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ABSTRACT

Background: High levels of HIV and maternal mortality go hand in hand in many
regions of sub-Saharan Africa. Therefore, understanding the interaction between
pregnancy and HIV is important, not only for the clinical management of pregnant
women, but also for the measurement of maternal mortality, the standard definition of

which excludes infectious causes of death not aggravated by pregnancy.

Methods: In this thesis the excess mortality attributable to HIV in pregnant and
postpartum women is calculated by comparing the risk of mortality in HIV-infected
pregnant and postpartum women to their uninfected counterparts using two different
data sources: 1) studies identified through a systematic review and; 2) data from six
demographic surveillance sites (DSS) in sub-Saharan Africa. Verbal autopsy (VA) data
from the DSS are also used to explore the percentage of deaths classified as
HIV/AIDS-related. Two additional systematic reviews are conducted to assess whether
HIV increases the risk of obstetric complications, or pregnancy accelerates HIV

disease progression.

Results: HIV-infected women have eight times the risk of pregnancy-related mortality
compared with HIV-uninfected women. Based on this estimate, we predict that roughly
a quarter of deaths in pregnant or postpartum women are attributable to HIV in sub-
Saharan Africa. A lower percentage of pregnancy-related deaths are attributed to
HIV/AIDS using VA data. There is little evidence that HIV-infected women are at
increased risk of direct obstetric complications, with the exception of sepsis, or that

pregnancy increases the risk of HIV disease progression.

Conclusion: HIV may cause up to 25% of deaths during pregnancy and in the
postpartum period in areas of high HIV prevalence. Most of the evidence suggests that
this excess pregnancy-related mortality attributable to HIV is largely coincidental to
pregnancy. This implies that there is little reason to discourage healthy, HIV-infected

women from becoming pregnant if they desire to do so.
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1 BACKGROUND

1.1 INTRODUCTION

In many parts of sub-Saharan Africa, women of reproductive age face relatively high
risks of dying both from HIV and from complications associated with pregnancy. In
2010, there were an estimated 1,490,000 pregnant women living with HIV, 91.2% of
whom were in sub-Saharan Africa,(1) while estimates of HIV prevalence amongst
women attending antenatal clinics were as high as 30.2% in South Africa,(2) 16.1% in
Zimbabwe,(3) and 10.6% in Malawi.(4) Given the substantial HIV burden in pregnant
women in sub-Saharan Africa, the public health importance of understanding the
possible interaction between HIV and pregnancy has been raised by a number of
researchers.(5, 6) Unfortunately, methodological and conceptual issues have made

quantifying the contribution of HIV to maternal mortality challenging.

This thesis uses epidemiological data to assess the impact of HIV on mortality in
pregnant and postpartum women, and to explore possible biological interactions
between HIV and pregnancy. In this chapter, a brief overview of the literature will be
provided, summarising the conceptual difficulties in measuring maternal mortality, what
is already known on the contribution of HIV to mortality in pregnancy and the
postpartum and on the interaction between HIV and pregnancy, as well as highlighting
the knowledge gaps which have driven this PhD research. At the end of this chapter

the objectives and structure of this thesis will be outlined.
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1.2 INTERSECTING EPIDEMICS: MATERNAL MORTALITY AND HIV

1.2.1 Measuring the burden of maternal mortality

Millennium Development Goal 5 (MDG5) was set in 2000 with the target of reducing
the maternal mortality ratio (MMR) by 75% between 1990 and 2015. Progress towards
this target has been made with recent estimates indicating that maternal mortality is
decreasing worldwide;(7) however, in some regions the number of deaths from
pregnancy-related complications remains unacceptably high. In sub-Saharan Africa, for
example, it has been estimated that 510 maternal deaths occurred for every 100,000
live births in 2013, more than 30 times higher than the MMR for developed regions.(7)
The reasons for the high MMRs in parts of sub-Saharan Africa are likely to be complex,
including issues such as poor health system infrastructure. HIV/AIDS is also thought to
be one of the main drivers of high MMRs,(8-10) with researchers noting, for example,
that the MMR increased by a factor of 2.5 between 1985-1994 and 1995-1999 in
Zimbabwe when the HIV/AIDS epidemic was growing.(10) However, empirical
evidence supporting the role of HIV in maternal mortality is weak, primarily due to the
scarcity of data, but there are additional difficulties introduced by the definition of

maternal death.

In the 10™ revision of the International Classification of Diseases (ICD-10), a maternal
death is defined as “the death of a woman while pregnant or within 42 days of
termination of pregnancy, irrespective of the duration and site of the pregnancy, from
any cause related to or aggravated by the pregnancy or its management, but not from
accidental or incidental causes”.(11) This definition encompasses both direct obstetric
deaths, when the death occurred as a result of an obstetric complication such as
haemorrhage or eclampsia, and indirect obstetric deaths, when either an underlying
medical condition or disease which developed during pregnancy is aggravated by the
pregnancy. Deaths thought to be incidental to pregnancy are excluded from maternal
mortality estimates, but are included as pregnancy-related deaths which are defined in
ICD-10 as any “death of a woman while pregnant or within 42 days of termination of

pregnancy, irrespective of the cause of death”.(11)

In practice, disentangling causes of deaths which are aggravated by pregnancy is
challenging, leading to varied criteria for defining indirect obstetric deaths. For
example, in the “Mother’s mortality and severe morbidity” study all communicable
diseases except chickenpox, gonorrhoea, herpes and hepatitis C were considered non-
maternal causes of death,(12) whereas in the 1994-1996 UK confidential enquires into
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maternal deaths, all communicable diseases, with the exception of Creutzfeldt-Jakob
disease, were classified as maternal causes of death.(13) Similarly, some studies
suggest that certain causes of death which are often excluded from maternal mortality
estimates, such as suicide and violence, may be attributable in some way to the

pregnancy.(14, 15)

Classifying HIV/AIDS-related deaths as maternal deaths has also proved controversial,
with uncertainty surrounding whether and when HIV should be considered as an
indirect or incidental cause. Figure 1.1 illustrates how HIV/AIDS-related deaths which
occur during pregnancy and in the postpartum should be classified according to ICD-
10. Theoretically, HIV/AIDS-related deaths should only be counted as indirect maternal
deaths if pregnancy accelerated HIV disease progression or if pregnancy increased the
risk of acquiring HIV, although no guidance has been provided on how to ascertain
when HIV was aggravated by pregnancy.(16) Such uncertainty has led to differing
assumptions on the percentage of HIV/AIDS-related deaths which should be classified

as maternal.

ALL DEATHS IN WOMEN OF REPRODUCTIVE AGE

PREGNANCY-RELATED DEATHS

1 positive |

: women !
—

1 1

1 1

HIV/AIDS deaths

P

HIV NOT AGGRAVATED BY PREGNANCY

NON PREGNANCY-RELATED HIV DEATHS

Figure 1.1: Classifying HIV/AIDS deaths in women of reproductive age (adapted from
Rosen et al., 2012 (17))
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1.2.2 Estimating the contribution of HIV to maternal mortality

Data on the contribution of HIV to maternal mortality in sub-Saharan Africa come from
two main sources: local-level epidemiological studies and global-level mathematical

models.

Epidemiological Studies

In areas with high HIV prevalence, some facility-based studies have found HIV/AIDS to
be one of the leading causes of maternal deaths.(18-21) In a tertiary hospital in South
Africa, for example, over 40% of maternal deaths were attributed to HIV/AIDS,(20)
while in a study conducted across nine facilities in Central Malawi 16% of maternal
deaths were assigned as HIV/AIDS-related.(18) Such studies indicate that HIV is likely
to have a substantial impact on levels of maternal mortality; however, the extent to
which these facility-based studies represent causes of maternal deaths at the
population level is questionable given the low levels of institutional delivery across

many parts of sub-Saharan Africa.

Population-based data on the causes of maternal deaths in sub-Saharan Africa are
scarce, with few deaths in the region captured by vital registration systems.(22)
Consequently, studies ascertaining causes of maternal deaths predominately rely on
verbal autopsy (VA). VA is an interview where family members and/or caregivers of the
deceased are asked about the signs and symptoms occurring before the death.(23, 24)
Symptom data from VA interviews are usually interpreted by physicians, although
automated methods are increasingly being used to assign the cause of death.(23)
Many studies have assessed the validity of these methods for identifying HIV/AIDS-
related deaths amongst adults;(25, 26) however, to our knowledge, the validity of VA
interpretation methods for assigning HIV/AIDS amongst deaths to women who were
pregnant or postpartum have not been explored, and there has been no attempt to
assess whether it is possible to disentangle which HIV/AIDS-related deaths may have

been aggravated by pregnancy.

A systematic review of population-based cause of death studies published between
2003 and 2013 identified 19 studies which reported the percentage of pregnancy-
related or maternal deaths attributable to HIV/AIDS in sub-Saharan Africa.(27) Based
on a meta-analysis of these studies, 3.4% of pregnancy-related deaths in sub-Saharan
Africa were estimated to be attributable to HIV/AIDS, but with regional variation: from
1.1% in West Africa up to 26.1% in Southern Africa. The authors of the study conclude,

however, that the overall quality of the studies was poor and the summary estimates
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should be interpreted with caution: 15 of the 19 studies relied on VA; only 13 of the
studies attributed any deaths to HIV/AIDS and provided very few details, if any, on the
criteria for assigning deaths as HIV/AIDS-related; and 11 of these 13 studies
considered HIV as an indirect cause of maternal death without providing any rationale

for this classification.

Mathematical Models

The scarcity of empirical data on the contribution of HIV to maternal mortality means
most estimates of the impact of HIV on maternal mortality rely on mathematical models
that make assumptions about the extent to which HIV interacts with pregnancy; yet the
exact nature of this relationship is poorly understood due to the lack of empirical data.
There are two main mathematical models which have been developed, one by the
Institute for Health Metrics and Evaluation (IHME) and the other by the Maternal
Mortality Estimation Inter-agency Group (MMEIG).

In the IHME model (published in 2010) several covariates, selected based on published
work and existing theories, were used to predict maternal mortality at the national and
global level.(28) These covariates were total fertility rate, gross domestic product
(GDP) per capita, HIV seroprevalence, age-specific female education, neonatal
mortality and age. Through this regression model it was estimated that there were
342,900 (uncertainty interval: 302,100-394,300) maternal deaths worldwide in 2008.
The percentage of these deaths that were due to HIV was estimated by setting HIV
seroprevalence to zero in the model, and observing the difference in the predicted
global number of maternal deaths. Under this scenario it was calculated that the
number of maternal deaths in 2008 would have been reduced to 281,500, suggesting
that HIV contributed to 17.9% of maternal deaths. This percentage rises to 31.9% in
sub-Saharan Africa.(17) Underlying these estimates is the assumption that all deaths
occurring amongst HIV-infected pregnant woman should be classified as maternal. A
similar methodology was adopted for an IHME model published in 2011.(29) As with
the 2010 model, all HIV/AIDS deaths were counted as maternal; however, the number
of HIV/AIDS-related deaths were calculated using information on the number of
HIV/AIDS-related deaths by age for women, and multiplying this by the time spent
pregnant. Worldwide, 20.5% of maternal deaths were attributed to HIV/AIDS;
unfortunately it was not possible to work out the corresponding percentage for sub-
Saharan Africa based on the published article. The most recent model from IHME (30)
incorporates work presented in this thesis and, as such, is discussed in the final

chapter of this thesis.
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The MMEIG also sought to predict maternal mortality levels for 2008 using modelling
techniques, and estimated that the worldwide number of maternal deaths was 358,000
[95% confidence interval (Cl): 265,000-503,000].(31) The treatment of HIV in this
model differed considerably from the IHME model. In the first part of the modelling
procedure, HIV/AIDS-related deaths were removed from the data. This was done by
calculating the proportion of HIV/AIDS-related deaths in women that occur during the
pregnancy or postpartum period using data on the general fertility rate, the average
women years lived in the maternal risk period per live birth, and the relative risk from
dying from AIDS for a pregnant versus non-pregnant women. Then, using non-AlIDS
related maternal deaths as the outcome, a similar regression model to the IHME model
was developed, with the following covariates: general fertility rate, GDP per capita and
skilled birth attendance. Finally, a fraction of the HIV/AIDS-related deaths among
pregnant women that qualify as maternal because of some causal relationship with

pregnancy were re-included in the estimates from the model to provide the final results.

Unlike in the IHME model, the MMEIG model assumes that only half of the HIV/AIDS-
related deaths occurring in pregnant woman should be classified as maternal deaths
and thus re-introduced into the final estimates. Correspondingly, this model produces
lower estimations for the effect of HIV/AIDS, with 5.9% of maternal deaths due to
HIV/AIDS globally, and 9.0% in sub-Saharan Africa. The model developed by the
MMEIG was updated to estimate the number of maternal deaths for 2010.(32) Using
very similar methodology to the 2008 model, it was estimated that there were 287,000
maternal deaths in 2010 (95% CI: 230,000-398,000), of which 6.5% worldwide and
10.4% in sub-Saharan Africa were attributed to HIV/AIDS. The 2014 model from
MMEIG also incorporates results from this PhD, and will be presented in the final

discussion of this thesis.(7)

Comparison of Estimates

From the current data, both modelled and empirical, it appears that the HIV epidemic
has impacted on levels of maternal mortality. There is, however, substantial variation in
the percentage of maternal deaths attributed to HIV/AIDS (Figure 1.2), and these data
do not provide evidence either that HIV increases the risk of direct or indirect causes of

death, or that pregnancy aggravates HIV.
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Figure 1.2: Comparison of estimates of the percentage of maternal deaths attributable to
HIV/AIDS in sub-Saharan Africa

1.2.3 Interaction between HIV and pregnhancy

There are a number of different mechanisms through which HIV and pregnancy may
interact to increase the risk of death during the pregnancy or postpartum period.
Pregnancy may accelerate HIV disease progression or increase HIV incidence, or
pregnant women with HIV may be at greater risk of obstetric complications or death
from other indirect causes of maternal death. It is also plausible, however, that HIV-

infected pregnant women may die from HIV/AIDS regardless of the pregnancy.

The effect of pregnancy on HIV disease progression

It was hypothesised at an early stage of the HIV epidemic that pregnancy may
accelerate HIV disease progression as immune adaptations are known to occur during
pregnancy and HIV leads to immune suppression.(33) One of the main immunological
impacts of HIV is the depletion of CD4 T cells.(34, 35) These cells form a key
component of cell-mediated immunity signalling the presence of an infectious particle
to other immune cells, for example CD8 T cells and B cells that can destroy the
infected cells.(36)

Pregnancy has also been hypothesised to alter cell-mediated immunity based on the
observed reduction in CD4 T cells, CD8 T cells and B cells with advancing
pregnancy.(37, 38) This hypothesis has been supported by a study in mice,(39) and
through widely documented improvements in cell-meditated autoimmune disorders,
such as multiple sclerosis and rheumatoid arthritis during pregnancy.(40, 41) Clinical
and epidemiological evidence has supported an association between pregnancy and

increased severity of several infectious diseases including influenza,(42, 43) hepatitis
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E,(44) and the herpes simplex virus.(45) However, it is unclear whether the immune

suppression associated with HIV is exacerbated in pregnant women.

Some studies of HIV-infected women found that CD4 T cell counts decrease faster
during pregnancy, (46, 47) although one of these studies found that CD4 T cell counts
rebound in the postpartum period.(46) Others studies have not found any effect of
pregnancy on immunological markers in HIV-infected women.(48-50) A systematic
review published in 1998 did not find evidence that pregnancy accelerates HIV disease
progression, but did find some weak evidence that the odds of death or acquiring an
AIDS-defining illness are higher amongst HIV-infected pregnant than HIV-infected non-
pregnant women.(51) However, seven out of the eight studies included in this review
were from high income countries with the remaining study conducted in Haiti.(52) The
Haitian study did find that disease progression was more likely in pregnant than non-
pregnant women, leading some authors to suggest that the effect of pregnancy on
disease progression may be stronger in resource-poor settings.(5) New studies from
low-income countries have been published since this meta-analysis, though it has not

been updated.

The effect of pregnancy on HIV incidence

During pregnancy, physiological changes (e.g. increased ectopy) and changes in a
woman’s or her partner's sexual behaviour may lead to increased susceptibility to
HIV.(53) A recent systematic review identified two studies which compared the risk of
HIV acquisition in pregnant/postpartum women to that in non-pregnant women.(54)
Based on a meta-analysis of these studies, there was no evidence that pregnancy
increased the risk of HIV acquisition (pooled hazard ratio=1.2, 95% CI: 0.7-1.8). Since
this systematic review, a study has been published using data from six community-
based HIV cohorts which form part of the ALPHA network.(55) In this study, pregnancy
was associated with a lower risk of HIV acquisition after adjusting for site and age
(hazard ratio=0.79, 95% CI: 0.70-0.89).

The effect of HIV on direct and indirect causes of maternal mortality

Both biological and social factors may lead to an increased risk of direct obstetric
complications with HIV infection. Several plausible biological pathways have been
hypothesised. The immunosuppressive effects of HIV may put women at risk of
infections, including puerperal sepsis.(6) Additionally, HIV-related thrombocytopenia,
where there is a low platelet count in the blood, may increase a woman’s risk of
haemorrhage.(56) Poor access to healthcare including antenatal care (ANC) and

skilled birth attendance at delivery, may be exacerbated in HIV-infected women due to
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social factors, such as the discrimination and stigma these women face in some
settings.(57, 58) A study in Kenya, for example, found that some HIV-infected women
were reluctant to deliver in a facility for fear of their HIV status being disclosed to family

members.(58)

There has not been a systematic effort to synthesise all the existing knowledge about
whether HIV-infected women are at greater risk of direct obstetric complications,
despite dozens of studies investigating HIV as a risk factor for obstetric complications
including haemorrhage, eclampsia and infection. Epidemiological evidence for an
increased occurrence of postpartum haemorrhage amongst HIV-infected compared to
HIV-uninfected women was found in a study conducted in Rwanda(59) but not in
studies conducted in the USA(60) and France.(61) Conflicting results have also been
found in studies looking at the effect of HIV on the risk of pre-eclampsia and
eclampsia.(62-64) Finally, studies of major complications following caesarean sections,
for example sepsis, have found a higher risk in HIV-infected women compared with
HIV-uninfected women in developed countries.(65, 66) However, a more recent study

conducted in Uganda did not find such an association.(67)

It is also plausible that HIV increases the risk of maternal mortality by increasing
susceptibility to, and severity of, indirect causes of maternal death such as tuberculosis
(TB), malaria and anaemia. A number of studies have linked HIV infection during
pregnancy with increased risk of acquiring malaria.(68-71) In Kenya, for example,
malaria acquisition was 1.7 times more likely amongst HIV-infected pregnant women
compared with HIV-uninfected pregnant women (95% CI: 1.52—1.90).(68) This study
also found that HIV-infected pregnant women with malaria had higher malaria parasite
densities than HIV-uninfected women with malaria. HIV infection has also been
identified as a risk factor for anaemia during pregnancy,(72) and this effect may be

particularly severe when the pregnancy is also complicated by malaria.(73, 74)

1.2.4 Impact of ART on association between HIV and pregnancy

The impact of HIV on mortality in pregnant and postpartum women is likely to have
been influenced by antiretroviral therapy (ART), access to which was very low in sub-
Saharan Africa until 2003.(75) Numerous studies have shown significantly lower
HIV/AIDS-related mortality rates amongst HIV-infected individuals on ART. In KwaZulu-
Natal, South Africa, for example, HIV/AIDS-related mortality rates amongst adults 15-
49 years old dropped from 114.3 per 10,000 person-years in 2000 to 58.3 per 10,000

person-years in 2009.(76) Similarly, in Karonga, Malawi, the AIDS-related mortality rate
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reduced from 50.5 per 10,000 person-years to 16.0 per 10,000 person-years following
the introduction of ART.(77)

Several studies have demonstrated a mortality reduction in pregnant and postpartum
women with ART. Buchmann et al. linked the introduction of ART to a decline in the
MMR in a maternity hospital in Johannesburg, South Africa.(21) In Dar es Salaam,
Tanzania, it was found that women enrolled in an HIV/AIDS treatment program who
were on ART at delivery had a 34% lower risk of mortality compared to women not on
ART.(78) An even stronger protective effect was observed amongst women who were
on ART before the pregnancy [odds ratio (OR): 0.45, 95% CI: 0.29-0.70], with a strong
linear relationship observed between increasing time on ART during pregnancy and
reduction in pregnancy-related mortality (8% lower risk of mortality with each extra
month of ART in pregnancy).(78) Similarly, using data from Malawi and Mozambique, it
was found that mortality among women who received less than a month of highly active
antiretroviral therapy (HAART) prior to delivery was triple that of women who received

HAART for more than three months prior to delivery.(79)

Any biological interaction between HIV and pregnancy may have also been modified
with the availability of ART. A review published in 2009,(80) concluded that preghancy
may have a protective effect on HIV disease progression with HAART availability;
however this conclusion was based on a single study.(81) The effect of ART on the
association between HIV and obstetric complications may vary depending on the type
of obstetric complication. For some obstetric complications, any detrimental impact of
HIV may be attenuated due to the improved health of the HIV-infected woman with
ART. However, ART has been linked with increased risks of pre-eclampsia and
gestational diabetes mellitus,(82) and while the general consensus is that the benefits
of ART outweigh the potential risk during pregnancy(82, 83) the importance of
continuing to monitor the possible adverse effects in pregnancy is widely

acknowledged.

1.3 OVERALL AIMS AND OBJECTIVES

Quantifying the percentage of deaths to pregnant and postpartum women attributable
to HIV/AIDS is important for determining the priority interventions of Safe Motherhood
programmes and for assessing the impact of interventions to reduce these deaths.
Information on whether there is an interaction between HIV and pregnancy which
increases a woman'’s mortality risk is also important for two main reasons. First, it helps
inform fertility choices for HIV-infected women who wish to have a child (i.e. how safe
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is pregnancy?). Second, it improves our understanding of the contribution of HIV to
maternal mortality, in particular which deaths in HIV-infected pregnant women should

be counted as maternal.

Despite the importance of understanding the impact of HIV on mortality during the
pregnancy period, there are still substantial knowledge gaps. Notably, estimates of the
contribution of HIV to maternal mortality have had to make assumptions of the
percentage of HIV/AIDS-related deaths which were aggravated by pregnancy, and
have generally relied on the interpretation of VA data, the validity of which is unclear in
pregnant and postpartum women. Furthermore, the mechanisms underlying any
excess mortality attributable to HIV in pregnant and postpartum women are not well
understood. There has been no attempt to synthesise the evidence on whether HIV
increases the risk of direct obstetric complications, and while reviews have attempted
to synthesise the evidence on the association between pregnancy and HIV disease
progression, studies from sub-Saharan Africa were not identified and the effect of ART

on any association remains unclear.

Therefore, the overall aim of this thesis is to estimate the contribution of HIV to
mortality during pregnancy and the postpartum period using empirical data, and to
examine the possible mechanisms which may explain any excess HIV-attributable

mortality in pregnancy.

Specific objectives are as follows:

Objective 1: To calculate the excess mortality attributable to HIV in pregnant and
postpartum women, and examine whether this varies with ART

availability

Objective 2: To ascertain whether HIV increases the risk of direct obstetric

complications

Objective 3: To assess whether pregnancy accelerates HIV disease progression,
and whether any association between pregnancy and HIV disease

progression is modified by the availability of ART

Objective 4: To assess the validity of using VA data to identify HIV/AIDS-related
deaths amongst all women of reproductive age, and to explore

whether this varies by pregnancy status
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1.4 STRUCTURE OF THIS THESIS

An overview of the data sources and methodologies used to address the aims and

objectives of the thesis are presented in Chapter 2.

The majority of the results sections of this thesis (Chapters 3-6) follow the research
paper style, with research articles incorporated into broader chapters. The text of the
articles has not been edited, although in some cases material which was originally
presented in appendices has been moved to the body of the research article and the
bibliography of the articles have been combined with that from the rest of this thesis
(Chapter 9). The final results chapter (Chapter 7) has not yet been prepared for
publication and, consequently, is formatted in a more traditional thesis style chapter.

Chapters 3-5 present results from systematic reviews. Chapter 3 presents the results of
a systematic review of studies which quantify the increased risk of mortality in HIV-
infected pregnant and postpartum women compared with their uninfected counterparts,
and the percentage of pregnancy-related mortality attributable to HIV is predicted for
varying prevalences of HIV using the pooled relative risk from these studies (Objective
1). The second review, reported in Chapter 4, provides an overview of the literature
reporting on the association between HIV and direct obstetric complications (Objective
2). The final systematic review paper brings together studies which look at the effect of

pregnancy on HIV disease progression (Objective 3).

The remaining two results chapters are based on secondary analyses of data from
community-based studies from Eastern and Southern Africa. Chapter 6 aims to
quantify the excess mortality attributable to HIV in preghant and postpartum women
(Objective 1) through a secondary analysis of data from six of the sites. In Chapter 7,
the validity of two different methods of identifying HIV/AIDS-related deaths from verbal
autopsy (VA) data are explored (Objective 4).

Finally, Chapter 8 brings together the results from each of the preceding chapters, and

provides an overview of the implications of the study findings for public health and for

the measurement of maternal mortality.
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2 METHODS

Two main data sources were used to address the study objectives. Firstly, three

systematic reviews were conducted, each addressing one of the following objectives:

Review 1. To calculate the excess mortality attributable to HIV in pregnant and

postpartum women

Review 2: To ascertain whether HIV increases the risk of direct obstetric complications

Review 3: To assess whether pregnancy accelerates HIV disease progression

Subsequently, data from six community-based, longitudinal sites in Eastern and
Southern Africa were used to calculate the excess mortality attributable to HIV in
pregnant and postpartum women and to assess the validity of using verbal autopsy
(VA) data to identify HIV/AIDS-related deaths.

As the methods are only briefly summarised in each article, this chapter aims to
provide a broader and more detailed overview of the methods used across the thesis. It
is divided into three sections. The first section describes the methods used to conduct
the systematic reviews, while the second provides detailed descriptions of the data
available for the sites in Eastern and Southern Africa and how this was prepared for

analysis. In the final section, the role of the candidate is outlined.
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2.1 SYSTEMATIC REVIEW

A systematic review protocol was initially developed outlining the aim of each review,
the inclusion criteria, and setting out the types of analyses which would be conducted
(Appendix A, page 234). The protocol was reviewed by several researchers with
expertise in maternal health and systematic reviews. All the systematic review papers
were prepared using either the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) checklist (84) or the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) guidelines,(85) both of which were developed to improve
the reporting of systematic reviews.

2.1.1 Search strategy

Potentially relevant articles for the systematic review were identified by searching
bibliographical databases (Medline, EMBASE, Popline) and a World Health
Organization (WHO) regional database [African Index Medicus (AIM)]. A single
comprehensive search strategy for each database was developed using Medical
Subject Headings (MeSH) and free-text words with the aim of capturing literature for all
three systematic reviews. For the bibliographical databases, articles were included if
their abstract, title or keywords contained a pregnancy/postpartum term, an HIV/AIDS
term and a term relating to any one of the above three objectives. For the simpler AIM
database, a reduced search was conducted, including all studies referring to both
pregnancy/postpartum and HIV/AIDS. The full search strategy is provided in Appendix
B (on page 243).

2.1.2 Study selection and inclusion criteria

All titles and abstracts identified by the search strategy were screened by the candidate
and full texts were sought for all potentially relevant articles. A 20% sample of the titles
and abstracts was selected systematically (50 abstracts per 500 abstracts, organised in
alphabetical order according to the authors name) and were screened by a second
reviewer (Christopher Grollman) to cross-check the identification of articles. All articles
which were identified as potentially relevant by the second reviewer but not by the first

reviewer were investigated: none of these met the inclusion criteria.

Appropriate study groups, outcomes, and study designs for inclusion are summarised
for each review in Table 2.1. There were no restrictions on study country, dates or
whether the study was population or facility-based.
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Table 2.1: Type of studies required for each review

Review 1 (excess mortality) Review 2 (obstetric Review 3 (HIV disease
Y complications) progression)
HIV+ women who were HIV+ women who were HIV+ pregnant women
Exposed regnant and/or up to one regnant and/or up to one (regardless of the definition of
Group pea? ostoartum p peagr ostoartum P the length of the pregnancy or
year postp year postp postpartum period at risk)
. HIV- women who were HIV- women who were
Comparison
pregnant and/or up to one pregnant and/or up to one HIV+ non-pregnant women
Group
year postpartum year postpartum
e  AIDS-related Mortality
Mortality (“pregnancy-related” e  Obstetric haemorrhage e  An AIDS-defining
or “matgrngl")%urin y . Intrauterine infections illness
Outcomes pregnancy deliverygand/or up e  Pregnancy-induced e  Drop of CD4 count
fo one year postpartum hypertgnsmn . A condltlon_ indicative of
. Dystocia symptomatic HIV
o All-cause mortality
Suitable e  Cohort e  Cohort e  Cohort
Study . Case control . Case control . Case control
Designs e  Cross sectional e  Cross sectional
Additional e HIV status had to be ascertained using HIV testing rather
inclusion than clinical criteria NONE
criteria e  Atleast 30 women in each study group

Due to the limited information available in conference abstracts, these were not

included.

2.1.3 Data extraction and data quality

A data extraction form was prepared in Microsoft Excel for each review, and data were
extracted from each relevant study by the candidate. Across all reviews data were
extracted on:

- Study setting

- Study design

- Study population

- ART availability

- Definition and method of measuring the outcome

- Measure of effect (crude and adjusted)

For each review a set of quality criteria were selected; these are outlined in detail in the
individual systematic review chapters (Chapter 3 — Chapter 5). In line with
recommendations from the Cochrane Collaboration, we did not attempt to produce an
overall quality score for each study because scoring systems are difficult to validate
and often reflect whether information was reported, rather than how the study was

conducted.(86) We instead used a “domain-based evaluation” where the risk of bias for
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each of the quality criteria was assessed and presented separately across all the
studies.(86)

2.1.4 Data analysis

Data for all reviews were entered and analysed in STATA. The DerSimonian—Laird
random effects model was used to produce pooled estimates for all three reviews. A
random effects model was used as most studies relied on observational data, and
there was variation between the study populations and methods.(87) Under the
random-effects meta-analysis model all pooled effect estimates should be interpreted
as an average of the individual study effect estimates which are genuinely different

from one another.(88)
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2.2 ALPHA NETWORK DATA ANALYSIS

For the second part of this thesis, | used secondary data from the Analysing
Population-based HIV/AIDS data on Africa (ALPHA) network (http://alpha.lshtm.ac.uk/)
which brings together ten community-based, longitudinal studies in sub-Saharan Africa,
all of which collect information on the HIV status of the population. This data enabled
us to build on the findings from the first systematic review paper — which aimed to
quantify the excess pregnancy-related mortality associated with HIV — using
population-based data from sub-Saharan Africa. All of the sites collect verbal autopsy
(VA) data and so | also explored how this VA data may be used to identify HIV/AIDS-
related deaths, and whether these methods are valid in pregnant and postpartum
women. This section will cover the methods from the point of data collection up to and
including the data preparation for analysis; details of the statistical analyses are
provided in Chapter 6 and Chapter 7.

2.2.1 The study areas

All sites in ALPHA are cohorts which monitor whole communities. They cannot,
however, be considered nationally representative with marked differences often
observed between the ALPHA communities and national level statistics. There are
currently ten sites which make up the ALPHA network; however, four of the sites did
not have sufficient HIV data when the analyses were being conducted for this PhD, and

are therefore not included.
The six sites which contributed data for the PhD are: Karonga in Malawi; Kisesa in

Tanzania; Manicaland in Zimbabwe; uMkhanyakude in South Africa; and Masaka and

Rakai, both of which are in Uganda (Figure 2.1).
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Figure 2.1: Location of the ALPHA sites

These sites have all completed several rounds of demographic surveys and HIV testing

and conducted VAs. Basic information about each site is contained in Table 2.2.

Table 2.2: Characteristics of ALPHA study sites contributing data on HIV and pregnancy-
related mortality

bosulation Demographic surveillance HIV serosurvey Verbal Autopsy
Study Site op 2008 Frequency Frequency data collection
size ( ) Start date of data Start date of data periods
collection collection
Karonga 33,500 2002 Continuous 2007* 1 year 2002-present
Kisesa 28,000 1994 6 months 1994 3 years 1994-present
Manicaland 30,000 1998 2-3 years 1998 2-3 years 1999-2006
Annual until
1990-1992 &
Masaka 7,000 1989 Annually 1989 ZQll then 2006-2008
biannual
Rakai 14,000 1994 14-16 1994 14-16 1996-present
months months
uMkhanyakude 86,000 2000 6 months 2003 1 year 2000-present

1Some earlier data available from small-scale studies

2.2.2 Data collection methods

Whilst each site collects similar data, there are differences between the sites in the
start date, frequency of data collection and in the exact information which is obtained.

The methods of data collection at each site are described in detail below.

Karonga

In Karonga, the demographic surveillance site (DSS) data have been continuously
collected using key informants, who are trained to record vital events and movements
within their cluster of households.(89) HIV surveillance is conducted based on

voluntary counselling and testing (VCT) and began in September 2007,(77) although

31



some earlier data are available from small-scale studies which were conducted in the
community. VA data are collected by a medically trained interviewer as soon as

possible after a death is reported, after allowing a two week mourning period.(77, 90)

Kisesa

DSS data are collected every six months, and HIV data collected approximately every
three years in Kisesa.(91, 92) HIV testing is conducted for research purposes without
results disclosure; however, since 2000, participants have had access to a free health
clinic which provides VCT.(92) VA data are collected through interviews conducted by
a clinical officer with the caregiver of the deceased. These data were collected from the
start of the DSS, initially using its own VA questionnaire (1994-2002) followed by the
INDEPTH tool, before finally switching to an adapted version of the WHO-

recommended standard VA in 2007.

Manicaland

Manicaland was set up to explore the dynamics of the HIV epidemic, and
consequently, it does not conduct frequent rounds of household enumeration.
Demographic data are collected retrospectively at serosurveys which occur
approximately every 2-3 years. HIV testing is conducted only for research
purposes.(93) VA data are collected through interviews conducted by medical officers
or nurses with the deceased’s primary caregiver if a death is identified during a
serosurvey. The VA questionnaire is a modified version of that used in Kisesa between
1994 and 2002.(94)

Masaka

In Masaka, demographic and HIV surveillance started in 1989. DSS data are collected
through an annual household census, and through key informants who register births
and deaths on a monthly basis. HIV testing was undertaken annually until 2011, with
biennial surveys conducted subsequently. HIV test results are reported back to
respondents if requested. VA data were only collected in Masaka in 1990-1992 and
again in 2006-2008 using a VA tool developed at the site. The VA data were collected
from relatives of the deceased by a nurse approximately two months after the
death.(25)

Rakai
In Rakai, DSS and HIV data are collected at 14-16 month intervals. Cohort participants
are encouraged to receive their HIV results through community based counsellors. If a

death is recorded during the DSS interview then a VA questionnaire, which was
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developed in Rakai, is used to collect information on the signs and symptoms of the

deceased during the same interview.

uMkhanyakude

DSS data are collected every six months, and the HIV serosurveys are conducted
every year in uMkhanyakude.(95, 96) Participants can obtain their HIV test results
from counselling centres in the research area.(96) There is a high refusal rate for HIV
testing.(96) A VA is conducted for all deaths reported in the DSS by a trained nurse

and, on average, occur six months following the death.(76)

Data for identifying pregnant and postpartum women: comparison of sites

Of key importance to this PhD work are the methods the sites use to identify
pregnancies and births. The type of DSS data collected from each site on births and
pregnancies and the frequency of data collection is summarised in Table 2.3. Data on

gestational age are not collected.

Table 2.3: Type of birth data available at each study site

Data collected

Study Site Freque_ncy of DSS data Data cqllected Data c_ollgcted on pregnancy
collection on births on stillbirths reports
Karonga Continuous v v x
Kisesa Every 6 months v x v
Manicaland Every 2-3 years v x v
Masaka Annually v x v
Rakai Every 14-16 months v x
Umkhanyakude Every 6 months v v

2.2.3 Data sources

Data analysts from each site prepared standardised data sets for ALPHA, five of which
were used for this PhD. Data specifications were provided to ensure that the data from
each site could be pooled to produce one consistent data set (Appendix C, page 250).
As part of this PhD work, | helped with the preparation of the specification for the VA
data; all the other specifications were put together by other members of the ALPHA

study team. In brief, the data sets contain the following information:

1. DSS residence episodes: entry and exit date, entry type (baseline, birth or
in-migration) and exit type (still present in study site, death, out-migration,
loss to follow up) for calculating person-years of observation and dates of
death
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2. HIV test data: dates and results of HIV tests for the classification of
individuals by HIV status and tracking of any changes in this status over
time
Birth records: date of birth and, if available, information on stillbirth
Pregnancy interview records: date of preghancy report where available
VA data: information on the signs and symptoms preceding a death from

proxy respondents for assigning cause of death
2.2.4 Data management and preparation

Data cleaning and pooling

On receipt of the data sets from the sites, basic checks were conducted to ensure that
all the necessary variables were present and coded correctly. Basic analyses were
then undertaken to check that the data provided sensible estimates of, for example,
HIV prevalence and fertility rates. Inconsistencies which were noted by the candidate

were relayed to the sites in the form of a data report.

The data sets for the analyses presented in Chapter 6 were pooled by the candidate on
the 12" February 2013. Updated versions of many of the data sets were available
when the VA analysis for Chapter 7 was conducted; therefore the data were re-pooled
on the 9™ July 2014. Once the data were pooled there were three main time-varying
variables which needed to be produced before analyses could be undertaken:
pregnancy status, HIV status and ART availability. The methods used to produce these

variables are described below.

Assigning preghancy status

Birth and pregnancy reports were merged with the residency information to assign
women of reproductive age time spent pregnant or postpartum (PPP) or not PPP. For
several reasons it is likely that women who die are more likely to be incorrectly
classified as non-pregnant when only DSS data is used. Firstly, pregnancies which do
not result in a live birth may be missed as a birth date may not be recorded. Secondly,
if a woman dies after delivering a baby, the baby may be moved out of the household
and consequently the birth may not be recorded for the woman who died. In light of
such limitations the VA data were used to identify additional pregnancies and deliveries
occurring in women who were recorded as dying in the DSS. For these cases, the date
of birth was assumed to be one week before the date of death where the deceased
was reported to have recently delivered a baby. Where a death during pregnancy was

reported, the pregnancy report was set to be three days before the date of death.
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Different assumptions were made to assign person-time spent pregnant or postpartum,
depending on whether there was a birth or pregnancy report. Where a birth was
reported (in the DSS or VA data), the woman was classified as PPP for the 280 days
preceding and the 42 days after the birth. An interval from 43-365 days postpartum and
from 1-2 years postpartum was also assigned. If a stillbirth was reported, then the

allocated pregnancy time was reduced from 280 days to 180 days.

Where a reported pregnancy was matched to a birth report, only the birth report was
retained. However, pregnancy reports without a matching birth report were more
problematic as it was not possible to know during which stage of the pregnancy it was
reported. It was assumed that women were unlikely to report a pregnancy in the first 90

days, therefore delivery dates were calculated as follows:

1. Where there was only one pregnancy report, it was assumed to occur
halfway between the 90" day of pregnancy and the end of pregnancy.

2. Where there were two pregnancy reports for a single pregnancy the interval
between the two reports was calculated. If this interval was less than 190
days then the midpoint of the interval was assumed to be at the centre of
the 90-280 day window where pregnancies would be expected to be
reported. When the interval was greater than 190 days, the first pregnancy
report must have occurred during the first 90 days of pregnancy. Therefore,
the midpoint of the interval between the two pregnancy reports was

assumed to fall in the middle of the full length of a pregnancy (280 days).

After calculating a delivery date for the unmatched pregnancy reports, the type of birth
(stillbirth or live birth) was assigned based on whether the woman was still under
observation in the study at the time of their estimated delivery date. Women who left
the study site before their estimated delivery date and did not return to the study until
afterwards were treated as if they had a live birth. Pregnancy reports where the
estimated delivery date occurred when the woman was still in the study site were
treated as stillbirths, as it would be expected that a live birth would be reported in the

DSS. In these cases, pregnancy time was adjusted to give a shorter gestational period.

Some simple graphical examples of how person-time spent pregnant/postpartum is

allocated based on delivery or preghancy reports are provided in Figure 2.2.
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Figure 2.2: Classification of person-time as pregnant/postpartum or not pregnant or
postpartum based on pregnancy and delivery reports (from either DSS data or verbal
autopsy)

Assigning HIV status

Person-time needed to be further broken down into time spent as HIV-infected and
HIV-uninfected. HIV test information was therefore merged with the residency data file
containing information on pregnancy status. Figure 2.3 shows how person-time would
be assigned as HIV-infected, HIV-uninfected and HIV status unknown based on
observed test results, for six different study participants. Individuals with a negative HIV
test result date but no positive HIV result date were assumed to remain HIV negative
for a period equivalent to the time it would be expected for approximately 5% of the
cohort to seroconvert (1.5 years in uMkhanyakude, three years in Manicaland and five
years in the other sites) and thereafter were classified as HIV status unknown. Those
with a first positive HIV test result date but no record of an HIV negative test were
assumed to be HIV positive from the time of the first test result. Individuals who had
dates for both a last negative HIV test result and a first positive HIV result were
assigned a seroconversion date as the midpoint between these two dates. Finally, all
person-time of those who did not have an HIV test was classified as HIV status

unknown.
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Figure 2.3: Classification of person-time as HIV status unknown, HIV-infected and HIV-
uninfected based on HIV test results

A family member/caregiver may report a women who had not tested positive in a
serosurvey as HIV-infected in a VA; therefore, to avoid counting these deaths without
allocation of an appropriate amount of person-time at risk, we assumed that women
who were established to be HIV-infected on the basis of VAs had been infected for half
the median post-infection survival time in the pooled data set which equates to

approximately five years.(97)

Assigning phases of ART availability

Individual level data on ART use were not available. Therefore, information on the
dates of introduction of ART in each study area were obtained from researchers at
each of the sites, and were used to classify three time periods: before the introduction
of ART,; a roll-out phase of ART during which time ART is assumed to only be partially
available; and, finally, a phase which captures the time from when ART became widely
available in the study site. The start dates for the “ART roll-out” phase and the “ART

widely available” phase are shown in Table 2.4.

Table 2.4: Dates for the introduction of ART, and the full roll-out of ART

Start of data

collection ART roll-out ART fully available
Karonga 2002 July 2005 October 2006
Kisesa 1994 March 2005 September 2008
Manicaland 1998 January 2007 January 2009
Masaka 1989 January 2004 January 2005
Rakai 1994 January 2004 June 2006
uMkhanyakude 2000 January 2004 January 2006
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2.2.5 Ethical considerations

Ethical approval for all secondary analyses undertaken as part of this PhD was granted
by the London School of Hygiene and Tropical Medicine (LSHTM) ethics committee
(ref: 6522).

2.3 ROLE OF THE CANDIDATE

The candidate decided on the research objectives for the systematic reviews, wrote the
systematic review protocol, conducted the database search, undertook the title and
abstract screening, located and screened full-texts, extracted data from relevant
articles, analysed the data and wrote up the findings. At all stages input was sought

from supervisors.

In the analysis of the ALPHA data, the candidate did not play any role in collecting
primary data or translating the data from the site databases to a standard format
according to the ALPHA data specifications. The candidate worked alongside other
members of the ALPHA network to pool, clean and prepare the data (i.e. create the
pregnancy status variable) for analysis. The candidate designed the analysis plan,

undertook all analyses and wrote up the findings.
For all the papers, the candidate wrote the initial draft and incorporated comments from

co-authors. This process was shared with Basia Zaba for the paper presented in
Chapter 6.
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3 THE CONTRIBUTION OF HIV TO PREGNANCY-RELATED
MORTALITY: A SYSTEMATIC REVIEW AND META-
ANALYSIS

3.1 INTRODUCTION

This chapter presents the results from a systematic review which aimed to quantify the
percentage of excess mortality attributable to HIV amongst pregnant and postpartum
women, and thereby address the first objective of this thesis. This work was published
in AIDS as an open access article in June 2013 (see (98) for the published version of

the article).
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3.2 ARTICLE

3.2.1 Abstract

Objectives: Although much is known about the contribution of HIV to adult mortality,
remarkably little is known about the mortality attributable to HIV during pregnancy. In
this article we estimate the proportion of pregnancy-related deaths attributable to HIV
based on empirical data from a systematic review of the strength of association

between HIV and pregnancy-related mortality.

Methods: Studies comparing mortality during pregnancy and the postpartum in HIV-
infected and HIV-uninfected women were included. Summary estimates of the relative
and attributable risks for the association between HIV and pregnancy-related mortality
were calculated through meta-analyses. Varying estimates of HIV prevalence were
used to predict the impact of the HIV epidemic on pregnancy-related mortality at the

population level.

Results: Twenty-three studies were included (17 from sub-Saharan Africa). Meta-
analysis of the risk ratios indicated that HIV-infected women had eight times the risk of
a pregnancy-related death compared with HIV-uninfected women [pooled risk ratio:
7.74, 95% confidence interval (95% CI): 5.37-11.16]. The excess mortality attributable
to HIV among HIV-infected pregnant and postpartum women was 994 per 100,000
pregnant women. We predict that 12% of all deaths during pregnancy and up to one
year postpartum are attributable to HIV/AIDS in regions with a prevalence of HIV
among pregnant women of 2%. This figure rises to 50% in regions with a prevalence of
15%.

Conclusion: The substantial excess of pregnancy-related mortality associated with HIV
highlights the importance of integrating HIV and reproductive health services in areas

of high HIV prevalence and pregnancy-related mortality.

3.2.2 Introduction

Among women of reproductive age, HIV/AIDS is the leading cause of death (99) and
women in sub-Saharan Africa also experience the highest levels of maternal mortality.
(31) How HIV interacts with pregnancy is still a matter of debate. Some have argued
that pregnancy may accelerate HIV progression or that the risk of obstetric
complications may be increased in HIV-infected women, but the available evidence in
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support of either of these hypotheses is weak.(51, 59, 60, 100) Furthermore, although
much is known about the contribution of HIV to adult mortality, remarkably little is
known about the mortality attributable to HIV during the pregnancy and postpartum

period.

Two approaches have been used to estimate the proportion of maternal deaths
attributable to HIV. First, a systematic review of the causes of maternal deaths in
population-based studies, published in 2006, suggested that 6.2% of maternal deaths
in Africa had been attributed to HIV/AIDS.(101) This estimate was based on only eight
studies, and verbal autopsies used to assign the causes of death did not define the

criteria for classifying a maternal death as HIV/AIDS-related.

Owing to the lack of empirical data, mathematical models are the second main source
of estimates of the proportion of maternal deaths attributable to HIV. Two models have
gained credence, each yielding very different estimates of the proportion of maternal
deaths due to HIV for 2008, the most recent year in which both models provide
estimates. In a model developed by the Institute for Health Metrics and Evaluation
(IHME),(28) 17.9% of maternal deaths worldwide were attributed to HIV. In contrast,
the Maternal Mortality Estimation Interagency Group (MMEIG) estimated that only
5.9% of maternal deaths were due to HIV/AIDS globally.(31) The two models differ in a
number of ways, including the predictor variables used in the regression models, but
the main difference probably lies in the assumptions made about the number of deaths
to HIV-infected pregnant and postpartum women, which should be attributed to
pregnancy and therefore classified as maternal. In the IHME model, all deaths
occurring among HIV-infected pregnant and postpartum woman are classified as
maternal deaths whereas the MMEIG assumes that only half of the deaths occurring in

HIV-infected pregnant and postpartum woman should be classified as maternal deaths.

We propose an alternative method to estimate the proportion of pregnancy-related
deaths due to HIV. In this article we report data on the risk ratio and the prevalence of
HIV from a systematic review of studies that compare mortality during pregnancy and
the postpartum in HIV-infected and HIV-uninfected women. We calculate summary
estimates of the relative and attributable risks for the association between HIV and
mortality during pregnancy and the postpartum period. To assess the impact of the HIV
epidemic on pregnancy-related mortality at the population level, we calculate
population attributable fractions (PAFs) for each study individually and under scenarios

of varying HIV prevalence using the pooled risk ratio obtained from the meta-analysis.
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3.2.3 Methods

Search strategy

A review protocol outlining the methods for our systematic review was developed and
reviewed by external experts (Appendix A, page 234). We searched bibliographical
databases (PubMed, EMBASE, Popline) and a WHO regional database [African Index
Medicus (AIM)] on 6 July 2011. A single comprehensive search strategy for each
database was developed using MeSH and free-text words. For the bibliographical
databases, articles were included if their abstract, title or keywords contained a
pregnancy/postpartum term, an HIV/AIDS term and a term related to mortality, obstetric
complications or HIV progression. For the simpler AIM database, a reduced search
was conducted, including all studies referring to both pregnancy/postpartum and
HIV/AIDS. The search strategy is available in Appendix B (page 243). Additional
publications were identified by manually searching the reference lists of included

articles. There were no language restrictions.

Inclusion and exclusion criteria

Titles and abstracts identified by the search strategy were screened by a single
reviewer (C.C.) and full texts were sought for relevant articles. A 20% sample of the
titles and abstracts was screened by a second reviewer to crosscheck the identification
of articles by the first reviewer. Studies were eligible for inclusion if they compared
mortality during pregnancy, delivery and/or up to 365 days postpartum between HIV-
infected and HIV-uninfected women using a cohort, census or case—control study
design. Mortality could either be defined as ‘pregnancy-related’ (including all deaths) or
‘maternal’ (excluding deaths which were accidental or incidental to the pregnancy).(16)
Any studies assigning the HIV status of women through clinical assessment rather than
using HIV testing were excluded. Studies were required to have a sample size of at
least 30 women in each study group with no restrictions on study country, dates or
whether the study was population-based or facility-based. Conference abstracts were

excluded.

Data extraction

Data for each study were extracted by a single author (C.C.) on location of study, study
dates, study design, study population, definition of pregnancy-related or maternal
death, gestational age at recruitment and length of postpartum follow-up, HIV
prevalence in the study population, whether antiretroviral therapy (ART) was available,
the number of deaths by HIV status, the type of denominator (live

births/women/women-years) and the denominator. For any study in which data were
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available for multiple definitions of maternal or pregnancy-related mortality, that closest
to the ICD-10 definition of a pregnancy-related death was used.(102) Where data on
the prevalence of HIV or ART availability among pregnant women were not available
from the published article, estimates were obtained from the Joint United Nations
Programme on HIV/AIDS (UNAIDS) for the same time period and region or country.

Data duplicated in different articles were only extracted once.

Assessment of the risk of bias

The risk of bias for each study was assessed according to the following criteria:

1. Loss to follow-up: Inadequate if loss to follow-up was greater than 20% or more
than 20% of the deaths had unknown HIV status or no information was provided
on loss to follow-up.

2. Adjustment for confounders: Inadequate if there was no adjustment for
confounders or if there was no attempt to match HIV-infected and HIV-
uninfected women on potential confounders.

3. Definition of pregnancy-related death: Inadequate if the time period in which
women were observed was not stated or unclear.

4. Ascertainment of pregnancy-related death: Inadequate if the study design used
was likely to lead to pregnancy-related deaths being missed (e.g. record review
in facilities).

5. Selection of comparison group: Inadequate if HIV-uninfected women were
unlikely to be representative of the population from which the HIV-infected
women were selected (e.g. if HIV-uninfected women were selected from

different hospitals or antenatal clinics than HIV-infected women).

Data analysis

The pregnancy-related mortality risk in HIV-infected and HIV-uninfected women was
defined as the number of pregnancy-related deaths per 100,000 pregnant women. In
studies only reporting live births the risk was expressed per 100,000 live births. For

each study, the risk ratio, attributable risk and PAF were calculated.(88)

A meta-analysis was conducted using Stata 12.0 (Stata Corp., College Station, Texas,
USA) to calculate both the pooled risk ratio and pooled attributable risk quantifying the
increased risk of a pregnancy-related death in HIV-infected women compared with HIV-
uninfected women. Given the variation in study design the DerSimonian—Laird random
effects method was used to combine study estimates.(87) Stratified analyses were

conducted to explore the effects of geographical region (as a proxy for the stage of HIV
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epidemic), availability of ART, whether the study was population-based and the length
of the postpartum follow-up on the pooled risk ratio for the association between HIV
and pregnancy-related mortality. Meta-analyses were conducted for each quality
criterion outlined previously, stratifying the pooled risk ratio by whether studies were

judged to be of adequate quality or not.

In order to assess the impact of the HIV epidemic on pregnancy-related mortality at the
population level, the PAF was calculated under scenarios of varying HIV prevalence
using the overall pooled risk ratio obtained from the meta-analysis according to the

following formula:

p(RR—1)

P = RR—D) +1

where p is the prevalence of HIV and RR is the pooled risk ratio.

3.2.4 Results

Figure 3.1 quantifies the number of studies excluded at each stage of the review
process. Eighteen thousand, nine hundred and forty-nine potentially relevant articles
were identified, of which 17,640 were excluded through abstract and title screening.
From the 1,291 full texts obtained (18 full texts were unavailable), 23 studies contained
data on the risk of pregnancy-related mortality in HIV-infected and HIV-uninfected

women.
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Figure 3.1: Flow chart of study selection for inclusion in the systematic review
! Articles may have been excluded for multiple reasons

A description of the 23 eligible studies is contained in Table 3.3 (page 55). Study
populations were from South Africa,(20, 103, 104) Tanzania,(105) Republic of
Congo,(106) Democratic Republic of Congo,(107) Malawi,(108) Zimbabwe,(73, 109,
110) Rwanda,(59, 111) Uganda,(112-114) Kenya,(115) India,(116, 117) Spain,(65)
USA,(118, 119) and Mexico.(120) One study included women from two different
countries (Malawi and Zambia).(121) The majority of studies followed women
throughout pregnancy and up to either 42 days or one year postpartum. One study
followed women throughout pregnancy until the end of delivery (120) and three studies
did not follow women during pregnancy: women were followed from delivery to 15 days
postpartum;(111) from active labour to one year postpartum (107) and from within 96
hours of delivery to one year postpartum.(110) The remaining eight studies did not
provide sufficient information on the timing during pregnancy and the postpartum
period. Two studies were population-based,(106, 114) with all others recruiting women
from hospitals or antenatal clinics. Two of these studies recruited women who were at
high risk of mortality: one was conducted in a high-risk obstetric unit (103) and the

other recruited women who were admitted to hospital in pregnancy during seasonal
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outbreaks of malaria.(73) Two studies included women only having caesarean
sections.(65, 119)

In 22 studies the pregnancy-related mortality risk was higher in HIV-infected women
than uninfected women, varying from 3.7 to 21.6 times higher. One study conducted in
Rwanda found that HIV-infected women had a lower risk of death compared with
uninfected women [risk ratio: 0.33, 95% confidence interval (95% CI): 0.01-8.17].(111)
This study was small, only picking up one pregnancy-related death. Meta-analysis of
the risk ratio from the 23 studies indicated that HIV-infected women had eight times the
risk of a pregnhancy-related death compared with uninfected women (pooled risk ratio:
7.74, 95% CI: 5.37-11.16) (Figure 3.2). There was strong evidence for between-study
heterogeneity (1?=54.1%, p=0.001).

%

Studies RR (95% CI) Weight
Black et al.2009,South Africa - 6.25 (3.65, 10.71) 9.88
Chilongozi et al.2008,SSA Mix T 13.64 (0.84, 221.19) 1.52
1

Coley et al.2001,Tanzania | 3.70 (0.41, 32.95) 2.29
De Groot et al.2003,South Africa ; 3.15 (0.54, 18.47) 3.19
Figueroa-Damian 1999,Mexico i 5.93 (0.25, 142.74) 1.20
Khan et al.2001,South Africa —— 7.21 (3.52,14.74) 8.49
Kourtis et al.2006,USA ' 21.38 (15.43,29.64) 11.43
Kumar et al.1995,India . 19.25(1.13, 327.84) 1.47
Le Coeur et al.2005,Republic of Congo —0—:- 3.85(1.69, 8.79) 7.67
Lepage et al.1991,Rwanda X 0.33 (0.01, 8.17) 1.19
Leroy et al.1998,Rwanda X 3.01 (0.31, 28.79) 217
Lionel et al.2008,India | 7.36 (1.01, 53.58) 2.68
Louis et al.2007,USA — 13.05(4.02,42.38) 5.46
Maiques-Montesinos et al.1999,Spain : 5.93 (0.25, 142.84) 1.20
McDermott et al.1996,Malawi X 2.13(0.48, 9.46) 4.07
Mmiro et al.1993,Uganda : 6.26 (0.73, 53.40) 2.36
Nathoo et al.2004,Zimbabwe ; 2.04 (0.19, 22.39) 1.97
Nuwagaba-Biribonwoha et al.2006,Uganda 1 6.02 (0.55, 65.80) 1.97
Ryder et al.1994,DRC e _— 21.59 (1.25,372.29) 1.46
Sewankambo et al.2000,Uganda - 5.44 (1.98, 14.93) 6.43
Temmermann et al.1994,Kenya : 8.89 (0.48, 164.36) 1.40
Ticconi et al.2003,Zimbabwe = 14.51 (8.35, 25.19) 9.78
Zvandasara et al.2006,Zimbabwe ha 13.32 (8.67,20.46) 10.72
Overall (I-squared = 54.1%, p = 0.001) 0 7.74 (5.37, 11.16) 100.00

I I
15 1 375

Figure 3.2: Forest plot showing the strength of association between HIV and pregnancy-
related mortality
Abbreviations: SSA=sub-Saharan Africa; DRC=Democratic Republic of Congo

The results of the stratified meta-analyses are presented in Table 3.1. No clear
patterns emerged. In East Africa, where the majority of the studies were conducted, the
risk ratio was 7.21 (95% CI: 4.36-11.92). Higher risk ratios were found in the United

States and South Asia, but there were only two studies in each of these regions. The
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pooled risk ratio was higher for the five studies conducted when ART was available
compared with studies conducted when it was not available (10.65 vs. 6.86), but the
confidence intervals overlapped. The two population-based studies had a smaller
pooled risk ratio than the 20 facility-based studies [4.42 (95% CI. 2.23-8.38) and 8.70
(95% CI: 5.99-12.62) respectively].

Table 3.1: Meta-analysis of the risk ratio for pregnancy-related mortality in HIV-infected
women compared with uninfected women stratified by region, whether the study was
population or facility-based, ART availability and the length of the postpartum period
included

Number of 2

studies Pooled risk ratio (95% ClI) p-value
Region
South Africa 3 6.31 (4.16-9.59) 0 0.70
East Africa 12 7.21 (4.36-11.92) 36.4 0.10
Middle Africa 2 5.21 (1.44-18.78) 23.0 0.25
South Asia 2 10.10 (1.99-51.34) 0 0.59
North America 2 20.64 (15.07-28.28) 0 0.43
Central America 1 5.93 (0.25-142.74)
South Europe 1 5.93 (0.25-142.84)
Study population
Population-based 2 4.42 (2.34-8.38) 0 0.60
Facility-based 21 8.70 (5.99-12.62) 48.3 0.007
ART Availability
Not available 17 6.86 (4.60-10.23) 34.3 0.08
Available 6 10.65 (5.11-22.21) 68.9 0.007
Period of follow-up
Pregneny ey e 478 625700 :
Extend postpartum period at 4 11.47 (7.99-16.48) 0 0.52

risk beyond 42 days
Unclear 8 11.68 (7.19-18.97) 44.4 0.08

Abbreviations: Cl=confidence interval

Studies using a definition which included the period beyond 42 days postpartum had
more than double the pooled risk ratio (11.47, 95% CI: 7.99-16.48) compared with
those which only pertained to pregnancy, delivery or up to 42 days postpartum (4.78,
95% CI: 3.23-7.06) (Table 3.1). Studies which did not provide a clear definition of the
follow-up period also had a high pooled risk ratio of 11.68 (95% CI: 7.19-18.97).
Although there was still weak evidence for between-study heterogeneity among studies
which did not have a clear follow-up period (1°=44.4%, p=0.08), for the other two groups

there was no evidence for between-study heterogeneity (1>=0%).

The quality assessment for each study is presented in Table 3.4 (page 63). Overall,
most of the studies were judged to be of inadequate quality for at least one of the

quality criteria. The pooled risk ratio, stratified by whether the study was judged to be of
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adequate quality for each quality criterion are presented in Table 3.2. There is little
difference between the pooled estimates from adequate and inadequate studies for
each methodological issue with the exceptions of the pregnancy-related death
definition and adjustment of confounders. For these criteria, the pooled risk ratio was
nearly double for studies judged to have inadequate quality compared with those of

adequate quality, but differences were not statistically significant.

The excess risk of pregnancy-related mortality attributable to HIV among women who
were HIV-infected (attributable risk) ranged from 174 per 100,000 pregnant women in
South Africa (104) to 28 386 per 100,000 pregnant women in Zimbabwe (73) (Table
3.3). Overall, the pooled attributable risk from all the studies was 994 per 100,000
women (95% CI: 677-1310). There was very high heterogeneity between the studies
(1>=89.4%, p<0.001).

Table 3.2: Meta-analysis of the risk ratio for pregnancy-related mortality in HIV-infected
women compared with uninfected women stratified by quality of studies for each quality
criterion

Studies of adequate quality Studies of inadequate quality

Quality Criterion

N Pooled risk ratio (95% ClI) N Pooled risk ratio (95% ClI)
Loss to follow-up 10 5.43 (2.89-10.21) 13 9.42 (5.94-14.92)
Adjustment for confounders 7 4.55 (1.62-12.82) 16 8.26 (5.62-12.15)
Ascertainment of pregnancy-
related death 15 7.05 (4.34-11.46) 8 8.53 (4.69-15.50)
Definition of a pregnancy-
related death 15 6.31 (4.14-9.62) 8 11.68 (7.19-18.97)
Selection of comparison 20 7.75 (5.27-11.40) 3 6.05 (1.33-27.47)

groups

Abbreviations: Cl=confidence interval

Based on the prevalence of HIV determined either from the study or from UNAIDS
estimates, the PAF for individual studies ranged from 0.7% in Spain (65) to 78.7% in a
study from Zimbabwe (110) (Table 3.3, Figure 3.3).
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Figure 3.3: The population attributable fraction (PAF) for the proportion of deaths
attributable to HIV amongst pregnant/postpartum women. Individual data points show
the observed PAF for each study and the curve shows the PAF predicted using the
pooled risk ratio from all the studies.

Individual PAFs exceeded 40% in studies from South Africa,(20, 104) Zimbabwe,(73,
110) Rwanda,(59) Uganda,(112, 114) the Democratic Republic of Congo,(107) and
Kenya.(115) Using the summary risk ratio of 7.74, we calculated the PAF for varying
prevalences of HIV (Figure 3.3). For a region where the HIV prevalence is 2% among
pregnant and postpartum women, it is predicted that 11.9% of all deaths during
pregnancy and the period up to one year postpartum are attributable to HIV/AIDS. This

figure rises to 50.2%, if the prevalence of HIV increases to 15%.

3.2.5 Discussion

In this review we find that a very high proportion of pregnancy-related deaths are
attributable to HIV at the population level. The substantial excess mortality attributable
to HIV among HIV-infected pregnant and postpartum women (pooled attributable risk
994 per 100,000 pregnant women) has a major impact on all-cause pregnancy-related
mortality in the population, even where the prevalence of HIV is relatively low. In areas
where the HIV prevalence among pregnant women is as low as 2%, 12% of all
pregnancy-related deaths may be attributable to HIV. This figure rises to 50% in areas
with an HIV prevalence of 15% among pregnant women. UNAIDS estimates that the

prevalence of HIV in adults of reproductive age in 2011 was 0.8% globally and 4.9% in
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sub-Saharan Africa.(122) On the basis of these prevalence figures, we estimate that
approximately 5% of pregnancy-related deaths worldwide and 25% in sub-Saharan
Africa are attributable to HIV.

The excess mortality attributable to HIV in HIV-infected pregnant and postpartum
women is not surprising. In the absence of ART, which was the case for most of the
studies reviewed here, a substantial number of HIV-infected women will have
progressed to clinical stages of HIV/AIDS, with high mortality as a result. The
magnitude of the excess is higher than expected however. Women who are in the late
stages of HIV disease are less likely to become pregnant,(123) and pregnant HIV-
infected women are thought to be healthier than non-pregnant HIV-infected
women.(106, 124) In two population-based studies the excess mortality attributable to
HIV was much smaller in pregnant than in non-pregnant HIV-infected women.(106,
114) Non-pregnant HIV-infected women were 40 times more likely to die than HIV-
uninfected women in the Congo and 26 times more likely in Uganda. This can be
compared to the equivalent figures of four and five times respectively in pregnant and
postpartum women. Most of the studies included here were facility-based, possibly
selecting for a population of pregnant women who are at higher risk of death. However,
for this to result in an upward bias in the relative and attributable risks in relation to HIV
the selection of high risk women would have had to be stronger in the HIV-infected

than in the HIV-uninfected.

Our approach to estimating the impact of HIV on pregnancy-related mortality has two
main advantages compared to previous studies. First, we use empirical rather than
modelled data on the relationship between HIV and pregnancy-related mortality. Our
summary estimate of an eight-fold relative risk of pregnancy-related mortality
comparing HIV-infected and HIV-uninfected pregnhant and postpartum women is based
on data from 23 studies across the world. This result does need to be interpreted with
some caution as there was strong evidence for between-study heterogeneity in the risk
ratio. Consequently, the summary estimate obtained should be interpreted as an
average risk ratio about which the true study risk ratios actually vary. Previous
estimates of the proportion of maternal deaths that are attributable to HIV, on the
contrary, have made various assumptions about the relationship between HIV and
pregnancy-related mortality. The IHME model estimates the proportion of maternal
deaths attributable to HIV by calculating the difference in the predicted number of
maternal deaths comparing mathematical models including and excluding HIV
prevalence. They thus assume that all deaths in HIV-infected women are attributable to

HIV.(28, 29) The MMEIG model uses a more complex model based on two key
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assumptions: the proportion of AIDS deaths among all women of reproductive that
occur to pregnant women and the proportion of pregnancy-related deaths to HIV-
infected women that qualify as maternal deaths.(31, 32) As there are no empirical data

supporting any of the assumptions, the validity of either of the models is impossible to

verify.

Second, by estimating the contribution of HIV to pregnancy-related rather than
maternal mortality no assumptions need to be made about whether HIV is indirectly
related or coincidental to the pregnancy. The distinction between indirect and
coincidental mortality requires knowledge on whether a death in an HIV-infected
woman may have been accelerated by the pregnhancy, an event which is nearly
impossible to ascertain. Very few studies examining the causes of maternal death
specify how HIV-related indirect deaths can be distinguished from HIV-related
coincidental deaths. A recent WHO document suggests that deaths in HIV-infected
pregnant and postpartum women should be categorized into direct obstetric deaths,
‘AIDS-related indirect maternal deaths’ (who die because of the aggravating effect of
pregnancy on HIV) and ‘HIV-related deaths’ (who die of a fatal complication of HIV or
AIDS that is coincidental to the pregnancy).(16) However, no guidance is given as to
how this distinction should be made. Given that most pregnancy-related deaths in HIV-
infected women occur in sub-Saharan Africa where cause of death information relies
on verbal autopsies, the prospect of being able to distinguish AIDS-related indirect
deaths from HIV-related coincidental deaths is limited.(17) Conditions such as severe
anaemia and tuberculosis can be treated as causes of both indirect maternal deaths
and HIV-related deaths, and it is not clear how such deaths should be classified.
Reporting pregnancy-related rather than maternal mortality would overcome these
problems, and research efforts should focus on identifying deaths ‘with’ rather than
‘from” HIV.

Our review was comprehensive in nature and it is unlikely that relevant studies have
been missed. However, the relatively small number of retained studies restricted our
ability to conduct stratified analyses, sometimes allowing larger studies to drive the
summary estimates. For example, the pooled risk ratio for studies which stretched the
postpartum period at risk of dying beyond 42 days is dominated by a single study from
Zimbabwe, which recruited women just after delivery and excluded any women with
acute life-threatening conditions.(110) Each study was classified for stratification by
covariates which may not have reflected the characteristics of the whole study
population. This is particularly pertinent when interpreting the results related to ART

availability because we had no data on the proportion of individuals on ART. No studies
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adjusted any of the risk ratios for confounders, although several studies did match the
HIV-infected and HIV-uninfected women on age and parity and one study also matched
the women on socioeconomic status. Consequently, the PAFs we estimate for varying
prevalences of HIV, which are mostly based on crude risk ratio, may have been

overestimated.

One of the main strategies to reduce HIV-related mortality is to widen access to ART
treatment. In this review, there was no evidence for a difference in the pooled risk ratio
for studies conducted when ART was available compared to those where ART was not
available; however, this result needs to be interpreted with caution. Only two of the
studies with ART available were conducted in sub-Saharan Africa and the studies were
predominantly undertaken when ART was only initiated if CD4 cell counts were very
low. If all HIV-infected women were on ART we would expect to see a lower ratio in the

pregnancy-related mortality risk comparing HIV-infected and HIV-uninfected women.

The impact of the HIV epidemic on pregnancy-related mortality is substantial, with
more than half such deaths attributable to HIV in high prevalence settings. This has
implications for integrated service delivery as well as for monitoring trends in
Millennium Development Goal 5 — maternal mortality. Safe motherhood programmes
should extend their remit beyond the prevention of direct obstetric causes of death, and
integrate HIV services into their programmes in order to reduce the levels of
pregnancy-related mortality. Furthermore, the monitoring of pregnancy-related rather
than maternal mortality avoids making assumptions about whether an HIV-related
death is indirectly related or coincidental to the pregnancy, allowing for more reliable
monitoring of levels and causes particularly where estimates rely on verbal autopsy
data. Future research should focus on how to identify HIV-related deaths using verbal
autopsies, so that pregnancy-related mortality can be monitored including and

excluding HIV-related deaths.
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Table 3.3: Summary of studies of HIV and pregnancy-related mortality

Risk of
pregnancy-

Risk of
pregnancy-
related death

Definition related death amonast HIV- Attributable
Stud ART Prevalence of amongst wome?w er Risk Risk per Population
Reference Yy Study Setting Study Population . 2 pregnancy-  HIV+women P Ratio 100,000 Attributable
design Available of HIV 100,000 .
related per 100,000 (95% Cl) women Fraction
3 women
mortality women (total (95% ClI)
(total number
number of of HIV-
HIV+ women)
women)
All women with known
A single tertiary  HIV status who gave
. hospital in birth; any maternal 6.25
ECI)%SZZ%) al., Eiggf‘tpe“"’e Johannesburg,  deaths during Both 20.7% '\D":;f}:”a' 776°(7,605)  124°(13,694)  (3.65- gg%me- 52.1%
South Africa pregnancy until 42 10.71)
(2003-2007) days postpartum
included
Multiple
hospitals and All HIV+ women
antenatal enrolled and 1 HIV-
. . . clinics in woman enrolled for
Chilongozi Prospective . . Pregnancy- 13.64 )
etal, Cohort (from ('\g"l";‘fgre ey S d“ﬂ;’;'n‘)"’r;’me”' No NA related 1824 (1,864) 0 (367) (0.84- ;ggi)“l“ NA
2008(121) an RCT) Lilongwe) and between 20 and 24 death 221.19)
Zambia weeks of pregnancy to
(Lusaka) 12 months postpartum
(2001-2003)
HIV+ women recruited
Three hospitals from control arm of an
pit RCT and HIV- women
Coley et Prospective ie;]ng;)rnsscllnlc from psychosocial Pregnancy- 3.70 555 (-290-
al., Coh(frt Saalam study; followed up No' 13.1% related 760 (526) 206 (486) (0.41- 1399) 26.1%
2001(105) T ! from between 12 and death 32.95)
anzania 27 weeks of
(1995-1997) .
pregnancy until
delivery
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Risk of

Risk of pregnancy-
pregnancy-
Definition related death related death Attributable
amongst HIV- . . .
Study . ) ART Prevalence of amongst women per R'Sl.( Risk per Pop_ulatlon
Reference : Study Setting Study Population . 2 pregnancy-  HIV+women Ratio 100,000 Attributable
design Available  of HIV' 100,000 -
related per 100,000 (95% Cl) women Fraction
3 women
mortality women (total (95% ClI)
(total number
number of of HIV-
HIV+ women)
women)
All HIV+ women and 2
. . HIV- controls for every
A single high
risk obstetric HIV+ women enrolled 30.1% in p
De Groot et Retrospective  unitin from a high risk 2001 in Free Maternal 3.15 2528 (-1893-
al., Cohortp Bloemfontein obstetric unit; all No" State death”, 3704 (81) 1176 (170) (0.54- 6948) 39.3%
2003(103) South Africa mformatlo_n extracted Province [a] unclear 18.47)
from medical records
(2001) - ;
and no information on
follow-up time given
44 HIV+ women and 2
. controls for every HIV+
) Inst_ltute of . women, match on age “
Figueroa- Prospective Perinatology in and socioeconomic No estimate Maternal 5.93 2273 (-3197-
Damian, Cohort Mexico City, status: followed U Both available death”, 2273 (44) 0(88) (0.25- 7742) NA
1999(120) Mexico (1989- f y up unclear 142.74)
rom enrolment in
1997)
pregnancy to the end
of delivery
Total number of
deliveries to HIV+ and
HIV- women was Maternal
A single tertiary  calculated based on
2 death
Khan et al Retrospective hospital in reported HIV 1 (including 721 174 (100-
" Durban, South prevalence and no. of No 29.4% 202 (14,849) 280 (35,669) (3.52- 64.6%
2001(104) Cohort . AR o late 248)
Africa (1996- deliveries in hospital; 14.74)
maternal
1998) HIV status of maternal
deaths)

deaths (up to 1 year
postpartum) known
through HIV tests
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Risk of

Risk of pregnancy-
pregnancy-
Definition related death ;?Lagﬁdsdte:w_ Attributable
Stud ART Prevalence of amongst Wome% er Risk Risk per Population
Reference desi yn Study Setting Study Population Available  of HIV? pregnancy- HIV+ women 100 OOOp Ratio 100,000 Attributable
9 related per 100,000 wor‘nen (95% Cl) women Fraction
mortality® women (total | b (95% CI)
number of (tfota number
HIV+ women) of HIV-
women)
All HIV+ and HIV-
pregnant women
20% of all between 15-44 years
Kourtis et . community of age who were Pregnancy- 21.38 )
al., Eﬁggftpec“"e hospitals in the  hospitalised: all Yes 0.14% related 299 (12,378) 14 (8,784,767) (15.43- ggi)asg 2.8%
2006(118) USA (1994 and information extracted death 29.64)
2003) from medical records
and no information on
follow-up time given
160 HIV+ women and
. . 160 HIV- mothers .
A single tertiary 0.3% in
Kumar et . 2 (matched for age and . 19.25 )
al., Prospective hospltal in parity): followed up No 1992 in all Maternal 6000 (150) 0 (152) 1.13- 6000 (2023 5.20%
Cohort Manipur, India urban areas  death 9977)
1995(116) from less than 28 . 2 327.84)
(1992-1993) of India [b]
weeks of pregnancy to
42 days postpartum
Total number of
deliveries to HIV+ and
HIV- women was
calculated based on
. . the total number of live
Le Coeur et Pointe Noire, A 3.85
al., Census Republic of ggguﬁ:::]b'ghjl(‘}”d No* 6.3% Pregnancy- 1813 (38e) 471 (5734) (1.69- ;ggg)(o- 15.2%
2005(106) Congo (2001) 9 8.79)

prevalence 6.3%; HIV
status of maternal
deaths (up to 42 days
postpartum) known
through HIV tests
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Reference

Study
design

Study Setting

Study Population

ART
Available

Prevalence
of HIV?

Definition
of
pregnancy-
related
mortality®

Risk of
pregnancy-
related death
amongst
HIV+ women
per 100,000
women (total
number of
HIV+ women)

Risk of
pregnancy-
related death
amongst HIV-
women per
100,000
women

(total number
of HIV-
women)

Risk
Ratio

(95% Cl)

Attributable
Risk per
100,000
women
(95% ClI)

Population
Attributable
Fraction

Lepage et
al.
1991(111)

Leroy et
al,1998(59)

Lionel et al,
2008(117)

Prospective
Cohort

Prospective
Cohort

Retrospective
Cohort

A single
hospital in
Kigali, Rwanda
(1988-1989)

A single tertiary
hospital in
Kigali, Rwanda
(1992-1993)

A single
hospital in
Vellore, India
(2000-2002)

All HIV+ women and
an equal number of
HIV- women matched
for age and parity.
Women had to have
lived for at least 6
months in a district
within a diameter of
<10 Km from the
hospital and delivered
a live newborn; follow-
up from delivery to 15
days postpartum

All HIV+ women and
an equivalent number
of HIV- women
matched for age who
attended the antenatal
clinic for 2 days each
week, who were
resident in Kigali and
who wished to deliver
in the hospital;
followed up from 21-28
weeks of gestation to
42 days postpartum

All HIV+ and HIV-
women; all information
extracted from medical
records and no
information on follow-
up time given

No

No

Yes

30.3%

34.4%

0.5%

Maternal
death

Pregnancy-
related

“Maternal
death”,
unclear

0 (215)

824 (364)

917 (109)

0.33
(0.01-
8.17)

463*(216)

3.01
(0.31-
28.79)

274 (365)

7.36
(1.01-
53.58)

125 (23,277)

-463 (-
1738-812)

550 (-522-
1623)

793 (-998-
2583)

NA

40.9%

3.1%
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Risk of

Oy preanancy
Definition related death related death Attributable
amongst HIV- . . .
Study _ ' Prevalence of amongst women per R|s|_< Risk per Pop_ulatlon
Reference design Study Setting Study Population of HIV? pregnancy-  HIV+women 100 000 Ratio 100,000 Attributable
related per 100,000 ! (95% Cl) women Fraction
mortality® women (total ~ Women (95% CI)
(total number
number of of HIV-
HIV+ women)
women)
All women having a c-
section with a
19 different gestational age of >20
academic weeks at delivery and “Maternal 13.05
Louis et al., Prospective medical who delivered an N ) 733 (-162-
2007(119) Cohort centres in the infant of at least 500g 0.69% dealth ’ 794 (378) 61 (54,281) §142%28 1628) 71%
USA (1999- birth weight with unclear 38)
2002) known HIV status; only
look at mortality
around delivery
All HIV+ women
having a c-section and
a sample of HIV-
women undergoing c-
A single section matched for
mzﬁt:(;?no Retrospective hmoag;rtrz]allt)iln Isnedclgzaogt;ogrecof “Maternal 5.93 2222 (-3130-
] ' 0.49% death”, 2222 (45) 0 (90) (0.25- 2.4%
setal., Cohort Valencia, labour, number of unclear 142.84) 7575)
1999(65) Spain (1987- foetuses and date of '
1996) delivery; all
information extracted
from medical records
and no information on
follow-up time given
Four antenatal  All HIV+ and HIV-
McDermott . clinics in women; followed up . 2.13
etal, E[)Ohsgfc“"e Mangochi from their first 18'95:/?(:]”2] Zi?:j”cy' 735 (272) 346 (3,472) (048 209 4()'644' 15.7%
1996(108) District, Malawi  antenatal visit to 6 9.48)

(1987-1989)

weeks postpartum
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Risk of

Risk of pregnancy-
pregnancy-
Definition related death related death Attributable
amongst HIV- . . .
Study . ) ART Prevalence of amongst women per R'Sl.( Risk per Pop_ulatlon
Reference : Study Setting Study Population . 2 pregnancy-  HIV+women Ratio 100,000 Attributable
design Available  of HIV' 100,000 -
related per 100,000 (95% Cl) women Fraction
3 women
mortality women (total (95% ClI)
(total number
number of of HIV-
HIV+ women)
women)
All HIV+ women and a
random 10% sample
. . of HIV- women who
. A Unyver_sﬂy lived within 15km of
Mmiro et Prospective hospital in Mulago and agree to 1 Pregnancy- 6.26 754 (-78-
al., Kampala, 2 L No 27.7% 898 (557) 143 (697) (0.73- 59.3%
1993(112) Cohort Uganda (1988- deliver in the hospital; related 53.40) 1586)
followed up from
1990) ;
pregnancy until
discharge after
delivery
A single tertiar 384 HIV+ women and
ge tertialy 374 HIv- mothers
Nathoo et Prospective hospital in (matched for age) 32.0% in Pregnancy- 2.04 286 (-659-
al., P Harare, \ 9 No* 7 10 gnancy- g5 (356) 275 (363) (0.19- 25.0 %
Cohort - enrolled; followed up 1995 [d] related 1232)
2004(109) Zimbabwe : 22.39)
from delivery to 6
(1991-1995)
weeks postpartum
132 HIV+ and 399
) A single HIV- nulliparous and
giL:’\iAll)?)%\?/\l/)gh Prospective hospital in uniparous women 8.5% in Pregnancy- 6.02 1273 (-885-
Kampala, enrolled; followed up Yes ‘ 2 1527 (131) 254 (394) (0.55- 29.9%
aetal., Cohort f Ks of 2002 [e] related 3431)
2006(113) Uganda (2002- rom 36 weeks o 65.80)
2004) pregnancy to 6 weeks
postpartum
A single All HIV+ women, and a
h gie. sample of HIV- women
ospital in
Ryder et Prospective Kinshasa, m;:;:h?odefggﬁgﬁ\?fd Pregnancy- 21.59 3239 (932-
al., Cohg’rt Democratic \‘,)vomﬁn o e No® 5.5% rela?e g Y© 3239 (247) 0 (314) (1.25- 5545) 53.1%
1994(107) Republic of ’ 372.30)

Congo (1986-
1987)

followed up from

active labour to 1 year

postpartum
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Risk of

Risk of pregnancy-
pregnancy-
Definition related death related death Attributable
f t amongst HIV- Risk Risk p lati
Study . ) ART Prevalence  ° amongs women per ISt ISK per oputation
Reference desian Study Setting Study Population Available  of HIV? pregnancy- HIV+ women 100 000 Ratio 100,000 Attributable
9 related per 100,000 wor‘nen (95% Cl) women Fraction
mortality® women (total | b (95% CI)
number of (tfota number
HIV+ women) of HIV-
women)
All households in 56
communities located
on secondary roads
eligible for inclusion in
Sewankam . . . “Maternal 5.44
bo et al., Prospective Rakai, Uganda cohc_)rt and HIV tests; No 16.1% death”, 1687 (415) 310 (2,582) (1.98- 1377 (120- 41.7%
Cohort (1994-1997) continuous follow-up, 2634)
2000(114) h unclear 14.93)
but not clear what time
period women were
considered at risk of
“maternal death”
All HIV+ women, and a
sample of HIV- women
. matched for age and
Temmerma Prospective éeiltr;gkienhealth pavity to each HIV+ Pregnancy- 8.89 1270 (-110-
nn et al., P R women recruited; No' 8.8% 9 Y 1269 (315) 0 (311) (0.48- 41.0%
Cohort Nairobi, Kenya related 2650)
1994(115) followed up from less 164.36)
(1989-1991)
than 28 weeks of
pregnancy to 6 weeks
postpartum
A single tertiary All woman with known
Ticconi et Retrospective hospital in Elzrztr?‘ué?s‘gﬁg?vfd "Maternal 14.51 28386
al., P Centenary P scharge No* 8.3% death”, 30488 (82) 2102 (904) (8.35- (18378- 52.9%
Cohort from hospital during
2003(73) Zimbabwe unclear 25.19) 38394)

(2000-2001)

pregnancy to the end
of pregnancy
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Risk of Risk of

pregnancy- pregnancy-
Definition related death related death Attributable
f t amongst HIV- Risk Risk p lati
Study ART Prevalence  ° amongs women per S ISK per opulation
Reference desian Study Setting Study Population Available  of HIV? pregnancy-  HIV+women 100 000 Ratio 100,000 Attributable
9 related per 100,000 wor‘nen (95% Cl) women Fraction
mortality® women (total | b (95% CI)
number of (thta number
HIV+ women)  © HIV-
women)
All HIV+ and HIV-
women were recruited
14 maternity if neither they or their
clinics and baby had a life-
Zvandasar Prospective hospitals in threatening condition, o i ; 13.32 )
aetal., Cohort (from  Greater the baby was not from  No* ggbOOAE d]'rz‘ PreONancy”  3726(3999) 280 (8577)  (8.67- igii)m“g 78.7%
2006(110) an RCT) Harare, a multiple birth or had 20.46)
Zimbabwe a birth weight<1500g;
(1997-2000) followed up from within

96 hours of delivery to
1 year postpartum

'Information was not supplied in the published paper so whether antiretroviral treatment should have been available was based on the study dates and
study location; for two studies it was not clear from the study dates and location whether ART would be available so the information was inferred from
the literature.
a) Pointe Noire, Congo in 2001: No ART treatment based on the UNAIDS data accessed on 31°' May 2012 at
http://www.unaids.org/en/regionscountries/countries/democraticrepublicofthecongo/
b) Greater Harare, Zimbabwe in 2000: No ART treatment based on the UNAIDS data accessed on 31° May 2012 at
http://www.unaids.org/en/regionscountries/countries/zimbabwe/
c) Bloemfontein, South Africa in 2001: No ART treatment based on the UNAIDS data accessed on 7" July 2012 at
http://www.unaids.org/en/regionscountries/countries/southafrica/
’Sources of HIV prevalence, when this information was not provided in the paper:
a) UNAIDS. South Africa: Epidmiological Factsheets on HIV/AIDs and Sexually Transmitted Infections 2004.
b) UNAIDS. India: Epidmiological Factsheets on HIV/AIDs and Sexually Transmitted Infections 2004.
c) UNAIDS. Malawi: Epidmiological Factsheets on HIV/AIDs and Sexually Transmitted Infections 2004.
d) UNAIDS. Zimbabwe: Epidmiological Factsheets on HIV/AIDs and Sexually Transmitted Infections 2004.
e) UNAIDS. Uganda: Epidmiological Factsheets on HIV/AIDs and Sexually Transmitted Infections 2004.
®Definition of maternal death classified as” maternal death” if incidental deaths were excluded; as “pregnancy-related” if incidental deaths were not
excluded or they only used the term death and as “Maternal death, unclear” if they use the term maternal death but do not define this in the paper
*Use number of live births as dominator rather than number of women
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Table 3.4:. Methodological quality assessment for each of the studies included in the systematic review

Reference

Quality Criteria

Loss to follow up

Adjustment for confounders

Definition of pregnancy-related
death

Ascertainment of maternal
death

Selection of comparison group

Black et al.,
2009(20)

Chilongozi et
al., 2008(121)

Coley et al.,
2001(105)

De Groot et al.,
2003(103)

Figueroa-
Damian,
1999(120)

Khan et al.,
2001(104)

Kourtis et al.,
2006(118)

Kumar et al.,
1995(116)

Le Coeur et al.,
2005(106)

Lepage et al.
1991(111)

Inadequate: 28% of deaths
had known HIV status

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up

Adequate: 53 (17%) women
were excluded after study
groups were selected (due
to HIV status unknown
(n=6), discharge before
delivery (n=45) and abortion

(n=2))

Inadequate: Insufficient
information provided

Inadequate: Over 50% of
deaths had unknown HIV
status

Inadequate: Insufficient
information provided

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up
Adequate: Over 90% of
deaths had known HIV
status

Inadequate: Between
delivery and 15 days

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Adequate: Match for age and
socio-economic status

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Adequate: Match for age and
parity

Inadequate: No adjustment for
confounders®

Adequate: Match for age and
parity

Adequate: All deaths of women
at the facility during pregnancy or
within 42 days of childbirth

Adequate: All pregnancy-related
deaths up to one year postpartum

Adequate: Any death before
delivery

Inadequate: No information on
the period of pregnancy in which
women were observed

Adequate: Any death before
delivery

Adequate: All deaths of women
at the facility during pregnancy or
within 1 year of childbirth
Inadequate: No information on
the period of pregnancy in which
women were observed

Adequate: Maternal deaths up to
42 days postpartum

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Inadequate: Hospital record
review

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Inadequate: Hospital record
review

Adequate: Prospective cohort
study

Inadequate: Hospital record
review

Inadequate: Hospital discharge
data from national database

Adequate: Prospective cohort
study

Adequate: All deaths identified in
city mortuary

Adequate: Prospective cohort
study

Adequate: Include all women with
known HIV status for a single facility

Inadequate: Unclear on exact
selection methods; however no HIV-
women were selection from one of
the study sites

Inadequate: HIV+ and HIV- women
were recruited from different studies

Adequate: HIV+ and HIV- women
enrolled from the same study site

Inadequate: Unclear on exact
selection methods; HIV-infected
women were recruited from a
Department of Infectious Diseases,
but do not state where HIV-uninfected
women were recruited from

Adequate: Include all women with
known HIV status for a single facility

Adequate: Include all hospitalised,
pregnant women with known HIV
status

Adequate: HIV+ and HIV- women
enrolled from the same study site
Adequate: Capture all women in
Pointe Noire

Adequate: HIV+ and HIV- women
enrolled from the same study site
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Reference

Quality Criteria

Loss to follow up

Adjustment for confounders

Definition of pregnancy-related
death

Ascertainment of maternal
death

Selection of comparison group

Leroy et
al,1998(59)

Lionel et al,
2008(117)

Louis et al.,
2007(119)

Maiques-
Montesinos et
al., 1999(65)

McDermott et
al., 1996(108)

Mmiro et al.,
1993(112)

Nathoo et al.,
2004(109)

Nuwagaba-
Biribonwoha et
al., 2006(113)

Ryder et al.,
1994(107)

Sewankambo
et al.,
2000(114)

Temmermann
et al,,
1994(115)

postpartum 21% of HIV+
women were lost to follow-
up

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up

Inadequate: Insufficient
information provided

Inadequate: Insufficient
information provided

Inadequate: Insufficient
information provided

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up

Inadequate: Insufficient
information provided

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up

Adequate: Less than 10%
of HIV+ and HIV- women
loss to follow-up
Inadequate: More than 20%
of HIV+ women loss to
follow-up

Inadequate: About 25% of
the study cohort loss to
follow-up

Inadequate: More than 20%
of HIV+ and HIV- women
loss to follow-up

Adequate: Match for age and
parity

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Inadequate: No adjustment for
confounders

Adequate: Match for age

Inadequate: No adjustment for
confounders

Adequate: Match for age and
parity

Inadequate: No adjustment for
confounders

Adequate: Match for age and
parity

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Inadequate: No information on
the period of pregnancy in which
women were observed
Inadequate: No information on
the period of pregnancy in which
women were observed
Inadequate: No information on
the period of pregnancy in which
women were observed

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Inadequate: States that woman
were followed up through
pregnancy until discharge after
delivery —insufficient information.

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Adequate: All pregnancy-related
deaths up to one year postpartum

Inadequate: No information on
the period of pregnancy in which
women were observed

Adequate: All pregnancy-related
deaths up to 42 days postpartum

Adequate: Prospective cohort
study

Inadequate: Hospital record
review

Inadequate: Data came from the
Maternal-Fetal Medicine Units
Network Caesarean registry

Inadequate: Hospital record
review

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Inadequate: Death data collected
from household census; not clear
how data on pregnancy was
collected

Adequate: Prospective cohort
study

Adequate: HIV+ and HIV- women
enrolled from the same study site

Adequate: All women from study
hospital enrolled

Adequate: All women enrolled

Adequate: HIV+ and HIV- women
enrolled from the same study site

Adequate: All women enrolled

Adequate: HIV+ and HIV- women
enrolled from the same study site

Adequate: All women enrolled before

being tested for HIV

Adequate: HIV+ and HIV- women
enrolled from the same hospital

Adequate: HIV+ and HIV- women
enrolled from the same hospital

Adequate: All women from study
area enrolled

Adequate: HIV+ and HIV- women
enrolled from the same antenatal
clinics
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Quality Criteria

Definition of pregnancy-related
death

Ascertainment of maternal
death

Selection of comparison group

Reference

Loss to follow up Adjustment for confounders
Ticconi et al., Inadequate: Insufficient Inadequate: No adjustment for
2003(73) information provided confounders

Adequate: Just over 10% of
HIV+ and HIV- women loss
to follow-up

Zvandasara et
al., 2006(110)

Inadequate: No adjustment for
confounders

Inadequate: No information on
the period of pregnancy in which
women were observed

Adequate: All pregnancy-related
deaths up to one year postpartum

Adequate: Prospective cohort
study

Adequate: Prospective cohort
study

Adequate: All women with known
HIV status enrolled from study
hospital

Adequate: All women enrolled before
being tested for HIV

“This study presented the adjusted the rate ratio comparing mortality rates in HIV-infected with uninfected for age; however, to enable the data to be
pooled with the other studies information was only extracted on the risk ratio, using number of pregnant women for the denominator, rather than number

of women years
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3.3 CONCLUSION

The results of this published paper show that in areas with high HIV prevalence, the
percentage of pregnancy-related mortality attributable to HIV is substantial. Whether
this excess mortality reflects the coexistence of HIV in pregnant women (i.e. HIV is a
coincidental cause of death in pregnancy), or whether this excess is due to an
acceleration of HIV disease (i.e. HIV is an indirect cause of death) or an increased risk

of obstetric complications in HIV-infected pregnant women is unclear.

Chapter 5 and Chapter 6 aim to shed light on the possible mechanisms which may lead
to this excess mortality, while Chapter 7 will adopt a similar methodology as that used
in this paper to calculate the excess pregnancy-related mortality attributable to HIV
using population-based data from Eastern and Southern Africa.
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4 HIV AND THE RISK OF DIRECT OBSTETRIC
COMPLICATIONS: A SYSTEMATIC REVIEW AND META-
ANALYSIS

4.1 INTRODUCTION

Presented in this chapter are the results of the second systematic review which aimed
to address the second objective of this PhD, establishing whether HIV increases the
risk of direct obstetric complications. These results were published in PLOS One in
October 2013 (see (125) for published version of the paper) and formed part of a
Maternal Health Task Force-PLOS collection themed “Maternal Health is Women’s
Health”.(126)

67



London School of Hygiene & Tropical Medicine LONDON

Keppel Street, London WC1E 7HT SCHOOLOf
www.Ishtm.ac.uk HYGIENE

&TROPICAL
Registry MEDICIN E

T: +44(0)20 7299 4646
F: +44(0)20 7299 4656
E: registry@Ishtm.ac.uk

COVER SHEET FOR EACH ‘RESEARCH PAPER’ INCLUDED IN A RESEARCH THESIS

Please be aware that one cover sheet must be completed for each ‘Research Paper’
included in a thesis.

1.

For a ‘research paper’ already published
1.1. Where was the work published? Plos One
1.2. When was the work published? 2013

1.2.1. If the work was published prior to registration for your research degree, give a
brief rationale for its inclusion

1.3. Was the work subject to academic peer review? Yes

1.4. Have you retained the copyright for the work? Yes /Ne

If yes, please attach evidence of retention: This is an open access journal where all
authors retain ownership of the copyright for their article:
http://www.plosone.org/static/license

If no, or if the work is being included in its published format, please attach
evidence of permission from copyright holder (publisher or other author) to
include work

For a ‘research paper’ prepared for publication but not yet published

2.1. Where is the work intended to be published?

2.3. Stage of publication — Not yet submitted / Submitted / Undergoing revision from peer
reviewers’ comments / In press

For multi-authored work, give full details of your role in the research included in
the paper and in the preparation of the paper. (Attach a further sheet if
necessary)

| am the first author on this paper. | was responsible for the research design, undertaking
the systematic review and conducting the meta-analysis. | was also primarily responsible
for writing this work. My co-author supported this work in an advisory capacity and helping
to edit the writing.

68


http://www.plosone.org/static/license

NAME IN FULL (Block Capitals) CLARA CALVERT

STUDENT ID NO: 236162

CANDIDATE’S SIGNATURE ..o
Date

SUPERVISOR/SENIOR AUTHOR'’S SIGNATURE (3 above)

Improving health worldwide www.Ishtm.ac

69



4.2 ARTICLE

4.2.1 Abstract

Background: Women of reproductive age in parts of sub-Saharan Africa are faced both
with high levels of HIV and the threat of dying from the direct complications of
pregnancy. Clinicians practicing in such settings have reported a high incidence of
direct obstetric complications among HIV-infected women, but the evidence supporting
this is unclear. The aim of this systematic review is to establish whether HIV-infected

women are at increased risk of direct obstetric complications.

Methods and findings: Studies comparing the frequency of obstetric haemorrhage,
hypertensive disorders of pregnancy, dystocia and intrauterine infections in HIV-
infected and uninfected women were identified. Summary estimates of the odds ratio
(OR) for the association between HIV and each obstetric complication were calculated
through meta-analyses. In total, 44 studies were included providing 66 data sets; 17 on
haemorrhage, 19 on hypertensive disorders, five on dystocia and 25 on intrauterine
infections. Meta-analysis of the OR from studies including vaginal deliveries indicated
that HIV-infected women had over three times the risk of a puerperal sepsis compared
with HIV-uninfected women [pooled OR: 3.43, 95% confidence interval (Cl): 2.00-5.85];
this figure increased to nearly six amongst studies only including women who delivered
by caesarean (pooled OR: 5.81, 95% ClI: 2.42-13.97). For other obstetric complications

the evidence was weak and inconsistent.

Conclusions: The higher risk of intrauterine infections in HIV-infected pregnant and
postpartum women may require targeted strategies involving the prophylactic use of
antibiotics during labour. However, as the huge excess of pregnancy-related mortality
in HIV-infected women is unlikely to be due to a higher risk of direct obstetric
complications, reducing this mortality will require non obstetric interventions involving

access to ART in both pregnant and non-pregnant women.

4.2.2 Introduction

The substantial burden of HIV infection amongst women of reproductive age in sub-
Saharan Africa and the maternal health risks that these women are challenged with
has led to HIV and maternal mortality being described as two intersecting epidemics.(5,
127) Many pregnant women in this region face not only the threat of dying from the
direct complications of pregnancy and delivery, but also from complications arising
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from advancing HIV disease. Given this intersection, it is important to understand

whether and how HIV interacts with pregnancy.

The biological interaction between HIV and pregnancy is not well understood. It has
been argued that pregnancy may accelerate HIV progression as pregnancy is
associated with suppressed immune function independent of HIV status.(128, 129)
However, the epidemiological evidence supporting this hypothesis is weak. A
systematic review investigating the effects of pregnancy on HIV progression and
survival found no evidence that pregnancy increased progression to an HIV-related
illness or a fall in CD4 count to fewer than 200 cells per cubic millilitre. The same
review showed weak evidence that pregnant women were more likely to progress to an
AIDS-defining illness or death compared with their non-pregnant counterparts but this

was based on only six studies.(51)

Clinicians working in settings where HIV is highly prevalent have reported a high
incidence of direct obstetric complications in HIV-infected pregnant women.(130) Some
researchers have also hypothesised that HIV may increase the risk of direct obstetric
complications, though the evidence was based on very few studies with small sample
sizes.(5, 131) There are several biological pathways which may explain such an
association. Firstly, the compromised immune status and general poor health of HIV-
infected women may leave them more vulnerable to infections, including puerperal
sepsis.(6) Secondly, it has been suggested that HIV-related thrombocytopenia, where
there is a low platelet count in the blood, may increase a woman’s risk of
haemorrhage.(56) Additionally, social factors such as poor access to healthcare
increase a woman'’s risk of obstetric complications, and may be exacerbated in HIV-
infected women due to the discrimination and stigma these women face in some
settings.(57)

To date there has been no effort to synthesise the empirical evidence on the
association between HIV and direct obstetric complications. The aim of this study is to
investigate whether HIV increases the risk of obstetric complications, by systematically
reviewing literature which compares the risk of obstetric complications in HIV-infected
and uninfected women. The obstetric complications which were pre-specified for this
review are obstetric haemorrhage, pregnancy-induced hypertension, dystocia and

intrauterine infections.
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4.2.3 Methods

Search Strategy

Pubmed, Embase, Popline and African Index Medicus were searched up to 6™ July
2011 using search terms for HIV, pregnhancy and the following direct obstetric
complications: obstetric haemorrhage, pregnancy-induced hypertension, dystocia and
intrauterine infections (see Appendix A for the full search strategy). There were no
language or publication date restrictions. All abstracts were reviewed by a single author
(CC) and a 20% sample of abstracts was independently reviewed by a second
researcher. Full text copies of potentially relevant papers were obtained and the
reference lists of review articles and articles which were included in this systematic

review were searched for further relevant publications.

Eligibility Criteria

Studies were eligible for inclusion if they compared the occurrence of direct obstetric
complications during pregnancy, delivery and/or up to 365 days postpartum between
HIV-infected and uninfected women using a cohort, cross-sectional or case-control
design. Obstetric complications relevant for this review were categorised as: obstetric
haemorrhage (including placenta praevia, placental abruption, antepartum
haemorrhage, peri- or postpartum haemorrhage and retained placenta); pregnancy-
induced hypertension (including eclampsia and pre-eclampsia); dystocia (including
prolonged or obstructed labour, abnormal presentation and uterine rupture); and
intrauterine infections (including puerperal sepsis, wound infection and endometritis).
Studies were required to have a sample size of at least 30 women in each study group
with no restrictions on country, dates or whether the study was population or facility-

based.

Data Extraction and management

Data were extracted by a single author (CC) on: study location, dates, design and
population, definition and ascertainment of the obstetrical outcome (e.g. whether
haemorrhage was ascertained through visual estimate or actual measurement of blood
loss), the mode of delivery, gestational age at recruitment and length of postpartum
follow-up, HIV prevalence in the study population, whether antiretroviral therapy (ART)
was available, the number of women with the obstetric complication by HIV status, the

type of denominator (pregnancy, live births or women) and the denominator.

Study populations described in more than one paper were included only once, using

data from the paper with the most detailed information. When more than one obstetrical
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outcome was evaluated in a single study, these were extracted and treated as separate

data sets.

Assessment of risk of bias

The risk of bias for each data set was assessed using the component approach
adopted by The Cochrane Collaboration.(86) All data sets were assessed on the
definition and ascertainment of the obstetric complication, the completeness of data,
adjustment for confounding and selection of the comparison group. Each of the quality
criteria were classified as having a low risk or high risk of bias for each data set. For
example, a data set was classified as having a high risk of bias for outcome
ascertainment if methods which were likely to lead to cases being missed were used
(e.g. hospital record review). Where there was insufficient information to assess the

risk of bias, the data set was classified as at an unclear risk of generating bias.

Statistical Methods

All analyses were carried out using STATA 12.0. The association between HIV and
each obstetric complication was estimated using odds ratios (OR). Summary measures
of effect for each obstetric complication were obtained by conducting a random-effects
meta-analysis of the best effect estimate available from each study. Where an adjusted
OR was available from the paper, this was taken as the best estimate; otherwise the
crude estimate was used. Articles do not generally state whether there is overlap
between categories of obstetric complications, for example, whether the women who
have puerperal sepsis are also the women who are included as having endometritis.
We therefore only provide summary estimates for sub-categories within each broad
obstetric grouping. As the effect of HIV on the obstetric complications may vary by the
mode of delivery, studies which included either vaginal deliveries only or both vaginal
and caesarean deliveries were considered separately from studies which only included
caesareans. Publication bias was assessed using funnel plots and was formally tested

using Begg’s test.(132)
Additionally, for data sets which included vaginal and caesarean section deliveries, a

meta-analysis was conducted to assess whether HIV-infected women had increased

odds of caesarean. ORs were computed for each study rather than each data set.
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424 Results

Search Strategy Results

We initially identified 18,949 titles and abstracts and 1,291 of these were retained for
full text review (Figure 4.1). Of the 1,291 articles, 1,247 were excluded as they did not
contain relevant data. A total of 44 studies, providing 66 data sets, were included.
Seventeen data sets contained information on obstetric haemorrhage (one caesarean
only study), 19 on hypertensive disorders of pregnancy (one caesarean only study),
five on dystocia and 25 data sets contained information on intrauterine infections (12
caesarean only studies and one study which was stratified by mode of delivery and

therefore provided two data sets).

DATABASES
Medline, Embase, Popline,
African Index Medicus

Search results’

n = 18,949
Excluded through title
Full text not > and abstract screening
available  [€ n =17,640
n=18
Full text obtained - -
~ Main reasons for exclusion from
n=1,291 ) . o
systematic review (n=1,247)%:
*No data (review, comment, editorial): 538
No outcomes of interest: 399
*No appropriate control group: 135
+Cause of death study only: 68
*Seroprevalence study only: 59
No information on HIV and/or pregnancy status: 44
N N +Vital statistics/surveillance only: 17
Studles which *Duplication of data: 5
. +Qther:28
report the risk of ther
obstetric
complications in
HIV-infected and
HIV-uninfected
women: 44
studies
Obstetric Hypertensive Dystocia: 5 data Intrauterine
haemorrhage: 17 disorders of sets infections: 25
data sets pregnancy: 19 data sets
data sets

Figure 4.1: Flow chart of study selection for inclusion in the systematic review
After removal of duplicates
“Articles may have been excluded for multiple reasons
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Study Characteristics

Table 4.1 (page 86) describes the 51 eligible data sets based on vaginal deliveries or
all modes of delivery. The 15 data sets which only included women undergoing a
caesarean section are described in Table 4.2 (page 103). Overall, study populations
were from Spain,(65, 133, 134) France,(61) the UK,(135) Germany,(136) Holland,(137)
Italy,(66) the USA,(60, 118, 119, 138-141) Mexico,(120) Dominican Republic,(142)
Brazil, (100, 143) Kenya,(115, 144-146), Ethiopia,(147) Rwanda,(59, 111) Uganda,(112,
148, 149) Nigeria,(150-152) Zimbabwe,(153) South Africa,(63, 64, 103, 154, 155)
India,(117, 156) and Thailand.(157, 158) One study was conducted in Italy, Spain,
Sweden, Poland and Ukraine(159) and another was conducted in Malawi, Tanzania
and Zambia.(160) All studies were conducted in health facilities. Thirty-four of the data

sets (52%) were conducted when ART was available in the study population.

Risk of Bias Within and Between Data Sets

The assessment of the risk of bias is summarised in Table 4.3 (page 108) and Table
4.4 (page 115). Only 23 of the 66 data sets provided a definition for the obstetric
complication: from eight of the 19 data sets (42%) reporting on hypertensive disorders
to seven amongst the 25 data sets (28%) for intrauterine infections. The risk of bias in
the ascertainment of obstetric complications cases was judged to be high for 29 of the
66 data sets; most of which relied on medical records to ascertain the nature of the

complication.

Very few studies had sufficient information on the completeness of the data to enable
the risk of bias to be assessed and only 17 of 66 data sets were classified as at low risk
of bias. In particular, studies relying on medical records tended not to report how many

records had to be excluded due to missing information (e.g. HIV status).

Overall, 25 of 66 data sets either adjusted for confounders in their analysis or matched
the HIV-infected and uninfected women with respect to some key confounders. The
majority of the data sets (58 of 66) were judged to be at low risk of bias in the selection

of the comparison group of HIV-uninfected women.

There was no evidence of publication bias for any of the outcomes included in the

analysis with the exception of pre-eclampsia (p=0.01) (Figure 4.2).
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Figure 4.2: Funnel plot for studies measuring the association between HIV and pre-
eclampsia

Effect of HIV on Obstetric Haemorrhage

The prevalence of antepartum haemorrhage was higher in HIV-infected than uninfected
women in four out of five data sets (Table 3.1). Meta-analysis indicated that HIV-
infected women have double the odds of antepartum haemorrhage [summary odds
ratio (OR): 2.06, 95% confidence interval (Cl): 1.42-2.97] (Figure 4.3). There was nho
evidence for between-study heterogeneity (I 27.5%, p-value=0.24). Based on three
data sets, there was no evidence for an association between HIV and either placenta
praevia (summary OR: 1.02, 95% Cl: 0.33-3.14, 1% 0%, p-value=0.70) or placental
abruption (summary OR: 1.61, 95% Cl: 0.12-20.79, % 76.1%, p-value=0.02) (Figure
4.3).

Thirteen data sets compared the prevalence of postpartum haemorrhage in HIV-
infected and uninfected women with ORs ranging from 0.25 to 11.18. The meta-
analysis suggests there is no evidence that HIV increases the odds of postpartum
haemorrhage (summary OR: 1.28, 95% Cl: 0.69-2.38, 1% 53.4%, p=0.01). Similarly,
there was no evidence for increased odds of retained placenta with HIV infection
(summary OR: 1.28, 95% Cl: 0.80-2.06, 1% 0%, p=0.50).
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First Publication %

Author date country Odds Ratio (95% ClI) Weight
Antepartum haemorrhage

Aboud et al. 2009 Africa mix 2.98 (0.17,51.72) 1.61
Braddick et al. 1990 Kenya —_— 2.91 (1.22, 6.96) 13.84
De Groot et al. 2003 South Africa —— 1.75 (0.76, 4.05) 14.72
Kourtis et al. 2006 USA L 2.33(2.09, 2.59) 60.34
Mmiro et al. 1993 Uganda —_—— 0.68 (0.23, 2.03) 9.49

Subtotal (I-squared = 27.5%, p = 0.238) | le] 2.06 (1.42, 2.97) 100.00

Placenta praevia

Chamiso 1996 Ethiopia —_—— 0.75 (0.14, 3.93) 45.97
Lionel et al. 2008 India —_—— 2.06 (0.29, 14.92) 32.35
Minkoff et al. 1990 USA —_—— 0.69 (0.06, 7.74) 21.68

Subtotal (I-squared = 0.0%, p = 0.697) ﬁ> 1.02 (0.33, 3.14) 100.00

Placental abruption

Haeri et al. 2009 USA —_—— 0.80 (0.15, 4.16) 37.58
Lionel et al. 2008 India —— 10.58(2.51, 153.02) 34.61
Minkoff et al. 1990 USA —— 0.18 (0.01, 3.62) 27.81
Subtotal (I-squared = 76.1%, p = 0.015) _ 1.61(0.12, 20.79) 100.00
Postpartum haemorrhage

Aboud et al. 2009 Africa mix —_—— 3.68 (0.22, 63.02) 3.75
Azira et al. 2010 France - 0.62 (0.32, 1.18) 14.94
Chamiso 1996 Ethiopia ﬁ— 0.37(0.02, 7.81) 3.35
Chanrachakul et al. 2001 Thailand — 2.75(1.13, 6.66) 13.08
De Groot et al. 2003 South Africa —— 0.75 (0.23, 2.43) 10.85
Figueroa-Damian 1999 Mexico ———  6.10 (0.24, 152.93) 3.06
Leroy et al. 1998 Rwanda —t——— 11.18 (0.62, 202.99) 3.63
Lionel et al. 2008 India —_—— 0.39 (0.02, 6.31) 3.88
Louis et al. 2006 USA —_— 0.25 (0.05, 1.18) 8.33
Minkoff et al. 1990 USA —_—— 1.14 (0.30, 4.37) 9.69
Mmiro et al. 1993 Uganda —_— 0.61 (0.15, 2.45) 9.39
Peret et al. 2007 Brazil —_—— 7.67(0.36, 161.86) 3.35
Van Eijk et al. 2007 Kenya —_— 4.02 (1.58, 10.22) 12.70
Subtotal (I-squared = 53.4%, p = 0.012) < 1.28 (0.69, 2.38) 100.00
Retained placenta

Chamiso 1996 Ethiopia —_—— 0.26 (0.01, 5.15) 254
Chanrachakul et al. 2001 Thailand —_—— 1.89 (0.24, 14.94) 5.26
Leroy et al. 1998 Rwanda - 1.23(0.74, 2.05) 87.87
Minkoff et al. 1990 USA —_—— 4.36 (0.45, 42.62) 4.33
Subtotal (I-squared = 0.0%, p = 0.502) 1.28 (0.80, 2.06) 100.00
NOTE: Weights are from random effects analysis

Figure 4.3: Forest plot showing the strength of association between HIV and maternal
haemorrhage

One study looked at the association between HIV and postpartum haemorrhage
amongst women undergoing a caesarean section (Table 3.2). There was no evidence
of an association between HIV and postpartum haemorrhage (OR: 0.44, 95%CI: 0.19-
1.04).

Effect of HIV on Hypertensive Disorders of Pregnancy

Out of the 11 data sets with data on pregnancy-induced hypertension, eight found that
HIV-infected women were at increased risk of pregnancy-induced hypertension (Table
3.1). The meta-analysis showed some evidence for increased odds of pregnancy-
induced hypertension with HIV infection (summary OR: 1.46, 95% CI. 1.03-2.05).
However, there was strong evidence for between-study heterogeneity (1% 79.3%, p-
value<0.001) (Figure 4.4).
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Nine data sets examined the association between HIV and pre-eclampsia; four of these
found a higher prevalence in HIV-infected women than uninfected women. There was
no evidence that HIV infection was associated with pre-eclampsia (summary OR: 1.04,
95% Cl: 0.60-1.79, 1% 70.5%, p-value=0.001).

The ORs from the four data sets comparing the prevalence of eclampsia in HIV-
infected and uninfected women varied from 0.39 to 38.47. The meta-analysis produced
a summary OR of 2.56, however the confidence intervals were very wide (95% CI:
0.15-44.11) and there was strong evidence for between-study heterogeneity (1*: 96.6%,
p-value<0.001).

First Publication %
Author date country Odds Ratio (95% CI) Weight
- Pregnancy induced hypertension
Aboud et al. 2009 Africa mix —_— 1.52 (0.46, 5.04) 5.60
Bodkin et al. 2005 South Africa 1—— 1.86 (0.88, 3.92) 9.67
Chamiso 1996 Ethiopia T 2.95(0.81, 10.72) 5.07
Figueroa-Damian 1999 Mexico —_—— 0.49 (0.05, 4.51) 211
Frank et al. 2004 South Africa -> 1.01 (0.79, 1.28) 16.25
Haeri et al.* 2009 USA —_— 0.18 (0.02, 1.40) 2.29
Kourtis et al. 2006 USA . 1.09 (1.02,1.17) 17.56
Lionel et al. 2008 India - 3.02 (1.90, 4.80) 13.40
Mmiro et al. 1993 Uganda - 0.58 (0.34, 1.01) 12.22
Olagbuiji et al. 2010 Nigeria - 1.70 (0.61, 4.77) 6.84
Roman-Poueriet et al. 2009 Dominican Republic —_— 5.69 (2.54, 12.74) 8.98
Subtotal (I-squared = 79.3%, p = 0.000) i 1.46 (1.03, 2.05) 100.00
Pre-eclampsia
Boer et al. 2006 Holland —_— 2.02 (0.28, 14.57) 5.31
De Groot et al. 2003 South Africa - 1.36 (0.79, 2.33) 15.29
Frank et al. 2004 South Africa —— 0.97 (0.59, 1.62) 15.57
Haeri et al.* 2009 USA 0.55 (0.26, 1.18) 13.35
Mattar et al. 2004 Brazil —r— 0.07 (0.01, 0.49) 5.32
Singh et al. 2009 India —_—— 0.73 (0.19, 2.90) 8.36
Suy et al. 2006 Spain —— 4.18 (2.07, 8.46) 13.83
Waweru et al. 2009 Kenya 1.52 (0.53, 4.32) 10.80
Wimalasundera et al. 2002 UK —_—— 0.74 (0.30, 1.79) 12.17
Subtotal (I-squared = 70.5%, p = 0.001) <> 1.04 (0.60, 1.79) 100.00
Eclampsia
Bodkin et al. 2005 South Africa — 2.91 (0.35, 24.52) 23.16
De Groot et al. 2003 South Africa —_— 0.39 (0.15, 0.98) 25.88
Frank et al. 2004 South Africa —_—— 0.90 (0.18, 4.46) 24.54
Lionel et al. 2008 India - 38.47 (24.21,61.14) 26.42
Subtotal (I-squared = 96.6%, p = 0.000) <:> 2.56 (0.15, 44.11) 100.00
NOTE: Weights are from random effects analysis
I I

Figure 4.4: Forest plot showing the strength of association between HIV and
hypertensive disorders of pregnancy
*Adjusted estimate

There was one data set from Nigeria which was restricted to caesarean sections (Table
3.2). There was no evidence of an association between HIV and postpartum
pregnancy-induced hypertension (OR: 0.33, 95% CI: 0.01-8.21).

78



Effect of HIV on Dystocia

There were only six data sets where the outcome could be broadly categorised as

dystocia (Table 3.1, Figure 4.5). One data set from Rwanda found no association
between HIV and dystocia (OR: 1.04, 95% CI 0.59-1.82), whilst a study from Thailand
indicated that HIV-infected women have nearly eight times the odds of prolonged
labour compared with uninfected women (OR: 7.86, 95% CI: 4.64-13.33). Two data

sets reported on abnormal presentation, and there was no evidence for an association

between HIV and abnormal presentation in the meta-analysis (summary OR: 1.17, 95%
Cl: 0.68-2.03, 1% 0%, p=0.50). Conversely, both data sets which compared the

prevalence of uterine rupture showed an increased risk in HIV-infected women, giving

a summary OR of 3.14 (95% CI: 1.51-6.50, 1%:0%, p=0.89).

First Publication Odds

Author date country Ratio (95% Cl)
Dystocia |

Leroy et al. 1998 Rwanda — 1.04 (0.59, 1.82)
Subtotal (I-squared =.%,p=.) <> 1.04 (0.59, 1.82)

Prolonged labour
Chanrachakul et al. 2001 Thailand — 7.86 (4.64, 13.33)
Subtotal (I-squared =.%,p=.) <> 7.86 (4.64, 13.33)

Abnormal presentation

Leroy et al. 1998 Rwanda —— 1.28 (0.70, 2.36)
Minkoff et al. 1990 USA —— 0.79 (0.22, 2.80)
Subtotal (I-squared = 0.0%, p = 0.500) <> 1.17 (0.68, 2.03)

Uterine rupture

Lionel et al. 2008 India —_— 2.75 (0.38, 19.98)
Wandabwa et al.* 2008 Uganda —_— 3.20 (1.50, 7.20)
Subtotal (I-squared = 0.0%, p = 0.890) <> 3.14 (151, 6.50)

NOTE: Weights are from random effects analysis

%
Weight

100.00
100.00

100.00
100.00

81.20
18.80
100.00

13.54
86.46
100.00

Figure 4.5: Forest plot showing the strength of association between HIV and dystocia

*Adjusted estimate
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Effect of HIV on Intrauterine Infections

Figure 4.6 shows the association between HIV and intrauterine infections. Meta-
analysis based on four data sets indicated that HIV-infected women have over three
times the odds of having puerperal sepsis compared with uninfected women (summary
OR: 3.43, 95% ClI: 2.00-5.85, 1% 9.4%, p-value=0.35). There was also evidence from
eight data sets that HIV-infected women had over 2.5 times the risk of endometritis
compared with uninfected women (summary OR: 2.51, 95% Cl: 1.50-4.21, I*: 19.6%, p-
value=0.27).

First Publication %
Author date country Odds Ratio (95% CI) Weight
Sepsis
Aboud et al. 2009 Africa mix L B 10.11 (0.62, 166.11) 3.52
Chanrachakul et al. 2001 Thailand —_—— 1.02 (0.13, 7.68) 6.52
Kourtis et al. 2006 USA . 3.37(3.03, 3.74) 86.69
Onah et al. 2007 Nigeria 19.23 (1.04, 354.04) 3.26
Subtotal (I-squared = 9.4%, p = 0.346) <> 3.43(2.00, 5.85) 100.00
Endometritis
Chamiso 1996 Ethiopia 39.48 (2.27, 686.46) 3.11
Figueroa-Damian 1999 Mexico —_—— 0.21 (0.01, 4.01) 2.94
Fiore et al. 2004 Europe mix T 2.26 (0.77, 6.59) 17.20
Lepage et al. 1991 Rwanda —_— 1.00 (0.14, 7.20) 6.23
Minkoff et al. 1990 USA —_ 1.89 (0.41, 8.64) 9.81
Okong et al. 2004 Uganda —— 2.74 (1.34,5.65) 29.06
Peret et al. 2007 Brazil 1 14.16 (0.75, 266.61) 2.95
Temmermann et al. 1994 Kenya — 2.64 (1.28,5.47) 28.70
Subtotal (I-squared = 19.6%, p = 0.274) <> 2.51 (1.50, 4.21) 100.00
NOTE: Weights are from random effects analysis

T T

Figure 4.6: Forest plot showing the strength of association between HIV and intrauterine
infections amongst studies which included vaginal deliveries

The results of the meta-analyses for women who had a caesarean section are
presented in Figure 4.7. The pooled OR from four data sets indicated that HIV-infected
women had nearly six times higher odds of suffering from puerperal sepsis compared
with their uninfected counterparts (summary OR: 5.81, 95% Cl: 2.42-13.97, I>: 0%, p-
value=0.93). Amongst the ten data sets which contained information on wound
infection, the pooled OR was 1.75 (95% CI: 1.20-2.55) although there was weak
evidence for between-study heterogeneity (1% 30.1%, p=0.17). Finally, there were 12
studies which looked at endometritis in HIV-infected and uninfected women; nine found
a higher occurrence in HIV-infected women. The meta-analysis showed that HIV-

infected women had over double the odds of endometritis than uninfected women (OR:
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1.86, 95% CI: 1.28-2.71). There was good evidence for between-study heterogeneity
(1% 47.0%, p=0.04).

First Publication %
Author date country Odds Ratio (95% Cl)  Weight

. Caesarean - Sepsis

Louis et al.* 2007 USA —_— 6.20 (2.30, 17.00) 76.87
Maiques-Montesinos et al. 1999 Spain —t——— 10.40(0.49,221.37) 8.22
Rodriguez et al. 2001 USA —_—— 3.04 (0.12, 75.55) 7.44
Semprini et al. 1995 Italy _— 3.02 (0.12, 74.69) 7.47
Subtotal (I-squared = 0.0%, p = 0.925) t 5.81 (2.42, 13.97) 100.00

Caesarean - Wound infection

Chama and Morrupa 2008 Nigeria —_— 0.65 (0.10, 4.08) 3.83
Fiore et al. 2004 Europe mix _—— 3.02 (0.12, 74.67) 1.34
Louis et al.* 2007 USA — 1.60 (0.80, 3.30) 16.04
Maiques et al. 2010 Spain 1.82 (0.69, 4.81) 10.74
Maiques-Montesinos etal. 1999 Spain —_—— 5.09 (1.76, 14.69) 9.48
Moodlier et al. 2007 South Africa —— 0.65 (0.28, 1.51) 13.09
Rodriguez et al. 2001 USA —_— 1.54 (0.42, 5.65) 6.88
Semprini et al. 1995 Italy —_—— 4.64 (1.29, 16.61) 711
Urbani et al. 2001 South Africa —_—— 2.18 (0.63, 7.51) 7.48
Zvandasara et al. 2007 Zimbabwe - 1.67 (1.06, 2.63) 24.00
Subtotal (I-squared = 30.1%, p = 0.168) < 1.75 (1.20, 2.55) 100.00
Caesarean - Endometritis
Cavasin et al. 2009 USA —— 1.05 (0.54, 2.01) 13.65
Fiore et al. 2004 Europe mix L 0.49 (0.09, 2.73) 3.97
Grubert et al. 1999 Germany 7.35 (0.37, 145.40) 1.47
Louis et al.* 2007 USA - 1.90 (1.30, 2.60) 19.55
Maiques et al. 2010 Spain —_— 1.00 (0.09, 11.11) 219
Maiques-Montesinos etal. 1999 Spain —_—— 0.49 (0.05, 4.50) 2.53
Moodlier et al. 2007 South Africa —_— 5.44 (1.19, 24.89) 4.82
Panburana et al. 2003 Thailand —_ 1.64 (0.32, 8.28) 435
Rodriguez et al. 2001 USA - 1.66 (0.68, 4.08) 10.00
Semprini et al. 1995 Italy —_—— 5.91 (1.98, 17.65) 7.81
Urbani et al. 2001 South Africa — 4.23 (1.95,9.19) 11.69
Zvandasara et al. 2007 Zimbabwe 1.30 (0.85, 1.99) 17.96
Subtotal (I-squared = 47.0%, p = 0.036) (&) 1.86 (1.28, 2.71) 100.00
NOTE: Weights are from random effects analysis

I I

Figure 4.7: Forest plot showing the strength of association between HIV and intrauterine
infections amongst studies which only included caesarean deliveries
*Adjusted estimate

Caesarean Section

Of the studies which included vaginal and caesarean section deliveries, 13 did not
provide information on the proportion of HIV-infected and uninfected women who had a
caesarean (one stated that there was no difference in the mode of delivery in HIV-
infected and uninfected women, one was restricted to only vaginal deliveries, three only
followed women during pregnancy and eight did not provide any information on the
proportion of infected and uninfected women having caesareans). Figure 4.8 shows the
relative odds of having a caesarean for HIV-infected compared with uninfected women
across the 19 studies which provided data. The ORs varied from 0.40 to 5.55 and there
was no evidence that HIV-infected women were more likely to have a caesarean
compared with uninfected women [summary OR: 1.20, 95% CI: 0.81-1.78]. However,

there was strong evidence for between-study heterogeneity (1°: 88.4%, p<0.001).
81



First Publication Events, Events, %

Author date country Odds Ratio (95% CI) HIV+ HIV- Weight
I
Azira et al. 2010 France —_—— 1.16 (0.63, 2.14) 26/146 23/146 5.60
Boer et al. 2006 Holland —OI-:F 0.88 (0.52, 1.49) 54/143 40/98 5.82
Braddick et al. 1990 Kenya " 5.55 (0.22, 136.94) 1177 0/326 121
Chamiso 1996 Ethiopia —0—:— 0.68 (0.26, 1.81) 6/92 16/173 4.63
Chanrachakul et al. 2001 Thailand —0-;- 0.83(0.47, 1.49) 14/96 316/1856 5.69
De Groot et al. 2003 South Africa —IO:— 1.09 (0.64, 1.85) 46/81 93/170 5.80
Figueroa-Damian 1999 Mexico —— : 0.40 (0.19, 0.87) 13/44 45/88 5.19
Haeri et al. 2009 USA - 0.96 (0.65, 1.42) 77/151 157/302 6.11
Leroy et al. 1998 Rwanda —OII— 0.95(0.52, 1.77) 21/364 22/365 5.60
Lionel et al. 2008 India E - 5.18 (3.53, 7.59) 64/109 5015/23277  6.12
Louis et al. 2006 USA : —_— 3.54 (2.05, 6.10) 59/148 24/152 5.77
Minkoff et al. 1990 USA —0—-: 0.62 (0.28, 1.34) 11/91 23/126 5.18
Olaghbuji et al. 2010 Nigeria -:-0— 1.62 (1.02, 2.56) 59/203 41/203 5.97
Onah et al. 2007 Nigeria —0-‘:— 0.71 (0.23, 2.15) 5/62 11/100 4.27
Peret et al. 2007 Brazil —0— 1.02 (0.55, 1.90) 59/82 88/123 5.59
Roman-Poueriet et al. 2009 Dominican Republic : - 3.51(2.73, 4.52) 110/259 1682/9686 6.34
Singh et al. 2009 India : —_— 4.24 (1.75, 10.24) 16/50 10/100 4.88
Temmermann et al. 1994 Kenya —0—4:- 0.48 (0.18, 1.31) 6/315 12/311 4.58
Van Eijk et al. 2007 Kenya - 0.48 (0.26, 0.86) 13/743 85/2365 5.67
Overall (I-squared = 88.4%, p = 0.000) <::> 1.20 (0.8, 1.78) 660/3356  7703/39967  100.00
|
NOTE: Weights are from random effects analysis :
T T

.15 1 50

Figure 4.8: Forest plot showing the strength of association between HIV and odds of
having a caesarean

4.2.5 Discussion

Our systematic review suggests that HIV increases the risk of intrauterine infections
during pregnancy, delivery or the postpartum. Studies including vaginal and caesarean
deliveries indicated that HIV-infected women had over three times the risk of a
puerperal sepsis compared with uninfected women; this figure increased to nearly six
amongst studies only including women who delivered by caesarean. The evidence for
an association between HIV and other direct obstetric complications was inconsistent.
Whilst HIV was associated with an increased risk of antepartum haemorrhage, there
was no evidence of an increased risk of placenta praevia, placental abruption,
postpartum haemorrhage or retained placenta. Similarly, HIV did appear to increase
the risk of pregnancy-induced hypertension, but not of pre-eclampsia and eclampsia.
Finally, we found an association between HIV and both uterine rupture and prolonged

labour, but not between HIV and other complications of dystocia.

The higher risk of intrauterine infections in HIV-infected women is biologically plausible,
as the immune suppression associated with HIV increases susceptibility to

infection.(161) Caesarean sections may increase the risk of postpartum infection, but
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caesarean sections were equally common in HIV-infected and uninfected women, and
the excess risk of intrauterine infections in HIV-infected women persisted among
caesarean only deliveries. Whether the excess risk of endometritis and puerperal
sepsis in the intra- and postpartum period is directly attributable to the pregnancy or
indirectly related to HIV or AIDS-associated infections is uncertain. Intrauterine
infections were mostly ascertained from hospital records, definitions were lacking, it
was not always clear whether the infection was diagnosed during pregnancy or the
postpartum and microbiological examination was not done. The signs and symptoms
suggestive of endometritis and puerperal sepsis in intra- or postpartum women may
have been a direct consequence of the increased prevalence of sexually transmitted
infections associated with HIV.(162, 163) In the 2008-2010 confidential enquiries into
maternal deaths in South Africa, only 6% of maternal deaths in HIV-infected women
were attributed to pregnancy-related sepsis, while 62% of deaths were attributed to
non-pregnancy-related infections.(164) Without clear definitions misclassification of
non-pregnancy-related infections as pregnancy-related, or vice versa, cannot be

excluded.

We did not find a consistent association between HIV and the risk of either
haemorrhage, dystocia or hypertensive diseases of pregnancy. HIV-related
thrombocytopenia affects around 10% of HIV-infected individuals and 30% of
individuals with AIDS,(165-167) but it rarely leads to severe bleeding.(165, 167) The
association between HIV and uterine rupture, concomitant with no association between
HIV and other categories of dystocia, may suggest that delayed care seeking in HIV-
infected women plays a role. However, this finding was based on two studies only, and
caution is required in its interpretation. The observed associations between HIV and
broadly defined categories of complications such as antepartum haemorrhage or
hypertensive diseases — whereas no association was found between HIV and more
narrowly defined clinical diagnoses such as placenta praevia, placental abruption, pre-
eclampsia or eclampsia - suggests that measurement errors may have occurred.
Unfortunately, few studies provided information on the number of women with more
than one diagnosis, and we were not able to pool findings within the broad obstetric

categories.

The lack of an association between HIV and caesarean section is surprising.
Caesarean sections have been recommended to prevent the mother-to-child
transmission (PMTCT) of HIV in many regions,(168, 169) and the most common
indication for caesarean section in HIV-infected women in the studies reviewed was

PMTCT of HIV (data not shown). It is possible that clinicians, particularly in low income
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countries, weigh the health risks associated with caesarean sections against those of
PMTCT, and are perhaps more cautious about performing caesarean sections in HIV-
infected women. Although recent guidelines recommend that women with very low viral
loads who are on ART do not need a caesarean for PMTCT of HIV (170) we would
expect a higher rate of caesareans amongst HIV-infected women in high-income
countries given the time period in which the studies were conducted. Stratifying the
meta-analysis by high and low income countries did not alter the findings (data not
shown). We did not systematically review the literature to assess the association
between HIV and caesarean sections, however, and some studies may have been

missed.

This review was comprehensive covering a long time period with no restriction on
language, world region or type of study. The studies found were predominantly
conducted in tertiary health facilities, however, resulting in the enrolment of a higher
risk group of pregnant women. While this will lead to an overestimation in the frequency
of obstetric complications, it is unlikely this will have affected the relative odds
comparing HIV-infected and uninfected women. The main limitation of this review is the
poor quality of included studies, none of which were classified as at low risk of bias
across all the quality components. Notably, only 25 data sets controlled for key
confounders, either through matching HIV-infected and uninfected women or through
adjustment in the analysis. Furthermore, very few studies provided information on how
the obstetric complications were defined or ascertained. Whether the risks and stigma
associated with HIV may result in health professionals reporting complications
differentially in HIV-infected and uninfected women is not known, but information bias
certainly needs considering. Unfortunately, due to the limited number of studies
included in this review, it was not possible to tease out the effect of ART by restricting

analyses to studies conducted when ART was available.

HIV-infected women are thought to be eight times more likely to die in pregnancy or the
postpartum than HIV-uninfected women,(98, 171) and the excess mortality attributable
to HIV among HIV-infected women is about 994 per 100,000 pregnant women.(98)
While the increased risk of puerperal sepsis and endometritis in HIV-infected women
contributes to this, direct obstetric causes only explain a tiny fraction of the excess
mortality. Studies on the causes of death in pregnant or postpartum women by HIV
status are scarce, except for the South African confidential enquiries, the most recent
of which cover 2,756 and 1,149 maternal deaths in HIV-infected and uninfected women
respectively.(164) The 2008-2010 confidential enquiries suggest that most deaths in

HIV-infected pregnant and postpartum women are due to non-pregnancy-related
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infections, including pneumonia, tuberculosis and meningitis.(164) Although anaemia is
thought to be exacerbated by HIV,(131) the confidential enquiries find a similar
proportion of maternal deaths attributable to severe anaemia in HIV-infected and

uninfected women (8% and 10% respectively).(164)

It is essential to ensure that both HIV-infected and uninfected pregnant woman have
ready access to high quality antenatal and delivery services to correctly diagnose and
manage direct obstetric complications when they occur. HIV-infected pregnant women
will also benefit from prophylactic antibiotics during labour to reduce their risk of
intrauterine infections.(172) However, given that most of the excess mortality
associated with HIV in pregnancy is directly related to HIV rather than to a higher risk
of obstetric complications, the greatest impact on pregnancy-related mortality will come
from ensuring that HIV-infected pregnant women have adequate access to ART.(173)
The World Health Organization recommends the provision of lifelong ART treatment for
all HIV-infected pregnant women with a CD4 count below 350 cells/mm?, but many
countries are still transitioning to these guidelines.(174, 175) Scaling up Option B+,
where all pregnant mothers start ART regardless of their CD4 cell count and then
continue taking it for life, has been proposed as an additional strategy to benefit
maternal health; however, any benefit must be carefully measured against the potential
pitfalls which include the high financial costs of such a programme and possible poor

adherence to ART amongst women who perceive themselves to be healthy.(176)
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Table 4.1: Summary of studies of HIV and obstetric complications which included births by vaginal delivery

% of HIV % of HIV
positive with negative with .
Mode of delivery Definition of obstetric obstetric Crude Adjusted
Study . . . ART . L L Odds Odds
Reference desi Study Setting Study Population in each study ) obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Haemorrhage
Aboud et Prospective Multiple All HIV+ women enrolled No information No Antepartum 0.5 (1,558) 0 (271) 298 (0.17- -
al. Cohort [from hospitals and and one HIV- woman provided haemorrhage 51.72)
2009(160) arandomised antenatal clinics  enrolled for every five HIV+ (no further
controlled in Malawi women. details)
trial (RCT)] (Blantyre and
Lilongwe) and
Zambia (Lusaka)
(2001-2003)
Postpartum 0.6 (1,558) 0(271) 3.68 (0.22- -
haemorrhage 63.02)
(no further
details)
Azira et Retrospective ~ One maternity All HIV+ women with an HIV+: 17.8% had Yes Postpartum 12.3 (146) 18.5 (146) 0.62 (0.32- -
al., Cohort hospital in Paris,  undetectable viral load at a c-section haemorrhage 1.18)
2010(61) France (2001- 36 weeks gestation and HIV-: 15.7% had a defined as
2006) one HIV- control for each c-section blood
HIV+ woman matched for loss=500mL
parity, previous c-section after delivery
and geographic origin.
Excluded deliveries before
37" week of gestation,
multiple pregnancies, non
cephalic presentation or
elective c-section and for
HIV+ women viral load had
to be undetectable.
Braddick Prospective One maternity All HIV+ women and HIV- HIV+: 0.5% had a No Antepartum 8.1 (161) 2.9 (307) 291 (1.22- -
etal., Cohort hospital in women who lived close to c-section haemorrhage 6.96)
1990(144) Nairobi, Kenya the follow-up clinic. HIV-: No c- defined as
(1986-1989) sections bleeding
during the

third trimester
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Chamiso, Prospective One maternity All HIV+ women and HIV- HIV+: 6.5% had a No Placenta 2.2(92) 2.9 (173) 0.75(0.14- -
1996(147) Cohort hospital in Addis ~ women matched to the c-section praevia (no 3.93)
Ababa, Ethiopia HIV+ women for age and HIV-: 9.2% had a further details)
(1993-1995) parity. c-section
Postpartum 0(92) 1.2(173) 0.37 (0.02- -
haemorrhage 7.81)
(no further
details)
Retained 0 (92) 1.7 (173) 0.26 (0.01- -
placenta (no 5.15)
further details)
Chanracha Retrospective  One tertiary All nulliparous HIV+ women  HIV+: 14.6% had No® Postpartum 7.3 (82) 2.8 (1,540) 2.75(1.13- -
kul etal., Cohort hospital in delivering from 1991-1999 a c-section haemorrhage 6.66)
2001(157) Bangkok, and all non-private, HIV-: 15.0% had a (no further
Thailand (1991- nulliparous HIV- women c-section; analysis details)
1999) admitted in 1998. Excluded  restricted to
emergency c-section, vaginal deliveries
deliveries before 37" week
of gestation, multiple
pregnancies or non
cephalic presentation.
Retained 1.2 (82) 0.7 (1,540) 1.89 (0.24- -
placenta (no 14.94)
further details)
De Groot Retrospective  One high risk All HIV+ women and two HIV+: 56.8% had No' Antepartum 13.6 (81) 8.2 (170) 1.75(0.76- -
et al., Cohort obstetric unit in HIV- controls for every a c-section haemorrhage 4.05)
2003(103) Bloemfontein, HIV+ woman enrolled. HIV-: 55.7% had a defined as any
South Africa c-section bleeding
(2001) occurring
during

pregnancy but

before delivery
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Postpartum 4.9 (81) 6.5 (170) 0.75 (0.23- -
haemorrhage 2.43)
defined as a
fall in Hb
level=3g/dL
associated
with vaginal
bleeding
Figueroa- Prospective Institute of 44 HIV+ women and two HIV+: 29.9% had Yes Postpartum 2-.3 (44) 0 (88) 6.10 (0.24- -
Damian, Cohort Perinatology in HIV- controls for each HIV+  a c-section haemorrhage 152.93)
1999(120) Mexico City, woman, matched on age HIV-: 51.2% had a (no further
Mexico (1989- and socioeconomic status. c-section details)
1997)
Haeri et Retrospective  Two tertiary care  All HIV+ women on ART HIV+: 51.0% had Yes Placental 1.3 (151) 1.7 (302) 0.80 (0.15- -
al., Cohort centres in and two HIV- controls for a c-section Abruption (no 4.16)
2009(138) Columbia and each HIV+ woman matched  HIV-: 52.0% had a further details)
North Carolina, for age, race, parity, care c-section
USA (2000- location, delivery mode,
2007) insurance type and year of
delivery. Excluded
deliveries before 20 weeks
gestation.
Kourtis et Retrospective  20% of all All HIV+ and HIV- pregnant  No information Yes Antepartum 2.8 (12,378) 1.2 2.33(2.09- -
al., Cohort community women between 15-44 provided haemorrhage (8,784,767) 2.59)
2006(118) hospitals in the years of age who were defined
USA (1994 & hospitalised. according to
2003) ICD-9 codes
Leroy et Prospective One tertiary All HIV+ women and one HIV+: 5.8% had a No Postpartum 1.4 (364) 0 (365) 11.18 -
al., Cohort hospital in Kigali, HIV- control for each HIV+ c-section haemorrhage (0.62-
1998(59) Rwanda (1992- woman matched for age. HIV-: 6.0% had a (no further 202.99)
1993) Only included women c-section details)

resident in Kigali who
attended antenatal clinic
two days a week and
wished to deliver in the
hospital.
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% of HIV % of HIV
positive with negative with .
Stud Mode of delivery ART Definition of obstetric obstetric g:judde gg{;lsmd
Reference dtu_ y Study Setting Study Population in each study . obstetric complication complication 1S IS
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Retained 12.1 (305) 10.1 (308) 1.23(0.74- -
placenta (no 2.05)
further details)
Lionel et Retrospective  One hospital in All HIV+ and HIV- women. HIV+: 58.7% had Yes Major placenta 0.9 (109) 0.5 (23,277) 2.06 (0.29- -
al., Cohort Vellore, India a c-section praevia 14.92)
2008(117) (2000-2002) HIV-: 21.5% had a
c-section
Placental 0.9 (109) 0.1 (23,277) 19.58 -
abruption (2.51-
(Grade Il 153.02)
Postpartum 0 (109) 1.2 (28,277) 0.39 (0.02- -
haemorrhage 6.31)
(no further
details)
Louis et Retrospective  One tertiary All HIV+ women and a HIV+: 39.9% had Yes Postpartum 1.4 (148) 5.3 (152) 0.25 (0.05- -
al., Cohort hospital in random selection of HIV- a c-section haemorrhage 1.18)
2006(139) Detroit, USA women. HIV-: 15.8% had a (no further
(2000-2005) c-section details)
Minkoff et Prospective Four prenatal All HIV+ women who hada  HIV+: 12.0% had No Placenta 1.2 (85) 1.7 (118) 0.69 (0.06- -
al., Cohort clinics in New live, singleton birth; in three  a c-section praevia (no 7.74)
1990(60) York, USA of the prenatal clinics all HIV-: 18.0% had a further details)
(1985-1989) HIV- women were also c-section
recruited, and in one of the
clinics two HIV- controls
were selected for each
HIV+ woman.
Placental 0 (85) 2.5(118) 0.18 (0.01- -
abruption (no 3.62)
further details)
Peripartum 4.5 (89) 4.0 (126) 1.14 (0.30- -
haemorrhage 4.37)
(no further
details)
Retained 3.4 (89) 0.8 (126) 4.36 (0.45- -
placenta (no 42.62)

further details)
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Mmiro et Prospective One university All HIV+ women and a No difference in No Antepartum 0.9 (539) 1.4 (660) 0.68 (0.23- --
al., Cohort hospital in random 10% sample of the mode of haemorrhage 2.03)
1993(112) Kampala, HIV- women. Only included  delivery in HIV+ (no further
Uganda (1988- women who lived within and HIV- women details)
1990) 15km of Mulago and
agreed to deliver in the
hospital.
Postpartum 0.6 (539) 0.9 (660) 0.61 (0.15- -
haemorrhage 2.45)
(no further
details)
Peret et Prospective One maternity 82 HIV+ women and 123 HIV+: 72.0% had Yes Postpartum 2.4 (82) 0 (123) 7.67 (0.36- -
al., Cohort hospital in Belo HIV- women matched on a c-section haemorrhage 161.86)
1993(143) Horizonte, Brazil mode of delivery, HIV-: 72.0% had a defined by
(2001-2003) gestational age at delivery c-section clinical
and maternal age. Only observation
included women if they did and/or need
not have chronic diseases for at least one
and/or complications of of the
pregnancy. following
interventions:
uterotonic
drugs, revision
of the uterine
cavity and the
birth canal or
curettage
Van Eijk et  Prospective One large All women who delivered at  HIV+: 3.1% had a Not clear Peripartum 1.4 (743) 0.3 (2,365) 4,02 (1.58- -
al., Cohort hospital in the hospital if they had an c-section haemorrhage 2.33)
2007(145) Kisumu, Kenya uncomplicated singleton HIV-: 3.6% had a (no further
(1996-2000) pregnancy at more than 32 c-section details)

weeks gestation, resided in
Kisumu and had no
underlying chronic
illnesses.
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Hypertensive diseases of pregnancy
Aboud et Prospective Multiple All HIV+ women enrolled No information No Hypertension, 1.7 (1,558) 1.1 (271) 1.52 (0.46- -
al. Cohort (from hospitals and and one HIV- woman provided with or without 5.04)
2009(160) an RCT) antenatal clinics  enrolled for every five HIV+ proteinuria,
in Malawi women. measured in
(Blantyre and the
Lilongwe) and intrapartum
Zambia (Lusaka) period
(2001-2003)
Bodkin et Retrospective  One tertiary A sample of HIV+ women Only follows up Yes Pregnancy- 17.0 (212) 9.9 (101) 1.86 (0.88- -
al., cohort hospital in selected using stratified women in ante- induced 3.92)
2005(63) Gautang, South random sampling partum period hypertension
Africa (2003) (stratifying on normal risk, (no further
moderate risk or high risk details)
pregnancy) and one HIV-
control selected for every
two HIV+ women.
Eclampsia (no 2.8 (212) 1.0 (101) 2.91(0.35- -
further details) 24.52)
Boer et al., Retrospective  Two medical All HIV+ treated with ART HIV+: 40.8% had Yes Pre-eclampsia 2.0 (98) 1.0 (196) 2.02 (0.28- -
2006(137) cohort centres in and two HIV- controls for a c-section (during 14.57)
Amsterdam and each HIV+ woman matched  HIV-: 12.8% had a pregnancy
Rotterdam, on maternal age, parity, c-section until seven
Holland (1997- ethnicity, and being days
2003) singleton or twin. The postpartum)
controls had to be healthy defined

and not referred, not have
had obstetric complications
in the past and live near the
hospital.

according to
the definition
of the
International
Society for the
Studies of
Hypertension
in Pregnancy
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Chamiso, Prospective One maternity All HIV+ women and HIV- HIV+: 6.5% had a No Pregnancy- 6.5 (92) 2.3 (173) 2.95(0.81- -
1996(147) Cohort hospital in Addis ~ women matched to the c-section induced 10.72)
Ababa, Ethiopia HIV+ women for age and HIV-: 9.2% had a hypertension
(1993-1995) parity. c-section defined as an
increment in
systolic blood
pressure of 30
mmHg and in
diastolic blood
pressure of 15
mmHg from
the pre- or
early
pregnancy
level of blood
pressure
De Groot Retrospective  One high risk All HIV+ women and two HIV+: 56.8% had No' Pre-eclampsia  43.2 (81) 35.9 (170) 1.36 (0.79- -
et al., Cohort obstetric unit in HIV- controls for every a c-section defined as 2.33)
2003(103) Bloemfontein, HIV+ woman enrolled. HIV-: 55.7% had a systolic blood

South Africa
(2001)

c-section

pressure of
2140 mm Hg
or a diastolic
blood pressure
of 290 mmHg,
on at least 2
occasions 4
hours or more
apart and
proteinuria of
>0.3g/24
hours)
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Eclampsia 7.4 (81) 17.1 (170) 0.39 (0.15- -
defined as 1+ 0.98)
convulsions
which could
not be
explained by
other cerebral
conditions, in
a patient with
pre-eclampsia
Figueroa- Prospective Institute of 44 HIV+ women and two HIV+: 29.9% had Yes Acute 2.3 (44) 4.6 (88) 0.49 (0.05- -
Damian, Cohort Perinatology in HIV- controls for each HIV+  a c-section hypertensive 4.51)
1999(120) Mexico City, woman, matched on age HIV-:51.2% had a disorder of
Mexico (1989- and socioeconomic status. c-section pregnancy (no
1997) further details)
Frank et Retrospective  One tertiary Random sample of HIV+ No information No Pregnancy- 14.9 (704) 14.8 (1,896) 1.01 (0.79- -
al., Cohort hospital and five  and HIV- pregnant Soweto provided induced 1.28)
2004(64) primary care residents who delivered at hypertension

clinics in
Johannesburg,
South Africa
(2002)

a gestational age of 20
weeks or more in a public
health facility.

which includes
proteinuric
hypertension,
gestational
hypertension,
non proteinuric
hypertension
and chronic
hypertension
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Reference

Study
design

Study Setting

Study Population

Mode of delivery
in each study
group

ART
Available

Definition of
obstetric
complication

% of HIV
positive with
obstetric
complication
(total number
of HIV+
women)

% of HIV
negative with
obstetric
complication
(total number
of HIV+
women)

Crude
Odds
Ratio
(95% ClI)

Adjusted
Odds
Ratio
(95% ClI)

Pre-eclampsia
defined as
hypertension
(diastolic
blood pressure
of 290 mm Hg
on 2+
occasions, 4
hours apart)
associated
with
proteinuria
which
developed
after 20 weeks
of pregnancy

2.1 (704)

3.0 (1,896)

0.97 (0.59-
1.62)

Eclampsia (no
further details)

0.3 (704)

0.3 (1,896)

0.90 (0.18-
4.46)

Haeri et
al.,
2009(138)

Retrospective
Cohort

Two tertiary care
centres in
Columbia and
North Carolina,
USA (2000-
2007)

All HIV+ women on ART
and two HIV- controls for
each HIV+ woman matched
for age, race, parity, care
location, delivery mode,
insurance type and year of
delivery. Excluded
deliveries before 20 weeks
gestation.

HIV+: 51.0% had
a c-section

HIV-: 52.0% had a
c-section

Yes

Gestational
hypertension
(no further
details)

0.7 (151)

4.3 (302)

0.15 (0.02-
1.14)

0.18 (0.02-
1.40)?

Pre-eclampsia
defined
according to
the national
working group
for
Hypertension
in Pregnancy
Guidelines

6.0 (151)

11.9 (302)

0.50 (0.25-
1.01)

0.55 (0.26-
1.18)2
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Kourtis et Retrospective  20% of all All HIV+ and HIV- pregnant  No information Yes Pre-eclampsia 7.7 (12,378) 7.1 1.09 (1.02- -
al., Cohort community women between 15-44 provided /hypertensive (8,784,767) 1.17)
2006(118) hospitals in the years of age who were disorders of
USA (1994 & hospitalised. pregnhancy
2003) defined
according to
ICD-9 codes
Lionel et Retrospective  One hospital in All HIV+ and HIV- women. HIV+: 58.7% had Yes Pregnancy- 21.1 (109) 8.1 (23,277) 3.02 (1.90- -
al., Cohort Vellore, India a c-section induced 4.80)
2008(117) (2000-2002) HIV-: 21.5% had a hypertension
c-section (no further
details)
Eclampsia 23.9 (109) 0.8 (23,277) 38.47 -
(includes (24.21-
antepartum, 61.14)
intrapartum
and
postpartum)
Mattar et Retrospective  One obstetric All women referred to the No information Yes Pre-eclampsia 0.8 (123) 10.7 (1,708) 0.07 (0.01- -
al., Cohort outpatient clinic outpatient obstetric unit. provided defined as 0.49)
2004(100) in Sao Paulo, Excluded women with pre- hypertension
Brazil (2000- existing hypertension. (>=140 mmHg
2002) x 90 mmHg)
and
proteinuria
(>=300
mg/24h) after
20 weeks of
pregnancy
Mmiro et Prospective One university All HIV+ women and a No difference in No Hypertension 3.7 (539) 6.2 (660) 0.58 (0.34- -
al., Cohort hospital in random 10% sample of the mode of defined as 1.01)
1993(112) Kampala, HIV- women. Only delivery in HIV+ diastolic blood
Uganda (1988- included women who lived and HIV- women pressure >90
1990) within 15km of Mulago and mmHg

agreed to deliver in the
hospital.
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Olagbuji et  Prospective One tertiary HIV+ women who did not HIV+: 29.1% had Yes Pregnancy- 4.9 (203) 3.0 (203) 1.70 (0.61- -
al., Cohort hospital in Benin  have AIDS, chronic medical a c-section HIV-: induced 4.77)
2010(150) City, Nigeria disorders predating the 20.2% had a c- hypertension
(2007-2008) pregnancy, multiple section (no further
gestation or duration of details)
ART intake of less than 8
weeks. A single HIV-
control was selected for
each HIV+ woman.
Roman- Retrospective  All main All HIV+ and HIV- women. HIV+: 42.5% had Yes Pregnancy- 2.8 (252) 0.5 (9,003) 5.69 (2.54- -
Poueriet et  Cohort obstetric a c-section induced 12.74)
al., facilities, a social HIV-: 17.4% had a hypertension
2009(142) security hospital c-section (no further
and two private details)
clinics in La
Romana,
Dominican
Republic (2003-
2006)
Singh et Prospective One hospital in 50 HIV+ and 100 HIV- HIV+: 32.0% had Yes Pre-eclamptic 6.0 (50) 8.0 (100) 0.73(0.19- -
al., Cohort Imphal, India women who did not have a c-section HIV-: toxaemia (no 2.90)
2009(156) (2006-2008) medical or obstetric 10.0% had a c- further details)

complications during
pregnancy.

section
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Study

Reference -
design

Study Setting

Study Population

Mode of delivery
in each study
group

ART
Available

Definition of
obstetric
complication

% of HIV
positive with
obstetric
complication
(total number
of HIV+
women)

% of HIV
negative with
obstetric
complication
(total number
of HIV+
women)

Crude
Odds
Ratio
(95% ClI)

Adjusted
Odds
Ratio
(95% ClI)

Suy et al.,
2006(133)

Prospective
Cohort

One referral
centre in
Barcelona,
Spain (2001-
2003)

All HIV+ and HIV- women
delivering after at least 22
weeks of pregnancy.

No information Yes
provided

Pre-eclampsia
defined as the
new onset of
hypertension
with 2
readings 26
hours apart of
more than 140
mmHg systolic
during
gestation,
delivery or
immediate
postpartum
period, plus a
dipstick
reading of at
least 1+ for
proteinuria
(0.2.g/)
confirmed by >
300 mg/24 h
urine
collection after
22 weeks of
pregnancy

11.0 (82)

2.9 (8,768)

4.18 (2.07-
8.46)

Waweru et Prospective
al., Cohort
2009(146)

One maternity
hospital in
Kenya, Nairobi
(Study dates not
provided)

57 HIV+ and HIV- women
who were randomly
selected.

Only follows up Not clear
women in ante-

partum period

Pre-eclampsia
(no further
details
provided)

17.5 (57)

12.3 (57)

1.52 (0.53-
4.32)

Wimalasu
ndera et
al.,
2002(135)

Prospective
Cohort

Two hospitals in
London, UK
(1990-2001)

214 HIV+ women and a
single HIV- control for each
HIV+ woman matched for
age, parity and ethnic
origin.

Only follows up Yes
women in ante-
partum period

Pre-eclampsia
defined
according to
Higgins and
de Swiet(177)

4.2 (214)

5.6 (214)

0.74 (0.30-
1.79)
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Dystocia
Chanracha Retrospective  One tertiary All nulliparous HIV+ women  HIV+: 14.6% had No® Prolonged 29.2 (82) 5.0 (1,540) 7.86 (4.64- -
kul etal., Cohort hospital in delivering from 1991-1999 a c-section HIV-: labour defined 13.33)
2001(157) Bangkok, and all non-private, 15.0% had a c- as labour
Thailand (1991- nulliparous HIV- women section; analysis longer than 12
1999) admitted in 1998. Excluded restricted to hours
emergency c-section, vaginal deliveries
deliveries before 37" week
of gestation, multiple
pregnancies or non
cephalic presentation.
Leroy et Prospective One tertiary All HIV+ women and one HIV+: 5.8% had a No Dystocia (no 7.7 (349) 7.5 (349) 1.04 (0.59- -
al., Cohort hospital in Kigali, HIV- control for each HIV+ c-section HIV-: further details) 1.82)
1998(59) Rwanda (1992- woman matched for age. 6.0% had a c-
1993) Only included women section
resident in Kigali who
attended antenatal clinic
two days a week and
wished to deliver in the
hospital.
Abnormal 7.0 (356) 5.6 (360) 1.28 (0.70- -
presentation 2.36)
(no further
details)
Lionel et Retrospective  One hospital in All HIV+ and HIV- women. HIV+: 58.7% had Yes Uterine 0.9 (109) 0.3 (23,277) 2.75(0.38- -
al., Cohort Vellore, India a c-section HIV-: Rupture (no 19.98)
2008(117) (2000-2002) 21.5% had a c- further details)
section
Minkoff et Prospective Four prenatal All HIV+ women who had a  HIV+: 12.0% had No Abnormal 4.8 (84) 5.9 (118) 0.79 (0.22- -
al., Cohort clinics in New live, singleton birth; in three  a c-section HIV-: presentation 2.80)
1990(60) York, USA of the prenatal clinics all 18.0% had a c- (no further
(1985-1989) HIV- women were also section details)

recruited, and in one of the
clinics two HIV- controls
were selected for each
HIV+ woman.
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Wandabwa Case-control One hospital in Case of ruptured uterus All vaginal No Uterine - - 2.40 (1.10- 3.20 g1.50-
etal., Mulago, and controls were selected  deliveries rupture 4.20) 7.20)
2008(148) Uganada (2001-  from women who had a diagnosed
2002) gestation of 24 or more both by clinical
weeks, delivered a live, examination
singleton baby by vaginal and at
delivery, did not have laparatomy
episiotomy, tear of more
than first degree or
excessive blood loss.
Intrauterine infections
Aboud et Prospective Multiple All HIV+ women enrolled No information No Puerperal 1.8 (1,558) 0(271) 10.11 -
al. Cohort (from hospitals and and one HIV- woman provided sepsis (no (0.62-
2009(160) an RCT) antenatal clinics  enrolled for every five HIV+ further details) 166.11)
in Malawi women.
(Blantyre and
Lilongwe) and
Zambia (Lusaka)
(2001-2003)
Chamiso, Prospective One maternity All HIV+ women and HIV- HIV+: 6.5% had a No Endometritis 9.8 (92) 0 (173) 39.48 -
1996(147) Cohort hospital in Addis  women matched to the c-section HIV-: (no further (2.27-
Ababa, Ethiopia HIV+ women for age and 9.2% had a c- details) 686.46)
(1993-1995) parity. section
Chanracha Retrospective  One tertiary All nulliparous HIV+ women  HIV+: 14.6% had No® Puerperal 1.0 (96) 1.0 (1,856) 1.02 (0.13- -
kul etal., Cohort hospital in delivering from 1991-1999 a c-section HIV-: infection (no 7.68)
2001(157) Bangkok, and all non-private, 15.0% had a c- further details)

Thailand (1991-
1999)

nulliparous HIV- women
admitted in 1998. Excluded
emergency c-section,
deliveries before 37" week
of gestation, multiple
pregnancies or non
cephalic presentation.

section
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Figueroa- Prospective Institute of 44 HIV+ women and two HIV+: 29.9% had Yes Endometritis 0 4.6 0.21 (0.01- -
Damian, Cohort Perinatology in HIV- controls for each HIV+  a c-section HIV-: (no further (44) (88) 4.01)
1999(120) Mexico City, woman, matched on age 51.2% had a c- details)
Mexico and socioeconomic status. section
(1989-1997)
Fiore et Prospective 14 references HIV+ women were matched  All vaginal Yes Endometritis 4.4 (250) 2.0 (250) 2.26 (0.77- -
al., Cohort centres in ltaly, the first HIV- woman deliveries (no further 6.59)
2004(159) Spain, Sweden, delivering after the infected details)
Poland and index case on age ethnicity,
Ukraine (1992- parity and whether admitted
2003) to the delivery unit in active
labour.
Kourtis et Retrospective  20% of all All HIV+ and HIV- pregnant  No information Yes Major 2.9 (12,378) 0.9 3.37 (3.03- -
al., Cohort community women between 15-44 provided puerperal (8,784,767) 3.74)
2006(118) hospitals in the years of age who were sepsis
USA (1994 & hospitalised. identified
2003) using ICD-9
codes
Lepage et Prospective One hospital in All HIV+ women and an No information No Endometritis 0.9 (215) 0.9 (216) 1.00 (0.14- -
al. Cohort Kigali, Rwanda equal number of HIV- provided (no further 7.20)
1991(111) (1988-1989) women matched for age details)
and parity. Women had to
have lived for at least six
months in a district within a
diameter of <10 Km from
the hospital and delivered a
live newborn.
Minkoff et Prospective Four prenatal All HIV+ women who hada  HIV+: 12.0% had No Endometritis 4.4 (91) 2.4 (126) 1.89 (0.41- -
al., Cohort clinics in New live, singleton birth; in three  a c-section HIV-: (no further 8.64)
1990(60) York, USA of the prenatal clinics all 18.0% had a c- details)

(1985-1989)

HIV- women were also
recruited, and in one of the
clinics two HIV- controls
were selected for each
HIV+ woman.

section
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Okong et Case-control One hospital in For each case of Cases and No Endometritis - - 2.74 (1.34- -
al. Kampala, postpartum endometritis controls were defined as 5.65)
2004(149) Uganda (1996- and myometritis (PPEM), matched for mode auxiliary
1997) two controls without PPEM of delivery temperature
were randomly recruited, >38°C on 2
matched for mode of different
delivery. occasions 24
hours apart,
with a tender
uterus and
foul-smelling
or purulent
vaginal
discharge
between
delivery and
42 days
postpartum
Onah et Retrospective  One university All HIV+ women and for HIV+: 8.1% had a Yes Puerperal 8.1(62) 0 (100) 19.23 -
al., Cohort hospital in every HIV+ woman the next  c-section HIV-: sepsis (no (1.04-
2007(151) Enugu, Nigeria two HIV- women who 11.0% had a c- further details) 354.04)
(2002-2004) delivered were selected as  section
controls.
Peret et Prospective One maternity 82 HIV+ women and 123 HIV+: 72.0% had Yes Endometritis 4.9 (82) 0 (123) 14.16 -
al., Cohort hospital in Belo HIV- women matched for a c-section HIV-: defined as (0.75-
1993(143) Horizonte, Brazil mode of delivery, 72.0% had a c- febrile 266.61)
(2001-2003) gestational age at delivery section morbidity with
and maternal age. Only a tender
included women if they did uterus and/or
not have chronic diseases foul-smelling
and/or complications of vaginal
pregnancy. discharge
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% of HIV % of HIV
positive with negative with .
S Mode of delivery Definition of obstetric obstetric Crude Adjusted
tudy . . . ART : L L Odds Odds
Reference desi Study Setting Study Population in each study . obstetric complication complication - -
esign Available - Ratio Ratio
group complication (total number (total number (95% CI) (95% CI)
of HIV+ of HIV+
women) women)
Temmerm Prospective One health All HIV+ women and a HIV+: 1.9% had a No Postpartum 10.3 (253) 4.2 (265) 2.64 (1.28- -
an et al., Cohort centre in sample of HIV- women c-section HIV-: endometritis 5.47)
1994(115) Nairobi, Kenya matched for age and parity ~ 3.8% had a c- diagnosed if at
(1989-1991) to each HIV+ woman. section 2two of the
following
symptoms
were present:
fever of
>38°C, foul
lochia and
uterine
tenderness

"Information was not supplied in the published paper so whether antiretroviral treatment should have been available was based on the study dates
and study location; for two studies it was not clear from the study dates and location whether ART would be available so the information was
inferred from the literature.
a) Bangkok, Thailand between 2001: No ART treatment based on the UNAIDS data accessed on 29th October 2012 at
http://www.unaids.org/en/dataanalysis/datatools/aidsinfo/

b) Bloemfontein, South Africa in 2001: No ART treatment based on the UNAIDS data accessed on 29th October 2012 at
http://www.unaids.org/en/regionscountries/countries/southafrica/

2Adjusted for smoking and cocaine use
*Adjusted for age, type of house, the distance from home to Mulago hospital, permission to attend health unit, person paying for hospital upkeep,

previous length of labour and previous delivery by c-section
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Table 4.2: Summary of studies of HIV and obstetric complications which only looked at births by caesarean section

Reference Study Study Setting  Study Population ART Definition of obstetric % of HIV % of HIV Crude Odds  Adjusted
design Available complication positive with negative with Ratio (95% Odds Ratio
obstetric obstetric Cl) (95% Cl)
complication complication
(total number (total number
of HIV+ of HIV+
women) women)
Haemorrhage
Chama and Prospective One university  All HIV+ women and an Yes Intra-operative 23.1 (52) 40.4 (52) 0.44 (0.19- -
Morrupa, Cohort hospital in equivalent number of haemorrhage defined as 1.04)
2008(152) Maiduguri, HIV- women who any bleeding during
Nigeria (2006)  delivered by elective c- surgery requiring blood
section. transfusion or a fall in
packed cell volume 24%
Hypertensive diseases of pregnancy
Chama and Prospective One university  All HIV+ women and an Yes Postpartum pregnancy- 0 (52) 1.9 (52) 0.33 (0.01- -
Morrupa, Cohort hospital in equivalent number of induced hypertension (no 8.21)
2008(152) Maiduguri, HIV- women who further details)
Nigeria (2006)  delivered by elective c-
section.
Sepsis
Cavasin et al.,  Retrospectiv.  Two health All HIV+ women Yes Post-operative 12.6 (119) 12.1 (264) 1.05 (0.54- -
2009(140) e Cohort centres (one undergoing c-section; endometritis defined as 2.01)
of which is HIV- women were those temperature elevation
part of a who delivered by c- above 38°C with uterine
university section during the same tenderness and requiring
hospital) in time period. antibiotics treatment in the
New Orleans absence of other aetiology
in the USA for fever
(1998-2004)
Chama and Prospective One university  All HIV+ women and an Yes Wound sepsis (not clearly 3.8 (52) 5.8 (52) 0.65 (0.10- -
Morrupa, Cohort hospital in equivalent number of defined) 4.08)
2008(152) Maiduguri, HIV- women who

Nigeria (2006)

delivered by elective c-
section.
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Reference Study Study Setting  Study Population ART Definition of obstetric % of HIV % of HIV Crude Odds  Adjusted
design Available complication positive with negative with Ratio (95% Odds Ratio
obstetric obstetric Cl) (95% ClI)
complication complication
(total number (total number
of HIV+ of HIV+
women) women)
Fiore et al., Prospective 14 references All HIV+ women Yes Wound infection (no 0.6 (158) 0 (158) 3.02 (0.12- -
2004(159) Cohort centres in delivering by elective c- further details) 74.67)
Italy, Spain, section were matched
Sweden, with the first HIV- woman
Poland and delivering by elective c-
Ukraine (1992-  section after the infected
2003) index case for age,
ethnicity, parity, and
whether admitted to the
delivery unit in active
labour.
Endometritis (no further 1.3 (158) 2.5(158) 0.49 (0.09- -
details) 2.73)
Grubert et al., Retrospectiv.  One medical All HIV+ women Yes Endometritis (no further 4.8 (62) 0(62) 7.35 (0.37- -
1999(136) e Cohort facility in delivering by c-section details) 145.40)
Germany were matched to an HIV-
(1987-1999) woman on age, duration
of gestation and
indication for caesarean.
Louis et al., Prospective 19 different All women of known HIV Yes Maternal sepsis defined 1.1 (378) 0.2 (54,281) 6.98 (2.55- 6.2 (2.3-
2007(119) Cohort academic status having a c-section as the presence of 19.15) 17.0)?
medical at a gestational age of positive blood cultures
centres in the >20 weeks and who and cardiovascular
USA (1999- delivered a singleton decompensation
2002) infant of at least 500g
birth weight.
Wound infection defined 2.1 (378) 1.3 (54,281) 1.67 (0.83- 1.6 20.8-
as erythema of the 3.39) 3.3)
incision accompanied by
purulent drainage
requiring wound care
Endometritis defined as 11.6 (378) 5.8 (54,281) 2.14 (1.56- 1.9 (1.3-2.6)
persistently elevated 2.93) 2

postpartum body
temperature with uterine
tenderness in the absence
of a non-uterine source
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Reference Study Study Setting  Study Population ART Definition of obstetric % of HIV % of HIV Crude Odds  Adjusted
design Available complication positive with negative with Ratio (95% Odds Ratio
obstetric obstetric Cl) (95% ClI)
complication complication
(total number (total number
of HIV+ of HIV+
women) women)
Maiques et al., Retrospectiv  One referral All HIV+ women on ART Yes Wound infection or 5.0 (160) 2.8 (320) 1.82 (0.69- -
2010(134) e cohort hospital in and having a c-section; hematoma (no further 4.81)
Valencia, for every HIV+ woman details)
Spain (1997- the HIV- women who
2007) delivered by c-section
before and after were
selected as controls.
Endometritis defined 0.6 (160) 0.6 (320) 1.00 (0.09- -
using clinical signs and a 11.11)
positive vaginal swab
Maiques- Retrospectiv.  One maternity  All HIV+ women No Sepsis (no further details) 4.4 (45) 0 (90) 10.40 (0.49- -
Montesinos et e Cohort hospital in delivering by c-section 221.37)
al., 1999(65) Valencia, were matched to HIV-
Spain (1987- women for indication for
1996) c-section, stage of
labour, number of
foetuses and date of
delivery.
Wound infection or 26.7 (45) 6.7 (90) 5.09 (1.76- -
hematoma (no further 14.69)
details)
Endometritis (no further 2.2 (45) 4.4 (90) 0.49 (0.05- -
details) 4.50)
Moodlier et Retrospectiv  One tertiary All women undergoing a No' Wound sepsis defined as 5.4 (186) 8.0 (175) 0.65 (0.28- -
al., 2007(154) e Cohort hospital in c-section with known HIV the breakdown of the 1.51)
Durban, South  status. suture line as a result of a
Africa (2003- subcutaneous infectious
2004) process
Endometritis defined as a 5.9 (186) 1.1 (175) 5.44 (1.19- -
sustained pyrexia 24.89)

(auxiliary temp greater
than 38°C) post-delivery
(excluding the first 24
hours)
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Reference Study Study Setting  Study Population ART Definition of obstetric % of HIV % of HIV Crude Odds  Adjusted
design Available complication positive with negative with Ratio (95% Odds Ratio
obstetric obstetric Cl) (95% ClI)
complication complication
(total number (total number
of HIV+ of HIV+
women) women)
Panburana et Prospective One tertiary Do not provide specific Yes Endometritis (no further 2.7 (74) 1.7 (360) 1.64 (0.32- -
al., 2003(158) Cohort hospital in details on how HIV+ and details) 8.28)
Bangkok, HIV- women were
Thailand selected but did exclude
(1999-2001) women who had a
preterm delivery.
Rodriguez et Prospective One facility in All HIV+ women Yes Sepsis (no further details) 1.2 (86) 0 (86) 3.04 (0.12- -
al., 2001(141) Cohort the USA (no delivering by c-section 75.55)
further details were matched to an HIV-
provided) woman on age, race,
(1992-2000) year of delivery and
indication for c-section.
Wound infection defined 7.0 (86) 4.7 (86) 1.54 (0.42- -
as purulent drainage, 5.65)
induration or tenderness
Postpartum endometritis 16.3 (86) 10.5 (86) 1.66 (0.68- -
defined as a temperature 4.08)
>38°C on two consecutive
readings at an 8 hour
interval, exclusive of the
first 24 hours after
delivery, with uterine
tenderness, foul lochia,
and no other apparent
causes for fever
Semprini et Retrospectiv  Seven centres  All HIV+ women No Sepsis (no further details) 0.6 (156) 0 (156) 3.02 (0.12- -
al., 1995(66) e Cohort in ltaly (1989- delivering by c-section 74.69)
1993) were matched to an HIV-
woman on indication for
c-section, active labour
and whether they had
ruptured membranes.
Wound infection (no 8.3 (156) 1.9 (156) 4.64 (1.29- -
further details) 16.61)
Febrile endometritis (no 13.5 (156) 2.6 (156) 5.91 (1.98- -
further details) 17.65)
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Reference Study Study Setting  Study Population ART Definition of obstetric % of HIV % of HIV Crude Odds  Adjusted
design Available complication positive with negative with Ratio (95% Odds Ratio
obstetric obstetric Cl) (95% ClI)
complication complication
(total number (total number
of HIV+ of HIV+
women) women)
Urbani et al., Prospective  Two teaching 307 women were No Wound infection (no 6.8 (59) 3.2 (248) 2.18 (0.63- -
2001(155) Cohort hospitals in enrolled irrespective of further details) 7.51)
South Africa HIV status, and
(1998) subsequently HIV status
was ascertained. Women
were excluded if they had
diabetes mellitus.
Endometritis defined as 23.7 (59) 6.9 (248) 4.23 (1.95- -
fever of 238°C on 2 9.19)
occasions at least 4 hours
apart and more than 24
hours post-operatively,
tachycardia of >100 beats
per minute on 2 occasions
at least 4 hours apart and
more than 24 hours post-
operatively, and
tenderness of the cervix
on movement
Zvandasara et  Prospective One maternity  All patients undergoing a No Wound infection was 23.8 (164) 15.7 (382) 1.67 (1.06- -
al., 2007(153) Cohort hospital in c-section with known HIV diagnosed in the presence 2.63)
Harare, status. of purulent discharge from
Zimbabwe the incision with induration
(2006) and tenderness with or
without fever
Postpartum endometritis 25.6 (164) 20.9 (382) 1.30 (0.85- -
defined as temperature 1.99)

>38°C on 2 successive
readings at an 8 hour
interval (excluding the 24
hours after delivery) and
uterine tenderness, slight
vaginal bleeding or foul
smelling odour and no
other apparent causes of
fever
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'Information was not supplied in the published paper so whether antiretroviral treatment should have been available was based on the study dates and
study location; for one study it was not clear from the study dates and location whether ART would be available so the information was inferred from the

literature.

a) Durban, South Africain 2004: No ART treatment based on the UNAIDS data accessed on 20th December 2012 at
http://www.unaids.org/en/regionscountries/countries/southafrica/

2Adjusted for number of previous caesarean section

Table 4.3: Risk of bias within studies which include vaginal deliveries

Reference Definition of obstetric Ascertainment of obstetric Completeness of data Adjustment for confounders Selection of comparison
complication complication group
HAEMORRHAGE
Aboud et al. No definitions provided for The pregnancy was followed 6.9% of HIV+ women were lost  None Unclear on exact selection
2009(160) with antepartum haemorrhage or prospectively, although it was to follow up compared with methods; however no HIV-
supplementary postpartum haemorrhage not clear who collected the 7.6% of HIV- women women were selected from one
information from outcome data of the study sites
(121)
High risk Unclear risk Low risk High risk High risk

Azria et al., 2010(61)

Definition provided for
postpartum haemorrhage

Hospital record review

Eight medical records of HIV+
women were missing data; no
information for HIV- women

HIV+ and HIV- women were
matched on key confounders

HIV+ and HIV- women selected
from the same hospital

Low risk High risk Unclear risk Low risk Low risk
Braddick et al., Definition provided for Hospital record review 0.6% of women refused to None HIV- Women were selected
1990(144) antepartum haemorrhage participate based on close proximity to the
follow up clinic, but this selection
criteria was not applied to HIV+
women
Low risk High risk Low risk High risk High risk

Chamiso, 1996(147)

No definitions provided for
placenta praevia, postpartum
haemorrhage or retained
placenta

High risk

Recorded by a general
practitioner blinded to woman'’s
HIV status

Low risk

22% of HIV+ women were lost
to follow up

High risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same hospital

Low risk
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Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Chanrachakul etal.,, No definitions provided for Hospital record review No information provided None HIV+ and HIV- women were
2001(157) postpartum haemorrhage or enrolled from the same hospital;
retained placenta however HIV+ women were
managed using traditional labour
management and HIV- women
were managed using active
labour management
High risk High risk Unclear risk High risk High risk
De Groot et al., Definitions provided for Hospital record review 2% of medical files selected None HIV+ and HIV- women selected
2003(103) antepartum haemorrhage and into study were missing HIV from the same hospital
postpartum haemorrhage status
Low risk High risk Low risk High risk Low risk

Figueroa-Damian,

No definition provided for

The pregnancy was followed

No information provided

HIV+ and HIV- women were

HIV+ and HIV- women selected

1999(120) postpartum haemorrhage prospectively, although it was matched on key confounders from the same hospital
not clear who collected the
outcome data
High risk Unclear risk Unclear risk Low risk Low risk
Haeri et al., No definition provided for Hospital record review No information provided HIV+ and HIV- women were HIV+ and HIV- women selected
2009(138) placental abruption matched on key confounders from the same two tertiary care
centres
High risk High risk Unclear risk Low risk Low risk
Kourtis et al., ICD-9 codes were used to define  Hospital discharge data No information provided None' HIV+ and HIV- women selected
2006(118) antepartum haemorrhage from the same hospitals
Low risk High risk Unclear risk High risk Low risk

Leroy et al., 1998(59)

No definitions provided for
postpartum haemorrhage or
retained placenta

Recorded by a midwife blinded
to woman’s HIV status

5.2% refusal rate; 4.7% lost to
follow up

HIV+ and HIV- women were
matched on key confounders

HIV+ and HIV- women selected
from the same hospital

High risk Low risk Low risk Low risk Low risk
Lionel et al., Placental abruption defined as Hospital record review No information provided None HIV+ and HIV- women selected
2008(117) grade Il but no definitions for from the same hospital
placenta praevia and PPH
Unclear risk High risk Unclear risk High risk Low risk
Louis et al., No definition provided for Hospital record review No information provided None HIV+ and HIV- women selected
2006(139) postpartum haemorrhage from the same hospital
High risk High risk Unclear risk High risk Low risk
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Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Minkoff et al., No definitions provided for Method of ascertaining outcome  10% of HIV+ women refused None HIV+ and HIV- women selected
1990(60) placenta praevia, placental not clear to participate from the same clinics

abruption, peripartum

haemorrhage or retained

placenta

High risk Unclear risk Low risk High risk Low risk
Mmiro et al., No definitions provided for Hospital record review No information provided None HIV+ and HIV- women selected
1993(112) antepartum haemorrhage or from the same hospital

postpartum haemorrhage

High risk High risk Unclear risk High risk Low risk
Peret et al., Definition provided for The pregnancy was followed No information provided HIV+ and HIV- women were HIV+ and HIV- women selected
1993(143) postpartum haemorrhage prospectively, although it was matched on key confounders from the same hospital

not clear who collected the
outcome data

Low risk Unclear risk Unclear risk Low risk Low risk
Van Eijk et al., No definition provided for Method of ascertaining outcome  1.5% of women had missing None HIV+ and HIV- women selected
2007(145) peripartum haemorrhage not clear data and were excluded from the same hospital

High risk Unclear risk Low risk High risk Low risk
HYPERTENSIVE DISEASES OF PREGNANCY
Aboud et al. No definition provided for The pregnancy was followed 6.9% of HIV+ women were lost  None Unclear on exact selection
2009(160) with hypertension prospectively, although it was to follow up compared with methods; however no HIV-
supplementary not clear who collected the 7.6% of HIV- women women were selected from one
information from outcome data of the study sites
(121)

High risk Unclear risk Low risk High risk High risk

Bodkin et al.,
2005(63)

No definitions provided for
pregnancy-induced hypertension
or eclampsia

High risk

Hospital record review

High risk

49.6% of women refused to be
tested for HIV

High risk

HIV+ and HIV- women were only
matched on whether their
pregnancy was high-risk,
medium-risk or low-risk

High risk

HIV+ and HIV- women selected
from the same hospital

Low risk

Boer et al., 2006(137)

Definition provided for pre-
eclampsia

Low risk

Method of ascertaining outcome
not clear

Unclear risk

No information provided

Unclear risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same medical centres

Low risk

Chamiso, 1996(147)

Definition provided from
pregnancy-induced hypertension

Low risk

Recorded by a general
practitioner blinded to woman’s
HIV status

Low risk

22% of HIV+ women were lost
to follow up

High risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same hospital

Low risk
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Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

De Groot et al.,
2003(103)

Definitions provided for pre-
eclampsia and eclampsia

Low risk

Hospital record review

High risk

2% of medical files selected
into study were missing HIV
status

Low risk

None

High risk

HIV+ and HIV- women selected
from the same hospital

Low risk

Figueroa-Damian,
1999(120)

No definition provided for acute
hypertensive disorder of

The pregnancy was followed
prospectively, although it was

No information provided

HIV+ and HIV- women were
matched on key confounders

HIV+ and HIV- women selected
from the same hospital

pregnancy not clear who collected the
outcome data
High risk Unclear risk Unclear risk Low risk Low risk
Frank et al., 2004(64) Definitions provided for Hospital record review 27% of files reviewed did not None HIV+ and HIV- women selected
pregnancy-induced hypertension have known HIV status from the same hospital and
and pre-eclampsia but not for clinics
eclampsia
Unclear risk High risk High risk High risk Low risk

Haeri et al., Definition provided for pre- Hospital record review No information provided HIV+ and HIV- women were HIV+ and HIV- women selected
2009(138) eclampsia but not for gestational matched on key confounders from the same two tertiary care
hypertension and adjusted analysis conducted  centres
Unclear risk High risk Unclear risk Low risk Low risk
Kourtis et al., ICD-9 codes were used to define  Hospital discharge data No information provided None' HIV+ and HIV- women selected
2006(118) pre-eclampsia/ hypertensive from the same hospitals
disorders of pregnancy
Low risk High risk Unclear risk High risk Low risk
Lionel et al., No definitions provided for pre- Hospital record review No information provided None HIV+ and HIV- women selected
2008(117) eclampsia and eclampsia from the same hospital
High risk High risk Unclear risk High risk Low risk
Mattar et al., Definition provided for pre- Hospital record review No information provided None HIV+ and HIV- women selected
2004(100) eclampsia from the same clinic
Low risk High risk Unclear risk High risk Low risk
Mmiro et al., Definition provided for Hospital record review No information provided None HIV+ and HIV- women selected
1993(112) hypertension from the same hospital
Low risk High risk Unclear risk High risk Low risk
Olagbuji et al., No definition provided for Method of ascertaining outcome  No information provided State that HIV- women were HIV+ and HIV- women selected
2010(150) pregnancy-induced hypertension  not clear matched to HIV+ women but do from the same hospital

High risk

Unclear risk

Unclear risk

not state what the matching
characteristics were

Unclear risk

Low risk
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Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Roman-Poueriet et No definition provided for Hospital record review No information provided None Women were recruited from a
al., 2009(142) pregnancy-induced hypertension range of public, private clinics
and hospitals and a specialist
HIV clinic
High risk High risk Unclear risk High risk Unclear risk
Singh et al., No definition provided for pre- States that the “antenatal No information provided None HIV+ and HIV- women selected
2009(156) eclamptic toxaemia complications in both study from the same hospital
groups were observed”
High risk Unclear risk Unclear risk High risk Low risk

Suy et al., 2006(133)

Definition provided for pre-
eclampsia

Using a database

No information provided

Adjusted analysis was
conducted but it is not clear what
factors were adjusted for,
therefore only the crude
estimate was extracted

HIV+ and HIV- women selected
from the same hospital

Low risk High risk Unclear risk High risk Low risk
Waweru et al., No definition provided for pre- Method of ascertaining outcome  No information provided None HIV+ and HIV- women selected
2009(146) eclampsia not clear from the same hospital

High risk Unclear risk Unclear risk High risk Low risk

Wimalasundera et
al., 2002(135)

Definition provided for pre-
eclampsia

Low risk

Method of ascertaining outcome
not clear

Unclear risk

No information provided

Unclear risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same hospitals

Low risk

DYSTOCIA

Chanrachakul et al.,
2001(157)

Definition provided for prolonged
labour

Low risk

Hospital record review

High risk

No information provided

Unclear risk

None

High risk

Although HIV+ and HIV- women
were enrolled from the same
hospital, HIV+ women were
managed using traditional labour
management and HIV- women
were managed using active
labour management

High risk

Leroy et al., 1998(59)

No definitions provided for
dystocia or abnormal

Recorded by a midwife blinded
to woman’s HIV status

5.2% refusal rate; 4.7% lost to
follow up

HIV+ and HIV- women were
matched on key confounders

HIV+ and HIV- women selected
from the same hospital

presentation

High risk Low risk Low risk Low risk Low risk
Lionel et al., No definition provided for uterine  Hospital record review No information provided None HIV+ and HIV- women selected
2008(117) rupture from the same hospital

High risk

High risk

Unclear risk

High risk

Low risk




Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Minkoff et al.,
1990(60)

No definition provided for
abnormal presentation

High risk

Method of ascertaining outcome
not clear

Unclear risk

10% of HIV+ women refused
to participate

Low risk

None

High risk

HIV+ and HIV- women selected
from the same clinics

Low risk

Wandabwa et al.,

Definition provided for uterine

Cases of ruptured uterus were

No information provided

Adjusted analysis conducted

HIV+ and HIV- women selected

2008(148) rupture identified by clinical examination from the same hospital
and at laparatomy

Low risk Low risk Unclear risk Low risk Low risk
INTRAUTERINE INFECTION
Aboud et al. No definition provided for The pregnancy was followed 6.9% of HIV+ women were lost None Unclear on exact selection
2009(160) with puerperal sepsis prospectively, although it was to follow up compared with methods; however no HIV-
supplementary not clear who collected the 7.6% of HIV- women women were selected from one
information from outcome data of the study sites
(121)

High risk Unclear risk Low risk High risk High risk

Chamiso, 1996(147)

No definition provided for
endometritis

High risk

Recorded by a general
practitioner blinded to woman’s
HIV status

Low risk

22% of HIV+ women were lost
to follow up

High risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same hospital

Low risk

Chanrachakul et al.,
2001(157)

No definition provided for
puerperal infection

High risk

Hospital record review

High risk

No information provided

Unclear risk

None

High risk

Although HIV+ and HIV- women
were enrolled from the same
hospital, HIV+ women were
managed using traditional labour
management and HIV- women
were managed using active
labour management

High risk

Figueroa-Damian,

No definition provided for

The pregnancy was followed

No information provided

HIV+ and HIV- women were

HIV+ and HIV- women selected

1999(120) endometritis prospectively, although it was matched on key confounders from the same hospital
not clear how the outcome data
was collected
High risk Unclear risk Unclear risk Low risk Low risk
Fiore et al., No definition provided for Women were evaluated for the No information provided HIV+ and HIV- women were HIV+ and HIV- women selected
2004(159) endometritis development of obstetric matched on key confounders from the same delivering centres
complications
High risk Low risk Unclear risk Low risk Low risk
Kourtis et al., ICD-9 codes used to define Hospital discharge data No information provided None’ HIV+ and HIV- women selected

2006(118)

major puerperal sepsis

from the same hospitals



Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Low risk High risk Unclear risk High risk Low risk
Lepage et al. No definition provided for Hospital record review 21% refusal rate; 16% of HIV- HIV+ and HIV- women were HIV+ and HIV- women selected
1991(111) endometritis women and 21% of HIV+ matched on key confounders from the same hospital
women were lost to follow up
High risk High risk High risk Low risk Low risk
Minkoff et al., No definition provided for Method of ascertaining outcome  10% of HIV+ women refused None HIV+ and HIV- women selected
1990(60) endometritis not clear to participate from the same clinics
High risk Unclear risk Low risk High risk Low risk
Okong et al. Definition provided for Cases of endometritis were 8% of cases and controls None HIV+ and HIV- women selected
2004(149) endometritis identified by midwives refused to participate from the same hospital
Low risk Low risk Low risk High risk Low risk
Onah et al., No definition provided for Hospital record review 19% of HIV- women had to be  None HIV+ and HIV- women selected
2007(151) puerperal sepsis excluded because their from the same hospital
medical records could not be
located
High risk High risk Low risk High risk Low risk
Peret et al., Definition provided for The pregnancy was followed No information provided HIV+ and HIV- women were HIV+ and HIV- women selected
1993(143) endometritis prospectively, although it was matched on key confounders from the same hospital
not clear who collected the
outcome data
Low risk Unclear risk Unclear risk Low risk Low risk
Temmerman et al., Definition provided for Identified by a research nurse 2.3% women refused to HIV+ and HIV- women were HIV+ and HIV- women selected
1994(115) endometritis participate; missing data for matched on key confounders from the same health centre
38% of HIV+ and 35% of HIV-
women on endometritis
Low risk Low risk High risk Low risk Low risk

"Adjusted odds ratios available for the data broken into two time periods; this data was not extracted
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Table 4.4: Risk of bias within caesarean section studies

Reference Definition of obstetric Ascertainment of obstetric Completeness of data Adjustment for confounders Selection of comparison
complication complication group
HAEMORRHAGE
Chama and Morrupa, Definition provided for intra- No information provided No information provided None HIV+ and HIV- women selected
2008(152) operative haemorrhage from the same hospital
Low risk Unclear risk Unclear risk High risk Low risk
HYPERTENSIVE DISEASES OF PREGNANCY
Chama and Morrupa, No definition provided for No information provided No information provided None HIV+ and HIV- women selected
2008(152) pregnancy-induced from the same hospital
hypertension
High risk Unclear risk Unclear risk High risk Low risk
INTRAUTERINE INFECTION
Cavasin et al., Definition provided for Hospital record review No information provided None HIV+ and HIV- women selected
2009(140) endometritis, but not for septic from the same two health
pelvic thrombosis centres
Unclear risk High risk Unclear risk High risk Low risk
Chama and Morrupa, No definition provided for wound  No information provided No information provided None HIV+ and HIV- women selected
2008(152) sepsis from the same hospital
High risk Unclear risk Unclear risk High risk Low risk

Fiore et al.,
2004(159)

No definitions provided for
wound infection or endometritis

High risk

Women were evaluated for the
development of obstetric
complications

Low risk

No information provided

Unclear risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same delivering
centres

Low risk

Grubert et al.,

No definition provided for

Method of ascertaining outcome

No information provided

HIV+ and HIV- women were

HIV+ and HIV- women selected

1999(136) endometritis not clear matched on key confounders from the same medical facility
High risk Unclear risk Unclear risk Low risk Low risk
Louis et al., Definitions provided maternal Method of ascertaining outcome  No information provided Adjusted analysis conducted HIV+ and HIV- women selected
2007(119) sepsis, wound infection and not clear from the same medical centres
endometritis
Low risk Unclear risk Unclear risk Low risk Low risk
Maiques et al., Definition provided for Method of ascertaining outcome  No information provided None HIV+ and HIV- women selected
2010(134) endometritis, but not for wound not clear from the same hospital
infection
Unclear risk Unclear risk Unclear risk High risk Low risk

115



Reference

Definition of obstetric
complication

Ascertainment of obstetric
complication

Completeness of data

Adjustment for confounders

Selection of comparison
group

Maiques-Montesinos
et al., 1999(65)

No definitions provided for
sepsis, wound
infection/haematoma or

Hospital record review

No information provided

HIV+ and HIV- women were
matched on key confounders

HIV+ and HIV- women selected
from the same hospital

endometritis

High risk High risk Unclear risk Low risk Low risk
Moodlier et al., Definitions provided wound Hospital record review Only 1% of charts were missing, None HIV+ and HIV- women selected
2007(154) sepsis and endometritis but state that about half of the from the same hospital

women refused HIV testing

Low risk High risk High risk High risk Low risk
Panburanaet al., No definition provided for Simply states that all No information provided None HIV+ and HIV- women selected
2003(158) endometritis complications were “recorded in from the same hospital

both study and control groups”
High risk Unclear risk Unclear risk High risk Low risk

Rodriguez et al.,
2001(141)

Definition provided for
endometritis and wound
infection, but not for sepsis

Unclear risk

Hospital record review

High risk

11% of HIV+ women did not
have records available for
review

Low risk

HIV+ and HIV- women were
matched on key confounders

Low risk

HIV+ and HIV- women selected
from the same hospital

Low risk

Semprini et al.,

No definitions provided for

Method of ascertaining outcome

No information provided

HIV+ and HIV- women were

HIV+ and HIV- women selected

1995(66) sepsis, wound infection or not clear matched on key confounders from the same centres
febrile endometritis
High risk Unclear risk Unclear risk Low risk Low risk
Urbani et al., Definition provided for Identified by a researcher 95% of women undergoing c- None HIV+ and HIV- women selected
2001(155) endometritis but not for wound section were recruited from the same hospitals
infection
Unclear risk Low risk Low risk High risk Low risk
Zvandasara et al., Definition provided for wound Identified by a researcher No patients were excluded None HIV+ and HIV- women selected
2007 (153) sepsis from the same hospital
Low risk Low risk Low risk High risk Low risk
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4.3 CONCLUSION

We do not find evidence that the risk of obstetric complications is higher in HIV-infected
women, with the exception of intrauterine infections. The increased risk of maternal
sepsis and endometritis in HIV-infected women will contribute to the excess mortality
attributable to HIV amongst pregnant and postpartum women, although this
contribution in unlikely to be substantial as a relatively small percentage of pregnancy-
related deaths are attributed to intrauterine infections.(178)
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5 PREGNANCY AND HIV DISEASE PROGRESSION: A
SYSTEMATIC REVIEW AND META-ANALYSIS

5.1 INTRODUCTION

This chapter contains the results from the final systematic review, which aimed to
address the third objective of this PhD by assessing whether pregnancy increases the
risk of HIV disease progression. It updates a systematic review which was published in
1998.(51)

The draft paper presented here has been accepted by the journal Tropical Medicine
and International Health, and is currently in press.
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5.2 ARTICLE

5.2.1 Abstract

Background: Information on whether pregnancy is associated with HIV disease
progression is needed to inform fertility choices in HIV-infected women. We conducted
a systematic review to assess whether pregnancy accelerates HIV disease

progression.

Methods: Studies comparing progression to HIV-related illness, low CD4 count, AIDS-
defining iliness, HIV-related death, or any death in HIV-infected pregnant and non-
pregnant women were included. Relative risks (RR) for each outcome were combined

using random-effects meta-analysis and were stratified by ART availability.

Results: Fifteen studies met the inclusion criteria. Pregnancy was not associated with
progression to HIV-related illness [summary RR: 1.32, 95% confidence interval (Cl):
0.66-2.61], AIDS-defining illness (summary RR: 0.97, 95%CI: 0.74-1.25) or mortality
(summary RR: 0.97, 95%CI: 0.62-1.53) but there was an association with low CD4
counts (summary RR: 1.41, 95%CI: 0.99-2.02) and HIV-related death (summary RR:
1.65, 95%CI: 1.06-2.57). In settings where ART was available, there was no evidence
that pregnancy accelerated progress to HIV/AIDS-defining illnesses, death, and drop in
CD4 count. In settings without ART availability, effect estimates were consistent with
pregnancy increasing the risk of progression to HIV/AIDS-defining illnesses and HIV-
related or all-cause mortality, but there were too few studies to draw meaningful

conclusions.

Conclusions: In the absence of ART, pregnancy is associated with small but
appreciable increases in risk of several negative HIV outcomes, but the evidence is too
weak to draw firm conclusions. When ART is available the effects of pregnancy on HIV
disease progression are attenuated and there is little reason to discourage healthy HIV-

infected women who desire to become pregnant from doing so.

5.2.2 Introduction

In 2000, the fifth Millennium Development Goal (MDG5) set a target of reducing
maternal mortality by three-quarters between 1990 and 2015. As this deadline
approaches there is evidence of worldwide progress, but countries in sub-Saharan
Africa are lagging behind.(29, 32) The reasons for this are multiple, including high
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fertility and health systems challenges, but the high burden of HIV is thought to be a
key factor impairing progress.(10, 127) The contribution of HIV to maternal mortality is
not well known, but around 25% of pregnancy-related deaths in sub-Saharan Africa
may be attributable to HIV.(98, 171)

Quantifying the contribution of HIV to maternal mortality is challenging. Attributing a
death in a preghant or postpartum woman to HIV not only requires knowledge of the
woman’s HIV status, it also requires decisions about whether a death in an HIV-
infected pregnant or postpartum woman is indirectly attributable or coincidental to the
pregnancy (the latter are not classified as maternal deaths). Clinicians assigning
causes of death classify most deaths in HIV-infected pregnant or postpartum women
as indirectly attributable to the pregnancy, though justifications for this choice are rarely
provided.(20, 179) In global-level mathematical models of maternal mortality varying
assumptions are made about the proportion of deaths to HIV-infected pregnant and
postpartum women which should be classified as maternal. The Institute of Health
Metrics and Evaluation classifies all HIV/AIDS deaths in HIV-infected pregnant or
postpartum women as attributable to pregnancy,(29) while the Maternal Mortality
Estimation Interagency Group only considers 50% of such deaths as attributable to the
pregnancy.(32) These assumptions are largely opinion based however, as there are
few rigorous assessments of whether and to what extent HIV-related deaths during

pregnancy are attributable rather than coincidental to the pregnancy.

Technically, the death of an HIV-infected pregnant or postpartum woman is attributable
to the pregnancy if mortality in these women is in excess of what would be expected if
the HIV-infected woman had not been pregnant. This can happen for two reasons,
either because HIV increases the risk of direct obstetric complications, or because
pregnancy accelerates the progression of HIV disease. A recent systematic review
suggests that HIV does not increase the risk of direct obstetric complications, except
for puerperal sepsis.(125) The empirical evidence in support of an acceleration of HIV
disease progression during pregnancy is inconclusive. Some studies of HIV-infected
women show that CD4 counts decrease faster during pregnancy;(47, 180) although
one study found change in CD4 count rebounds in the postpartum period to match that
of women who did not become pregnant.(180) A systematic review published in 1998
did not find evidence that pregnancy accelerates progression to an HIV-related illness
or a low CD4 cell count, but did find weak evidence that the odds of acquiring an AIDS-
defining illness or death were higher amongst HIV-infected pregnant than HIV-infected

non-pregnant women.(51) An update of this review in 2009 suggested that there was
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no effect of pregnancy on HIV disease progression, but only identified two additional

studies and did not include a meta-analysis.(80)

Knowing whether pregnancy accelerates the progression of HIV also has relevance for
the reproductive choices HIV-infected women make. Many HIV-infected women choose
to become pregnant given the low risk of mother-to-child transmission and with the
introduction of antiretroviral therapy (ART) which has enabled many HIV-infected
women to lead long, healthy lives. However, this decision is made in the absence of
conclusive data on whether pregnancy detrimentally affects their HIV disease
progression, or whether ART modifies any association between pregnancy and HIV

disease progression.

The aim of this paper is to systematically review the literature to examine whether
pregnancy accelerates the progression of HIV. We compare HIV disease progression
in pregnant and non-pregnant women of reproductive age and perform a meta-analysis
of relative risks for low CD4 count, HIV-related iliness, AIDS-defining illness, HIV-
related death and any death. We also assess whether pooled relative risks vary by
availability of ART, country income level and by whether studies used a risk or a
hazard ratio.

5.2.3 Methods

Search Strategy and Inclusion Criteria

This systematic review adheres to the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines.(85) Searches of Pubmed, Embase, Popline and
African Index Medicus were undertaken up to December 13, 2013 using MeSH and
free-text terms for “pregnancy/ maternal”’, “HIV/AIDS” and “progression” (full search
strategy in Appendix A). There were no restrictions on language or year of publication.
Reference lists of relevant articles were hand-searched to identify additional articles,
including grey literature. Where necessary, authors of published studies were

contacted to provide additional information.

Cohort and case-control studies, which allowed a comparison of the progression of HIV
in pregnant and non-pregnant women, were eligible for inclusion. Studies were
included regardless of the definition of the length of the pregnancy or postpartum
period at risk. Progression of HIV was defined as: drop in CD4 count below a defined

threshold, progression to an HIV-related illness (as defined by the authors),
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progression to AIDS-defining illness (as defined by the authors), and progression to an

HIV-related or any death. Conference abstracts were not eligible for inclusion.

Data Extraction and Quality Assessment

Data on study design, setting, year, sample size, study population, the definition and
method of measuring HIV progression, the definition of pregnant and non-pregnant
women, and the crude and adjusted effect estimates comparing HIV progression by
pregnancy status were extracted from all eligible studies by C.C. using a standard
protocol. For case-control studies the odds ratios (OR) were extracted. Where cohort
studies used survival analyses to assess the association between pregnancy and HIV
progression the hazard ratio (HR) or rate ratio (RaR) was extracted; otherwise the risk
ratio (RiR) was taken. Information was also extracted on whether ART was widely
available, partially available (i.e. available for only part of the study period), or not
available. If data were duplicated across several publications we extracted data from

the paper providing most information.

The risk of bias was determined using the component approach outlined by The
Cochrane Collaboration(86) for a number of pre-defined quality criteria which were
adapted from those used by French and Brocklehurst.(51) All studies were assessed

on the following criteria:

1. Methods of ascertaining pregnancy status — high risk of bias if pregnant women
were identified through self-report or clinical records rather than through a
pregnancy test or through restriction to women who had given birth in hospital

2. Methods of defining non-pregnant group - high risk of bias if women who had
been pregnant between HIV seroconversion and study entry could be classified
as non-pregnant

3. Methods of ascertaining outcomes - high risk of bias if pregnant women were
likely to be monitored more frequently than non-pregnant women

4. Length of follow-up - high risk of bias if pregnant and non-pregnant women
were followed up for different lengths of time

5. Adjustment for differences in HIV stage or CD4 cell count in pregnant and non-
pregnant women - high risk of bias if pregnant women were likely to be at a
different stage of HIV infection during follow-up compared with non-pregnant
women

6. Adjustment for key confounders - high risk of bias if no adjustments were made

for confounders such as age and parity
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If a study did not provide sufficient detail to be classified as high or low risk of bias for

one of the quality criteria, then the risk of bias was deemed to be unclear.

Statistical Analyses

STATA version 13 was used to calculate pooled effect estimates comparing HIV
disease progression in pregnant and non-pregnant women for each of the different
measures of HIV disease progression. The DerSimonian and Laird random effects
method was used to pool the effect estimates due to variation between study designs.
Under the random effects model, summary effect estimates should be interpreted as an
average of the study effect estimates which genuinely differ from one another. Where
possible the adjusted HR was used as the effect estimate, and if that was not available
the adjusted RIR or OR was used. Crude effect estimates were used if adjusted
estimates were not presented. The I? value and p-value from the test of heterogeneity
were calculated to assess whether there was evidence of between-study variation in

the individual effect estimates which was not due to random variation.

Three sub-group analyses were planned a priori stratifying the pooled effect estimates
by ART availability (partially/ widely available versus unavailable), by country income
level(181) (high income versus not high income) and by the type of effect estimate (HR
versus RIiR). Meta-regression models were used to assess whether the sub-groups
modified the pooled effect estimate.(86) Meta-analyses were conducted for each
quality criterion, stratifying the pooled effect estimate by studies at high, low or unclear

risk of bias.

Funnel plots were produced and the Egger funnel plot asymmetry test was conducted

to assess whether there was publication bias for any of the outcomes.

5.2.4 Results

Study Selection and Characteristics

The search produced 21,744 citations and 20,237 of these were excluded through title
and abstract screening (Figure 3.1). Of the 1,487 full-text papers which were reviewed,
15 contained relevant data. Three studies provided information on progression to an
HIV-related illness,(182-184) four to an HIV-related death,(184-187) four to a CD4
count below a threshold level,(47, 182, 188, 189) nine to death,(47, 81, 180, 182, 183,
188-191) and ten to an AIDS-defining illness.(47, 81, 182-184, 187-189, 192, 193)
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DATABASES

Medline, Embase, Popline,
African Index Medicus

Full text not

l

Search results’
n=21,744

~

available
n=20

v

Full text obtained
n =1,487

h 4

Excluded through title
and abstract screening
n = 20,237

v

Studies which
measure HIV
progression in
pregnant and
non-pregnant
women: 15
studies

h 4

Main reasons for exclusion from
systematic review (n=1,472)2:

*No data (review, comment, editorial): 565
*No outcomes of interest: 501
*No appropriate control group: 159

*Cause of death study only: 74

*Seroprevalence study only: 61

*No information on HIV and/or pregnancy status: 55
«Conference abstract: 25

«Vital statistics/surveillance only: 17

*Duplication of data: 6

+Other:28

~

~

A A

Progression to
HIV-related
illness: 3 data
sets

Drop in CD4 cell
count: 4 data
sets

Progression to
AIDS-defining
illness: 10 data

sets

HIV-related
death: 4 data
sets

Any death: 9
data sets

Figure 5.1: Flow chart of study selection for inclusion in the systematic review
Total after removing duplicate references
’Articles may have been excluded for multiple reasons

AIDS-defining illnesses were defined according to CDC criteria in most studies (Table

5.1), but HIV-related illnesses included conditions as varied as weight loss, oral hairy

leukoplakia and herpes zoster. HIV-related deaths were defined as deaths from
AIDS(184, 186, 187) or HIV-related ilinesses.(185) For progression to a CD4 count
below a threshold level, two studies used a threshold of 200cells/pl(47, 188) and two
used a threshold of 100cells/ul.(182, 189)
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Table 5.1: Definitions for HIV progression

Progression to an HIV-

related illness

Drop in CD4 count

Progression to an
AIDS-defining
illness

Progression to an
HIV-related deaths

Allen et al.
2007(185)

Alliegro et
al.
1997(182)

Berrebi et
al.
1990(187)

Bessinger
etal.
1998(183)

Buskin et
al.
1998(192)

Deschamps
etal.
1993(184)

Hocke et al.
1995(188)

Kumar et al.
1997(186)

Matthews et
al.
2013(190)
Mayanja et
al.2012(180)

Saada et al.
2000(193)

Tai et al.
2007(81)

Van der
Paal et al.
2007(47)

Defined according to
category B of the 1993
revised classification

system for HIV infection®

Occurrence of oral thrush,
herpes zoster or oral hairy

leukoplakia

List the following HIV-
related signs and

symptoms in the results:

Weight loss, fever>1
month, prurigo,
generalised

lymphadenopathy, herpes

zoster, chronic cough,
chronic diarrhoea and
anogenital herpes

Progression to a CD4
count of less than 100
cells/pl

Progression to a CD4
count of less than 200
cells/pl amongst
women who had a
CD4 count great than
this at study entry

Progression to a CD4
count of less than 200
cells/pl

Defined according to
category C of the
1993 CDC
classification system
for HIV infection®

Defined according to
the 1987 CDC
criteria®

Defined according to
the 1987 CDC
criteria’

Defined according to
category C of the
1993 CDC
classification system
for HIV infection®

Defined according to
the 1987 CDC
criteria®

Defined according to
both the 1987 and
1993 CDC criteria™?

Defined according to
group C of the 1993
European
classifiction®

Defined according to
category C of the
1993 CDC
classification system
for HIV infection
Defined using the
WHO staging
system*

Women who were
reported dead from
HIV-related causes
(no further details)

Deaths were reported
to be due to
pneumocystosis and
neurtoxoplasmosis

State that all the
deaths in the study
population stemmed
from AIDS

Women who died of
AIDS-related
illnesses
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Defined as
occurrence of
Pneumocystis carinii
pneumonia, candida

esophagitis,
recurrent bacterial
Weisser et Progression to a CD4 pneumonia,
disseminated
al. count of less than 100 mvcobacterium
1998(189) cells/ul Y
avium complex
disease, cerebral
toxoplasmosis,
dementia, herpes
simplex ulceration,
wasting syndrome
and other
Westreich
et al.
2013(191)

1993 revised classification system for HIV infection and expanded surveillance case
definition for AIDS among adolescents and adults. MMWR Recommendations and
reports: Morbidity and mortality weekly report Recommendations and reports / Centers
for Disease Control 1992; 41(RR-17): 1-19.

’Revision of the CDC surveillance case definition for acquired immunodeficiency
syndrome. Council of State and Territorial Epidemiologists; AIDS Program, Center for
Infectious Diseases. MMWR Morbidity and mortality weekly report 1987; 36 Suppl 1: 1S-
15S.

®Revision de la definition du SIDA en France. Bull Epidemiol Hebd. 1993; 11: 47-48.
*Interim proposal for a WHO Staging System for HIV infection and Disease. Releve
epidemiologique hebdomadaire / Section d'hygiene du Secretariat de la Societe des
Nations = Weekly epidemiological record / Health Section of the Secretariat of the
League of Nations 1990; 65(29): 221-4.

The characteristics of each study are described in Table 5.6 (page 140). The studies
were conducted in the USA,(81, 183, 192) France,(187, 188, 193) Italy,(182)
Switzerland,(189) Haiti,(184) Rwanda,(185) Uganda,(47, 180, 190) South Africa(191)
and India.(186) ART was not available in four studies,(47, 184, 185, 187) partially
available in six studies,(182, 183, 188, 189, 192, 193) and widely available in five
studies.(81, 180, 186, 190, 191)

All studies were cohorts, but there was extensive variation in how the “pregnant” and
“non-pregnant” groups were defined. Of the 12 studies which allocated person-time
pregnant, five considered pregnant and post-pregnancy time (regardless of length) as
“pregnant’(182, 188, 189, 191, 193); two treated all person-time in women who
became pregnant at any time during follow-up as “pregnant”(47, 81); one divided all
person-time into three month intervals, and if a woman was pregnant at any time in the
interval then that full period was classified as pregnant(185); one classified time spent
pregnant and up to one year postpartum as “pregnant”’(190); and one included all
person-time of women who were pregnant during the baseline of the study as
“pregnant”.(192) In the latter study, the “non-pregnant’ person-time included both
women who did not become pregnant and women who were not pregnant at baseline

but became pregnant during follow-up. The remaining two studies did not provide
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sufficient information to understand how the pregnant person-time was allocated.(183,
184)

Within the five studies not using person-time for at least one of the measures of HIV
disease progression, the pregnant group was defined as women who were pregnant at
baseline,(180, 186, 187) or at any time during follow-up.(182, 184) Only one of these
studies had a fixed period of follow-up,(186) while another matched pregnant and non-
pregnant woman on the length of follow-up.(187) Two studies had longer follow-up in
pregnant than non-pregnant women, but did not present sufficient data for person-time
to be calculated.(180, 184) One study did not provide information on the length of
follow-up in pregnant and non-pregnant women, although did provide HRs for all

outcomes except any death.(182)

Data Quality

None of the studies were judged to be at low risk of bias across all of the quality criteria
(Table 5.7, page 145). Only three studies (20.0%) used robust methods to identify
pregnancies,(47, 180, 188) while seven studies relied on either clinical records or self-
report to identify pregnancies.(81, 182, 183, 185, 190-192) Five studies did not
adequately describe the methods used to identify pregnancies.(184, 186, 187, 189,
193) Nine of the 11 studies enrolling HIV-infected women after seroconversion did not
attempt to exclude HIV-infected women who had a pregnancy before study entry and
women who had a pregnancy since HIV seroconversion could therefore be classified
as non-pregnant.(81, 184-187, 190-193)

Eight studies had a longer length of follow-up in the pregnant than in the non-pregnant
group.(81, 180, 183, 184, 188, 189, 191, 193) Nine studies were at high risk of
following pregnant women more frequently compared with their non-pregnant
counterparts.(81, 182, 183, 185, 188, 189, 191-193) Twelve studies adjusted for
differences in HIV stage between pregnant and non-pregnant women. Six adjusted for
HIV stage in the analysis: one used HIV clinical stage grouped into two
categories(185); two studies used CD4 count as a continuous variable(190, 193); one
grouped CD4 count into two categories(81) and two studies adjusted for CD4 count but
did not provide more detail.(182, 192) One study used weighted models to adjust for
HIV clinical stage and CD4 count (categories not specified).(191) Four studies matched
pregnant and non-pregnant women on HIV stage: one study matched on HIV clinical
stage but did not specify how this was categorised(187); one matched on CD4 count

grouped into three categories(188) and two studies matched on CD4 count with no
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further information on how this was grouped.(183, 186) The final study both matched
on and adjusted for CD4 count grouped by 100cells/pl increments.(189) Only one study
did not try to account for other key confounders such as age.(180) Two studies
presented adjusted HRs for some outcomes while crude RiRs could only be extracted
for other outcomes.(182, 184)

Pregnancy and HIV Progression

The strength of association between pregnancy and HIV progression is presented in
Figure 5.2. Overall, pregnant women had 1.32 times the risk of developing an HIV-
related illness compared with non-pregnant women; but the confidence interval (Cl)
was wide (95% CI: 0.66-2.61) and there was strong evidence for between-study
heterogeneity (1% 77.1%, p=0.01). Pregnant women were at 1.41 times the risk of
progressing to a low CD4 count compared with non-pregnant women (95% CI. 0.99-
2.02, 1’=0%, p=0.83) but there was no evidence that pregnancy was associated with an
increased risk of progression to an AIDS-defining illness (summary effect estimate:
0.97, 95% CI: 0.74-1.25, 1°=20.1%, p=0.26) or death (summary effect estimate: 0.97,
95% ClI: 0.62-1-53, 1°=48.9%, p=0.05). There was, however, some evidence that
pregnancy was associated with 1.65 times the risk of an HIV-related death (95% CI:
1.06-2.57) with low between-study heterogeneity (1°=13.9%, p=0.32).
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Publication Effect %
Study Date Country Estimate (95% CI) Weight

HIV-related illness

Alliegro et al.* 1997 Italy —— 0.72 (0.41, 1.26) 34.45
Bessinger et al.* 1998 USA 1.63 (0.66, 4.03) 25.15
Deschamps et al. 1993 Haiti - 1.93 (1.37, 2.70) 40.40
Subtotal (I-squared = 77.1%, p = 0.013) 1.32 (0.66, 2.61) 100.00

Drop in CD4 count

Alliegro et al.* 1997 Italy —— 1.24 (0.62, 2.49) 26.46
Hocke et al.* 1995 France —— 1.20 (0.63, 2.27) 31.13
Van der Paal et al.* 2007 Uganda —_—— 1.67 (0.77, 3.63) 21.28
Weisser et al.* 1998 Switzerland -—— 1.77 (0.81, 3.84) 21.12
Subtotal (I-squared = 0.0%, p = 0.829) O 1.41 (0.99, 2.02) 100.00

AIDS defining illness

Alliegro et al.* 1997 Italy —— 0.69 (0.32, 1.51) 9.33
Berrebi et al. 1990 France —— 1.22 (0.37, 4.03) 4.39
Bessinger et al.* 1998 USA —l-&— 1.25(0.38,4.12) 4.42
Buskin et al.* 1998 USA 0.80 (0.47, 1.36) 16.47
Deschamps et al. 1993 Haiti —— 1.70 (0.93, 3.09) 13.87
Hocke et al.* 1995 France —— 1.02 (0.48, 2.18) 9.72
Saada et al.* 2000 France _:j- 0.69 (0.39, 1.22) 14.93
Tai etal.* 2007 USA 0.55(0.27,1.11) 10.83
Van der Paal et al.* 2007 Uganda —— 1.16 (0.51, 2.65) 8.45
Weisser et al.* 1998 Switzerland 1.92 (0.80, 4.64) 7.58
Subtotal (I-squared = 20.1%, p = 0.258) 0.97 (0.74, 1.25) 100.00
HIV-related death
Allen et al.* 2007 Rwanda ——— 0.96 (0.48, 1.93) 32.87
Berrebi et al. 1990 France -0~ 1.83(0.12, 28.35) 2.58
Deschamps et al.* 1993 Haiti T 2.10(0.90, 4.70) 24.68
Kumar et al. 1997 India —— 2.19 (1.19, 4.06) 39.86
Subtotal (I-squared = 13.9%, p = 0.323) < 1.65 (1.06, 2.57) 100.00
Any death
Alliegro et al. 1997 Italy ——t 0.63 (0.23, 1.76) 10.86
Bessinger et al.* 1998 USA —_—— 0.98 (0.27, 3.59) 8.18
Hocke et al.* 1995 France —_—— 0.92 (0.48, 2.18) 1451
Matthews et al.* 2013 Uganda ——— 5.18 (1.36, 19.71) 7.82
Mayanja et al. 2012 Uganda -~ 0.47 (0.06, 3.71) 4.04
Tai etal* 2007 USA ——— 0.28 (0.10, 0.78) 10.83
Van der Paal et al.* 2007 Uganda - 1.78 (0.84, 3.78) 14.58
Weisser et al.* 1998 Switzerland —— 1.14 (0.48, 2.72) 12.88
Westreich et al.* 2013 South Africa ——— 0.84 (0.44, 1.60) 16.29
Subtotal (I-squared = 48.9%, p = 0.048) 0.97 (0.62, 1.53) 100.00
NOTE: Weights are from random effects analysis
| | |
.15 1 30

Pregnancy decreases risk | Pregnancy increases risk

Figure 5.2: Forest plot showing the strength of association between pregnancy and HIV
progression (includes all studies regardless of the effect estimate available)
*Adjusted estimates

Effect of ART, Country Income, Type of Effect Estimate and Study Quality on the
Strength of Association between Pregnancy and HIV Progression
Table 5.2 shows the pooled effect estimates for the different measures of HIV
progression, stratified by whether ART was available or not. The pooled effect
estimates were higher for progression to HIV-related illness, AIDS-defining iliness,
death, and drop in CD4 count before ART was available compared to settings where
ART was available. Interactions by ART availability were only significant for progress to
AIDS-defining illness (p=0.07) and death (p=0.05) where ten or nine studies were
available for analysis. In these studies, there did not appear to be an association
between pregnancy and death (summary effect estimate: 0.87, 95% CI: 0.54-1.41) or
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AIDS-defining illness (summary effect estimate: 0.83, 95% CI: 0.63-1.08) once ART

became available.

Table 5.2: Stratified analyses exploring the effect of antiretroviral therapy (ART)
availability on the pooled effect estimate

ART Number of Pooled effect 12 Coefficient” (95% P.value
available studies estimate (95% CI) Cl)
Progressionto  No 1 1.93 (1.37-2.70) 1
an HIV-related
illness Yes 2 1.00 (0.46-2.19) 55.8 -0.83 (-9.80-8.15) 0.45
Drop in CD4 No 1 1.67 (0.77-3.63) 1
count Yes 3 1.35 (0.90-2.02) 0 -0.30 (-2.22-1.61) 0.57
Progressionto g 3 1.45 (0.92-2.27) 0 1
an AIDS-
defining Yes 7 0.83 (0.63-1.08) 2.8 -0.59 (-1.23-0.06) 0.07
illness
Progressionto  No 3 1.35 (0.79-2.31) 3.2 1
an HIV-related
death Yes 1 2.19 (1.19-4.06) 0.67 (-2.88-4.21) 0.50
Progressionto  NO 1 1.78 (0.84-3.78) 1
any death Yes 8 0.87 (0.54-1.41) 448  -0.95(-1.93-0.02) 0.05

Abbreviations: Cl=confidence interval

'Change in pooled effect estimate between studies conducted when there was no ART
(baseline) to those when there was ART available; note that the coefficient does not
align exactly with the difference in the observed pooled effect estimate as in the meta-
regression only one random effect is estimated, whereas in the subgroup analysis
separate random-effects are calculated for each group

Stratifying by country income level did not reveal any distinct patterns beyond those
observed for ART for progression to a low CD4 count, HIV-related illness or AIDS-
defining illness (Table 5.3) as the study level measures of ART availability and country
income level were closely correlated. There was no evidence that country income level
modified the association between pregnancy and either progression to an HIV-related

death (p=0.96) or progression to any death (p=0.41).
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Table 5.3: Stratified analyses exploring the effect of country income level on the pooled
effect estimate

Number Pooled effect

. 1 0
of estimate (95% 1? Coeff|C|Ce|r)1t 5% b yalue
studies Cl)
Progression High Income 2 1.00 (0.46-2.19) 55.8 1
to an HIV- Not high
related illness  jncome 1 1.93 (1.37-2.71) - 0.83 (-8.15-9.80) 0.45
Drop in CD4 High !ncome 3 1.35 (0.90-2.02) 0 1
count Not high 1 1.67 (0.77-3.63) - 0.30 (-1.61-2.22) 0.68
income

Progression High Income 8 0.84 (0.65-1.09) 0 1
to an AIDS- ,
defining Not high 2 1.49 (0.92-2.42) 0 0.61 (-0.07-1.30) 0.07
illness income
Progression High Income 1 1.83(0.12-28.34) - 1
to an HIV- Not high
related death income 3 1.64 (0.96-2.80) 425 -0.08 (-6.85-6.69) 0.96

. High Income 5 0.74 (0.46-1.19) 19.7 1
Progression .
toany death  Nothigh 4 1.45 (0.65-3.27) 59.8 032 (053-1.16) 041

income

Abbreviations: Cl=confidence interval

'Change in pooled effect estimate between studies conducted in high income settings
(baseline) compared to those conducted in non-high income settings; note that the
coefficient does not align exactly with the difference in the observed pooled effect
estimate as in the meta-regression only one random effect is estimated, whereas in
the subgroup analysis separate random-effects are calculated for each group

Stratification by risk or a hazard ratio modified the relationship between pregnancy and
progression to AIDS-defining illnesses (p=0.06), with studies using HRs showing lower

effect estimates (Table 5.4).

Table 5.4: Stratified analyses exploring the effect of using risk ratio verses hazard ratios
on the pooled effect estimate

Study type Number of Pooled effect 12 Coefficient" (95% P-value
ytyp studies  estimate (95% CI) cl
Progressionto  Risk ratio 1 1.93 (1.37-2.71) - 1
an HlV-related )
illness Hazard ratio 2 1.00 (0.46-2.19) 55.8 -0.83 (-9.80-8.15) 0.45
DI’Op in CD4 Risk ratio 0 - -
count Hazard ratio 4 1.41 (0.99-2.02) 0 - -
Progressionto  Risk ratio 2 1.59 (0.93-2.72) 0 1
an AIDS-
Fflef'mng Hazard ratio 8 0.85 (0.66-1.10) 0 -0.69 (-1.41-0.02) 0.06
IHiness
Progressionto  Risk ratio 2 2.17 (1.19-3.97) 0 1
an HIV-related
death Hazard ratio 2 1.37 (0.64-2.95) 50.4 -0.64 (-3.98-2.69) 0.50
Progression to  Risk ratio 2 0.60 (0.24-1.49) 0 1
any death Hazard ratio 7 1.06 (0.63-1.80) 58.2 0.41 (-0.83-1.65) 0.46

Abbreviations: Cl=confidence interval

'Change in pooled effect estimate between studies reporting risk ratios (baseline)
compared to those reporting hazard ratios; note that the coefficient does not align
exactly with the difference in the observed pooled effect estimate as in the meta-
regression only one random effect is estimated, whereas in the subgroup analysis
separate random-effects are calculated for each group

Stratifying by study quality did not affect the findings (Table 5.5).
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Table 5.5: Stratified analyses exploring the effect of study quality on the pooled effect

estimate

Low risk of bias

High risk of bias

Unclear risk of bias

2

Pooled estimate
(95% CI)

N

Pooled estimate
(95% CI)

Pooled estimate
(95% CI)

Progression to HIV-related illness

Ascertainment of pregnancy

Misclassifying a woman as not-
pregnant

Ascertainment of outcome
Follow up
Adjustment for difference in HIV stage

Adjustment for other confounders

w N O B N O

1.00 (0.46-2.19)
1.93 (1.37-2.71)

1.00 (0.46-2.19)
1.32 (0.66-2.61)

N

o O N NP

1.00 (0.46-2.19)
1.93 (1.38-2.71)

1.00 (0.46-2.19)
1.89 (1.38-2.60)

1.93 (1.38-2.71)

0.72 (0.41-1.26)
1.93 (1.38-2.71)

Drop in CD4 count

Ascertainment of pregnancy

Misclassifying a woman as not-
pregnant

Ascertainment of outcome
Follow up
Adjustment for difference in HIV stage

Adjustment for other confounders

A W O L DN

1.37 (0.84-2.25)
1.41 (0.99-2.02)
1.67 (0.77-3.63)

1.35 (0.90-2.02)
1.41 (0.99-2.02)

O P N W O P

1.24 (0.62-2.48)

1.35 (0.90-2.02)
1.40 (0.86-2.30)
1.67 (0.77-3.63)

O O N O O BB

1.77 (0.81-3.85)

1.42 (0.84-2.38)

Progression to AIDS-defining
illness

Ascertainment of pregnancy

Misclassifying a woman as not-
pregnant

Ascertainment of outcome
Follow up
Adjustment for difference in HIV stage

Adjustment for other confounders

OFR 0 Fk W U N

1.08 (0.62-1.89)
1.10 (0.75-1.61)

1.45 (0.92-2.27)
1.22 (0.37-4.03)
0.84 (0.65-1.09)

0.97 (0.74-1.25)

P o N o b

o

0.73 (0.51-1.05)
0.89 (0.59-1.33)

0.83 (0.63-1.08)
1.04 (0.68-1.58)
1.16 (0.51-2.64)

O B W O O H»

1.24 (0.73-2.12)

0.84 (0.57-1.23)
1.70 (0.93-3.10)

Progression to an HIV-related death

Ascertainment of pregnancy

Misclassifying a woman as not-
pregnant

Ascertainment of outcome
Follow up
Adjustment for difference in HIV stage

Adjustment for other confounders

A W W N O O

2.08 (0.94-4.58)
1.50 (0.80-2.84)
1.50 (0.80-2.84)
1.65 (1.06-2.57)

FNON

o O -

0.96 (0.48-1.93)
1.65 (1.06-2.57)

0.96 (0.48-1.93)
2.10 (0.92-4.70)

O B O B O W

2.15 (1.32-3.49)

2.19 (1.19-4.06)

2.10 (0.92-4.70)

Progression to any death

Ascertainment of pregnancy

Misclassifying a woman as not-
pregnant

Ascertainment of outcome

Follow up

Adjustment for difference in HIV stage
Adjustment for other confounders

~

1.19 (0.67-2.12)
1.10 (0.74-1.63)
1.96 (0.69-5.54)

5.18 (1.36-19.71)
0.96 (0.53-1.73)
1.06 (0.63-1.80)

0.88 (0.40-1.93)
0.99 (0.26-3.85)
0.77 (0.54-1.11)
0.78 (0.53-1.14)
1.01 (0.44-2.34)
0.60 (0.24-1.49)

o O N O B Bk

1.14 (0.48-2.71)
0.47 (0.06-3.71)

1.13 (0.41-3.09)

Abbreviations: Cl=confidence interval

Publication Bias

There was no evidence for publication bias for any outcomes except progression to a

low CD4 count (p=0.03) (Figure 5.3) and any death (p=0.07) (Figure 5.4).
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Funnel plot with pseudo 95% confidence limits
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Figure 5.3: Funnel plot for studies measuring the effect of pregnancy on progression to a
low CD4 count
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Figure 5.4: Funnel plot for studies measuring the effect of pregnancy on progression to
any death
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5.2.5 Discussion

In this systematic review we find no evidence that pregnancy is associated with
accelerated progression to HIV-related illness, AIDS-defining illness, or all-cause
mortality, though there is some evidence for acceleration to a drop in CD4 count and
HIV-related death. In settings where ART was available, there was no evidence that
pregnancy accelerated progress to HIV/AIDS-defining illnesses, death, and drop in
CD4 count. In settings without ART availability, all the effect estimates were consistent
with pregnancy increasing the risk of progression to HIV/AIDS-defining illnesses and
HIV-related or all-cause mortality, but there were too few studies to draw meaningful

conclusions.

One critical factor in interpreting disease or mortality rates comparing pregnant and
non-pregnant women is the so-called “healthy pregnant woman effect” whereby
healthier women are more likely to become pregnant.(194) Pregnant women may
therefore appear healthier than non-pregnant women, even if pregnancy accelerates
disease progression. This is particularly important for HIV, since women who are at a
more advanced stage of HIV are less likely to become pregnant.(124) Most studies
adjusted for or matched pregnant and non-pregnant women on HIV clinical stage or
CD4 count; however some studies relied on very broad categorisations which may not
fully account for the healthy pregnant woman effect. Furthermore, questions have been
raised on the validity of using HIV clinical stage and CD4 cell count in pregnant and
postpartum women, with studies showing that both these measures can be relatively
insensitive to actual disease status.(195, 196) Therefore, pregnant women may still

have been at an earlier stage of HIV progression compared with non-pregnant women.

Only three studies stratified their analyses by CD4 count: two found no association
between pregnancy and HIV disease progression amongst women with either high or
low CD4 count,(81, 188) while another study found much higher mortality in pregnant
than in non-pregnant women with very low CD4 counts at time of ART initiation.(190)
However, in the latter study, the five pregnant women who died were very ill at the time
of recruitment, and it is uncertain whether these findings apply to the general
population of pregnant HIV-infected women. Five studies excluded women who had a
pregnancy not resulting in a live birth and/or going to term, which may also introduce a
similar selection bias to the healthy pregnant woman effect if deteriorating health is
associated with these adverse pregnancy outcomes.(183, 184, 187, 188, 193) Two of
these found no difference in the level of immunosuppression comparing pregnancies

which did or did not go to term,(183, 188) and one found no evidence for a difference in
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the risk of HIV disease progression in women whose pregnancy terminated before 28

weeks, compared with women whose pregnancy continued.(187)

The main argument put forward in support of an adverse effect of pregnancy on HIV
disease progression is that the systemic suppression of cell-mediated immunity during
pregnancy may increase the susceptibility to or severity of infections.(38) Infectious
diseases such as influenza, malaria, measles, and varicella are generally thought to be
more severe during pregnancy.(37, 49, 197-202) However, these conclusions are
largely based on clinical impressions, while the epidemiological evidence-base is scant.
Very few studies, for example, assess how long the immuno-suppressive effects of
pregnancy may persist into the postpartum period. In our review, only one study
examined whether pregnancy itself increases the risk of HIV disease progression,(185)
while most studies extended the exposure period to one year or more after birth,
without separating the effects during pregnancy from those in the postpartum period or
breaking down the postpartum period by time since pregnancy. Few studies clearly
articulated how and for how long pregnancy may accelerate progression to HIV-related
illness or death; and no study examined the effects of breastfeeding, which may
increase the risk of mortality in HIV-infected women.(203) The lack of a clear
conceptualisation of how pregnancy may affect HIV disease progression clearly impairs

the interpretation of results.

When restricting the analysis to studies where ART was available, pregnant women
appeared to have a slightly lower risk of death and progression to AlIDS-related
illnesses compared to non-pregnant women, although the confidence intervals were
wide. Caution is required in interpreting such sub-group analyses, since we were not
able to compare individual women with or without ART. Pregnant women tend to have
greater contact with health services, may be more likely to be tested for HIV, and/or be
eligible for ART at higher CD4 counts than non-pregnant women and may therefore
have greater access to ART than the general population. This could partly explain the
lack of effect of pregnancy on HIV disease progression with ART availability. Only four
studies provided information on the proportion of pregnant and non-pregnant women
receiving ART in their study population,(81, 189-191) however, and the effects were

inconsistent.

The comprehensive search, with no restrictions by publication date, language or
country, was a major strength of this systematic review. We identified an additional 12
studies compared to the previous systematic review of the effect of pregnancy on HIV

disease progression.(51) There were, however, a number of limitations. There was
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extensive between-study heterogeneity in studies looking at progression to HIV-related
illnesses which was likely to be driven, in part, by the wide variation in the definitions of
HIV-related diseases. However, in spite of the methodological differences between the
studies, there was no evidence for extensive between-study heterogeneity for the other
outcomes. We also combined risk ratios and hazard ratios in the meta-analysis, but
stratification by risk or hazard ratios did not affect our summary effect estimates.
Finally, as most of the included studies were not set up with the primary objective of
evaluating the effect of pregnancy on HIV disease progression, the quality was
generally poor, with no study judged to be at low risk of bias across all the quality

criteria.

The methodological weaknesses of the studies highlight the need for high quality data
examining whether pregnancy aggravates HIV progression. In particular, future studies
need to ensure that the non-pregnant group excludes women who have been pregnant
since HIV seroconversion, define the pregnancy period from the beginning of
pregnancy onwards, and, where sample size permits, break down time post-pregnancy
to establish how long any aggravating effects of pregnancy may persist. Because of
concerns over the healthy pregnant woman effect, strict matching or adjustment for
staging of the disease would be required. While it is unlikely that cohorts will be set up
specifically for this purpose, ongoing HIV cohorts (for example (89) and (204)) should
have this question in mind so that relevant data can be made available when

necessary.

The findings of this review have implications for the definition and measurement of
maternal mortality. If pregnancy does not aggravate HIV disease, most of the excess
mortality in HIV-infected pregnant women (98, 171) is probably coincidental to
pregnancy and HIV/AIDS-related deaths should not be counted as maternal deaths. If
pregnancy does aggravate HIV disease then some of the excess mortality in HIV-
infected pregnant women is attributable to HIV/AIDS and some (though not all)
HIV/AIDS-related deaths should be counted as maternal. However, since the effect of
pregnancy on HIV disease progression may vary by ART availability, interpretation of
whether or not an HIV/AIDS-related death should be counted as maternal will now
depend on context, and each death will have to be assessed individually. To avoid this
complexity, some authors have suggested that restricting the definition of maternal
mortality to direct obstetric causes may provide a clearer focus for assessing the
impact of Safe Motherhood programmes.(205) However, measuring the contribution of
HIV to mortality in pregnancy or postpartum is important, not in the least because some

HIV-associated deaths during pregnancy or postpartum may be preventable with timely
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access to ART antenatally. As such, pregnancy-related mortality, which counts all
deaths in HIV-infected pregnant and postpartum women regardless of attribution, may
be the preferred indicator for monitoring progress towards reducing mortality in

pregnancy and the postpartum.

Our findings have some implications for the reproductive choices of HIV-infected
women. In the absence of ART, pregnancy is associated with small but appreciable
increases in risk of several negative HIV outcomes, but the evidence is too weak to
draw firm conclusions. When ART is available the effects of pregnancy on HIV
progression are attenuated, and there is little reason to discourage a healthy, HIV-
infected woman who desires to become pregnant from doing so provided adequate
counselling is available on how to prevent HIV transmission to her partner and baby,
and there is ready access to ART from the period of conception until the end of

breastfeeding.

139



Table 5.6: Description of studies which compare HIV progression in pregnant and non-pregnant women

Study setting Study Study population: Study population: ART Median length ~ Definition of ~ Median time to  Crude effect Adjusted effect
population: Pregnant Non-pregnant available of follow up HIV event estimate (95% estimate (95%
Inclusion criteria progression Cl) Cl)
Allenetal. Tertiary Women aged 18  Person-time was Person-time was No All participants ~ Progression Not stated HR: 0.87 HR: 0.96
2007(185)  hospital in to 35. split into 3-month split into 3-month followed-up for  to an HIV- (0.44-1.72) (0.48-1.93)*
with Kigali, intervals and if the  intervals and if the six years, with  related
further Rwanda woman was woman was not an overall loss  death
details (1988-1994) pregnant at any pregnant to follow-up of
provided point in the 3- throughout the 10%
by the month interval whole interval then
author then that period of  the interval was
time was classified as non-
classified as pregnant.
pregnant.
Alliegro et 14 clinical Women with a Person-time after Person-time Partially Not stated Progression Not stated HR: 0.82 HR: 0.72
al. centres in Italy  known date of conception in 69 between HIV to HIV- (0.48-1.42) (0.41-1.26)?
1997(182)  (1981-1994) seroconversion.  women who had a  seroconversion related
least one and conception for illness
pregnancy. 69 women; for the Progression Not stated HR: 0.74 HR: 0.69
262 women who to AIDS- (0.34-1.58) (0.32-1.51)?
did not conceive all defining
time was classified illness
as non-pregnant. Progression Not stated HR: 1.08 HR: 1.24
to a CD4 (0.57-2.08) (0.62-2.49)°
count of less
than 100
cells/pl
Progression Not stated RR: 0.63 -
to any death (0.23-1.76)°
Berrebi et One university ~ Women in 35 women who 64 women who had  No Pregnant: 17 Progression Not stated RR: 1.22 -
al. hospital in clinical stage I had a pregnancy. never been months to AIDS- (0.37-4.03)
1990(187)  Toulouse, or lll (Centre for  These women pregnant or had Non-pregnant:  defining
France Disease Control  were followed-up terminated their 16 months illness
(1985-1989) AIDS from the last pregnancy at Progression  Not stated RR: 1.83 -
classification), termination of least two years to HIV- (0.12-28.35)
excluding those their pregnancy. before entry to the related
with a study. death

pregnancy
ending before 28
weeks gestation.



Study setting Study Study population: Study population: ART Median length  Definition of ~ Median time to  Crude effect Adjusted effect
population: Pregnant Non-pregnant available of follow up HIV event estimate (95%  estimate (95%
Inclusion criteria progression Cl) Cl)
Bessinger  Medical clinic Women aged 45 women who 45 women who did  Partially Pregnant: 32 Progression Not stated HR: 1.27 HR: 1.63
etal in New 15- 35 years had a pregnancy not have a months to HIV- (0.60-2.71) (0.66-4.03)"
1998(183) Orleans, USA  with at least 12 after testing pregnancy after Non-pregnant:  related
(1988-1996) months follow- positive for HIV testing positive for 20 months illness
up, excluding and after clinic HIV, although Progression Not stated HR: 1.56 HR: 1.25
women who had  entry, although unclear whether to AIDS- (0.58-4.16) (0.38-4.12)"
a pregnancy not  unclear whether pre-pregnancy defining
ending in a live pre-pregnancy person-time was illness
birth. person-time was included in the Progression  Not stated HR: 0.86 HR: 0.98
excluded from the  “non-pregnant” to any death (0.33-2.24) (0.27-3.59)*
“pregnant” group, group.
Buskin et Nine Women who did  Person-time of 83  Person-time of 289  Partially 35 months Progression Not stated - HR: 0.80
al. outpatient not have AIDS women who were women who were (study to AIDS- (0.47-1.36)°
1998(192)  clinics in at the start of the  pregnant at not pregnant at finished in defining
Seattle, USA study, were less  baseline. baseline (including 1997 but illness
(?-1997) than 49 years 26 women who start date
old and had became pregnant not
more than one during the follow- provided)
month follow-up. up period).
Deschamp  Haiti Women aged 15 44 women who 96 women who No Pregnant: 51 Progression Pregnant: 20 RR: 1.93 -
setal. (1984-1988) to 45, who were had a least one were not pregnant months to HIV- months (1.37-2.70)
1993 (184) asymptomatic pregnancy during during the study Non-pregnant:  related Non-pregnant:
for HIV at entry the study period; period and either 41 months illness 19 months
to study, all post pregnancy  had never been Progression Pregnant: 35 RR: 1.70 -
excluding three time included in pregnant or had to AIDS- months (0.93-3.09)
women who had  the pregnant their last delivery defining Non-pregnant:
a pregnancy group but unclear 212 months before illness 33 months
which was not whether pre- study entry; Progression  Pregnant: 49 HR: 2.1 (0.9-
viable. pregnancy unclear whether to HIV- months 4.7)°
person—time was pre-pregnancy was related Non-pregnant:
included in the included in the death 45 months
“pregnant” group “non-pregnant”
for the hazard group for the
ratio. hazard ratio.
Hocke et One university ~Women aged 15  Person-time from 114 women who Partially Pregnant: 61 Progression Not stated HR: 1.02
al. 1995 hospital in to 45 years, beginning of had not conceived (ART months to AIDS- (0.48-2.18)"
(188) Bordeaux, excluding pregnancy in 57 since being available Non-pregnant:  defining
France women who had  women who had diagnosed with HIV ~ from 50 months illness
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Study setting Study Study population: Study population: ART Median length  Definition of ~ Median time to  Crude effect Adjusted effect
population: Pregnant Non-pregnant available of follow up HIV event estimate (95%  estimate (95%
Inclusion criteria progression Cl) Cl)
(1985-1994) a pregnancy not  atleast one matched to 1989) Progression Not stated HR: 1.20
ending in a live pregnancy since pregnant women toa CD4 (0.63-2.27)"
birth. HIV diagnosis; on age, CD4 count count of less
authors state that and diagnosis than 200
pregnancy was period; for hazard cells/pl
treated as a time ratio assume Progression  Not stated HR: 0.92
dependant person-time to any death (0.48-2.18)’
variable so preceding first
assume pre- conception
pregnancy time classified as “non-
was excluded. pregnant”.
Kumar et A tertiary Women with 32 women who 39 women who Widely Four years Progression Pregnant: 9.7 - RR: 2.19
al. hospital in AIDS. were pregnant at were not pregnant to HIV- months (1.19-4.06)
1997(186)  Manipur, India entry into the at entry into the related Non-pregnant:
(1992-1996) study. study. death 22.6 months
Matthews Mbara Women aged Person-time after Person-time spent Widely (all  Four years Progression State that Rate Ratio: HR:5.18
etal. University HIV ~ 18-49. pregnancy was not pregnant or up women to any death  median time 3.56 (0.97- (1.36-19.71)°
2013(190)  clinic, Uganda first reported up to  to one year had been from ART 11.07)
(2005-2011) one year postpartum in 109 on ART initiation to
postpartum in 109  women who for one death in non-
women who became pregnant; year) pregnant
became pregnant.  for the 245 women woman was
who did not 8.5 months.
conceive all time No information
was classified as for pregnant
non-pregnant. women.
Mayanja South-west Women aged 20 23 women who 65 women who did ~ Widely Pregnant: 3-1 Progression  Time to death RR: 0.47 -
et Uganda to 40. became pregnant  not become years to any death was 0.5 years  (0.06-3.71)
al.2012(18 (2004-2009) during follow-up. pregnant during the Non-pregnant: for the one
0) study. 2.1 years pregnant
woman who
died. Time to

death ranged
from between
0.1 and 2.2
years for the
non-pregnant
women.
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Study setting Study Study population: Study population: ART Median length  Definition of ~ Median time to  Crude effect Adjusted effect
population: Pregnant Non-pregnant available of follow up HIV event estimate (95%  estimate (95%
Inclusion criteria progression Cl) Cl)
Saada et Numerous Women aged 45  Person-time after Person-time Partially Pregnant: 39 Progression Not stated HR: 0.69 HR: 0.69
al. hospitals and years or less conception in 241 between HIV- months to AIDS- (0.41-1.18) (0.39-1.22)°
2000(193)  obstetric who had a women. seroconversion Non-pregnant:  defining
departments documented and first conception 65 months illness
throughout date of for 241 women; for
France seroconversion, the 124 women
(1988-1997) excluding who did not
women who had conceive while
a pregnancy HIV-infected all
which did not go time was classified
to term. as non-pregnant.
Tai et al. A Women who had  All person time of All person time of Widely Pregnant: 58 Progression Not stated HR: 0.55
2007(81) comprehensiv  either a CD4 139 women who 620 women who (100% of months to AIDS- (0.27-1.11)"°
with e care centre count and/or HIV  had a pregnancy did not have a pregnant Non-pregnant:  defining
further in Tennessee,  RNA level at any time during  pregnancy during and 77% 33 months illness
clarificatio ~ USA available froma  follow-up follow-up of non- Progression  Not stated HR: 0.28
n from (1997-2004) test obtained up pregnant to any death (0.10-0.78)™°
[(206)] to 120 days women on
before, but no ART)
later than 365
days after the
initial clinic visit
during the study
period.
Van der South-West Women aged 15  All person-time of  All person-time of No Not stated Progression Pregnant: 10.4 - HR: 1.16
Paaletal. Uganda to 49. 22 women who 58 women who did to AIDS- years (0.51-2.65)"
2007(47) (1990-2003) had only one not have a defining Non-pregnant:
with pregnancy since pregnancy after illness 8.2 years
further HIV HIV Progression  Pregnant: 4.9 - HR: 1.67
details seroconversion. seroconversion. to a CD4 years (0.77-3.63)"
provided count ofless  Non-pregnant:
by the than 200 6.0 years
author cells/pl
Progression Pregnant: 7.8 - HR: 1.78
to any death  years (0.84-3.78)"
Non-pregnant:
6.8 years
Weisser et Various Women aged 19  Person time from Person-time from Partially Pregnant: 60 Progression Not stated - HR: 1.92
al. university to 35 years at conception in 32 enrolment of 416 (1% of months to AIDS- (0.80-4.64)"
1998(189)  centres and registration who ~ women who hada women who did not  pregnant Non-pregnant:  defining
hospitals in had a CD4 count  pregnancy during conceive during the and 3% of 55 months illness
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Study setting Study Study population: Study population: ART Median length  Definition of ~ Median time to  Crude effect Adjusted effect
population: Pregnant Non-pregnant available of follow up HIV event estimate (95%  estimate (95%
Inclusion criteria progression Cl) Cl)
Switzerland available before  the study period. study matched to non- Progression Not stated - HR: 1.77
(1985-1995) pregnancy, the pregnant pregnant toa CD4 (0.81-3.84)"
excluding women on age, women on count of less
women who year of enrolment ART) than 100
terminated their to study and CD4 cells/pl
pregnancy by count at entry to Progression  Not stated - HR: 1.14
induced abortion study. to any death (0.48-2.72)"
and women
pregnant before
study entry.
Westreich A single Previously All person-time Person-time Widely 2.1 years Progression  Time to death HR: 0.67 HR: 0.84
etal, hospital in HAART naive following the start between study to any death  in pregnant (0.43-1.05) (0.44-1.60)13
2013(191) Johannesburg, women aged 18-  of the first entry and first group: 15
South Africa 45 who were pregnancy which pregnancy during months; no
(2004-2011) starting HAART occurred during follow-up in 918 information

treatment and
were not
pregnant at the
baseline of the
study.

follow up in 918
women.

women; for the
6616 women who
did not have a
pregnancy reported
during follow-up all
time was classified
as non-pregnant.

provided for
non-pregnant
group.

Abbreviations: ART=antiretroviral therapy, HAART= highly active ART, RR=risk ratio, HR=hazard ratio, Cl=confidence interval
!Adjusted for lifetime number of pregnancies, breastfeeding, oral contraceptive use, injectable contraceptive use, HIV disease stage, age and knowledge

of French

’Adjusted for age at seroconversion, exposure group (heterosexual vs. Injecting drug user), most recent CD4 count, ART and Pneumocystis carinii

Eneumonia prophylaxis

Demonator number of women rather than person-years

“Adjusted for age and ethnicity
°Adjusted for baseline CD4 count, clinical category (symptomatic or asymptomatic non-AIDS), age, HIV risk category (injecting drug user, no identified

risk and other), year of enrolment, Pneumocystis carinii pneumonia prophylaxis, Mycobacterium avium-intracellulare complex prophylaxis and ART

®Adjusted for age and parity

"Adjusted for Centers for Disease Control and Prevention group of human immunodeficiency virus infection, CD4 count, age and calendar year at the

time of HIV diagnosis

8Adjusted for time-updated age, CD4 count and plasma HIV-1 RNA level
Adjusted for age at seroconversion, the baseline CD4 cell percentage, and the way in which seroconversion was dated
®Adjusted for CD4 count, HIV-1 RNA level, age and durable virologic suppression
"Adjusted for age at seroconversion
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“Adjusted for CD4 count at entry
Bweighted models which account for age, employment status, active tuberculosis at study entry, calendar date at entry, WHO stage, and baseline and
time-updated measures of weight, body mass index, haemoglobin, CD4 count and percent, adherence, and current drug regimen

Table 5.7: Assessment of the quality of the studies

EXPOSURE

OUTCOME

FOLLOW-UP

CONFOUNDING

Ascertainment of
pregnancy

Risk of incorrectly
classifying awoman as
not pregnant when she
had been pregnant
since HIV
seroconversion

Ascertainment of
outcome(s)

The extent of follow up
by pregnancy group
(person time)

Adjustment for
differences in HIV
stage in pregnant and
non-pregnant group*

Adjustment for other key
confounders

Allen et al.
2007(185) with
further details
provided by the
author

Self-reported by woman
at interviews six months
apart

No information on HIV
seroconversion and no
attempt to exclude
women who were
pregnant before the
study began from the
non-pregnant group

Deaths reported by
family members;
symptoms around death
taken from
hospital/outpatient
records or from family
report at 6-monthly
interviews

90% follow-up rate after
six years

Adjust for HIV disease
stage at study entry (two
categories: Stage /Il and
Stage IlI/IV)

Also adjust for lifetime
number of pregnancies,
breastfeeding, oral
contraceptive use, injectable
contraceptive use, age, and
knowledge of French

High risk High risk High risk (clinical data) Low risk Low risk Low risk
Alliegro et al. Clinical record Known dates of Not clear; state that data  No information Adjust for most recent Also adjust for age at
1997(182) seroconversion so came from clinical CD4 count (except when  seroconversion, exposure
should correctly classify centres looking at the outcome: group (heterosexual vs.
all pregnancies since progression to any injecting drug user), ART,
HIV-infection in pregnant death) (categories not and Pneumocystis carinii
group specified) pneumonia prophylaxis
(except when looking at the
outcome: progression to any
death)
High risk Low risk High risk Unclear risk Low risk Low risk
Berrebi et al. Not clear No information on HIV Follow-up by one of the Non-pregnant women Non-pregnant women Pregnant and non-pregnant
1990(187) seroconversion; the non-  study authors; data were matched to were matched to group were matched on age
pregnant group included collected at pre-defined pregnant women on pregnant women on
women who terminated follow-up points length of follow-up stage of HIV disease
their last pregnancy at (categories not
least 2 years prior to specified)
entering the study
Unclear risk High risk Low risk Low risk Low risk Low risk
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EXPOSURE

OUTCOME

FOLLOW-UP

CONFOUNDING

Ascertainment of
pregnancy

Risk of incorrectly
classifying a woman as
not pregnant when she
had been pregnant
since HIV
seroconversion

Ascertainment of
outcome(s)

The extent of follow up
by pregnancy group
(person time)

Adjustment for
differences in HIV
stage in pregnant and
non-pregnant group”

Adjustment for other key
confounders

Bessinger et al.

Clinical records

Known dates of

From clinic database

Follow up was longer in

Pregnant and non-

Adjust for ethnicity and age

1998(183) seroconversion so and through the AIDS pregnant than in non- pregnant group were
should correctly classify surveillance program at pregnant women (32 vs. matched on closest CD4
all pregnancies since the Louisiana State 20 months) count at entry to clinic
HIV-infection in pregnant  office of Public Health (categories not
group specified)
High Risk Low risk High risk High risk Low risk Low risk
Buskin et al. Medical record review No information on HIV Medical record review No information on Adjust for CD4 count at Also adjust for clinical
1998(192) seroconversion. Only whether follow-up varied the start of follow-up category (symptomatic or

classify women as

by pregnancy group

(categories not

asymptomatic non-AIDS),

pregnant if they were specified) age, HIV risk category
pregnant at baseline of (injecting drug user, no
study; women who were identified risk and other),
pregnant before the start year of enrolment,
of study or became Pneumocystis carinii
pregnant after the start of pneumonia prophylaxis,
the study would be Mycobacterium avium-
classified as non- intracellulare complex
pregnant prophylaxis, and ART
High risk High risk High risk Unclear risk Low risk Low risk

Deschamps et al.
1993(184)

Unclear how pregnancy
status was ascertained

No information on HIV
seroconversion; the non-
pregnant group include
women who had their

Follow-up visits same in
the pregnant and non-
pregnant group

Six patients lost to follow-
up; longer follow up in the
pregnant than in the non-
pregnant group (51 vs.

No attempt to take into
account differences in
HIV stage but do state
that a sample of

Adjust for age and parity

last delivery at least 12 41 months) pregnant and non-
months before study pregnant women had
entry similar 3,-microglobulin
serum levels at study
entry
Unclear risk High risk Low risk High risk Unclear risk Low risk

Hocke et al. 1995
(188)

Women who gave birth
in Bordeaux University
Hospital in pregnant
group

Known dates of
seroconversion so
should correctly classify
all pregnancies since
HIV-infection in pregnant

group

Questionnaires
administered at every
consultation or
hospitalisation

26 patients lost to follow
up; Longer follow-up in
pregnant than in the non-
pregnant group (61 vs.
50 months)

Pregnant women were
matched to non-
pregnant women on CD4
count (three categories:
>500, 200-500 and <200
cells/pl)

Pregnant and non-pregnant
group were matched on age
and year of HIV diagnosis



EXPOSURE

OUTCOME

FOLLOW-UP

CONFOUNDING

Ascertainment of

Risk of incorrectly
classifying a woman as
not pregnant when she

Ascertainment of

The extent of follow up
by pregnancy group

Adjustment for
differences in HIV

Adjustment for other key

pregnancy had been pregnant outcome(s) : stage in pregnant and confounders
since HIV (person time) non-pregnant group1
seroconversion

Low risk Low risk High risk High risk Low risk Low risk

Kumar et al.
1997(186)

No information

Unclear risk

Do not have HIV
seroconversion dates
and do not state that
they excluded women
who had previously been
pregnant from the non-
pregnant group

High risk

Do not provide
information on the
frequency of follow-up
visits or the methods
used to collect the
outcome data

Unclear risk

Follow-up should have
been four years in both
groups; state that they
achieved follow up in all
patients

Low risk

Restricted to women
who had AIDS and
matched pregnant and
non-pregnant women on
CD4 count (categories
not specified)

Low risk

Pregnant and non-pregnant
group were also matched on
age, parity and “demographic
characteristics”

Low risk

Matthews et al.

Self-reported by woman

Women entering the

Follow-up visits

State that loss to follow

Adjust for CD4 count

Also adjust for age

2013(190) at quarterly interviews study reported whether scheduled every 6 up did not differ between (continuous) and viral
they were currently months. If contact was women who were load suppression (< vs.
pregnant but did not not made with a pregnant and those who 2400 copies/ml) both
report on dates of pre- participant within 6 did not have a pregnancy treated as time
enrolment pregnancy or months of a scheduled dependant covariates
postpartum status visit then HIV clinic
records were reviewed
and family members
were contacted to
identify deaths.
High risk High risk Low risk Low risk Low risk Low risk
Mayanja et At all follow up visits It is not clear if they Participants attended Longer follow-up in None None
al.2012(180) urine pregnancy testing exclude women who may the clinic for three pregnant than in the non-
was performed have been pregnant and monthly routine visits, pregnant group (3-1 vs.
HIV-infected before where a clinician 2.1 years)
enrolment into the cohort  administered a medical
and sexual history
questionnaire and
undertook a full physical
examination
Low risk Unclear risk Low risk High risk High risk High risk
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EXPOSURE

OUTCOME

FOLLOW-UP

CONFOUNDING

Ascertainment of
pregnancy

Risk of incorrectly
classifying a woman as
not pregnant when she
had been pregnant
since HIV
seroconversion

Ascertainment of
outcome(s)

The extent of follow up
by pregnancy group
(person time)

Adjustment for
differences in HIV
stage in pregnant and
non-pregnant group”

Adjustment for other key
confounders

Saada et al. No information Estimate dates of Women are examined Longer follow-up in the Adjust for CD4 count at Also adjust for age at
2000(193) seroconversion but do every 3/6 months non-pregnant than in the study entry (CD4 infection and the
not exclude women who depending on clinical pregnant group (65 vs. percentage was treated seroconversion dating
might have been status and whether 39 months) as continuous) method
pregnant between pregnant or not
seroconversion and
study enrolment from the
non-pregnant group’
Unclear risk High risk High risk High risk Low risk Low risk

Tai et al. 2007(81)

Clinical data were
entered into an electronic
medical record by

No information on HIV
seroconversion and no
attempt to exclude

Clinical data were
entered into an
electronic medical

Longer follow-up in the
pregnant than in the non-
pregnant group (58 vs.

Adjusted for CD4 count
at study entry (two
categories: >200 and

Also adjust for HIV-1 RNA
level, age, and durable
virologic suppression

medical providers at the women who were record by medical 33 months) <200 cells/pl)
time of patient encounter  pregnant before the providers at the time of
study began from the patient encounter
non-pregnant group
High risk High risk High risk High risk Low risk Low risk
Van der Paal et al. Study participants are Only include women who  Study participants are No information None Adjust for age at
2007(47) with seen routinely every seroconverted during the  seen routinely every seroconversion
further details three months by one of study period so should three months by one of
provided by the two study physicians correctly classify all two study physicians
author who ask about date of pregnancies since HIV- who perform clinical
last mensus and reasons infection in pregnant examinations
for any amenorrhoea group
Low risk Low risk Low risk Unclear risk High risk Low risk
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EXPOSURE

OUTCOME

FOLLOW-UP

CONFOUNDING

Ascertainment of
pregnancy

Risk of incorrectly
classifying a woman as
not pregnant when she
had been pregnant
since HIV
seroconversion

Ascertainment of
outcome(s)

The extent of follow up
by pregnancy group
(person time)

Adjustment for
differences in HIV
stage in pregnant and
non-pregnant group”

Adjustment for other key
confounders

Weisser et al.
1998(189)

State that pregnancies,
abortions and deliveries
are recorded
prospectively, but no
information on how this
data is collected

Unclear risk

Excluded women who
were pregnant before
study entry

Low risk

Follow up visits
scheduled every 6
months and
questionnaire is used to
identify new and
recurring HIV-associated
diseases; additional data
from a second study
where pregnant HIV-
infected women have 3-
monthly visits

High risk

Longer follow-up in the
pregnant than in the non-
pregnant group (60 vs.
55 months)

High risk

Tried to match pregnant
and non-pregnant
women on CD4 count at
study entry (categorised
by increments of 100
cells/pl) but pregnant
women did have a
higher mean CD4 count
than controls so also
adjusted for CD4 count
at entry (categorised by
increments of 100
cells/pl)

Low risk

Pregnant and non-pregnant
group were matched on age

Low risk

Westreich et al,
2013(191)

Identified from clinical
records and records of
antiretroviral drug
regimens

High risk

Do not exclude women
who may have been
pregnant and HIV-
infected before
enrolment into the cohort

High risk

Deaths were obtained
from the clinic database
and from the national
death registry

High risk

Pregnant woman were
less likely to be loss to
follow-up compared with
non-pregnant women

High risk

Weighted models
accounted for WHO
stage (categories not
specified), and baseline
and time-updated
measures of CD4 count
and percent (categories
not specified)

Low risk

Weighted models accounted
for age, employment status,
active tuberculosis at study
entry, calendar date at entry,
and baseline and time-
updated measures of weight,
body mass index,
haemoglobin, adherence,
and current drug regimen

Low risk

Abbreviations: ART=antiretroviral therapy, WHO= World Health Organization
YIn particular whether matching for time since HIV diagnosis or a measure of immune function occurred
A second estimate is available from the paper which includes women with unknown dates of seroconversion date but excludes women who had
been pregnant before enrolment to the study
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5.3 CONCLUSION

This review suggests that, where ART is available, almost all deaths attributable to HIV
in pregnant and postpartum women are likely to be coincidental to the pregnancy. In
settings where ART is not available, we do see small increases in the risk of HIV
disease progression with pregnancy. The interpretation of these results are tricky as,
on the one hand, the confidence intervals are wide but, on the other hand, all but one
study report relative risks consistent with an excess risk with pregnancy. If we assume
that this increased risk is real then we can extrapolate to calculate the percentage of
HIV/AIDS-related deaths which should be classified as indirect maternal deaths. We
find, for example, that the risk of an HIV-related death is 1.35 times higher in pregnant
compared to non-pregnant women; we can therefore predict that approximately 25% of
HIV/AIDS-related deaths should be classified as indirect causes of maternal death (i.e.
out of 135 deaths to pregnant and postpartum women, 35 will have been aggravated

by pregnancy).

So far the results presented in this thesis have relied on published data which has been
largely facility-based, and concerns have been raised about study quality across all the
reviews. In the next two chapters population-based data from sub-Saharan Africa will

be used to further explore the effect of HIV on pregnancy-related mortality.
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6 EFFECT OF HIV INFECTION ON PREGNANCY-RELATED
MORTALITY IN SUB-SAHARAN AFRICA: SECONDARY
ANALYSES OF POOLED COMMUNITY BASED DATA FROM
THE NETWORK FOR ANALYSING LONGITUDINAL
POPULATION-BASED HIV/AIDS DATA ON AFRICA (ALPHA)

6.1 INTRODUCTION

This chapter presents the results of analyses estimating the effect of HIV on
pregnancy-related mortality using community-based data from six of the member sites
of the ALPHA network. The key findings from this work were written up as an article
and published in the Lancet Women Deliver series.(171) This article is presented in
Section 6.2; however, some of the results which were originally included in the

appendix of the paper have been integrated into the body of the text.
Following on from the article are the results from a number of additional analyses which

were undertaken to test the sensitivity of the results which were published. In the final

section of this chapter the implications of these results are discussed.
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6.2 ARTICLE

6.2.1 Abstract

Background: Model-based estimates of the global proportions of maternal deaths that
are in HIV-infected women range from 7% to 21%, and the effects of HIV on the risk of
maternal death is highly uncertain. We used longitudinal data from the Analysing
Longitudinal Population-based HIV/AIDS data on Africa (ALPHA) network to estimate
the excess mortality associated with HIV during pregnancy and the postpartum period

in sub-Saharan Africa.

Methods: The ALPHA network pooled data gathered between June, 1989 and April,
2012 in six community-based studies in eastern and southern Africa with HIV
serological surveillance and verbal autopsy reporting. Deaths occurring during
pregnancy and up to 42 days postpartum were defined as pregnancy-related. Pregnant
or postpartum person-years were calculated for HIV-infected and HIV-uninfected
women, and HIV-infected to HIV-uninfected mortality rate ratios and HIV-attributable
rates were compared between pregnant or postpartum women and women who were

not pregnant or postpartum.

Findings: 138,074 women aged 15-49 years contributed 636,213 person-years of
observation. 49,568 women had 86,963 pregnancies. 6,760 of these women died, 235
of them during pregnancy or the postpartum period. Mean prevalence of HIV infection
across all person-years in the pooled data was 17.2% [95% confidence interval (ClI)
17.0-17.3], but 60 of 118 (50.8%) of the women of known HIV status who died during
pregnancy or postpartum were HIV-infected. The mortality rate ratio of HIV-infected to
HIV-uninfected women was 20.5 (95% CI: 18.9-22.4) in women who were not pregnant
or postpartum and 8.2 (95% CI: 5.7-11.8) in pregnant or postpartum women. Excess
mortality attributable to HIV was 51.8 (95% CI: 47.8-53.8) per 1,000 person-years in
women who were not pregnant or postpartum and 11.8 (95% CI: 8.4-15.3) per 1,000

person-years in pregnant or postpartum women.

Interpretation: HIV-infected pregnant or postpartum women had around eight times
higher mortality than did their HIV-uninfected counterparts. On the basis of this
estimate, we predict that roughly 24% of deaths in pregnant or postpartum women are

attributable to HIV in sub-Saharan Africa, suggesting that safe motherhood
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programmes should pay special attention to the needs of HIV-infected pregnant or

postpartum women.

6.2.2 Introduction

Indicators for measuring progress towards the Millennium Development Goals include
maternal mortality (the fifth Millennium Development Goal) and HIV/AIDS-associated
mortality (the sixth Millennium Development Goal). In sub-Saharan Africa, the high
prevalence of HIV infection in pregnant women makes the interaction between HIV and
maternal mortality an important public health issue. In the 2011 follow-up of the UN
General Assembly, a specific goal on HIV and maternal mortality was set i.e., to halve
HIV mortality in pregnant or postpartum women by 2015.(175) The substantial increase
in adult mortality because of HIV, which has been noted in many studies in sub-
Saharan Africa, (207, 208) might have an adverse effect on pregnancy-related mortality
even if the link between HIV and maternal death is not causal, and affects the reliability

of assessments of progress towards the fifth Millennium Development Goal.

Although recent estimates have suggested that maternal mortality is decreasing
worldwide, worrying increases have been noted in some countries in sub-Saharan
Africa. WHO estimates that the maternal mortality ratio increased by more than 40% in
all countries in southern Africa between 1990 and 2005.(29, 32) In Zimbabwe and
Malawi the MMR increased by a factor of 2.5 and 1.8 respectively between 1985-94
and 1995-99.(10) Reasons for these increases are poorly understood. The increasing
prevalence of HIV infection is thought to be the main driver, (29, 32) but empirical

evidence supporting this assertion is weak.

The contribution of HIV to maternal mortality can be measured by calculating the
proportion of maternal deaths attributed to HIV. A systematic review of population-
based studies published between 1997 and 2002 examining the cause distribution of
maternal deaths showed that 6.2% of maternal deaths in Africa can be attributed to
HIV/AIDS (based on eight Africa-based studies).(101) Most studies that have been
published so far are facility-based. Some hospital-based studies(18-20, 209) in areas
where the prevalence of HIV infection is high have shown that HIV/AIDS is one of the
leading causes of pregnancy-related deaths. In a tertiary hospital in South Africa, more
than 40% of maternal deaths were loosely attributed to HIV/AIDS,(20) and, in a 2012
analysis(210) of all institutional maternal deaths in South Africa in 2008-10, 70% were

in HIV-infected women. Because of the scarcity of empirical data for the interaction
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between HIV and maternal mortality, most estimates of the contribution of HIV to
maternal mortality rely on mathematical models with inbuilt assumptions about how HIV
interacts with pregnancy. A model developed by the Institute of Health Metrics and
Evaluation assumed that all deaths in HIV-infected pregnant or postpartum women
should be classified as maternal; as a result, roughly 20.5% of maternal deaths in 2011
were attributed to HIV globally.(29) Another model, which was produced by the UN
Maternal Mortality Estimation Inter-agency Group, assumed that only 50% of deaths in
HIV-infected pregnant or postpartum women were maternal; 6.5% of the global
maternal deaths in 2010 were estimated to be attributable to HIV/AIDS on the basis of
this model.(32)

An alternative measure of the contribution of HIV to mortality during pregnancy is the
excess mortality associated with HIV in pregnant or postpartum women. On the basis
of a systematic review of 23 studies, 17 of which were done in sub-Saharan Africa,
HIV-infected pregnant or postpartum women were estimated to have nearly eight times
the risk of death that non-HIV-infected women had.(98) The authors of the review,
which was focused on pregnancy-related mortality rather than maternal mortality, used
this risk ratio to predict that roughly 25% of pregnancy-related deaths in sub-Saharan
Africa were attributable to HIV.

The paucity of empirical data for the effect of HIV on mortality during pregnancy is
largely the result of difficulties with methods. In most community-based studies, the HIV
status of women and girls who die is unknown, and very few maternal deaths are
encountered. We use longitudinal data from the network for Analysing Longitudinal
Population-based HIV/AIDS data on Africa (ALPHA), which links ten HIV community-
based cohort studies(211) from eastern and southern Africa (six of which have the
necessary data), to calculate the excess mortality associated with HIV during

pregnancy and the postpartum period.

6.2.3 Methods

Study design

We used data from six independently established studies in Karonga, Kisesa,
Manicaland, Masaka, Rakai, and uMkhanyakude in our analysis. Fieldwork methods for
each study have been described in detail elsewhere.(97, 212-216) Briefly, the studies
recorded demographic data—ie, dates of births (of both mothers and infants), deaths,

and, except for Karonga and Rakai, dates of pregnancy reports. Each study also
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provided dates and results of HIV tests for their surveillance populations. In Karonga,
Kisesa, Rakai, and uMkhanyakude, the demographic and HIV surveys were done
separately, and data were linked via unique personal identifiers. In Manicaland and
Masaka, household censuses were administered to record demographic events and list

eligible participants for HIV testing immediately before serological surveillance.

HIV test protocols differ between studies and have changed with time, and details of
test kits used at each site since 1990 have been published.(217-222) HIV testing was
done in the home, except in Kisesa, where serological surveillance was done in
specially constructed temporary village clinics, to which people were transported by
project vehicles from their homes. Before 2003, all studies (excluding Karonga)
followed a research test protocol of informed consent without disclosure (in
uMkhanyakude, participants received detailed verbal and written pretest information),
but as antiretroviral therapy (ART) became available, testing protocols that offer, but do
not insist upon, full pretest and post-test counselling were gradually adopted. Karonga

had always offered full pretest and post-test counselling.

Procedures

A common format and coding system were agreed with the six African study sites for
all data variables used in the analyses. After a series of analysis workshops, each
study contributed a data set meeting the agreed specification, and the data were
pooled by analysts at the London School of Hygiene & Tropical Medicine (London, UK).
Data management programs were developed in Stata (version 12) to clean the pooled
data set, so that all data met the same validity and consistency criteria for statistical
analysis. The data cleaning programs and the subsequent statistical analyses
programs were made available to the study sites for further use with their own data.
Analyses presented in this Article relate to all deaths occurring in pregnant or
postpartum women (up to 42 days postpartum). We did not exclude causes that are
incidental to pregnancy, and thus we use the term pregnancy-related mortality rather

than maternal mortality to describe our findings.

Verbal autopsy interviews are structured interviews with persons who cared for or were
close to the deceased during the final illness, and can report signs and symptoms that
they noted during this period.(24) Interviews were triggered by reports of deaths
collected during demographic surveillance at all sites except Manicaland and Masaka,
where community-based informants were used. At Masaka, the deaths for which verbal

autopsy interviews were done occurred between March, 1990, and November, 1992, or
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between January, 2006, and November, 2008; data were gathered continuously at all
other sites. Instruments for verbal autopsies were developed largely independently by
each study, with convergence to compatibility with international standards by
2011.(223, 224) We used only two sets of responses in this analysis—those to
guestions about whether the woman was pregnant or postpartum when she died and

whether she had ever tested positive for HIV infection.

In accordance with the tenth revision of the International Classification of
Diseases,(102) we classified death as pregnancy-related if it occurred while the woman
was pregnant or postpartum, irrespective of the cause of death. Pregnancy or birth
reports that identified a death as pregnancy-related were obtained either from

demographic surveillance or from verbal autopsies.

Statistical analysis

Person-time at risk of a pregnancy-related death was calculated. For births recorded by
demographic surveillance, 280 days of pregnancy (unless curtailed by the woman
arriving in the study area after the start of her pregnancy) and 42 days postpartum
exposure (unless curtailed by the woman's death or departure from the study area)
were assumed for calculations of person-time at risk of pregnancy-related death. When
pregnancy was recorded (either by demographic surveillance or verbal autopsy) but no
birth report obtained (because the woman died or left the study area before delivery),
we assumed that the pregnancy report was made on day 185 of the pregnancy—i.e.,
halfway between day 90 and day 280—on the grounds that pregnancies would be

unlikely to be recognised and reported before the first trimester.

In our analysis, women have a risk of dying or giving birth as soon as they turn 15
years old and have been listed as members of a study household during demographic
surveillance. The risk period ends when they are aged 50 years or older or leave the

study area through death or migration.

Person-time is classified as HIV-uninfected from the first HIV-negative test date to a
predetermined period after the last HIV-negative test. For women who subsequently
test positive for HIV infection, the remaining HIV-uninfected period is half the interval
between the last negative test and the first positive test. For women who do not test
positive after their last HIV-negative test, the remaining HIV-uninfected period was
defined as 5 years for Karonga, Kisesa, Masaka, and Rakai, 3 years for Manicaland,

and 1.5 years for uMmkhanyakude. These periods roughly correspond to the time that
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it would take for 5% of HIV-uninfected women at the different study sites to

seroconvert.

Person-time after the first HIV-positive test was classified as HIV-infected, as was half
the person-time in a seroconversion period. Verbal autopsies might identify HIV-
infected women who had not tested positive in a serosurvey, such as women who were
tested before moving to the study area or tested outside the research setting (e.g., at
an antenatal clinic) and subsequently did not take part in research tests. To avoid
counting these deaths without allocation of an appropriate amount of person-time at
risk, we assumed that women who were established to be HIV-infected on the basis of
verbal autopsies had been infected for 5 years — i.e., half the median post-infection

survival time in the pooled data set.(97)

We classified person-time for women who were never tested and person-time lived
outside that classified as HIV-infected or HIV-uninfected as HIV status unknown. We
divided exposure years into calendar time before ART was available, during ART

rollout, and after widespread ART availability in health facilities serving each study.

The period prevalence of HIV infection was calculated by dividing the HIV-infected
person-years by the sum of the years of known HIV status. We estimated the general
fertility rate as the total number of births divided by the total number of person-years to

women of reproductive age.

We calculated mortality rates per 1,000 person-years by pregnancy and HIV status,
and used the age distribution of all women as a standard to calculate age-standardised
mortality. The rate ratio was calculated by dividing the mortality rate in HIV-infected
women by that in HIV-uninfected women for pregnant or postpartum women and for
those who were not pregnant or postpartum. For the pooled data set, we used Mantel-
Haenszel estimates to calculate an age-adjusted rate ratio, but could not calculate age-

adjusted rate ratios for each site because of small numbers.

To quantify the excess risk of mortality in HIV-infected women, the attributable rate was
calculated as the mortality rate in HIV-infected women minus that in HIV-uninfected
women. We divided the attributable rate by the mortality rate in HIV-infected women to
calculate the attributable rate percentage of deaths due to HIV infection. To assess the
effect of HIV on mortality at the population level, we calculated the population-

attributable rate — i.e., the mortality rate in all women minus that in HIV-uninfected
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women. We then divided the population-attributable rate by the mortality rate in all
women to give the population-attributable fraction (PAF). To predict PAFs in pregnant
women in populations with known prevalences of HIV infection on the basis of noted
rate ratios of mortality of HIV-infected to HIV-uninfected pregnant or postpartum

women in the pooled ALPHA data set, we used the standard relation:(88)

prevalence x (rate ratio — 1)
PAF =

1 + prevalence x (rate ratio — 1)

6.2.4 Results

Table 6.1 lists the six independently established studies that contributed data for our
analysis. 138,074 women aged 15-49 years contributed 636,213 person-years of
observation between June, 1989, and April, 2012. HIV status was known for 321,817 of
636,213 (50.6%) person-years (Table 6.2). 49,568 women had 86,963 pregnancies;
HIV status was known during 49,740 (57.2%) of these pregnancies. 6,760 deaths were
reported in women of reproductive age, of which 3,709 (54.9%) could be classified by
HIV status (Table 6.2). Of the 235 of these deaths that were in women who were

pregnant or postpartum, HIV status was known for 118 (50.2%; Table 6.2).

Table 6.1: Characteristics of ALPHA study sites contributing data for HIV and pregnancy-
related mortality

London National Imperial Uganda Mankerere Africa Centre
School of Institute of College and Virus University and University
Hygiene and Medical Biomedical Research and Johns of KwaZulu-
Tropical Research, Research Institute and Hopkins Natal
Medicine Tanzama Training UK Medical School of
Institute Research Public
Council Health
Location Karonga, Kisesa, Manicaland, Masaka, Rakai, uMkhanyakude,
Malawi Tanzania Zimbabwe Uganda Uganda South Africa
Dates for
hich HIV 2005-12 10942011  1994-2008  1989-2011  1994-2009 2003-11
available
Prevalence
of HIV 12% 5% 24% 7% 16% 22%
infection at
start date"
Prevalence
Of HIV 0, 0, 0 0, 0, 0,
infection at 8% 6% 14% 9% 11% 29%
start date’
Population at
2start date (n) 31,000 20,000 15,000 8,000 30,000 93,000
Population at 35,000 34,000 37,000 19,000 40,000 96,000
end date (n)
Frequency of Continuous ) )
DSS data (through key Every 6 Every 2-3 Every year Every 14-16 Every 6 months
) ) months years months
collection informants)
Frequency of Variable (< ) )
HIV data every 3 Every 3 Every 2-3 Every year Every 14-16 Every year
; years years months
collection years)
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Collection
periods for

2003-2012 1994-2011
verbal
autopsy data
Period of roll-
out of ART 2005-06 2005-08

1994-2008

2007-09

1990-92,
2006-08

2004-05

1996-2009

2004-06

2003-11

2004-06

Abbreviations: ART=antiretroviral therapy, DSS=demographic surveillance site

'In people aged 15 or older

’Populations are rough estimates; numbers are rounder for ease of comparison

Table 6.2: Mortality in pooled ALPHA network data by pregnancy and HIV status, 1990-

2012

Deaths

Person-years’

Mortality per 1,000
person-years (95%

cl)

Age standardised
mortality per 1,000

personyears

Not pregnant and more than 42 days postpartum

Known HIV status 3591 282,664 12.7 (12.3-13.1) 12.8 (12.4-13.2)
HIV-uninfected 652 231,804 2.8 (2.6-3.0) 2.8 (2.6-3.0)
HIV-infected 2939 50,859 57.8 (55.7-59.9) 57.6 (55.5-59.6)
Unknown HIV status 2934 284,960 10.3 (9.9-10.7) 10.3 (9.9-10.7)
Total 6525 567,624 11.5(11.2-11.8) 11.5(11.3-11.8)
Pregnant or up to 42 days postpartum
Known HIV status 118 39,153 3.0 (2.5-3.6) 3.6 (2.3-5.0)
HIV-uninfected 58 34,774 1.7 (1.3-2.2) 2.4 (1.0-3.8)
HIV-infected 60 4,380 13.7 (10.6-17.6) 16.1 (10.3-21.9)
Unknown HIV status 117 29,436 4.0 (3.3-4.8) 5.2 (3.0-7.3)
Total 235 68,590 3.4 (3.0-3.9) 4.3 (3.1-5.5)
All women of reproductive age
Known HIV status 3709 321,817 11.5 (11.2-11.9) -
HIV-uninfected 710 266,578 2.7 (2.5-2.9) -
HIV-infected 2999 55,240 54.3 (52.4-56.3) -
Unknown HIV status 3051 314,396 9.7 (9.4-10.1) -
Total 6760 636,213 10.6 (10.4-10.9) -

Abbreviations: Cl=confidence interval
'Data in the person-years column might not add exactly due to rounding

The overall mean prevalence of HIV infection during the data collection period in the

pooled data set was 17.2% (95% CI 17.0-17.3). Prevalence in pregnant or postpartum

women (11.2%, 95% CI: 10.9-11.5) was significantly lower than that in women who
were not pregnant or postpartum (18.0%, 95% CI: 17.9-18.1, p<0.0001). Figure 6.1

shows the prevalence of HIV infection in women of reproductive age by year.
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Figure 6.1. Calender-year time trends in the HIV prevalence amongst women of
repoductive age by study site

Mean prevalence was 7.2% (95% CI: 7.0-7.4) in Kisesa, 8.2% (95% CI: 7.9-8.4) in
Masaka, 9.6% (95% CI: 9.2-10.0) in Karonga, 15.7% (95% CI: 15.5-15.9) in Rakai,
24.5% (95% CI: 24.0-25.0) in Manicaland, and 35.4% (95% CI: 35.0-35.8) in
uMkhanyakude. Mean prevalence in women who were pregnant or postpartum was
significantly lower than that in women who were not pregnant or postpartum (data not

shown).

The general fertility rate in the pooled data set was 132 (95% CI. 131-133) births per
1,000 person-years. Fertility rates were significantly lower in HIV-infected women (100,
95% CI: 97-104) than in HIV-uninfected women (172, 95% CI. 170-174, p<0.0001).
General fertility rates were lower in the southern African sites—ie, Manicaland (85.8,
95% CI: 82.5-89.1) and uMkhanyakude (98.2, 95% CI: 96.9-99.5)—than in the east
African sites—ie, Karonga (190.5, 95% CI: 187.1-194.0), Kisesa (180.6, 95% CI:
177.9-183.4), Masaka (157.9, 95% Cl: 154.7-161.2), and Rakai (125.1, 95% CI:
123.3-126.9). Mortality in HIV-uninfected women was 1.5 (95% CI: 1.1-1.9) per 1,000
person-years at uMkhanyakude, which was lower than that at the other sites combined
(2.9, 95% CI: 0.27-0.31 per 1,000 person-years).
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Table 6.3 shows the distribution of deaths at each site classified by HIV status and
whether or not women were pregnant or postpartum. The uMkhanyakude site
contributed 29.3% of all the deaths in women of known HIV status, 22.9% of the
pregnancy-related deaths in women of known HIV status, and 34.3% of all deaths in
HIV-infected women (Table 6.3).

Table 6.3: Deaths in women aged 15-49 years by study site and HIV status

Karonga Kisesa Manicaland Masaka Rakai uMkhanyakude Total

Pregnancy-related deaths

HIV 7/42 30/62 7123 7/13 4/20 3175 58/235
uninfected (17%) (48%) (30%) (54%) (20%) (4%) (25%)
HIV 5/42 7/62 15/23 3/13 6/20 24/75 60/235
infected (12%) (11%) (65%) (23%) (30%) (32%) (26%)
Unknown 30/42 25/62 1/23 3/13 10/20 48/75 117/235
(71%) (40%) (4%) (23%) (50%) (64%) (50%)

All other deaths

HIV 25/321 127/545 199/806 110/580 135 /1468 56/2805 652/6525
uninfected (8%) (23%) (25%) (19%) (9%) (2%) (10%)
HIV 110/321 159/545 588/806 305/580  772/1468 1005/2805 2939/6525
infected (34%) (29%) (73%) (53%) (53%) (36%) (45%)
Unknown 186/321 259/545 19/806 165/580  561/1468 1744/2805 2934/6525
(58%) (48%) %) (28%) (38%) (62%) (45%)

Of the 235 pregnancy-related deaths, 40 (17.0%) were identified as pregnancy-related
by both verbal autopsy data and demographic surveillance data, 144 (61.3%) were
identified as pregnancy-related on the basis of verbal autopsy reports alone, and the
remaining 51 (21.7%) were identified through demographic surveillance only. In this
last group of 51, verbal autopsy was not done in 24 cases and did not directly identify
the death as pregnancy-related in 27 cases. The study with the lowest proportion of
pregnancy-related deaths with verbal autopsy data was Masaka (23.1%). Rakai relied
exclusively on verbal autopsies to identify pregnancy-related deaths. In Kisesa and
Manicaland, less than 20% of the pregnancy-related deaths were identified as such via

demographic surveillance system (data not shown).

Overall mortality in the pooled data set was 10.6 (95% CI: 10.4-10.9) per 1,000
person-years. In HIV-infected women, overall mortality was 54.3 (95% CI: 52.4-56.3)
per 1,000 person-years compared with 2.7 (95% CI: 2.5-2.9) in HIV-uninfected women.
It was 9.7 (95% CI: 9.4-10.1) per 1,000 person-years in women of unknown HIV
status, which was lower than the mean mortality of women with known HIV status
(11.5, 95% CI: 11.2-11.9 per 1,000 person-years). 49.2% of the person-years of
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unknown HIV status were contributed by the uMkhanyakude site, where participation

rates in HIV surveillance were lower than at other sites (data not shown).

Table 6.2 shows deaths, person-years of exposure, and resulting mortality by
pregnancy or postpartum status and HIV status. 60 of 118 (50.8%) pregnant or
postpartum women of known HIV status who died were infected with HIV (Table 6.2).

Figure 6.2 contains further breakdown of these results by study site.
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Figure 6.2: Mortality rates in HIV-infected and uninfected women by pregnancy status
and study site

During the study period, HIV-infected women had much higher mortality than had
uninfected women. The crude rate ratio of mortality in HIV-infected women who were
not pregnant or postpartum to that in HIV-uninfected women who were not pregnant or
postpartum was 20.5 (95% CI: 18.9-22.4); in pregnant or postpartum women, the
corresponding rate ratio is 8.2 (95% CI: 5.7-11.8; Table 6.4). After adjustment for age,
the rate ratio for women who were not pregnant or postpartum fell to 19.0 (95% CI:
17.3-20.8) and that for pregnant or postpartum women increased slightly to 9.0 (95%
Cl: 6.1-13.1). Mortality rate ratios varied substantially across study sites (Table 6.4). At
all sites, the rate ratios were substantially higher in women who were not pregnant or
postpartum than in those who were pregnant or postpartum, with the exception of

Manicaland, where the ratios were very similar in the two groups (Table 6.4). Sensitivity
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analyses showed little effect on the crude rate ratio of varying the assumptions around

the person-time allocated as HIV-infected before death for HIV infection reported in

verbal autopsies, or HIV uninfected time after a last HIV negative test (described in

detail in Secti

on 6.3.1).

Table 6.4: Crude rate ratio of mortality rates in HIV-infected and HIV-uninfected women
and population attributable fractions for HIV, by study site

Crude rate ratio (95% ClI)

Population attributable fraction (95% ClI)

Pregnant or

Not pregnant or

Pregnant or

Not pregnant or

postpartum postpartum postpartum postpartum
Karonga 11.7 (3.7-37.0) 38.7 (25.1-59.7) 38.0 79.3
Kisesa 4.4 (1.9-10-1) 15.2 (12.1-19.2) 14.6 51.7
Manicaland 9.5 (3:9-23:4) 8.9 (7.5-10.4) 60.8 65.7
Masaka 5.9 (1.5-22.9) 30.5 (24.5-37.9) 24.9 70.9
Rakai 13.4 (3.8-47.4) 28.7 (23.9-34.5) 55.5 82.0
uMkhanyukude 16.8 (5.1-55.9) 32.4 (24.7-42.3) 83.5 91.7
All sites 8.2 (5.7-11.8) 20.5 (18.9-22.4) 44.6 77.6

Abbreviations: Cl=confidence interval

Figure 6.3 shows the mortality rates for women with known HIV status, broken down by

availability of ART. Mortality fell substantially in HIV-infected women who were not

pregnant or postpartum; the mortality rate ratio comparing the post-ART period with the

pre-ART period was 0.42 (p<0.0001). In woman who were pregnant or postpartum, the
fall was much smaller (0.70 [p=0.205]).
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Figure 6.3: Mortality rates in HIV-infected and HIV-uninfected women, by pregnancy
status and availability of ART. Bars are 95% confidence intervals. Abbreviations:
ART=Antiretroviral therapy, PPP=pregnant or postpartum
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Figure 6.4 compares, for each study, the proportion of pregnant or postpartum women
infected with HIV at the time of their death, with the mean prevalence of HIV infection in
the child-bearing population during the study period. The relation was not linear, but
prevalence of HIV infection in living pregnant or postpartum women (range 7—35) was
associated with that in pregnant or postpartum women who died (19-89). Prevalence
of HIV infection in pregnant or postpartum women who died was between 2.5 and 4.5

times that in living women aged 15-50 years.
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Figure 6.4: Proportion of pregnant or postpartum women infected with HIV at the time of
their deaths amongst all deaths of pregnant or postpartum women with known HIV
status, and mean prevalence of HIV infection amongst women of reproductive age, by
study site. Abbreviations: PPP=pregnant or postpartum

6.2.5 Discussion

In the pooled ALPHA data, HIV-infected pregnant or postpartum women had an eight-
times higher risk of dying than did HIV-uninfected counterparts. In women who were
not pregnant or postpartum, the risk in HIV-infected women was slightly more than 20
times that in HIV-uninfected women. Excess mortality attributable to HIV was
substantially lower in HIV-infected pregnant or postpartum women than that in HIV-

infected women who were not pregnant or postpartum. Thus, the HIV PAF is much
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smaller for pregnant or postpartum women than for women who were not pregnant or

postpartum (78%).

Lower excess mortality attributable to HIV in HIV-infected pregnant or postpartum
women than in HIV-infected women who are not pregnant or postpartum is perhaps not
surprising. Although HIV has been classified by some analysts as an indirect cause of
maternal death(29)—implying that HIV disease progression is aggravated by
pregnancy—evidence for the adverse effect of pregnancy on HIV progression and
mortality in HIV-infected women is weak.(101) Excess mortality might be counter-
balanced by the fact that fertility falls rapidly with duration of HIV infection(225) and
with age, whereas mortality increases with age and rises very rapidly with duration of
HIV infection. When women are ill with AIDS or an AlIDS-related disorder, they are
unlikely to become pregnant and are thus unlikely to die while pregnant or postpartum.
This so-called healthy pregnant women effect—a selection effect whereby healthier
women are the ones who become pregnant—has been described in other settings
(where it is mainly due to the younger age of pregnant women relative to non-pregnant
women), but is more strongly apparent when HIV is the main cause of death in
adults.(124)

Provision of services to prevent mother-to-child transmission of HIV probably did not
confer health advantages to the pregnant women in this study. Most of the data
(roughly 649%) relating to the mortality exposure of pregnant women were gathered
before such services were widely available at the study sites. The drugs given in the
early programmes to prevent mother-to-child transmission were one-off doses close to
the time of delivery (too late to affect survival for most of the at-risk period). The aim
was to decrease the probability of transmission to the neonate rather than to improve
the mother's survival chances. WHQO's 2010 guidelines(174) include recommendations
for ART aimed at improvement of survival of mothers, but these guidelines had not yet
been implemented at any of the study sites during the study, and by 2011-12, preghant
or postpartum women had not benefited significantly from ART availability, unlike their

non-pregnant counterparts.

The PAF of 44.6% corresponded to an overall mean prevalence of HIV infection of
17.2% in the ALPHA surveillance populations; the crude rate ratio in the pooled data
set was 8.2. On the basis of the standard relations between PAF, prevalence, and rate
ratio, we expected a PAF for HIV of around 24% in pregnancy-related mortality for sub-

Saharan Africa, where the Joint UN Programme on HIV/AIDS (UNAIDS) estimate that
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the 2010 prevalence of HIV infection in pregnhant women is 4.4% (unpublished).(226)
The results of a systematic review showed that an estimated 25% of pregnancy-related
deaths were attributable to HIV in sub-Saharan Africa.(98) Globally, the equivalent
estimate for the proportion of pregnancy-related deaths attributable to HIV is roughly
8%, which is based on the (unpublished) UNAIDS global estimate of 1.2% prevalence
of HIV infection in pregnant women.(226) We would expect the proportion of maternal
mortality attributable to HIV to be less than this estimate if some of the AIDS deaths in

pregnant or postpartum women are classified as incidental to pregnancy.

Modelled estimates for the proportion of maternal mortality attributable to HIV in sub-
Saharan Africa range from 10% to 32%.(17, 32) However, confidential inquiries in
South Africa suggest that roughly 70% of pregnant or postpartum women who die in
hospital might be HIV-infected, (210, 227) and estimates based on these data suggest a
PAF for HIV of about 58%. In the pooled ALPHA data set, 51% of the pregnant or
postpartum women who died were infected with HIV. The standard relations between
PAF, prevalence, and rate ratio led us to expect a PAF for HIV of 56% in South African

institutional pregnancy-related deaths—uvery close to the noted figure.

The overall ratio of pregnancy-related deaths to pregnancies for all sites was 270 per
100,000 pregnancies—1,015 per 100,000 in HIV-infected women and 119 per 100,000
in HIV-uninfected women. In view of the fact that women in sub-Saharan Africa have
very low access to high-quality obstetric care, these ratios are low and generally fall
below the modelled maternal mortality estimates for sub-Saharan Africa in 1990-2010
published by WHO (850-500 maternal deaths per 100,000 live births)(32) and the
Institute for Health Metrics and Evaluation (490-170 maternal deaths per 100,000 live
births).(29) However, the ratios in the ALPHA data set (1015 per 100,000 for HIV-
infected women, 270 per 100,000 for HIV-uninfected women) were higher than
institutional ratios for pregnancy-related deaths reported in South Africa (430 per
100,000 for HIV-infected women, 75 per 100,000 for HIV-uninfected women).(210) HIV
ascertainment was not related to the ascertainment of pregnancy, so the probable
underestimation of pregnancy-related deaths should not affect the rate ratio

comparisons of pregnancy-related mortality in HIV-infected and HIV-uninfected women.

Our study has several limitations. Even after pooling of the data from all six studies we
identified only 235 pregnancy-related deaths. Compared with studies designed to track
maternal deaths by frequent checks on pregnancy status and close surveillance of

pregnant women, the ALPHA community studies, which were designed for HIV
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surveillance, did not detect all pregnancy-related deaths. Several factors might
contribute to this failure to detect pregnancy-related deaths. Pregnancies might not be
reported because women are embarrassed or because of proxy reporting by other
household members. Furthermore, studies that undertake demographic surveillance
with intervals longer than six months would not intersect with all the times during which

women would recognise that they were pregnant.

Verbal autopsy seems a more reliable way to identify pregnancy-related deaths than is
the demographic surveillance system, and thus, because 1868 (27.6%) of all deaths in
the pooled data set did not have an associated verbal autopsy, we might have missed
some pregnancy-related deaths. 184 of 4892 (3.8%) deaths for which verbal autopsies
were done seemed to be pregnancy-related, whereas only 24 of 1868 (1.3%) of those
for which verbal autopsies were not done were identified as pregnancy-related from the
demographic surveillance system. On the basis of typical capture—recapture
assumptions (i.e., that the likelihood of a death being related to pregnancy is
independent of acquisition of verbal autopsy data), we estimate that universal coverage
of verbal autopsies could have identified about 50 more pregnancy-related deaths,
implying an overall underestimate of roughly 18% in the number of pregnancy-related
deaths. However, this underestimate is unlikely to be related to HIV status, because we

noted no signs of a relation between verbal autopsy and HIV ascertainment.

Inter-study variation in the frequency of serological surveillance and prevalence of HIV
infection meant that varying numbers of person-years after the last HIV-negative test
were censored by transferring individuals to the unknown HIV status category, ranging
from 1.5 years in uMkhanyakude to 5 years in Karonga, Kisesa, Masaka, and Rakai.
The sensitivity analysis in Section 6.3.1 shows that the effect of our assumptions on the
mortality rate ratios of pregnant or postpartum women was insignificant. Similarly, the
sensitivity analysis for the length of time spent infected with HIV by women who were
identified as being infected only by verbal autopsy shows that estimates of mortality

rate ratios were not affected.

HIV status was more likely to be missing for women who died than for women in
general, and in all studies, death rates in women with unknown HIV status were higher
than those in women whose HIV status was known, suggesting that the prevalence of
HIV infection in women whose HIV status was known underestimated overall
prevalence. A crude application of the mortality-rate-adjustment method for estimation

of recorded prevalence of HIV infection allowing for under-reporting (which was
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developed in the Africa Centre)(228) suggested that the overall mean prevalence of
HIV infection might have been underestimated by as much as 30% in the pooled data
set—partly a result of the high prevalence in data from the Africa Centre, which also
has the highest proportion of women with unknown HIV status. Higher prevalence of
HIV infection in each contributing study would raise the PAF of deaths due to HIV in all

women, but especially in those who were not pregnant or postpartum.

Our results show that, in populations with a high prevalence of HIV infection, a very
high proportion of deaths during pregnancy or the postpartum period were attributable
to HIV. HIV and reproductive health services need to be integrated with safe
motherhood programmes, and the focus of safe motherhood campaigns should be
extended beyond direct obstetric causes of death. Many national HIV control
programmes are widening access to ART. In 2013, South Africa will enable all HIV-
infected pregnant women to receive treatment from early pregnancy throughout the
duration of breastfeeding, and other countries, such as Malawi, are already providing
all HIV-infected pregnant women with lifelong ART. Such wider eligibility criteria should
cause HIV-related deaths in women of childbearing age to decline rapidly if safe
motherhood programmes ensure that pregnant women discovered to be infected with
HIV are actively encouraged to take up ART, over and above the routine advice that is

provided about prevention of HIV transmission to the unborn child.
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6.3 SUPPLEMENTARY MATERIAL: TESTING THE SENSITIVITY OF
THE PUBLISHED RESULTS

This section will summarise three sets of analyses which were undertaken to test the
sensitivity of the results which were included in the published article. These sensitivity
analyses will explore the effect of:

1. Varying the definition of HIV status

2. Varying the definition of pregnancy status

3. Adjusting for multiple covariates

6.3.1 Varying the definition of HIV status

A number of sensitivity analyses were undertaken to explore the effect of our definition
of HIV status on the ratio of the mortality rates in HIV-infected women to those of

uninfected women.

Post-negative time

Assumptions were made about how long to assume individuals remained HIV negative
after observing an HIV negative test result which was not followed by a positive test
result. This was set to approximate the number of years it would take for 5% of the
cohort to seroconvert: five years for Kisesa, Karonga, Rakai and Masaka; three years

for Manicaland and; one and a half years for uMkhanyakude.

Figure 6.5 shows how the rate ratio varies by proportional changes to the post-negative
assumptions. Assuming the post-negative time to be 20% less for each site results in
small increases in the rate ratio from 20.5 (95% CI: 18.9-22.4) up to 22.5 for non-
pregnant or postpartum women (95% CI: 20.6-24.6), but similar increases were not
observed for pregnancy-related mortality. Doubling the post-negative time resulted in
decreases in the rate ratio for the non-pregnant and postpartum women to 18.2 (95%
Cl: 16.8-19.7) and from 8.2 (95% CI: 5.7-11.8) to 7.6 (95% CI: 5.3-10.8) for pregnant

and postpartum women.
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Figure 6.5: Effect of varying the post-negative HIV test assumption proportionally on the
rate ratio comparing mortality in HIV-infected and HIV-uninfected women by pregnancy
status

Pre-positive time

For those who were identified as HIV-infected based on HIV serosurveys, time as HIV-
infected was only classified as HIV-infected from the date of the first HIV positive test
result. Figure 6.6 shows rate ratio comparing mortality in HIV-infected women to that in
HIV-uninfected women for varying numbers of years classified as HIV-infected before
the first HIV positive test result. Declines in the rate ratio are seen in both
pregnant/postpartum women and the non-pregnant women; although the rates in HIV-
infected women always remain significantly higher than amongst HIV-uninfected

women.
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Figure 6.6: Effect of varying the pre-positive HIV test assumption absolutely on the rate
ratio comparing mortality in HIV-infected and HIV-uninfected women by pregnancy status

For those who were identified as HIV-infected based on reports from the verbal
autopsy (VA), five years before the date of death were assumed to be spent HIV-
infected. Figure 6.7 shows that varying this assumption results in no change to the rate
ratios in the published paper. This is unsurprising as only seven deaths not identified
as HIV-infected through serosurveys were identified as HIV-infected through VA
reports.
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Figure 6.7: Effect of varying the pre-positive HIV test assumption for those who had the
positive status assigned from the verbal autopsy on the rate ratio comparing mortality in
the HIV-infected and HIV-uninfected women by pregnancy status.
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6.3.2 Varying the postpartum length of follow-up

Changing the definition of “pregnant or postpartum” to include women up to one year
postpartum rather than just 42 days postpartum, increased to 11.4 (95% CI: 8.8-14.8)
the rate ratio comparing pregnancy-related mortality rates in HIV-infected women to
those in uninfected women. The equivalent rate ratio for women who are neither
pregnant nor up to one year postpartum falls to 19.9 (95% CI: 18.2-21.7) (Table 6.5).
Table 6.5 also shows these rate ratios when the postpartum period at risk is assumed

to last up to two years.

Table 6.5: Crude rate ratio of mortality rates in HIV-infected and HIV-uninfected women
and population attributable fractions for HIV, by varying lengths of postpartum follow-up

Number ) Mortality per . Population
of Pe:a?: 1,000 person- r'\gg;t?gg/raés attributable
HIV status deaths y years (95% ClI) ° fraction
42 days
Pregnantorup  HIV-uninfected 58 34,774 1.7 (1.3-2.2) 1 -
to 42 days
postpartum HIV-infected 60 4,380 13.7 (10.6-17.6) 8.2 (5.7-11.8) 44.6
Not pregnant or  HIV-uninfected 652 231,804 2.8 (2.6-3.0) 1 -
up to 42 days
postpartum HIV-infected 2,939 50,859 57.8 (55.7-59.9)  20.5(18.9-22.4) 77.6
1 year
Pregnantorup  HIV-uninfected 97 71251 1.4 (1.1-1.7) 1 -
to one year
postpartum HIV-infected 148 9518 15.6 (13.2-18.3) 11.4 (8.8-14.8) 55.0
Not pregnant or  HIV-uninfected 613 195327 3.1(2.9-34) 1 -
up to one year
postpartum HIV-infected 2,851 45722 62.4(60.1-64.7)  19.9 (18.2-21.7) 77.9
2 years
Pregnantorup  HIV-uninfected 174 103,004 1.7 (1.5-2.0) 1 -
to two years
postpartum HIV-infected 334 14,876 22.5(20.2-25.0)  13.3(11.1-16.0) 60.7
Not pregnant or  HIV-uninfected 536 163,574 3.3(3.0-3.6) 1
up to two years
postpartum HIV-infected 2,665 40,364 66.0 (63.6-68.6)  20.1 (18.4-22.1) 75.4

Abbreviations: Cl=confidence interval

6.3.3 Adjusting for multiple covariates

Poisson regression was undertaken to explore the effect of adjusting simultaneously for
age and study site on the association between HIV and mortality. For pregnant and
postpartum women, the rate ratio comparing mortality rates in HIV-infected women to
uninfected women increased slightly to 8.6 (95% CI: 5.8-12.7) after adjusting for age
and study (Table 6.6).
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Table 6.6: Mortality rates ratios from a Poisson regression model for pregnant and

postpartum women

Number Person- Mortality per 1,000 Crude mortality Adju_sted
of person-years (95% rate ratio (95% mortality rate
deaths years o) cl) ratio (95% CI)
HIV status
HIV-uninfected 58 34,774 1.7 (1.3-2.2) 1 1
HIV-infected 60 4,380 13.7 (10.6-17.6) 8.2 (5.7-11.8) 8.6 (5.8-12.7)
Age group
15-29 70 27,247 2.6 (2.0-3.3) 1 1
30-39 37 10,437 3.6 (2.6-4.9) 1.4 (0.9-2.1) 1.1 (0.8-1.7)
40-49 11 1,470 7.5 (4.2-13.5) 2.9 (1.5-5.5) 2.8 (1.5-5.3)
Site name
Karonga 12 3,189 3.8 (2.1-6.6) 1 1
Kisesa 37 8,954 4.1 (3.0-5.7) 1.1 (0.6-2.1) 1.1 (0.6-2.1)
Manicaland 22 2,259 9.7 (6.4-14.8) 2.6 (1.3-5.2) 1.6 (0.8-3.2)
Masaka 10 6,502 1.5 (0.8-2.9) 0.4 (0.2-1.0) 0.4 (0.2-0.9)
Rakai 10 13,482 0.7 (0.4-1.4) 0.2 (0.1-0.5) 0.2 (0.1-0.4)
uMkhanyakude 27 4,768 5.7 (3.9-8.3) 1.5(0.8-3.0) 0.6 (0.3-1.3)

Abbreviations: Cl=confidence interval
'Adjusted for: HIV status, age group and site name

For women who were neither pregnant nor postpartum, adjusting for site and age

produced no effect on the association between HIV and mortality (Table 6.7). HIV-

infected women remained at approximately 20 times the risk of dying compared with
uninfected women after adjusting for site and age (RR=19.8, 95% CI: 18.1-21.6).
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Table 6.7: Mortality rates ratios from a Poisson regression model for non-pregnant nor

postpartum women

Number Person- Mortality per 1,000 Crude mortality Adju_sted
of person-years (95% rate ratio (95% mortality rate
deaths years o) cl) ratio (95% CI)
HIV status
HIV-uninfected 652 231,804 2.8 (2.6-3.0) 1 1
HIV-infected 2939 50,859 57.8 (55.7-59.9) 20.5 (18.9-22.4) 19.8 (18.1-21.6)
Age group
15-29 1,307 141,500 9.2 (8.7-9.8) 1 1
30-39 1,441 6,9475 20.7 (19.7-21.8) 2.2(2.1-2.4) 1.3(1.2-1.4)
40-49 843 71,689 11.8 (11.0-12.6) 1.3(1.2-1.4) 1.1 (1.0-1.2)
Site name
Karonga 135 19,794 6.8 (5.8-8.1) 1 1
Kisesa 286 46,592 6.1 (5.5-6.9) 0.9 (0.7-1.1) 1.1 (0.9-1.3)
Manicaland 787 28,023 28.1 (26.2-30.1) 4.1 (3.4-4.9) 2.1(1.8-2.5)
Masaka 415 47,222 8.8 (8.0-9.7) 1.3 (1.1-1.6) 1.5 (1.2-1.8)
Rakai 907 83,666 10.8 (10.2-11.6) 1.6 (1.3-1.9) 1.1 (0.9-1.4)
uMkhanyakude 1,061 57,367 18.5 (17.4-19.6) 2.7 (2.3-3.2) 1.1(0.9-1.3)

Abbreviations: Cl=confidence interval

6.4 CONCLUSION

The data from the ALPHA network supports the conclusion from the systematic review

that HIV-infected pregnant and postpartum women are at approximately eight times the

risk of dying compared with their HIV-uninfected counterparts, and predict that around

24% of pregnancy-related deaths in sub-Saharan Arica are attributable to HIV.

Sensitivity analyses suggest that these results are robust to assumptions that were

made when assigning HIV and pregnancy status.
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7 IDENTIFIYING HIV/AIDS-RELATED DEATHS USING VERBAL
AUTOPSY DATA: EVIDENCE FROM THE NETWOK FOR
ANALYSING LONGITUDINAL POPULATION-BASED
HIV/AIDS DATA ON AFRICA (ALPHA)

7.1 INTRODUCTION

Through the work presented in this thesis so far, we have established that HIV-infected
pregnant and postpartum women are at approximately eight times the risk of dying
compared with their HIV-uninfected counterparts, and predicted that around a quarter
of pregnancy-related deaths i