease, and other socio-economic factors (17). The aim is 

to collate and dissect the currently available literature on the research of adverse birth outcomes in 

pregnant WLH on ART, with a specific focus on DTG. Understanding the safety and potential 

implications of DTG use during pregnancy is necessary to optimise long-term maternal and infant health. 

We will explore the general implications of HIV on adverse birth outcomes, the history of ART regimens 

during pregnancy, comparison of DTG with other regimens, factors that influence these relationships, 
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particularly maternal body composition. Adverse birth outcomes pose a risk to the infant's health (18). 

Long-term growth and development of the infant in turn has public health implications—making it 

important for us to explore these outcomes in the context of DTG and the evolution of ART regimens 

(19). Through this literature review, we hope to identify gaps in the current literature and suggest 

direction for future research in order to effectively manage ART regimens in pregnant women 

specifically in the South African context, with the ultimate goal of providing the best health outcomes 

for both the mother and their children. 

 

Adverse Pregnancy Outcomes 

Definitions and Overview  

Adverse pregnancy outcomes consist of a wide array of complications that can affect both the mother 

and the infant and have subsequent long-term implications on maternal health and infant health, growth, 

and development (18, 20). The adverse outcomes of particular interest in this study are; 

Pregnancy loss 

Pregnancy loss consists of miscarriage, stillbirth, ectopic pregnancies, and termination of pregnancy 

(TOP). A Stillbirth is defined as a foetal loss, after 28 weeks of gestation. Miscarriage is defined as an 

early foetal loss, before 28 weeks gestation. These are the cutoff standards used in South Africa and is 

the global standard for defining stillbirth/miscarriage. However, some higher-income countries use a 

lower cutoff to define stillbirth like 20/22weeks (21). This is because in high-income countries, infants 

born between 20 and 28 weeks of gestation have an increased likelihood of survival, which has 

influenced the use of lower gestational age thresholds to define stillbirth. However, in many low- and 

middle-income countries, including South Africa, there is a lower risk of survival before 28 weeks . 

Therefore, a threshold of 28 weeks' gestation is used to define stillbirth in this study, in line with context-

appropriate practice and WHO guideline (22). 

Preterm delivery 

Preterm delivery is defined as delivery before 37 weeks of gestation. Preterm delivery can be broken 

down further into smaller categories that define a late preterm birth as delivery between 32 and 37 

weeks of gestation, a moderately preterm birth as a delivery between 28 and 32 weeks of gestation, 

extremely preterm delivery if a delivery that occurs before 28 complete weeks of gestation (23). Preterm 

delivery places infants and an increased risk of infant mortality, as well as a number of other health 

conditions like brain haemorrhages, jaundice, cardiovascular complications, breathing difficulties or 

other complications associated with underdeveloped organs. Preterm delivery can have life-long effects 
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on infants as studies have shown that preterm delivery is associated with an increased risk of chronic 

illness, neurodevelopmental impairments, and learning difficulties (24).  

According to the WHO low birthweight is defined as a birthweight less than 2500g. Which can further 

be classified with very low birthweight being a birthweight of less than 1500g. In South Africa these 

same definitions are used to define low birthweight and as such this study will apply these definitions 

throughout. Low birthweight is associated with similar health implications as prematurity, including an 

increased risk of hypothermia due to insufficient body fat and underdeveloped thermoregulation 

mechanisms (25, 26). 

A high birthweight is defined as a birthweight greater than 4000g (macrosomia). High birthweight is 

associated with low blood glucose in the infant at birth, and an increased risk of developing obesity in 

childhood, diabetes, and other metabolic syndromes (26). 

An infant with a birthweight below the 10th percentile for their gestational age  is defined as small for 

gestational age (SGA). There are a number of different conventions for defining size for gestational age. 

For example, the NICHD foetal growth studies in the US that developed standards for birthweights at 

different gestational age. These studies found that there were differences in size for gestational age 

between different race/ethnicity groups and such consider race in their calculations (27). The WHO also 

has global standards for determining size for gestational age based on growth charts made from data 

collected across Africa, Asia, Europe, and South America. The INTERGROWTH-21st newborn 

standards are based on World Health Organization (WHO) recommendations and are intended to match 

the WHO's child growth standards. For this study we will be utilising the INTERGROWTH-21st Project 

Standards as this tool was developed using the most diverse data from across 4 continents which allows 

the data to be more generalizable in the global context (28). SGA is an extremely worrying birth 

outcomes with both short- and long-term ramifications for an infants health. Short-term consequences 

of SGA include increased risks of hypothermia, polycythemia, and hypoglycemia. Long term 

consequences in infants born SGA include a risk of developing metabolic disease later in life. Reduced 

foetal growth has been shown to be associated with an increased risk of insulin resistance, obesity, 

cardiovascular disease, and type 2 diabetes mellitus (29, 30). It is possible to help SGA infants catch up 

through the use of hormone therapy, however, this is not always accessible. In the event an infant is not 

able to catch up it can lead to neurodevelopmental impairments (31). 

An infant with a birthweight above the 90th percentile for their gestational age is defined as large for 

gestational age (LGA) (32).  LGA foetuses are at greater risk of birth injuries and delivery complications. 

The mother is placed at an elevated risk of Postpartum haemorrhage or perineal tears. LGA is also 

associated with low blood sugar, breathing problems and jaundice. Furthermore, infants with a large 

birthweight or LGA are also at an increased risk of developing type II diabetes and cardiovascular 
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disease in early childhood. LGA and large infant weight can also be associated with stunted 

neurodevelopment (33). 

 

Factors contributing to Adverse Outcomes 

The causal pathways of pregnancy losses are not well understood or studied. Early pregnancy losses i.e. 

miscarriages are often due to chromosomal abnormalities that would result in an unviable foetus. Other 

risk factors associated with an increased risk of pregnancy loss are: uterine abnormalities, thyroid 

disorders, exposure to infections, particularly toxoplasmosis, other diseases (syphilis, Zika virus, 

varicella-zoster virus), Rubella, cytomegalovirus, herpes simplex virus (TORCH) disease, including , 

other chronic health conditions like uncontrolled diabetes or congenital heart disease, or exposure to 

toxic substances like alcohol, smoking, or drugs, hormonal imbalances, malnutrition, radiation exposure, 

or certain medications(34, 35). While these exposures may increase the risk of pregnancy loss it is 

important to note that very little is known about the causal mechanism (36). 

Preterm delivery can occur due to an acute event like trauma or shock(37). Infections can also be the 

cause of preterm delivery (38). For example, infections of the amniotic fluid or untreated urinary tract 

infections lead to inflammation that can cause preterm labour. There are other risk factors associated 

with preterm delivery like preexisting medical conditions such as diabetes or high blood pressure, 

exposure to substances like alcohol, smoking or illegal drugs, a shortened cervix is associated with 

preterm delivery(37). Preterm delivery is also associated with certain genetics. While associations have 

been determined between these risk factors and preterm delivery, the causal mechanism is not well 

understood as it isn’t often studied (25). 

There are two causes of a low birthweight which are preterm delivery and a growth restriction. It is 

possible for an infant born with a low birthweight to have had both preterm delivery and a growth 

restriction (39, 40). Intrauterine growth restrictions (IUGR) can be due to several factors. Maternal 

health has a big influence on foetal growth and so conditions like high blood pressure, diabetes, kidney 

disease, heart disease, lung disease, anaemia, malnutrition, infections and substance use all have an 

influence on the growth. Placental abnormalities, or decreased blood flow in the placenta and uterus 

can also cause a growth restriction. Chromosomal abnormalities of the foetus can also cause a growth 

restriction. Maternal age is also associated with IUGR for example mothers under 15 years are at a 

greater risk of growth restriction while mothers over the age of 30 are also at an increased risk of growth 

restriction. Multiple gestation pregnancies there is very often growth restriction, due to space which in 

turn leads to low birthweight (41). 

Preterm delivery and low birthweight affect the infant’s cognitive development and place them at an 

elevated risk of chronic disease later on in life like; cerebral palsy, sensory deficits, learning disabilities, 
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and respiratory illnesses. Complications related to preterm delivery are the leading causes of death for 

children aged under 5, resulting in about a million deaths worldwide in 2015. The incidence of preterm 

delivery is increasing (41). Low birthweight disproportionately effects developing countries (42). 

HIV poses a risk to adverse birth outcomes due to its effect on the immune system leading to an 

increased susceptibility to infections and other complications. The inflammatory nature of the disease 

can impact pregnancy, inflammation during early embryonic development can impact the foetal growth 

and development, the effect of inflammation on the placenta can lead to nutritional deficiencies which 

can again stunt the growth and development of the foetus (43). Further nutritional deficiencies of WLH 

regularly associated with the disease can also result in improper nutrition for growth and development 

of the foetus (43). Poorly managed HIV can result in a higher viral load which can further affect growth 

and development in the foetus, similarly poorly managed HIV can trigger contractions leading to 

preterm delivery (34, 44, 45). As well as some ART regimens being associated with increased risk of 

adverse birth outcomes. Other socioeconomic factors also contribute to risk of adverse birth outcomes 

like access to healthcare, nutrition, stress (14, 46). 

 

Background of Antiretroviral Therapy (ART) in Pregnancy 

ART was implemented in developed countries in the mid-1990s, but not implemented in South Africa 

until 2002 despite the heavy burden (47). During the pre-ART era, untreated WLH had significantly 

increased risks of adverse birth outcomes such as preterm delivery (PTD), perinatal death, low 

birthweight (LBW), SGA, IUGR and chorioamnionitis compared to HIV-negative women. When ART 

was first introduced both globally and in South Africa ART was only given to individuals who had less 

than 200 CD4 cells/μL, the threshold then increased to 350 cells/μl in 2010, and 500 cells/μl in 2015 

before Universal test and treat was implemented in September 2016 (48). At the time ART was initially 

introduced, concerns arose about its potential toxicity and its impact on birth outcomes (49). Early 

studies showed mixed findings with some suggesting no difference in birth outcomes between WLH 

taking ART vs those who remained untreated (50). However, as our knowledge of ART use during 

pregnancy has advanced and ART regimens have improved, we have seen improving birth outcomes of 

WLH taking ART during pregnancy. This has been a huge public health success as it has significantly 

improved the rates of mother-to-child transmission, as well as enhancing maternal and infant health 

outcomes overall (9, 10).  

One of the most significant changes to HIV management was the shift from option B+, whereby all 

pregnant and breastfeeding women initiated ART regardless of their CD4 count, to UTT. UTT expanded 

this from pregnant women to all people living with HIV, regardless of their CD4 count. In the context 

of pregnancy, it has also been a huge success as it means that WLH regardless of their CD4 count are 

likely to be on ART before conception (51). This shift from testing and treating only pregnant women 
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to testing and treating the entire population has meant that there is a strong likelihood that a WLH is 

virally suppressed at conception and if not virally suppressed, likely to be on treatment. This decreases 

the impact of HIV infection on early embryonic and foetal development, improving foetal development 

and the pregnancy overall (52). Studies have shown associations between adverse birth outcomes and 

timing of initiation of ART, with women starting prior to conception or the first trimester of pregnancy 

having improved birth outcomes and reduced vertical transmission when compared to women initiating 

pregnancy in the second or third trimester (53, 54). 

In 2014 UNAIDs implemented the 90-90-90 target which was the goal to reach 90% of people living 

with HIV to know their status, 90% of people diagnosed with HIV to receive ART and 90% of people 

receiving ART to have achieved viral suppression. In 2021 this has been amened to 95-95-95 strategy 

of which the aim is to achieve 95% coverage on all three previously mentioned targets (55). We can see 

the effects of universal test and treat when examining South Africa’s progress toward these goals. In 

2022 90% of people living with HIV knew their status, 91% of people who knew their status were on 

ART, and 94% of people on ART were virally suppressed. Furthermore, the countries Botswana, 

Eswatini, Rwanda, Tanzania, and Zimbabwe have already met these goals and a number of other Sub-

Saharan African countries are close to reaching the goal (55). These are hopeful statistics and reflect a 

great success of public health systems (56). 

As advancements have been made in ART so have the guidelines for treatment evolved. South Africa 

has been following the guidelines prescribed by the WHO for effective HIV management since 2002 

(48). Which emphasizes early detection and treatment as well as highlighting the importance of pregnant 

women taking ART for the prevention of vertical transmission (57). This has included the 

implementation of TLD (tenofovir, lamivudine, and dolutegravir) as the standard of care since 2019 for 

all people living with HIV, and as such this is the current standard of care for HIV treatment in South 

Africa, consequently the majority of people living with HIV are now on this regimen (57). South Africa 

currently follows the WHO guidelines for first-, second-, and third-line regimens. The first-line ART 

regimen is tenofovir, disoproxil fumarate-lamivudine-dolutegravir. If a patient fails on TLD due to DTG 

resistance, the second-line regimen is TDF + FTC/3TC + DRV/r. Third-line regimens are tailored for 

an individual (57). 

Currently the estimated number of people living with HIV infection globally is just under 40 million, 

making the prevalence 1.2%. However, this is not uniformly distributed. Sub-Saharan Africa is referred 

to as the world's epicentre of HIV/AIDs, with a prevalence of 9% in the adult population. Two thirds of 

new HIV infections occurring in sub-Saharan Africa occur in women and girls (58). The prevalence of 

HIV in South Africa is 20%, with a greater prevalence occurring in pregnant women in which the 

prevalence is 30%, particularly black South African women (2). This disproportionate distribution of 

HIV infection highlights the importance of interventions tailored specifically to women. 
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DTG Use in Pregnancy  

DTG Overview 

DTG entered the HIV drug landscape gaining FDA approval in 2013 (48). DTG is an integrase strand 

transfer inhibitor (INSTI) whose mechanism of action prevents viral integrase binding to host DNA, 

hence, halting the viral replication process. DTG has shown to be very effective at viral suppression in 

clinical trials. It has also been shown to have a good resistance profile, with very few people developing 

drug resistance (15, 16). For this reason, it has been upscaled and implemented as the standard of care 

in South Africa as per the WHO guidelines (57). This superior viral suppression is an asset with regards 

to reaching the 95-95-95 targets set by UNAIDS, as a more effective viral suppressor will mean a greater 

proportion of people living with HIV achieving viral suppression.  

DTG vs Other ART Regimens 

In clinical studies comparing the efficacy of DTG at viral suppression DTG has been shown to be more 

effective at viral suppression when compared to other regimens. For the VESTED study, a randomized 

control trial that enrolled ART naïve pregnant WLH comparing 3 different ART regimens found a 

greater proportion of virally suppressed (<200 copies/ml) women by delivery, the DTG regimens 

achieving 98% viral suppression, compared to the efavirenz (EFV) based regimens that achieved 91% 

by delivery (16). A study examining women initiating ART in third third-trimester of pregnancy found  

a greater proportion of viral suppression at delivery in women receiving DTG-based regimens compared 

to EFV-based regimens at delivery (74.2% vs 42.7%) (59). Studies also showed DTG-based regimens 

to have an odds of resistance decrease by 87% compared to EFV-based regimens in pregnant women 

(60). Furthermore, DTG has a lower incidence of unfavourable side effects, like diarrhoea, nausea, 

vomiting etc. DTG also has a longer half-life compared to other ART and so is only necessary to take 

once a day, whereas other regimens sometimes require two doses daily (61). DTG has a lower 

susceptibility to genetic intolerance. Furthermore, DTG has been shown to achieve viral suppression 

faster the EFV based regimens and is associated with an increase in CD4 t-cell count (62). 

 

Use in Pregnant Women  

Physiological changes occur during pregnancy which have a slight effect on the pharmacokinetics of 

DTG, it does not require an altered dose during pregnancy. The regular dose performs well and achieves 

viral suppression in the mothers as well as performing well in cotyledon perfusion experiments, which 

examine placental transfer (63).  



13 
 

Early studies of DTG use in pregnant women at conception in a Botswana cohort showed an increased 

incidence of neural tube defects 0.94% (95% CI 0.37–2.4). Thus, regimens containing DTG were 

initially thought to be unsafe during pregnancy (15). Analysis done since then on the same cohort of 

women has provided an updated association between DTG use and neural tube defects which was much 

lower than initially described, 0.10% (0.06–0.17) (64). Other studies examining this association have 

shown no association between DTG use during pregnancy and neural tube defects (65). This same study 

found DTG-Based regimens to be safer than EFV-based regimens as a lower proportion of women on 

DTG had recorded adverse birth outcomes (33% vs 35%) (60). 

DTG has shown to be very effective in pregnant women, achieving viral suppression twice as fast 

compared to EFV based regimens (62). They also observe DTG transfer across the plasma and through 

breastfeeding in mothers which significantly decreases vertical transmission, this is likely due to its 

long half-life allowing a longer duration of action (63). Overall, DTG has shown to perform well with 

regards to viral suppression and reducing perinatal transmission of HIV and is a good regimen for 

pregnant WLH. 

When examining the birth outcomes of women on DTG-based regimens compared to other regimens 

the current literature is relatively mixed. Some studies have shown there to be little difference in the 

adverse birth outcomes of women taking DTG versus EFV based regimens. However, some studies 

have seen improved birth outcomes in DTG based regimens compared to EFV based regimens. A study 

in Ethiopia found that women taking the DTG based regimen had a decreased odds of preterm birth and 

low birthweight compared to EFV based regimens or “other” regimens. However, this same study 

showed the greatest risk of neonatal death occurred in the DTG regimen group (18).  Studies comparing 

DTG use to HIV-negative women also have slightly mixed results with some studies showing that 

women taking DTG are at an increased risk of stillbirth, preterm delivery, low birthweight and SGA 

(66, 67). With the evolution of ART regimens we have seen birth outcomes improve such that since the 

implementation of TLD the adverse outcomes of major concern in WLH is SGA, as the risk has not 

been mitigated like the other adverse birth outcomes, preterm delivery and low birthweight. SGA 

disproportionately effects low-and middle-income countries where they account for approximately 19.3% 

of live births. SGA is a risk factor for infant mortality and in low-middle income countries, 21.9% of 

infant deaths are attributable to SGA. If we are able to effectively manage SGA as a birth outcome it 

could provide up to a 10% reduction in neonatal deaths (68). These results suggest that DTG-based 

regimens are safe to take during pregnancy and are the favourable regimen, however, this increased risk 

of stillbirth and SGA could warrant further exploration, in more populations to see if this is a global 

phenomenon. 

 

Results of previous studies on ART and Adverse birth outcomes 
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Over the years studies assessing the birth outcomes of WLH compared to HIV-negative women have 

consistently showed that WLH have an increased risk of adverse birth outcomes compared to HIV-

negative women. The birth outcomes are improved if a WLH is on ART, but even still we see an elevated 

risk of all birth outcomes. A large meta-analysis examining the results of 73 cohort studies examining 

birth outcomes of studies conducted from 1980 through to 2020, allowed the comparison of WLH on 

ART vs WLH not on ART then later studies comparing different ART regimens. Given this it also means 

that the ART regimens range from zidovudine (AZT) monotherapy, the first ARV through to DTG-based 

regimens implemented in 2019, including all WHO recommended regimens in between. WLH on ART 

had a 21% lower risk of preterm delivery compared to WLH not on ART. ART was associated with a 

14% lower risk of low birthweight, compared to WLH not on ART. However, when comparing WLH 

on ART to HIV-negative women we see an increased risk of these adverse outcomes. HIV/ART 

exposure is associated with a 42% increased risk of preterm delivery, a 58% increased risk of low 

birthweight, and a 69% increased risk of SGA. These results highlight the fact that ART while protective 

against adverse birth outcomes, and does improve the birth outcomes of WLH, there is still an increased 

risk to maternal and child health, where we need to bridge the gap and improve the birth outcomes of 

WLH, in the global context of HIV (14). 

 

DTG Use and Specific Birth Outcomes 

Studies have shown mixed results when it comes to an association between DTG use and pregnancy 

loss. A study in Brazil found a greater proportion of pregnancy loss in WLH on DTG-based regimens 

(6%) compared to WLH on EFV based regimens (3%), however, when modelling pregnancy loss as an 

outcome did not find a statistically significant association. Similarly, a study in the USA found that 

women on DTG regimens were at a greater odds of stillbirth compared to non DTG regimens (14, 69). 

However, a study in Brazil found no association between DTG use during pregnancy and stillbirth (66). 

These same studies found there wasn’t a difference in risk of stillbirth and DTG initiation, before or 

after conception (66, 69).  

This same meta-analysis did however show that DTG use during pregnancy is associated with an 

increased odds in preterm delivery compared to HIV-negative women (1.45, 95% CI: 1.42, 1.28-

1.57)(14). However VESTED showed that proportion of preterm delivery was in fact lower than the 

global average at only 6%, with the proportion of preterm delivery in South Africa being 15% an the 

proportion in the USA being 10%. These results suggest DTG could even be protective against preterm 

delivery (16). 

Observed associations between DTG use a low birthweight are mixed once again. When comparing 

DTG use during pregnancy to EFV based regimens, WLH on DTG regimens have a lower proportion 

of infants born with low birthweight (16). However, when we move to compare WLH to HIV-negative 
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women we have mixed results. Some studies have shown an association between DTG use and low 

birthweight, with DTG use being associated with increased odds of low birthweight (67).  

When pooling the results of a number of cohorts looking at the impact of DTG use during pregnancy 

on adverse birth outcomes compared to EFV we see that DTG is associated with a decreased risk of 

preterm delivery, SGA, and very SGA. However, they are at a greater risk of severe adverse events (60). 

The TSEPAMO study looked at the occurrence of severe birth outcomes, which included very SGA 

(SGA <3rd percentile), and found that DTG use during pregnancy was associated with an increased risk 

of very SGA (70). This is cause for public health concern as we very SGA can have very serious 

implications for the infant. Birth outcomes are improving but this association necessitates further 

investigation, however, due to the large sample sizes needed to examine outcomes like this making it 

difficult. While the risk for SGA, and very SGA are being reduced in WLH, there is still an association 

being observed, and due to the serious nature and public health burden of SGA, further research into 

reducing the occurrence is important. 

Impact of Timing of DTG Initiation 

The timing of DTG initiation – whether before or during pregnancy - is likely to have an effect on in 

birth outcomes, however, there is limited data available of this effect. It has been indicated that initiating 

DTG before conception may be associated with better outcomes compared to starting it during 

pregnancy. A study in Ethiopia found women who initiated DTG before pregnancy had a lower risk of 

preterm birth compared to women who initiated DTG after pregnancy (69). A study that looked at the 

effect of timing of DTG initiation examined more birth outcomes found that outcomes differed by 

trimester of initiation, the results were as follows, for women initiating in the first trimester, 7.5% 

delivered preterm, for WLH initiating DTG in the second trimester, 27.3% had a preterm delivery, for 

women initiating DTG in their third trimester, 13.9% delivered preterm. A similar distribution is seen 

with regards to birthweight with 11.3% of women initiating in their first trimester delivering low 

birthweight infants, 28.6% of women initiating DTG in the second trimester delivering low birthweight 

infants, and 16.9% of women initiating in their third trimester delivering low birthweight infants. Again, 

we see a similar pattern in SGA, where 12.9% of women initiating DTG in their first trimester delivered 

SGA infants, 35% of women initiating in the second trimester delivering SG infants, and 22.5% of 

women initiating DTG during the third trimester delivering SGA infant (71). While these results suggest 

a potential pattern, this study was done shortly after DTG implementation on a small sample size and 

as such, further research into the effect of DTG timing on birth outcomes is necessary before we can 

draw any conclusions.  On a more recent study of a greater sample size it has been indicated that there 

is no effect of timing of DTG initiation on birth outcomes (72). The effect of timing of ART initiation 

has been well documented but there is limited data available specifically looking at the effect of DTG 

initiation on birth outcomes. 
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Maternal Weight, BMI, and Birth Outcomes 

General Overview of Maternal Weight and Birth Outcomes 

Overweight and obesity are a risk factor for almost all non-communicable diseases ranging from 

coronary heart diseases to various different cancers. Overweight/obesity is on the rise globally and in 

South Africa (73). 85% of deaths due to non-communicable disease are occurring in low- and middle-

income countries, where the burden of infectious diseases is also most prevalent (74). With the rise of 

obesity and the elevated risk of NCDs that comes with it, it is important that we examine the coexistence 

of these risk factors in our populations in order to understand and effectively manage the risk factors of 

a population. 

The alarming rate of overweight/obesity in South African women should be cause for great public health 

concern, with 67% of women in South Africa being overweight/obese (75). In women 

overweight/obesity is associated with cardiovascular disease and diabetes, but furthermore, 

overweight/obesity is associated with the risk of several major cancers in women, particularly 

postmenopausal breast cancer and endometrial cancer (76). This highlights the need for changes at an 

individual level but also in policy, social/cultural norms, and the physical, social environment. 

An increased maternal BMI and excessive gestational weight gain has been linked to elevated risk of 

unfavourable birth outcomes, such as preterm delivery and macrocosmic/LGA infants (77). These birth 

outcomes can have long term effects of the growth and development of the infant. Elevated BMI during 

pregnancy also places the mom at increased risk of obstetric conditions such as gestational hypertension, 

gestational diabetes, or pre-eclampsia/eclampsia (77). These unfavourable conditions can the have long-

term implications on the mother’s health. Furthermore, infants born to obese mothers or mothers who 

had substantial gestational weight gain are at an elevated risk of developing Type II diabetes (78). 

Conversely mothers with low BMI falling into the underweight category (BMI<18.5) are also at an 

increased risk of preterm delivery and low birthweight/SGA infants (78). Which again can affect infant 

and subsequent child development and place the infant at an increased risk of mortality (44). Again, 

highlighting the necessity to implement interventions tailored to bringing down the prevalence of 

overweight/obesity in South African women, to lower the risk of adverse birth outcomes and improve 

maternal and infant health. 

When discussing maternal BMI in the context of HIV it is important to discuss the physiological 

symptoms and social stigmas that surround HIV. Typically, HIV is associated with weight loss due to 

some side effects associated with the virus and the treatment regimens, and the bodies immune system 

having to work harder in general (79). So, in settings where HIV is prevalent and is associated with a 
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decreased body mass, it is understandable that socially this body type is less desirable, and such a larger 

body type would be considered ideal compared to settings in which HIV is less prevalent (80).  

 

Interaction Between DTG and Maternal Weight 

While DTG has demonstrated it’s exceedingly superior efficacy in comparison to other ART regimens 

there are concerns of other potential side effects of this drug. DTG has also been clinically implicated 

as an obesogenic, however, there is limited data available on the obesogenic properties of DTG and 

how this affects pregnant women and their children (70, 81). The exact mechanism through which DTG 

causes weight gain is not well understood yet, however, studies looking at the body composition 

changes with DTG use, demonstrate that DTG use leads to an altered structure of fat cells. It has also 

been shown to affect adipose tissue which can cause weight gain. Furthermore, it is associated with an 

increased production in collagen types that are linked to adipocyte fibrosis and obesity. It is not yet well 

understood how DTG affects the metabolism in all people living with HIV, and particularly pregnant 

women (82). 

The excess weight gain caused by DTG is  is concerning as overweight/obesity is strongly associated 

with all-cause mortality, particularly cardiovascular diseases (70, 74). This is especially unfavourable 

when we are considering people living with HIV, as they are already immunocompromised and at an 

elevated risk of developing other non-communicable diseases (74). Furthermore, in the South African 

context where half of the adult population is overweight or obese, and worse in women with two thirds 

of South African women being overweight or obese (75). This is a public health concern as DTG has 

been associated with an increase in gestational weight gain (70). It is important that we examine the 

effect maternal weight/BMI has on the pharmacokinetics of DTG and whether it modifies the 

association between DTG use and birth outcomes. 

Emerging research suggests that maternal weight and BMI may interact with ART, including DTG, to 

influence pregnancy outcomes. Some studies indicate that DTG's pharmacokinetics may be affected by 

maternal weight, potentially impacting drug efficacy and safety (8). For instance, overweight and obese 

women might experience altered drug absorption and distribution, necessitating adjustments in dosing 

or monitoring to ensure optimal therapeutic levels. Some evidence suggests that higher maternal BMI 

may exacerbate the risks associated with DTG use in pregnancy (70). However, this area remains under-

explored, and more research is needed to draw definitive conclusions. Exploring the complex interplay 

between DTG, maternal weight, and birth outcomes is essential for developing tailored treatment 

protocols that account for individual patient characteristics. This approach can help optimize both 

maternal and neonatal health outcomes. 
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Gaps in the Literature and Future Directions 

Current Gaps 

As our knowledge and understanding has expanded and advanced drastically when it comes to 

understanding the effects of ART, including DTG on birth outcomes, there are still gaps to be filled in. 

For starters, we have yet to see the long-term health implications on maternal health of taking DTG 

during pregnancy and any metabolic effects that could persist into later life. Furthermore, we lack 

evidence on the effect of in-utero exposure to DTG and the long-term health trajectories on the infants 

born to WLH.  

There have been several different studies globally assessing the health implications of maternal DTG 

use. However, more data is needed from Sub-Saharan African studies looking at the effect of DTG use 

during pregnancy. As the epicentre of the HIV-epidemic it is important to understand the effect of DTG 

in this population. Furthermore, sub-Saharan Africa has unique disease and exposure profile 

characterised by other infectious diseases being prevalent, and differing socioeconomic status, varying 

access to healthcare and an emerging obesity and noncommunicable disease burden. This is especially 

important in South Africa where overweight and obesity is exceptionally high in women of reproductive 

age. 

Additionally, the interaction between DTG and maternal factors such as nutrition, co-infections, and 

genetic variability remains under-researched. Understanding these interactions could help tailor 

interventions to a specific countries needs based on their disease/risk profile. 

Lastly, the differing results when it comes to DTG use and adverse birth outcomes highlight the need 

for greater statistical power when doing these calculations, so studies examining these associations on 

a larger scale could potentially give a more definitive result pertaining to whether or not DTG is 

associated with adverse birth outcomes. 

Future Research Needs 

Conducting research where we follow a cohort of individuals exposed to DTG in utero long-term will 

allow us to determine the long-term health implications of this exposure. These health implications 

could be wide-ranging, necessitating the evaluation of a variety of outcomes such as development, 

cognitive and physical health, and any potential late-emerging complications. 

With the increasing burden of obesity and other noncommunicable diseases in the settings where HIV 

is most prevalent, future research needs to explore the interplay between these risk factors and HIV 

treatment in pregnancy in these populations. Further research into the mechanism underlying weight 

gain associated with DTG, particularly why this weight gain occurs disproportionately in women could 

help address unfavourable outcomes associated with this excess weight and improve birth outcomes. 
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Addressing these research gaps will contribute to the development of more comprehensive clinical 

guidelines and better healthcare practices for managing HIV in pregnancy, ultimately improving 

outcomes for both mothers and their children. 

 

Conclusion 

Summary of Findings 

In summary, the management of HIV in pregnant women through ART is a critical aspect of public 

health, particularly in South Africa, where the prevalence of HIV is high. Dolutegravir (DTG), as a part 

of ART regimens, has shown promise due to its high efficacy and favourable resistance profile. So far 

it has had a positive impact on HIV management and has contributed towards meeting the UNAIDs 

targets to end the AIDS epidemic. While it appears to be the best regimen available to WLH with regards 

to safety and efficacy, there still appears to be an elevated risk associated with SGA and very SGA 

which warrants further investigation and strategy to improve. Furthermore, there are still gaps in the 

evidence, particularly regarding long-term outcomes and the impact of maternal factors like weight and 

BMI. 
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Impact of TLD on Birth Outcomes in South African women: the ORCHID cohort 

Abstract  

Background: The global shift to tenofovir+lamivudine+dolutegravir (TLD) has improved viral 

suppression in pregnant women living with HIV (WLH) but there are limited data on the combined 

impact of HIV and maternal body composition on birth outcomes. 

Methods: We enrolled WLH on TLD and a comparison group of women not living with HIV (WNLH) 

seeking antenatal care at primary health facilities in Cape Town. Gestational age (GA) was determined 

via ultrasound by research sonographer; behavioural and demographic data were collected through 

questionnaires; anthropometry was through clinical examination. Birth outcome data were abstracted 

from medical records, including pregnancy loss (miscarriage and stillbirth), prematurity (<37weeks 

GA), low birthweight (LBW) (<2500g), high birthweight (>400g) and size for GA [including small- 

(SGA) and large-for-GA (LGA) from Intergrowth estimates. Logistic regression models assessed the 

association between HIV/TLD and birth outcomes adjusting for maternal age, BMI, alcohol use and 

education; results are reported as adjusted odds ratios (AOR). 

Results: We followed 1908 women (804 WLH, 1104 HIV-; mean age 28y, median GA at enrolment, 

14w; median BMI at enrolment, 31kg/m2 [IQR, 25-35]. Birth outcomes were known for 1869 women 

(98%) including 65 miscarriages (3.4%), 35 stillbirths (1.9%) and 1769 live births (1735 singletons). 

Overall rates of prematurity, LBW, HBW, SGA, HBW and LGA were 9.4%, 12%, 13%, 4% and 12%, 

respectively, and did not differ between WLH and HIV- women. BMI did not affect the association 

between HIV/TLD and any birth outcome. Independent of HIV/TLD, higher BMI was associated with 

reductions in prematurity, LBW and SGA.  

Conclusion: These results suggest few meaningful differences in birth outcomes between WLH on TLD  

in this setting, where both HIV and obesity are prevalent. Maternal BMI appears to be a more significant 

driver of birth outcomes than HIV in this cohort. 
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Introduction  

Antiretroviral therapy (ART) use during 

pregnancy has decreased vertical transmission 

of HIV and reduced the risk of adverse birth 

outcomes associated with HIV(1). ART 

regimens that include dolutegravir (DTG) have 

been upscaled and implemented as the standard 

of care in South Africa since 2019 as per WHO 

guidelines(2). Studies have shown DTG-

regimens to have superior viral suppression and 

resistance profiles compared to other 

previously recommended regimens(3, 4). With 

the evolution and improvement of ART, there 

has been a corresponding improvement in birth 

outcomes of women on ART during 

pregnancy(5, 6). Despite these improvements in 

the risk of preterm delivery (PTD) and LBW in 

WLH it essential to study these and other 

outcomes in the context of HIV because of the 

complex interplay between HIV, ART and 

maternal and foetal health. 

Overweight and obesity are increasing in 

prevalence, particularly in sub-Saharan Africa 

(SSA), reaching nearly 35% in women of 

childbearing age and 68% in South Africa(7, 8). 

This emerging public health concern is further 

compounded by DTG which demonstrates 

obesogenic properties, with studies indicating 

this weight gain is not uniform between men 

and women(9). Women are at an increased risk 

of weight gain when initiating DTG, 

highlighting the importance of studying its 

effect during pregnancy. This is particularly 

concerning because maternal 

overweight/obesity during pregnancy increases 

the risk of metabolic issues, adverse birth 

outcomes (miscarriage, stillbirth, PTD, 

LGA/macrosomia), and obstetric conditions 

like gestational diabetes and pre-eclampsia(10-

12). Alongside this increase in 

overweight/obesity among women in Africa 

there has also been a trend of increasing 

macrosomia or LGA infants being born leading 

to an increase in childhood obesity and diseases 

associated with obesity, particularly diabetes 

and hypertension later in life(13, 14). 

HIV disproportionately affects pregnant 

women in South Africa, comprising 30% of the 

population(15). This high prevalence 

underscores the need for targeted, safe, and 

effective interventions in this population. The 

co-existence of risk factors and their potential 

interplay with ART makes it important for us to 

study the effect of ART regimens in the South 

African population, to ensure we are delivering 

the best interventions, and tailor interventions 

to our population as needed. Despite both HIV 

and obesity being risk factors for adverse birth 

outcomes, little is known about the interplay of 

obesity and DTG use during pregnancy and 

their effect on birth outcomes. This analysis 

assessed the impact of DTG use during 

pregnancy on adverse birth outcomes in South 

African women, specifically those on TLD in a 

large primary healthcare-based cohort. 

Methods  

Study Population 

The ORCHID study, a prospective cohort study 

examining the metabolic implications of DTG 

use during pregnancy on maternal and infant 

health in Cape Town enrolled women at the 
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Gugulethu Community Health Centre Midwife-

Obstetric Unit. This primary healthcare facility 

provides comprehensive HIV/ART integrated 

antenatal, obstetric, and infant care. A research 

counsellor recruited pregnant women seeking 

antenatal care (ANC) at their first routine visit 

between 2021 and 2023.  

Participants enrolled in this study were 

pregnant women aged 16 years or older with 

confirmed pregnancy based on a urine test with 

viable gestation <19 weeks by ultrasound. For 

WLH those with known HIV status had this 

confirmed based on medical record review and 

HIV antibody testing during ANC. WNLH 

were enrolled into the control arm. Women in 

both groups followed identical study 

procedures. HIV testing of women who tested 

negative at the first ANC visit occurred at 

subsequent study visits, all women who 

seroconverted during ANC were removed from 

this analysis. At the first ANC visit, WLH not 

on ART initiated TLD, and WLH on other 

regimens switched to TLD, consequently, all 

WLH in this cohort used TLD as per routine 

health care guidelines(16). Participants were 

excluded from the cohort if they were on 

treatment for any form of diabetes or 

hypertensive disorders based on self-report 

and/or medical record review.  

Data Collection 

All participants completed questionnaires at 

enrolment establishing maternal demographics, 

including maternal age and education, and 

medical history. Participants completed 

procedures measuring resting energy 

expenditure, body composition, including 

weight and height, and had an ultrasound 

administered by a research sonographer using 

standardised assessment protocols. Medical 

record review determined obstetric history, 

ART history and ART start dates for WLH. 

Obstetric data abstraction was done after 

delivery from infant Road to Health booklets 

and Maternity case records to determine birth 

outcomes. Further questionnaires were 

administered to collectadditional information 

on patients like questionnaires relating to 

alcohol use. 

Exposure Definitions 

The primary exposure of interest is HIV/DTG 

exposure. HIV status was determined at 

enrolment. DTG status was based on the timing 

of DTG initiation, categorised as those who 

initiated DTG prior to pregnancy (DTG 

continuers), those who switched from another 

ART regimen (DTG switchers), and those who 

initiated ART during pregnancy at enrolment 

(DTG Naïve). A secondary exposure explored 

in this analysis is maternal BMI category. 

Maternal BMI was calculated using maternal 

weight and height, measured by ORCHID 

research staff. Due to the distribution of 

maternal BMI in this cohort, the BMI categories 

underweight (<18.5 kg/m2), and healthy weight 

(18.5-24.9 kg/m2) have been combined, as have 

the categories Obese Class II (35-39.9 kg/m2) 

and Obese Class III (>40 kg/m2), such that the 

distribution across the four BMI categories 

(under/healthy weight (<24.9kg/m2) 

overweight (25-29.9 kg/m2), Obese class I (30-
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34.9kg/m2), and Obese class II/III (>35kg/m2) 

is relatively even(17). 

Outcomes definitions 

The outcomes of interest are live birth or 

pregnancy loss, gestational age (GA) at delivery, 

birthweight, and size for GA. Pregnancy loss 

includes ectopic pregnancy, termination of 

pregnancy, miscarriage or stillbirth.  

Miscarriages were defined as pregnancy losses 

that occurred prior to 28 weeks GA, stillbirths 

were defined as foetal deaths that occurred after 

28 weeks before or during labour(18). GA at 

delivery, determined by ultrasound and 

recorded as complete weeks is categorized as 

term (≥37 weeks) and PTD (<37 weeks), 

categorised as late preterm (34–37 weeks), 

moderately preterm (32–34 weeks) or very 

preterm (<32weeks). Birthweight, abstracted 

from maternal/infant records, is categorised as: 

high birthweight (HBW: ≥ 4000g), normal 

(2500-3999g), and low (<2500g). LBW is 

further categorized into LBW (1500-2500g) 

and very LBW (<1500g). Size for GA is 

categorised as small (SGA: <10th percentile), 

appropriate (AGA: 10-90th percentile), and 

large (LGA: >90th percentile) for GA based on 

INTERGROWTH-21st Project Standards(19).  

Statistical analysis  

Statistical analysis for this study was done 

using R (Version 4.3.3). Maternal demographic 

data was summarised using median and 

interquartile range for continuous variables and 

proportions to describe categorical data. For 

this analysis we focused on three main exposure 

categories; WLH versus WNLH; A comparison 

of the effect across BMI categories, Among 

WLH, DTG naïve and DTG switchers versus 

DTG continuers. Birth outcomes were 

evaluated using proportions. Among live 

singleton births associations between exposure 

and outcomes PTD, LBW, HBW, SGA and 

LGA were determined using multivariate 

logistic regression models. Confounders were 

identified a priori and based on confounders 

identified in previous literature. Confounders 

included maternal age, maternal education, 

maternal BMI at enrolment, maternal alcohol 

use since conception, and for WLH HIV RNA 

viral load (copies/L) at enrolment(20, 21). 

Model fit was assessed using Akaike’s 

Information Criterion and Bayesian 

Information Criterion. Results were presented 

as odds ratios, 95% confidence intervals and p-

values.  

Ethical Approval 

The ORCHID study followed a protocol 

reviewed and approved by the University of 

Cape Town HREC, Columbia University, and 

Ann & Robert H. Lurie Children’s Hospital of 

Chicago/Northwestern University IRBs(22). At 

enrolment, all participants completed informed 

consent forms in the participants' home 

language (isiXhosa, Afrikaans, or English). 

Informed consent included access to clinical 

records to obtain birth outcome data for this 

analysis. Ethical approval for this analysis 

followed a protocol reviewed and approved by 

the University of Cape Town HREC (Approval 

955/2024).  
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Results  

The ORCHID study enrolled 1920 women, 

comprised of 1104 and 804 WLH. 12 women 

seroconverted during pregnancy and were 

removed from this analysis. Table 1 shows 

baseline demographic and clinical 

characteristics for the participants overall and 

Table 1: CharacterisƟcs of ORCHID 1908 parƟcipants at their first ANC visit by HIV status. 

CharacterisƟc Overall, N = 1,9081 NegaƟve, N = 1,1041 PosiƟve, N = 8041 

Maternal Age, years 28.0 (23.9, 32.5) 26.5 (22.9, 30.9) 30.0 (25.6, 34.5) 

EducaƟon Level     

    Any Basic EducaƟon 43 (2%) 17 (2%) 26 (3%) 
    Any Highschool 1705 (90%) 973 (89%) 732 (92%) 

    Any Postsecondary EducaƟon 143 (8%) 101 (9%) 42 (5%) 
    Unknown 17 13 4 
Weight (kg) 74 (62, 89) 75 (63, 89) 73 (62, 88) 
    Unknown 5 3 2 
Height (cm) 159.5 (155.5, 163.6) 159.3 (155.5, 163.5) 159.6 (155.5, 163.7)
    Unknown 5 3 2 

BMI (kg/m2)    
    Under/Healthy weight 502 (26%) 269 (24%) 233 (29%) 

    Overweight 519 (27%) 304 (28%) 215 (27%) 
    Obese class 1 446 (23%) 256 (23%) 190 (24%) 

    Obese class 2&3 436 (23%) 272 (25%) 164 (20%) 

    Unknown 5 3 2 

GestaƟon at A1b (weeks)    
    Median (IQR) 13.9 (10.9, 16.6) 13.9 (10.7, 16.3) 14.0 (10.9, 16.9) 
    <13 weeks  774 (41%) 448 (41%) 326 (40%) 

    ≥13 weeks  1134 (51%) 656 (50%) 478 (53%) 
Gravidity    

    Primigravida 605 (32%) 443 (40%) 163 (20%) 

    MulƟgravida  1,302 (68%) 661 (60%) 641 (80%) 
Previous pregnancy loss 313 (22%) 176 (22%) 137 (22%) 

Alcohol Use    
    Yes 325 (17%) 180 (16%) 145 (18%) 

    No 1583 (83%) 924 (84%) 659 (88%) 
Smoking (ever)    

    Yes 196 (10%) 106 (10%) 90 (11%) 

    No 1712 (90%) 998 (90%) 714 (89%) 
Drug Use    

    Yes 26 (1%) 14 (1%) 12 (1.5%) 
    No  1882 (99%) 1090 (99%) 792 (98.5%) 

CD4 cell count at A1, (cells/ml)    
    =<200   58 (7%) 
    200-350   138 (18%) 
    350-500   179 (23%) 
    >500   403 (52%) 
Unknown   26 
HIV RNA viral load at A1 (copies/L)    
    <50   583 (78%) 
    <1000   106 (14%) 
    >1000   63 (8%) 
    Unknown   52 
DTG iniƟaƟon    
    DTG conƟnuer   590 (73%) 
    DTG Naïve   92 (11%) 
    DTG Switcher   122 (15%) 

1 Median (IQR); n (%) 
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by HIV status. This cohort had an average 

maternal age of 28 years overall. WLH were 

older, median age 30 (IQR: 25.6–34.5) vs 26.5 

(IQR: 22.9–30.9), less educated (post-

secondary: 5% vs 9%), weighed less median 

weight 73kg (IQR: 62–88) vs 75kg (IQR: 63–

89), had a greater proportion of under/healthy 

weight (29% vs 25%), alcohol use (18% vs 

16%), smoking (11% vs 10%), and used drugs 

(1.5% vs 1%) compared to WNLH. Birth 

outcomes were known for 1869 participants 

(98%). There is no difference in proportion for 

known outcomes, live births or pregnancy 

losses between WLH and WNLH. More twins 

occurred among WLH (3%) compared to 

WNLH (1%). Miscarriages occurred more in  

(3.8%) and stillbirths occurred more in WLH 

(2.4%)(Supplementary Table 1). 

Table 2 shows the birth outcomes for 1731 

singleton live births stratified by HIV status and 

BMI category. Four observations are missing 

due to missing BMI data.  

Gestational Age 

Term deliveries (≥37 weeks) were consistent 

across BMI categories. Among , proportions 

ranged from 89% to 91%, and among WLH, 

from 88% to 92%. PTD was slightly higher in 

the under/healthy weight category (11% 

WNLH, 12% WLH) than in higher BMI groups. 

The lowest PTD rates were in Obese Class 1 (7% 

WNLH, 8% WLH). Most PTD cases were late 

preterm (34–37 weeks), with similar trends 

across BMI categories. Logistic regression 

models found no association between PTD and 

DTG (OR: 1.08, 95% CI:0.77-1.49). Higher 

BMI categories were associated with decreased 

odds of PTD, particularly in Obese class II/III 

where odds of PTD decreased by 41% 

compared to under/healthy weight (Table 3). 

Birthweight 

Table 2: Birth Outcomes by HIV status and BMI category 

  HIV NegaƟve  HIV PosiƟve 

 
 
Outcome 

Overall, N = 
1,7311 

Overall, N 
= 10071 

Under/ 
Healthy 

weight, N 
= 2451 

Overweight, 
N = 2781 

Obese class 1, 
N = 2351 

Obese class 
2&3, N = 2491 

 Overall, N = 
7241 

Under/ Healthy 
weight, N = 

2121 

Overweight, 
N = 1961 

Obese class 
1, N = 1701 

Obese class 
2&3, N = 

1461 

GestaƟonal Age (weeks)             

  Term (≥37) 1,562 (91%) 909 (91%) 217 (89%) 217 (89%) 250 (91%) 223 (90%)  653 (90%) 186 (88%) 179 (91%) 157 (92%) 131 (90%) 

  Preterm Delivery (Any,<37) 162 (9%) 91 (9%) 28 (11%) 24 (9%) 15 (7%) 24 (10%)  71 (10%) 26 (12%) 17 (9%) 13 (8%) 15 (10%) 
    Late preterm (34-37) 104 (6.0%) 57 (6%) 17 (7%) 15 (6%) 7 (3%) 18 (7%)  47 (6.5%) 17 (8%) 12 (6%) 7 (4%) 11 (8%) 
    Moderately preterm (32-34) 25 (1%) 16 (1%) 5 (2%) 3 (1%) 6 (3%) 2 (1%)  9 (1.2%) 3 (1%) 2 (1%) 2 (1%) 2 (1%) 
    Very preterm (<32) 33 (2%) 18 (2%) 6 (2%) 6 (2%) 2 (1%) 4 (2%)  15 (2.1%) 6 (3%) 3 (2%) 4 (2%) 2 (1%) 
  Unknown 7 7 0 4 1 2  0 0 0 0 0 
Birthweight, g             
  Median (IQR) 3,110 (568) 3200 

(2840, 
3490) 

3075 
(2720, 
3360) 

3100 (2770, 
3445) 

3240 (2883, 
3508) 

3350 (3044, 
3664) 

 3100 (2778, 
3420) 

2980 (2655, 
3240) 

3080 (2790, 
3410) 

3260 (2905, 
3495) 

3270 (2870, 
3610) 

High birthweight (>4000) 66 (4%) 39 (4%) 5 (2%) 8 (3%) 7 (3%) 19 (8%)  27 (4%) 3 (1%) 7 (4%) 7 (4%) 10 (7%) 
Normal Birthweight (≥2500) 1,409 (84%) 817 (85%) 197 (83%) 221 (85%) 198 (88%) 201 (83%)  592 (83%) 164 (80%) 163 (85%) 147 (88%) 118 (81%) 
 Low Birthweight (any) (<2500) 201 (12%) 109 (11%) 36 (15%) 30 (12%) 21 (9%) 22 (9%)  92 (13%) 40 (19%) 22 (11%) 13 (8%) 17 (12%) 
     Low birthweight (1500-2500) 177 (11%) 92 (9%) 32 (13%) 25 (10%) 17 (7%) 18 (7%)  85 (12%) 37 (18%) 21 (10.5%) 11 (7%) 16 (11%) 
     Very low birthweight (<2500) 24 (1%) 17 (2%) 4 (2%) 5 (2%) 4 (2%) 4 (2%)  7 (1%) 3 (1%) 1 (0.5%) 2 (1%) 1 (1%) 
    Unknown 55 42 7 19 9 7  13 5 4 3 1 
Wight Z-score  -0.23 (1.10) -0.19 (1.09) -0.46 (0.92) -0.40 (1.04) -0.10 (1.07) 0.21 (1.17)  -0.29 (1.11) -0.66 (1.03) -0.31 (1.05) -0.11 (1.10) 0.08 (1.15) 
 185 (12%) 58 12 24 11 11  26 9 9 5 3 
Size for gestaƟonal age (cenƟle)              
    >90th (LGA) 148 (9%) 88 (9%) 8 (3.4%) 11 (4.3%) 23 (10%) 46 (19%)  60 (9%) 9 (4%) 16 (9%) 12 (7%) 23 (16%) 
    10-90th (AGA) 1224 (78%) 711 (75%) 177 (76%) 187 (74%) 173 (77%) 174 (73%)  513 (73%) 134 (66%) 140 (75%) 135 (82%) 104 (73%) 
    <10th (SGA) 275 (17%) 150 (16%) 48 (21%) 56 (22%) 28 (13%) 18 (8%)  125 (18%) 60 (30%) 31 (17%) 18 (11%) 16 (11%) 
    Unknown 84 58 12 24 11 11  26 9 9 5 3 

1 Mean (SD); n (%) 
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Median birthweight increased with higher BMI 

across both HIV statuses. Among , median 

birthweight ranged from 3,075g (under/healthy 

weight) to 3,350g (Obese Class II/III). Similarly, 

in WLH, median birthweight increased from 

2,980g (under/healthy weight) to 3,270g 

(Obese Class II/III). 

HBW occurred similarly between HIV groups 

with both groups having a proportion of 4% 

overall. HBW increased with rising maternal 

BMI, from 2% among WNLH women and 1% 

among WLH in the underweight/healthy weight 

category, to 8% and 7% respectively in the 

obese class II/III category. Logistic regression 

models found no association between DTG and 

HBW (OR: 0.91, 95%CI: 0.54-1.53), but did 

find an increased odds of HBW among Obese 

Class II/III women (OR: 4.18, 95% CI: 1.92-

10.13)(Table 3). 

LBW (<2,500 g) was more common among 

under/healthy weight (15% WNLH, 19% WLH) 

and less common in women in higher BMI 

categories. Logistic regression models found no 

association between DTG use and LBW (OR 

1.17; 95%CI: 0.87-1.57). However, higher BMI 

categories were associated with decreased odds 

of LBW in by 33% in overweight, 51% obese 

class I, and 43% obese class II/III compared to 

under/healthy weight (Table 3). 

SGA 

Overall, there was a greater prevalence of SGA 

in WLH (18%) than WNLH (16%). The 

prevalence of SGA was higher in under/healthy 

weight (21% WNLH, 30% WLH). SGA rates 

declined with increasing BMI, with lowest 

proportion observed in Obese Class II/III (8% 

WNLH, 11% WLH). Examining the weight 

 

Figure 1: Histogram describing birthweight (a) cenƟles overall, (b) cenƟles by HIV status, (c) z-
scores overall, and (d) z-scores by HIV status   
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centile and z-scores we see a relatively normal 

distribution overall and by HIV status. However, 

we see a greater proportion of infants born to 

WLH in the lower 10 percentile (Figure 1b). 

The distribution of the z-scores demonstrates 

that the mean birthweight was greater in  than 

WLH. A greater proportion of very SGA (<3rd 

percentile) occurred in WLH compared to 

WNLH. The mean birthweight z-score was 

below 0 for both WLH and WNLH; meaning 

mean birthweight in this cohort was lower than 

the global average, but even lower in WLH. 

This demonstrates the birthweights in this 

cohort were lower than average in the global 

context. Logistic regression models found no 

association between DTG use and SGA (OR: 

1.18, 95% CI:0.91-1.52). Higher BMI 

categories were associated with a decreased 

odds of SGA, in all BMI categories compared 

to under/healthy weight (Table 3). 

LGA 

LGA became more prevalent with increasing 

BMI. LGA prevalence was the same across HIV 

status (9%) but differed in distribution by BMI. 

LGA occurred 4% WLH vs 3%  in 

under/healthy weight, 9% WLH vs 4% in 

overweight, 7% WLH vs 10%  in obese class I, 

and 16% WLH vs 19%  in obese class II/III. 

Logistic regression models found no 

association between DTG use and LGA (OR: 

0.92, 95% CI:0.65-1.30). Higher BMI 

categories were associated with an increased 

odds of LGA, by 2.03-fold in Obese class I and 

4.57-fold in obese class II/III compared to 

under/healthy weight (Table 3).  
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Overall Table 2 shows that a higher BMI was 

associated with improved birth outcomes, such 

as lower  PTD and SGA, and higher 

birthweights. These trends were consistent 

across both WNLH and WLH, although 

proportions were slightly higher among WLH, 

particularly in lower BMI categories. 

Associations between DTG use and adverse 

birth outcomes were unaffected by maternal 

BMI despite maternal BMI being 

independently associated with adverse birth 

outcomes. These results demonstrate that the 

major driver of adverse birth outcomes in this 

cohort is likely maternal BMI rather than 

maternal HIV/ART status. 

Timing of DTG initiation 

Supplementary figure 1 shows a comparison of 

adverse birth outcomes by DTG initiation 

compared to WNLH. This figure shows that 

overall rates of preterm delivery (PTD) are 

similar across the four groups; however, very 

preterm deliveries occur most frequently 

among DTG-naïve women. (Supplementary 

Figure1a). LBW occurs similarly across all 

groups (Supplementary Figure1b). The 

proportion of SGA, AGA, and LGA occurred 

similarly across DTG initiation groups 

(Supplementary Figure 1c). Multivariate 

logistic regression models showed no 

association between DTG initiation and any 

adverse birth outcomes (Table 4). Similarly, 

these models show us the higher BMI 

categories are protective against LBW and SGA, 

while maternal alcohol use since conception 

over doubled the odds for LBW and SGA. 

Discussion 

This study investigated the impact of maternal 

DTG use and BMI on birth outcomes in South 

Table 4: Model results describing the adjusted odds of preterm delivery, low birthweight, SGA and LGA   

 Preterm Delivery Low Birthweight SGA LGA 
DTG IniƟaƟon AOR (95% CI) p-value AOR (95% CI) p-value AOR (95% CI) p-value AOR (95% CI) p-value 

    DTG ConƟnuer Ref.  Ref.  Ref.  Ref.  

    DTG Switcher 1.60 (0.81 – 3.04) 0.159 1.29 (0.68-2.35) 0.421 1.11 (0.59-2.03) 0.733 1.49 (0.62-3.24) 0.342 

    DTG Naive 1.20 (0.48 – 2.77) 0.680 0.59 (0.22-1.42) 0.270 1.02 (0.45-2.18) 0.961 0.81 (0.18-2.63) 0.751 

HIV RNA viral load at A1 
(copies/L) 

        

    <50 Ref.  Ref.  Ref.  Ref.  
    <1000 0.38 (0.14 – 0.91) 0.043 0.58 (0.25-1.21) 0.168 0.96 (0.49-1.83) 0.915 0.85 (0.31–2.02) 0.728 

    >1000 1.49 (0.66 – 3.22) 0.319 1.44 (0.64-3.08) 0.366 1.18 (0.52-2.54) 0.684 0.22 (0.01-1.16) 0.154 

BMI category         
    Under/Healthy Ref.  Ref.  Ref  Ref.  

    Overweight 0.83 (0.44 – 1.53) 0.550 0.74 (0.43-1.28) 0.289 0.56 (0.33 – 0.94) 0.030 1.72 (0.73-4.23) 0.222 

    Obese class 1 0.63 (0.31 – 1.24) 0.193 0.40 (0.20-0.74) 0.005 0.30 (0.16-0.59) <0.001 1.47 (0.60-3.73) 0.407 

    Obese Class 2&3 0.99 (0.50 – 1.90) 0.976 0.64 (0.34-1.16) 0.149 0.32 (0.16-0.59) <0.001 2.80 (1.22-6.85) 0.018 

Maternal Age (years) 0.97 (0.93 – 1.01) 0.193 1.01 (0.97-1.05) 0.567 1.01 (0.98-1.05) 0.548 1.04 (0.99-1.09) 0.135 

Alcohol Use Na na 2.24 (1.36–3.62) 0.001 2.46 (1.52-3.96) <0.001 0.71 (0.29-1.55) 0.430 

OR = Odds RaƟo. CI = Confidence Interval. Ref. = Reference category 
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African women accessing ANC at primary 

health care facilities. We found there is no 

significant associations between DTG use 

during pregnancy and adverse birth outcomes 

PTD, LBW, HBW, SGA, and LGA compared to 

WNLH. Our findings show that the current 

standard of care regimen is safe during 

pregnancy, however, maternal BMI is a major 

driver of adverse birth outcomes, indicating a 

need for targeted efforts toward reaching and 

maintaining a healthy BMI in women of 

reproductive age. 

Similar proportions of PTD occurring 

regardless of HIV status are reassuring for two 

reasons. Since the implementation of DTG, we 

have seen the improved incidence of PTD in 

women that take DTG-based regimens 

compared to previous regimens(4, 6). Our 

results suggest little difference in PTD between 

women taking DTG and . Furthermore, the 

incidence of PTD across all countries part of the 

WHO is 10%, we observed a similar prevalence 

in our cohort (9%)(23), suggesting perhaps 

even lower risk of PTD in women taking DTG. 

These results are encouraging as PTD is the 

biggest risk factor for infant mortality(24). The 

greatest proportion of very PTD occurred in 

DTG naïve individuals. DTG naïve women 

initiated DTG at study enrolment and this 

cohort had a median gestation of 14 weeks at 

enrolment. Inflammation associated with HIV 

infection as well as immune activation can 

affect placental function. Disruption of 

placental functions linked to very preterm 

delivery(25, 26). 

We found no significant difference in the 

occurrence of LBW in WLH compared to 

WNLH. Pregnant women on DTG-based 

regimens have a decreased risk of delivering 

LBW infants compared to previous regimens, 

results that show few differences across HIV 

status are encouraging(4, 6). LBW occurred at 

a slightly higher proportion (12%) compared to 

the average 10% we usually see in SSA(27). 

The mean birthweight for both WLH and 

WNLH is a z-score indicating the mean 

birthweight in this cohort is lower than the 

global average, with WLH having a slightly 

lower mean birthweight compared to WNLH. 

Given the distribution of BMI, as well as low 

PTD in this cohort this LBW could be because 

of other factors like poor maternal nutrition, 

nutrient deficiencies or socioeconomic factors 

causing stress/exposure to toxins(28-30). 

Further research into the cause of LBW in 

South Africa should be done so we can identify 

the cause and tailor interventions appropriately. 

The timing of DTG initiation had no impact on 

birthweight. 

This cohort had a lower prevalence of HBW 

than expected of SSA where prevalence of 

HBW is approximately 8%, we had a 

prevalence of 4% overall and in each HIV 

group. This could be expected given the 

previously discussed lower than average 

birthweight(31). While it could be considered 

good as this should be indicative of a decreased 

risk of childhood obesity and linked diseases in 

this cohort, given the elevated maternal BMI in 

this cohort we would expect a greater 

proportion of HBW, so this lower proportion 
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could be again indicative of poor maternal 

nutrition or exposure to stress/toxins. HBW is 

not regularly studied as an adverse birth 

outcome, however, its relevance may increase 

with rising obesity rates, warranting 

comparison with future findings. 

This study found no association between SGA 

and DTG use during pregnancy compared to 

WNLH, while previous studies have found this 

association(31, 32). Approximately three 

quarters of this cohort had a BMI over 25kg/m2 

which is associated with higher birthweight. 

This higher BMI could be masking any 

potential SGA effects. Examining very SGA 

(<3rd percentile) we see a greater proportion of 

these cases occur in WLH compared to WNLH 

similar to a study Botswana(33). This study 

found that the risk of very SGA was higher in 

women with CD4 > 500 than CD4 < 500 

cells/mm3 when baseline weight was >70 kg, 

but lower if baseline weight was 60 kg or less. 

This indicates inflammatory properties of 

decreased immune response is likely linked to 

this risk of very SGA(34). The timing of DTG 

initiation did not impact SGA.  

This study utilised data from a large prospective 

cohort study in a setting where both HIV and 

maternal obesity are prevalent. The study 

design provides us detailed measures, 

particularly GA and maternal BMI, allowing us 

to control for confounding and make inferences 

of the source population. It is relevant as few 

studies have examined both DTG and maternal 

BMI in this population. However, this study 

design also resulted in some loss to follow up 

and missing maternal BMI and outcomes data 

in our cohort which could have attenuated 

associations. Furthermore, with the 

improvement of birth outcomes of women on 

ART we now require larger sample sizes to 

detect associations, our study may have been 

underpowered to detect these. The nature of 

data collection/record abstraction for the infant 

outcomes data leaves room for human error 

which could have introduced random error, 

potentially attenuating any association. Given 

the unique disease profile of South Africa the 

results may not be generalizable to other 

populations outside SSA. 

 

Conclusion 

These results suggest few meaningful 

differences between WLH on DTG-based 

regimens and . This reinforces previous studies 

that demonstrate DTG is a safe and efficacious 

regimen, indicating that the current guidelines 

by the WHO for DTG-based regimens to be 

prescribed to all people living with HIV is the 

best regimen, even for pregnant women. From 

this study we see maternal BMI seems to be a 

major driver for adverse birth outcomes, 

particularly those related to birthweight and 

size for gestational age, but it does not seem to 

alter the association between DTG use during 

pregnancy and adverse birth outcomes when 

comparing birth outcomes to  suggesting efforts 

need to be made toward reaching and 

maintaining a healthy weight in women of 

reproductive age. 
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Supplementary Material 

Supplementary Table 1: Table describing outcome data by HIV status  

 Overall, N = 1,9081 NegaƟve, N = 1,1041 PosiƟve, N = 8041 
Known outcome 1869 (98%) 1080 (98%) 789 (98%) 
Unknown outcome 39 (2%) 24 (2%) 15 (2%) 
Outcome    
    Live Birth 1,769 (95%) 1,023 (95%) 746 (95%) 
        Single Live Birth 1735 (93%) 1,010 (94%) 724 (92%) 
        Twins 34 (2%) 13 (1%) 21 (3%) 
    Pregnancy Loss 100 (5.4%) 57 (5.3%) 43 (5.4%) 
        miscarriage 65 (3.5%) 41 (3.8%) 24 (3%) 
        sƟllbirth 35 (1.9%) 16 (1.5%) 19 (2.4%) 

1 n (%) 
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Supplementary Figure 1: Birth outcomes by DTG IniƟaƟon (a) GestaƟonal age at delivery, (b) weight 
at delivery, (c) size for gestaƟonal age at delivery. 
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Research Protocol   

1.  Introduction  

  

1.1 Background   

World Health Organisation (WHO) recommends the use of antiretroviral therapy 

(ART) for all pregnant women living with HIV (WLHIV), primarily for their own health 

and prevention of mother-to-child transmission.1  ART use during pregnancy has 

significantly aided in the prevention of mother-to-child transmission of HIV.2,3  

Untreated maternal HIV in pregnancy has been associated with increased incidence 

of adverse birth outcomes namely incidence of stillbirth, preterm delivery (PTD), low 

birthweight (LBW), and small for gestational age (SGA) compared to women not 

living with HIV (WNLH).4 WLHIV on ART, particularly older regimens, have in the 

past been shown to be at greater risk of these adverse birth outcomes compared 

with WNLH.5-7 More recent studies have shown that contemporary ART regimens are 

relatively safe and decrease the risk of adverse birth outcomes compared to WLHIV 

not taking ART.8  In recent years, dolutegravir (DTG)-based ART regimens, namely 

Tenofovir, Lamivudine and DTG (TLD) has been shown to be more effective at 

suppressing HIV viral load.9,10 Consequently, this regimen has been scaled up and 

implemented as part of the standard of care HIV treatment in South Africa as per 

WHO guidelines.2,3,11,12 However, little is known about the association between DTG 

use during pregnancy and adverse birth outcomes.   

Pregnancy is a crucial time in a woman’s health and any adverse metabolic 

outcomes can have long-term effects on a woman's health. DTG has been shown to 

be obesogenic.13,14 This is a concern in pregnancy as overweight and obesity pose 

further risks to pregnancy as they are associated with adverse birth outcomes such 

as miscarriage, stillbirth, PTD, and large for gestational age (LGA) babies among 

other further complications like gestational diabetes and pre-eclampsia.15,16 

Overweight/obesity also poses a risk to the metabolic health of the mother which can 

have long-lasting effects. These adverse metabolic effects associated with 

overweight/obesity can have a further impact on foetal, neonatal, and subsequent 

child development. 17,18  
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With the development of new and improved drugs and the evolution of ART 

regimens, we must thoroughly investigate the effects each drug has on various 

health outcomes, including pregnancy and birth outcomes to ensure that the 

treatment the population is receiving is having the best improvement of the 

individuals' health while having the least possible adverse consequences. This 

highlights the necessity for this study as it will allow us to determine the effect of 

DTG a relatively new ARV on birth outcomes specifically in South Africa.   

   

1.2 Rationale  

  

South Africa as an upper middle-income country in sub-Saharan Africa is a unique 

disease setting in that there are very high levels of obesity particularly in women 

(67%) however it is also burdened with similar disease burdens as the LMIC’s such 

as infectious diseases like HIV.19,20 This makes it important to study the co-existence 

of these diseases in a population, so we can tailor interventions appropriate to the 

local context.  

  

DTG use in pregnancy was previously not recommended as it was thought to have 

been unsafe during pregnancy as early studies had shown associations with DTG 

use and neural tube defects.21 Several studies since have demonstrated that this is 

not the case. Some studies have shown that regimens that include DTG have similar 

birth outcomes to the previous efavirenz base regimen, other studies have shown 

that it has better birth outcomes than any other regimen and produces birth outcome 

results closest to WNLH.22-24  

  

Obesity rates are increasing, this poses a risk to maternal and child health as 

maternal BMI has a significant association to pregnancy outcomes.25,26 

Maternal obesity is associated with risk to both maternal and fetal health with 

potential long-term consequences. Maternal obesity puts the mom at risk of 

gestational diabetes and preeclampsia.27 Maternal obesity is also associated 

with an increased risk of stillbirth and congenital abnormalities in the child. 
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Children born to obese women are also at an increased risk of diabetes.15 

Obesity during pregnancy is also linked to large for gestational age 

babies/macrosomia babies and this can affect the development of the child. 18,28 

Studies have shown that the effect of maternal BMI does seem to affect the 

association between maternal HIV status and adverse birth outcomes as when 

adjusting for age the association between HIV status and birth outcomes 

disappears.4,29  

  

Preterm birth is a complicated outcome that is usually brought about by some 

sort of disruption in the process of pregnancy.30-32 Preterm birth can be brought 

about via several complex pathways like infection, maternal or foetal stress, 

uterine overdistension, or maternal health conditions such as hypertension for 

example.33 Preterm birth can influence the development of the infant, increase 

the risk long long-term health issues like asthma, and increase the risk of infant 

mortality.33  

  

Low birthweight as an independent birth outcome is not particularly meaningful 

as an outcome alone. Low birthweight is usually caused by prematurity, growth 

restriction, or both.34 SGA is also usually associated with a growth 

restriction.33,35 Low birthweight/SGA are unfavourable outcomes as they have a 

strong association with infant mortality, they also inhibit growth and 

development in the child and are associated with non-communicable diseases 

later on in life.36 LGA is often associated with higher maternal/BMI, large 

gestational weight gain, or gestational diabetes. LGA is an unfavourable birth 

outcome as it places the infant at an increased risk of infant mortality and a 

subsequent lifelong risk of obesity, type 2 diabetes and cardiovascular 

disease.37  The underlying mechanisms that cause these adverse birth 

outcomes need to be further studied in order to be understood but some 

general factors associated with adverse birth outcomes include maternal health 

and socioeconomic status, as well as HIV/ART exposure.32 Studies have 

shown that ART during pregnancy including DTG can be associated with an 

increased risk of pregnancy loss, preterm birth, low birthweight, and SGA.37,38  
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2.  Aims and Objectives  

2.1 Aims  

To investigate the impact of maternal DTG use on adverse pregnancy and birth 

outcomes in South African women.  

  

2.2 The specific objectives of this study are:  

• To determine the association between DTG use and adverse pregnancy 

and birth outcomes (pregnancy loss, gestational age at delivery, 

birthweight, and size for gestational age), overall and by timing of DTG 

initiation (before or during pregnancy).  

• To determine whether maternal BMI at enrolment modifies these 

associations between all outcomes.  

  

3.  Methodology  

3.1 Study Design  

This secondary analysis will involve analysing data collected from participants 

of the parent ORCHID study conducted at primary health care antenatal care 

(ANC) facilities in Cape Town. The ORCHID study was undertaken to assess 

the obesogenic impact of DTG use during pregnancy in WLHIV and their 

children. The ORCHID study was a prospective cohort study enrolling first 

trimester pregnant women at their first ANC) visit, with followup through to 24 

months postpartum. This secondary analysis will utilize birth outcome data from 

this cohort to determine the association between maternal DTG use and 

adverse birth outcomes.  

  

3.2 Study Setting   

The ORCHID study was conducted at the Gugulethu and Mitchells Plain 

Community Health Centres (CHCs) Midwife-Obstetric Units (MOU). These 

primary healthcare facilities provide comprehensive HIV/ART integrated 

antenatal, obstetric, and infant care for low-risk pregnancies. Higher-risk 
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pregnancies were referred to secondary (Mowbray Maternity Hospital) or 

tertiary (Groote Schuur Hospital) level obstetric facilities.   

  

3.3 Study Population and Sampling   

Women in the parent study were recruited by a research counsellor who 

assessed the eligibility of potential participants. Convenience sampling was 

used as women seeking antenatal at the MOUs were enrolled in the study. 

Enrolment was distributed across three main   exposure categories by HIV 

status and DTG use:   

(i) WLHIV who initiated DTG-based ART during the current pregnancy 

(iDTG);   

(ii) WLHIV initiated DTG-based ART before pregnancy and continued DTG 

through pregnancy (cDTG); and   

(iii) Women without HIV infection (HIV-)  

  

The All participants enrolled in the ORCHID study who have pregnancy or birth 

outcomes data will be included in this secondary analysis. Additional exclusions 

from the parent study cohort will include women who seroconvert during 

pregnancy. The sample size for the ORCHID study was determined using 

calculations to provide the data with 77-91% power to address their aims. A 

post-hoc analysis will be done to determine the statistical power of our data.  

  

3.4 Inclusion and exclusion criteria.   

ORCHID used the following eligibility criteria:  

  

  Inclusion criteria for all women:   

• Confirmed pregnancy based on urine pregnancy test with viable gestation 

≤ 18 weeks and 6 days by ultrasound.  

• Age 16 years or older.   
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• No stated intention to relocate permanently outside of Cape Town through 

2 years postpartum.  

• For WLHIV: Confirmed HIV infection based on medical record review 

and/or HIV antibody testing during antenatal care.  

  
For WLHIV initiating DTG in pregnancy (iDTG):   

• Planned initiation of TLD on the day of assessment or within 1 week 

thereafter, including women switching from an efavirenz-based regimen.  

• For WLHIV continuing DTG in pregnancy (cDTG): Confirmed use of 

tenofovir 300mg + lamivudine 300mg/emtricitabine 200mg + dolutegravir 

50mg (TLD) on the day of assessment.   

• For WNLH: Confirmed HIV status by HIV antibody testing during antenatal 

care HIV- women will be assessed with ongoing HIV testing at select 

study visits to detect incident HIV infection; any woman seroconverting 

during the follow-up period will be censored.  

Exclusion criteria for all women:  

• In the opinion of the investigator, unable to provide informed consent due 

to mental or physical condition.  

• In the opinion of the investigator, unable to undertake BodPod 

assessment due to mental (eg, active psychosis or severe claustrophobia) 

or physical condition (eg, weight >250 kg).   

• Currently being treated for any form of diabetes mellitus or hypertensive 

disorder based on participant self-report and medical record review.  

  

3.5 Data Collection  

The data being used in this secondary analysis will be based on data collected 

by the ORCHID study team. ORCHID data was collected using following data 

sources.  

 3.5.1  Questionnaires   

ORCHID study participants completed standardised questionnaires that 

included maternal demographic, and medical history questionnaires at their first 
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ANC visit (Appendix1-3). Participants also have their height and weight 

measured at enrolment as part of the procedure to establish resting energy 

expenditure and body composition (Appendix 4). Participants with HIV also 

WLHIV also underwent blood tests that established their CD4 cell count and 

viral load at enrolment (Appendix 5).   

 3.5.2  Medical Record Review   
The ORCHID study performed data abstraction collecting information from both 

the mother's maternity case record and the infant's road to health card in order 

to determine birth outcomes and maternal and infant health outcomes  

(Appendix 6 and 7)   

  

 3.5.3  Gestational Age Measurement  

To determine gestational age (GA), all participants had an ultrasound 

administered by a research sonographer using standardised assessment 

protocols. This ultrasound at enrolment was used to determine GA throughout 

the study and was used to calculate GA at delivery. If an ultrasound was not 

practical or if GA seemed implausible and the last menstrual period (LMP) was 

known, LMP was used to determine GA at delivery (Appendix 8).  

  

3.6 Variables of interest  

  

 3.6.1  Exposures of interest:   

This study's primary exposures of interest are HIV status and ART status. HIV 

status in the parent study was determined/confirmed at the participant's initial 

study visit via antibody testing. with HIV tests administered to WNLH at 

subsequent study visits to detect any instances of seroconversion.  All WLHIV 

were on a DTG-based regimen. ART status is divided into those who initiated 

DTG use during pregnancy and those already taking DTG before pregnancy 

(cDTG).   

3.6.2 Outcomes of interest:   
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The outcomes of interest for this study are adverse pregnancy and birth 

outcomes, which include  

  

• Pregnancy loss  

These will include ectopic pregnancies, terminations of pregnancy (TOP), 

miscarriage (loss <28 weeks since conception) or stillbirth (born not alive  

≥28 weeks since conception based on classification used for international 

comparisons.28  For this study, we calculated the GA at loss by adding the time 

difference between the date of their enrolment ultrasound and the date of loss to 

their GA at the first ultrasound.   

• Gestational age (GA) at delivery:   

GA at delivery will be categorized as term (≥37) and preterm delivery (<37 

weeks). GA at delivery was determined by calculating the time difference 

between the date of delivery and adding that to the GA of the ultrasound at 

enrolment.  

• Birthweight  

Birthweight will be categorized as: high birthweight (≥ 4000g), normal 

birthweight (2500-3999g), and low birthweight (<2500g). Birthweight, 

measured as part of routine care at delivery, was abstracted from 

maternal case files and/or road to health cards. Low birthweight can be 

further categorized into low birthweight (1500-2500g) and very low 

birthweight (<1500g).   

  

• Size for gestational age:   

• Size for gestational age will be categorized as small (SGA: <10th 

percentile), appropriate (AGA: 10-90th percentile), and large (LGA: >90th 

percentile) for gestational age infants based on INTERGROWTH-21st 

Project Standards, which pooled data from healthy pregnancies across 

the globe to develop certain growth standards.   
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Table 1: Maternal and exposure variables to be included in our analysis   

Variable  Scale  Categories  
  

Maternal Characteristics  
Age (years)   Numerical - Continuous  Quartile Category 

Proportions  
Categorical – ordinal   <24  

25-
29 >30  

Gravidity  Numerical – Discrete   Quartile category proportions 
Categorical – Binary   Primigravida  

Multigravida   
Parity  Numerical – Discrete   Quartile category proportions 

Categorical – Ordinal  0  
1  
≥2  

Previous pregnancy 
loss  

Categorical – Binary   Yes  
No   

Weight   Numerical – Continuous  Quartile category proportions 
Height   Numerical - Continuous  Quartile category proportions 

Categorical – Ordinal  <155  
156-
161 >162  

BMI (kg/m2)  Numerical – Continuous   Quartile category proportions 
  Categorical – Ordinal  Underweight (<18)  

Healthy Weight (18-25)  
Overweight (25-30)  
Obese class 1 (30-35)  
Obese Class 2 (35-40)  
Obese Class 3 (>40)  

Education   Categorical – Ordinal   Basic education  
High school  
Post-secondary  

Socioeconomic status  Categorical – Ordinal   Lowest   
Medium   
Highest   

Smoking   Categorical – Binary   Yes 
No  

Drug Use   Categorical – Binary   Yes  
No  

HIV  
HIV Status   Categorical – Binary   Living with HIV  
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Not living with HIV  

Viral Load (copies/L)  Categorical – Ordinal   

 

CD4 cell count 
(cells/ml)   

Categorical – Ordinal   

DTG initiation timing  Categorical – Binary   Before pregnancy 
During pregnancy   

  
Table 2: Infant variables to be included in our analysis  
Infant variables    
Outcome  Categorical – Binary   Live Birth   

Pregnancy Loss  
Twin  Categorical – Binary   Yes  

No  
Gender  Categorical – Binary   Male  

Female   
GA at birth (weeks)  
  
  
  
  
  
  
  

 

Numerical – Continuous   Quartile category 
proportions  

Categorical – Ordinal   Term (37-42)  
Preterm (<37)  

Post-term  (42)  

Preterm delivery   Categorical – Ordinal  Late (34-37)  
Moderately (32-34)  
Very (<32)  

Birthweight (grams)  Numerical – Continuous   Quartile category 
proportions  

Categorical – Ordinal   High  > 4000  
Normal  (2500-4000)  
Low (1500-2500)  
Very low (<1500)  

Birth length  Numerical – Continuous   Quartile category 
proportions  

Head circumference  Numerical – Continuous   Quartile category 
proportions  

1 min APGAR score  Numerical – Discrete  Quartile category 
proportions  

  Categorical – Ordinal   Normal (7-10)  
Moderately depressed (4-6)  
Severely depressed (0-3)  
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5 min APGAR score   Numerical - Discrete  Quartile Category 
Proportions  

  Categorical – Ordinal   Normal (7-10)  
Moderately depressed (4-6)  
Severely depressed (0-3)  

Size for Gestational 
Age  

Categorical – Ordinal   LGA (>90th percentile)  
AGA (10-90th percentile)  
SGA (<10th percentile)  

  

    
Maternal variables:  

All maternal variables were determined by questionnaires at ORCHID participants' 

initial study visit and clinical data abstraction.  

  

Infant variables:  

All infant variables were measured by clinicians at delivery and abstracted from 

medical files. These medical files included the maternity case record and the road to 

health card.   

  

3.7 Data Management and analysis plan  

 3.7.1  Data monitoring and storage  

The ORCHID study utilized tablets and paper forms captured on a RedCap 

database. The RedCap database was maintained by a data management team 

at UCT with restricted access, that is password protected. Participant’s 

confidentiality was maintained through the use of unique patient identifiers. Any 

confidential or identifiable information recorded on paper was stored in locked 

cabinets. Any information not stored on RedCap was stored on 

passwordprotected, encrypted files.   
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 3.7.2  Data analysis   

Analyses for this study will be performed using R (Version 4.3.3). Continuous 

variables will be described by either the mean and standard deviations (SD) for 

normally distributed variables, otherwise, the median and interquartile range 

(IQR) will be used to summarise variables that are not normally distributed.  

Categorical will be described by proportions.   

  

For the analysis of this study, we will focus on three main exposure 

comparisons:   

(i) WLHIV versus HIV-negative  

(ii) Among WLHIV, those who initiated DTG during pregnancy versus 

those who were already on DTG before pregnancy  

(iii) A comparison of the effect across BMI categories, Underweight, 

Healthy weight, Overweight, Obese Class 1, Obese Class 2, and Obese 

Class 3.  

To address our aims, we will use descriptive statistics to determine the 

prevalence of each adverse birth outcome, overall, and by exposure groups. In 

order to estimate the associations between our exposure and adverse birth 

outcomes we will use generalized linear modelling. The confounders identified 

to be used in this model are maternal age, alcohol use, education tertile and 

BMI category. Models used to describe associations among HIV+ women only 

are: DTG initiation timing, CD4 cell count and viral load at enrolment.  

  

4.  Ethical considerations  

  

4.1 Informed Consent  

All informed consent procedures followed a protocol approved by the University 

of Cape Town HREC, Columbia University, and Ann & Robert H. Lurie 

Children’s Hospital of Chicago/Northwestern University IRBs. Before enrolment 

of the ORCHID study, the informed consent process was delivered in the 

participants’ home language (isiXhosa, Afrikaans, or English) by a trained 
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fieldworker following a standardized script. This script detailed the purpose of 

the study, all study visits and procedures for the woman and child, as well as 

the risks and benefits that they may encounter during the study. Participants 

gave informed consent for data to be used in subsequent studies. This study 

will be seeking approval from UCT HREC for this specific analysis.  

  

 4.2  Privacy and Confidentiality  

The ORCHID study used unique patient identification numbers to anonymize 

participants so that their names did not appear on any study forms.  

Furthermore, the ORCHID staff attended training related to confidentiality and 

followed specific standard operating procedures to maintain confidentiality. All 

patient and study-related information was kept in locked cabinets and electronic 

records were kept in password-protected, encrypted files. The data to be used 

in this analysis will contain no personal identifies, each participant will be 

represented by their unique patient identifier series of numbers and letters. The 

results of this analysis will not report on any individual results but rather 

compare associations between groups.  

  

4.3 Risk & Benefits  

There were certain risks associated with participating in the ORCHID study 

related to various data collection procedures, like phlebotomy. However, for this 

study, there is no physical risk. There is a risk of loss of confidentiality of 

sensitive health information, however, through data management and storage 

and the use of unique patient identifiers this risk should be minimal.   

  

Participants of the ORCHID study benefitted from frequent clinical and 

laboratory assessments allowing for earlier identification and intervention of any 

health condition. There are no direct benefits to the participants for the use of 

their data in this study. This study will help us gain insight into the association 

between DTG use and birth outcomes, which will be made available to 

healthcare providers.  
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This study will provide information on the effect of DTG on adverse birth 

outcomes in this population and give more insight of the effect of ART use 

during pregnancy. Results from this study will provide further detail on the risks 

and benefits of using DTG during pregnancy. This will allow clinicians to 

prescribe better interventions tailored to an individual's needs.   

  

4.4. Timeline and Budget   

Since this study is a secondary data analysis and forms part of an MPH degree it 

does not require any funding.  

  

  

  
Table 2: Proposed timeline  

Activity   Deadlines  

DRC Protocol Submission   24 October 2024  

HREC Protocol Submission  3 November 2024  

Receive Data  4 November 2024  

Data Cleaning and analysis  2-20 November 2024  

Manuscript write up   20 November – 4 December 2024  

Manuscript Review   4 December – 18 December 2024  

Editing   18 December – 14 January 2024  

Submission   31 January 2025  

Dissemination   March 2025  
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