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Abstract

Globally, 1.4 million HIV-positive womenbecome pregnant annually, of whom 92% reside
in subSahararAfrica and 23% in South African 2019,87% of HIV-positive pregnant
womenin subSaharan Africa and >97% in South Africa received lifelamgretroviral
therapy (ART)for the prevention of mothéo-child transmissionNITCT). However, the
evidenceregading the association betwearaternal HIVART andperinatal outcomekas
been inconsistentThis is partlydueto the reliance on observatiorddtaand the use of
suboptimal methods to estimate gestational age ar@hsurebirth weight. Furthermore,
the dfect of maternal HIV/ART on fetagyrowth patterns has never been evaluated

This thesis therefore, aimed t@xplore theeffect of maternal HIV/ART orperinatal

outcomes and fal growth patterns. First, a systematic review and pairwise-ametlysis

of observational studies was performed. Data from a prospective longitudinal study in
South Africa were then analysed to assess
Gestational agevas accuratelyestimatedusing first trimester ultrasound (<14 wesek
gestation). Fetal biometric parametdisparietal diametefBPD], head circumference

[HC], abdominal circumferend®&C] and femur lengtfiFL]) were measred seriallyfrom

14 weeksd ge st Birthiweight wasomeabswdd iinveae stagdardised manner

within 24h of birth.

The systematic review and metenalysis showed that treated maternal HIV infection was
associated with an increased risk of preterm birth (PTB), spontaneous PTB (sPTB), very
PTB (VPTB), law birth weight (LBW) and small for gestational age (SGA) compared with
HIV -negatinty. However, treated maternal HIV infection was associated with a reduced
risk of PTB, LBW and very LBW (VLBW) compared with untreated maternal HIV
infection. Among treatedHIV-positive women 1) highly active antiretroviral therapy
(HAART) was associated with PTB, LBW and SGA protease inhibitor (Pibased ART

was associated witRATB, and 3) preconceptiorinitiation of ART was associated withTB

and VPTB.Secondly, bagkon accurately determined gestational age and birth weight in
the longitudinal study, the overlap between PTB and LBW was substantial,iseot
worthwhile to analyse them separatefhirdly, the multiple logistic regression showed a
significant assciation between maternal HIV/ART and SGA and neonatal death. Risk
factors for adverse perinatal outcomes were also identified: inpdabitive women, these
were dominated by nutritional factors. Lastlye growth trajectories of fetal BPD, HC, AC
and FLwere similar between treated H{sitive and HIVnegative women

Given the clear benefits of ART for improving maternal health and reducing MTCT risk,
the expansion of ART coverage in women of reproductive age should be accelerated.
However, the preseliindings of an unintended negative effect of maternal HIV/ART on
perinatal outcomes highlight the importance of ongasingeillanceto assesthe safety of

in uteroART exposureAccurate measurement of perinatal outcomes is essential to provide
better evidence. Therefore, expansion of ultrasound access and standardised birth weight
measurement within 24h of birth should be promoted, particularly irdtidemic settings

with poorperinatal outcomes and the highest fertility rates, i.e-Salaran Africa.
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Chapter 1. Introduction

The human immunodeficiency virus (HIV) was first discovered in the early 1980s
in France and the USA. It is a singianded retrovirusf the Lentivirusgenus of

the Retroviridae family, and the causative agent for thacauired
immunodeficiency syndrom@AIDS). Nearly 70% of the estimated 38 (31.6
44.5) million HIV-positive people worldwide live in seBaharan Africa [1]. This
region represents 71% of global new HIV infections among wamgre d, a1 5
85% among womeiaged 1524 [2]. Of the estimated 1.4 million HRpositive
women who become pregnant annually, >90% live in this region [3]. In addition
to the HIV epidemic, susaharan Africa has poor perinatal outcomes (e.g.
preterm birth [PTB], small for gestational age [SGA] arenatal death [NND])

[4-7] and the highest fertility rates globally [8,9].

Improvements in antiretroviral therapy (ART) regimens and coverage have
changed HIV from a fatal infection toraanageable chronic diseagguring the

last 20 years, global HIV/AID®elated deaths have fallen by 51%, shifting from
the 8" leadingcause of death in 2000 tof.6h 2019. The same figure is seen in
low and middleincome countries (LMICs), shifting fron"&o 15" [10]. Among
women of reproductive age (4B years), AIDSelated deaths decreased by 57%,
from 460,000 deaths in 2000260,000 in 2019 [11]. In the context of pregnancy,
expansion of ART coverage has partly contributed to a 52% reduction in the
global motheito-child transmission (MTCT) rate between 2010 and 2019, i.e.

when 45% and 85% of pregnant women received ART, ctisply [3]. The



majority of these women receive lifelong highly active antiretroviral therapy
(HAART) initiated before conception [3,12]. However, there is inconsistent
evidence as to whether HAART [28] and preconception initiation of treatment
[18,24 are associated with adverse perinatal outcomes. In addition, the safety of
in utero exposure of certain ART classes, particularly protease inhibitor (PI),
remains uncertain [25,26]. Furthermore, the effect of maternal HIV/ART on fetal
growth patterns hamsever been evaluated in any settings, even in-imgbme

countries.

Several factors might have contributed to the above inconsistencies. First, ethical
restrictions on the enrolment of pregnant women in marstiomised controlled

trials (RCTs) of ART [27] result in a reliance on observational evidence, which is
prone to bias. Second, small sample sizes and the scarcity of severe outcome
events (e.g. stillbirth, very PTB and NND) lead to limited statistical power and
biased estimates [1Z3]. Third, theuse of less accurate methods to estimate
gestational and measure birth weight in most existing studies, may result in
misclassification of adverse perinatal outcomes. Gestational age is commonly
determined usingewban clinical assessment [13], last m&oal period(LMP)
[13-17,19,20] symphysisfundal height(SFH) [13,15,17] and/@ late ultrasound
[13,15,17,19]. Birth weight is generally measutgdto several days afteirth or

simply captured from medical records [13,1433. In addition, limited access to
ultrasound and delayed first antenatal care (ANC) visits, particularly in sub
Saharan Africa, may have hindered the assessment of fetal growth patterns by

maternal HIV/ART status. Given that this assessment requires serial



measurements of fetal biometry throughout pregnancy, low maternal compliance

and/or the cost could be other reasons for it not happening.

These suggest the need to conduct studies with aeqgatational age estimation

using first trimester ultrasound, serial fetal ultrasound biometry measurements
throughout pregnancy and birth weight measurement in a standardised manner
within 24h of birth. All are essential to provide better evidenceterdffect of

maternal HIV/ART on perinatal outcomes and fetal growth patterns, particularly

in HIV-endemic settings with high adverse perinatal outcomes and fertility rates,

i.e. subSaharan Africa. Such studies became even more pertinent b02@d
whenl185 countries i mpl emented the dAtreat
initiation of lifelong efavirenz (EF\(pased HAART in all HIVpositive pregnant

women irrespective of clinical and immunological status [12,32].

This thesis explores the associatiofisnaternal HIV and ART with eight adverse
perinatal outcomes categorised into four groups according to: 1) gestational age at
delivery (PTB and very PTB [VPTB]), 2) birth weight (low birth weight [LBW]

and very LBW [VLBW)]), 3) gestational age at deliveajmd birth weight (SGA

and very SGA [VSGA]) and 4) fetal and neonatal mortality (stillbirth and NND).
These associations have been investigated using a systematic review and pairwise
metaanalysis of observational studies, and secondary analysis of aegiesp
longitudinal study with accurate estimations of gestational age and birth weight.
The study had previously been conducted at the largéstral hospital irSouth

Africa, a country with the largest HIV epidemic [1] and the highest number of

HIV -postive pregnant women receiving lifelong HAART in the world [3].



This thesis is divided into eight chapters, starting with the present Introduction
(Chapter 1). Chapter 2 discusses the background to: 1) the association between
maternal health and perinataitcomes; 2) the importance of accurate gestational
age estimation, the global burden and consequences of maternal HIV, the
perinatal outcomes of interest, and ART in pregnancy, and 3) the relevance of this

thesis to HIVendemic settings, i.e. st8ahararAfrica.

Chapter 3 exploreshe effects of maternal HIV/ART, antenatal ARART
complexityand class, antiming of ART initiation on perinatal outcomes, using a
systematic review angairwise metaanalysis of both unadjusted and adjusted
effect estimate of observational studies. Robust sydoup and sensitivity

analyses are performed.

Chapter 4 assesses theedap between measuresperinatal outcomes based on
prospectively andccurately determined gestational age and birth weéighoth

all newborns and HIMinexposed and HPéxposed newborns separately.
Cohenbds Kk a pipnaise6timated toexamihei tle overlap between two
perinatal outcomes after taking into account the overlap that would be expected

purely by chance

Chapter 5 evaluatehé¢ associations ahaternal HIV/ARTand timing of ART
initiation with t h e composite out comes nany
(stillbirth, PTB, SGA or NND) and ndse

VPTB, VSGA or NND).

adv

ver



Chapter6 evaluates the associations between maternal HIV/ARI specific
perinatal outcomed(B and SGA, and explores risk factors for PTB and SGA in
both all women and HI\hegative and HIYpositive women, separately. Multiple
logistic regression is used to control for potential confounders (Chapter 5) or to
identify risk factors for PTB and SGA (Chapte). Robust analyses are
performed: 1) stratified analysis usiMpntetHaenszel methotb identify effect
modifications; 2) mltiple imputation by chained equatiottshandle missing data
and 3) sensitivity analysis to compahe results from completeaseanalysis and

multiple imputation.

Chapter 7 is the first ever analysis assessing the effect of maternal HIV/ART on
fetal growth patterns. dtal biometric parametergbiparietal diameter, head
circumference, abdominal circumferencand femur Ilength measired
longitudinally acrosgpregnancyare analysed. The growth trajectories of these
fetal biometric parameters are created by fittimgear mixed models and

compared by maternal HIV status and timing of ART initiation.

Chapter 8 summaries the overalhdings of this thesis, and provides policy
recommendations that have emerged from the present work, including strategies
to improve the prediction, prevention, measurement and future

research/sumillance of perinatal outcomes.



Chapter 2: Background

2.1 Impact of maternal health on perinatal outcomes

In 2019, almost half (49.6%) of the estimated 7.7 billion global population were
female; 50% of women were aged 45 years and nearly 5% 1?4 years [8,33].
Approximately 210 milliorpregnancies and 140 million live births occur annually
[34]; therefore, maternal health is not a minor issue. It is a@ndition and a

determinant of perinatal, child and adolescent health.

An integrated perinatal health framework illustrating how mmate health

influences pregnancy and perinatal outcomes fivais proposed by Misra et al.

[35]. The framework integrates two approac
Amul ti ple determinantso (Figure 2.2). Th
both preconception and intezonception (between pregnancies) periods should

be considered as targets for interventions aimed at imgromaternal and

perinatal health [35]The preconception period begins with childhood and ends

either with menopause or thedti pregnancy (Figure 2.1). The rationale for this

approach is that several powerful determinants of perinatal outcomes are related

to maternal risk factors occurring long before conception [35]. For example,
longitudinal studies [36,37] have shown thatuddt s 6 nutritional

influenced by childhood lifestyle, physical activity and dietary intake.
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The multiple determinants approach suggests that maternal health is a
multifactorial condition influenced by proximal and distal determinants [35]

(Figure 2.2). Distal determinants include genetic factors (e.g.-g@visonmat

interaction), physical (e.gair pollution) and the social milieu (e.g. socie

economic status) (Figure 2,2) al | of which may infl uenc
directly. However, they are more releva
susceptibility to proximal determinants [35]. Thesclude biomedical, i.e. any

co-existing health condition (e.g. infection) and behavioural factors, i.e. both

high-risk and protective behaviours the woman admits to (e.g. smoking) [35]

(Figure 2.2).
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Figure 2.2. Multiple determinants framework for maternal and perinatal health. Adapted
from Misra et al.[35]. Abbreviations: DM, diabetes mellitus; IUGR, intrauterine growth
restriction; SES, socteconomic status; SGA, small for gestational age.

The influence of distal determinants occ
life, suggesting these are very difflt to address using perinatal interventions

alone. Proximal determinants may influence maternal health independently or
through intefrelationships between them [35]. For example, women who smoke

or consume alcohol or illicit drugs are more likely todnaisky sexual behaviours

[38-41]. These have been shown to be associated with sexually transmitted



infections (e.g. HIV infection) [38,41,42] and noommunicable diseases (e.g.
hypertension and obesity) [45]. Infectious and nowommunicable diseases
aggravated by risky behaviours wabmpromise maternal health during both the
preconception and intezonception periods. Changes and demands during
pregnancy will exacerbate poor maternal health; without proper interventions, this
will result in poor méernal and infant outcomes. These highlight the importance

of proximal factors as targets for perinatal interventions [35].

The framework includes sherand longterm outcomes for both the mother and
infant (Figure 2.2). Thehortterm outcomes for themother include haemorrhage,
preeclampsia, gestational diabetes, sepsis, Caesarean section, antenatal
hospitalisation and mortality; the losigrm outcomes include pepgartum
depression, weight retention and urinary incontinence. The-&rortoutcomes

for the infant include preterm birth (PTB), low birth weight (LBW), intrauterine
growth restriction (IJUGR)/small for gestational age (SGA), congenital
malformation, sepsis, miscarriage, stillbirth and neonatal death (NND); the long
term outcomes include cdmal palsy, poor cognitive development and school

performance, reduced earning potential and loss of productivity [35].

The framework also includes heattare defined as any strategies from primary
prevention to medicalnterventions (Figure 2.2). @d health systems with
adequate access to services implementing evides®ed clinical practice with
sufficient skilled staff, equipment, supplies and drugs can modify the relationships

among components within the framework, and improve maternal andt infan



outcomes [35,46]. Health systems and care providers should ensure that high

guality and evidencbased care are accessible for all women in a timely manner.

2.2 Epidemiology

2.2.1 Maternal health

Maternal mortality is an indicator of overall materrtedalth, the quality of
reproductive health care, the general health of the population and the progress of
international development goals [47]. Despite improvements in the past 27 years
(1990 2017), preventable maternal deaths related to pregnancy obicthildre

still high with an estimated 295,000 deaths worldwide in 2017 [48,49]. The vast
majority (94%) of these deaths occur in low and middt®me countries
(LMICs) [50]. SubSaharan Africa and south Asia account for approximately 86%
(254,000) of theglobal maternal deaths [48]. The 2017 global maternal mortality
ratio (MMR) was estimated at 211 per 100,000 live births [48]67% decrease

is needed to achieve the ambitious target of the Sustainable Development Goal
(SDG) 3.1: global MMR <70 per 13m0 live births by 2030 [51]. SuBaharan
Africa was the only region with very high MMR in 2017: 542 per 100,000 live

births [48].

Table 2.1 showshe global distribution of causes of maternal deaths using the
World Health Organization (WHO) systematica@yses, comparing the 1997
2002 [52] with 20032009 data [53]. The major direct obstetric causes accounting
for nearly 80% of all maternal deaths between 1997 and 2002 were haemorrhage
(31.1%), hypertensive disorders (17.9%), obstructed Ilabour (10.9%),

sepis/infections (10.9%) and unsafe abortion (9.1%) [bRdble 2.1) These
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direct causes were consistently responsible for the majority of maternal deaths
between 2003 and 2009 [5@Jable 2.1). Alldirect causes (with the exception of
embolism) appear toave decreased over tinf€able 2.1) the largest decrease

was obstructed labour (8.1%), and the smallest was sepsis/infections (0.2%)
[52,53]. However, these findings differed from the Global Burden of Disease
(GBD) study [54], which showed: 1) 3% and l1lBgreases in the proportions of
maternal deaths due to abortive outcomes and hypertensive disorders, respectively
and 2) a modest decrease (1%) in obstructed labour between 1990 and 2013. The
latest GBD study [55] estimated that 72.2% of maternal deatidwide in 2017

were attributed to direct obstetric complications: haemorrhage (23.3%),
hypertensive disorders (17.8%), sepsis/infections (12.8%), unsafe abortion

(10.3%) and obstructed labour (8¥%)gure 2.3).

Table 2.1.Causes of maternal deaths 2002 and 2009.

Causes of maternal deaths Distribution of causes of maternal death; (%)
1997 2002 2003 2009
Abortion 9.1 7.9
Embolism 2.1 3.2
Haemorrhage 311 27.1
Hypertensive disorders 17.9 14.0
Obstructed labour 10.9 2.8
Sepsis/infections 10.9 10.7
Other direct causes 5.9 6.8
HIV -related Africa: 6.2 55
Other indirect causes 12.1 22.0
SKhan et al. [52]
%Say et al. [53]
Abbreviation: HIV, human immunodeficiency virus.
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Figure 2.3. Percentagelistribution of causes of maternal deaths in 201Data source:
GBD 2017 Causes of Death Collaborators [55]. Abbreviations: GBD, Global Burden of
Disease; HIV, human immunodeficiency virus.

Regarding indirect causethie proportion of global HIMelated indirect maternal
deaths in 2002 could not be estimated from WidO data [52] because this
information was available for Africa only (6.2%]Jable 2.1).The effect of HIV

on maternal deaths appears to be less pronounced over time: 5.5% of all maternal
deaths in 2009 [53] versus 1.2% in 2017 were attributed to HIV(FEgure 2.4).
However, these results differed from those reported by the GBD studies: 0.2% of
maternal deaths in 1990 were due to HIV, which rose to 1% in 2013 [54] and then
leveled off in 2017 [55] (Figure 2.4pubSaharan Africa accounts for the larges
proportion of global HIVrelated indirectmaternal deaths: 84,000 of 134,000
(63%) deaths in 2009 [53] and 3,200 of 3,600 (89%) in 2017 [48]. In 2009, WHO
estimated that 6.4% of all maternal deaths in-Sabaran Africa were HIV

related [53], and this émate dropped considerably to 1.6% in 2017 [48].

12



2]
|

5.59
i World Health Organization

M Global Burden of Disease

B
|

)% ]
|

1.2% 1% 1%

HIV-related indirect maternal deaths (%)

0.2%
2009 2017 1990 2013 2017

Figure 2.4. Percentage of HI\trelated indirect maternal deaths according to the
WHO and GBD. Data source: Sagt al. [53], WHO 2019 [48], and GBD 2013 and 2017
Causes of Death Collaborators [54,55]. Abbreviations: GBD, Global Burden of Disease;
HIV, human immunodeficiency virus; WHO, World Health Organization.

The notable decline in Hivelated maternal deathsflects the improved care and
management of HIV disease, particularly during pregnancy. The use of antenatal
antiretroviral therapy (ART) to improve maternal health and prevent vertical HIV
transmission has been one of the most successful global pudlic peogrammes

in the last decade. Between 2004 and 2015, lifelong ART was only indicated for
HIV-positive pregnant women who met i mmu n
cell s/ eL) or clinicalb]r.i t&irnae (244 V6 ,s ttalge
recomnendation has suggested an immediate initiation of lifelong ART for all

HIV -positive pregnant women irrespective iofmunological and clinical status

[12]. The clear benefits of antenatal ART for improving maternal health and

reducing HIVtrelated maternal ehths andpaediatric HIV infections worldwide

[11,60] has led to a rapid increase in the global landscape of antenatal ART
coveragg61] (Figure 2.5). In 2019, 85% of pregnant women worldwide (Figure

2.5) 1 correspondingo 1.1 million womeni received argnatal ART, 92% of

whom were living in sutbaharan Africa [61].
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Figure 2.5. Global coverage of pregnant women reeiving antiretroviral therapy.

Data source: UNAIDS 2020 [61]. Abbreviations: AIDS, acquired immunodeficiency
syndrome; HIV, human immunodeficiency virus; UNAIDS, Thaint United Nations
Programme on HIV/AIDS

Concerns have been raised about the safety of ART in pregnancy, inclading a
increased risk of adverse perinatal outcomes6i§2 as well as cancer [65,66]
and growth problems in childhood [67]. In addition, Hé¥posed uninfected
children have increased morbidity and mortality compared with-tit¥xposed
children [68,69]. Despe the multifactorial determinants of this increased

mortality, in uteroART exposure may be a contributing factor.

2.2.2 Perinatal health

According to articles 6 and 24 of the Convention on the Rights of the Child, all
newborns have a right to the highest attainable standard of health and health care,
and WHO Member States have a responsibility to reduce infant and child
mortality [70]. However, these rights are not fully protected, particularly for
newborns in LMICs. Despite an impressive 50% reduction in NND (i.e. newborn
death in the first 28 days of life) since 1990, nearly 2.5 million NNDs were

reported in 2019, accounting for 47% of en8 deaths; more than two million
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were also stillborn [4,71,72]. Almost all NNDs (98%) occur in LMICs;-sub
Saharan Africa and south Asia account for 80% of the global NNDs [4,5,71]. In
2019, the highest neonatal mortality rate (NMRJ7 per 1,000 live loihsT was
reported in suBaharan Africa [4]. Of the 10 countries with the highest NMRs,

eight were in this region [5].

Approximately 75% of NNDs occur during the first week of life, with 33% on the
day of birth [4,5]. The four main causes of NNDs include PTB complications,
intrapartumrelated deaths, neonatal infections and congenital abnormalities
[4,73]. PTB, SGA, or both are the greatest risk factors for more than 80% of
NNDs in subSaharan Afria and south Asia [74]. In addition, surviving PTB
babies have higher risks for pestonatal mortality, longerm neurological and
sensory deficits, stunting and adaliset norcommunicable diseases; SGA
babies have higher risks for stunting and adoket metabolic conditions
[5,74,75]. Furthermore, in 2019, neonatal disorders (e.g. PTB) were the first
leading cause of global disabikgdjusted lifeyears (DALYS), especially for
children <10 years old [75]. These adverse perinatal outcomes could have
detrimental effects, including loss of human potential for lifelong health and well
being, longterm psychological and financial problems for family members of
affected newborns, and, i n turn, restric

development [5].

Il n order to achieve the SDG 3.2 target:
to end preventable stillbirths 012 per 1

United Nations Childrends Fund (UNI CEF)
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Action Plan encompasgy five strategic objectives. One of these objectives
highlights the importance of accurate gestational age estimation to improve the
epidemiology of PTB and SGA and the comparability of neonatal mortality

estimates stratified by gestational age [5,51,72]

2.3 Determination of gestational age

Neonatal mortality is a relatively rare event. Therefore, more prevalent pioxies
e.g.PTB and SGA have been used to monitor progress or to observe an effect of
a public health intervention on reducing neonatal mortality. In the context of
newborn health, estimating gestational age accurately is essential for identifying
PTB and SGA newhaos, and providing them with effective interventions [76,77].
WHO recommends ultrasound scan <24 weeks to estimate gestational age [78].
Whereas, according to the American College of Obstetricians and Gynecologists
(ACOG), firstt r i mest er ( < tioA) ultresocairid snieasugement af
crowrrrump length (CRL) is the most accurate method to determine gestational
age [79] as biological variation in fetal size is minimal in this period [80].
However, accurate gestational age estimation has been lacking -Bakatan
Africa and south Asia, where the vast majority of PTB and SGA babies are born
[6,7]. This is partly due to limited ultrasound availability in these regions: in sub
Saharan Africa <7% of pregnant women have access to antenatal ultrasound.
Another eason is that the first antenatal care (ANC) visit is typically delayed until
late in the second trimester [7;84]. In the context of research, almost no-sub
Saharan African studies to date, particularly in HiMlemic settings, have used

first-trimesterultrasound to confirm gestational age. The most common methods
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used in this region include newborn clinical assessment [13], the first day of the
last menstrual period (LMP) [1B7], symphysisfundal height(SFH), and/or late

ultrasound [13,15,17].

Newborn clinical assessment is challenging in LMICs due to 1) high rates of
SGA, which may influence the assessment of nhewborn maturity, and 2) delayed
first newborn contact and inadequate lighting for home births [77,85,86]. A
systematic reviewhas shown thatnewborn clinical assessments tend to
overestimate gestational age and so lead to PTB misclassification. Conversely,

they tend to underestimate gestational age among SGA babies [77].

LMP also has several limitations: 1) it is often poorly recalled onank 1 67%

of women in LMICs, particularly younger, primiparous and illiterate women, do
not have a recorded LMP; 2) irregular menstrual cycles; 3) the day of ovulation
may vary cyclgo-cycle, and 4) misinterpretation of early pregnancy bleeding
[76,77,8284,8789]. On average, LMP tends to overestimate gestational age

compared with firstrimester ultrasound [88].

Whilst SFH measurement is simple, inexpensive and routinely performed in
almost all antenatal settings worldwide, not all pregnancies bé&mefitSFH as a
mean of estimating gestational age due to: 1) body mass index (BMI) >3 kg/m
2) maternal morbidities (e.g. uterine fibroids), and 3) the high risk of IUGR, i.e.
SFH measurement is more challenging in settings with high SGA rates-[84,89
91]. Other factors, such as maternal parity and nutrition, may also influence the
accuracy of SFH [84]. Longitudinal SFH measureménip to six measurements

T have been shown to improve gestational age estimation compared with single
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measurement [84,90,93)pwever, this seems difficult in LMICs with low rates of

sequential ANC visits [84,93].

Given the normal biological variation in fetal size and the possibility of IUGR,
second and third trimester ultrasound scans are less reliable thannfiester
ultrasound for gestational age estimation, and they become increasingly inaccurate
as gestation advances [84,89,94,95]. Furthermore, variations in fetal skull shape
(dolichocephaly brachycephaly fetal body position and abnormalities
(aneuploidy, skeletatlysplasia) may influence biometric measurements in the
second and third trimester [89]. The WHO AMANHI Study Group [94] has
shown that a novel parsimonious model formula combining fetal transcerebellar
diameter with femur length could improve the accuracy | ate (>24
gestation) ultrasound scans in estimating gestational age in LMICs (Bangladesh,
Pakistan and Tanzania), within approximately +2 weeks of thegjaitlard CRL
measurement. Whilst this is a notable achievement in resbonted settirgs

where access to the firsimester scan is lacking, a concern about the validation

of this finding in other LMIC populations has been raised [95].

The abovanentioned factors conspire to make it difficult to estimate gestational
age accurately based on ndinst-trimester CRL measurement. At individual
level, this may mislead clinical decisionaking (e.g. the provision of antenatal
corticosteroids and timing of labour induction), or delay the recognition of PTB
and SGA babies requng life-saving interventions [7,84]. At population level,
this may lead to biased estimates of PTB and SGA rates and epidemiological

associations with these adverse perinatal outcomes. For example, less accurate
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gestational age estimation might have patctiytributed to inconsistent findings

for the associations of treated maternal HIV infection with PTB and SGA among
subSaharan African studies [14,28,29,96,97]. As another example, antenatal
corticosteroids are recommended for women in threatenetépndabour from

24 to 34 weeks6 gestation to i mprove
Antenatal Corticosteroids Trial [100] was unable to show the benefits of the
medication among infants5€ centile for birthweight instead it was associated

with an overall increase in NND and stillbirth, and higher rates of suspected
maternal infection. The authors considered inaccurate gestational age estimation,
resulting in treatment outside the optimal window for intervention, as a potential

reason for these fimags [100].

2.4 The present DPhil work

The triple impact of maternal HIV/ART, poor perinatal outcomes and high
fertility in sub-Saharan Africa is clear. Approximately 92% of 1.4 million HIV
positive women becoming pregnant every year reside inSahlaran #ica
[101]; and the vast majority of them receive lifelong ART [6A]rthermore, sub
Saharan Africa and south Asia account for approximately 80% of global NNDs
[4,5], 81% of PTBs [6] and 78% of SGAs [7]. In addition, <kdharan Africa has
been forecasteto have the highest fertility rates globally until 2100 [8,9]. Of the
25 countries with the highest fertility rates, 23 are in this region [8]. Lack of
ultrasound and delayed first ANC visit are also major issues iASabhran
Africa, which have limitedhe practice of firstrimester CRL measuremehtthe

most accurate method for dating a pregnancy [79].
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With regard to the perinatal health framework proposed by Misra et al. [35]

(Figures 2.1 and 2.2fhe present DPhil work focuses on several points:

1. Treated maternal HIV infection as a proximal factor.

2. Adverse perinatal outcomes (elgTB, SGA) and fetal growth patterns as
shortterm infant/fetal outcomes.

3. The present work was based on a prospective pregnancy cohort study
conducted in South Africa, a country with the highest numbers of HIV
positive people and HApositive pregnant woen on ART in the world. All

participating women were accurately dated using-fiisiester ultrasound.

2.5 Maternal HIV infection

2.5.1 History and origin of HIV/AIDS

In 1981, a new disease of severe immunodeficiency characterised by rare
opportunistic infectinos (e.g. Pneumocystis pneumonia) and malignancies
(Kaposi 6s sarcoma) was first]l[¢§02108cogni se
In1982t he term fAacquired i mmunodeficiency
by the Centers for Disease Control and Prevention (CiaQjescribe the disease

[105]. I n Uganda, this new disease was | oc
major symptoms of weight lossi@ diarrhoed106]. In 1983, CDC reported that

two women developed immunodeficiency during a close relationship with men

who had AIDS, suggesting that the disease could be transmitted via heterosexual
intercourse [107]. Furthermore, 21 infants with unexyd immunodeficiency

were also reported, suggesting vertical transmission before, during, or shortly

after birth [108]. A new retrovirus called lymphadenopadisgociated virus
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(LAV) that could be the cause of AIDS was discovered in France [109]. In 1984,
the identical retrovirus called humancéll leukemiavirus typelll (HTLV -III)

was discovered in the USA [110]. In 1986, the International Committee on
Taxonomy of Viruses announced the official name of AIDS virus: human
immunodeficiency virus (HIV). Zidvudine was the first ART approved by the

US Food and Drug Administration (FDAn 1987 [111]. In 1994the Peditic

AIDS Clinical Trials Groupshowed that antenatal ziadine reduced the risk of
motherto-child transmission (MTCTpy approximately 67.5%l12]. Since then,
antenatal ART has been recommended to improve maternal health and prevent
MTCT [113]. Other key historical events of HIV/AIDS between 1981 and 2019

are providedn Appendix 2.1: Table 2.1.

Two types of HIV (HIM1 and HI\2) are the result of crosspecies
transmissions of other immunodeficiency viruses, which naturally infect African
monkeys and apes and are collectively named simian immunodeficiency viruses
(SIVs) with a suffix indicatingheir species of origifpl14,115](Figure 2.6). For
example, SIVsmm denotes SIV from sooty mangabey, SIVcpz from chimpanzee
and SlIvgor from gorilla (Figure 2.6). The origoi HIV-2 was determined first.
HIV-2 was identified in 1986 as a causative agent of AIDS among patients in
West Africa HIV-2 was distantly related to HF but closely related to SIV
infecting sooty mangabey(SIVmm) (Figure 2.6). In 1989, sooty mangabey was
proposed as the se of HIV-2 [114,115] There are eight groups of H¥/ (A to

H), but only groups A and B have spremsiongsthumars, particularly in West
Africa. Figure 2.6 shows that the origin of HIVis chimpanzee, the natural

reservoir for SIVcpz. HIVL encompasses four groups: major (M), sne&or and
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nontoutlier (N), outlier (O) and putative (P); each group repnts a unique cross
species transmission event (Figure 2.6). Groups N, O and P are largely restricted
to Cameroon, Gabon and neighbouring countr@sl represent only £2% of the
global HIV prevalence [115,116]. Group M is responsible for the global HIV

epidemic, accounting for approximately 97% of all HIV infections [116].
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Figure 2.6. Origins of HIV-1 and HIV -2, see text (Sharp et al. [115])Red indicates
examplesof crossspecies transmissions and the resulting viruses. Abbreviations: HIV,
human immunodeficiency virus; SIV, simian immunodeficiency virus.

2.5.2 HIV -1 molecular structure and replication cycle

HIV is a member of thé&entivirusgenus of theretroviridaefamily. The mature
HIV-1 virion is spherically shaped and approximately -180nm in diameter
(Figure 2.7). The outgrartof the virus is composed of a lipllayer membrane

in which are embedded the viral envelope glycoproteins gpl20 and gp4l.
Undernedt, and attached to, the lipldlayer membrane is a spherical protein

composed of the matrix protein. The core of the mature-HI¥ a capsid protein
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containing viral enzymes reverse transcriptase and integrase and the nucleocapsid
protein complexed ith dimerized viral genomic RNA [11122] (Figure 2.7).

Transmembrane envelope
glycoprotein gp41 Surface envelope

~_ _—"glycoprotein gp120

OO

O\ - Nucleocapsid
5\ Viral RNA genome

Matrix

Lipid-bilayer _—=—\")
membrane

Integrase

Reverse
transcriptase

Figure 2.7. Structure of a mature HIV-1 virion. Adapted from Adamson et al. [120]
Abbreviations: HIV, human immunodeficiency virus; RNA, ribonucleic acid.

The HIV-1 genome (Figure 2.8) is characterised by the presence of three major
genes:gag pol and eny which are commoro all retroviruses. Thgag gene
encodes the structurargieins of matrix (p17), capsid (p24) and nucleocapsid
(p7). Thepol gene encodes enzymatic proteins required for reverse transcription
(reverse transcriptase, p66/p51), integration (integrase, p32) and proteolytic
processing of viral proteins (proteaséljp Theenvgene encodes a glycoprotein
precursor gp160, which is cleaved to the surface envelope glycoprotein gp120 and
transmembrane glycoprotein gp41 [11Z2]. The HI\\1 genome also contains
regulatory genestat and rev, and accessory genesif, vpr, vpu and nef
[118,119,121,122], which seeimportant in the viral life cyclelthoughtheir

precise roles are not entirely underst@ddpendix 2.2: Table 2.2).
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Figure 2.8. Structure of the HIV-1 genome.Adapted from Teigira et al. [118]
Abbreviations: HIV, human immunodeficiency virus; LTR, long terminal repeat.

Figure 2.9 shows achematic overview of the HRY replication cycle. Step 1 is

the entry of HIV1 into a host cell involving three key steps: 1) the bindihg
HIV-1 gpl120 to the host CD4 receptor; 2) the gpCE receptor complex
interacts with a coreceptor (chemokine CCR5 or CXCR4) on the host cell surface,
and 3) HIV:1 gp41 mediates fusion of HIVY with the host surface membrane to
permit viral entry. Steg is reverse transcription: the singiganded HIV1 RNA

is transcribed into doublstranded DNA by the viral enzyme reverse
transcriptase. Step 3 is the migration of newly synthesised viral DNA into the host
nucleus and its integration into the host DRthe viral enzyme integrase. Step

4 is the transcription of HAL DNA into messenger RNA (mMRNA) and genomic
RNA. Step 5 is the transport of Hi¥ RNA outside the host nucleus and the
translation of HIV1 mRNA into viral proteins. Step 6 is the cleavagethese
transcribed proteins into smaller proteins by the viral enzyme protease. Step 7 is
the assembly of a new virus particle containing viral genomic RNA and enzymes
(reverse transcriptase, integrase and protease). Step 8 is the budding, release and

maturation of a new virus particle [118,119,121,1125].

24



Protease

CCRS coreceptor antagonist inhibitors

5 Mature ]
(maraviroc)

HIV-1

:' X 8. Budding and "

1. Virus Entry g" Maturation

Fusion inhibitor ;
(enfuvirtide)

CCRS5 or CXCR4
coreceptor
gpl20

CD4 receptor
P Protease

inhibitors — R
Host cell K g\\éb

Nucleus
‘ c:/;:iii 2. Reverse Integrase strand- [:97(?\97
. | Transcription transfer inhibitors <]
‘ \ g Vil (INSTIs) 3]
\ N : t‘{
= P « Viral
< Integrase 4 Transcrlptlon
—~ g w
- 2 /
\' N\ Reverse " | = m' —— /VWJ
\\\ N ( transcriptase V“'a' Q Genomic RNA

(
)
=)
=) 3. Integratlon i
Nonnucleoside reverse- Provirus "‘RNA

transcriptase inhibitors

5 /

A\
4 Protease
(( NNRTIs] ).
(@ ¢ ) HC’DS;ZeE 2 5 Translation inhibitors )l
Nucleoside and nucleotide 1)
(< reverse-transcriptase qpr“t‘y Vlral ( ‘5/1
2 arnte \ proteins
(( inhibitors (NRTIs) / (\> ‘
),
A

Figure 2.9. HIV-1 replication cycle (Gandhi et al. [123]) Abbreviations: DNA,
deoxyribonucleic acid; HIV, human immunodeficiency virus; mRNA, messenger RNA;
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2.5.3 HIV -1 transmission

The routes of HIV1 transmission include sexual contact across mucosal surfaces,
percutaneous inoculation, and MTCT or vertical transmission. Unprotected
heterosexual contact is responsible for nearly 70% of new-IHixfections

worldwide; thre remainder are largely associated with men who have sex with men

(MSM), MTCT and injection drug use [126Table 2.2).

25



Table 2.2. HIV-1 transmission routes andoer-contactrisks.

HIV invasion | Anatomical Transmission Per-contact Estimated
site sublocation medium transmission contribution to
probability global HIV cases
Female Vagina, cervix | Semen, blood 1in200to1in | 12.6 million
genital tract 2,000
Male genital | Inner foreskin, | Cervicovaginal 1in700to 1in | 10.2 millior
tract penile urethra | and rectal 3,000
secretions, blood
Intestinal tract| Rectum Semen, blood 1in20to1in | 3.9 million®
300
Upper Semen, blood 1in 2,500 1.5 million
gastrointestinal Maternal blood, | 1in5to 1in 10| 960,008
tract genital secretions
(intrapartum)
Breast milk lin5to1in 10| 960,008
Placenta Chorionic villi | Maternal blood 1in10tolin | 480,008
(intrauterine) 20
Bloodstream | - Blood products, | 95in 100to 1 | 2.6 million"
sharps in 150

§Includes men who have sex with men (MSM), and bisexual and heterosexual men.
%Includes MSM, bisexual men, and women infected via anal receptive intercourse.

¥Mother-to-child transmission.
TMostly intravenous drug use, but includes infections by transfusions and-baatielated accidents.
Adaptedfrom Shawet al. [126].

2.5.3.1 Sexual transmission

Despite he varied estimted risk of sexual HIMransmission (Table 2.2), existing
studies have consistently shown an increased risk associated lyitanal
compared with vaginal intercourse, and 2) receptive cosdpavith insertive
intercourse [126.29] Rectal mucosa is more susceptible to abrasions than
vaginal mucosa due to a highdansity of lymphoid fbicles, i.e. HIV target cells
[130,131] The pefcontact risk estimates of HIV transmission from unprotected
anal intercourse range from 0.06% to 1.70%; by type of amalcourse:
receptive 0.50% to 10Po and insertive 0.06% toX6% [132136] (Appendix 2.2:
Table 2.3). The risk of HIV transmission via anal intercourse is comparable

betwe=n heterosexual and MSM couples [13Phe percontact risk estimates of
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HIV transmission through vaginal intercourse range from 0.05% to 0.19%; b
type of vaginal intercourse: receptive 0.08% t&906 and insertive 0.05% to

0.1% [133,134,137(Appendix 2.2: Table 2.4).

2.5.3.2 Percutaneous inoculation

Among injection drug users (IDUs) or health workers (via actalen
percutaneous exposurg@erinjection risk estimates of HIV transmission from a
contaminated needle and ryge range from 0.23% to 0.84% [1382]
(Appendix 2.2: Table 2.5). In addition, prospective cohorts of IDUs have shown
that sharing needéeand syringe with people with uknown HIV status is
associated with an increased risk of HIV transmission: adjusted hazard ratios 1.48

to 303 [143146] (Appendix 2.2: Table 2.6).

2.5.3.3 Mother-to-child (MTCT) or vertical transmission

The routes of MTCT includén utero transmission, exposure to maternal blood
and genital tract secretions during labour and delivery, anehptettransmission
via breastfeeding [147]. Before the introduction of highly active antiretroviral
therapy (HAART), MTCT rates were upo >42% [148150] after the
introduction HAART, the ratehave been <2% [17,15156] (Appendix 2.2:

Table 2.7).

2.5.3.4 Co-factors influencing the risk of HIV transmission
The varied estimated risks of HIV transmission, as shown above, are in part
attributed to diffeences in the prevalence of sevarafactorsacross populations

studied:
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Viral load (VL). For sexual HIV transmission, VL probably serves as a
surrogate for HIV concentrations in genital secretions [157,158]. Eagh log
increase in plasma VL increasée tperact risk of sexual HIV transmission
by 2.5 to 2.%old [137,159]. For MTCT, the rates of transmission increase
with corresponding increases in maternal VL [160,161]. Every ingrease

in maternal VL increases the risk of MTCT by nearly fotal [161].

Sexually transmitted infections (STIs), which promote sexual HIV
transmissionby increagig both the susceptibility to [16271] and the
infectiousness of HIV [164,17073]. The mechanisms through whi@irls
increase the risk of MICT remain unclear. Several hypotheses have been
proposed: increased genital shedding of HIV, local inflammation and VL
[174]. Coinfection with STlsnearlydoubles MTCT risk [175].

Stage of HIV diseasePrimary or acute stage has the highest transmissibility,
particularly for sexual HIV transmissiofuring the acute stageimmune
responses have not yet been developed, resulting ighadegree of viral
replication,and an increased VL iplasma and getal secretions [176]In
addition, the acutetage is associated with a high prevalence of concomitant
STls and lack ofwareness of HIV seroconversion [177]

Circumcision, which has been associated with an approximately 50%
reduced rislof femaleto-male sexual HIV transmissiqt78,179]

Mode of delivery. PreHAART evidence suggests that elective Caesarean
section reduces MTCT risk by 50% to 80% [180,181]. However, among
women receiving HAART, MTCT rates are comparable between vaginal and

Caesarean deliveries [182].
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6. Pregnancyrelated events such as ruptured membranes. A raatalysis
has shown that the risk of MTCT increases by approximately 2%afcir 1h
increment irthe duration of ruptured memiores [183].

7. Other behavioural cofactors, e.g. type of sexual partner (main or casual)
[177,184] and genital piercing for sexual HIV transmission [185]; maternal
smoking and illicit drug use, which have been associated wegnancy
complications (including premature rupture of membranes) that, in turn, are

associated with a higher MTCT risk [186].

2.5.4 HIV -1 natural history and immunopathogenesis

More than 80% of adult HM\ infections are transmitted through the exposure of
mucosal surface to the virus, predominantly via a heterosexual routd 3987
Figure 2.10 shas the three ways HRL crossesthe cervicovaginal mucosal
barrier in heterosexual transmission: 1) by infection of dendritic cells, 2)
transcytosis (celfree virus), or 3)nfection of intraepithelial lymphocyteafter
crossing the mucosal barrier, HWinfects dendritic cells, resting and activated
CD4" T cells and macrophagesn the underlying sumucosa. Infection is
subsequenthdisseminated to the draining lymph nodes thateaprefection to
other organs and peripheral tissues [188,194)]. As these initial events occur in
the submucosa and lymphoid systemethirus cannot be detected in plasirtae
so-called eclipse stage, lasting 7 to 21 days [187,190,191]. The progression of
HIV-1 infection can be described in three stages: acute, asympt@ndti&lDS

[188,190194] (Figure 2.11)
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Figure 2.10. HIV-1 crossing the mucosal barrier, propagation and dissemination of
infection. Adaptedfrom Pope €& al. [189]. The virus crosses the mucosal barrier by
infection of dendritic cells (1), transcytosis (2), or infection of intraepithelial lymphocytes
(3). Abbreviations: DC, dendritic cell; HIV, human immunodeficiency virus; R5 and X4,
the CCR5 and CXCRd4inal strains, respectively.

Acute or primary infection

This stage is characterised by massive viral replication leading to high levels of
viraemia (>10 copies of viral RNA per mL plasma), rapid virus dissemination to
various lymphoid organs, the estadiment of persistent viral reservoirs and

depletion of CD4+ Tcells (Figure 2.11). These conditions are often associated

withl ikéa symptoms: fever, gwpecificrash, i sed

myalgia and/or malaise. During this stageth viraemia andtransmissibilitypeak
(Figure 2.11). Once the immune responses (CD&ellE and HIV antibodies)

develop, vieemia decreases by approximately 6l@l, accompanied by a brief
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recovery of CD4+ Tcells but not to pranfection levels [188,19Q95] (Figure
2.11). Despite the production of immune responses, escape viral mutants (i.e. viral

diversity)increase throughout the disease [188,1B#jure 2.11).
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Figure 2.11. Natural history and immunopathogenesis of HIVL infection. Adapted

from Simon etal. [194]. The progression of HIY infection can be depicted as three
stages: acute infection, asymptomatic and AIDS (see text). Abbreviations: AIDS,
acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.

Chronic infectionor asymptomatic

This stage begins with the establishment of viral set poensteadystate level of
viraemia (Figure 2.11). The levef viral set point varies among patients and is an
important determinant of disease progression: patients with higher levels of viral
set point generally progress more rapidly to AIDS and death than those with lower
levels [188,191,19395]. The chronic tage of infection is characterised by a
slow and continuous increase in viraemia, progressive decrease in CEells T

and asymptomatic state [188,1995].
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AIDS

AIDS is the last disease stage characterised by a decline in ClogisTio <200
c el | sading to arl ircreased risk of opportunistic infections. Control of HIV
infection is lost and the level of viraemiacreases (Figure 2.11). Withoahy

treatment, this stage is lethal [188,190,191,193,194].

2.5.5 Global HIV epidemic in women of reproductiveage

25.5.1 Epidemiology

In 2019, of theestimated 38 million HIVpositive people globally, approximately

50% (19.2 million) were women aged 015,
1524 [1]. The rumber of new HIV infections among women and girls has

steadily decreased (Figure 2.12). In 1995, approximately 1.2 million women aged

015 acquired HIV globall y24yearsoldI98lm near
(Figure 2.12). By 2019, that number had dropped20,000 with women aged

15-24 accountindor 39% (280,000) (Figure 2.12)]. However, this falls short of

the 2020 global target of reducing the annmamber of newly HIV infected

young women (124 years) to <100,000 [197Figure 2.12). The trends imew

HI'V infections among women aged O15 di f
Pacific, Caribbean, suBaharan Africa, and Western and Central Europe and

North America showed a decreasing trend between 1995 and 2018; however,
Eastern Europe and Central Aseand Middle East and North Africa showed an
increasing trend1,196] Women and girls in suBaharan Africa are the most

largely impacted (Figure 2.13): 2019, they accounted for approximately 71% of

the global new HIV infectionfl].
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target. Adapted from UNAIDS 2020 [196] Abbreviations: AIDS; acquired
immunodeficiency syndrome; HIV, human immunodeficiency virus; UNAIDS, The Joint
United Nations Programme on HIV/AIDS.
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Figure 2.13. Percentage distribution of
by region, 2019. Data source: UNAIDS 2020[1]. Abbreviations AIDS, acquired
immunodeficiency syndroméjlV, human immunodeficiency virus; UNAIDS, The Joint
United Nations Programme on HIV/AIDS.
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Gender inequities in the context of violence, reproductive headtii;ational and
economic opportunities and insecurity limit access to health services and, in turn,
drive the HIV epidemic among women and girls, particularly those living in sub
Saharan Africa [196]. In this region, women contributed to approximatelyd0%
new HIV infections among adults aged
1524, women accounted for 2 of new infectiond1] (Figure 2.14). Outside
subSaharan Africa, most atsk women or those with HIV belong to key
populations: sex workers, IDUsansgender womeand prisoners. Those women
face gender inequity, stigma, violence and criminalisation limiting their access to
basic health services and, in turn, increase their risk of acquiring HIV. Women
from key populations are-B9 times more likelyto acquire HIV than other

women aged 149 [196].

600000 Adults aged 215 years

510 000 B Adults aged 15-24 years

400000
337 000

238 000
200000

93 000

Number of new HIV infections

Women Men Women Men

Figure 2.14. New HIV infections among women versus men by age in s8hharan
Africa, 2019. Data source: UNAIDS 2020[1]. Abbreviations: AIDS, acquired
immunodeficiency syndrome; HIV, human immunodeficigrirus; UNAIDS, The Joint
United Nations Programme on HIV/AIDS.

2.5.5.2 AIDS-related deaths in women of reproductive age
In 2019, an estimated 690,000 people worldwide died of AIDS, of whom 36.2%

were women age® 1 5 . Relmarkable progress has been made in reducing the
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number of AIDSrelated deaths among those women, particularly between 2004
and 2019: from 720,000 to 250,00@athsi a 65% reduction (Figure 2.15). In
2019, subSaharan Africa accounted for nearly 69% of the global At&l&ted

deaths among womeng e d  O(Figure[2.15).]

The rapid global scalep of ART coveragealmost certainlycontributed tothe

decreased number of AlD@lated deaths between 2004 and 2(Hi§ure 2.15).

A decadea g o , only 26% of women aged O15 rec
this proportion increased to 73%, and 65% of those on ART had suppressed viral

loads [L96]. In addition, the proportion of HPgositive women aware of their

HIV status has been increasing; this is in part due to HIV testing programmes
offered to pregnant women visiting ANC services. In 2019, 86% ofpi¥sitive

women (aged O lew jheirwid/ rsthtasmthisdompokion was 84% in

subSaharan Africa. However, these are still below the 2020 target of 90% [196].

2.5.5.3 HIVin pregnant women and mothefto-child transmission
Approximately 1.4 million HI\/positive women worldwide become pregnant
annually; 90% of those aii@ subSaharan Africa. In 2019, 85% ttfie global
numberreceived ARTto preventMTCT (PMTCT), and 87% did so in sub
Saharan Africa. This contributed to theypention of 220,000 new HIV infections
globally (Figure 2.16), and 199,000 infections in-&dharamfrica in 2019][3].

The global number of new paediatric HIV infections in 2019 was 150,000 (Figure
2.16) subSaharan Africaaccounted for 84%3]. Howeve, this is still less than

the 2020 global target of reducing the annual number of newly infected children

to <20,000 [198].
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The 2019 ART coverage for PMTCT in Asia and the Pacific was 56%; the figure
for the Middle East and North Africa was 30%. New HIV infections averted due
to PMTCT in these two regions were 6,800 and 3&€pectively3]. Since 2015,

13 countries have beeertified by WHO for the elimination of MTCT; however,
none of them are in st®aharan Africa [199], where 84% of all newhiV

infected children residg].

2.6 Antiretroviral therapy

Since the introduction of HAART in the mitb90s (Appendix 2.1: Tabl2.1),

HIV has changed from being a fatal infection to a manageable chronic disease.
HAART has been shown to improve HBA&sociated morbidity and mortality
[200-202], and lower the risk of transmitting HIV to others [ZB]. The US

FDA has approved five ifflerent classes of HIV medicines: 1l)ucieoside/
nucleotide reverse transcriptase inhilBtgNRTIs, e.g. lamivudine); 2) an-
nucleoside reverse transcriptase inhibitors (NNR€lg. efavireng 3) protease
inhibitors (Pls e.g. atazanaVir 4) integrasestrand transfer inhibitors (INST,Is

e.g. dolutegrav) and 5) entry inhibitor, including attachment inhibitor (e.g.
fostemsaviy, postattachment inhibitor (e.gbalizumabuiyk), CCR5 antagonist
(e.g. maraviroc) and fumn inhibitor (e.g.enfuvirtide) [206,207]Table 2.3). The
sites of action of these five classes of HIV medicines are illustrated in Figure 2.9.
In addition, FDA has approved several fix¢ose combinations (FDCs) of HIV
medicines (Appendix 2.3: Table 2.8). The timeline DA approval for HIV

medicines is praded in Appendix 2.3: Table 2.9 [206,207]

37



Table 2.3.HIV medicines approved by the US Food Drug and Administration.

Drug class and mechamism of action| Drug name Trade name

Nucleoside/nucleotide reverse Abacavir (ABC) Ziagen

transcriptase inhibitors (NRTIs), whicl Didanosine (ddl) Videx

block the HIV reverse transcriptase | Emtricitabine (FTC) Emtriva

enzyme by acting as host nucleotide | Lamivudine (3TC) Epivir

decoys and causing termination of th Stavudine (d4T) Zerit

elongating HIV DNA chain (Figure [ Tenofovir disoproxil fumarate (TDF) | Viread

2.9). Zidovudine (AZT, ZDV) Retrovir

Non-nucleoside reverse transcriptase| Delavirdine (DLV) Rescriptor

inhibitors (NNRTIs), which bind Doravirine (DOR) Pifeltro

directly to the HIV reverse Efavirenz (EFV) Sustiva

transcriptase enzyme and inhibit the | Etravirine (ETR) Intelence

function of the enzyme (Figure 2.9). | Nevirapine (NVP) Viramune
Rilpivirine (RPV) Edurant

Protease inhibitors (PIs), which bind t| Atazanavir (ATV) Reyataz

the active site of the HIV protease Amprenavir (APV) Agenerase

enzyme and inhibit the enzyme activil Darunavir (DRV) Prezista

(Figure 2.9). Fosamprenavir (FPV) Lexiva
Indinavir (IDV) Crixivan
Nelfinavir (NFV) Viracept
Ritonavir (RTV) Norvir
Saquinavir (SQV) Invirase
Tipranavir (TPV) Aptivus

Integrase strand transfer inhibitors Dolutegravir (DTG) Tivicay

(INSTIs), which block the HIV Elvitegravir (EVG) Vitekta

integrase enzyme (Figure 2.9). Raltegravir (RAL) Isentress

Attachment inhibitor, which binds to | Fostemsavir (FTR) Rukobia

the HIV gp120, thus preventing the

virus from binding to and entering the

host CD4 cells (Figure 2.9).

Postattachment inihibitor, which bindg Ibalizumabuiyk (TNX-355) Trogarzo

to the host CD4 receptor, thus

preventing HIV from binding to the

CCR5 and CXCR4 coreceptors and

entering the host CD4 cells (Figure

2.9).

CCRS5 antagonist, which blocks viral | Maraviroc (MVC) Selzentry

binding (via gp120) to CCR5

coreceptor (Figure 2.9).

Fusion inhibitor, which blocks the Enfuvirtide (T-20) Fuzeon

fusion between the HIV envelope (via
gp41) and the host CD4 cell membratl
(Figure 2.9).

Abbreviations: DNAdeoxyribonucleic acid; HIV,

human immunodeficiency virus.
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2.6.1 Antiretroviral therapy in pregnancy

The AIDS Clinical Trials Group (ACTG) protocol 076 is the first study that

showed: 1) ZDV reduced the risk of MTCT by 67% and 2) was safe for both

mothers and newborns [112]. Since then, many studies have been conducted in

order to optimise the efficacy drsafety of ART regimens so as to prevent MTCT

and improve maternal health [62,63,2080]. Following the ACTG study, in

1998, WHO published recommendations on the use of-sbarse ZDV for

PMTCT [221]. Afterwards, WHO recommendations for ART use in paagy

were updated severtimes (Table 2.4). 2 0 1 6 ,

the fHAtreat al

was released: an immediate initiation of lifelong EBAsed ART irrespective of

clinical and immunologicatonditions[12]. In 2019, a recommendation for ART

transition fom EF\tbased to DT&ased ART was published. DTG has several

advantages over EFV: higher and more rapid viral suppression, and lower risk of

treatment discontinuation, drug resistance and -drug interactions [222]. In

addition, the Botswana study shaWwthat the risk of adverse perinatal outcomes

was comparable between HPbsitive pregnant women on EMdased and DTG

based ART [97].

Table 2.4.Timeline of WHO recommendations onART usein pregnancy.

Year ART regimen Eligibility criteria
1998 For PMTCT: - Haemoglobin >8g/L.
[221] Antepartum: ZDV from 36 w
Intrapartum: ZDV every 3h from thenset of labour until
delivery.
2002 For maternal health: - WHO stage IV disease irrespective of
[223] ZDV+3TC+NVP after the first trimester. CD4 cell count,

- WHO stage I, Il, or lll disease with

- WHO stage Il or Il disease with a tota

CD4 counts <200 cells/minor

lymphocyte count <1200 cells/nim
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Table 2.4.Timeline of WHO recommendations on ART use in pregnancycontinued from
previous pagg

Year ART regimen Eligibility criteria
2003 For maternal health: - WHO stage IV disease irrespective of
[224] d4T or ZDV+3TC+NVP after the first trimester. CD4 cell count,
- WHO stage Il disease with CD4 coun|
<350 cells/mm, or
- WHO stage | or Il disease with CD4
counts O29d@ cell s
- WHO stage Il disease with a total
l ymphocyte couht
2004 For PMTCT:
[56] ZDV starting at 28 weeksb®6
labour, plus singleloseNVP at the onset of labour.
2006 For maternal health: - WHO stage IV disease irrespective of
[57] ZDV+3TC+NVP started as soon as practicable even if st CD4 cell count,
is in the first trimester of pregnancy. - WHO stage Ill disease with CD4 coun
<350 cells/mnif available; if CD4 cell
count is not available, all women in
stage Il should be treated, or
- WHO stage | or Il disease with CD4
counts <200 cells/mfn
For PMTCT:
Antepartum: ZDV starting
Intrapartum: singlelose NVP plus ZDV+3TC.
Postpartum: ZDV+3TC for sevedays.
2010 For maternal health: - WHO stage Il or IV disease irrespectiy
[58] ZDV+3TC+NVP started as soon as eligibility is establish| of CD4 cell count, or
irrespective of gestational age, and continued throughout CD4 ¢ o u nt s mtirBeSplctive
pregnancy, delivery, breastfeeding and thereafter. of WHO clinical staging.
For PMTCT:
Option A
Antepartum: ZDV starting
Intrapartum: singlelose NVP plus ZDV+3TC.
Postpartum: ZDV+3TC for seven days.
Option B
ZDV+3TC+LPV/r from gedatiomar
until one week after all exgare to breast milk has ended.
2013 TDF+3TC (or FTC)+EFYV initiated as soon as diagnosed| For lifelong ART in optia B:
[59] with two options: - WHO stage Il or IV disease irrespectiy
Option B+: lifelong ART for all pregnant and breastfeediry of CD4 cell count, or
women irrespective of WH@linical stage an€D4 count. | WHO stage | or Il disease with CD4
Option B: lifelong ART only for pregnant and breastfeedil c ount s O53(0C Dcde 10 3s5
women eligible for treatment (see Eligibility criteria); for | cells/mn? as a priority).
those who are not eligible, ART should be stopped after
delivery and cessation of breastfeeding.
2016 The fitreat all o recommend
[12] all HIV-positive pregnant and breastfeeding women,
irrespective of WHO clinical stage and CD4 cell count, al
continued lifelong.
ART regimen: TDF+3TC (or FTC)+EFV.
2019 An updated firstine ART regimen: TDF+3TC+DTG.
[222]

Abbreviations: ART, antiretroviral therapy; DTG, dolutegravir; d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HIV,
immunodeficiency virus; LPV/r, lopinavir/ritonavir; NVP, nevirapine: PMTCT, prevention of mdthehild transmission; 3TC|
lamivudine; TDF, tenofovir disoproxil fumarate; WHO, World Health Organization; ZDV, zidovudine.
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2.7 Adverse perinatal outcomes

2.7.1 Perinatal outcomes according to gestational age at delivery

2.7.1.1 Definition

WHO defines PTB as lave birth <37 completed weeks of gestation [225]. PTB is
traditionally classified by gestational age: extremely (<28 weeks), very (28 to <32
weeks) and moderate-late PTB (32 to <37 weeks), as well as by clinical
presentation: spontaneous preterm lapopreterm prelabour rupture of
membranes (PPROM) and indicated PTB [225,226]. However, PTB is a complex
syndrome with multiple causes and phenotypic characteristics, i.e. it is not one
disease with a single treatment. This apparent disregard for the gdynpled
syndromic nature of PTB, in part, has limited our understanding of PTB and its

targeted preventive interventions [2288].

The causes of most PTBs are rarely known; therefore, the optimal classification
system should be based on clinical phgnpte, def i ned as O1 char
mother, fetus, placenta, signs of parturition and pathway to delivery. Villar et al.

[228] have identified five components that should exist in the phenotypic
classification of PTB: 1) maternal conditions beforegantation for delivery; 2)

fetal conditions before presentation for delivery; 3) placental pathologies; 4) signs

of initiation of parturition, and 5)pathway to delivery (Table 2.5). These

conditions should present in the index pregnancy; therefolrB lisk factors are

not included in this phenotypic classification. Given that PTB could be the
product of overlapping factors, it is possible to find >1 phenotype in a single PTB

case. The phenotypic classification should improve the understanding of PTB
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cau®s, the identification of specific -ask groups of women and, in turn,

encourage more targeted preventive interventions-2239.

Table 2.5. Phenotypiccomponents of the PTB syndrome proposed by Villar et a[228].

Phenotypes

Definition

Maternal conditions

Extrauterine infection

Significant maternal infective iliness that is associated with pyrexia and |
corresponding clinical manifestations (e.g. bacteremia, malaria and
pyelonephritis).

Clinical chorioamnionitis

Clinically suspected intrauterine infection, manifest by maternal fever ar|
rupture of the membranes, plus two features from maternal tachycardia,
uterine tenderness, purulent amniotic fluid, fetal tachycardia and matern
leukocytosis.

Maternal trauma

A serious or critical bodily injury, wound, or shock (in turn defined as a
failure of the circulatory system to maintain adequate blood flow).

Worsening maternal diseas;

Examples include worsening maternal cardiac, respiratory, or renal dise
hemodynamidnstability that poses immediate, significant, or-life
threatening risk to the mother/fetus.

Uterine rupture

A defect that occurs in the uterus and that involves the entire uterine wa
this is symptomatic and requires surgical intervention.

Preeclampsia

Gestational hypertensi on
2 readings of at |l east A++0
uterine specimens, if no 2#bur collection is available.

-mourtpdriodpr
on d

Eclampsia

Convulsions (seizures) that océarthe presence of preeclampsia and hay|
no other cause.

Fetal conditions

Fetal death

Intrauterine fetal death before the onset of labour (we recognise that, in
cases, it will be difficult to distinguish between recent antepartum and
intrapartumdeaths; however, in the consideration of the aetiologic
differences, efforts must be made to establish the timing of the death).

Intrauterine growth
restriction

Growth restriction (estimated fetal weight ¥Iercentile) with abnormal
umbilical arteryblood flow, abnormal fetal heart rate, or abnormal
biophysical profile.

Abnormal fetal heart rate/
biophysical profile

Abnormal fetal heart rate: antepartum persistently reduced-tgnort
variability or decelerations. Abnormal biophysical profile: Ihggical
profile of 06/10.

Infection/fetal inflammatory
response syndrome

Infection: usually the presence of clinical chorioamnionitis with fetal
tachycardia or neonatal sepsis. Fetal inflammatory response syndrome:
systemic fetainflammation and elevated fetal plasma interletfkilevels.

Invasive intrauterine
procedures

Invasive procedures that include prenatal diagnosis (e.g. amniocentesis
chorionic villus sampling), fetal blood sampling, and endoscopic procedl
(e.g. lasemnblation of placental vessels, fetoscopy).

Multiple fetuses

Multiple pregnancy, subdivided into the number of fetuses and by
chorionicity: 1) twintwin transfusion syndrome, at any stage that is
diagnosed on ultrasound scanning; 2) death of a fetuslifplagpregnancy,
intrauterine deat h o fmultplk femdes thahie
confirmed by ultrasound scanning.

Fetal anomaly

Fetal structural abnormality by ultrasound scanning or during neonatal
examination.
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Table 2.5. Phenotypicco
(continued from previous

mponents of the PTB syndrome proposed by Villar et al[228]
page

Phenotypes

Definition

Fetal conditions

Fetal anaemia

Fetal anaemithat is caused by immune factors that are suggested by: 1)
haematocrit or haemoglobin concentration >2 SD below the mean for
gestational age, or 2) middle cerebral artery Doppler peak systolic velog
>1.5 multiples of the media.

Polyhydramnios

Excess amniotic fluid subjectively or objectively that is measured as
amniotic fluid index above the 9%ercentile for gestational age or a
maximum vertical pool of at least 8 cm.

Oligohydramnios

Reduced amniotic fluid subjectively objectively measured as amniotic
fluid index below the 8 percentile for gestational age or a maximum verti
pool of 2 cm.

Placental pathologies

Histologic chorioamnionitis

The presence of inflammatory infiltrate of neutrophils in the chorionie plé
and extraplacental membranes, histologic evidence of vasculitis/
infarction/necrosis, or other histologic/microscopic findings (e.g. villitis,
thrombosis).

Placental abruption

Premature separation of the placenta from the uterine wall that is didgng
by a combination of vaginal bleeding, maternal abdominal pain and
retroplacental blood clot at delivery.

Placenta praevia

Implantation of the placenta over the internal os of the cervix.

Fetatmaternal haemorrhage

Evidence of fetamaternal haemorrhage on the Kleihauer test.

Other placental
abnormalities

Placental abnormalities that may lead to or necessitate delivery (e.g.
placental giant chorioangioma, circumvallate placenta).

Signs of initiation of parturiti

on

Cervical shortening

Shortening of the uterine cervix on clinical and/or ultrasound examinatio

Preterm prelabour rupture ¢
the membranes

Rupture of the amniotic membrane
gestation.

Regularcontractions

Regular uterine contractions that lead to cervical effacement or dilatatiol

Cervical dilatation

Dilatation of the uterine cervix on clinical examination.

Bleeding

Any evidence of bleeding from the uterus or cervix.

Unknown initiation

Cases in which it is not possible to establish the initial step in the parturi
process.

Pathway to deliveryi caregi

ver initiated

Clinically mandated

Cases in which the caregiver initiates delivery because there is an immeg
and significant or lifehreatening risk to the mother/fetus (e.g. for severe
preeclampsia).

Clinically discretionary

Cases in which the caregiver initiates delivery although there is no
immediate or significant risk to the mother/fetus but in which there may |
some evidence that delivery may be associated with a better outcome.

No clinical indication

Cases in which #hcaregiver initiates delivery for reasons (such as errors
gestational age estimation, convenience of timing, precious fetus, mate
request) that were stated on or inferred from the medical records.

Pregnancy termination

Cases in which terminatide caused for reasons such as fetal abnormality
medical contraindication to pregnancy, or maternal request.

Unknown reason

Cases in which the caregiver initiates delivery, but there is no document
of any indication or supporting information of aimglication, including a
range of several lesgell understood social and personal factors that are
seldom documented that could motivate preterm birth.
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Table 2.5. Phenotypiccomponents of the PTB syndrome proposed by Villar et al[228]
(continued fromprevious pagg

Phenotypes | Definition

Pathway to deliveryi spontaneous

Regular contractions Regular uterine contractions that lead to cervical effacement or dilatatiol

Augmented Augmentation or stimulation of uterine contractions by oxytocin without
spontaneous contractions.

Villar et al. [229] conducted a populatidrased, multinational study including a

total of 5,'8 2390 weTeBkss 6( Qyle6st ati on) in ord:
phenotypes using their new classification system. They identified 12 PTB
phenotypic clusters: the largest cluster (30% of the total PTBs) was not associated

with any maternal, fetal, or placental conditions; 1lstdts comprised of
combinations ofconditions related to PTB (Table 2.6). Of these 11 clusters, 10

were dominated by a single condition and only one was not (Table 2.6). Clusters

5,8, 9, 11and 12 showed the highest neonatal mortality and morbidity rates

(Table 2.6). Othertadies [230232] employing the phenotypiclassification of

Villar et al. [228]are presented in Table 2.7.

Esplin et al [233] developed a different phenotypic classification tool, which
includes nine clinical phenotypes: infectiorifammation, decidual haemorrhage,

maternal stress, cervical insufficiency, uterine distention, placental dysfunction,
PPROM, maternal comorbidities and familial. Each phenotype has three levels of
evidence: strong, moderate apdssible (Appendix 2.4: Téb 2.10).Based on

this phenotypic tool, they identified fi
gestation): cluster 1, which was dominated by maternal stress; cluster 2 PPROM;
cluster 3 familial factors; cluster 4 maternal comorbidities; and cluster

multifactorial (infection, decidual haemorrhage and placental dysfunction) [233].
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Table 2.6. Distribution of the 12 clusters of PTB phenotypes according to maternal, fetal andacental conditions,and NICU admission and

neonatal mortality rates (Villar et al. [229]).

Cluster N (%) Main condition (%) Most frequent associated conditions (%) NI CU da9s/% | NMR/1000°

1 1,747 (30.0) | None None 13.9 5

2 689 (11.8) | Preeclampsia (100) Third-trimester bleeding and preeclampsia (72.6), extrauterin 45.8 36
infection (28.6) and suspected IUGR (24.4)

3 607 (10.4) | Multiple births (100) Extrauterinenfection (21.9) and suspected IUGR (21.3) 31.2 24

4 450 (7.7) Extrauterine infection (100) Mid-pregnancy bleeding (20.4), chorioamnionitis (12.7) and 26.3 36
severe maternal conditions (12.7)

5 443 (7.6) | Chorioamnionitis (100) Multiple births(25.1), perinatal sepsis (14.7) and suspected 37.7 43
IUGR (9.7)

6 362 (6.2) | Mid-/late-pregnancy bleeding (100| Chorioamnionitis (21.8), perinatal sepsis (16.0) and multiple 38.9 27
births (14.9)

7 337 (5.8) | Suspected IUGR (100) Fetal distres$18.4), severe maternal conditions (18.4) and-mi 42.4 28
/late-pregnancy bleeding (7.7)

8 319 (5.5) | Perinatal sepsis (68.0) Congenital anomalies (41.4), multiple births (30.1) and fetal 66.8 99
anaemia (23.8)

9 280 (4.8) | Early bleeding (100) Multiple births (27.9), extrauterine infection (25.0) and #fade- 31.8 68
pregnancy bleeding (22.5)

10 213 (3.7) | Antepartum stillbirth (100) Severe maternal conditions (23.9), extrauterine infection (13. NA NA
and mid/late-pregnancy bleeding (13.1)

11 200 (3.4) | Fetal distress (100) Severe maternal conditions (7.5), congenital anomalies (6.5) 26.6 45
chorioamnionitis (4.5)

12 181 (3.1) | Severe maternal conditions (100) | Multiple births (28.7), chorioamnionitis (24.3) and congenital 22.4 37
anomalies (&)

All cases| 5,828 (100) 29.5 30

SDeath during hospital stay.
Abbreviations: IUGR, intrauterine growth restriction; NA, not applicable;

NICU, neonatal intensive care unit; NMR, neortatiy mate; PTB, preterm birth.
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Table 2.7. Studies employing the PTB phenotypic classificatioystem proposed by Villar et

al. [228].

Author Country | No of PTBs | Findings

Souza et al. | Brazil 4,150 PTBs The study identified threelusters of PTB phenotypes: 1) wome

2019 [230] without any predefined conditions; 2) women with mixed
conditions (e.g. extrauterine infection, chronic disease;/laie
pregnancy bleeding); and 3) women with preeclampsia,
eclampsia, HELLP syndrome and fetal growghtriction.

Maghsoudlou| Canada | 6,983PTBsof | Two thirds of nulliparouswomemad O1 <cl i ni c 4

et al. 2019 nulliparous the remaining one third did not have any predefined phenotyy

[231] women The most common phenotypegorsening of maternal disease,
IUGR and fetal distress

Maghsoudlou| Canada | 8,775PTBs of | At least one clinical phenotype was observed in 66% of

et al. 2019 multiparous multiparous women with a history of PTB and 63% of those

[232] women without a history of PTB. The most common phenotypes in th
two groups of multiparous women: worsening maternal disea
IUGR, fetal distresand extrauterine infection.

Abbreviations: HELLP, haemolysis, elevated liver enzymes, low platelet; IUGR, intrauterine growth restriction; PTB, jribier|

2.7.1.2 Epidemiology

The true prevalence of PTB is unknown. This is mainly due to the scarcity of
accurate data, particularly from LMICs [6,234,235]. In a recent study
investigating global PTB rates [6], only 38 of 107 countries (36%) had adequate
data, enabling a direct repasf PTB rates; the remaining 69 (64%) had poor
quality data, requiring a modelling analysis. Using the 2010 data of 184 countries,
an estimated 15 million PTBs occur annually, corresponding to the global rate of
11%: ranging from 4% in Belarus to 18% inaMwi [234]. Of the 15 million
annual PTBs, more than 84% are modetatate PTB, 10% very PTB, and only

5% extremely PTB. India, China, Nigeria, Pakistan, Indonesia and the USA
contributed to approximately 50% (7.4 million) [235]. The most recent egtgma

showed that PTB rates increased in most countries; the global PTB rate increased

from 9.8% in 2000 to 10.6% in 2014 [6].
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There are disparities in PTB rates by coumtigome status [235], region [6],
ethnicity [236] and education [237]. According to the World Bank income
classification, LMICs accounted for 90% of the global PTBs; the average PTB
rates in low, middle and higincome countries are 12%, 9.4% and 9.3%,
respectively. However, outliers may exist; for instance, the PTB rate in Ecuador
(5%, middleincome country) is lower than that in several higbome countries:
Canada (7.8%) and Germany (9.2%) [235]. By regiba,2014 data showed that
81% of the global PTBs were in Asia and <tdtharan Africa. However, within
region differences were observed: for example, the PTB rate in Uganda was 6.6%
compared to 16.6% in Tanzania [6]. By maternal ethnicity, US Afriaierican
women (14%) had a higher PTB rate than white women (9%) in 2016 [236]. By
maternal education, a meaaalysis of 12 European countries showed that women
with lower education levels had a higher PTB rate than those with higher
education levels; this wasast marked in the Netherlands (7.0% versus 4.9%)

and Norway (9.7% versus 5.9%) [237].

2.7.1.3 Complications

PTBis the leading cause of unddmmortality, contribting to 18% of undeb and

35% of neonatal deaths [73Jhe majority of these deaths occur in fivet week

of life because of increased susceptibility to infections {288], particularly in
LMICs, where basic interventions (e.g. antenatal corticosteroids, Kangaroo
mother care and treatment of neonatal infections) and neonatal intensive care
servies are lacking or very expensive [235,238,241,242]. This might have led to

the 90: 10 survival gap, . e. mor e than
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survive in highincome countries; however, only 10% of these babies survive in

low-income countries [25].

A pooled analysis in LMICs showed that the relative risks of neonatal mortality
increased with decreasing gestational a
exhibited the highest risk compared to moderate (32 to <34 weeks) and late PTB

(34 to <37 week) [238] (Figure 2.17). Remarkable advancementgperinatal,

neonatal and paediatr@are have improved the survival of PTB babies. In most

devel oped countries, more than 95% of ba
those born <28 weeksd gestation and 50%
survive beyond the neotaé period or even tadulthood [235,243,244However,

these survivors are at an increased risk of deugdplongterm adverse outcomes

[243,245248] (Table 2.8).
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10+ 11.02

Relative risk

Asia @
Africa ®

Asia
Africa
Asia
Africa
Asia
Africa

Latin America &
Latin America

Latin America
Latin America

=37 weeks (reference) 34 to <37 weeks 32-33 weeks <32 weeks
Gestational age

Figure 2.17. Relative risks of neonatal mortality associated with gestational age in
low and middle-income caintries (Katz et al. [238]).
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Table 2.8. Longterm adverse outcomes in survivors of preterm birth.

Long-term adverse outcomes

Pulmonary function
abnormaities and chronic
lung diseases

Reduced exercise capacity, reduced lung funchommchopulmonary
dysplasia, respiratory symptoms (esgertional dyspngaasthma and
obstructive lung disease.

Sleep issues

Obstructive sleep apnea syndrome, snoring and sleep disruption (p€
limb movement).

Cardiovascular and metabol
outcomes

Higher blood pressure or hypertension, ischemic heart disease, ven
thromboembolic events, type 2 diabetes mellitus, dyslipidemia, obes
and abnormal depositions of fat in organs.

Renal outcomes

Chronic kidney disease and hypertension.

Neuropsychatric, cognitive
and functional outcomes

Lower tendency for risktaking behaviours; more likely to exhibit socia
withdrawal, introversion, neuroticism; depression; the triad of psychi
conditions (anxiety, inattention and autistic traits); psychosis;
schizophrenia; mood and eating disorders; impairments in brain and
motor function, speech and learning; bullying, peer victimization and
social exclusion; loweintelligencequotientscores, higher
unemployment and lower earning capacity; more likely toaia single,
have a lower rate of sexual intercourse and loweresgdem.

Neonatal intraventricular
haemorrhage or white matte
injury

Poor neurologic outcomes, e.g. coordination disorder andtting
motor impairment.

Accelerated ageing

Age-related conditions (e.g. hypertension, ischemic heart disease) ar
reduced life span.

2.7.2 Perinatal outcomes according to birth weight

2.7.2.1 Definition

Birth weight is the first weight measured after birth. For live newborns, this

measurement should be performed within the first hours of life, i.e. before post

natal weight loss. WHO defines (regardless of gestational age) LBW as a birth

weight <2,500g, v LBW as <1,500g and extremely LBW as <1,000g. The

LBW definition is based on epidemiological observations that babies with birth

weight <2500g are 20 times more likely to die than heavier babies. It was

mentioned in the 2004 WHO report that this prattea-off is mainly used for

international health statistics comparisons, and not appropriate for clinical
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settings. For clinical purposes, WHO encouraged individual countries to

determine alternative cuiff values [249251].

LBW is either the result oPTB, IUGR (proxied by SGA: <IDcentile of birth
weight for gestational age and sex), or a combination of these two conditions
[238,249,250]. Therefore, ideally, LBW should be stratified into three groups:
LBW in appropriately grown preterm neonates arBML in term and preterm
growth restrictecheonates (Figure 2.18). Howeydhis stratification seems very
difficult in settings with limited access to ultrasound facilities [7,238,252].

10" centile

22500 g
not LBW

2500 g mmmmmm e e e e T e e
Preterm

AGA, LBW

Term SGA,

<2500
5 LBW

LBW

Preterm
SGA, LBW

<37 weeks 37 237 weeks
(preterm) weeks (term)

Figure 2.18. Therelation between birth weight and gestational ageAdapted from
Lee et al.[7]. Abbreviations: AGA, appropriate for gestational age; LBW, low birth
weight; SGA, small for gestational age.

LBW has long been used as a surrogate indicator of infant ipniak and a
target of public health interventions [2281]. WHO has targeted a 30%
reduction in LBW prevalence between 2012 and 2025; an average annual
reduction rate (AARR) of 2.74% is required to meet this target [250]. One reason
for this is a strog association between LBW and infant mortality, as mentioned
above [249,251]. Another reason is that birth weight data are more readily

available (i.e. precisely recorded, free and available in vast numbers) in most
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settings unlike gestational age, whiobkeds a firstrimester ultrasound to obtain
the most accurate estimatéxisting evidencealso suggests that LBW is an

unreliable marker of perinatal hea]2b1,253255].

2.7.2.2 Epidemiology

The estimated global LBW prevalence in 2015 was 14.6%; compared to the
prevalence in 2000 (17.5%), there was a 16.6% reduction between these two
periods (AARR: 1.23%) [256(Figure 2.19). Despite this progressmore than
doubk reduction is needed to dele the AARRtarget of 2.74% between 2012

and 2025 [250,256]The absolute number of LBWs in 2015 was 20.5 million,
91% of those were from LMICs, particularly south Asia (9.8 million; 48%) and
subSaharan Africa (5 million; 24%) [256]Figure 2.20. In adlition, d the
estimated 18 milliorlLBW babies born in LMICs in 2010, 10.6 million (59%)
were termSGA, 2.8 million (16%) preteriSGA and 4.6 million (25%) preterm

and apprpriate size for gestational age [2%F|gure 2.21).
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Figure 2.19. Regional and global change in low birth weight prevalence between 2000 and
2015. Adapted fromBlencowe et al. [256]. "Sautheastern Asia and Oceania dot include
Australia or New ZealandHigh-income regions includélorth America, Europe and Australia
and New Zealand
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Figure 2.20. National, regional and global number and prevalence of low birth weight, 2015
Adapted fromBlencoweet al. [256]."High-income regions includdlorth America, Europe and
Australia and New ZealandSautheastern Asia and Oceania dot include Australia or New
Zealand.
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low and middle-income countries,2010[Lee et al. [257]) Abbreviations: AGA, appropriate for
gestational age; LBW, low birth weight; SGA, small for gestational age.



2.7.2.3 Complications

More than 80% of NNDs worldwide every year are LBW [74,258]. A recent study
in LMICs showed that the odds ratios of NND in thestfiweek of life increased

with decreasing birth weight [259Figure 2.22). LBW newborns who survive are

at greater risk of posteonatal death, neonatal morbidities (birth asphyxia, acute
respiratory infection and diarrhea), growth failure and i{tergn adverse
outcomes (neurological and language development disorders, metabolic and
cardiovascular diseasesd poor academic performance) [74;2%B] (Figure

2.21).
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Figure 2.22. Adjusted odds ratios and 95% confidence intervals of neonatal deathtime first

week of life by birth weight [Laopaiboon et al. [259]] Reference group: babies with birth
weight 2,5083,499¢g. Solid red line indicates the adjusted odds ratio 2.0, clinical significance
criterion used by the study. Abbreviation: OR, odds ratio.
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2.7.3 Perinatal outcomes according to gestational age and birth
weight combined
2.7.3.1 Definition
LBW was mistakenly used to define prematurity from the 1920s to the 1960s
[251,260]. However, epidemiological data show that not all LBW babies are
premature, and not all premature babies are LBW. In 1961, WHO suggested that
LBW should not be used to de@inprematurity [261]. When prematurity is
redefined using gestational age, there remain a large number of LBW babies born
at term with a high risk of mortality. This condition led to the recognition of a
new pathology: intrauterine growth restriction (IUGRpH1,260]. In addition,
babies with the same birth weight but different gestational ages develop different
clinical problems. This suggests a disparity between birth weight and gestational
age, either too small (i.e. small for gestational age, SGA) olatge (i.e. large
for gestational age, LGAR62) SGA is defined as a birth weight <16entile for
a specific completed gestational age by &%2) and is commonly used as a
proxy for IUGR (7)(251)260)262) Very SGA (VSGA) is defined as a birth
weight <3¢ centile for gestational ageGA is defined as a birth weight >80
centile for gestational age. A birth weight for gestational age betweentrand0

90" centile is considered as appropriate for gestational age (AZBR).

2.7.3.2 Epidemiology
The vast majority of SGA babies are born in LMICH(257) however, the
estimates of SGA vary depending on the reference population(Ti¥2€3) For

example, the estimated number of SGAs in LMICs in 2012 basedhe
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INTERGROWTH21%t Newborn Size Standards (23.3 million) was 27% lower
than that based on the US 1991 BMW#eight Reference (31.9 million) [{rable

2.9). Despite this, the INTERGROWTR® standard (18.1 million; 78%) and the
US 1991 reference (24.8 million; 78%) agreed that the majority of SGAs in 2012
occurred in soth Asia and sulsaharan Africa [7Table 2.9).Whenthe SGA
estimates based on the US 1991 reference in 2010 (32.4 m2If8a; of live
births) and 2012 (31.9 million; 26.4% of live birtha)e compared they were
similar [7,257](Table 2.9). Furthermore, the 2010 data estimated that 3.9 million

babies (23%) were born VSGA in south A&&7)

INTERGROWTH21% is the first international, muhiational birth weight for

gestational age standard including pregnancies with accurate dating (ultrasound

<14 weeksd gestation), optimal Jrandt ri ti on
socioeconomic conditions; detailed inclusion criteria can be found in Villar et al.

[264]; newborn measurements were conducted within 12h of birth using
standardised procedures across sites. Their research provided a single universal
standard to desibe optimal newborn size for gestational age around the world,

whereas the US 1991 reference included pregnancies from the general population

with less accurate dating (LMP) [265].
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Table 2.9. SGA births in LMICs in 2010 and 202 comparing the INTERGROWTH-215t Newborn Size Standards to
the US 1991 Birth Weight Reference.

UN-MDG regions 2010 201%
Live births US 1991 Reference Live births | INTERGROWTH -21% US 1991 Reference
(1000s)| Number of SGA (1000s)| Number of SGA | Number of SGA
SGA | prevalence SGA | prevalence SGA | prevalence
(1000s) (%) (1000s) (%) (1000s) (%)
Caucasuand @ntralAsia 1,6430 2407 15.0 1,7743 1955 11.0 2607 14.7
EastAsia 17,4900 1,1823 7.0 19,0972 9495 5.0 1,3112 6.9
Southeast Asia 10,9834 2,6702 24.3 9,6911 2,0899 21.6 2,7715 28.6
South Asia 38,7530 17,3503 44.5 36,6258 12,5377 34.2 16,3044 445
West Asia 4,8553 1,066.9 21.8 4,8449 756.6 15.6 9969 20.6
Oceania 2631 55.3 21.0 2664 427 16.0 55.7 20.9
North Africa 3,56430 337.6 9.6 3,9898 2482 6.2 3815 9.6
SubSaharan Africa 32,0855 8,157.3 25.5 33,7275 5,5752 16.5 8,4837 25.2
Latin Americaandthe 10,8445 1,3740 125 10,8333 9303 8.6 1,3791 12.7
Caribbean
Total 1204613 324348 27.0| 120,8502 23,3256 19.3 31,9448 26.4

$Source: Lee et a]257],
°Source: Lee et al. [7]

Abbreviations: LMICs, lonand middleincome countries; SGA, small for gestational age:MNG, United Nation§ Millennium Development Goals.
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2.7.3.3 Complications

SGA is associated with an increased risk of neonatal andnmustatal deaths
compared to AGAwith pooled relative riskef nearly2 in LMICs. These risks
increase with SGA severity, with VSGA exhibg the highest risks (Figure 2.23).
These risks are even higher among babies born both preterm and SGA than

amongthose withPTB or SGA alone (Figer2.24) [238].
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Figure 2.23. Relative risksof neonatal death associated with small for gestational
age in low and middleincome countries. Adapted from Katz et al. [238].
Abbreviations: AGA, appropriate for gestational age; SGA, small for gestational age;
VSGA, very small for gestational age.
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Figure 2.24. Relative risksof neonatal and postneonatal deaths associated with
preterm birth and small for gestational age in low and middleincome countries
(Katz et al. [238]). Reference: babies born term and appropriate for gestational age.

In 2012, an estimated 606,500 NNDs in LMICs were attributable to SGA based
on the INTERGROWTHR1 standard; this number was 27% higher when the US
1991 eference was used to define SGA (Table 2.10). The highest number of
NNDs attributable to SGA was in South Asia (INTERGROWZH' standard:
289,700 US 1991 referenc&59,300 (Table 2.10), wherthe prevalence of SGA
was the highest (INTERGROWTRI® standard: 34.2%; US 1991 reference:
44.5%) (Table 2.9)7]. Furthermore, SGA is associated with a higher risk of: 1)
infections, respiratorydepressionjaundice,polycytheemia, hypogly@emia poor
feedingand hypothermiain the neonatal and peseonatal periods [266,267]; 2)
delayed neurodevelopmentpoor linear growthand stunting in childhood
[268,269]; 3) obesity,insulin resstance, dyslipidaemia hypertension and

ischaemideart diseasm adulthood270,271]
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Table 2.10. Neonatal deaths attributable to SGA in LMICs in 2012 comparing the
INTERGROWTH -21%t Newborn Size Standards to the US 1991 Birth Weight

Reference.
UN-MDG regions No of NNDs INTERGROWTH -21s US 1991Reference
No of NNDs | % of NNDs | No of NNDs | % of NNDs
attributable | attributable | attributable | attributable
to SGA to SGA to SGA to SGA
Caucasusand @ntral 26,500 3,800 14.3 5,500 20.6
Asia
EastAsia 158,900 16,100 10.1 25,100 15.8
Southeast Asia 143,900 33,000 22.9 45,100 31.3
South Asia 1,127,300 289,700 25.7 359,300 31.9
West Asia 63,400 11,000 17.4 14,700 23.2
Oceania 5,700 900 15.8 1,200 20.6
North Africa 50,600 5,200 10.3 7,000 13.8
SubSaharan Africa 1,090,200 219,300 20.1 277,100 25.4
Latin Americaandthe 105,900 27,300 25.8 37,100 35.0
Caribbean
Total 2,772,400 606,500 21.9 772,000 27.8
Source: Lee et al. [7]
Abbreviations: LMICs, low and middimmcomecountries; NNDs, neonatal deaths; SGA, small for gestational agéVID®,
United Nationg Millennium Development Goals.

2.7.4 Perinatal outcomes according to fetal and neonatal mortality
2.7.4.1 Miscarriage and stillbirth

2.7.4.1.1 Definition

Miscarriage and stillbirth are variouslgefined. Table 2.11 provides the
definitions of miscarriage and stillbirth according to the WHO/International
Classification of DiseaseH)" revision ICD1 0) / Uni t ed Nati ons
(UNICEF) [240,272276]; American College of Obstetricians and Gynecologists
(ACOG)/Centers for Disease Control and Prevention (CDC)/National Center for
Health Statistics (NCHS), US [277,278]; and Royal College of Obstetricians &

Gynaecologists (RCOG), UK [27281].
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Table 2.11. Definitionsof miscarriage and stillbirth.

| Definitions

Miscarriage
WHO/ICD-10 | The expulsion or extraction of a fetus or embryo weighing <500g, equivalent to
approxi mately <22 weeksO0-hegplp<Rica RT294]. o

Pregnancy | oss <28 weeks6 gestation
CDC/NCHS The expulsion or extractionofates of <20 weeksd gest a
RCOG The spontaneous | oss of pregnancy fr
gestation [279,280].
Stillbirth
WHO/ICD-10/ |[Ear |l 'y f et al deat h: a death at a birt
UNICEF a body length O025cm; | ate fetal deat

or body Il ength O035cm [273].

Early fetal death: a death prior to the conlexpulsion or extraction from its mother
of a product of conception weighing 5@(000g, equivalent to approximately-28
weeksd gestation; | ate fetal deat h:

A baby born with no signs of Ilife 02
ACOG/CDC/ |A spontaneous fetal death of 020 wee
NCHS

RCOG A baby delivered with no signs of 1

Abbreviations: CDCCenters for Disease Control afdevention; ICB10, International Classification of DiseasH¥' revision;
NCHS, National Center for HealtBtatistics; RCOGRoyal College of Obstetricians & GynaecologisttNICEF, United Nations|
Chil dr enés FldHhedlth OrgéHrigation. Wo r

2.7.4.1.2 Epidemiology

The miscarriage rate in highcome countries varies:-&8% of clinically
recognised pregnancies, itom 56 weeks 6 g-288]t Bhe rans [ 2 8 3
approximately 30% when taking into account early miscarriages of those
pregnancies detected by human chorionic gonadotropin (hCG), i.e. before clinical
recognition [284]. Data on miscarriage epidemiologiiiCs have been lacking

due to several challenges: 1) most miscarriages occur outside of health facilities
and are not registered; 2) most women initiate ANC late in the second trimester
[7,81-84,289291]; 3) less accurate estimation of gestational agetduimited
access to ultrasound, and/or less reliable dating from the LMP due to limited
literacy [92,292]; 4) induced abortion is illegal in most LMICs, thereby increasing

the risk of misclassification of induced abortion as spontaneous miscarriage [293
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and 5) cultural and superstitious beliefs that may hinder pregnancy detection
[289,294,295]. Approximately 14% of pregnancies ended in a miscarriage in India
in 2015 [296] and 19% in Kenya between 2011 and 2013, a setting with high

malaria and HIV prevance [293].
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Figure 2.25. Global number of stillbirths, 20062019 (UNICEF 2020 [279).
Abbreviation: UNICEFUnited Nations International Children's Emergency Fund

Approximately 48 million stillbirths occurred globally in the past wlerades. In
2019, an estimated two million babies were stillborn (Figure 2.25), with a global
rate of 13.9 stillbirths per 1,000 total births. This corresponds to one stillbirth
every 16 seconds. An additional 20 million stillbirths are projected to dmcur
2030 [275]. The vast majority (84%) of stillbirths occur in LMICs, particularly
subSaharan Africa (42%) and south Asia (34%), which account for more than
three quarters of global stillbirths [275,297]. Betweeunntry disparities in
stillbirth rates ag substantial (Figure 2.26), from 1.4 to 32.2 stillbirths per 1,000
total births. Of the 27 countries with a stillbirth rate >20, 22 are inSaliaran

Africa. Approximately 42% of global stillbirths are intrapartum (Figure 2.27),
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which could probably haveeen prevented with timely access to better quality

care during pregnancy and birth [275].
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Figure 2.26. Stillbirth rates by country, 29 (UNICEF 2020 [275]) Abbreviation: UNICEF,
United Nations Internation&hildren's Emergency Fund
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Figure 2.27. Proportion of antepartum and intrapartum stillbirths by Sustainable
Development Goalregion, 2019 (UNICEF 2020 [275]) The first humber for each region
corresponds to the number of stillbirths in thousands. Abbreviation: UNIORiEed Nations
International Children's Emergency Fund
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Despite a 31% decline in the global number of stillbirths over the past two
decades (Figure 2.25), s@aharan Africa did not exhibit this declining trend
there hasevenbeena small increase in the number of Ibtiths in this region
(Figure 2.28). Approximately 0.8 million stillbirths occurred every year in sub
Saharan Africa between 2000 and 2019 (Figure 2.28). In 2000, 27% of all

stillbirths worldwide occurred in suBaharan Africa, and thiacreased to 42%ni
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Figure 2.28. Number of stillbirths by Sustainable Deviepment Goal region, 20062019
(UNICEF 2020 [275]). Abbreviation: UNICEF, United Nations International Children's
Emergency Fund

2.7.4.2 Neonatal deatls

Information on neonatal deaths is provided in 2.2.2 Perinatal health.
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2.7.5 Fetal growth

2.7.5.1 Physiology of fetal growth

The interactions between the fetus, placentamaother (Figure 2.29) angtal for

fetal growth regulation. The placenta mediates the communication between the
fetus and mother [29802]. The interactions between the maternal genome and
environment i nf | umgregrcaecystatd @igure 2129.nSéveral p r e
factors (e.g.co-morbidities smoking, nutritional status and hypoxia) determine
the maternal statén pregnancy [35,298,36802] (Figure 2.29), see also perinatal
health franework proposed by Misra et al. [3fjigure 2.2). Placental trophoblast
invasion stimulates imeases in placental blood flow and growth and, in turn, the
production of placental hormones and transporters to communicate and transfer
nutrients/waste between the mother and f¢228,301,302] The placenta also
controls the glucocorticoid balance beem thewo [298] (Figure 2.29). Placental
hormonegd e.g. hCG, lactogen, growth hormone (GH), inslike growth factor

1 (IGF1), estrogens and progesteronanfluence maternal conditions during
pregnancy: uterine artery blood flow, metabolism and el and nutrient
intake.These changes are essential to promote the growth and development of the
placenta[298,301,302] (Figure 2.29). Competent placental function promotes
fetal growth, whereas maternal constraint restricts fetal growth. Furthermore, fetal

growth is influenced byhe fetal genome [298,36802] (Figure 2.29).
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Figure 2.29. Interactions between the fetus, placenta and mothekdapted from Murphy et al.
[298]. See text fodescription.

2.7.5.2 Fetal biometry to assess fetal growth

2.7.5.2.1 Fetal biometry and estimated fetal weight

Ultrasound examination facilitates not only accurate pregnancy dating but also
screening for fetal growthdisorders by measuring fetal biometry. The most
commonly measured fetal biometric parameters are biparietal diameter (BPD),
head circumference (HC), abdominal circumference (AC) and femur length (FL);
these can be combined to calculate the estimatedvieight (EFW) [303309]
(Table 2.12). Th fetal biometric measurements should be performed in a
standardisednanner with strict adherence to the criteria needed to obtain each

measurement, as shown by the INTERGROWZF study [310,311]. The
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measurement techniques for each biometry are provided in Chapter 7 and
discussed thoroughly in the INTERGROWTI' Ultrasound Operations
Manual, which can be found onlinkt{ps://intergrowth21.tghn.org/Fetal growth
is a dynamic process; therefore, its assessment requires at least two ultrasound

measurements taken from the same fetus at different gestational ages [312].

Table 2.12. Formulaeused to estimate fetal weight.

Authors Formula

Warsof et al.1977 [313] Logio(EFW in kg) =-1.599 + (0.144 BPD) + (0.032 AC)7 (0.000111 AC BPD®
Hadlock et all984 Logio(EFW) = 1.5115 + (0.0436 AC) + (0.1517 FL)i (0.00321 AC FL)+
[314] (0.0006923 BPD HC)

Hadlock et al.1985 Logio(EFW) = 1.3596 (0.00386 AC FL) + (0.0064 HC) + (0.00061 BPD
[315] AC) +(0.0424 AC) + (0.174 FL)

INTERGROWTH21s Log(EFW) =5.0842071 54.0663 (AC/100¥1 95.80076 (AC/100¥

2017[308] log(AC/100) +3.136370 (HC/100)

EFW is expressed in grams unless specified.

Abbreviations: AC, abdominal circumference; BPD, biparietal diameter; EFW, estimated fetal weight; FL, femur length; H
circumference; kg, kilogram;

EFW is most commonly used to monitor fetal size and growth [312,316]. Several
formulae (Table 2.12have been proposed to estimate fetal weight [30833E53.
However, there are several drawbacks of using EFW: 1) errors in the
measurement of each fetal bietric parameter are multiplied [312]; 2) large
intra- and interobserver variability can compromise EFW accuracy, with errors
ranging from 1015% on average, which can be as high as 25%-838T, 3)
fetuses with different phenotypes could have the salRW,E.g. those with large

HC and small AC may have the same EFW as those with small HC and large AC
[312]; 4) most EFW formulae include AC (Table 2.12), which carnels@énically
difficult to measure [312,320]; 5) the estimation assumes a uniform density of

tissue; therefore, EFW could be overestimated in macrosomic fetuses with
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relatively greater adipose tissue (less dense than lean body mass), and

underestimated in growdtestricted fetuses with less adipose tissue [299].

2.7.5.2.2 Fetal growth standardserss fdal growth references

Prescriptive fetal growth standards are constructed based on prospectively
collected data from the fetuses of healthy women living in geographically diverse
regionswho are at low risk of adverse maternal and perirmiedomeg(i.e. they
describe fetal growth under optimal conditions), and whose pregnancies have
been accurately dated with appropriate ultrasound protocols and quality control.
By contrast, descriptive fetal growth references are developed based on
populatons of fetuses/infants from normal and complicated pregnancies, i.e. they
describe the distribution of measures in a specific unselected population at a given
time period. Fetal growth standards are preferable because they describe
aspirational and biolagal norms achieved by healthy individuals and populations
worldwide [299,312,316].The first international prescriptive, fetal growth
standardswere developed by the INTERGROWTRI® Project [310] (Table

2.13), which applied the same methods and conakptoproachas the WHO
Multicentre Growth Reference Study, which produtced WHO Child Growth
Standardsn 2006 [321] More recently, WHOitself constructed fetal growth
standards [322](Table 2.13); however, as noted by the authors, their
generalisabily is limited by the small sample size. Lastly, the National Institute
of Child Health and Human Development (NICHD) developed etbpé&cific

fetal growth standards based upon what the authors described as significant

differences in fetal growth amongstufoethnicities (White, Black, Hispanic and
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Asian) in the USA [305]Table 2.13).Therefore, this study [305] conflicts with

the prescriptive Aone standard fits allo

It is imperative to understand the difference between prescriptiadastis and
descriptive references of fetal growth charts. Fetal growth standards are likely to
produce a higher "8 percentile of birth weight for gestational age than that
produced by the fetal growth references at the same gestational age, because the
latter was developed based on populations including fetuses from complicated
pregnancies. Therefore, fetal growth references generally employ a higher centile
cutoff to identify abnormal growth, e.g. $0nstead of % percentile of birth

weight for gestational age [299,312].
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Table 2.13.Summary of the characteristics of studies aimeat develogng fetal growth standards or references.

Authors Country Sample size | Design Type of Type of Recruitment | Chorionicity | Fetal Type of Intended use
(number population sampling period measurements | chart
recruited)
Jiang et al2013 China 6,832 Crosssectional | Healthy poplation | Hospital based| >16 weeks Singleton BPD, AC, FL Reference| Local
[324]
Papageorghiou et | InternationalUK, | 13,108 Longitudinal Healthy pgulation | Population 9-14 weeks | Singleton BPD,HC, AC, Standards| International
al.2014 Italy, Brazil, USA, based FL, OFD
(Intergrowth21%) | Oman, China,
[310] India, Kenya)
Junior et al2014 Brazil 31,476 Crosssectional, | Healthy pgulation | Hospital based| <14 weeks Singleton BPD, HC, AC, Reference| Local
[325] retrospective FL, EFW
Buck Louis etal. | USA (White, 2,334 Longitudinal Healthy pgulation | Hospital based| 8-13 weeks | Singleton BPD, HC, AC, | Standards| International/
2015 (NICHD) Black, Hispanic FL, HL, EFW ethnicspecific
[305] and Asian women)
Stirrup et al2015 | England 2,025 Retrospective All inclusive Hospitalbased | >14 weeks Twin BPD, HC, AC, Reference| Local
[326] FL
Rizzo et al. 2016 | ltaly 8,070 Retrospective All inclusive Hospital based| First Singleton BPD, HC, AC, | Reference| Local/sex
[327] trimester FL specific
GabbayBenzivet | USA 2,161 Retrospective All inclusive Hospital based| <20 weeks Twin EFW Reference| Local
al. 2017[328]
Kiserud et al2017 | International 1,387 Longitudinal Healthy popilation | Hospital based| First Singleton BPD,HC, AC, Standards| International
(WHO) [322] (Argentina, Brazil, trimester FL, HL, EFW

DR Congo, Egypt,
Denmark, France,

Germany, India,

Norway, Thailand)

Adapted fromOhuma et al[323].
Abbreviations: AC, abdominal circumference; BPD, biparietal diameter; DR Congo, Democratic Republic of Congo; EFW, dstahate@jht; FL, femur length; HC, head circumference; HL, humeral length; NIC
National Institute of Child Health and Human Ré&pment; OFDgpccipitofrontal diametetK, United Kingdom; USA, United States of America; WHO, World Health Organization.
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2.7.5.2.3 Assessment of fetal growth

Ideally, the assessment of fetal growth is based on serial ultrasound measurements

of biometric parameters collected in a longitudinal fashion, which allows the
evaluation of fetal growth rates and trajectories. Serial scans can be used to assess

the intewal growth in order to identify fetuses departing from an optimal growth
trajectory. However, there is no consensus definition of what constitutes a
6normal 6 fetal growth wvelocity at any g
parameter. Intraand interobserver variability may compromise the accuracy of

biometric measurements and, in turn, interval growth [329]. This is particularly
true when the time interval bet ween meas
The International Society of Ultrasound @bstetrics and Gynecology (ISUOG)
recommends that serial scans for interval growth should be performed at least

three weeks apart [312]. Furthermore, serial thirdester scans have been

shown to be useful for the detection of fetal growth disorders$§33]; however,

this remains unclear for serial scans in the earlier trimesters [312].

To describe fetal size and growth, ISUOG recommends the use of the following
terms: AGA, SGA, LGA, and early and labeset IUGR. The definitions of these
terms are mvided in Table 2.14.SGA neonates are not necessarily grewth
restrictedin uterqg i.e. constitutionally small. Suspected IUGR fetuses will not
necessarily be SGA at birth, and fetuses may be groestinicted despite not

being SGA at birth [312].
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Table 2.14. Definitions of terms used to describe fetal size and growth according to ISUOG.

Term Definition

AGA Individual biometric parameters and/or EFW between tffeabh@d 90" percentiles.

SGA Fetal size is below a predefined threshold fogéstational age, typically EFW or AC <10
percentile; other cubffs have also been used in the literatufecéntile, 3¢ centile,-2SD
and Zscore deviation.

LGA Fetal size is above a predefined threshold for its gestational age, typically EFW-@OAC
percentile; other cuffs have also been used in the literaturd? @&ntile, 97" centile,
+2SD and Zscore deviation.

IUGR A fetus that has not achieved its growth potential.

Early | UGR: <32 weeks® gestomdidson, in t
AC/EFW <3¢ centile or UAAEDF
Or

1. AC/EFW <10 centile combined with
2. UtA-PI >95" centile and/or
3. UA-PI >95" centile

Late | UGR: 032 weeksoO6 gestation, in th
AC/EFW <3¢ centile

Or at least two out of three of the following

1. AC/EFW <10" centile

2. AC/EFW crossing centiles >2 quartiles on growth centiles

3. CPR <% centile or UAPI >95" centle

Abbreviations:

cerebroplacental ratio; EFW, estimated fetal weight; ISUG@&rnational Society of Ultrasound in Obstetricsl dBynecology;
IUGR, intrauterine growth restriction; LGA, large for gestational age; PI, pulsatility index; SD, standard deviation; &{Bfars
gestational age; UA, umbilical artery; UtA, uterine artery.

AC, abdominal circumference; AEDF, absent-ddastolic flow; AGA, appropriate for gestational age; CH

2.7.5.3 Risk factors for fetal growth disorders

Risk factors for restricted and excessive fetal growth include potential

abnor

mal i ties/ conditions in the three

[299,300,334336] (Table 2.15). Some risk factors for restricted fetal growth may

affect more than one cgpartment [337]Figure 2.30).
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Table 2.15. Risk factors for restricted and excessive fetal growth.

Risk factors

Maternal | Restricted fetal growth
Sociedemographicextreme age, ethnicity, lower sog@gonomic status.
Behavioural/environmentasmoking, alcohol, illicit drug use, eating disorders, high altitude (i.e.
chronic hypoxia).
Nutritional: low prepregnancy weight, poor gestational weight gain.
Obstetrical poor antenatal care, multiple pregnancy, short-ptegnancy interval, history of small fo
gestational age.
Systemidiseaseschronic and gestational hypertensiongaania, renal diseases (e.g. nephrotic
syndrome), pulmonary disease, autoimmuneadiss (e.g. antiphospholipid syndromsgstemic lupus
erythematosysgastrei nt est i nal di seases (e.g. Crohnos
Infections viral (e.g. human immunodeficiency virus, cytomegalovirus, varicella zoster), patagjtic
malaria, toxoplasmosis).
Others constitutionally small, artificial reproductive technologies, uterine factorsfiergid,
mullerian anomaligs maternal periodontal disease, medications (e.g. anticonvulsants, beta block
antiretrovirals), angitensin gene mutation.
Excessive fetal growth
Pregestational and gestational diabetes, obesity.

Fetal Restricted fetal growth
Genetic trisomy 21/18/ 183, Turnerdés syndr ome, (
structural alterations, uniparental disomy of chromosome 6/14/16.
Congenital malformationsongenital heart disease, congentiaphragmatitiernia abdominal wall
defectge.g.omphalocele, gastroschisisgnal agenesis/dysplasia, anencephaly, single umbilical ar
Excessive fetal growth
Fetalhyperinsulinemia associated with Beckwithiedemanrsyndrome

Placental | Restricted fetal growth
Placenta placentabbruptiorinfarction/hemangioma/chorioangioma, placenta accretayjravallate
placentaconfined placental mosaicisrdiffuse chronic villitis fetal villous obliteration
Umbilical cord velamentous cord insertipangle umbilical atery.

2.7.5.4 Complications associated with fetal growth disorders

Fetal growth abnormalities are associated with increased risks of bothasfebrt

long-term complications. For shetgrm complications, perinatal death is

associated with restricted fetal growth, whereas birth trauma is associated with

excessive fetal gwth. Other neonatal morbidities including cerebral palsy,

polycytheemia, hyperbilirubireemia and hypogly@emia i are associated with

both restricted and excessive fetal growth. The associations between restricted

fetal growth and longerm outcomes (e.@dultonset hypertension and diabetes

mellitus) remain speculative [229,33B3].

72



Mother Fetus

Lower socieeconomic status/ Medications
Constitutionally small

Eating disorders

Poor gestational weight gain

Geneticabnormalities
Congenital malformations

Infections
Genetic
abnormalities or

Maternal diseases . :
multiple gestation

Placental or cord abnormalities

Placenta

Figure 2.30. Risk factorsfor restricted fetal growth. Adapted fromCunningham et al.
[337].
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2.8 Soweto, South Africa

2.8.1 Population

Soweto (an acronym dbaith-Western Township) is a township on the south
western part of Johannesburg, Gauteng Province, South Affigare 2.31)

Soweto is predominantly urban and perban with low income and limited
educational and employment opportunitikshas the highest populatiatensity

of any district ofJohannesburg: 6,135 people perkm2015 [338](Figure 2.32)
A

/ Free Stde Kwazulu /

l/f\Q Natal ~~
\ Northern Cape & J
3 AJ«\/
\ .

\ 4

N . ~

) L\gl,,,\ y ,,JJ HJ” Eastern Capp
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- (*]

o(hngr Farm

Figure 2.31. Map of South Africa showing the nine provinces (A) and map of
Gauteng Province showing Soweto and other cities (B)Adaptedfrom Coulson et al
[339] and Stadler et al. [340]
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Figure 2.32. Population densities of Johannesburg bsegion, 19962015. Adapted
from Annual Economic Reviewf the city of Johannesburg 2016 [338]

Gauteng is the smallest, yet most populated province (Figure .2.33)
Approximately 15.5 million people (26%jut o f South Africads
population of 59.6 million in 2020 were living in this province. Gauteng
Kwazulu-Natal and Western Cape accounted for more than half (57.1%) of the
total population (Figure 2.33). Approximately 51.138.6 million) of the South

African population in 2020 were female; 62.3%.2 million) were youths and

adults aged 159, and the highest proportion of this age group was seen in
Gauteng (67 %) . South Africabos popul ati o
million between 2019 (58.8 million) and 2020 (59.6 million); this was mainly
driven by births (births: +1.17 million, net migration: +0.17 million, deahS2

million). In 2020, on average, a South African woman gave birth to 2.33 children

in her lifetime [341].
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Figure 2.33. 2020population estimates andland area bySo ut h  Aproviice a 6 s
Adapted fromMaluleke et al. [341]

2.8.2 HIV epidemiology

South Africa has the largest HIV epidemic worldwide with an estimated 7.8
million HIV -positive people (13% of the population) in 20206¢ounting for 20%

of the global HIV prevalence [1,341]. Although the epidemic is generalised, Black
African women of childbearing age are at hrggk for HIV (Figure 2.34) [342]a
prevalence of 31.6% has been reported among Blackakfrivomen aged 286
[343]. Among women aged 149, South Africa contributes 25% of the global
HIV prevalence (Figure 2.33}1] and 22% of the global new HIV infectiofi3].
Among women aged 134, South Africa accounted for 28% of the global new
HIV infections in 2019[2]. South African women aged 45! are three times
more likely to be HIVpositive than men in the same age grauacidence 1.51%
versus 0.49% [342]These women will likely become pregnant and give birth

while they are HIVpositive.
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Figure 2.34.South Africa's HIV prevalence by age groups and sex (A) and race (B)
2017 (Simbayi et al. [342]).
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Figure 2.35. Number of HIV infections in women of reproductive age worldwide and

in South Africa (UNAIDS 2020[1]). Abbreviations: AIDS, acquired immunodeficiency
syndrome; HIV, human immunodeficiency virus; UNAIDS, The Joint United Nations
Programme on HIV/AIDS.
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HIV/AIDS remains the leading cause of death in So@thca (Figures 2.36)
[344-347]. The highest numbef AIDS-related mortalities was in 2006 (286,588
deaths); this number had steadily declined and stood at 126,805 deaths in 20109.
This decline is attributed to the expansion of ART coverage over time, starting in

2005 [348].

1997 leading causes of death  Dieaths (%) Yearsoflifelost (%) Age- 2012 leading causesof death  Deaths (%) Yearsoflifelost (%)  Age Changein
standardised standardised  age-
death rates death rates standardised
(per 100000) (per100000)  death rates®
(%)
Persans Persons
1HN/AIDS 60336 (14.5%) 1539958 (18-8%) 145 1H/AIDS 153661 (29-1%) 3576809 (357%) 319 1201%
2 Cerebrovascular dissase 31472 7-6%) 410876 (5-0%) m 2 Cerehrovascular disease 39830 (7-5%) 476955 (4.8%) 110 -08%
3 Interpersonal vioknce 30560 (7-3%) 763455 (9:3%) 74 3 Lower respiratory infections 25977 (4-9%) 464304 (4-6%) 61 -05%
4Tuberculosis 26344 (6:3%) 513762 (6:3%) 80 | 41schaemic heart disease 24960 (47%) 306181 (31%) 69 -13.0%
5 Ischaemic heart disease 23813 (57%) 298058 (3-6%) 85 T S Tuberculosis 13817 (45%) 461024 (46%) 55 -310%
6 Lower respiratory infections 21508 (5.3%) 430368 (5:2%) 62 6 Diabetes 18894 (3.6%) 255508 (2:5%) 51 293%
7 Diarrhoeal diseases 18737 (4-5%) 463277 (56%) 44 | 7 Hypertensive heart disease 18755 (35%) 209710 (2:1%) 53 -67%
& Hypertensive heart disease 15771 (3:8%) 188653 (2:3%) 5 N Interpersonal violence 18741 (3:5%) 460180 (4.6%) ES] -52.0%
9 Road injuries 15158 (36%) 368912 (45%) kL v 9 Road injuries 17507 (3:3%) 423715 (4-2%) ES] -89%
10 Diabetes 11321 (27%) 166014 (2.0%) 40 ™ 10 Diarhossl dissases 16349 (3:1%) 369280 (3.7%) 34 -227%
Top 10 causes 255430 (61-4%) 5143283 (627%) 734 Top 10 causes 358500 (67-8%) 7002185 (53-8%) 812
Total 416209 (100-0%) £203564 (100-0%) 1215 Total 528947 (100-0%) 10032887 (100.0%) || 1232 14%

Figure 2.36. Top ten causs of death, years of life lost and ag&tandardised death rates in
South Africa, 1997and 2012 (Pillayvan Wyk et al. [349).

2.8.3 HIV and antiretroviral therapy in the context of pregnancy

More pregnant women in South Africa know their HIV status at their first ANC
visit (Figure 2.37) and >30% are Hipositive [349,350] Every year 320,000

HIV -positive women in the country become pregnant, which represents 23% of
the global number (1.4 mibin); this figure is the highest in the wor&,350]

More than 97% of these women receive HAART for PMT[G]I South African
PMTCT qguidelines [35B54] follow the WHO recommendations (Table 2.4);
additional information on these guidelines is providedhe televant analysis

chapter: Chapter 5.
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Figure 2.37. Antenatal HIV testing in South Africa, 20132017 (Myer et al. [349).
Abbreviations: ANC, antenatal care; ART, antiretroviral therapy.

South Africa has been successful in PMTCT, as shown by a nearly 80% reduction
in MTCT rate between 2010 and 2019, from 16% to 3[3PoThis achievement

is partly attributed to improvements in ART regimens and coverage. The potency
of ART regimens has beencreased from singldose NVP to lifelong HAART
(Table 2.4). ART coverage has been improved by: 1) broadening the eligibility
criteria for PMTCT from CD4 <200 to CD4<350 or <500 cellsfrand, in turn,
universal ART (Table 2.4), and 2) increasing thé-oolt of ART. In 2010, only

70% of HIV-positive pregnant women received ART; this figure increased to
>97% in 20193]. Figure 2.37 shows that more pregnant women are already on

ART &t their first ANC visit [349]

2.9 Maternal HIV, ART and perinatal outcomes

By mid-2020, 185 countries had adoptech e At r eat all o. recomm
This suggests that more Hipositive pregnant women have been initiating ART
pre-conception and have, therefore, had longarteroexposure to a combination

of at leasthree antiretrovirals, i.e. HAART12] (Table 2.4). However, the effects
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of maternal HIV/ART on perinatal outcomes, which mainly rely on observational
studies, remain unclear. Existing studies have shown inconsistent findings as to
whether HAART increaseshe risk of PTB, LBW and SGA compared with
monotherapy13-23]. The findings have also been inconsistent regarding whether
Pl-based ART[25,26]and preconception initiatior{18,24] are associated with an
increased risk of PTB compared with nond@dsed ART and postonception

initiation.

The inconsistent associations between maternal HIV/ART and perinatal outcomes
are partly attributed to the nature of observational studies, which are prone to bias.
In addition, small sample sizes and the rarity of onie events (e.g. stillbirth and
NND) might have contributed to the limited statistical power and biased estimates
[17-23]. A large randomised controlled trial (RCT) should be an ideal study
design to investigate the effects of ART on perinatal outcomesetir, this is
hindered by an ethical issue of enrolling pregnant women in most RCTs of ART
[27], and by funding restrictions particularly for LMICs where >90% of HIV
positive women reside [355]. Despite differences in study designs and populations
and otler concurrent risk factors across studies, pooling observational studies
through a metanalysis should be advantageous. Matalysis may also be
beneficial from a power perspective particularly for rare outcome events, and for
newer ART regimens (e.g. Fbased ART) with limited safety data in

pregnancy [222].

The inconsistent associations mentioned above could also be a result of

misclassification of adverse perinatal outcomes (e.g. PTB, SGA) due to less
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accurate estimates of gestational age using aswblinical assessment [13],
LMP [13-20], SFH [13,15,17], and/or late ultrasound [13,15,17,19]. Lack of
ultrasound and delayed first ANC are the main reasons limiting accurate
gestational age estimation by fitsimester ultrasound, particularly in sub

Saharan Africa and southsia (see 2.3 Determination of gestational age).

Maternal HIV and ART are not the only predictors of adverse perinatal outcomes.

It is therefore imperative to identify maternal risk factors (other than HIV and

ART) that may contribte to the occurrence of adverse perinatal outcomes, as an
attempt to provide guidance for targetin
risk factors identification, perinatal outcomes should not overlap each other. An

overlap between two perinatal outoesn suggests that they define the vast

majority of the same babies, i.e. they are not worth differentiating in risk factor
analysis. It is, therefore, necessary to perform an overlap analysis between
perinatal outcomes, which requires accurate informatiomgestational age and

birth weight so as to minimise the misclassification.

As shown in Figure 2.30, maternafections and medications (including HIV and

ART) during pregnancy may compromise not only the mother, but also the fetus

and placenté the hree main factors regulating fetal growth. However, to date, no

studies have been conducted to assess whether maternal HIV/ART influences fetal

growth patterns. This requires longitudinal measurements of fetal biometric
parameters (BPD, HC, ACand FL) fram4 weeks®6 gestati on onws:
challenges of such a longitudinal study are the high cost, longer data collection

period, need for trained and dedicated ultrasonographers, and more importantly
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strong maternal compliance. These could be challerfgimigoth low and middle
income (with limited ultrasound availability and delayed first ANC) and -high

income countries.

2.9.1 South African context

Ongoing surveillance for the safety iof utero ART exposure should become a

priority in South Africa, acountry with the largest HIV epidemic worldwide, and

more importantly, the highest number of Hpésitive pregnant women on

lifelong HAART. However, this country still faces several challenges. First,

accurate gestational age estimation remains challerlyiago limited access to

ultrasound and/or delayed first ANC [13,14.28,356,357]. Approximately 32%

and 82% of women in urban and rural areas of South Africa, respectively, do not

have access to ultrasound [358]. Furthermore, South African studiesdsktimate

the majority of women (up to 89%) present at their first ANC in the second
trimester, and they do not routinely receive an ultrasound scan [13,29,357]. The

national data show an increasing trend in the number of ANC first visits <20
weeksd ({389% (Figutei2@38). Dgste the WHO recommendation for a
dating scan <24 weeksO gestation [78], A
14 weeksO gestation may compromi se gest afl
the context of maternal HIV, studiés which all women are accurately dated

using a firsttrimester scan have never been conducted in South Africa and other
subSaharan African countriesSecond,whilst newborns should be weighed

within 24h of birth, i.e. before significant weight loss [36@] most South

African studies, birth weight is measured up to several days after birth or simply

captured from medical records [13,1428. Third, the number of ANC visits
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throughout pregnancy remains low in South Africa. The national estimates
indicae that, in 2012020, 83% of South African women visited an antenatal
health facility at least once in pregnancy [347]. However, only 25% of South
African women receive at least four ANCs [14]. An adequate number of ANCs
eight as per WHQRB]S is neesssamim ensuwieatte bestrhealth
conditions for both the mother and baby, and to monitor fetal growth when

ultrasound is available.
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B antenatal 1st visit - total 1140788 1126592 1009389 1108077 109331 878170 870 532 1013 796

W Antenatal 1st visit bafora 20 wesks 425 059 452 423 446 269 551 109 588 012 598 935 638 710 675 305

Figure 2.38. Trends in number of antenatal f
Africa, 20102018 (Massyn et al. [359])

These issues highlight the need to conduct a prospective longitudinal study in
South Africa, i n which: 1) all women are
gestational age is determined using a-tinshester ultrasound; 3) birth weight is

directly measured using a standardised procedure within 24h of lainith; 4)

women are requested to perform serial antenatal visits, which facilitates the
repeated measurements of fetal biometry throughout pregnancy. With these in

place, | have been able to perfothe first ever analysis of perinatal outcomes

using accurately determined gestational age and birth weight in HIV settings in

subSaharan Africa. The repeated measurements of fetal biometry allow the
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present thesis to assess differences in fetal growtérpatby maternal HIV/ART,

which has never been conducted in any settings.
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Chapter 3: Antiretroviral therapy and
adverse perinatal outcomes: a systematic

review and metaanalysis

3.1 Introduction

The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated that,
globally, 18.8 million women aged 15 years androwere living with HIV in
2018 [361] of whom 1.3 million were pregnant [362H1V-positive pregnant or
breastfeeding women can transiIV to their fetuses or infants; without any
intervention, motheto-child transmission (MTT) rates range from 15% to 45%
[363]. In the absence of any treatment, 52.5% of 4dbsgitive and 7.6% of HIV
negative children born to HMgositive mothers dieybthe age of 2 years in Africa

[364].

The current guidelines on the use of antiretroviral therapy (ART) in pregnancy,
developed by the World Health Organization (WHO), recommend immediate

initiation of lifelong efavirenz (EF\fpased highly active antirewviral therapy

(HAART) for all HIV-positive pregnant women irrespective of clinical and
immunological status thesec al | ed #Atreat all 6 recommend
ART during pregnancy reduced new paediatric HIV infections (agéd §ears)

by approxmately &% between 2000 and 2018, from 450,000 to 160,000 [60].

Furthermore, antenatal ART has decreased Al@&ed maternal mortality by
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49%, from 530,000 deaths in 2000 to 270,000 in Z@18 Given these benefits,

ART coverage to prevent MTCT (PMTCTof HIV has been expanded.
Approximately 44% of HIVpositive pregnant women worldwide received ART

in 2010, which rose to 82% in 201®1]. The #Atreat all 06 r ecomn
rapid global scaleip of ART coverage have resulted in an increased propastio

women on ART prior to conception and so babies are being increasingly exposed

to longer periods oin utero ART. However, safety data about the effectanof

utero ART exposure on perinatal outcomes are scarce due to the exclusion of
pregnant women &m most randmised controlled trials (RCTs) [27,65]

Therefore, ongoing surveillance for the safetynafiteroART exposure is crucial.

A metaanalysis has shown an association between untreated maternal HIV
infection and an increased risk of preterirtto(PTB), low birth weight (LBW),

small for gestational age (SGA) and stillbirth compared with -Hégative
womeni a finding that was attributed to Hikélated poor maternal health [365].
However, a metanalysis comparing the risk of adverse perinatgcomes in
treated HI\fpositive versus HIVhegative women has never been conducted. This
comparison remains crucial to understand whether the previously observed
differences in perinatal outcomes in AR®&ive HI\tpositive and HIVnegative

women [365] havéeen narrowed by the global expansion of ART coverage.

The comparison of perinatal outcomes in Hi¥sitive pregnant women receiving
ART versus those not receiving ART provides the best evidence to assess the
effect of in utero ART exposure. A systematireview and metanalysis

published in 2007 showed no difference in the risk of PTB of -plbgitive
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pregnant women on ART62]. However, this metanalysis included only six
cohorts whose participants were recruited between 1990 and [@RP3Since
2003,the WHO guidelines on antenatal ART hawseib updated four times: in
2006 [57], 2010 (option A and option B) [58], 2013 (option B+) [59], and 2015
(Atreat . Bdny &tydies|irhpkeinenting these guidelines have been
conducted[14,18,19,22,28,30,36876], which were not included in the meta

analysig62]. In addition, PTB was the only perinatal outcome repdgag

Current evidence remains uncertain whether different ART complexity and class,
and timing of ART initiation hee different impact on perinatal outcomes.
Regarding ART complexity, several studies have shown that HAART is
associated with an increased risk of PTB [15208 LBW [16] and SGA [15]
compared with monotherapy; however, other studies did not observe such
associations [13,14]. Approximately 23 low and mididieome countries
(LMICs), where more than 90% of Hipositive pregnant women reside, have
adopted the WH®ecommended lifelong EFdased HAART [377]. However,
there is no systematic review to date thas specifically assessed the risk of
adverse perinatal outcomes by ART complexity (monotherapy, dual therapy and

HAART).

The advent of potent protease inhibitor {f#sed ART has raised concerns about
the safety of this ART class in pregnancy. An eartnetaanalysis showed that
PTB was significantly more frequent in HiNositive pregnant women receiving
Pl-based ART than in women receiving nonl@sed ART[62]. However, this

metaanalysis only included eight cohorts recruited between 1998 and[@PP4
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A more recent metanalysis published in 2016 also showed an increased risk of
PTB in women on Rbased ART comparedith women on non Pbased ART

[63]. However, this metanalysis included 10 studies with three different
definitions of PTB: <36 weeks [ ,3 783 7 [2687,872,87883]land 037
week s 0 g e s t, avhichommght [h& & tesulted in misclassification bias.
Furthermore, these two mesaalyseg§62,63] only included PTB as the outcome

of interest.

The influence of different timing of RT initiation on perinatal outcomes was
recently assessed by a mataalysis of 11 cohorts published up to 2016 [64]. This
metaanalysis observed a higher risk of PTB, very preterm birth (VPTB) and
LBW in HIV-positive women initiating preonception versugostconception
ART [64]. Nevertheless, this metaalysiswas unable to showhich class of
ART significantly increased the risk &TB, VPTB and LBW if initiated before
conceptionj.e. whether only Pbased or no#*l-basedART or both classef54].
Theanalysis of VAB in this metaanalysis [64]jncluded a total of 972 women,
89% (n=8678) of whom were captured from a single study [1H23t defined
VPTB differently to the protocol, which might have contributed to
misclassification bias-urthermorethis metaanalysis [64] was unable to assess
the risk of adverse perinatal outcomes in women starting ART in the first

trimester versus women starting after firsinester.

All studies included in the previous systematic reviewsraathkanalyse$62,64]
were observational and, therefore, prone to bias because the groups compared

might have been different in characteristics other than -Adtdted factors.
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Confounding factors, such as maternal age, smoking, alcohol consumption,

history of adverse perinatal outcomes, maternal viral load and CD4 count might

have been responsible for adverse perinatal outcomes. However, none of these
reviews [62,64] performed the metanalysis of adjusted effect estimates

controlling for relevant confounding factors.

This chapter explores the effects of maternal HIV/ART, antenatal ART, different
ART complexity and class, and different timing of ART initiation ceripatal
outcomes, using a systematic review and raetaysis of both unadjusted and

adjusted effect estimates.

3.2 Aims

This chapter is aimed at assessing:

1. The effect of maternal HIV/ART on perinatal outcomes, by comparing the
risk in treated HIVpositive versus HlVnegative pregnant women.

2. The effect of maternal ART on perinatal outcomes, by comparing the risk in
treated HI\/positive versus untreated Hipositive pregnant women.

3. The effect of ART complexity on perinatal outcomes, by comparing the risk
in treated HIV{positive pregnant women receiving different ART
complexities: monotherapy, dual therapy and HAART.

4. The effect of ART class on perinatal outcomes, by comparing the risk in
treated HI\fpositive pregnant women receiving different ART clasBesind
non Pl.

5. The effect of timing of ART initiation on perinatal outcomes, by comparing

the risk in treated HIVpositive pregnant women with different timings of
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ART initiation: pre-conceptionand pog-conception first-trimester and after

first-trimeste}.

3.3 Methods

3.3.1 Search strategy

The study background, rationale and methods were specified in advance in a
protocol (Appendix 3.1)developed using the Cochrane review guidelines [384].

The present study is under the umbrella of a systematic review project focusing on
adverse perinatal outcomes in Hpésitive pregnant women on ART. Before
conducting any review, the protocol was régried online at the international
prospective  register of systematic reviews (PROSPERO number
CRD42013005637[385]. Literature searches were conducted systematically by a
specialist librarian (SK) in five general electronic scientific literature databases
[PubMed, CINAHL (Ebscohost), Global Health (OVID), EMBASE (OVID) and

the Cochrane Central database] and four trial databases (WHO Clinical Trials
database, Pan African Trials database, ClinicalTrials.gov database and ISRCTN
registry), for studies publisdebetween 01 January 1980 and 28 April 2018. The
search terms included AHI VO, Aantiretrov
gener al term) and specific terms related

Ai ntrauterine growgbstrastonaltiageéeop, idmalv

3t

mi scarriageo, Astillbirtho and Afneonat
combination of fredgext terms (e.g. preterm birth), word variants (e.g. intra
uterine and intrauterine), synonyms (e.g. neonatal death emmhtal loss) and

controlled vocabulary terms (MeSH and Emtree) was used together with the
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Bool ean AANDO and AORO operator s t o i d
methodology and language filters were applied; studies from all countries were

eligible; full-text articles and abstracts were considered.

A comprehensive search strategy was con
Afgeneral 0 search, SO as to ensure no st
was ai med at c a p t upratenmgbirbsot intreutegns gravths e s s i n ¢
restriction or small for gestational ager low birth weight or miscarriageor

stillbirth or neonatal deaj)hand (HIV or antiretroviral therapyo ( Appendi x 3.
The nAgeneral 06 search was ai med at capt
outcome) and (HIV or antiretroviral thergpy ( Appenlde searcl3 . 3) .
strategies provided ippendix 3.2 and Appendix 3.%ere used to search

Embase via OVID and adapted for:dl) literature and trial electronic databases;

2) search of conference abstracts (see below). All retrieved articles were imported

into EndNot® X6 reference manager (Clarivate Analytics, Philadelphia, USA).

In order to find the most recent relevantdséis, one reviewer (WS) searched
conference abstracts from selected international symposia on HIV/AIDS
conducted between 2013 and 2018, including the International AIDS Conference,
the International AIDS Society Conference on HIV Science (IAS), the Caortiere

on Retroviruses and Opportunistic Infections (CROI) and the HIV Research for
Prevention (HIVR4P) conference. The specific terms related to pregnancy
outcomegAppendix 3.2)were used to find abstracts in published abstract books.

The exercise was concied using Adobe Acrob@t Pro XI version (Adobe Inc.,
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California, USA), which allows the use of multiple words or phrases as search

terms.

Hand searches of references of all included studies were also conducted to
identify additional citations. Authors ewve contacted if fultext articles did not

provide sufficient information.

3.3.2 Study selection and data extraction

3.3.2.1 Study selection

Two independent reviewers screente titles and abstracts of all retrieved

articles to identify potentially relevant articles. The same reviewers then

independently screened fuéxt versions of those articles using the following
inclusion criteria:

1 Study design Retrospective and prpsctive cohorts, casmntrol and cross
sectional studies. RCTs were not included in the present review because these
studies were used by another member of our research group for a network
metaanalysis of RCTs investigating the association between dateART
and perinatal outcomes.

1 Population: HIV-positive pregnant women receiving antenatal ART with
known adverse perinatal outcomes.

1 Exposure The use of any ART regimens during the antenatal period for at
least 30 days. Studies had to specify the mlerity (monotherapy, dual
therapy and HAART), class (Pl and non PI: NRTI, NNRTI, INSTI) and timing
of initiation (preconception and postonception: firstrimester, second

trimester, third trimester) of ART regimen. ART complexity was defined by
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the nunber of ARV drugs used in the regimen: one ARV, two ARVSs or at least

three ARVs for monotherapy, dual therapy or HAART respectively. ART class

was defined by the most complex ARV drug used in the regimen: 1) boosted

Pl, 2) nonboosted PI, 3) NNRTI, 4) INSTand 5) NRTI or NtRTI. For

HAART, the regimen class was defined by a third ARV drug used in the

regimen (e.g. boosted PI); and the other two ARV drugs were considered as a
Abackbonedo (e.g. NRTIs). Timing of ART
ART medication: 1) preconceptioni before conception; 2) pesbnceptioni

after conception (first ART initiated during pregnancy), including first

tri mester ( <l4rimesterdldz® ) we slesc @Innceaterd t hi r
(>28 weeksOdO gestation) initiation.
Comparator: 1) HIV-negative pregnant women, 2) HPositive pregnant

women without antenatal ART, or with antenatal ART for <30 days, 3) HIV

positive pregnant women receiving antenatal ART different fronexipesure

groupin terms of ART complexity, class and tirgiof initiation.

Outcome The primary outcomes of interest included: 1) PTB {237e e k s 0
gestation), 2) VPTB (<3®weeksd gestation), 3) sPTB (
initiation of labour), 4) sSVPTRVPTB after spontaneous initiation of labour),

5) LBW (BW <2500g), 6) VLBW Bawekd®00g)
gestation and BW <2500g), 8) preterm LBW (3%e e ks 6 gestati on &
<2500g), 9) SGA (BW for GA <T0centile) and 10) VSGA (BW for GA <8

centile) based on reference charts used by study sites, 11) miscarriage
(spontaneous expulsion of a fetus ®4ee ks 6 gestation), 12)

trimester delivery of an infant without
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gestational ag® 2*%weksor body | ength O35c¢cm,
infant in the first 28 days of life). The secondary outcome of interest included
MTCT defined as the results of the first newbséttVv test indicatingin utero

or intrapartum transmission of HIV. The outcomeMTCT was analysed if

one of the primary outcomes of interest was also reported by studies.

Studies were excluded if they had the following characteristics:

M

Study design Letters or comments to the editor, opinion pieces or case
reports.

Population: 1) Ambiguous eligibility criteria were used in participant
recruitment, 2) HIVpositive pregnant women with -@xisting diseases (e.g.
tuberculosis), which were imbalancedtéween exposure and comparator
groups included in the studies.

Exposure 1) ART was administered as a singl@ese ART at delivery, or for
duration of <30 days, 2) participants were exposed to additional medications
(e.g. antituberculosis drugs) during ggnancy, which were imbalanced
between exposure and comparator groups.

Comparator: Inappropriate comparators were used.

Outcome Adverse perinatal outcomes of interest were not defined or defined

differently from those specified in the study protodgbgendix 3.1).

Two independent reviewers identifieduplicate articles by assessing the

uniqueness of the study population of each article. If two or more articles reported

the same cohort population, adverse perinatal outcomes of interest or ART

comparisos; the one with the most recent and complete information was
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included, while the others were excluded. If two or more articles reported the
same cohort population but each article had different adverse perinatal outcomes
of interest and/or ART comparisgngll these articles were included. Any
ambiguities or discrepancies in the study selection process were resolved by

discussionwith the third reviewer untitonsensus was achieved.

3.3.2.2 Data extraction

For each eligible study, the firstviewers (CS, MK and ZB) extracted data for
publication and study details, participant characteristics, exposures and outcomes
(unadjusted and adjusted associations) using-fopmaulated data extraction tool

in Microsoft ExceD (Microsoft, Washington, BA). This was checked by the
second reviewer (WS), and any discrepancies between the reviewers were
resolved through discussion with the third reviewer (JH) until consensus was

achieved. Authors were contacted for additional information, as necessary.

3.3.3 Methodological quality

The assessment of methodological quality was conducted for each eligible study
by the first reviewers (CS, MK and ZB) and checked by the second reviewer
(WS) using adapted versions of the Newca@titawa Scale used by Wedi et al.
[365], as provided in Appendix 3.4 for the cohort and Appendix 3.5 for-case
control studies. Any disagreements between the reviewers were resolved through
discussion with the third reviewer (JH) until consensus was achieved. For cohort
studies, the assessmeavais conducted using nine criteria that were grouped into
three domains (Table 3.1 and Appendix 3.4): 1) selection of exposed and

unexposed participants (maximum 4 points); 2) comparability of exposed and
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unexposed participants, and whether adjustmentspeacific confounders was

performed (maximum 2 points); 3) assessment of adverse perinatal outcomes of

interest (maximum 3 points). Studies were classified into three levels: good,

average and poor; as presented in Table 3.2.-Gadeol studies were assesl in

a similar manner with minor modifications to take into account the study design

(Table 3.1, Table 3.2 and Appendix 3.5).

Table 3.1. Adapted NewcastleOttawa quality assessment scale (Wedi et al.

[369]).

Cohort studies

1. Selection of participants included in the study (maximum 4 points):
1 Representativeness of the exposed cohort?
9 Selection of the unexposed cohort?
1 Ascertainment of exposure?
9 Demonstration that outcome of interest was not present at the start of tH& stug

2. Comparability of exposed and unexposed participants (maximum 2 points):

9 Did the study control for any of the following factors: body mass index, smokir]
parity and maternal age?

9 Did the study control for any of the following additional factors: iphigtory of

adverse perinatal outcome, maternal hypertension, anaemia, illicit drug or alcq

use during pregnancy?

3. Outcome (maximum 3 points):
1 Is the assessment of the outcome valid?
1 Was gestational age accurately assessed?
1 Adequacy of followup of cohorts?
Casecontrol studies

1. Selection of cases and controls, and determination of gestational age (maximum
points):
9 Definition of cases (same as systematic review protocol)?
1 Representativeness of cases?
9 Selection of controls?
9 Definition of controls (same as systematic revieot@col)?
I Was gestational age accurately assessed in cases and controls?

2. Comparability of cases and controls (maximum 2 points):
9 Did the study control for any of the following factors: body mass index, smokif
parity and maternal age.
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9 Did the study control for any of the following additional factors: prior history of
adverse perinatal outcome, maternal hypertension, anaemigdiilig or alcohol
use during pregnancy?

3. Assessment of the exposure (maximum 3 points):
1 Is the assessment of exposure valid?
I Same method used of ascertainment for cases and controls?
1 Non-response rate?

Table 3.2. Classification of studies according to the adapted Newcastle
Ottawa quality assessment scale (Wedi et al. [365

Study design
Quality
Cohort Casecontrol
Good 9 pointsi all requirements met. 10 pointsi all requirements met.
3 points in fAsele|4 points in Asele
Afoutcomesd domain{Aiexposureo domain
Averagel 02 points in fdAsel |03 points in fAsed
domains, and O1 p|fiexposur eo Odo nedim
Acomparabilityod d{Aicomparabillityo d
<2 points in fAisel|<3 points in fAsel

foutcomed domains n fiexposureodo dom

Poor 2 points in fAsele|3 points in Asele

=13

domains, but no points in exposureo domain

=13

Acomparabilityodo d comparabilityo d

3.3.4 Data synthesis

Odds ratio (OR) and corresponding 95% confidence interval (Cl) were used as a
measure of associations between antenatal ART use and selected perinatal
outcomes. For unadjusted associations, binary perioatabmes data were
extracted from all eligible gties (irrespective of their quality) and recorded in
2x2 tables in order to generate an unadjusted OR and 95% CI. For adjusted
associations, adjusted effect estimates [OR or risk ratio (RR), and 95% CI]

reported by individual studies were extracted. Fodies which reported adjusted
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RRs as a measure of association, the adjusted RR values were transformed into

ORs using a formula proposed by Zhang et al. [384,386]. A-aredlysis was

conducted when at least two studies reported the same perinatal aitande

ART comparisons. A randomffects model was used to calculate a weighted

summary effect estimate and 95% CI for the associations between antenatal ART

use and adverse perinatal outcomes [384,387]1%®1atistic was used to quantify

the percentageof variation in the effect estimate attributable to clinical or
methodological heterogeneity, as opposed to sampling error [384,388].> The

values <25% indicated none, -29% low, 507 4 % moder ate and O75
heterogeneity [388]. For each outcome of interest, all summary effect estimates

and 95% Cls were presented on forest plots.

Prespecified sulgroup analyses by study design (retrofipec versus
prospective) and World Bank country income status (low and middteme
versus highncome country) were conducted to assess the influence of these
covariates on the associations between antenatal ART use and each adverse
perinatal outcome. Irorder to determine the robustness of the raetlysis
results, when relevant, sensitivity analyses were performed to explore whether
ART complexity, ART class, or timing of ART initiation influencéte observed
summary effect estimateBor example, ithe metaanalysis assessing the risk of
PTB in women initiating ART preonception versus women initiating ART post
conception, sensitivity analyses according to ART class were performed by
restricting the analysis to women onltiflsed ART only and to womeon non

based ART only. Thus, it could be determined whether the effect of pre

conception initiation on PTB risk was influenced by ART class. Exploration of
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publication bias, or smalitudy effects was conducted graphically using cortour
enhanced funneplots [389,390] and statistically using the Harbord regression

based test [391,392] in each pairwise raatalysis with a minimum of 10 studies.

All statistical analyses were conducted using STAT#ersion 15.1 (StataCorp
Texas,USA). This review was eportedaccording to thePreferred Reporting

Items for Systematic Reviews and Mé&taalyses (PRISMA) guideling893].

3.4 Results

3.4.1 Literature search

The literature searches identifiéd 211 citations after removing duplicates. After
review of the titles and abstract®,427 studies were assessed for eligibility
criteria, and 79 studies were included in final rraatalysis: 49 retrospective and

30 prospective cohort&igure 3.1).

3.4.2 Description of included studies

The 79cohorts reported data on 234,464 participants recruited during the period
of 1984 2017, and wereyblished between 1998 and 20T&le 3.3).0f the 79
cohorts, 27 (34.2%) were conducted in-Sdharan Africa, 27 (34.2%) Europe,

21 (26.6%) the Americas, 3 (3.8%) Asia; and the remaining one (1.2%) ir multi
regions: suiSaharan Africa (Ethiopia), Europe (Russia, UK), the Americas
(Argentina, Bra#t, Canada, Puerto Rico, USA) and Asia and Pacific (Australia,
Israel) Table 3.3)More than half (n£28340, 54.7%6) of the234,464 participants

assessed, were from s@laharan Africa.
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The median number gfarticipantancluded in individual studies wa&0 (range:

19 t044,370. Mean maternal age varied among studies from 25.5 to 34.2 years

(Table 3.3)as did maternal HIV stageAgpendix 3.6 Table 3.). Other detailed

characteristics of the studies included in thespnt systematic review are

provided in Appendix 3.6: Table 3.1.
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reported adverse perinatal outcome followed by LBW (n=39), SGA (n=25),

VPTB (n=14), MTCT (n=13), VLBW (n=10), SPTB%6), VSGA (n=6), stillbirth

(n=6) and NND (n=4}Table 3.3)
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77,287 studies identified through 337 additionaktudies dentified from
electronic searches conferences (2012018)

v

77,624 studies including duplicates

25,413 duplicategxcluded

52,211titles and abstracts screened

49,784 irrelevantstudies excluded

2,427full text articles and abstracts
assessed for eligibility

2,348studies excluded

Reasons for exclusion
No HIV-positive women received ART = 641
Outcomes of interésot measured or reported = 575
No original data (e.g. reewv article) = 248
Outcomes of interest notratified according to ART = 248
Letters to the editor, opinion pieces, or case reports = 101
Inapproprate population or exposure = 294

79 cohortsncluded Duplicate study or paper = 49
| Outcomes of interest not defined or defil differently to protocol = 78
\1, \1, Not relevant to review = 45
Insufficient informdion = 68
49 retrospective 30 prospective Animal studies = 1

Figure 3.1.Flow diagram of study selection proces®bbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus.
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Table 3.3. Overallcharacteristics of studies included in the systematic review

Characteristics Number of studies (N=79)
n (%)8
Number of participants 234,464
<100 9 (11.4)
100- <500 23 (29.1)
500- <2000 25 (31.7)
62000 22 (27.8)
Recruitment period 1984 2017
Year of publication 1998 2018
<2004 6 (7.6)
2004 2009 11 (13.9)
20102015 38 (48.1)
02016 24 (30.4)
Geographial region
SubSaharan Africa 27 (34.2)
Europe 27 (34.2)
The Americas 21 (26.6)
Asia 3(3.8)
Multi-regions 1(1.2)
World Bank countryincome status
Low and middle income 33 (41.8)
High income 45 (56.9)
Mixed 1(1.3)
Study site
Singlecentre 28 (35.4)
Multiple-centres 38(48.1)
Not reported 13 (16.5)
Twin pregnancies included in the analysis 18 (22.8)
Mearmaternal age (years), mean (range) 28.9 (25.5, 34.2)
25i 28 30 (38)
291 32 19 (24)
33136 4(5.1)
Not reported 26 (32.9)
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Table 3.3. Overallcharacteristics of studies included in the systematic review
(continued from previous page

Characteristics Number of studies (N=79)
n (%)8
Potential risk factors/comorbidities reported by the studies
Low CD4 count <200 cells/min 25 (31.7)
Smoking 25 (31.7)
Alcohol consumption 14 (17.7)
Illicit drug use 33(41.8)
Anaemia 15 (19)
Pregnancyinduced hypertension 3(3.8)
Adverse perinatal outcomes examined
Preterm birth 62 (78.5)
Spontaneous preterm birth 6 (7.6)
Very preterm birth 14 (17.7)
Low birth weight 39 (49.4)
Very low birth weigh 10 (12.7)
Small for gestational age 25 (31.6)
Very small for gestational age 6 (7.6)
Stillbirth 6 (7.6)
Neonatal death 4 (5.1)
Motherto-child transmission 13 (16.5)
ART comparisons
Treated HI(positive versus HIVhegative 17 (21.5)
Treated HI(positive versus untreated Hipbsitive 25 (31.6)
Combination therapy versus monotherapy 27 (34.2)
Dual therapy versus monotherapy 10 (12.7)
HAART versus monotherapy 26 (32.9)
HAART versus dual therapy 8 (10.1)
HAART versus non HAART 33 (41.8)
Pl versus non Pbhased ART 30 (38)
Pre-conception versus pesbnception initiation of ART 26 (32.9)
Firsttrimester versus after firstimester initiation of ART 12 (15.2)

$Percentages were calculated from the total number of cohorts included in the systematic review (N=79).
SAverage of reported medians or means for 53 cohorts.

Abbreviations: ART, antiretroviral therapy; HAART, highly active antiretroviral therapy; HIV, hon
immunodeficiency virus; P, protease inhibitor.
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3.4.2.1 Methods to estimate gestational age

Information on methods of gestatioreje estimation was provided by almost
two-thirds of included cohorts (n=51; 64.6%). Of these, 41 used a combination of
methods (mixed methods) as presented able 3.4;10 used a single method
including early or late ultrasound (n=3), LNMP (n=4), SFH (n=1) and neonatal
assessments usiignnstrom scorén=1) and Capuro method (n=1).

Table 3.4.Combination of methods(mixed methods)to estimate gestational
age in studies included in the systematic review.

Methods to estimate gestational age Number
of studies
Early® or latéultrasound, LNMP 4

Early ultrasound, LNMP
Late ultrasound, LNMP

Ultrasound (unspecified), LNMP, SFH, neonatal assess(uespecified)
Ultrasound (unspecified), LNMP, SFH

Ultrasound (unspecified), LNMP, neonatal assessment (unspecified)

Ultrasound (unspecified), LNMP, clinical assessment (unspecified)
Ultrasound (unspecified), LNMP

Ultrasound (unspecified), clinical assessment (unspecified)
LNMP, SFH

LNMP, neonatabssessment (unspecified)

RN P O A W N WO

SUltrasound in the first trimester.
SUltrasound after first trimester.
Abbreviations: LNMP, last normal menstrual period; SFH, symptfysidal height.

3.4.2.2 Controlling for confounding factors
From the 79 included cohort$2 controlled for confounding factors (40 through
multivariable analysis and two matching) in the association between antenatal

ART and adverse perinatal outcome&alfle 3.5).
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Table 3.5 Controlling for confounding factors in studies included in the systematic
review.

Study Controlling for confounding factors

Matching Multivariable analysis

Sub-Saharan Africa
Adam et al. 2016394] - -

Chaudhury et al. 201[895] - -

Chen et al. 2012 [15] Marital status, education, smoking, alcohol use, histo
- of adverse perinatal outcomes, hypertension in
pregnancy, asemia, history offB, CD4 count

Chetty et al. 201813] Maternal age, year of delivery, type of antenatal clinig
ART duration, CD4 coun

DrydenPeterson et al. 2011
[396]
Ekouevi et al. 2008397] Maternal age, educatioBMI, having @rtner, having

income activity HIV stage, CD4 count
Ezechi et al. 201§398] - -

Joseph et al. 201B74] - -

Li et al. 2015376] Year of delivery, facility level, short statuldUAC, Hb
) andALT levels, history of TB CD4 count

Malaba et al. 201J29] Maternal ge, height, parity previousPTB, CD4 count
) viral load

Marazzi et al. 2011368] - -

Moodley et al. 201628] Maternal age, mode of delivery, pregnancy term, CD4
count
Nlend et al. 201616] - Maternal age, parity, CD4 count

Olagbuji et al. 201(399] - -

Powis et al. 201667] - -

Ramokolo et al. 201[24] Maternal age, race, educati®@ES,food insecurity,

- parity, number of antenatal visits, syphilis degy, TB,
newborn sex

Rempis et al. 201[400] - -

Sebitloane et al. 201[356] - -

Shapiro et al. 201[154] - -

Silverman et al. 201101] - -

The Kesho Bora Study Grou
et al. 201(17]
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Table 3.5.Controlling for confounding factors in studies included in the systematic
review (continued from previous page

Study Controlling for confounding factors

Matching Multivariable analysis

Sub-Saharan Africa

van der Merwe et al. 20130] - Maternal age, hypertension, CD4 count
Wilkinson et al. 201%402] - -

Zash et al. 201§103] Maternal age, education, employmentaamia,
) hypertension, CD4 count

Zashet al. 201796] - Maternal age, education, gravidity
Zash et al. 2018104] - Maternal age, education, parity
Zash et al. IAS 201[405] - Maternal age, education, gravidity
Europe
Boer et al. 2006406] Maternal age, race,

parity, delivery date )
ECSet al. 2003383] - Maternal age, illicit drug use, CD4 count
Favarato et al. 201[807] Maternal age, country of origin, history of injectable

drug use, year of delivery, parity, CD4 count

Favarato et al. IAS 2017 Maternalage countryof origin, history of injectable
[408] - drug useyearof delivery, parity, lateANC stat, CD4

count newbon sex

FeiternaSperling et al. 2007
[409]
Grignolo et al. 2017375] - Smoking, illicit drug use, mode &flV transmission

GroschWoerner et al. 2008
[378]

Hernandez et al. 201810] Maternal age, parity -
Kowalska et al. 20083] - -

Lopez et al. 201411] - History of PTB, nulliparity
Lopez et al. 201$412] - -
Mandelbrot et al. 199B113] - -

Mandelbrot et al. 200[414] - Mode of deliveryHIV stage, history of ARTuse
Mandelbrot et al. 2018.52] - -

MontgomerTaylor et al.
2015[415]
Oomeer et al. 201B16] - -

Rudin et al. 2011370] - Maternalage, race, drugs use, snmak CD4 countyL
Samuel et al. 201453] - -
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Table 3.5.Controlling for confounding factors in studies included in the systematic

review (continued from previous page

Study

Controlling for confounding factors

Matching

Multivariable analysis

Europe

Short et al. 201418] -

Maternalage, ethnicity, parityhaseline CD4 counY/L

Sibiude et al. 2012 (ma)fi20] -

Maternal age, country afrigin, drug useCD4 count

Sibiude et al. 2012 (sub
[20] -

Maternalage, marital statusmoking, drug uséBMl,
assisted conception, GA at first visit, HCV-icdection,
CD4 count, VL

Sibiude et al. 2012 (su) [20] -

Snijdewind et al. 201§117] -

Parity, region obrigin

Thorne et al. IAS 201418] -

Townsend et al. 2007

Maternal age, race, injecting drug use, repeated

(NSHPC)[381] pregnancies, HIV clinical status, CD4 count
Townsend et aR010(ECS) Race, region of birth, injecting drug us#lV clinical
[19] ) status, year of delivery, study site

Townsend et al. 2010 Race, region of birth, injecting drug use, HIV clinical
(NSHPC)[19] ) status, year of delivery, study site

The Americas

Aaron et al. 2012419] -

Cooper et al. 200R120] -

Cotter et al. 200@25]

Race, moking, alcohobnd drug useyear of delivery,
history of PTB, STD, HIV stage, CD4 count, ART
duration, prepregnancy ART

Duryea et al. 201£366]

Maternal age, race, duration of HIV diagnosis, CD4

count, VL

Einstein et al. 200421] -

Gagnon et al. 201B122] -

Ethnicity, history of PTB and medical history

Haeri et al. 200¢423] -

Smoking, cocaine us

Hofer et al. 2016367] -

Kakkar et al. 201522] -

Maternal age, race, parity, HCV status, Gipdint

Machado et al. 20024] -

Parity, hypertension, STD, viral load

Mounce et al. 201424] -

Papp et al. 201B125] -
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Table 3.5.Controlling for confounding factors in studies included in the systematic
review (continued fromprevious pagg

Study Controlling for confounding factors

Matching Multivariable analysis

The Americas

Patel et al. 201{B80] Smoking, alcohol and drug use, gravidity, GA at
enrolment, history of PTB, gestational diabetes and
hypertension, bleeding, HIV stage, CD4 count, VL, A
duration

Phiri et al. 2015369] Smoking, alcohol use, year of birth, Hi¢lated
maternal illness during pregnancy

Ransom et al. 201[326] - -

Schulte et al. 200[B71] - Race drug use, HIV stage, infant HIV status
Simonds et al. 199B8127] - -

Szyld et al. 2004382] - BMI, hypertensiondiabetes, mode of delivery
Townsend et al. 2010 (PSD) Race drug useyear of delivery, clinicaHIV status,
[19] ) study site

Watts et al. 201872] - Race, income, CD4 count

Williams et al. 2013428] - -

Asia
Ai-jie et al. 2013373] - -
Chakornbandit et al. 20131] - -

Darak et al. 2018429] - Maternal age, CD4 count

Multi -regions

Vannappagari et al. IAS 201]
[430]

Abbreviations: ALT,alanineaminotransferaséANC, antenatal care; ART, antiretroviral therapy; BMI, body mass inBES,
European Collaborative Stud@A, gestational age; Hb, haemoglobin; HCV, hepatitis C virus; HIV, human immunodefic|
virus; IAS, International ADS SocietyConference on HIV 8ence MUAC, mid-upper arm circumferenc&SHPC, National
Study of HIV in Pregnancy andChildhood PSD, Rdiatric Spectrum of HIVDisease PTB, preterm birth; SES, socioeconon
status; STD, sexually transmitted disedd®, tuberculoss; VL, viral load.

3.4.2.3 Assessment of methodological quality

Of the 79 cohorts included in the systematic review, 41 (51.9%) were assessed as
poor and 38 (48.1%) as average quality studieble 3.6).None of cohorts were
assessed as a good quality study because most did not use-tamiaster
ultrasound to estimate gestational agable 3.4)and were unable to control for

pre-specified confounderd &ble 3.5.
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Table 3.6.Quality assessment scoresf studies included in the systematic review
according to the adapted Newcasti®Ottawa quality assessment guidelines.

Study Quality assessment
Selection | Comparability Outcome Overall quality
(maximum 4 | (maximum 2 | (maximum 3 assessment
points) points) points) (good/average/poor
Sub-Saharan Africa
Adam et al. 201¢394] W W W Wi/ W Poor
Chaudhury et al. 201[895] W W W W - W W Poor
Chen et al. 2012 [15] W W W L W W Average
Chetty et al. 201813] W W W W W W W Average
DrydenPeterson et al. 2011 . . . .
[306] A w W Poor
Ekouevi et al. 200§397] W W W W W W W W Average
Ezechi et al. 2011398] W W W W W Average
Joseph et al. 201[B74] W W W W W W Average
Li et al. 2015376] W W W W W W W Poor
Malaba et al. 201129] W W W W W W W W Average
Marazzi et al. 2011368] W W W W W Average
Moodley et al. 201428] W W W W W Average
Nlend et al. 201$16] W W W W W W W Average
Olaghbuiji et al. 2010399] W W W W - Poor
Powis et al. 201667] W W W W W W W W Average
Ramokoloet al. 201714] W W W W W W W Average
Rempis et al. 201[#00] W W W W W Poor
Sebitloane et al. 201[356] W W - W W Poor
Shapiro et al. 201[154] W W W W - W W W Average
Silverman et al. 201p101] - - W Poor
The KeshdBora Study Group et o e e .
al. 2010[17] i ) v Poor
van der Merwe et al. 20130] W W W W W Poor
Wilkinson et al. 2015402] W W W W W W Poor
Zash et al. 201$103] W W W W W W W Average
Zash et al. 201[96] W W W W W W W Average
Zash et al. 201$104] W W W W W W W Average
Zash et al. IAS 201[405] W W W W W W Poor
Europe
Boer et al. 200§406] - W W W W Poor
ECSet al. 2003383] W W W W W W W W Average
Favarato et al. 201[&07] W W W W W W W Average
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Table 3.6.Quality assessment scores of studies included in the systematic review
according to the adapted Newcasti®©ttawa quality assessment guidelines

(continued from previous page

Study Quality assessment
Selection | Comparability Outcome Overall quality
(maximum 4 | (maximum 2 | (maximum 3 assessment
points) points) points) (good/average/poor
Europe
Favarato et al. IAS 201[408] W W W W W W Poor
FeiternaSperling et al. 200j409] W W W - W W Poor
Grignolo et al. 2017375] W W W W W W W Average
GroschWoerner et al. 2008878] W W W - W W Poor
Hernandez et al. 201810] W W W W W W Average
Kowalska et al. 200@3] W W W - W Poor
Lopez et al. 201411] W W W W Poor
Lopez et al. 201$412] W W - W W Poor
Mandelbrot et al. 199B+13] W W W - W Poor
Mandelbrot et al. 200414] W W - W Poor
Mandelbrot et al. 201A.52] W W W - W Poor
MontgomerTaylor et al. 2015 o . o .
[415] W w - W w Poor
Oomeer et al. 201[116] W W - W Poor
Rudin et al. 2011370] W W W W W W Poor
Samuel et al2014[153] W W - W W Poor
Short et al. 201418] W W W W W W W Average
Sibiude et al. 2012 (majifi20] W W W W W W W Average
Sibiude et al. 2012 (sub) [20] W W W W W W W W Average
Sibiude et al. 2012 (su) [20] W W - W W Poor
Snijdewindet al. 201§417] W W W W W W W Average
Thorne et al. IAS 201418] W W W - R Poor
Townsend et al. 200(NSHPC) o e e . . 3
381] AAYY A w Poor
Townsend et aRO10(ECS)[19] W W W W W W W W Average
Townsend et al. 201INSHPC) P ’ ) Poor
[19]
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Table 3.6.Quality assessment scores of studies included in the systematic review
according to the adapted Newcasti®©ttawa quality assessment guidelines
(continued from previous page

Study Quality assessment
Selection | Comparability Outcome Overall quality
(maximum 4 | (maximum 2 | (maximum 3 assessment
points) points) points) (good/average/poor
The Americas
Aaron et al. 2012419] W W W W W W W W Average
Cooper et al. 200R120] W W W W W Poor
Cotter et al. 200§25] W W W W W W W W Average
Duryea et al. 201866] W W W W W W W Average
Einstein et al. 200f421] W W - W Poor
Gagnon et al. 201g122] W W W W W Average
Haeri et al. 200¢423] W W W W W W Average
Hofer et al. 2016367] W W - W W Poor
Kakkar et al. 201%22] W W W W W W W Average
Machado et al. 200R24] W W W W W W Poor
Mounce et al. 201424] W W - W W Poor
Papp et al. 201B425] W W W - W Poor
Patel et al. 201(B80] W W W W W W W Average
Phiri et al. 2019369] W W W W W W Average
Ransom et al. 201j226] W W W W W W W Average
Schulte et al. 200[871] W W W W W W Average
Simonds et al. 199p127] W W W W W Poor
Szyld et al. 2006382] W W W W W W W W Average
Townsend et al. 2010 (PSD) [19 W W W W W W Average
Watts et al. 2018372] W W W W W Average
Williams et al.2013[428] W W W - W W Poor
Asia
Ai-jie et al. 2013373] W W - W W Poor
Chakornbandit et al. 2021] W W W - W W Poor
Darak et al. 201§429] W W W W W W W Average
Multi -regions
Vannappagari et al. IAS 2017 o e e .
[430] VAVAY - w Poor
Abbreviations: ECS European Collaborative StudyAS, International AIDS Society Conference on HIV Scign
NSHPC, NtionalStudy of HIV in Pregnancy an€hildhood PSD, RdiatricSpectrum of HIVDisease
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3.4.3 Effect of maternal HIV/ART on perinatal outcomes

The first aim was assessed by conducting pairwise-aretlyses comparing the
risk of adverse perinatal outcomes in treated 4dbéitive versus HIvhegative
pregnant women. The exposure group was -Hditive pregnant women
receiving anyART irrespective of its complexity, class and timing of initiation;

the comparator group was Hivegative pregnant women.

3.4.3.1 Effect of maternal HIV/ART on gestational ageat delivery

3.4.3.1.1 Preterm birth (PTB)

PTB was reported by 15 cohorts (11 retrospective and four prospective) including
153905 women; eight cohorts were conducted in LMICs and seven in- high
income countriesHigure 3.3. The pooled data showed an association between
treated maternal HIV infeiin and an increased risk of PTB compared with HIV
negative women (pooled OR: 1.63, 95% CI: 1.33, 2.Gigure 3.2).Between

study heterogeneity was high? € 92.5%), suggesting that around 92% of the
variation in effect estimate was attributedhigterogeneity between studies rather
than chance Higure 3.2). In subgroup analysis by cohort design, both
retrospective (pooled OR: 1.59, 95% CI: 1.27, 1.98) and prospective cohorts
(pooled OR: 1.9295% CI 1.37, 2.68 showed an association between tieda
maternal HIV infection and an increased risk of PTB compared with- HIV
negative women; a high degree of heterogeneity was observed in the retrospective
(12 = 94.59) but not prospective cohor{$’> = 0%) (Figure 3.2A. In subgroup
analysis by countincome status, both LMIC (pooled OR:29, 95% CI 1.08,

1.54) and highincome country (pooled OR: 2.685% Cl 2.23, 3.23 showed an

association between treated maternal HIV infection and an increased risk of PTB
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compared with HIVnegative women; a high deee of heterogeneity was
observed in LMIQ(I2 = 89.7%9, but not highincome country1?= 16.4%) Figure

3.2B).

Figure 3.3shows a contouenhanced funnel plot for the 15 cohorts comparing the
risk of PTB in treated HIpositive versus HIVhegative pregnant women. The
funnel is centred not at the model estimate, but &ttide value under the null
hypothesis of no effect. Theolid red vertical line corresponds to the estimated
summary log(OR); solid black circles indicate the 15 studies; solid purple, blue
and green lines correspond to the contours of statistical significance of 0.01, 0.05
and 0.10, respectively. The regioetlveen the two green lines in the middle
corresponds td® values >0.10; the region between the green and blue lines
corresponds t® values between 0.10 and 0.05; the region between the blue and
purple lines corresponds t® values between 0.05 and 0.01; and the region
outside the funnel correspondsRovalues <0.01. These contours help determine
whether the regions where studies igsdllack circles) are potentially missing are

of low statistical significance. If studies are missing in regions of low statistical
significance, the asymmetry is possibly due to publication bias. The centour

enhanced funnel plot ifigure 3.3seems symmasat suggesting no evidence of

publication bi as; PvdlaerobO®R8lduggestingens evidendeo we d

of smaltstudy effects.

113



Treated HIV-positive HIV-negative

Authors Event  Total (%)  Event  Total (%) OR (95% CI) Weight (%)
Restrospective E
Adam et al (2016) 4 52 7.7 7 26 26.9 —_— 0.23 (0.06, 0.86) 1.93
Boer et al (2006) 23 143 16.1 17 196 8.7 — 2.02 (1.03,3.94) 5.02
Chen et al (2012) 1253 6704 18.7 3797 22076  17.2 . 1.11 (1.03, 1.19) 10.55
Gagnon et al (2016) 19 96 19.8 26 288 9 - 2.49 (1.31,4.73) 5.21
Haeri et al (2009) 28 151 18.5 37 302 12.3 — 1.63 (0.95,2.79) 6.19
Lopez et al (2012) 102 519 19.7 88 1038 8.5 | —— 2.64 (1.94, 3.59) 8.62
Moodley et al (2016) 769 3547 21.7 1096 5916 18.5 - 1.22 (1.10, 1.35) 10.40
Ramokolo et al (2017) 212 1747 12.1 568 4618 12.3 - 0.98 (0.83, 1.17) 9.97
Sebitloane et al (2017) 291 1142 255 51 302 16.9 - 1.68 (1.21, 2.34) 8.38
Snijdewind et al (2018) 203 1392 14.6 441 8539 52 . 3.14 (2.63,3.74) 9.90
Zash et al (2017) 1116 4995 22.3 5326 34138 15.6 . 1.56 (1.45, 1.67) 10.54
Subtotal (I-squared = 94.5%, p = 0.000) <.> 1.59 (1.27, 1.98) 86.70
Prospective E
Hernandez et al (2016) 7 27 259 2 24 8.3 + 3.85(0.71, 20.74) 1.31
Malaba et al (2017) 285 1276 22.3 36 278 12.9 - 1.93 (1.33, 2.81) 7.89
Papp et al (2015) 4 27 148 0 17 0 1 6.70 (0.34, 132.82) 0.45
Wilkinson et al (2015) 13 38 342 17 62 27.4 — 1.38 (0.58, 3.29) 3.65
Subtotal (I-squared = 0.0%, p = 0.594) <> 1.92 (1.37, 2.68) 13.30
Overall (I-squared = 92.5%, p = 0.000) ¢ 1.63 (1.33, 2.01) 100.00

'

T T '| T
0.1 051 2 10
HIV/ART reduces the risk of PTB HIV/ART increases the risk of PTB
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B Treated HIV-positive HIV-negative

Authors Event  Total (%)  Event  Total (%) OR (95% CI) Weight (%)

Low-income and middle-income countries E
Adam et al (2016) 4 52 7.7 7 26 26.9 — 0.23 (0.06, 0.86) 1.93

Chen et al (2012) 1253 6704 18.7 3797 22076  17.2 L 1.11 (1.03, 1.19) 10.55
Malaba et al (2017) 285 1276 223 36 278 12.9 | —— 1.93 (1.33, 2.81) 7.89
Moodley et al (2016) 769 3547 217 1096 5916  18.5 . 1.22 (1.10, 1.35) 10.40
Ramokolo et al (2017) 212 1747 12.1 568 4618 12.3 - 0.98 (0.83,1.17) 9.97
Sebitloane et al (2017) 291 1142 255 51 302 16.9 — 1.68 (1.21,2.34) 8.38
Wilkinson et al (2015) 13 38 342 17 62 27.4 —_t 1.38 (0.58, 3.29) 3.65
Zash et al (2017) 1116 4995 22.3 5326 34138 15.6 . 1.56 (1.45,1.67) 10.54
Subtotal (I-squared = 89.7%, p = 0.000) <>: 1.29 (1.08, 1.54) 63.30

1
High-income countries H
Boer et al (2006) 23 143 16.1 17 196 8.7 — 2.02 (1.03,3.94) 5.02
Gagnon et al (2016) 19 96 19.8 26 288 9 -:'*— 2.49 (1.31,4.73) 5.21
Haeri et al (2009) 28 151 18.5 37 302 12.3 LB 1.63 (0.95,2.79) 6.19
Hernandez et al (2016) 7 27 259 2 24 8.3 * 3.85(0.71, 20.74) 1.31
Lopez et al (2012) 102 519 19.7 88 1038 8.5 | —— 2.64 (1.94, 3.59) 8.62
Papp et al (2015) 4 27 148 0 17 0 1 6.70 (0.34, 132.82) 0.45
Snijdewind et al (2018) 203 1392 14.6 441 8539 5.2 |- 3.14 (2.63,3.74) 9.90
Subtotal (I-squared = 16.4%, p = 0.305) E o) 2.68 (2.23,3.23) 36.70
Overall (I-squared = 92.5%, p = 0.000) ¢ 1.63 (1.33,2.01) 100.00

:

T T a T
0.1 051 2 10
HIV/ART reduces the risk of PTB HIV/ART increases the risk of PTB

Figure 3.2.Forest plots of risk of preterm birth in treated HIV -positive versus HIV-negativepregnant women using unadjusted data, byohort
design (A) and countryincome status(B). Area of boxes indicates the weight given to the individual studies. The width of the linedadie95%
Cls of the effect estimate of individual studies. The diamond indicates the overall pooled effect estimate. The widiarnbtitkindicates the 95%
Cls for the overall pooled effect estimate. Abbreviations: ART, antiretroviral therapypdigdence interval; HIV, human immunodeficiency virus;
OR, odds ratio; PTB, preterm birth.
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Figure 3.3 Contour-enhanced funnel plot of the 15 cohorts comparing the risk of
preterm birth in treated HIV -positive versusHIV -negative pregnhant women using
unadjusted data.Solid black circles correspond to the 15 cohorididSed vertical line
corresponds to the estimated summarg(@R). Solid purple, blue and green lines
correspond to the contours of statistical sigaifice of 0.01, 0.05 and 0.10 respectively.
Abbreviatiors. HIV, human immunodeficiency viry©R, odds ratio

Of the 15 cohorts, 12 specifi&RT complexity five usedbothnon HAART and
HAART, sevenused HAARTonly (Appendix 3.7: Figure 3.1 and Figure B.2
HIV -positive women receiving HAART had a higher risk of PTB than HIV
negative women (pooled OR: 1.77, 95% CI: 1.45, 2. Bppéndix 3.7: Figure
3.2).However, there was no difference in PTB risk between-pibgitive women
receiving non HAART and HIMegtive women (pooled OR: 1.18, 95% CI:
0.89, 1.57) Appendix 3.7: Figure 3)1 Eight cohortsspecifiedART class: five
used both non Pl and Bhsed regimens, three used norb&ed regimens only
(Appendix 3.7: Figure 3)3HIV-positive women treated witton PI1 (pooled OR:

1.52, 95% CI: 1.23, 1.89)Appendix 3.7: Figure 3M) or Pkbased regimens
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(pooled OR: 2.30, 95% CI: 1.81, 2.98ppendix 3.7: Figure 3B) had a higher
risk of PTB than HIVnegative women. Eight cohorts specified timing of ART
initiation: five included women who initiated ART both mrenception and post
conception, one preonception and two posbnception only Appendix 3.7:
Figure3.4). HIV-positive women who initiated ART p@nception (pooled OR:
1.93, 95% CI: 1.51, 2.46 Appendx 3.7: Figure3.4A), but not postonception
(pooled OR: 1.27, 95% CI: 0.93, 1.74Appendix 3.7: Figure8.4B), showed a

higher risk of PTB than HI\hegative women.

Of the 15 cohorts, four were included in the mealysis of adjusted effect
estimatesand showed that treated HPpositive women had an increased risk of
PTB compared with HIVhegative women (pooled adjusted OR: 2.25, 95% CI:
1.79, 2.81); no heterogeneity was observiéd=(0%) Figure 3.4. Subgroup
analyses by cohort design, and by cogsmicome status were not performed
because, of the four cohorts, only one was prospective and conducted in an LMIC

[29].
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Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) Adjusted OR (95% CI) Weight (%)
Gagnon et al (2016) 19 96 19.8 26 288 9 —_—t 1.00 (0.30, 3.00) 3.84
Haeri et al (2009) 25 151 16.6 25 302 83 —*— 2.27(1.22,4.25) 13.08
Lopezetal (2012) 102 519 19.7 88 1038 8.5 = 2.50(1.90, 3.50) 54.61
Malaba et al (2017) 285 1276 22.3 36 278 129 — 2.03 (1.33,3.10) 28.46
Overall (I-squared = 0.0%, p = 0.459) <> 2.25(1.79, 2.81) 100.00
T T T : T
0.1 05 1 2 10

HIV/ART reduces the risk of PTB HIV/ART increases the risk of PTB
Figure 3.4. Forestplot of risk of preterm birth in treated HIV -positive versus HIV-
negative pregnant women usirg adjusted effect estimatesArea of boxes indicates the
weight given to the individual studies. The width of the line indicates the 95% Cls of the
effect estimat of individual studies. The diamond indicates the overall pooled effect
estimate. The width of the diamond indicates the 95% Cls for the overall pooled effect
estimate. Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; HIV,
human immundeficiency virus; OR, adk ratio; PTB, preterm birth.

3.4.3.1.2 Spontaneous preterm birth (SPTB)

The pooled data of three cohorts includ2§54 women showed an association
between treated maternal HIV infection and an increased risk of SPTB compared
with HIV negative women (pooled OR: 2.27, 95% CI: 1.68, 3.66)ure 3.5A.

The finding remained when the metaalysis was performed using the adfal

effect estimates of two cohorts (pooled adjusted OR: 2.14, 95% CI: 1.58, 2.90)

(Figure 3.5B).
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Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) OR (95% CI) Weight (%)
Haeri et al (2009) 25 151 16.6 25 302 8.3 — 2.20(1.21,3.98) 25.67
Lopez et al (2012) 71 519 13.7 68 1038 6.6 - 2.26 (1.59,3.21) 73.32

Papp etal (2015) 4 27 148 0 17 0 — - 670(0.34,132.82) 1.0l
Overall (I-squared = 0.0%, p=0.771) <> 2.27 (1.68, 3.06) 100.00

T T T T
0.1 051 2 10

HIV/ART reduces the risk of sSPTB HIV/ART increases the risk of SPTB
B
Treated HIV-positive HIV-negative
Authors Event Total (%) Event Total (%) Adjusted OR (95% CI)  Weight (%)
Haeri et al (2009) 25 151 16.6 25 302 8.3 —:0— 2.27(1.22,4.25) 23.57
Lopez etal (2012) 71 519 13.7 68 1038 6.6 —°:— 2.10 (1.50,3.00) 76.43

Overall (I-squared = 0.0%, p = 0.831) 2.14(1.58,2.90)  100.00

T T T T
0.1 0.5 1 2 10
HIV/ART reduces the risk of sSPTB HIV/ART increases the risk of sSPTB

Figure 3.5. Forest plots of risk of spontaneous preterm birth in treated HIVpositive
versus HIV-negative pregnant women usirg unadjusted (A) and adjusted effect
estimates (B) Area of boxes indicates the weight given to the individual studies. The
width of the line indicates the 95% Cls of the effect estimate of individual studies. The
diamond indicates the overall pooled effect estimate. The widiie diamond indicates

the 95% Cls for the overall pooled effect estimate. Abbreviations: ART, antiretroviral
therapy; Cl, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio;
SPTB, spontaneous preterm birth.

3.4.3.1.3 Very preternbirth (VPTB)

The pooled data of four cohorts (three retrospective and one prospective)
including 52,175 womemnrevealed an association between treated maternal HIV
infection and an increased risk of VPTB compared with 4H8gative women

(pooled OR: 2.59, %% ClI: 1.15, 5.80), with a high degree of heterogen¢ity
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91.49) (Figure 3.§. Subgroup analysis by countipcome status showed an
association between treated maternal HIV infection and an increased risk of
VPTB in highincome country (pooled OR: 2695% CI: 1.93, 7.04), but not
LMIC (pooled OR: 1.43, 95% CI: 0.96, 2.14igure 3.6).Subgroup analysis by
cohort design was not performed because, of the four cohorts, only one was
prospective [29]. Of the four cohorts, one reported an adjusted effect estimate
indicating a higher risk of VPTB in treated HPoOsitive than HIVnegative

women (adjusted OR: 2.40, 95% CI: 1.23, 4.70) [411].

Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) OR (95% CI) Weight (%)
Low-income and middle-income countries !
Malaba et al (2017) 27 1276 2.1 2 278 7 ——i’% 2.98(0.71, 12.62) 15.52
Zash et al (2017) 247 4995 49 1263 34138 3.7 - i 1.35(1.18,1.56)  30.46
Subtotal (I-squared = 12.8%, p = 0.284) O E 1.43(0.96,2.14) 45.99
High-income countries
Lopez et al (2012) 21 519 4 17 1038 1.6 —’I— 2.53(1.32,4.84) 25.66
Snijdewind et al (2018) 39 1392 28 50 8539 .6 | —s—  489(321,747) 2836
Subtotal (I-squared = 64.8%, p = 0.092) <> 3.69 (1.93,7.04) 54.01
Overall (I-squared =91.4%, p = 0.000) <> 2.59(1.15,5.80)  100.00
T T T T
0.1 05 1 2 10
HIV/ART reduces the risk of VPTB HIV/ART increases the risk of VPTB

Figure 3.6. Forestplot of risk of very preterm birth in treated HIV -positive versus

HIV -negative pregnant women usirg unadjusted data, by countryincome status

Area of boxes indicates the weight givienthe individual studies. The width of the line
indicates the 95% Cls of the effect estimate of individual studies. The diamond indicates
the overall pooled effect estimate. The width of the diamond indicates the 95% Cls for
the overall pooled effect astate. Abbreviations: ART, antiretroviral therapy; CI,
confidence interval; HIV, human immunodeficiency virus; OR, odds r&tioTB, very
preterm birth.

3.4.3.2 Effect of maternal HIV/ART on birth weight
3.4.3.2.1 Low birth weight (LBW)
LBW was reported by eight cohorts (five retrospective and three prospective)

including 22,617 women; four cohorts were conducted in LMICs and four in
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high-income countries Higure 3.7). Treated maternal HIV infection was
associated with an increased risk of LBW compared with-r#gative women
(pooled OR: 2.30, 95% CI: 1.36, 3.90), with a high degree of heterogelteity (
93.7%) Figure 3.7) In subgroup analysis by cohort design, thesociation was
observed in retrospective (pooled OR: 2.19, 95% CI: 1.11, 4.32), but not
prospective cohorts (pooled OR: 2.55, 95% CI: 0.98, 6/6@ufe 3.7A. In sub
group analysis by countipcome status, both LMIC (pooled OR: 1.90, 95% CI:
1.05, 3.43 and highincome country (pooled OR: 2.99, 95% CI: 2.17, 4.13)
showed an association between treated maternal HIV infection and an increased
risk of LBW. A high degree of heterogene{ty = 79.®6) was observed in LMIC,

but low heterogeneit{l? = 31.6%) in high-income countryKigure 3.7B).

A Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) OR (95% CI) Weight (%)

Retrospective !
Boer et al (2006) 21 142 14.8 16 196 8.2 —‘-i— 1.95 (0.98, 3.89) 12.77

Gagnon et al (2016) 15 96 156 17 288 5.9 —f—'— 2.95(1.41,6.17) 12.39
Haeri et al (2009) 10 151 6.6 10 302 33 ——‘f— 2.07 (0.84, 5.09) 11.09
Moodley et al (2016) 460 3547 13 651 5916 11 - E 1.21 (1.06, 1.37) 16.18
Snijdewind et al (2018) 218 1392 157 415 8539 49 o 3.64 (3.05,4.33) 16.04
Subtotal (I-squared = 96.1%, p = 0.000) <E> 2.19(1.11, 4.32) 68.47

Prospective '
Malaba et al (2017) 181 1276 142 26 278 9.4 —‘—}- 1.60 (1.04,2.47) 14.72

Olagbuji et al (2010) 37 203 182 8 203 39 I———%—— 5.43(246,11.99) 11.95
Wilkinson et al (2015) 2 34 59 2 54 37 : 1.63(0.22,12.11)  4.86
Subtotal (I-squared = 71.9%, p = 0.028) e — 2.55(0.98,6.66)  31.53
Overall (I-squared = 93.7%, p = 0.000) <> 2.30(1.36,3.90)  100.00
T T T T
0.1 05 1 2 10
HIV/ART reduces the risk of LBW HIV/ART increases the risk of LBW
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B Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) OR (95% CI) Weight (%)
Low-income and middle-income countries !
Malaba et al (2017) 181 1276 142 26 278 9.4 —'—i— 1.60 (1.04, 2.47) 14.72
Moodley et al (2016) 460 3547 13 651 5916 11 - E 1.21 (1.06, 1.37) 16.18
Olagbuji et al (2010) 37 203 182 8 203 3.9 E—'— 5.43(2.46,11.99) 11.95
Wilkinson et al (2015) 2 34 59 2 54 3.7 T 1.63(0.22,12.11) 4.86
Subtotal (I-squared = 79.7%, p = 0.002) < 1.90(1.05,3.43)  47.70
High-income countries '
Boer et al (2006) 21 142 148 16 196 8.2 - 1.95 (0.98, 3.89) 12.77
Gagnon et al (2016) 15 96 156 17 288 5.9 —E—'— 2.95(1.41,6.17) 12.39
Haeri et al (2009) 10 151 6.6 10 302 33 ——0'5— 2.07 (0.84, 5.09) 11.09
Snijdewind et al (2018) 218 1392 15.7 415 8539 49 |- 3.64 (3.05,4.33) 16.04
Subtotal (I-squared = 31.6%, p = 0.223) <> 2.99(2.17,4.13) 52.30
Overall (I-squared = 93.7%, p = 0.000) <> 2.30(1.36,3.90)  100.00
T T T T
0.1 0.5 1 2 10
HIV/ART reduces the risk of LBW HIV/ART increases the risk of LBW

Figure 3.7. Forest plots of risk of low birth weight in treated HIV -positive versus

HIV -negative pregnant women using unadjusted data, bycohort design (A) and
country-income status(B). Area of boxes indicates the weight given to the individual
studies. The width of the line indicates the 95% Cls of the effect estimate of individual
studies. The diamond indicates the overall pooled effect estimate. The width of the
diamond indicates th85% Cls for the overall pooled effect estimate. Abbreviations:
ART, antiretroviral therapy; Cl, confidence interval; HIV, human immunodeficiency
virus; LBW, low birth weight;OR, odds ratio.

Of the eight cohorts, six specified ART complexity: one useatth Imon HAART
and HAART, and five used HAART onlyAppendix 3.7: Figure 3.5 and Figure
3.6). HIV-positive women on HAART showed an increased risk of LBW
compared with HlVnegative women (pooled OR: 2.30, 95% CI. 1.33, 3.97)
(Appendix 3.7: Figure 3)6 However, no difference in LBW risk was observed
between HIVpositive women on non HAART and HikNegative women (one
study, OR: 0.89, 95% CI. 0.71, 1.12ppendix 3.7: Figure 3)5 Four cohorts
specified ART class: two used both non Pl andd@ded regnens, and two used
non Ptbased regimens onlyAppendix 3.7: Figure 3)7 HIV-positive women on
non PI (pooled OR: 2.48, 95% CI: 1.14, 5.38ppendix 3.7: Figure 3A) or Pk
based regimens (pooled OR: 3.33, 95% CI: 2.72, 4 8ppdndix 3.7: Figure

3.7B) showed an increased risk of LBW compared with #&gative women.

122



Four cohorts specified timing of ART initiation: two included Hpdsitive
women initiating ART both preonception and postonception, and two past
conception only Appendix 3.7: Figure 8). HIV-positive women initiating ART
pre-conception (pooled OR: 2.78, 95% CI: 1.03, 7.58pgendix 3.7: Figure
3.8A) or postconception (pooled OR: 2.25, 95% CI: 1.18, 4.3Apdendix 3.7:

Figure 3.8) had a higher risk of LBW than Hegative women.

The metaanalysis of adjusted effect estimates of two cohorts showed no
difference in LBW risk between treated Hpbsitive and HIVVnegative pregnant

women (pooled adjusted OR: 1.47, 95% CI: 0.93, 2 Bigju¢e 3.8).

Treated HIV-positive HIV-negative

Authors Event Total (%) Event Total (%) Adjusted OR (95% CI) Weight (%)
Gagnon et al (2016) 15 96 156 17 288 5.9 ——Ir— 1.50 (0.40, 5.20) 12.76
Malaba et al (2017) 181 1276 142 26 278 94 T 1.47 (0.90,2.40) 87.24
Overall (I-squared = 0.0%, p = 0.977) <> 1.47 (0.93,2.33) 100.00
T T T T
0.1 0.5 1 2 10

HIV/ART reduces the risk of LBW HIV/ART increases the risk of LBW
Figure 3.8. Forest plot of risk of low birth weight in treated HIV -positive versus
HIV -negative pregnant women usirg adjusted effect estimates Area of boxes
indicates the weight given to the individual studies. The width of the line indicates the
95% Cls of the effect estimate of individual studies. The diamond indicates the overall
pooled effect estimate. The width of the diamond indicates P& Gls for the overall
pooled effect estimate. Abbreviations: ART, antiretroviral therapy; Cl, confidence
interval; HIV, human immunodeficiency virusBW, low birth weight;OR, odds ratio.

3.4.3.2.2 Very low birth weight (VLBW)
The metaanalysisof threecohorts (including 11,823 women) in which all HIV

positive women were on HAART, showed no association between treated
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maternal HIV infection and VLBW risk compared with Hhégativewomen

(pooled OR1.96, 95% CI: 0.42, 9.04){gure 3.9

HAART HIV-negative
Authors Event Total (%) Event Total (%) OR (95% CI) Weight (%)
Boer et al (2006) 2 142 14 6 196 31 ¢ . 0.45 (0.09,2.27) 28.00
Malaba et al (2017) 24 1276 19 3 278 1.1 ——ﬁ— 1.76 (0.53, 5.88) 32.47
Snijdewind et al (2018) 45 1392 32 47 8539 6 E —+— 6.04(3.99,9.12) 39.53

Overall (I-squared = 84.4%, p = 0.002) <i> 1.96 (0.42, 9.04) 100.00

HIV/HAART reducesot'lie risk of VL(;;W 1 Hli//HAART inclr(lases the risk of VLBW
Figure 3.9.Forest plot of risk of very low birth weight in treated HIV -positive versus
HIV -negative pregnant women using unadjusted dataArea of boxes indicates the
weight given to the individual studies. The width of the line indicates the 95% Cls of the
effed estimate of individual studies. The diamond indicates the overall pooled effect
estimate. The width of the diamond indicates the 95% Cls for the overall peftded
estimate. AbbreviationsCl, confidence intervalHAART, highly active antiretroviral
therapy;HIV, human immunodeficiency viru$)R, odds ratio; VLBW, very low birth
weight.

Of the three cohorts, two specified ART class: both used non Pl abdsEdl
HAART (Appendix 3.7: Figure 38 and Figure 3.9B). HIVpositive pregnant
womenreceiving Pl (pooled OR: 4.44, 95% CI: 2.70, 7.22)fendix3.7: Figure
3.9B), but not non Phased HAART (pooled OR: 4.57, 95% CI: 0.86, 24.35)
(Appendix 3.7: Figure 3A), showed a higher risk of VLBW than HiWegative
women. Two cohorts specified tingnof ART initiation: both included HIV
positive women with preonception and postonception initiation Appendix
3.7: Figure3.10A and Figure 3.10B). HPMgositive women starting HAART past

conception (pooled OR: 3.34, 95% CI: 1.31, 8.4)fdendix3.7: Agure 3.10B),
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but not preconception (pooled OR: 4.25, 95% CI. 0.86, 20.9%pendix 3.7:

Figure3.10A), showed a higher risk of VLBW than Hhegative women.

3.4.3.3 Effect of maternal HIV/ART on gestational age and birth weight
combined

3.4.3.3.1 Small for gestationahge (SGA)

SGA was reported by nine cohorts (six retrospective and three prospective)

including61,412women; four cohorts were conducted in LMICs and five in high

income countries Higure 3.10. The pooled data of nine cohorts showed an

association between treated maternal HIV infection and an increased risk of SGA

compared with HIVnhegative women (poole@R: 2.45, 95% CI: 1.15, 5.21), with

a high degree of heterogeneity € 98.5%) Figure 3.10. In subgroup analysis

by cohort design, the association was observed in retrospective (pooled OR: 2.44,

95% CI: 1.01, 5.89), but not prospective cohorts (po@&d 3.22, 95% CI. 0.38,

27.06) Figure 3.10A. Subgroup analysis by countimcome status showed an

association between treated maternal HIV infection and an increased risk of SGA

in high-income country (pooled OR: 5.68, 95% CI: 1.54, 20.99), but nbMITC

(pooled OR: 1.18, 95% CI: 0.86, 1)§Figure 3.10B).
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Figure 3.10. Forestplots of risk of small for gestational agen treated HIV -positive
versus HIV-negative pregnant women using unadjusted data, bycohort design (A)

and country-income status (B). Area of boxes indicates the weight given to the
individual studies. The width of the line indicates the 95% Cls of the effect estimate of
individual studies. The diamond indicates the overall pooled effect estimate. The width of
the dianond indicates the 95% Cls for the overall pooled effect estimate. Abbreviations:
ART, antiretroviral therapy; ClI, confidence interval; HIV, human immunodeficiency
virus; OR,odds ratio; SGA, small for gestational age.

Of the nine cohorts, eight specifiéRT complexity: one used both non HAART
and HAART, and seven used HAART onhAgpendix 3.7: Figure 3.11 and
Figure 3.12. HIV-positive women treated with HAART (pooled OR: 2.44, 95%
Cl: 1.05, 5.65) Appendix3.7: Figure 3.12, but not non HAART (one studyR:

1.04, 95% CI: 0.80, 1.34Appendix 3.7: Figure 3.)1showed a higher risk of
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