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ABSTRACT

Background: Perinatal mortality defined as the death of a fetus at or after 22 weeks of gestation
and the death of liveborn in the first 7 days of life is a significant public health concern in Sub-
Saharan Africa including countries like South Africa. While South Africa may be on track in
meeting the Sustainable Development Goal (SDG) targets of reducing perinatal mortality, there
are significant disparities within the country, with some provinces showing considerably higher
rates of perinatal mortality. This underscores the need to investigate individual and community
level factors associated with perinatal mortality to facilitate more effective targeted

interventions.

Aim: This study aims to investigate individual (maternal and neonatal) and community-level
characteristics associated with perinatal mortality in South Africa using the Demographic and

Health Survey (DHS) data in 2016.

Methods: A cross-sectional design was used in analysing secondary data from 8,514 women
of reproductive age. Perinatal mortality was the primary outcome and was calculated using total
counts of perinatal mortality divided by the number of live births and multiplied by 1,000 at
national and provincial level. Multivariable logistic regression models were used to identify
the factors associated with perinatal mortality adjusting for survey design. Furthermore,
random effects were incorporated at cluster level in the multilevel logistic regression to

estimate community level effects.

Results: The national perinatal mortality rate was 31 per 1,000 live births, with significant

regional disparities. Women with a history of terminated pregnancies had four times the odds
of perinatal mortality compared to those without (AOR 4.24; 95% CI: 2.25-6.48). Women aged
25-34 years (AOR 2.51; 95% CI: 1.46-4.31) and those aged 34+ (AOR 3.62; 95% CI: 2.14—

6.14) were significantly likely to experience perinatal mortality. Women who tested positive
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for HIV during pregnancy were significantly less likely to have perinatal mortality (AOR 0.60;
95% CI: 0.41-0.86). Perinatal mortality significantly varied by province, higher odds of
perinatal mortality were observed in the Northern Cape (AOR 2.16; 95% CI: 1.12-12.33) and
North West (AOR 3.31; 95% CI: 1.16-9.42) compared to the Western Cape. Household wealth
was protective, with women from richer households less likely to experience perinatal mortality
than those from poorer households (AOR 0.58; 95% CI: 0.36-0.96). About 20% of the variance

was attributed to cluster/community effects.

Conclusions: The study showed high levels of perinatal mortality at national and provincial
level. Individual level factors like terminated pregnancy, maternal age, parity and HIV
transmission, as well as community level factors like household wealth and province were
associated perinatal mortality. Policymakers should consider tailored interventions at multiple
levels including improving access and quality of maternal healthcare particularly among
women of low socioeconomic status and enhancing uptake family planning services among
women of reproductive age. Additionally, interventions tailored for provinces with high levels

of perinatal mortality should be considered.

Keywords: Perinatal mortality, stillbirths, neonatal deaths, maternal health, provincial

disparities, South Africa
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Chapter 1 — Introduction

This chapter outlines the background of the study, problem statement, rationale, aim, objectives, and

conceptual framework.

1.1 Background

Perinatal mortality is the death of a foetus or a newborn baby within a period that is calculated
between 28 weeks of gestation to the first week after birth!. Perinatal deaths include stillbirths and
early neonatal death. Stillbirths can be categorised into antepartum and intrapartum stillbirths.
Antepartum stillbirths occur when the fetus (at or after 28 weeks of gestation i.e., 7 months of
pregnancy) dies in the womb before labor begins and intrapartum stillbirths occur when the fetus
dies during labor or delivery (with the weight of at least 1000g). Neonatal deaths are also
categorised into early and late neonatal deaths. Early neonatal deaths are the deaths of a fetus
within a week after birth and late neonatal death is the death of a fetus that occurs after the first

week of giving birth and before 28 days of birth %,

Perinatal mortality remains high in low-and middle-income countries (LMICs)?. Approximately
2.6 million stillbirths occur worldwide each year, with 98% occurring in LMICs®. In sub-
Saharan Africa (SSA), the stillbirth rate (SBR) is about 10 times higher compared to high-
income countries®. While high-income countries typically have SBRs below 5 per 1000 births,
many LMICs report rates exceeding 25 per 1000 births. Additionally, there were 2.5 million
neonatal deaths globally in 2017, with the majority (73%) occurring during the first week after
birth. The global neonatal mortality rate (NMR) was 18 per 1000 live births in that year>*. SSA
had a much higher neonatal mortality rate of 28 per 1000 live births in 2018 compared to other

regions and significantly above the NMR target of 12 per 1000 live births by 2030%7.



The perinatal mortality rates in South Africa were estimated at SBR of 17.9 per 1000 births in
20178, which is higher than the global target of reducing the SBR to 12 per 1000 live births by
2030 °. In addition, there are some notable disparities within the country, with some provinces
reporting higher rates than the national average. For example, a hospital in the Eastern Cape
reported an NMR of 31.1 per 1000 live births during 2015-2016, where the national average was
18.1 per 1000 live births, highlighting the need for targeted interventions across all provinces to
reduce perinatal mortality rates'®. Efforts must be intensified to achieve significant reductions
in perinatal mortality rates across South Africa and other regions of sub-Saharan Africa to meet

global health targets.

Perinatal mortality has been associated with maternal, neonatal, and community factors such as
parity, mother’s age, attending antenatal care (ANC) visits mother’s education, birth weight,
skilled birth attendant, previous history of perinatal mortality, socio-economic status (SES) birth
interval, autonomy in decision making, travel distance to health facility, place of delivery and
residency'""!2. Although, efforts are being made to reduce perinatal mortality through equitable
access to care and the betterment of quality care for maternal and child health, perinatal mortality
remains a public health concern '*. Previous studies conducted in South Africa on perinatal
mortality have identified individual (maternal and neonatal) factors of perinatal mortality '*!°.
However, there is a lack of assessment of community-level factors and factors that influence
perinatal mortality in high-prevalence regions. Hence, the overall aim of this study is to ascertain

the individual and community characteristics of perinatal mortality in South Africa to inform

targeted interventions.

1.2 Problem Statement

There is high perinatal mortality in LMICs as opposed to high-income countries. Most countries in

LMIC:s fall short of reducing the perinatal mortality rate to 12 per 1000 by 2030 as set by the World



Health Organization (WHO)!. In 2017, South Africa reported an SBR of 17.9 per 1000 births® and an
NMR of 18.1 per 1000 births in 2016'7, which were higher than the global targets. However, recent
literature shows that SA has achieved an NMR below the global target as of 2018'%. Despite South
Africa achieving the 2030 global target for neonatal mortality at the national level, significant
disparities persist across provinces. Despite initiatives aimed at ensuring equity in health and
enhancing the quality of maternal and child healthcare, there remains limited data and literature
providing insights on the current PMRs across provinces in SA®. According to Statistics South Africa
(Stats SA) the North West reported the highest stillbirth rate at 23 deaths per 1,000 live births and
Mpumalanga the lowest at 7 deaths per 1,000 live births. However, stillbirth rates alone fail to provide
a comprehensive understanding of perinatal mortality, the report did not have any data on neonatal
mortality!®. Current literature is fragmented, lacking integrated data that combines stillbirth and

neonatal mortality to offer a holistic view of perinatal outcomes in South Africa.
1.3 Rationale of the Study

Perinatal mortality accounts for 40% of deaths in the overall under-five mortality?’. It is also
the best indicator of the quality of early neonatal care and antenatal care available*!. Various
antenatal and intrapartum interventions have been proven to reduce perinatal mortality, like
antenatal care and improved health facility delivery 2. However, perinatal mortality is still high
in LMICs including South Africa. Few studies have been conducted to understand the driving
factors of perinatal mortality in South Africa'>. However, these studies have mainly focused on
individual (maternal and neonatal) factors. There is limited investigation on the role of
community factors on perinatal mortality. Therefore, the study seeks to examine individual
(maternal and neonatal) and community characteristics of perinatal mortality in South Africa

using the Demographic Health Survey (DHS) data. These findings



will inform stakeholders and policymakers in designing comprehensive targeted interventions that
will address a broad aspect of risk factors at individual and community level to end preventable

perinatal mortality.

1.4 Research question

What are the individual (maternal and neonatal) and community characteristics associated with

perinatal mortality in South Africa?

1.5 Aim

To investigate the individual (maternal and neonatal) and community characteristics associated

with perinatal mortality in South Africa.

1.6 Objectives

1. To determine the prevalence of perinatal mortality at national and provincial level in 2016
in South Africa

2. To describe individual (maternal and neonatal) and community characteristics of perinatal
mortality in 2016 in South Africa.

3. To determine the individual and community factors associated with perinatal mortality in

2016 in South Africa.



Chapter 2 — Literature Review

This chapter provides an overview of the theoretical framework, key concepts, and empirical

studies, and identifies gaps in existing literature.
2.1 Demographics of South Africa

2.1.1 Population Characteristics

South Africa is a middle-income country and has a population of approximately 60.6 million »*. The
country is divided into 9 provinces, namely Gauteng (GP), Kwa-Zulu Natal (KZN), Western Cape
(WC), Eastern Cape (EC), Limpopo (LP), Mpumalanga (MP), North West (NW) and Northern Cape
(NC). GP, KZN, and WC account for 50% of the population, while Gauteng has the highest
percentage distribution. The percentage distribution of Gauteng in June 2022 was 26.6%, followed by
KZN at 19.0 % then WC at 11.9%?*. About 17% of the population lives in informal settlements.
In comparison to other provinces, Gauteng has the smallest percentage of people (approximately 57%)
residing in paid-off households?®. Approximately forty-nine percent of the population in South Africa

are living under the upper-bound poverty line, having an income of less than 1200 rands 2°.

South Africa’s history has significantly impacted its health sector. Before 1994, access to health
services, land, and basic needs were all contingent on race hierarchies. Then, black people were forced
to work for low wages for the benefit of the white minority. Efforts to promote equity and negate the
effects of these systems have since been implemented but much work still needs to be done ?’. South
Africa has a quadruple burden of disease — a phenomenon only known to South Africa. One of the
epidemics affecting the country is maternal, newborn, and child morbidity, alongside HIV and
Tuberculosis, Non-communicable diseases (NCDS), and violence and injury. Studies have shown a

steady decline in mortality within these epidemics®®. However, these national-level trends do not



translate to all provinces. Due to South Africa being a federal system, each provincial government
decides its priorities — contributing to the disparities in health funding, health system development,
and ultimately health outcomes®. To reach SGD targets for perinatal mortality there needs to be a

combined effort from all provincial governments towards the set goal.
2.2 Overview of perinatal mortality

2.2.1 Perinatal Mortality
Perinatal mortality includes a combination of stillbirths and neonatal mortality. Stillbirth account for

40-60% of perinatal mortality*’. WHO defines stillbirth as a baby born dead at the gestation age > 28

weeks and with a birthweight of > 1000g3!. This includes both antepartum and intrapartum stillbirths,

which are deaths that occur before or at the onset of labor, respectively®>. Neonatal mortality is the
death of a live baby within the first 28 days of life. This is further classified into early neonatal
mortality which occurs before7 days and late neonatal mortality occurring between 7-28 days of life®,
see Figure 1. Perinatal mortality in this research refers to stillbirths (intrapartum and antepartum) and

live births with only a brief survival of up to 7 days.

Miscarriage | Antepartum Stillbirth Intrapartum Early Neonatal Mortality | Late
and/or Before the onset of Stillbirth <7 days of life Neonatal
Termination labor During labor Mortality

Figure 1: lllustration of the definition of perinatal mortality



2.2.2 The Burden of Perinatal Mortality

2.2.2.1 Stillbirths

A study in 2024 showed that 44% of global stillbirths occur in SSA®**¥. In 2015, ten countries
collectively represented about 66% of global stillbirths, with eight of these countries located in SSA
34 In developed countries, SBRs are estimated between 4.2 — 6.8 per 1000 births. In contrast,
developing countries experience higher SBRs ranging from 20 — 32 per 1000 births*?. The risk of

stillbirths is, on average, 7.6 times higher in LMICs compared to high-income countries, . SSA

notably exhibits significantly higher SBRs than high-income countries*?.

LMICs accounted for 84% of all stillbirths in 2019 of which 77% of these stillbirths in LMICs are
concentrated in SSA¥-®. The SBRs in these countries in SSA also differ because of the different
economic and cultural disparities. A study in 2019 reported that the highest SBR was from West and
Central Africa at 22.8 per 1000 births, and Eastern and Southern Africa followed at 20.5 per 1000
births®’. There are a few studies that estimate the national and provincial SBRs in South Africa’®.
According to a report from the United Nations (UN), SA had approximately 19,612 stillbirths per
1,197, 000 total births. Therefore, recorded an SBR of 16.4 per 1000 births in 2019 with an upper and
lower bound of 12.7 and 21.3 respectively *°. The largest category of perinatal mortality in the country
is stillbirths. The district hospitals and community health centres in South Africa reported that for

every neonatal death, there were 2.5 stillbirths*’.

2.2.2.2 Early neonatal mortality

Globally, there were 2.4 million neonatal deaths in 2019, with SSA having the highest NMR at 27
deaths per 1000 live births. These neonatal deaths account for 36% of the under-five deaths recorded
in SSA. Children born in SSA have 10 times greater risk of death in the first month than children born
in a high-income country (HICs)*. There is a high likelihood of these numbers being significantly

higher because of the underreporting that happens in LMICs.



NMRs have been experiencing a much slower decline as opposed to deaths of children between the
ages of 1- 5 years. In South Africa, NMRs declined from 27.9 per 1000 live births in 1975 to 10.7 per
1000 live births in 2018, reaching its SDG target for 2030 compared to other African countries like
Kenya with an NMR of 19.6 in the same year*'. Current trends show that 64 countries will not make
the neonatal mortality target by 2030*2. Though, South Africa has managed to reach the SDG target
for NMR, disparities still occur within the country. The number of neonatal deaths in South Africa
varies depending on factors such as province and type of hospital. According to the 6™ perinatal care
survey, 46% and 39% of neonatal deaths occur in district and regional hospitals, respectively **. Dora
Nginza Hospital, a hospital in EC, recorded an NMR of 19.4 per 1000 live births in 2019 which is

higher than the national NMR 3.
2.3 Factors Associated with Perinatal Mortality

2.3.1 Individual Factors (Maternal and Neonatal Factors)

Maternal and neonatal factors are associated with perinatal mortality. Maternal factors associated with
perinatal mortality include maternal education, maternal age, lack of autonomy in making decisions,
employment status, parity, history of terminated pregnancies, antenatal care, smoking, and
consumption of alcohol***. For instance, research from a study that retrospectively reviewed records
of women who gave birth at a hospital in Asia between 2012 and 2019 stated a significant relationship
between parity and perinatal survival. Multiparous women had lower chances of a perinatal death in
subsequent pregnancies*®. Other studies suggested the opposite with the reason being multiparous
women underutilize ANC because of experience with childbirth, therefore exposing them to undetected
pregnancy risks*’. Women under 20 years and over 35 were significantly at a higher risk for adverse
pregnancy outcomes. Younger women are at a higher risk due to barriers like stigma, financial
constraints, and a lack of education regarding pregnancy and ANC services. Older women were also

considered to have a higher risk because of possible chronic conditions and comorbidities*.



Maternal education and employment status were also mentioned as key factors in determining
perinatal mortality. More educated women have a reduced risk of perinatal death. This was because
they were more likely to engage with healthcare services and were more informed about pregnancy-
related complications. The same trend was noted amongst women who were employed. These women
had better access to health care and were able to make decisions about their health which decreased

their odds of adverse pregnancy outcomes™.

Neonatal factors linked with perinatal mortality include birth weight and HIV transmission. For
instance, an earlier study in the Free State Province of SA showed that perinatal mortality was higher
in children with lower gestational age and birth weight*’. Babies born with birthweights over 1000g
are more likely to survive than those born weighing less**. Studies indicate that HIV-positive mothers
have a higher risk of perinatal mortality compared to those who are HIV-negative. Factors such as
maternal immunosuppression, increased susceptibility to infections, and the potential for vertical
transmission of the virus to the infant increased the risk of perinatal mortality. Consequently, untreated
HIV is linked to complications during pregnancy and childbirth, leading to higher rates of adverse

outcomes’'.

Previous research has also established an increased risk of perinatal mortality with four or fewer ANC
visits?®. In SSA, about 46-69% of women attend at least one ANC visit. However, attendance of ANC
visits falls short of the optimal 4 or more ANC visits. Antenatal care (ANC) is crucial to maternal
healthcare and aims to improve pregnancy outcomes by managing perinatal complications through

services like screenings, health education, and treatment?*->2,

2.3.2 Community Factors

Evidence from the literature shows that place of residence, cultural norms, family size, family income,
place of delivery, geographic accessibility to health facilities, and access to clean water supply are
some of the community factors associated with perinatal mortality®*. Socio-economic status (SES) is

9



deemed to be a very important determinant of health outcomes. Individuals with a low SES are usually
unable to get adequate medical care>*. Previous studies revealed that women with a low SES were less
likely to receive prenatal care> and low SES was associated with pregnancy complications such as
Early Neonatal Death (ENND) and stillbirth®-¢, Utilizing the Global Network Socioeconomic Status
Index (GN-SES), a study was able to show that a higher SES was linked to more antenatal visits,
increased facility births, lower parity, and higher education. The GN-SES was a good substitute for
using household wealth to determine economic status since the data could sometimes be unreliable and
inaccurate®. Similarly, the DHS considered multiple indicator variables and household characteristics

to determine and correlate economic status with a household's overall economic standing®’.

SES standing can also determine access to clean drinking water. Poor household water supply can
affect maternal and child health outcomes. Globally, approximately 1.2 billion people lack access to
drinking water. In 2020 it was recorded that 50% of healthcare facilities do not have basic water
services’®. Studies have shown the negative impact that unsafe water, sanitation, and hygiene (WASH)
practices has on child health®®!. Poor WASH conditions affect perinatal mortality, particularly
through the mechanism of infections. There are a significant number of bacterial infections associated
with perinatal deaths, including Escherichia coli (E. coli) which is largely found in areas with poor
WASH conditions®®®2. Only about 9-52.5% of women in regions of Africa and the Middle East are

giving birth in good water and sanitation environments®.

WASH conditions are dependent on place of residence. A significant proportion of households in
developing countries are deprived of basic WASH facilities. However, the availability of basic water
and sanitation services varies significantly across different regions and countries. Urban households
and regions with a higher SES are more likely to use basic WASH facilities®*. This is true with other

factors that are associated with perinatal mortality.
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Poor access to health facilities has also been found to be associated with perinatal mortality. Lack of
transportation from home to healthcare facilities was identified among the causes of avoidable
perinatal mortalities**. Women who had to travel longer distances to healthcare facilities experienced
higher perinatal mortality because long distances meant increased costs, thus limiting their access to

essential maternal healthcare services including ANC and skilled delivery.

2.3.3 Conceptual Framework

The conceptual framework within which the relationship between the different factors and perinatal
mortality is formed in this study is shown in (Figure 2) below. This framework is similar, but not
identical, to that used in a scoping review titled “Factors associated with infant mortality in Nigeria:
A scoping review”. Their model adopts a socioecological model to categorize risk factors at various
levels, drawing from others cited in the study ®%. These models emphasize the hierarchical and
interconnected nature of determinants of infant mortality, ranging from individual maternal, and child

characteristics and broader public policy®>%.

The conceptual framework of this study as depicted in (Figure 2), considered two major categories
of variable influences on perinatal mortality. The first include individual factor variables (maternal
education, age, antenatal care, employment, birth weight). The second set includes community factor
(family size, province, access to water, urban/ rural, family income). Finally, these factors are
interconnected and directly lead to the outcome of perinatal mortality. This was created to summarize

the associations and findings from the literature review conducted.

11



access to water

. Family size
Province y

Mothers age Parity

Urban/Rural

Birth weight
Education

Antenatal care
ANC visits

Birth interval

Family
income

Employment

Healthcare
facility

Figure 2: Conceptual Framework

Perinatal
mortality

12



Chapter 3 — Methods

This chapter outlines the research design, population and sampling methods, data collection

techniques, analysis procedures, and ethical considerations.

3.1 Study design

This is a cross-sectional study using secondary data from the Demographic Health Survey in South

Africa. This study aims to assess the characteristics of perinatal mortality in South Africa.

3.2 Study site

The study takes place in South Africa. South Africa is a middle-income country and has a
population of approximately 60 million people in which most of the population (49.1 million,
81%) is made up of Black Africans '®. The country is divided into 9 provinces: Western Cape,
Eastern Cape, Free State, Gauteng, KZN, Mpumalanga, Northern Cape, and North West. The
survey was established in 2016, and this study will utilise all the data collected from the survey's

inception. The map of South Africa and its provinces is depicted in Figure 3.
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Figure 3: Map showing the nine provinces of South Africa.

3.3 Study population

All pregnant women of reproductive age (15-49) residing in South Africa. Women who had a
miscarriage or terminated their pregnancy (foetus dying before the 28" week of gestation) in the

last pregnancy were excluded in the study.

3.4 Sampling

Demographic and Health Surveys are population-based surveys that are representative of the nation

they are taken in. Since DHS data is designed to collect information on reproductive health, child
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health, fertility, and mortality, the target population is women of reproductive and children under five

living in residential households.

The DHS based their sampling on the Statistics SA Master Sample Frame (MSF) which was created
using 2011 census geographical areas. Geographical areas, defined as enumeration areas (EAs) were
randomly selected with a probability based on population size and stratification characteristics. These
areas were used as the Primary Sampling Units (PSUs). Depending on the size of EAs, they were
either pooled together or split to fit a certain size. To ensure comparability across provinces, each
province was stratified into urban, traditional, or farm areas. This yielded 26 sampling strata with
PSUs allocated by power allocation within these strata. Furthermore, every PSU had an estimated

number of residential dwelling units (DUs).

The DHS involved a stratified two-stage sampling design. In the first stage, PSUs were selected based
on their power allocation. In total, 750 of these areas PSUs were selected for the survey. Out of the
750 PSUs, 468 were in urban areas, 224 in traditional areas, and 58 in farms. In the second stage, a
fixed number of 20 DUs were systematically selected. Every household in a selected DU was eligible

to be interviewed®”-%8,

After a household has been selected, trained interviewers then visit the selected households to collect
demographic and health data from eligible individuals without replacing those households that do not
consent. For the survey, a woman from a selected household is approached and consents to an
individual interview. The household survey can be answered by any knowledgeable person who is 15
or older and lives in the sampled household. The questions asked in this survey help to determine
information on the household itself, i.e., water and sanitation facilities. Additionally, the questions
asked also to provide means to identify eligible women for the individual interviews and children
under five*”. Once an eligible woman has been identified for the woman’s questionnaire, which

consists of maternal and child health questions.
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3.5 Data collection

3.5.1 Instrument of data collection

The DHS data is collected from survey questionnaires, geographic location, and biomarker
testing. The inclusion criteria for the surveys are all women of childbearing age (15-49) and men
aged 15-54/59. The questionnaires are in three parts, namely, the household questionnaire, the
women's questionnaire, and the men's questionnaire. In this study only, the women were

considered for analysis.

The questionnaires are standardized across countries, and this is used to compare data between
these countries. The model questionnaires are taken as is by most countries. Some variables are
either added or deleted to suit the context of the country the survey has been done in. DHS
questionnaires have been reviewed and modified since the first phases. These changes are
catered for through the different recode definitions that come with each new phase. This helps

to track the variables that have been added or dropped.

For the variables that can be measured and evaluated independently such as weight, height,
haemoglobin, and HIV, biomarker measurements are taken. In this section of the questionnaires,
survey participants would have consented to have their blood specimens collected and
transported to a lab and other measures taken. The samples are tested according to standardized

procedures. These procedures ensure that the test reaches optimal sensitivity and specificity*.
3.5.2 Sample power calculation

This study did not conduct any sampling but calculated sample power to assess the adequacy of sample
size and detect differences in exposure effects on the outcome. This was a secondary data analysis,
and we performed post hoc power calculations based on the final known number of perinatal mortalities

in the analysis sample to determine if we have the power to detect difference in perinatal mortality by
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risk factors. Power calculations were calculated using the chi-squared test comparing two independent
proportions using Stata version 18. The final sample size after data management and cleaning was
8514. The proportion of perinatal mortality was 31% and of live births was 69%. A study conducted in
SA found the prevalence of perinatal mortality at 3.6%. We computed the power for different

percentages:

power twoproportion 0.036, test{chi2) n(8514) oratio(0.521) continuity
Eztimated power for a two-sample proportions test
Pearson's chi-squared test
HO: p2 = pl wersus Ha: p2 != pl

Study parameters:

alpha = 0.0500

N = 8,514

N per group = 4,257
delta = 0.5210 (odds ratio)

pl = 0.0360

pz = 0.0191

odds ratio = 0.5210

Estimated power:
power = 0.9970

Figure 4: Statistical power calculation as a function of sample size

Figure 4 shows that with the total sample size of 8514 participants had a power of 99%, and there it

had adequate power to detect differences in perinatal mortality by risk factors.
3.5.3 Data management

The data management involved cleaning and recording variables, checking for missing data, and
outliers, and generating new variables where necessary. We excluded variables with more than
20% missingness from the analysis to reduce potential bias and ensure the robustness of the results.
Less than 20% of missing data is commonly acceptable benchmark in research, according to Peng

et al,2006*. The data was stored safely and could be accessed in a password-protected device.

17



3.5.4 Measurement of Variables

The variable definitions are outlined in Table 1 below. The outcome variable is perinatal
mortality, defined as death of a fetus at or beyond 22 weeks of gestation, encompassing both
stillbirths (infants born without signs of life) and early neonatal deaths (infants who die within
the first seven days after birth)!. The explanatory variables include maternal characteristics such
as age, marital status, parity, and community characteristics such as province, residency,
household wealth index, household size and head as well as source of drinking water as defined

in Table 1.
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Table 1: Measurement of variables and variable definitions

Perinatal Mortality Stillbirths and early neonatal deaths (within 7 = 1 = Perinatal mortality
days of life)

0 = No perinatal mortality

Individual Characteristics

Ever Terminated Pregnancy, Employment Binary variables indicating: History of 1 =Yes
Status, HIV Transmission. terminated pregnancy, employment, HIV
transmission from mother to child.

0=No

Age Category Mother's age at birth Categorical: (e.g., 15-19, 20-34, 35+)

Education The highest level of education attained Categorical: (e.g., no education, primary, secondary,
higher)

Marital Status Mother's marital status Categorical: (e.g., married, single, divorced)



Community-Level Factors

Type of Residence, Household Head,

Province
Source of Drinking water
Household Wealth Index

Household Size

Binary variables , type of residence
(urban/rural), household head status,

Geographical province/region

Economic status based on household assets

Number of members in the household

1 =Yes

0=No
Categorical: List of provinces

Categorical
Ordinal: Wealth quintiles (e.g., poorest to richest)

Categorical variable
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3.6 Data analysis

All analyses accounted for survey design. The data was set to account for the survey design
using the svy command including survey weights, cluster and stratification variables before
conducting analyses. The first objective described the individual (maternal and neonatal) and
community characteristics of perinatal mortality in South Africa. We summarised the
characteristics of mothers using frequencies and proportions for caterogical variables (all
variables were categorical). The Pearson’ chi-square test was used to describe the
characteristics of women by perinatal mortality. The second objective described the prevalence
of PMR at national and provincial level in South Africa. PMR was calculated using total counts
of perinatal mortality divided by the number of live births and multiplied by 1,000 at national

and by provincial level®.

The third objective determined individual and community factors associated with perinatal
mortality in South Africa using logistic regression for bivariate and multivariable analysis. We
used logistic regression for testing associations, and this test met one of the assumptions which
states that the outcome should be binary, coded 0 and 1. In our study the outcome perinatal
mortality was coded as 0 for no presence of perinatal mortality and 1 if otherwise. We also
addressed an assumption relating to independence of observations by applying appropriate
multilevel logistic regression models (inclusion random effects at cluster level) that account
for correlation within clusters. Firstly, stepwise logistic regression using a p-value of <0.20 as
a selection criterion was used to identify explanatory variables considered for the multivariable
logistic regression analysis. Thereafter, we built a multilevel logistic regression model to test
for the association between perinatal mortality and selected explanatory variables. We further
extended this model by adding random effects at cluster level to test for cluster or community
level effects. The models with and without random effects were compared using Akaike

Information Criterion (AIC) and the Bayesian Information Criterion (BIC). The model with



the lower BIC was considered the model with a better fit to the data. The Intracluster
Correlation Coefficient (ICC) was used test for the proportion of overall variance attributable

to cluster-level or community level differences, see Table 2.



Table 2: Overall analysis plan and detail of variables

Research Objectives

Variables

Analysis Plan

1. To describe individual
(maternal and neonatal)
and community
characteristics of
perinatal mortality in

South Africa.

Outcome variable — perinatal mortality (SB and ENND)
Explanatory variables — ever terminated pregnancy, age category,
parity, education, employment status, marital status, smoking,
ethnicity, first antenatal care visit, number of ANC visits, ever tested
for HIV, HIV transmission, birth weight, birth interval, type of
delivery, health insurance, type of residence, province, household
wealth index, household head, place of delivery, household size,
drinking water,

delivery care

Describe the characteristics of mothers using
frequencies and proportions for categorical
variables (all variables were categorical).
Pearson’ chi-square test used to describe the

characteristics of women by perinatal mortality.

To determine the
prevalence of perinatal
mortality at national and
provincial level in 2016

in South Africa

Outcome variable — perinatal mortality (stillbirths and early neonatal
deaths)

Explanatory variable — province

Calculated by summing the counts of perinatal
deaths divided by the number of live births and
multiplied by 1,000 at national and province
level. Used graphs to show the prevalence of

PMR nationally and across provinces in SA
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3. To determine
individual and
community factors
associated with perinatal

deaths in South Africa.

Outcome variable — perinatal mortality (stillbirths and early neonatal
deaths)

Explanatory variables — ever terminated pregnancy, parity,
education, age of mother, employment status, marital status, ethnicity,
HIV transmission, type of residence, province, household wealth

index, household head, , household size, drinking water.

Determine factors associated with perinatal
deaths.
e Stepwise logistic regression at p-value
<0.20 to select explanatory variables
e Bivariate logistic regression to explore
the relationships between
characteristics of perinatal death
e  Multivariable logistic regression
model between explanatory variables
and perinatal mortality adjusting for
random effects at cluster level.

unadjusted model.
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3.8 Ethical considerations

The study utilized openly available data from the DHS program and was therefore exempt from
ethics approval. However, access to the data requires submitting a formal request to the DHS
program. The request included relevant contact information, the research project title, the study
objectives, and a brief description of the analysis to be done. Permission to access and download
data is sent via email. Upon downloading, the datasets must not be shared with other people
without written consent from the DHS program. Additionally, all the reports and publications
utilizing the requested data must be submitted to The DHS Program Data Archive in Portable

Document Format (PDF).
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Chapter 4 — Results

This chapter presents the descriptive statistics, results for each research objective, and the key

findings derived from the analysis

4.1 Characteristics of Women in South Africa
Table 3 presents the characteristics of the study population (N = 8,514). Most participants

(90.9%) had never experienced a terminated pregnancy, and 83.8% had ever been tested for
HIV. The majority (87.6%) had secondary or higher education, 60.3% had never been in a
union, and 63.5% were not employed in the past year. Age distribution was balanced across
15-24 (34.2%), 25-34 (31.6%), and 35+ years (34.2%). Most participants were Black African
(86.4%), and 16% of the women were from KwaZulu-Natal (16.0%). Over half resided in urban
areas (56.4%), and 42.6% were from poor households. Female-headed households accounted
for 57.6%, and 81.9% had access to improved water. Most households had fewer than eight
members (88.6%), while 11.4% had eight or more members. Female-headed households were
more common (57.6%) than male-headed households (42.4%). Access to improved drinking
water was high, with 81.9% of households reporting an improved source, compared to 18.1%

relying on unimproved sources.

Table 3: Characteristics of study participants in South Africa

Total
(N=28514)
Ever had a terminated pregnancy
No 7735 (90.9%)
Yes 779 (9.1%)
HIV Transmission
No 1284 (15.1%)
Yes 6629 (77.9%)
dont know 601 (7.1%)
Highest educational level
No/primary education 1052 (12.4%)
Secondary or Higher Education 7462 (87.6%)
Current marital status
Never in Union 5134 (60.3%)
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Ever Married
Employment status

Not employed in last 12 months
Employed or employed at some point in the last 12 months

Parity
no births
2 or more births
Age in 5-year groups
15-24
25-34
35+
Ethnicity
black-african
White
Other
Region
western cape
eastern cape
northern cape
free state
kwazulu-natal
north west
Gauteng
Mpumalanga
Limpopo
Residence
Urban
Rural
Wealth index combined
Poor
Middle
Rich
Household size
< 8 members
>= 8 members

3380 (39.7%)

5409 (63.5%)
3105 (36.5%)

8030 (94.3%)
484 (5.7%)

2913 (34.2%)
2692 (31.6%)
2909 (34.2%)

7359 (86.4%)
214 (2.5%)
941 (11.1%)

656 (7.7%)
1041 (12.2%)
718 (8.4%)
854 (10.0%)
1360 (16.0%)
863 (10.1%)
863 (10.1%)
1054 (12.4%)
1105 (13.0%)

4805 (56.4%)
3709 (43.6%)

3628 (42.6%)
1956 (23.0%)
2930 (34.4%)

7542 (88.6%)
972 (11.4%)

Sex of household head
Male 3611 (42.4%)
Female 4903 (57.6%)
Source of drinking water)
improved water source 6977 (81.9%)
unimproved water source 1537 (18.1%)

4.2 Individual characteristics (maternal and child) by perinatal mortality

A total of 8,514 women were included in the analysis, of whom 8,269 (97%) had live births
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and 254 (3%) experienced perinatal mortality using weighted estimates. Perinatal mortality was
significantly higher amongst those who ever had a terminated pregnancy (10%) compared to
those who never terminated pregnancy (2%) (F = 111.2; p < 0.001). Those who were HIV
positive experienced higher perinatal mortality (3%) compared to those who tested negative
(1%) (F = 20.93; p < 0.001). Perinatal mortality was slightly higher among women who had
knowledge of HIV transmission (5%) compared to those who lacked knowledge about HIV

transmission (3%), and those who had no knowledge (2%) (F =5.72; p = 0.004).

Women with no education or primary education experienced higher perinatal mortality (6%),
than those with secondary or higher education (3%) (F = 24.52; p < 0.001). Women were
married before had higher perinatal mortality (4%) compared to those who never in a union
(2%) (F = 19.25; p < 0.001). Perinatal mortality did not differ between the employed and
unemployed women (3%) (F = 0.13; p = 0.722). Perinatal mortality was significantly higher
among women with two or more births (9%) compared to those with no births (3%) (F =23.41;
p < 0.001). Older maternal age was associated with higher perinatal mortality, with women
aged 35 years and above experiencing higher perinatal mortality (5%) compared to women
aged 25-34 (4%) and those aged 15-24 (1%) (F = 20.43; p < 0.001). Black-African women
experienced higher perinatal mortality (3%) compared to White women (1%) (F = 3.40; p =

0.039) and other ethnic groups (2%), see Table 4.

Community characteristics by perinatal mortality

Rural women experienced higher perinatal mortality (4%) compared to urban women (3%) (F
=4.42; p =0.036).. Perinatal mortality did not differ by household size (F = 0.31; p = 0.577),
household head (F = 0.33; p = 0.565) and source of drinking water (F = 0.05; p = 0.825), see

Table 5.
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Table 4: Individual characteristics of study participants by perinatal mortality in South Africa

Variables

Ever had a terminated pregnancy
No

Yes

HIV transmission

No

Yes

Don't know

Highest educational level
No/primary education

Secondary or Higher Education
Current marital status

Never in Union

Ever married

Employment status

Not employed in last 12 months
Employed or employed at some point in
the last 12 months

Parity (births in last five years)

Unweighted
Live Birth Perinatal
8238 mortality
276
7,538 (97%) 197 (3%)
700 (90%) 79 (10%)
1,225 (95%) 59 (5%)
6,427 (97%) 202 (3%
586 (98%) 15 (2%)
982 (93%) 70 (7%)
7,256 (97%) 206 (3%)
5,013 (98%) 121 (2%)
3,225 (95%) 155 (5%)
5,241 (97%) 168 (3%)
2,997 (97%) 108 (3%)

Total
8514

7,735 (100%)
779 (100%)

1,284 (100%)
6,629 (100%)
601 (100%)

1,052 (100%)
7,462 (100%)

5,134 (100%)
3,380 (100%)

5,409 (100%)
3,105 (100%)

Weighted
Live Birth Perinatal
8269 mortality
254

7544(98%) 177.5 (2%)
716.9 (90%) | 76.07 (10%)
1105 (95%) | 53.41 (5%)
6560 (97%) 188.8 (3%)

595.8 (98%)

889.4 (94%)
7371 (97%)

4888 (98%)
3373 (96%)

5081 (97%)
3180 (97%)

11.32 2%)

53.14 (6%)
200.4 (3%)

104.2 (2%)
149.4 (4%)

152.7 (3%)
100.8 (3%)

Total
8514

7,721 (100%)
793 (100%)

1,158 (100%)
6,748 (100%)
607 (100%)

942.5 (100%)
7,571 (100%)

4,992 (100%)
3,522 (100%)

5,233 (100%)
3,281 (100%)

F-statistic; p-value

F=111.2;<0.001

F=5.72; 0.004

F=24.52; <0.001

F=19.25; <0.001

F=0.13; 0.722
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No births

2 or more births

Age in 5-year groups
15-24

25-34

35+

Timing of 1st antenatal check
(months)
First-trimester
Second trimester
Third trimester

Other

Missing

Ethnicity
Black-African

White

Other

7,799 (97%)
439 (91%)

2,878 (99%)
2,594 (96%)
2,766 (95%)

1,374 (95%)
1,214 (95%)
138 (97%)
25 (93%)
5,487 (97%)

7,107 (97%)
212 (99%)
919 (98%)

231 (3%)
45 (9%)

35 (1%)
98 (4%)
143 (5%)

67 (5%)
59 (5%)
5 (3%)

2 (7%)
143 (3%)

252 (3%)
2 (1%)
22 (2%)

8,030 (100%)
484 (100%)

2,913 (100%)
2,692 (100%)
2,909 (100%)

1,441 (100%)
1,273 (100%)
143 (100%)
27 (100%)
5,630 (100%)

7,359 (100%)
214 (100%)
941 (100%)

7790 (97%)
470.7 (92%)

2810 (99%)
2685 (97%)
2765 (95%)

1371 (96%)
1212 (95%)
140.3 (95%)
16.76 (90%)
5520 (98%)

7155 (97%)
263.2 (99%)
842.4 (98%)

214.1 (3%)
39.47 (8%)

31.43 (1%)
91.61 (3%)
130.5 (5%)

63.74 (4%)
49.8 (5%)
7.275 (5%)
1.675 (10%)
131.12%)

233 (3%)
1355 (1%)
19.24 (2%)

8,004 (100%)
510.1 (100%)

2,842 (100%)
2,777 (100%)
2,896 (100%)

1,435 (100%)
1,262 (100%)
147.5 (100%)
18.43 (100%)
5,630 (100%)

7,388 (100%)
264.5 (100%)
881.7 (100%)

F=23.41; <0.001

F=20.43; <0.001

F=4.19; 0.003

F=3. 40; 0.039
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Table 5: Community characteristics of study participants by perinatal mortality in South Africa

Variables

Residence
Urban
Rural

Household size

< 8 members
> 8 members

Sex of household head

Male
Female

Source of drinking water
Improved water source
Unimproved water source

Unweighted
Live Birth Perinatal Death

8238 276
4,673 (97%) 132 (3%)
3,565 (96%) 144 (4%)
7,296 (97%) 246 (3%)
942 (97%) 30 (3%)
3,493 (97%) 118 (3%)
4,745 (97 %) 158 (3%)
6,749 (97%) 228 (3%)
1,489 (97%) 48 (3%)

Total
8514

4,805 (100%)

3,709 (100%)

7,542 (100%)
972 (100%)

3,611 (100%)
4,903 (100%)

6,977 (100%)
1,537 (100%)

Weighted

Live Birth  Perinatal Death

8269

5580 (97%)
2680 (96%)

7435 (97%)
825 (97%)

3705 (97%)
4556 (97%)

7004 (97%)
1257 (97%)

254

150.4 (3%)
103.2 (4%)

224.9 (3%)
28.7 (3%)

119.7 (3%)
133.9 (3%)

216.2 (3%)
37.35 (3%)

Total
8514

5,731 (100%)

2,783 (100%)

7,660 (100%)
853.7 (100%)

3,825 (100%)
4,689 (100%)

7,220 (100%)
1,294 (100%)

F-statistic

F=4.42; 0.036

F=0.31; 0.577

F=0.33; 0.565

F=0.05; 0.825
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4.2 Perinatal mortality rates across South Africa

The characteristics of women by perinatal outcomes in South Africa were described using bar

graph (a) the average perinatal mortality rate across provinces (Figure 5).

Figure 5 below shows the average PMR across various provinces in South Africa. The PMR
ranged from 20 to nearly 50 perinatal deaths per 1000 live births, highlighting regional
differences in perinatal mortality. North West had the highest PMR (50 per 1000 live births),
followed by Mpumalanga (48 per 1000 live births), Northern Cape (38 per 1000 live births) and
Eastern Cape (35 per 1000 live births), respectively. While, Western Cape had the lowest PMR
(17 per 1000 live births) followed by Limpopo (21 per 1000 live births) and then KZN (23 per

1000 live births).

Average perinatal mortality rate
by provinces of South Africa

2 |

2
|

T T
0 10 20 30 40 50
perinatal mortality rate

Figure 5: Distribution of PMR across provinces in South Africa.

4.3 Factors associated with perinatal mortality

Table 5 shows the bivariate and multivariable analysis of factors associated with perinatal mortality.
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For the multivariable logistic regression, two models were fitted: Model A, without random
effects at cluster level and Model B with random effects at cluster level. Model B with random
effects at cluster level had a lower BIC than Model A, thus Model B was chosen as a model
with a better fit. ICC was 0.1964 showing that 20% of the variance was attributed to community
level characteristics see Table .7

Table 6: Comparison of Multilevel logistic regression models with or without cluster random

effects
Model A Model B
AIC 2081.586 2030.987
BIC 2243.724 2179.025
ICC 0.1964

Both individual and cummunity factors were significantly associated with perinatal mortality.
Women who had ever experienced a terminated pregnancy had more than four times the odds
of perinatal mortality compared to those who had not (AOR 4.24; 95% CI1 2.25-6.48). Maternal
age was also a strong predictor, with women aged 25-34 (AOR 2.51; 95% CI 1.46-4.31 and
34+ years (AOR 3.62; 95% CI 2.14-6.14) having higher odds of perinatal mortality compared
to those aged 15-24 years. Education was protective in the unadjusted model, but the effect was
attenuated and no longer statistically significant after adjustment (AOR 0.69; 95% CI 0.47—
1.01, p=0.053). White women demonstrated significantly lower odds of perinatal mortality
relative to Black African women in the unadjusted model (OR 0.16; 95% CI 0.04—0.69), though
this association was attenuated and lost statistical significance in the adjusted model (AOR 0.18;
95% CI 0.04-0.82). Women who reported HIV transmission during pregnancy had a 40%
reduction in the odds of perinatal mortality compared to those who did not (OR 0.58; 95% CI

0.39-0.87, p=0.009).
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Compared to women residing in the Western Cape, those in the Northern Cape and North West
provinces had significantly higher odds of perinatal mortality in the adjusted analysis (AOR
2.16;95% CI 1.00—4.66 and AOR 3.31; 95% CI 1.03—4.71, respectively). Women in the Eastern
Cape and Mpumalanga initially showed increased odds in unadjusted models (OR 2.14; 95%
CI 0.99—4.46 and OR 2.86; 95% CI 0.80—4.21, respectively), but these associations were
attenuated and no longer significant after adjustment. No significant associations were observed
for women residing in Free State, KwaZulu-Natal, Gauteng, or Limpopo. Household wealth
showed a protective effect. Compared to women from poor households, those from rich

households had significantly lower odds of perinatal mortality (AOR 0.58; 95% CI 0.36-0.96).
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Table 7: Unadjusted and adjusted association of factors associated with perinatal deaths among women

Unadjusted ORs 95% CI p-value Adjusted ORs  95% CI p-value
Ever had a terminated pregnancy
No Reference
Yes 451 [3.32-6.12] 0.000 4.24 [2.25-6.48] 0.000
Mother’s age
15-24 Reference
25-34 3.05 [1.82-5.11] 0.000 251 [1.46-4.31] ~ 0.001
35+ 422 [2.61-6.82] 0.000 3.62 [2.14-6.14] ~0.000
Parity
No births Reference
2 or more births 3.05 [1.89-4.90] 0.000 3.64 [2.16-6.15] 0.000
Education
No education/primary education Reference
Secondary or Higher Education 0.46 [0.33-0.63] 0.000 0.69 [0.47-1.01] 0.053
Ethnicity
Black African Reference
White 0.16 [0.04-0.69] 0.014 0.18 [0.04-0.82] 0026
Other 0.70 [0.39-1.27] 0.243 095 [0-45-1.96]0.880
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HIV transmission

No Reference

Yes 0.6 [0.41-0.86] 0.005 0.58 [0.39-0.87] 0.009
Don't know 0.39 [0.20-0.78] 0.008 047 [0.22-1.02] 0.8
Province

Western cape Reference

Eastern cape 2.04 [1.06-3.95] 0.034 1.44 [0.67-3.06] 0.349
Northern cape 2.4 [1.20-4.79] 0.013 2.16 [1.00-4.66]  0.049
Free state 1.83 [0.88-3.82] 0.106 2.86 [0.80-4.21]  0.152
KwaZulu-Natal 1.37 [0.70-2.68] 0.365 1.72 [0.50-2.38] 0.818
North-west 34 [1.76-6.57] 0.000 331 [1.03-4.71]  0.042
Gauteng 1.33 [0.56-3.15] 0.511 1.57 [0.43-2.45] 0.946
Mpumalanga 2.88 [1.52-5.46] 0.001 2.14 [0.99-4.46] 0.054
Limpopo 1.18 [0.58-2.38] 0.648 1.41 [0.38-1.97] 0.732
Household wealth [-]

Poor Reference

Middle 0.79 [0.51-1.22] 0.284 0.78 [0.49-1.24] 0.303
Rich 0.47 [0.31-0.72] 0.001 0.58 [0.36-0.96]  0.032
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Chapter 5 — Discussion

This chapter provides an interpretation of the findings, explores their implications, outlines

the study's limitations, and proposes recommendations for future research.

5.1 Main Findings

This study aimed to examine the individual and community-level determinants of perinatal
mortality in South Africa. Our study found significant differences in perinatal mortality by
provinces, and the national perinatal mortality was 31%. This was comparable to findings from
other SSA countries like Nigeria and African countries included in one of the systematic
reviews (i.e., Ethiopia, Tanzania, Zimbabwe, Uganda, Ghana, Céte d’Ivoire Burkina Faso,
Kenya, Rwanda, Malawi, and Mozambique) where perinatal mortality rates were generally
high. Aso, similar studies in the SSA reported significant provincial or sub-national parities in
perinatal mortality®’?. Our study also found that both individual factors including pregnancy
termination, mother's age, mother's educational level, marital status, ethnicity, ever tested for
HIV, HIV transmission, as well as community factors including province and household wealth

were associated with perinatal mortality.

The findings showed that mothers with a history of terminated pregnancies were associated
with a higher likelihood of perinatal mortality compared to mothers without any history of
terminated pregnancy. These findings are consistent with earlier studies’'’>. Possible
underlying reasons could be biologically or socially related These studies considered both
spontaneous and induced abortions as terminated pregnancies’ 2. A previous prospective study
of 1, 737 pregnant women reported that women with a history of recurrent miscarriages had
increased odds of perinatal mortality, the study that also considered spontaneous abortions
alone and showed an increased risk of perinatal mortality in women with a history of

spontaneous abortions ’?. Another study retrospective study with a sample of 2,985 women



showed that women who had undergone an induced abortion before reported had an increased
the risk of preterm deliveries which is one of the leading causes of perinatal mortality”>. Also,
cultural factors play a role, as some women are pressured to conceive soon after a pregnancy

loss, without having fully recovered’”.

Our findings show the need to integrate family planning in preconception and prenatal care.
The Ministry of Health should expand access to modern contraceptives, counseling, and
reproductive health education to women of reproductive age to prevent unintended
pregnancies. Post-abortion care must also be improved, with standardised follow-up and
support for future pregnancy planning. Integrating reproductive history screening into routine
antenatal care can also help identify women who have a high risk of perinatal mortality early.
Health workers should be trained to gather this information respectfully and use it to guide
care. These measures can help reduce the risk of perinatal mortality amongst women who have

a history of terminated pregnancy.

Our study also showed higher odds of perinatal mortality among women aged 25-34 years
(AOR 2.51; 95% CI 1.46-4.31) and those aged 35 and older (AOR 3.62; 95% CI 2.14-4.16),
when compared to younger women aged 15-24 years. This aligns with a meta-analysis
conducted in Ethiopia, which reported that women of advanced maternal age had a 1.58-fold
higher risk of perinatal mortality than younger women’*” Similarly, a systematic review and
meta-analysis quantifying outcomes for women aged >40 indicated more than a doubling of
risk for stillbirth and other adverse perinatal outcomes (adjusted relative risk approx. 2.16 for
stillbirth), further reinforcing the vulnerability associated with older age in pregnancy’®. This
increased risks among older mothers could be attributed to an increase in obstetric
complications such as preeclampsia, gestational diabetes, placenta-related conditions, and

preterm delivery as well as age-related declines in physiological resilience’’. Collectively, our



findings reflect established biological and epidemiological patterns, emphasizing the

importance of age-sensitive antenatal care and counseling for older expectant mothers.

The study also found that mothers with two or more children had 61% higher odds of perinatal
mortality compared to those with no children. This result aligns with findings from a research
study analyzing data from 27 SSA countries found that women with multiparous and grand
multiparous mothers had 1.35 times (AOR = 1.35, 95% CI: 1.25, 1.47) and 1.69 times (AOR =
1.69, 95% CI: 1.53, 1.86) higher odds of perinatal mortality compared to primiparous mother,
respectively. Another study in Sekota Town in Northern Ethiopia recorded that neonates born
from primigravida mothers compared to multi-gravida mothers were 50 % less likely to have
mortality outcomes than morbidity outcomes (AOR =0.50, 95% CI: 0.30-0.90) but contrasts
with a study from Jimma, Western Ethiopia’®”. The increased risk may be due to inadequate
nutrition as result of taking take of many children, especially among women in poverty,
resulting in malnutrition during pregnancy and after, potentially leading to perinatal mortality.
Therefore, family planning programs should prioritize optimal birth spacing for maternal
recovery and improved nutrition to reduce perinatal mortality. Additionally, we need to
provide targeted nutritional support for women with multiple pregnancies, which can help

mitigate risks associated with frequent pregnancies.

We also noted that known HIV transmission was significantly associated with perinatal
mortality. Women who had HIV transmission during pregnancy had 42% fewer odds of
experiencing perinatal mortality as opposed to mothers who did not know, and this was
consistent with many studies®?. Mothers who are living with HIV face a heightened risk of
transmitting the virus to their infants, either during pregnancy, childbirth or through
breastfeeding. This vertical transmission of the virus can result in serious health complications

for newborns, including stillbirths and neonatal deaths. However, our findings are contrary,



this could be that women who had HIV during pregnancy were under Prevention of mother-to-
child transmission (PMTCT) programs, which includes antiretroviral therapy and monitoring
of adherence, and thus preventing vertical transmission. This underscores the necessity of
continued efforts to expand access to PMTCT services and ensure that pregnant women living
with HIV receive the care and support needed to protect their infants from infection and reduce

the incidence of perinatal mortality®.

Our study also found significant provincial disparities in perinatal mortality. Compared to the
Western Cape, mothers in Northern Cape and North West provinces had significantly higher
odds of perinatal mortality. These findings are consistent with national health equity reports,
which highlight persistent gaps in maternal and newborn care coverage across provinces. The
variation in outcomes may reflect differences in health system capacity, accessibility of
emergency obstetric services, or broader socio-economic inequalities. The Ministry of Health
should prioritize province-specific strategies, such as investing in maternal health infrastructure
and human resources in high-risk provinces like the Northern Cape and NorthWest. Although
rural residence showed no significant in the adjusted model, our findings suggests that other
factors, such as wealth or provincial factors could obscure this relationship. Rural areas may
still require targeted outreach programs, especially for ANC services and timely referrals, to

address structural barriers to care.

Household wealth was also significantly associated with perinatal mortality. Compared to
mothers from poor households, those from wealthier households had a reduced likelihood of
perinatal mortality. These findings are consistent with previous studies showing that socio-
economic status influences access to nutrition, health services, and maternal education, all of
which contribute to pregnancy outcomes. This mirrors broader sub-Saharan African evidence:
a multilevel analysis found reduced perinatal mortality rates among middle and richer wealth

households (AORs approximately 0.93) compared to the poorest households. This could be



explained by the fact that women from richer wealth households have improved access to
quality antenatal care, better nutrition and safer birthing environments which reduces the
likelihood of pregnancy complications and adverse pregnancy outcomes '° 77, Interventions
such as social protection schemes like maternal vouchers, conditional cash transfers, or
community health insurance could help address structural and financial barriers of access to
care among women of low socioeconomic status and reduce perinatal mortality. The study also
that the inclusion of random effects at the cluster/community level improved the model. These
findings show that interventions aimed at reducing perinatal mortality should also be targeted

in communities.

In light of these findings, policymakers should consider tailored interventions at multiple
levels. Provinces with high perinatal mortality should receive increased funding and technical
support to improve maternal and newborn care. Health facilities should be equipped to handle
complications irrespective of delivery mode, and rural outreach must be strengthened.
Community-level health promotion and financial risk protection for poor households can
address the social determinants of perinatal health. These multi-level strategies are essential to

achieving equitable and improved outcomes for mothers and newborns across the country.

5.2 Strengths and limitations

The dissertation used DHS data with large, nationally representative samples, making our
findings generalizable to the population. The data is also reliable because of standardised
practices of collecting DHS data. However, this study was subject to the limitations of a cross-
sectional study making it difficult to establish causality. There was potential for recall bias,
especially for the variables that relied on the mother’s memory like birth intervals, parity, and

antenatal care visits. Another limitation of this study was the



exclusion of certain important variables, like healthcare facility distance, antenatal care,

autonomy, and affordability of healthcare due to heavily missing data.

5.3 Recommendations

Future studies should consider longitudinal studies to observe how changes in factors over time
influence perinatal mortality. Additionally, clinical records should be used for collecting

maternal and child health indicators to improve accuracy.

5.4 Conclusion

The study found high levels of perinatal mortality at national level and disparities by provinces.
Individual level factors like terminated pregnancy, maternal age, parity and HIV transmission,
as well as community level factors like household wealth and province influenced perinatal
mortality. Policymakers should consider tailored interventions at multiple levels including
improving access and quality of maternal healthcare particularly among women of low
socioeconomic status and increasing uptake family planning services among women of
reproductive age. Furthermore, there should specific targeted interventions in provinces with

high levels of perinatal mortality.
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Appendices

Appendix A: AIC and BIC

Model A

. estat ic

Akaike's information criterion and Bayesian information criterion

Model N 11(null) 1l(model) df AIC BIC
8,514 . =1017.793 23 2081.586 2243.724
Note: BIC uses N = number of observations. See [R] BIC note.
Model B
. estat ic
Akaike's information criterion and Bayesian information criterion
Model N 11(null) 11l(model) df AIC BIC
8,514 « =-994.4933 21 2030.987 2179.025
Neote: BIC uses N = number of observations. See [R] BIC note.
. estat icc
Residual intraclass correlation
Level ‘ ICC std. err. [95% conf. interval]
psul ‘ .1963743 .8413729 .1275331 .2966227

Appendix B: Plagiarism declaration

56




UNlVERSITYOFTII[é \(I. FACULTY OF
WITWATERSRAND. N =2) HEALTH SCIENCES
JOHANNESBURG =

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS
SENATE PLAGIARISM POLICY: APPENDIX ONE

| Ruvimbo Faith Forget (Student number: ___ 1888451 ) am a student

registered for the degree of __Masters in Epidemiology and Biostatistics in the academic year 2022-2024

| hereby declare the following:

- | am aware that plagiarism (the use of someone else's work without their permission and/or
without acknowledging the original source) is wrong.

- | confirm that the work submitted for assessment for the above degree is my own unaided work
except where | have explicitly indicated otherwise,

- Ihave followed the required conventions in referencing the thoughts and ideas of others.

- | understand that the University of the Witwatersrand may take disciplinary action against me if
there is a belief that this is not my own unaided work or that | have failed to acknowledge the
source of the ideas or words in my writing.

- I'have included as an appendix a report from “Turnitin” (or other approved plagiarism detection)
software indicating the leve! of plagiarism in my research document.

Vg
P 3 ‘ @; 18 Nov 2024
Signature: hk Date: o

57



Appendix C: Turnitin Report

ForgetRF2024COMH7175AResearchReport.docx

13 11s 11 T

QN\landy

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

wiredspace.wits.ac.za 1
Internet Source %

bmcpublichealth.biomedcentral.com 1
Internet Source %
pdffox.com
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Appendix D: Stata Codes

Code used to code perinatal deaths

//rename variable so that it is not detected as an ambigious variable

rename b6_0* b6_*

// intrapartum stillbirths : death during delivery

gen intrapartum_stillbirth = .

forvalues i = 1/20 {

capture replace intrapartum_stillbirth =b6_"i'if b6 _"1'<=100 & m19 ‘1" >=1000
}

replace intrapartum_stillbirth = 1 if intrapartum_stillbirth ==100

replace intrapartum_stillbirth = 0 if intrapartum_stillbirth ==.

label define intrapartum_stillbirth 1 " intrapartum_stillbirth" 0 "non_stillbirth"

label values intrapartum_stillbirth intrapartum_stillbirth

// early neonatal death : during first week of birth

gen neonatal death =.

forvalues 1 =1/20 {

capture replace neonatal death = b6 'i'if b6 'i'>=101 & b6 _"1' <=107
}

replace neonatal death = 1 if inrange(neonatal death ,101, 107)

replace neonatal death= 0 if neonatal death ==.

label define neonatal death 1 " neonatal death" O "non neonatal death"

label values neonatal death neonatal death

Code used to survey set data

cap gen psul =v001
cap gen stratal = v(023
cap gen wt=v005/1000000

svyset psul [pw = wt], strata(stratal) singleunit(centered)
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Code used for multivariable logistic regression

svy: logit perinatal death i.ever terminated i.age category i.parity i.education
i.marital_status i.ethnicity i.tested hiv i.hiv_transmission i.anc_visits i.birth_weight
1.birth_interval i.type of delivery i.province i.residence i.household wealth , or
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