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PREFACE

This thesis comprises six results-based chapters written in a manuscript-format potential for
publication in peer-review journals. Data analysis and drafting of these manuscripts were done
by the candidate during the doctoral degree registration period under the guidance of his
doctoral supervisors. Two manuscripts, a systematic review protocol and the actual review for
the first objective, as part of this work, have been published and are referenced in a preface to
the relevant chapter. Tables and figures are numbered for the whole document, whereas the
references are chapter specific. The following are the results chapters presented in the thesis in

manuscript format: -

1. Trends in maternal and neonatal mortality in South Africa: A systematic review.

2. Validating the Provincial deterministic data linkage approach through a fully probabilistic
record linkage method applied to mortality and pregnancy data, Western Cape, South

Africa.

3. A three-source capture-recapture estimate of maternal deaths under-reporting in the

Western Cape Province, South Africa.

4. Estimation of neonatal deaths under-reporting using capture-recapture method in the

Western Cape Province, South Africa.

5. Factors associated with maternal mortality in the Western Cape province, South Africa.

6. Factors associated with neonatal mortality in the Western Cape province, South Africa.
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DEFINITION OF TERMS

Akaike Information Criterion (AIC) — the measure of model performance that account for model
complexity and number of estimated parameters i.e., AIC=2k-2In(L).
Deterministic/exact record linkage - the use of unique identifier or exact matching of defined
identifiers (such as names, dates of birth, addresses etc.) to link records from different datasets.
Fuzzy matching - is a special case of record linkage using computer-assisted translation to process
word-based matching queries when finding correspondences between segments of a text and
entries in a database.
Maternal deaths - 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.
Maternal Mortality Ratio: Number of maternal deaths per 100,000 live births:
(Number of maternal deaths / Number of live births) * 100,000
Modulus 10 validation — a mathematical formula used to determine accuracy of various
identification numbers i.e., SA ID.
Neonatal deaths - the death of a baby within the first 28 days of life from any cause
Neonatal Mortality Rate: Number of babies dying before 28 days of life per 1,000 live births:
(Number of infant deaths / Number of live births) * 1,000
Probabilistic Record Linkage - the process of linking records from different data sources that
have a high probability of belonging to the same individual when a unique identifier or identifier

combinations are unavailable, unreliable or of insufficient quality381315,

X,



PHDC/Provincial linkage - is a decision rule-based deterministic linkage approach used by the
Western Cape Provincial Health Data Centre which uses fuzzy matching to generate confidence
match scores that categorise records as exact, probable or possible matches.

Soundex algorithm — a phonetic algorithm producing a character string to identify a set of names

phonetically alike.
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ABSTRACT
Measuring and monitoring progress towards global development goals requires valid and reliable
estimates of maternal and child mortality. This thesis has aimed at enumerating and estimating
maternal and neonatal deaths from 2010 to 2013 in the Western Cape Province; and determining
factors associated with these outcomes during the same period. This thesis comprises nine
chapters, of which six present the research findings. The first results chapter has presented the
findings from a systematic review, determining trends of maternal and neonatal mortality from
1990 to 2015 in South Africa. The review found that estimates of maternal and neonatal mortality
are widely divergent across data sources and estimation methods, with conflicting trends over
the analysis period. The second results chapter compared the performance of the existing
decision-rule based linkage approach (provincial linkage) which uses fuzzy linkage to an
independent fully probabilistic record linkage (PRL) implementation for identifying mortality
records across the Western Cape Provincial Health Data. The PRL was shown to be a feasible
method for future implementation, while the existing linkage performed similarly to the
independent linkage exercise, providing reassurance on the adequacy of the linked datasets on
which the subsequent chapters were based. The third and fourth results chapters involved the
applications of three-source capture-recapture methods, to estimate maternal and neonatal
mortality under-reporting in the Western Cape province. Based on these models, maternal and
neonatal mortality under-reporting were estimated at 45.6% and 17.7% over the full 4-year
period respectively. The last two results chapters focused on determining factors associated with
maternal and neonatal mortality in this setting and exploring whether the estimates of

association were altered through using an expanded number of outcome events based on
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database linkage across multiple data sources. Most findings were consistent with known
associations, as well as estimates from single-source analyses in the same setting. The thesis
concludes that estimates of maternal and neonatal mortality are widely divergent in South Africa,
and single-source reporting likely under-estimates the event rates. The application of capture-
recapture methods is a viable approach in South Africa to resolve the problems of under-

ascertainment in estimation of these outcomes.



CHAPTER 1: INTRODUCTION

1.1 Background

Maternal and neonatal mortality are important health challenges and insufficient progress has
been made in addressing them. In 2015, about 303,000 women globally died during pregnancy,
childbirth, or within 42 days of termination of a pregnancy from causes related to pregnancy or
its management®. Of these, almost 99% (302,000) were from developing countries. Sub-Saharan

Africa (SSA) accounted for approximately 66% (201,000) of the global maternal deaths?.

The Millennium Development Goal (MDG) target 5A aimed at reducing the maternal mortality
ratio (MMR) by three-quarters between 1990 and 2015%3. However, a decline of only 44% in the
MMR has been achieved i.e., 216 maternal deaths per 100,000 live births in 2015 from 385
maternal deaths per 100,000 live births in 1990'. Despite the reduction in global maternal
mortality in 2015, developing regions had roughly 20 times higher MMR compared to the
developed world!. Additionally, SSA recorded the highest MMR within the developing regions

(546 maternal deaths per 100,000 live births)?.

About 70%-80% of the global maternal deaths are due to direct causes such as maternal
bleeding/haemorrhage, hypertensive disorders, sepsis (infection), eclampsia, obstructed labour,
unsafe abortion and other direct causes. Only 20%-30% were due to indirect causes, such as
anaemia, cardiovascular disease, malaria, HIV/AIDS and TB*°. SSA remains the region mostly
affected by HIV/AIDS, contributing about 85% of all HIV/AIDS related maternal deaths

worldwide®”’.



Evidence from the literature has shown that interventions to reduce maternal mortality also
prevent neonatal mortality'%2°. Globally, there were an estimated 2.7 million neonatal deaths in
2015, Even though the neonatal mortality rate dropped from 36 deaths per 1,000 live births in
1990 to 19 deaths per 1,000 live births in 2015, it still accounted for 45% of all under-five child
deaths!®. Nearly three quarters of all neonatal deaths occurred during the first week of life; while
30%-40% occurred within the first 24 hours'®2!, Low and middle-income countries (LMIC)

accounted for the vast majority (85%) of these deaths®22,

Most neonatal deaths are considered preventable with proven, existing, and cost-effective
interventions available?®. Globally, preterm birth complications (35%); intrapartum-related
complication (24%) and sepsis (15%) were the main causes of neonatal deaths?%-23. Malnutrition

and HIV/AIDS are also important contributory causes of neonatal mortality in SSA settings?.

Compared to other SSA countries, South Africa has been reported to have a relatively low MMR
(138 maternal deaths per 100,000 live births) with a high contribution from HIV (32%)*. However,
the country did not achieve the MDG targets for maternal and child health by 2015. Between
1990 and 2015, the country recorded only moderate progress in achieving MDG 4 (reducing by
two-thirds, between 1990 and 2015, the under-five mortality rate) with no progress in achieving
MDG 5A (reducing by three quarters, between 1990 and 2015, the maternal mortality ratio) 47823728,
Progress is difficult to assess as the country has widely divergent estimates of maternal and
neonatal mortality from institutional reporting and global metrics, mainly due to estimation

techniques, variable data sources and the definitions used?®.



Monitoring progress towards MDG 4 and 5 required valid and reliable estimates of maternal and
child mortality. Estimation of these outcomes in developing countries is challenging due to lack
of accurate, valid and reliable data®?73%-34, Lack of accurate and reliable estimates of neonatal
and maternal mortality in South Africa has a substantial impact in monitoring trends, health
planning and evaluation of health interventions. As described in the literature review, several
methods for measuring and estimating maternal and neonatal mortality exist, and can be broadly
categorized as empirical or analytical approaches3>. However, the choice of estimation method

primarily depends on the availability, coverage and quality of data in a given country.

Due to varying estimates of maternal and neonatal mortality provided by different sources in
South Africa and the Western Cape province, there is value in applying additional estimation
techniques which utilise multiple data sources to correct for under-reporting of these outcomes.
Unique opportunities for estimating maternal and neonatal mortality are provided in the country,
and particularly in the Western Cape Province, by having multiple data sources, which facilitates
the application of capture-recapture methods. The available data sources often include unique

identifiers, enabling potential data linkage.

Moreover, it is important to understand the factors contributing to these deaths. Given the HIV
epidemic in the country and the massive uptake of HIV treatment and Prevention of Mother-to-
Child Transmissions (PMTCT), it is also important to understand the ongoing relationship

between HIV and HIV interventions, and maternal and neonatal outcomes.



1.2 Literature review

This section presents the details of the literature search strategy; estimates of MMR and NMR;
the comparative estimates of MMR and NMR worldwide; trends in MMR and NMR in South
Africa; factors associated with MMR and NMR and the estimation methods used in Low- and
Middle-Income Countries (LMIC). Given that many studies provide estimates across multiple
countries, in order to facilitate comparison of estimates, three countries (South Africa, Tanzania
and Malawi) were chosen to illustrate the variability in estimates, based on availability of
additional single-country studies, and similarities and differences to the South African context.
The literature review in this chapter, while based on a systematic search strategy, is summative
and illustrative in order to inform the current study, and not intended to reflect the full breadth
of the articles reviewed. A formal systematic review is included as a thesis chapter, focussing

specifically on the South African estimates of maternal and neonatal mortality.

The bulk of this review was undertaken at the time of initial protocol development in 2015. While
some additional literature has been included, the review should be read as current at the time
the study was undertaken. Relevant data and articles published while the analyses were

underway are discussed in the concluding chapter.

1.2.1 Literature search strategy
Literature searches were conducted in several electronic databases including Medline, Africa-
Wide Information, Scopus, Web of Science and CINAHL. Keywords used included maternal,

neonatal, mortality, death, estimate, developing countries, Africa and South Africa. Searches



were limited to articles written in English. Reference lists of retrieved articles were also screened

for additional publications (Appendix 1).

1.2.2 Estimation of maternal and neonatal mortality

Globally, limited guidance exists for estimating maternal mortality at country and/or sub-national
level. The Technical Advisory Group (TAG) of the United Nations Inter-agency Group for Child
Mortality Estimation (UN-IGME) i.e., UNICEF, WHO, the World Bank and the United Nations
Population Division, provide guidance on methods of estimating neonatal mortality. Estimation
procedures are recommended through the use of civil registration and sample surveys due to the
representative nature of these data. In HIV-affected countries (HIV prevalence >5%), TAG has
recommended estimation of non-HIV neonatal mortality and HIV-neonatal mortality separately,
thereafter adding the estimates to obtain the total estimated neonatal mortality rate?'36. The

methods of estimating MMR and NMR are briefly described in Chapter 2.

1.2.2.1 Country and sub-national estimates of maternal mortality

According to Maternal Mortality Inter-Agency Group (MMEIG)?; in 2015, Sierra Leone was the
country with the highest MMR in SSA (MMR=1360 per 100,000 live births; 80% Uncertainty
Interval (Ul): 999 to 1980). Afghanistan (MMR=396; 80%UI: 253,620), Yemen (MMR=385; 80%UI
274,582) and Haiti (MMR=359; 80%Ul: 236,601) were the countries with the highest maternal
mortality rates outside the SSA region. In SSA, Cabo Verde and Mauritius were the countries with
the lowest MMR, i.e., MMR=53 (80%Ul: 38,77) and MMR=42 (80%Ul: 20,95) respectively. Unlike
most SSA countries, South Africa had a relatively low MMR (MMR=138, 80%Ul: 124,154) of which

32% of the deaths were attributed to HIVZ.



A systematic review done in 2014 in 188 countries ranked MMR by country slightly differently
and showed substantial variations in MMR by countries’. Globally, South Sudan and the Central
African Republic recorded the highest MMR in the year 2013 (MMR=956; 95%Ul: 685,1262 and
MMR=911; 95%Ul: 578,1293, respectively), in contrast to Iceland which had the lowest MMR of

2.4 maternal deaths per 100,000 live births (95%Ul: 1.6,3.6).

According to regions, Bolivia had the highest MMR in South America (MMR=180; 95%UI:
110,257). Haiti and Guyana had the highest MMR in the Caribbean (MMR=333; 95%Ul: 219,480
and MMR=118; 95% Ul: 76,179, respectively). Similarly, in South Asia, Afghanistan had the
highest MMR of 885 maternal deaths per 100,000 live births (95%Ul: 508,1445). Additionally,
Yemen was the country with highest MMR in North Africa and Middle East (MMR=309; 95%Ul:
509,555), while Papua New Guinea was the highest in South-East Asia and Oceania region
(MMR=594; 80%UIl: 313,1031). Seychelles was the country with lowest MMR in the SSA region
(MMR=15.7; 95%Ul: 12,21). According to the report, in 2013, South Africa had 174 maternal
deaths per 100,000 live births (95%Ul: 96,257), with the proportion of maternal deaths attributed

to HIV not documented.

The tenth interim report on Confidential Enquiries into Maternal Deaths (CEMD) in South Africa
showed an institutional Maternal Mortality Ratio (IMMR) of 140 maternal deaths per 100,000
live births (95% Ul: 85,210) in the year 2012. Free State province recorded the highest IMMR in
contrast to the Western Cape province which had the lowest IMMR in the country (240.4 vs. 78.6

maternal deaths per 100,000 live births)3”.



Table 1 shows the selected literature on country/sub-national estimates of maternal mortality,
focussing on African settings, in particular South Africa and the designated comparator countries

described earlier (Tanzania and Malawi).

Table 1: Countries and sub-national estimates of maternal mortality

(Multi-country)

Study design Methods of Findings (year):
Author /country | -Sample size estimation Estimate (UI)

-Data source
Maternal Report Bayesian maternal MMR - 2015
Mortality mortality estimation South Africa - 138
Estimation Inter- model (124,154)
Agency Group, Tanzania - 398 (281,570)
2015* Malawi - 634 (422,1080)

Kassebaum et al,
2014**

(Multi-country)

-Record review
-188 countries
-GBD 2013 cause
of death database

Statistical model
(Cause of death
ensemble model)

MMR - 2013

South Africa - 174 (96,257)
Tanzania - 389(227,549)
Malawi - 334.7 (226,465)

(Multi-country)

Colbourn et al, Systematic review | Population based MMR-2010
2013 estimate MMR - 484 (national
Malawi average)
Udjo etal, 2013 -Secondary data Statistical model MMR-2007
South Africa analysis (Growth balance South Africa-764
-Census, sample method) Western cape - 102
survey, vital Eastern Cape - 1639
registration Free state - 1080
Kwazulu-Natal - 969
Northern cape - 610
Gauteng - 484
Confidential Interim report Direct estimate IMMR- 2012
enquiry, 2012 -Institutional South Africa- 146.7
South Africa reporting Free state - 240.4
Kwazulu-Natal - 180.6
Eastern cape - 180.4
Northern cape - 173.5
Gauteng - 125.3
Western cape - 78.6
Lozano et al, Systematic Statistical model MMR-2011
2011** review (Ensemble model) South Africa - 91(69,121)

Zimbabwe - 329(232,470)
Botswana - 575(363,689)




Tanzania - 417(337,511)
DHS, 2010 Survey Direct sisterhood MMR-2010

Malawi - 675(570,780)
(Multi-country) Tanzania - 454 (353,556)
Hogan et a, Systematic review | Statistical method MMR-2008
2010** South Africa-237 (146,372)

Malawi - 1140(675,1813)
(Multi-country) Tanzania - 449 (273,721)

Ul-Uncertainty Interval; *80% Uncertainty Interval;, **95% Uncertainty Interval; ND - Not documented

The maternal mortality estimates are highly variable, ranging from 335 to 1140 deaths per 100
000 live births for Malawi, 389 to 449 deaths per 100,000 live births for Tanzania and 91 to 764
deaths per 100,000 live births for South Africa, noting all within a decade of each other. These

are covered in further detail in Chapter 3.

1.2.2.2 Trends in maternal mortality in South Africa

According to the estimates from MMEIG, South Africa has recorded insufficient progress in
achieving MDG 5A1. In the country, MMR has increased by 27.8%: from 108 maternal deaths per
100 000 live births in 1990 to 138 maternal deaths per 100 000 live births in 2015. The MMR varied
substantially from 1990 to 2015, most probably due to the HIV epidemic and the subsequent
introduction of treatment for HIV?°, AIDS-related indirect maternal deaths increased from 1700 in
1990 to 12,000 in 2005, thereafter decreased to 7500 AIDS-related indirect maternal deaths in

2013 likely due to high ART coverage among eligible patients (>80%) in the country3%-41,

A systematic review done by Kassebaum et al’; indicated remarkable changes in MMR in South
Africa: from a ratio of 134 (95%Ul: 93,175) maternal deaths per 100 000 live births in 1990 to 342
(95%UI: 228,481) maternal deaths per 100 000 live births in 2003, followed by a decline to 174

6Ul: 96, maternal deaths per ive births in . Comparing just in
(95%Ul: 96,257) | death 100 000 live births in 2013. C ing MMR j in 2013
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and 1990, this is consistent with an increase in deaths from both direct and indirect obstetric

causes recorded in SSA during the same period’.

The study done by Lozano et al** has provided findings contrary to Kassebaum whereby in South
Africa, a decline of MMR from 120 to 91 maternal deaths per 100 000 live births was recorded
from 1990 to 2011. The decline in MMR was linked with a reduction in HIV-related maternal

deaths which was mainly due to the steady scale-up of ART in the country3&394142,

There was an increased IMMR recorded by the Confidential Enquiries into Maternal Deaths from
1998 to 2009, and a decrease from 2009 to 2012 in South Africa. The annual rate of change in
IMMR in the country from 1998 to 2012 was insufficient in relation to achieving the MDG target
5A. AIDS/HIV related deaths and caesarean-section-associated haemorrhage were the main
contributory causes of a slow progress in MDG 5A374344 Table 2 shows the selected literature on

trends in maternal mortality in South Africa.

Table 2: Trends in maternal mortality in South Africa

Methods of estimation Findings (year):
Author/Country Estimate (Ul)
Maternal Mortality Bayesian maternal mortality MMR - 2015
Estimation Inter-Agency estimation model South Africa - 138
Group, 2015* MMR -2010
South Africa - 154
(Multi-country) MMR - 2005
South Africa - 112
MMR - 2000
South Africa - 85
MMR - 1995
South Africa - 62
MMR - 1990
South Africa - 108
Kassebaum et al, 2014** | Statistical model MMR - 2013
(Multi-country) South Africa - 174 (96,257)




MMR - 2003

South Africa - 342 (228,481)

MMR - 1990

South Africa - 134 (93,175)

Confidential enquiry,
2012

South Africa

Direct

IMMR- 2012

South Africa - 146.7

IMMR- 2011

South Africa - 159.1

IMMR- 2003

South Africa - 120

IMMR- 1999

South Africa - 80

Lozano et al, 2011**

(Multi-country)

Statistical model
(Ensemble model)

MMR-2011

South Africa - 91 (69,121)

MMR - 2000

South Africa - 89 (78,101)

MMR - 1990

South Africa - 119.6 (99,145)

Hogan et al, 2010**

(Multi-country)

Statistical model

MMR-2008

South Africa - 237 (146,372)

MMR -2000

South Africa - 155 (95,248)

MMR - 1990

South Africa - 121 (73,190)

Ul-Uncertainty Interval; *80% Uncertainty Interval; **95% Uncertainty Interval; ND - Not documented

Similar to quite divergent point estimates during the same calendar periods, there are also

divergent estimates of trends in maternal mortality. The trends in maternal mortality are broadly

discussed in the systematic review in Chapter 3.

1.2.2.3 Country and sub-national estimates of neonatal mortality

According to the UN-IGME report, in 2015 there were 11 neonatal deaths per 1,000 live births in
South Africa®®. In comparison to most SSA countries, South Africa had notably low early (0-6 days)

and late (7-28 days) neonatal mortality rates?3>42. Once again, estimates for South Africa are

contrasted with those of Malawi and Tanzania for illustrative purposes (Table 3).
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Table 3: Countries and sub-national estimates of neonatal mortality

Study design Methods of Findings (year):
Author /Country | -Sample size estimation Estimate (UI)
-Data source
UN-IGME, 2017* | Report Statistical model NMR - 2015

(Multi-country)

Civil registration
Census

(Bayesian B-splines
Bias-reduction model

South Africa-11
Tanzania - 19

Sample survey [B3 model]) Malawi - 22
Wang et al, -Record review Statistical model NMR - 2013
2014** -188 countries (Gaussian process South Africa

(Multi-country)

-Survey, census,
vital and sample
registration

regression)

Early - 11.4 (9.5,13.3)
Late - 3.2 (2.5,4.2)

Tanzania
Early - 18.0 (15.7,20.4)
Late - 5.8 (4.8,6.9)

Malawi
Early - 19.7 (16.9,22.1)
Late - 6.5 (5.5,7.4)

Lozano et al,
2011**

(Multi-country)

Systematic
review

Statistical model
(Ensemble model)

NMR - 2011

South Africa

Early - 10.8 (9.8,11.8)
Late - 3.5 (3.2-3.9)

Tanzania
Early - 18.5 (16.4-20.8)
Late - 5.8 (5.2,6.6)

Malawi
Early - 20.6 (17.9,23.6)
Late - 6.6 (5.6,7.9)

Ul-Uncertainty Interval; *80% Uncertainty Interval;, **95% Uncertainty Interval; ND - Not documented

Estimates of neonatal mortality are more consistent than those of maternal mortality. However,
there are fewer estimates than those of maternal mortality. The available estimates of neonatal

mortality are discussed in further detail in Chapter three.
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1.2.2.4 Trends in neonatal mortality in South Africa

Regarding neonatal mortality (Table 4), South Africa experienced a moderate (1.6%) annualised

average reduction in neonatal mortality between 1990 and 2015'¢, However, this reduction was

not enough to achieve the MDG 4 by 2015. Several studies suggested the annualised reduction is

associated with the scale-up of child and maternal interventions in the country, massive scale-up

of Prevention of Mother-To-Child Transmission of HIV (PMTCT) and the increasing roll-out of

ART22,24,45,46

Table 4: Trends in neonatal mortality in South Africa

Methods of Findings (year): % Annual rate of
Author estimation Estimate (95% UI*) reduction
UN-IGME, 2015 Report NMR - 2013 1990 - 2015
(Multi-country) Civil registration South Africa - 15 -1.6%
Census NMR - 2010
Sample survey South Africa - 18
NMR - 1990
South Africa - 18
WHO, 2015 Statistical model NMR - 2012 ND
(Multi-country) South Africa - 15
NMR - 2005
South Africa - 18
NMR - 1995
South Africa - 19
Nannan et al, Direct INMR- 2008 ND
2012 -DHIS KZN-10.6
South Africa -PPIP INMR- 2006
-ACDIS KZN - 14.4
INMR- 2003-2006
KZN - 13.6
INMR- 2000
KZN - 15
Kerber et al, 2013 | Mathematical model 1990 - 2011
South Africa (UCT Paediatric HIV -2.3%
model)
2006 -2011
-3.4%

*Ul-Uncertainty Interval; ND - Not documented
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Similar to there being relatively consistent point estimates of the NMR during the same calendar
periods, estimated trends in neonatal mortality are broadly aligned. The trends in neonatal

mortality in South Africa are covered in greater detail in Chapter four.

1.2.3 Methods of estimating MMR and NMR

Achieving the goal of safe motherhood and tracking progress towards MDG 4 and 5, various
methods for measuring and estimating maternal and neonatal mortality have been developed,
tested and are now widely used. Most approaches have been either empirical measurement, or
simulation to compensate for under-ascertainment, with few attempts at analytic approaches to
estimate the true burden. These empirical estimation techniques can be further categorised as
direct and indirect. Empirical measurement methods include death registration (civil/vital
registration and Sample Vital Registration with Verbal Autopsy (SAVVY)); health facility statistics,
decennial census, surveys (Demographic Health Survey (DHS) and Multiple Indicator Cluster
Survey - (MICS)); surveillance (Confidential Enquiries, Demographic Surveillance System - (DSS) &
Active Surveillance of Reproductive Age Female Deaths); Reproductive-Age Mortality Studies
(RAMOS) and birth and death record linkage. Analytical measurement methods comprise
modelling or simulation i.e., mathematical, ecological or statistical models such as capture-
recapture methods*27:3031,34354751 " Figyre 1 below summarises the general methods of

estimating maternal and neonatal mortalities.
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Estimation methods

Empirical Analytical

Direct Indirect

Death
registration,Health
facility statistics,
Decenial census.

Modelling/Simulation

Surveys (Direct &
Indirect sisterhood
method), Surveillance.

Birth-death linkage e.g. Capture-recapture
method

Figure 1: Methods of estimating MMR and NMR

The choice of estimation method primarily depends on the availability, coverage and quality of
data in a particular area. In areas with complete death registration systems and accurate
ascertainment of cause of deaths, estimates of maternal and neonatal mortality are obtained
directly from these data. However, in areas with incomplete data; analytical measurement
methods are used for estimation purposes*3%°2, Where direct estimation is not possible, or
estimation is required across multiple settings, mathematical/statistical modelling is frequently
used, which integrates demographic parameters (mortality, fertility and age structure) and

calibrates with maternal mortality estimates from similar contexts.
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Seychelles and Mauritius are the only African countries having near-complete vital registration
systems which facilitate estimation of maternal and neonatal mortality directly®®. Among
developing countries, South Africa has national facility-based mortality audits for maternal,
perinatal and child death, focused both on estimating trends, as well as describing avoidable
causes amenable to intervention?*>4, The estimation of maternal and neonatal mortality in the
country is often based on the National Confidential Enquiry into Maternal Deaths (NCEMD) which
records maternal deaths, and Perinatal Problem Identification Programme (PPIP) which records

stillbirths and neonatal deaths?>37:°5,

1.2.4 Factors associated with maternal and neonatal mortality
Several studies have revealed different factors associated with maternal and neonatal mortality
ranging from individual, underlying healthcare factors and disease control. The most commonly
studied factors associated with maternal mortality include: maternal diseases (HIV/AIDS, malaria,
TB, anaemia, sickle cell), maternal age, maternal education, ANC attendance, facility delivery,
assistance by a skilled birth attendant, parity and place of residence3’°%7, The most common
factors associated with neonatal mortality include maternal diseases, neonatal infections,

nutrition, gestation age and parity®®72.

In South Africa, the commonest preventable causes of maternal mortality include non-pregnancy
related infections, obstetric haemorrhage and hypertension3”4373, Aimost half of maternal deaths
in the country are due to avoidable patient-associated factors such as delays in seeking healthcare,
transport problems and unsafe abortion by unregistered providers. Administrative factors such as

lack of transport between facilities, poor access to intensive care units, poor availability of blood
15



and inadequately trained medical personnel contribute to more than one third of maternal deaths
in South Africa. Health-care provider associated avoidable factors contributing to these deaths
include delays in referral, poor clinical assessments, failure to respond to abnormalities, not

following standard protocols and poor monitoring of patients374373,

Most neonatal deaths in South Africa are due to common and often preventable causes such as
prematurity, low birth weight and birth asphyxia. The person-associated avoidable factors include
delays in seeking medical care during labour, late booking in pregnancy, few ANC visits, and not
initiating antenatal care. Healthcare provider associated factors for these deaths include improper
monitoring with delayed detection of foetal distress, unattended prolonged second stage of

labour, delays in referrals and delays in seeking assistance from a specialist.

Possible avoidable administrative factors include inadequate number of facilities, lack of access to
an intensive care unit bed with ventilator, inadequate resuscitation equipment and lack of

transport for referral’?.

1.3 Rationale

There are widely divergent estimates of MMR and NMR in South Africa, including of temporal
trends in these. This undermines attempts at estimating relative performance in key health
outcomes across settings, as well as changes in outcomes due to changes in risk factors or health
service delivery. Estimates of MMR and NMR in South Africa rely on direct estimation with likely

under-reporting. Corrected estimates of MMR and NMR are mostly produced by
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mathematical/statistical models, with few analytical approaches applied to correct for
underreporting.

There are no published previous attempts from South Africa at combining multiple empirical data
sources analytically to estimate these parameters more accurately. Estimated associations
between potential risk factors and MMR and NMR may also be less biased on account of improved
enumeration of outcomes when considering an expanded number of events derived from multiple
sources. The research purpose, therefore, is to improve the estimation of maternal and neonatal
mortality event rates over time, to better inform health service delivery and improve analyses of

associations with these outcomes.

1.4 Aims and Objectives

1.4.1 Aim
= To enumerate and estimate maternal and neonatal mortality and determine associations

with mortality, from 2009 to 2013 in the Western Cape Province, South Africa.

1.4.2 Objectives
1. To systematically review the trends in estimates of maternal and neonatal mortality from

1990 — 2015 in South Africa.

2. To compare the performance of a decision-rule based linkage approach which uses fuzzy or
non-exact comparisons, to a fully probabilistic approach to identifying patients across
datasets.

3. To determine the proportions of maternal deaths captured by different data sources from

2009 — 2013 in the Western Cape Province, South Africa.
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4. To determine the proportions of neonatal deaths captured by different data sources from
2009 — 2013 in the Western Cape Province, South Africa.

5. To estimate maternal mortality from 2009 — 2013 in the Western Cape Province, South Africa
- using capture recapture methods.

6. To estimate neonatal mortality from 2009 — 2013 in the Western Cape Province, South Africa,
using capture-recapture methods.

7. To determine associations with maternal mortality from 2009 — 2013 in the Western Cape
Province, South Africa.

8. To determine associations with neonatal mortality from 2009 — 2013 in the Western Cape

Province, South Africa.

1.4 Public health significance

The corrected estimates of maternal and neonatal mortalities to be obtained from this study will
help to track actual progress in MDGs 4 & 5 and will be used in evaluating successes and failures
of interventions focusing on reducing maternal and child mortality in the country ,and particularly
the Western Cape province over the past decade. This study will provide baseline data for better
appreciation of the gap in achieving Sustainable Development Goals (SDGs), and on where
interventions to reduce maternal and neonatal mortality should be focusing, based on associations

identified with these outcomes.

1.5 Ethical approval
Approval to conduct this study was obtained from the University of Cape Town (UCT) Human

Research Ethics Committee (HREC-703/2016). Access to the data was sought through the
18



Provincial Department of Health Data Access Guidelines following ethical and provincial approval;
and was conducted in accordance with the standard operating procedures of the Provincial Health
Data Centre and under supervision of the Data Centre staff. Data linkage procedures required using
patient identifiers. For this reason, identified data were only accessed at the Western Cape
Department of Health offices under supervision; and delinked from clinical data. To ensure privacy
and confidentiality, data at all stages were stored on password-protected, encrypted files and only
anonymised data were taken off-site. Once the data linkage exercise was complete, data were

anonymised, and only anonymised datasets were retained for further analyses.

1.6 Funding
This research was partially supported by the Socio-behavioural Sciences Research to Improve Care
for HIV Infection in Tanzania — a National Institute of Health funded program — Grant # D43-

TWO009595.
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CHAPTER 2: Data Sources, Setting and Common Methods

2.1 Study setting

This study was conducted in the Western Cape province, South Africa. Over decades, the Western
Cape province has been performing relatively well in most key health indicators as compared to
other provinces!. According to recent statistics, the province has an estimated population of
about 6.5 million, with a total fertility rate estimated at 2 births?. Additionally, life expectancy at
birth is estimated at 67 years for males and 72 years for females?. About 89% of pregnant women
attend antenatal care visits four times or more; 94.3% of women receive antenatal care from a
skilled provider; 99.2% of deliveries are assisted by skilled birth attendants; 90.8% of women
attend postnatal care within two days after delivery; 43.5% of children receive all age-
appropriate vaccinations; and immunisation coverage (BCG, three doses of DTaP-IPV-Hib, and
one dose of measles vaccine) is estimated at 87.7%>%. Regarding health expenditure, in 2015-
2016, the province ranked second-highest in total health expenditure in the country.

2.2 Data sources and types

Data used for the analyses of Chapters 4 to 8 come from the Western Cape Department of Health
(WCDOH) routine administrative and clinical data and the South African Department of Home
Affairs (DHA). These data were extracted from the Western Cape Provincial Health Data Centre

(PHDC) during the analysis period, where they had previously been linked.

In the Western Cape province, the PHDC was formally established in 2015 (although also
incorporating historical data from prior to 2015). Among its core functions, the PHDC supports

patient care either through clinician-interfaces or patient line-listing by identifying patients who
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require interventions. Furthermore, it acts as a functional health information exchange, providing
a consolidated data environment with which multiple systems can interact based on the

interoperability standards, to ensure data completeness and continuity.

The PHDC has four key databases maintained on the Microsoft SQL Server database platform i.e.,
Patient, Clinical, Archive and Staging databases®’. The Patient database holds demographic and
other patient identification information of all individuals issued with a valid unique health
identifier; the Clinical database stores clinical information, such as episodes, encounters,
pharmacy, laboratory, etc. The Archive database stores raw/unprocessed data from various
sources for back-ups; and the Staging database holds newly received data from various data
sources prior to processing. Each database has different tables, which can also be referred to as

datasets.

At the Data Centre, the individual patient-level data are assigned an internal anonymous-unique
identifier across datasets. Currently, over 90% of patient-mapping is based on the unique
identifier also known as Patient Master Index (PMI). However, this is not the case for all datasets,
including the death certificates which do not record a folder number. The absence of a folder
number which doubles as a unique identifier, allows linkage to be done on the combinations of
other identifiers. High levels of individual patient-level data linkable on the PMI provide
opportunities for clinical management, healthcare administration, business intelligence and
epidemiological research activities®’. Figure 2 shows how patients maintain a unique health

identifier (PMI) across multiple domains to facilitate linkage of patient data.
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Figure 2: Sharing of unique health identifier (PMI) across multiple domains®

2.2.1 Data from the Department of Health

2.2.1.1 Data from the Provincial Health Data Centre (PHDC)

Over the past two decades, the WCDOH has progressively established an electronic health-data
system available at an individual patient-level. This involved the assignment of a unique health
identifier when patients register at any of the primary care or hospital - provincial or city facilities
for the first time. This common patient identifier was issued by the hospital information system

(Clinicom™) and referred to as the Clinicom/folder number or patient-master index (PMI). During

PPIP - Perinatal Problem Identification Programme
CHIP - Child Problem Identification Program
CEMD - Confidential Enquiry into Maternal Deaths
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this period, patients increasingly shared the same folder number in all services and in all systems,
i.e., at public hospitals and primary care clinics; clinical systems (laboratories, disease registries,
pharmacies); clinical audit tools (PPIP, CHIP and CEMD) and surveillance systems (mortality and
birth). This enabled the patient registration system, when searching for new patients through a
web-service to see whether a patient was already registered in the system before issuing a new
number. To date, at least 11 million patients have been registered using the PMI through primary

care registration systems or the hospital information system’.

2.2.1.2 Institutional reporting — Confidential Enquiry into Maternal Deaths (CEMD)

In South Africa, the CEMD has been operational since 1998, following the initiation of the
National Committee for Confidential Enquiry into Maternal Deaths (NCCEMD) and the policy
making maternal deaths notifiable by law (1997)%. As one of the clinical audit tools, CEMD
performs routine surveillance of maternal deaths at both district and national levels. The enquiry
process begins with a discussion at a facility level, where the maternal death has occurred, in
order to identify the causes and avoidable factors. Thereafter, the provincial maternal and child
health coordinator is notified through a duly filled out maternal death notification form to which
is attached the relevant copies of all clinical records. Teams of independent assessors appointed
by the province with relevant professional experience (i.e., medical officers, obstetricians,
midwives and anaesthetists) assess a case and by using a structured assessor’s form, they identify
the causes and the avoidable factors. After the assessment process is complete, data are entered
into an electronic system known as Maternal Morbidity and Mortality Audit System (MAMMAS)

at a provincial level. At a national level, these data are used to produce annual interim reports
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and comprehensive triennial reports known as “Saving Mothers Reports”®. In the Western Cape
province, although the assessments of avoidable factors are strictly confidential, the
enumeration of maternal deaths includes the PMI, and these can therefore be linked to data from

the clinical system.

2.2.1.3 Clinical audit tool i.e., Perinatal Problem Identification Program (PPIP)

The Perinatal Problem Identification Program (PPIP) is a national audit process of every neonatal
death and stillbirth. The audits are digitised through a computer-based standard software
package, bearing the same name (PPIP), which facilitates the perinatal and neonatal death’s
audit, analysis and reporting. This is a user-friendly tool, used for collecting the data on the
number of deliveries, stillbirths, early and late neonatal deaths, causes of death, missed
opportunities, avoidable factors and substandard care; from maternity and neonatal wards in the

public facilities®.

The programme was designed and initially developed in the 1990s, tested extensively, and
subsequently adopted by the National Department of Health (NDOH), as a mandatory facility-
based surveillance programme to improve the quality of maternal and child care in the country?.
The programme informs the regional and national cause of death estimates; and it is used to
triangulate and assess the vital registration data, as reported by Statistics South Africa (Stats
SA)'112 These data are used to produce annual reports known as “Saving babies Reports”*?7%8, In
the WC province, the programme has been adopted as a perinatal audit tool since 2000; and it

has recently been implemented in all the public facilities offering delivery services!. A recent
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report shows that PPIP covers more than 95% of the institutional deliveries captured by the
District Health System (DHS) in the WC province, based on comparing the aggregate number of
records in each system'4. Using the shared PMI, these data were linked to those from the clinical

system (Figure 2).

2.2.2 Data from the Department of Home Affairs (DHA)

2.2.2.1 Death certificates with known cause-of-death

In South Africa, the registration of deaths is governed by the Births and Deaths Registration Act,
1992 (Act No. 51 of 1992), as amended?®. Using the death notification form DHA-1663, the
Department of Home Affairs register all deaths and stillbirths. Statistics South Africa (Stats SA)
routinely collects the dully filled death notification forms from the Department of Home Affairs
head office for data processing and analysis as well as report writing and the dissemination.
Causes of death statistics are compiled using the 10™" revision of the International Classification
of Diseases and Related Health Problems (ICD-10) in accordance with the World Health

Organization regulations, i.e., every member nation should classify and code causes of death 2°.

The amendment to the South African Births and Deaths Registration Act in February 2014
restricted access to the cause-of-death data for confidentiality purposes?®. This legislation has
subsequently limited mortality data linkage across the systems?’. Due to this limitation, our

analysis used DHA data from 2010 to 2013.
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2.3 Pregnancy and mortality ascertainment

Evidence from multiple sources (such as facility visits, laboratory and pharmacy records) were
used to ascertain pregnancy. These included previous birth records, patient encounters at the
maternity ward, antenatal laboratory screening tests, e.g., Rhesus antibodies, ICD10 codes
specifying inpatient admissions, or the procedures related to pregnancy, dispensed non-specific
pregnancy-related drugs or drugs specific to termination of pregnancy and/or ongoing care
specific to pregnancy. The strength of evidence and the combination of multiple evidence were

used to obtain confidence scores in the respective episode (pregnancy).

The ascertainment of maternal deaths was done using the following sources: death certificates
(vital registration) mentioning pregnancy; hospital deaths reporting indicating maternal deaths,
irrespective of this being mentioned on the death certificate, with pregnancy ascertained from
multiple sources e.g., admitted in maternity ward, having laboratory results specific to pregnancy

or delivery; and institutional reporting (as collected for the confidential enquiry).

The ascertainment of neonatal deaths includes the use of death certificates, hospital deaths
reporting and PPIP which records all neonatal deaths along with factors which might have been

associated with the outcome.

2.4 Pregnancy and mortality data linkage (PHDC linkage)
Analyses in Chapters 7 and 8 used linked mortality and pregnancy data for ascertaining factors
associated with these deaths. The raw pregnancy and mortality data were extracted from

separate tables, together with the demographic data, from the PHDC SQL Server database; and
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thereafter linked using the provincial linkage algorithm. The PHDC linkage algorithm, also known
as provincial linkage, is a decision rule-based deterministic linkage approach that uses fuzzy
matching to merge datasets in the province. It includes a set of rules forming criteria to link
records. The linkage algorithm categorises records as exact, probable or possible matches, with
corresponding confidence match scores, ranging from 1 to 10. In all analyses, records matched
with high (>7) “confidence score” were selected and used for further analysis. After ascertaining
maternal and neonatal deaths and associated causes, there was a unique opportunity to link
known deaths captured by the hospital death reporting system and CEMD/PPIP with deaths
reported to the Department of Home Affairs, using the PMI. The PHDC linking criteria are

presented in Appendix 2.

2.5 Methods of estimating MMR and NMR

As briefly discussed in Chapter 1, estimation of maternal and neonatal mortality can be done
empirically or analytically (through modelling/simulation) (Figure 1). In South Africa, the
estimates of maternal and neonatal mortality (as reported by both global agencies and in-country
institutional reporting) are mainly ascertained using empirical estimation procedures, with
limited applications of analytical estimation techniques such as capture-recapture (CRC)
methods®'>22-2%, This method is unique in that it statistically operationalises the overlap across
sources to estimate the actual size, rather than relying on complete case ascertainment. The

details of capture-recapture methods are presented below.
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2.5.1 Closed population capture-recapture models: Historical overview and applications

Closed population capture-recapture models were originally developed for wildlife applications
and for centuries they have been used to estimate the size of unknown populations. The idea
underlying this method was first used in the 1600’s by John Graunt to produce statistically based
estimates of population size and the effect of the plague in London3%31, Subsequently, it was used

by Pierre-Simon Laplace in 1786 to estimate the population size of France3'32,

This approach was developed further by Petersen and Dahl during the period 1860 - 1920 when
estimating fish populations3!, and the method has since been extensively developed in the field
of wildlife biology. Recently, there has been an increasing application of capture-recapture
methodologies in human populations, particularly in medicine, demography and epidemiology;
mostly in estimating registration completeness, prevalence and incidence of health

conditions/diseases, and for detecting hidden populations333443:35-42,

In ecology, capture-recapture involves sampling the respective animal population, uniquely
marking or tagging individuals that are caught, releasing them to mix in the population, and after
a specified period, taking a new sample. The repeated samples allow one to estimate the
probability of detection and consequently, the size of the population of interest. Taking a
canonical example whereby a sample of 100 elephants is captured, marked/tagged and released.
After allowing them to mix with others, another sample of 100 elephants is captured from the

same area of which 10 are re-captures (those previously marked — thereby implying that 1/10%
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of elephants in the population are captured); an estimate of the population size N can be

obtained as follows: -

N =100 *

10

Assuming certain assumptions are met, from the above equation, the estimate of elephants in

the population is 1000.

In human populations, using the capture-recapture method involves listing individuals, who are
registered (captured) on different databases, and identifying those who appear on more than
one source (overlaps) to estimate the population size. The basic idea of how the models work
can be demonstrated simply with a two-source example. In general, the model is usually
estimated with a multinomial likelihood. When having two data sources (samples) namely A and

B as follows: -

Whereby ny is the size of sample A, ng the size of sample B and m the number of overlapping
cases between A and B; the capture-recapture estimate (N) is given by the following Petersen-
Lincoln equation:
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nyg X ng

=)
I

To reduce bias due to small sample size, Chapman modified the above Petersen-Lincoln estimator
by adding a small number as follows?**:

(na + D(ng + 1)
m+1 B

N = 1

The 95% Confidence Interval (Cl) of the population estimate is calculated using the equation:

(ng+ 1D(ng + 1) (ny + m)(ng + m)

%CI = N +
9% - (m+1)2(m+2)

2.5.2 Underlying assumptions of CRC

Regardless of the number of data sources to be used for estimation purposes, the application of
capture-recapture methods requires a set of assumptions about the population of interest to be
met. The key assumptions of traditional capture-recapture methods, as described below, have
been presented in different ways by different authors*=%’. These are:

1. The population is closed i.e., no addition or deletion.

2. Individuals sampled in different sources can be identified and matched.

3. Each individual has an equal chance of being included/captured in each sample i.e., equal

catchability probability/capture homogeneity.
4. The presence of an individual in one sample does not influence the presence of the same

individual in another sample i.e., independence between sources
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2.5.3 Violation of assumptions

In general, violating these assumptions has been associated with under-estimation or over-
estimation of the population size. For instance, violating the assumption of a closed population
in a capture-recapture approach, leads to over-estimation of the population size?’. Likewise, if
individuals found in a given data source cannot reliably be identified and matched, this leads to
over-estimation of the population size due to a reduced number of individuals re-captured, as a

result of missing the true matches?’.

The standard capture-recapture method also assumes equal capture probability among
individuals in the population. Violation of this assumption occurs when some individuals have
low or high probability of being found in each source, leading to an underestimation or
overestimation of population size respectively3348, Lastly, the models assume data sources are
independent i.e., inclusion of an individual in one source does not influence his/her inclusion in
the other data source. If data sources are not independent, the traditional methods can bias
(underestimate or overestimate) the true size*®. A positive dependence leads to underestimation
of the true size and vice versa. Violation of independence assumption is much more likely the
case with epidemiological compared to ecological data due to the fact that, inclusion of an

individual in one source sometimes depends to its inclusion in the other source.

Since it is frequently not possible to meet all assumptions, sophisticated statistical approaches
have been developed and widely used for controlling potential bias. When capture probabilities
depend on individual characteristics (covariates), two methods have been proposed to eliminate

bias i.e., the use of multinomial logit models which relate the characteristics of individuals
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captured to their probabilities of being captured. The other commonly used approach is based
on stratifying data according to the individual characteristics, thereafter estimating stratum

sample estimates and finally pooling the estimates to obtain the overall numbers of cases3348-50,

Nonetheless, the standard assumptions include independence of samples/sources, and this
usually applies in a wildlife population but not in the epidemiological setting. If there is
dependence, more than two sources are required so that the dependence can be estimated, and
consequently an unbiased estimate of population size can be obtained. Two data sources provide
insufficient data for estimating dependence statistically since four parameters are required to be
estimated (population size, two mean capture probabilities and a measure of dependence)36:46:°1,
In a multiple system estimation, various models incorporating dependence among data sources
have been proposed, particularly ecological models, log-linear models and the sample coverage
approach. As briefly discussed below, the methodology and assumptions of these techniques

have been broadly reported elsewhere3442:46,52-54,

2.5.4 Estimating dependence

Having dependence between data sources in a dual system estimation is associated with
obtaining a biased population estimate®®. However, under the multiple system estimation the
effect of dependencies can be controlled statistically through the use of ecological models, log-
linear models and the sample coverage approach3232>234-60  Below, are the details of these

modelling approaches.
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2.5.4.1 Log-linear models

Log-linear models are common methods for analysing discrete data particularly multiway
contingency tables. This approach was initially proposed by Fienberg for the application to human
populations, and extended by Cormack, to control for dependence between sources>*>8. The log-
linear method models the logarithm of the expected value of each observable category in a
contingency table. In its most basic form, this method involves fitting various log-linear models
to the observed cells of an incomplete 2" contingency table (n - number of data sources) whereby
the cell corresponding to individuals not listed by any sources is missing. Selection of the model
giving the best fit to the data is usually done using the deviance statistic and Akaike Information
Criterion (AIC). Once the model with the best fit has been chosen, it is projected onto the
unobserved cell, assuming that there are no three data-source (overall) interactions. The
interaction terms in the model correspond to the local dependencies between sources.
Assuming that three data sources are used, to control for dependence involves fitting the
following log-linear model*®:

gE(Ziji) =u+u (i =D +ulG=1) +usl(k =1) +u,I(i =j=1)

+upl(i=k=1)4uyl(=k=1)+u;3l(i=j=k)

Where:
logE(Zyp0) = u+uy
logE(Zy1) = u+u,
logE(Zyp1) = u+us
logE(Z11p) = u+uy +uy + uygy

logE(Z1p1) = u + uy + ug + uy3;
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lOgE(ZOll) =u-+ U, + Us + Uy3

lOgE(lel) =u-++ Uq + U, + Us + Uqp + Uq3 + Uy3 + U123

Assuming u4,3 = 0, allows the estimation of the missing cases as a function of the fitted values
of other categories. Whereby, the fitted values are determined by the log-linear models.

Zoo1 * Zo10 * Z100 * Z111

Zooo = 2110 * Zo11 * Z101
The independent model i.e., the model including only main effects is estimated using the
following equation: -

logE(Zijy) =u+u (i =1 +u,l(j = 1) + usl(k = 1)

The details and applications of log-linear models for estimating dependence between sources

have been widely discussed elsewhere3%344648,52,54,59,60

2.5.4.2 Ecological models

In order to relax the “equal catchability assumption” of the capture-recapture method, Pollock
proposed a set of models that specify different forms of capture probabilities for biology and
wildlife applications®?. These included: a null model with no source of variation (subscript 0), and
seven models incorporating up to three sources of variation in capture probabilities, as depicted
below i.e., temporal effects — where there is variation in capture probabilities, due to time
(subscript t), behavioural response - capture probabilities, depending on previous capture history
(subscript b) and heterogeneity between individuals (subscript h)®2. Except model M, and the null

model ,which assumes that samples are independent, model M, accounts for heterogeneity in
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capture probabilities; models M, and M,;, account for local dependencies, as well as model My,

and M,,;, accounts for both types of dependency.?6-62

When applying the method to human populations, models incorporating behavioural responses
(My,, My, and M;,,) have limited use, due to the lack of a sequential order in the data
sources/lists®3; therefore, they are not appropriate for applications to epidemiology.
Notwithstanding this, models allowing for heterogeneous capture probabilities (M}, My, and
M;p,) are recommended, only when at least five sources/lists are available. Model M; is the
same as a log-linear model with only the main effects; consequently, they are expected to
produce the same estimates, when fitted to the same data. Table 5 depicts the types and

specifications of the ecological models.
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Table 5: Closed population ecological models according to types of capture probabilities

SN | Model | Log-linear/Logit models Estimation method
log(P;) = « All estimators listed below

1 MO lOglt(Pll) =
log(P;) = B Binomial models/ MLE/Conditional MLE
log(Pi]-) = o+ VY MLE/Martingale method/Log-linear

3 M, logit(Py) = a + v (o = @) models
Non-parametric MLE/Bootstrap

log(Pi]-) =& estimator/Martingale method/ Jack-
4 My, logit(Pi]-) = knife
log(P;) = o + B; Sample coverage/mixed logit models/
5 M, logit(Pi]-) = o + f log-linear models/latent class models
Martingale method/MLE and maximum
log(Py) = B; +YY; quasi likelihood/Bayes approach/log-
6 My, | logit(Py) = B + Yy linear models
log(Py) = a; + VY Jack-knife/Sample coverage/Non-
7 My logit(Pi]-) = o +YY parametric MLE/generalised removal
MLE using mixture/GLM with covariates
log(Pij) = o; + B + YYjj /Conditional sample coverage/Estimating
8 My, | logit(Py) = o + B; + vY; functions

2.5.4.3 Sample coverage approach

The sample coverage approach was initially developed and proposed by Turing and Good for
estimations of animal population size®%>, The method enables the quantification of both the
degree of overlap and the degree of dependence, which leads to a valid estimate of population
size. Modelling dependence in this approach involves the use of the Coefficient of Covariation
(CCV)*65386 For a three-source scenario, an estimate of population size based on the sample
coverage approach when assuming independence (no local dependence and heterogeneity

exists) is given by: -
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Where:

D=M-— g (Z1o0 + Zo10 + Zoo1) Average of the overlapped cases

M Number of individuals ascertained in at least one list
A 1/(Z Z, Z, .
C=1-- (ﬂ + =22+ &) An estimator of sample coverage
3 nq ny ns

When the estimated sample coverage (overlapping information) is large enough (at least 55%)%’

and dependence between sources exists, an estimate of population size is given by: -

q= Zyynt 2y + Z11+]/{1 _ i[(zuo +Z110)211+4 + (Zyo+ + Z401) 2141 + (Zo14 + Zo+1)Z+11]}
36 36 nin, nins npyng

When dependence exists and the estimated sample coverage (overlapping information) is too
low, the ‘one-step’ estimator N; (i.e., obtained through one iterative step) is usually used; since
the data contain insufficient information to estimate the population size accurately.*®%® Under

this scenario, the estimate of population size is given by the formula below: -

Iy D 1 R ~ ~
N; = 7 + 3¢ [((Z1+0 + Z110)V12 + Zios + Z101)V13 + (Zo1+ + Zo+1)V23]
Where:
Yy = N B 1, g, =N 24 1, §,,=N' 2 _q CCV estimates
12 o, 1 Y13 i A S
and
o D1 DZu, DZu DZy
N' = é + Y [(Zl+0 + Z410) (C‘ n, 1) + (Z1o+ + Z101) <C‘ — 1) + (Zo1+ + Zo+1) <C‘ - 1)]
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The ‘one-step’ estimator is used as an upper bound for negatively dependent samples as well as
a lower bound for positively dependent samples?. However, most epidemiological datasets are
known to have a net positive dependence®®. Therefore, the ‘one-step’ estimator is usually used
as a lower bound. A log-transformation is used to construct the confidence intervals with a

bootstrap resampling method proposed to obtain the estimated standard errors®7°,

2.6 Capture-recapture modelling

The analyses of Chapters 5 and 6 fitted three-source capture-recapture models to estimate
maternal and neonatal mortality under-reporting respectively. Before applying capture-
recapture methods, all the assumptions underlying the method were assessed. The evaluation of
dependence between sources was done by fitting the log-linear models, ecological models and
sample-coverage approaches. The model giving the best fit to the combined data (full four-years)
was selected and fitted to the annual data, in order to provide comparable annual estimates. The
capture-recapture modelling accounting for dependence was conducted using three different

software implementations (R, Stata and CARE1) for comparison purposes.

2.7 Maternal and neonatal mortality estimation

After adjusting for under-reporting, maternal and neonatal deaths were estimated annually and
combined using the capture-recapture method. Exploratory heterogeneity graphs (fi plot) and
boxplots were used to graphically explore Pearson residuals of the log-linear models. Evaluation
of heterogeneity in capture probabilities and dependence between data sources involved fitting

three classes of models i.e., ecological models, log-linear models and the sample coverage
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approach. Assessing the goodness-of-fit of the fitted models involved the use of likelihood ratio
statistics (G2), the Pearson goodness-of-fit statistics (y?) and distribution of the Pearson residuals
as presented by boxplots. The model with the fewest number of parameters, giving the best fit
to the data (based on G2 and y? statistics), having the lowest Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC) was selected and used for estimation of maternal
mortality underreporting. The reported 95% Cls are profile likelihood intervals since intervals

based on asymptotic theory are not expected to perform well and so profile likelihoods are used.

2.8 Estimation of completeness

Completeness was estimated for each individual data source and combined, as a proportion of
the estimated maternal/neonatal deaths. Completeness of a source was obtained by dividing the
number of maternal/neonatal deaths registered by that source over the total number of deaths
estimated by the capture-recapture method respectively. The overall completeness level was
also obtained by dividing the number of uniqgue maternal/neonatal deaths registered by the three
sources over the estimated maternal/neonatal deaths from the best-fitting log-linear capture

recapture model.

2.9 Multivariable modelling

Chapters 7 and 8 used the final linked dataset to determine independent predictors of maternal
and neonatal mortality, based on the final linked dataset of pregnant women and births, and on
a priori specification of potential associations and causal pathways. Two predictive models were
fitted, with the first model fitting deaths only registered by the CEMD (PPIP for neonatal mortality

estimation) while the other model fitted deaths registered by all sources in the province i.e.,
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hospital death reporting, death certificates and CEMD (PPIP for neonatal mortality). We
anticipated this would give a snapshot of a possible different pattern of factors associated with
maternal and neonatal mortality when deaths from other sources are ignored since CEMD/PPIP
is often treated as a more reliable and accurate source of maternal/neonatal deaths data in the

province and country at large.

2.10 Missing data

Due to the routine nature of data used, not all cases had all required information owing to
insufficient documentation in most secondary data. Therefore, the analyses have been limited to
cases with available data. Analyses were conducted to compare whether those who had missing
data were different from those who did not, and the potential for bias resulting from differential

missingness of data.
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CHAPTER 3: Trends in maternal and neonatal mortality in South Africa: A systematic review

The chapter comprises the pre-publication version of the second paper, with additional edits for
style, coherence with the other chapters, and clarity. The contents of this chapter have resulted

in the following publications: -

3. Damian, D. J., Njau, B., Lisasi, E., Msuya, S. E. & Boulle, A. Trends in maternal and neonatal

mortality in South Africa: a systematic review. Syst. Rev. (2019).

4. Damian, D. J,, Njau, B., Lisasi, E., Msuya, S. E. & Boulle, A. Trends in maternal and neonatal

mortality in South Africa: a systematic review protocol. Syst. Rev. 6, 165 (2017).
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Background: Measuring and monitoring progress towards Millennium Development Goals
(MDG) 4 and 5 required valid and reliable estimates of maternal and child mortality. In South
Africa, there are conflicting reports on the estimates of maternal and neonatal mortality, derived
from both direct and indirect estimation techniques. This chapter aimed to systematically review
the estimates of maternal and neonatal mortality in the period from 1990 to 2015 in South Africa;
and determine trends over this period.

Methods: National representative studies reporting on maternal and neonatal mortality in South
Africa were included for synthesis. Searches for eligible studies were conducted in five databases:
Medline, Africa-Wide Information, Scopus, Web of Science and CINAHL. Searches were restricted
to articles written in English and presenting data covering the period between 1990 and 2015.
Reference lists of retrieved articles were screened for additional publications; and grey literature
was searched for relevant documents for the review. Three independent reviewers were involved
in study selection, data extractions and for achieving consensus.

Results: In total, 969 studies were retrieved and 670 screened for eligibility, yielding 25 studies
reporting the data on maternal mortality; and 14 studies on neonatal mortality. Most of the
studies had low risk of bias. Estimates from the institutional reporting differed from the estimates
included in international metrics. Modelled estimates were widely divergent from the estimates
obtained through empirical methods. In the last two decades, both maternal and neonatal
mortality appear to have increased up to 2009, followed by a decrease, which was more

pronounced in the case of maternal mortality.
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Conclusion: Estimates from both global agencies and in-country institutional reporting, although
widely divergent, indicate that South Africa has not achieved MDG 4a and 5a goals; but it has
made significant progress in reducing maternal and neonatal mortality. To obtain more accurate
estimates, it may be possible to apply additional estimation techniques, which utilise multiple
data sources to correct for the under-reporting of these outcomes.

Systematic review registration: PROSPERO CRD42016042769

Keywords: Maternal mortality, neonatal mortality, Millennium development goals, South Africa.
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Monitoring progress towards MDG 4 and 5 (reducing child and maternal mortality between 1990
and 2015) requires valid, reliable and internationally comparable estimates of maternal and child
mortality in the country. Various methods for measuring and estimating maternal and child
mortality have been developed, tested, and widely used'™®. Estimating these outcomes in

developing countries is challenging; due to the lack of accurate, valid and reliable data®?4.

Recent estimates from the United Nations Inter-agency Group for Child Mortality Estimation (UN-
IGME) and Maternal Mortality Estimation Inter-agency Group (MMEIG) indicated that South
Africa did not achieve the MDG 4a and 5b targets by 2015 (reducing by three-quarters the
maternal mortality ratio (MMR) and reducing by two-thirds the under-five mortality rate in the
period between 1990 and 2015 respectively )*!4. The country had conflicting estimates of
maternal and neonatal mortality reported by different sources, with wide uncertainty

intervals®14-18,

South Africa is unusual among developing countries in that, national facility-based mortality
audits are carried out for maternal, perinatal and child deaths®2%, The estimation of maternal
and neonatal mortality in the country is often based on the vital registration, National
Confidential Enquiry into Maternal Deaths (NCEMD), which records maternal deaths, and the
Perinatal Problem Identification Program (PPIP) ,which records stillbirths and neonatal deaths'®-
22 The CEMD data provides the maternal deaths from the routine surveillance of maternal deaths
at a facility level; whereas vital registration data derive the deaths, from the causes of deaths, as

well as surveys and censuses that provide maternal deaths from the collected pregnancy-related
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data at a household level. Nonetheless, Stats SA are the custodians of vital registration and the

Department of Health are the custodians of the confidential enquiries.

The country provides unique opportunities to estimate these outcomes empirically, analytically
or through modeling, by having multiple data sources with wide coverage!?212324 However,
there are widely divergent estimates, wherein the two most frequently cited estimates are from
institutional reporting and WHO metrics, which makes it difficult to understand the trends in
these outcomes, and to assess the successes or failures of interventions focusing on reducing
maternal and child mortality in the country over the past decades. The reasons for divergent
estimates between institutional reporting and WHO metrics, or among global metrics, can be

explained by estimation approaches, sources and quality of the data used?32>:26,

Monitoring maternal and neonatal mortality in South Africa over the past two decades is of high
importance, given the introduction of the Termination of Pregnancy Act in 1996, which has
reduced the extent of abortion related maternal morbidity and mortality as well as the context
of high HIV prevalence and its associated mortality in women during pregnancy and
childbirth?”2%, There has also been a massive uptake of HIV treatment and the Prevention of
Mother-to-Child Transmissions (PMTCT) of HIV, which currently stands at over 90% by some

estimates?®:39,

There have been limited attempts to review maternal and neonatal mortality estimates in South
Africa to facilitate understanding of trends during the MDG period. This review is expected to
provide the context for understanding inconsistencies in the reported estimates of maternal and

neonatal mortality by the in-country institutional reporting and the global agencies, by
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ascertaining estimation methods, data sources and quality, the sampling methods and definitions
used, to better inform comparisons across such estimates. It will also create a framework against
which to compare the estimates generated for the Western Cape Province in subsequent

chapters.

Aim
This review aimed to synthesise estimates of maternal and neonatal mortality for the period 1990

to 2015 in South Africa and to determine temporal trends during this period.

Protocol and registration
The review protocol was registered with the PROSPERO database in 2016, with a registration

number CRD42016042769; and it has already been published3!. The presentation and reporting

of the results in this review followed the systematic review reporting standard (PRISMA-P)32. To
ensure transparency, a PRISMA flow chart was used and a table indicating all the included studies

was presented33,

Eligibility criteria

The population for eligible studies included pregnant women and neonates for ascertaining
maternal and neonatal mortality respectively. All studies that are nationally representative,
reports providing national-level data (and the trends thereof) and vital registration data were
eligible for this review. Searches were restricted to studies written in English and being conducted

in South Africa or which have used South African data, and multicentre studies including South
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Africa, reporting data covering the period 1990 to 2015. No restrictions on the date of publication
were made, in order to include articles reporting data from 1990 — 2015, which were published

after 2015.

Information sources

Separate searches for the two outcomes (maternal and neonatal mortality) were conducted in
the following electronic databases: Medline, Africa-Wide Information, Scopus, Web of Science
and CINAHL. The last search was carried out on 18" August 2017. No restrictions on the date of
publication were made. Additional searches for conference abstracts and proceedings were
made. Reference lists of retrieved articles were also screened for additional publications. Reports
by government or other agencies were included based on publications and a number of data
sources reported by them were included. Contacts with experts in the field of study were made,

in order to identify any additional relevant articles.

Search

The searches in the fore-mentioned electronic databases were conducted from August 2016 to
August 2017. All searches were restricted to articles written in English. In particular, the search
strategy used in Medline database was as follows: (("mothers"[MeSH Terms] OR "mothers"[All
Fields] OR "maternal"[All Fields]) OR ("infant, newborn"[MeSH Terms] OR ("infant"[All Fields]
AND "newborn"[All Fields]) OR "newborn infant"[All Fields] OR "neonatal"[All Fields])) AND
(("mortality"[Subheading] OR "mortality"[All Fields] OR "mortality"[MeSH Terms]) OR
("death"[MeSH Terms] OR "death"[All Fields])) AND (estimation[All Fields] OR estimates[All

Fields]) AND ("South Africa"[Mesh] OR ("south africa"[MeSH Terms] OR ("south"[All Fields] AND
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"africa"[All  Fields]) OR ‘"south africa"[All Fields])) AND (("1990/01/01"[PDAT]:

"3000/12/31"[PDAT]) AND "humans"[MeSH Terms] AND English[lang])”.

Study selection

Search outputs were managed in EndNote reference manager. Any duplicate records were
removed before the screening process took place. When the same article was captured in
different journals, or the same results were presented with different main authors, the most
detailed publications were selected for review. Three independent reviewers were involved in
the screening and selection of articles to be included in a quantitative (narrative) synthesis. This
involved an assessment of the articles based on titles and abstracts, and a full text review, using
Covidence software (https://www.covidence.org/). For an article to be eligible for inclusion in
the systematic review, two reviewers had to agree to include it. A third reviewer was consulted
in case of any difference of opinion between the two reviewers. This followed, whenever they
failed to reach a consensus after a joint examination of the different estimate of those which

required third review.

Data collection process

Analysis of the full text was conducted for all eligible articles. Two authors extracted data
independently using a pre-agreed data abstraction template. In the case of discrepancies in the
extracted data between authors, consensus was sought before involving a third author for
resolving the disparities. During the data extraction process, study authors/investigators were
contacted to provide extra information when there were insufficient information/data reported

in the article.
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Data items

The following information were extracted for eligible studies: first author’s name; year of
publication; year of death (maternal and neonatal); number of pregnant women; number of live-
births; maternal deaths; neonatal deaths; definition of maternal death; definition of neonatal
death; maternal mortality ratio/rate (if reported, and by year); the neonatal mortality rate (if
reported, and by year), sampling method, estimation method used, and an indicator variable

showing whether the records were complete.

The main outcomes in this review were maternal and neonatal mortality. Maternal
death/mortality was 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 causes3*. Maternal mortality ratio (MMR) was defined as the number of maternal

deaths per 100,000 livebirths.

Neonatal death/mortality was also defined as the death of live-born within the first 28 days of
life. Neonatal mortality rate was defined as the number of infant deaths within the first 28 days

of life per 1,000 livebirths.

Risk of bias in individual studies
Assessment of risk of bias was done at a study and outcome level. Two authors assessed study
quality based on the following quality assessment criteria: 1) definition of maternal mortality; 2)

definition of neonatal deaths; 3) completeness of ascertainment of maternal and neonatal
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mortality; 4) completeness of ascertainment of live births; 5) sampling technique/design; and 6)

data quality. Studies were assessed based on each criterion and were rated as “high risk of bias”

or “low risk of bias” accordingly. Studies rated as “high risk of bias” on any criterion were assigned

an overall rating of “high risk of bias”; while the overall rating of “low risk of bias” was only

assigned in studies with “low risk of bias” in all criteria. For model-based estimations, risk of bias

was assessed based on the input data used. Reports by government and other agencies such as

Stat SA, National Department of Health and WHO were assessed using similar criteria as empirical

studies. Table 6 shows the assessment criteria of risk of bias in individual studies.

Table 6: Risk of bias assessment criteria for individual studies

No. | Criteria Attributes Risk of bias
1. Definition of maternal [+ ICD-10 maternal death definition3>, or similar Low
mortality ¢+ No or unclear definition provided High
2. Definition of neonatal |% Death of live-born within the first 28 days of life, or Low
mortality similar
¢ None, or unclear definition provided High
3. | Completeness of ¢ Prospective recording of mortality data,
ascertainment of +» Mixed methods cross-referencing facility records,
maternal and neonatal [%* Demographic surveillance system with frequent Low
deaths rounds,
+¢ Survey based on recall of maternal or neonatal
deaths < 6 months previously.
* Survey using direct or indirect sisterhood
estimation methods, High
¢ Demographic surveillance system with infrequent
rounds.
4. | Completeness of ¢ Prospective recording of births data, Low
ascertainment of live | Use of census <5 years old for live births.
births ¢ Use of census =5 years old for live births. High
+¢ Live births data source not stated or unclear
5. ¢ Census, Low
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Sampling
technique/design

7

% Vital registration,

R/
L X4

urvey using nationally representative sample.

R/
L X4

S
Systematic analysis involving the use of data
collected from the above method(s)

+» Design or sampling techniques not stated or

unclear, High

+¢ Provincial or sub-national sample used.
6. Data quality +¢ Data provide enough information for the study Low
+¢ Insufficient data provided or unclear High

Summary measures

Data were presented as ratios for maternal mortality and rates for neonatal mortality with their

corresponding confidence or uncertainty intervals.

Synthesis of results

Data were entered and analysed using STATA software version 14.1 (Stata Corp, College Station,

Texas). Data were presented as MMR or NMR, in tables and graphs to depict trends over time.

The reasons for study exclusions were clearly documented.

Study selection

As presented in Figure 3 below, a total of 948 studies were identified through the literature

search and 21 additional studies were identified through screening of reference lists. After

removing the duplicates, 670 studies were screened for eligibility. A total of 608 studies were

excluded after screening the titles and abstracts since they reported irrelevant information. Sixty-

two abstracts were shortlisted for full-text review and 39 studies met the inclusion criteria for
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analysis. Of studies included in the review, 25 reported data on maternal mortality?®364>-

54,37,55,56,38-44 and 14 on neonatal mortaIity14,23,62—65,41,46,56—61-

Identification ]

[

)

Eligibility Screening

Included

Records identified through
database searching

(n =948)

Additional records identified
through other sources
(n=21)

Records after duplicates removed
(n=670)

A 4

Records screened

4

(n=670)

A 4

Full-text articles assessed

Records excluded
(n =608)

for eligibility
(n=62)

A 4

Studies included in
qualitative synthesis
(n=39)

v

Report on maternal mortality (n=25)
Report on neonatal mortality (n=14)

Full-text articles excluded
(n=23)
13 - Contained no primary
level data
6 - Superseding reports
4 - Not nationally
representative

Maternal mortality studies
13 Empirical data sources
12 Modelled estimates

Neonatal mortality studies
8 Empirical data sources
6 Modelled estimates

Figure 3: Flow diagram of study selection for inclusion in the qualitative synthesis
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Characteristics of the included studies

Maternal mortality

Table 7 depicts the characteristics of studies reporting maternal mortality data. All studies were
nationally representative presenting national level data covering a period between 1990 and
2015. Twelve studies estimated MMR though modelling3637.66.67.38-45 hile 13 studies estimated
MMR empirically?®465>566847-54 Regarding the data sources and methods, 12 studies based on
modelling3637.67.38-45 /7 active surveillance?®495052545588 3 yita| registration*¢, 2 population-based
household**®® and a census®®. The most common definitive data source was the Confidential
Enquiry into Maternal Deaths (CEMD) (n=7)%8495052545588 followed by the WHO models

(n=6)3637.40414345 gnd vital registration (n=3)%,

Table 7: Study characteristics for maternal mortality data

No. | Author(year) | Duration Approach Estimation Grouped
covered method/Data estimates
source source*
Dorrington et al, Direct . . . Vital
1. 2016 2008-2013 estimation Vital registration registration
Bayesian maternal
2. WHO, 20153 1990-2015 Modelling mortality  estimation
WHO
model
MDG/Stats SA, Direct . . . Vital
3. 201547 1998-2013 estimation Vital registration registration
Dorrington et al, Direct . . . Vital
4. 20154 2011-2014 estimation Vital registration registration
5. | WHO,2014¥ | 1990-2013 | Modelling Multilevel-regression 1 14
model
Kassebaum et Cause of Death
6. al. 20143 1990-2013 Modelling Ensemble model | IHME
! (CODEm)
Department of Direct Active Surveillance:
7. Health, 2014% 2005-2014 estimation Empirical data CEMD
NCCEMD, Direct Active Surveillance:
8. 2014*° 2011-2013 estimation Empirical data CEMD
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Growth Balance
9. Udjo, 20143 2001-2007 Modelling method + Relation | Model A
Gompertz model
Pattinson et al, Direct Active Surveillance:

10. 201368 1999-2012 estimation Empirical data CEMD

11. | WHO, 2012 | 1990-2010 | Modelling “m”;‘:gfve"regress'on WHO
NCCEMD, Direct Active Surveillance:

12 2012% 2008-2010 estimation Empirical data CEMD

13. | Garenne, 2011 | 2007 Modelling Linear logistic model Model B

Bayesian maternal
14. | WHO, 2011# 1990-2009 Modelling mortality  estimation | WHO
model
lozano et al Cause of Death
15. 201142 " | 1990-2011 Modelling Ensemble model | IHME
(CODEm)

16. | Stats SA, 20115 | 2008-2009 | D'Te°t vial Vital registration

estimation registration/census

17. | WHO, 2010 | 1990-2008 | Modelling Multilevel-regression 1 14

model
Hogan et adl, . Generalised negative

18. 2010% 1980-2008 Modelling binomial regression IHME
NCCEMD Direct Active Surveillance:

19. ! 2 -2007 EMD

9 2008> 005-200 estimation Empirical data ¢
Garenne et al, Direct

20. 20085 2001 estimation Census Census
Moodley, Direct Active  Surveillance:

21. 1 -2001 . . . EMD
2003%* 999-200 estimation Empirical data ¢
AbouZah /

22, 2885456‘ et al 2000 Modelling Robust regression WHO

23. | Hill et al, 2001%” | 1995 Modelling Robust regression Model C
Moodley, Direct Active Surveillance:

24 2000% 1999 estimation Empirical data CEMD

25. | SADHS, 1998% | 1992-1998 | DIrect population-based DHS

sisterhood survey

CEMD - Confidential Enquiry to Maternal Deaths; IHME: Institute for Health Metrics and Evaluation; DHS — Demographic and
Health Survey; and WHO - World Health Organization; *Reported in the graphs

Neonatal mortality
The study characteristics for neonatal mortality data are presented in Table 8 below. Eight studies

used empirical data sources®“°¢% whereas 6 studies were based on modelling!*4162-65,
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Regarding the data sources and methods, six studies were modelling/systematic analysis46%636,
three vital registration?*%¢°8, three population surveys®**”¢! and two active surveillance>*°, The
neonatal

most dominant definitive data sources for mortality estimates were vital

registration?*#¢¢ and population surveys®**"¢! respectively.

Table 8: Study characteristics for neonatal mortality data

No. | Author(year) Duration Approach Estimation method/ | Grouped
covered Data sources estimation
sources®
Direct Population-based DHS
1. SADHS, 20167 2011-2016 . .
estimation survey
Dorrington et al, Direct ) ) ) Vital registration
2. 2012-2015 ) . Vital registration
2016% estimation
1 ) Bayesian Hierarchical UNICEF
3. UNICEF, 2015 1990-2015 Modelling ] )
Splines Regression
. Bayesian Hierarchical UNICEF
4, UNICEF, 201452 1990-2013 Modelling . .
Splines Regression
Dorrington et al, Direct ) . . Vital registration
5. 2009-2013 ) . Vital registration
20148 estimation
Pattinson et al, Direct ] ) ) Vital registration
6. 2012-2013 ) . Vital registration
2014% estimation
NaPeMMCO, Direct . . PPIP
7. 2010-2013 ) ) Active Surveillance
2014% estimation
" . Bayesian B-splines bias- | WHO
8. WHO, 2011 1990-2009 Modelling .
adjusted model
Oestergaard et . Multilevel-regression Model A
9. 1990-2009 Modelling
al, 20113 model
NaPeMMCO, Direct . . PPIP
10. 1997-2008 ) . Active Surveillance
2011% estimation
Rajaratham et . Gaussian process | Model B
11. 1970-2010 | Modelling .
al, 2010%* regression
L Direct Population-based DHS
12. | SADHS, 2007° 1998-2003 o
estimation survey
Hyder et al, . o Model C
13. 5003 1995 Modelling UN projections
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Direct Population-based DHS

14. | SADHS, 1998 1988-1998 . .
estimation survey

*Reported in the graphs; DHS — Demographic and Health Survey; WHO - World Health Organization; PPIP - Perinatal Problem
Identification Program

Risk of bias within studies

Table 9 below presents the assessment of risk of bias of the individual studies. A total of 11
studies reporting maternal mortality data?®396835052-566667 and six studies reporting neonatal
mortality data?°6°7616365 had overall high risk of bias. Among studies reporting maternal
mortality data, three studies didn’t use the ICD-10 definition of maternal death®%¢’; eight
studies used data which were not population-representative?®39495054-5668 = gne study used
sisterhood estimation methods®® and the sampling technique was unclear in one study>*. Of seven
studies reporting neonatal mortality data having an overall high risk of bias, four were not
population-representative?*%*® and 3 were surveys based on the recall of neonatal deaths more

than 6 months previously®%°7¢,

Table 9: Risk of bias assessment in individual studies

No. | Author(year) | Definition | Ascertainment of Sampling Data | Overall
deaths/livebirths | technique/design | quality | risk of
bias
Maternal mortality
Dorrington et
1. al, 2016% Low Low Low Low Low
2. WHO, 20153 Low Low Low Low Low
MDG/Stats SA,
3. 20154 Low Low Low Low Low
Dorrington et
4. al, 2015% Low Low Low Low Low
5. WHO, 2014% Low Low Low Low Low
Kassebaum et
6. al, 2014% Low Low Low Low Low
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Department of .
7| Health, 2014% Low High Low Low High
8. ;(): f ;’Xl D, Low High Low Low High
9. Udjo, 2014%° Low Low Low Low Low
10. ;gtlt;;"” etal, Low High Low Low High
11. | WHO, 2012% Low Low Low Low Low
12. ggf;’;/m' Low High Low Low High
13. Sg;jg‘e”e' High Low Low Low High
14. | WHO, 2011# Low Low Low Low Low
15. ;gzlalﬂf et al Low Low Low Low Low
16. ;Baltiﬂ A, Low Low Low Low Low
17. | WHO, 2010% Low Low Low Low Low
18. ;'glggﬂ et d, Low Low Low Low Low
19. QSS:SIYD' Low High Low Low High
20. Sg(;‘;?_{’e et al, High Low Low Low High
21. %%‘;ﬂey' Low High High Low High
22. ,’zkggriahr etal, Low Low Low Low Low
23. ;I(I)I(|)167 et al, High Low Low Low High
24, %%%f!ey' Low High Low Low High
25. | SADHS, 1998%¢ Low High Low Low High

Neonatal mortality
1. SADHS, 2016°’ Low High Low Low High
2. Sfrzrcl)rlthAan et Low Low Low Low Low
3. UNICEF, 2015% Low Low Low Low Low
4. UNICEF, 201452 Low Low Low Low Low

Dorri
5. a;)rzrglitsgn et Low Low Low Low Low
6. ;gtlt:;: on et d, Low High Low Low High
7. lz\lg I13§5I\9/I MCo, Low Low Low Low Low
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8. WHO, 2011# Low High Low Low High
Oestergaard et . .

9. al, 20115 Low High Low Low High
NaPeMMCO,

10. 2011 Low Low Low Low Low
Rajaratham et

11. al, 2010° Low Low Low Low Low

12. | SADHS, 2007 Low High Low Low High
Hyder et al, . .

13. 200365 Low High Low Low High

14. | SADHS, 1998°¢ Low High Low Low High

Results of individual studies and data synthesis

Maternal mortality

Figure 4 depicts the trend of maternal mortality from 1990 to 2015. Estimates of MMR from most
reports indicate an upward trend over time, at least until 2006 or 2009, thereafter a downward
trend until 2015. Notably, four studies that ascertained maternal mortality using empirical®**
and modelling®*%¢ approaches reported extreme estimates of MMR compared to those of other

sources. Nevertheless, all recent empirical estimates appeared to converge over time.

70



é 1000 )

900
800
[
700 [
600
o [ )
= 500
=
400
300
200
100
0
O N NV P> H PN PO PO DL OO HTH O DO O DDA D N>
e R M T I S o s M o M M N L N L R N R N I I ST NI I S A S AN
NIRRT R RTRDTRDTRDTRDT AT AR AR AR AR AR AR AR AR AR AR AR AR AR AR AP
=@-\\/HO, 2015 ==@==Dorrington, 2016 Dorrington, 2015 MDG/Stats SA, 2015
=@=\\VHO, 2014 ==@==[Kassebaum, 2014 ==@==DoH, 2014 =@=NCCEMD, 2014
=@==Pattinson et al, 2013 ==@==Udjo, 2014 —=@=—\\/HO, 2012 ==@==(Garenne, 2011
WHO, 2011 Lozano, 2011 NCCEMD, 2011 Stats SA, 2011
=@=\\VHO, 2010 Hogan, 2010 =@==NCCEMD, 2008 =@==Garenne, 2008
=@=Moodley, 2003 =@==AbouZahr, 2001 =@=Hill, 2001 ==@==NCCEMD, 2000
\_ SADHS, 1998 )

Figure 4: Trends in maternal mortality from 1990-2015 in South Africa

Figure 5 shows the trends in maternal mortality according to data source and estimation method,
with the most up-to-date estimates superseding all previously published reports. Most estimates
of MMR reported by the global agencies (WHO)® were divergent from institutional reports
(IHME)*27%71 ‘and most modelled estimates (Model A, B and C)**%%72 were widely divergent from
estimates obtained through empirical methods (VR, CEMD and SDHS) 246:48-505253,5668 Trends in
MMR based on estimates from confidential enquiry (CEMD)?8495052.345568 gnd vital registration
(VR)*¢4%>3 showed an increase until 2009 followed by a drop in 2010. These estimates appeared

to converge over time.
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CEMD - Confidential Enquiry to Maternal Deaths; IHME: Institute for Health Metrics and Evaluation; SDHS — South Africa
Demographic and Health Survey; VR - Vital Registration; WHO - World Health Organization.

Figure 5: Trends in maternal mortality according to data source and estimation method

Neonatal mortality

Figure 6 depicts the trends of neonatal mortality from 1990 to 2015. Estimates of NMR from two
sources indicated a slightly upward trend over time until 2004, followed by a steady decrease
until 2013. Two single-year studies deriving their estimates using empirical®” and modelling®

approaches respectively, reported substantially higher neonatal mortality rates than the others.
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Figure 6: Trends in neonatal mortality from 1990-2015 in South Africa

Furthermore, estimates of NMR from global agencies (WHO and UNICEF)**462 were widely and
periodically divergent from institutional reports (PPIP and VR)*46°%-%0.73 Modelled estimates
(WHO, UNICEF, Model A and B )'44162657475 were high and divergent from estimates obtained
through empirical methods (VR, PPIP and SDHS)%4656-6173 "with no clear pattern. Trends in NMR
based on estimates from the PPIP and vital registration show a slight decline with periodic
increase in neonatal mortality from 2000 to 2015%346:58-60.73,

Figure 7 shows trends in neonatal mortality according to data source and estimation method.
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Figure 7: Trends in neonatal mortality according to data source and estimation method

3.5 Discussion

Summary of evidence

This systematic review aimed to provide an overview of maternal and neonatal mortality from
1990 to 2015 for monitoring purposes, tracking progress and to advocate resources and policy
attention. In general, the estimates derived from all studies and reports indicated that South
Africa did not achieve the MDG 4a and 5a goals of reducing under-five mortality by two-thirds
and maternal mortality by three-quarters between 1990 and 2015 respectively. Despite the
country struggling to achieve the MDG goals for maternal and neonatal mortality in the last two
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decades, recent reports showed significant progress has been made in reducing maternal

mortality, with a slight increase in neonatal mortality*°76,

Broad trends

Although maternal and neonatal mortality rates are highly researched by both local and
international authors or institutions in South Africa, there is considerable uncertainty around
these estimates in the country. The possible reason for this might be, high reliance on only a few
data sources and limited empirical work. Despite the uncertainties about the actual levels of
MMR and NMR in the country, estimates from both the in-country institutional reports and global
agencies indicated an upward trend in MMR until around 2006 and 2009. However, the increase
in MMRs between 2001 and 2006 might specifically be explained by a consistent increase in HIV

prevalence among pregnant women in the same period””.

In addition, the downward trends in MMRs and NMRs from 2009 can be linked with the massive
uptake of HIV treatment and an increased coverage of essential interventions, in particular the
Prevention of Mother-to-Child Transmissions (PMTCT) of HIV which currently stands at over
90%2%3°, Nonetheless, all recent estimates are much more closely grouped indicating a
convergence over time. This might be contributed to by the massive increase in birth registration,
availability of multiple data sources in the recent years (used as inputs for modelled estimates)
as well as the significant investments and improvements in maternal and neonatal vital
registration, and the relative importance of mortality statistics in clinical management,

healthcare administrations and epidemiologic analyses’®.
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Challenges in measuring maternal and neonatal mortality

The study suggests empirical methods i.e., vital registration, household surveys and censuses are
subject to misclassification and under-reporting of maternal deaths, thus leading to divergent
estimates of these outcomes. Furthermore, estimating neonatal mortality from census and
household surveys in high HIV prevalence settings is known to provide biased estimates of child
mortality (overestimating the actual level) due to the correlation between HIV deaths in mothers

and their children’2.

Highly variable estimates

Large margins of uncertainty associated with the estimated MMR and NMR highlight the need
for interpreting these estimates with caution as well as not using them for monitoring trends
over a short duration. The reasons for variations in the estimates of maternal and neonatal
mortality remain poorly researched over the past two decades. In this review, we have observed
a substantial discrepancy in the consistency of definitions used in estimation of these outcomes,
such as differentiating maternal deaths from pregnancy related deaths>*%6%7, Thus, uncertainties
in estimates of MMR might be partly explained by differences in definitions used. Different
estimation techniques used to obtain MMR and NMR have necessitated the use of different data
inputs i.e., empirical data versus modelled estimates, which likely contributed to the divergent

estimates of these outcomes.
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For these reasons, cross-country comparisons; comparisons based on data from different
sources; and assessments of the overall burden become difficult. These comparisons should in
many cases be interpreted with considerable caution due to different strategies being employed
to derive such estimates. Evidence from recent studies focusing on estimating child mortality
have revealed that methodological differences bias and compromise international comparisons
of perinatal mortality’°=8'. Moreover, divergent estimates of MMR and NMR by different sources
compromise the interpretation of trends over time.

Improving estimates

Over the past three decades, efforts have been made to improve the quality of maternal and
neonatal mortality data due to incompleteness of vital registration systems as well as the lack of
reliable population surveys collecting detailed information on birth histories in the country. This
includes the introduction of modules about sibling history in national household surveys (e.g.
Demographic and Health Survey (DHS)), including questions in censuses about whether a
woman’s deaths was related to pregnancy, and the use of mixed methods cross-referencing
facility records to determine the extent of under-registration of maternal deaths in vital

registration system®7:82.83,

However, these improvements could also have contributed to the increasing mortality estimates
over time. Despite improvements in the completeness of death registrations in the last decade,
the completeness of death registration has been reported to be lower in children, when
compared to adults, and in rural areas than in urban areas®3. This might potentially explain some

of the variability in the estimates of both maternal and neonatal mortality in the country.
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Generally, this review has revealed divergent estimates of MMR and NMR obtained from vital
registration, household surveys, censuses and modelling over time. To obtain more accurate
estimates, there is a need for applying additional estimation techniques which utilise multiple
data sources when available, to correct for underreporting of these outcomes. Capture-recapture
methods are one possibility, for resolving uncertainties in estimating conditions that have diverse

estimates, by operationalising statistically overlapping information from multiple data sources®*-

88

Estimates from the global agencies and in-country institutional reporting, although widely
divergent, indicate South Africa has not achieved the MDG targets for maternal and neonatal
mortality but it has made significant progress in reducing maternal mortality in the later years
under review. Discrepancies in data sources and quality from which these estimates were
obtained, and highly variable estimates, highlight the uncertainties in the true estimates of

maternal and child mortality in South Africa.

In order to track progress and monitor the Sustainable Development Goals (SDGs) and the goal
for Health care for all by 2030; the country needs accurate, reliable, continuous and timely
mortality statistics from the vital registration system, a clear understanding of any under-
ascertainment of maternal or neonatal mortality, and consistent approaches to accounting for
these. It would be ideal if global agencies worked closely with local researchers to agree on

optimal calibration of South African estimates in multi-country models.
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CHAPTER 4: Validating the Provincial Deterministic Data Linkage approach through a fully
Probabilistic Record Linkage method applied to Mortality and Pregnancy data, Western Cape,
South Africa.

Background: The WC province has linked individuals across datasets in the Provincial Health Data
Centre (PHDC) using a decision-rule based approach, which has not been formally evaluated.
Probabilistic Record Linkage (PRL) is known to perform well in health datasets but had not yet
been tested in the PHDC. The chapter sought to test the implementation of PRL on a relevant
use-case, and if feasible, use this to cross-validate the pre-existing linkage approach.

Methods: Mortality and pregnancy datasets from the WC provincial health data centre from 2010
to 2013 were linked for potential matches using the PRL method. Linkage fields included first
name, surname, date of birth, South African ID, folder number and postal address. Probability
weights and defined thresholds (0.9) were used to classify potential matched pairs. Standard
diagnostic agreement measures were used to compare the performance of PRL and fuzzy
matching. Sensitivity analyses were conducted to examine the effect of varying linkage
parameters.

Results: In total, 301,918 and 10,437 records from the pregnancy and mortality datasets
respectively, were linked for potential matches. A total of 370 matched pairs were identified by
the exact matching, 571 by the decision-rule based linkage approach used by the province (PHDC
linkage) and 569 by the PRL after manual review of the possible links. Compared with PRL, the

provincial (PHDC) linkage approach had 99.94% accuracy, with sensitivity 99.65% (95%
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Confidence Interval [CI]: 98.74, 99.96); specificity 99.96% (95% Cl: 99.90, 99.99); positive
predictive value 99.30% (95% Cl: 98.22, 99.81); negative predictive value 99.98% (95% Cl: 99.93,
100.0); and 0.99 F-score. PRL performed better when including names, date of birth, South
African ID, folder number and postal code information, as well as when using a threshold
composite weight score of 0.9 for identifying matched pairs.

Conclusion: The PRL and the decision-rule based approach (deterministic) used by the province
provided similar performance. The provided datasets reliant on the pre-existing matching

approach ought to be of sufficient fidelity to enable the remaining planned thesis analyses.

Keywords: Data linkage, probabilistic record linkage, fuzzy matching, decision-rule based linkage,

provincial linkage, maternal mortality, neonatal mortality, Western Cape, South Africa
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Globally, there is a dramatic increase in the availability of digitised routinely collected data which
provides new opportunities for research studies'?. These include population registries, electronic
medical records, disease monitoring systems, birth and death records, administrative claims
data, and other databases which have primarily been developed for clinical and administrative
purposes with no specific research questions in mind. The increasing use of routinely-collected
data for research purposes presents opportunities for linking records from multiple sources*.
This in-turn increases demand for robust data linkage techniques to improve ascertainment of

key research outcomes.

Data linkage, a complex and extensive process which involves merging records from disparate
sources belonging to the same entity, can be viewed as both an art and a science®®. Generally,
there are numerous data (record) linkage methods although the two most commonly applied
methods are deterministic matching and probabilistic record linkage®*7:2. Deterministic record
linkage refers to the use of a unique identifier or exact matching of defined identifiers (such as
names, dates of birth, addresses etc.) to link records from different datasets. Using the
deterministic linkage approach, records are matched, provided the matching fields agree;
otherwise they are unmatched®. However, the unique identifiers in most routinely-collected data
are prone to registration errors and sometimes they are not reliably collected®'%!, Lack of
univocal identifiers in datasets complicates the deterministic linkage procedure, requiring the

application of more complex and sophisticated methods which link records using combinations
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of various identification variables, or transformation of variables to increase comparability (e.g.,

the Soundex algorithm)12714,

Probabilistic Record Linkage (PRL) is defined as the process of linking records from different data
sources that have a high probability of belonging to the same individual when a unique identifier
or identifier combinations are unavailable, unreliable or of insufficient quality®>®'3%, In most
cases, the probabilistic record linkage is preferred rather than the deterministic linkage due to its
superior accuracy and high precision in matching health records®-?2. However, the accuracy of
probabilistic record linkage can be compromised by factors such as variations in data quality and

discriminating power of variables®23.24,

Monitoring the Sustainable Development Goals 3.1 and 3.2 requires valid, reliable and
internationally comparable estimates of maternal and child mortality countrywide. Comparing to
other African countries; South Africa has widely divergent estimates of maternal and neonatal
mortality from institutional reporting and global metrics, and among global metrics?>=°. The
country and WC province in particular provide unique opportunities to link records by having
multiple electronic data sources developed for healthcare administration, clinical management
and administrative purposes®%'. Due to varying estimates of maternal and neonatal mortality
reported by different sources in the country and in the Western Cape (WC) province, there is
value in utilising the available multiple data sources to correct for underreporting of these

outcomes.
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In South Africa, the Department of Health (DoH) is primarily responsible for managing and storing
most health data. Comprehensive details of data sources were discussed in chapter 2 (Data
sources and Common methods section). Briefly, estimation of child mortality in the country is
often based on vital registration although sometimes it is known to under-record neonatal
mortality since the neonates are not always on the population register®. In addition, the Child
Healthcare Problem Identification Program (CHIP) and Perinatal Problem Identification Program
(PPIP) are used for clinical audit purposes, which record under-five deaths and, stillbirths and
neonatal deaths respectively®?>®°. Similarly, the estimation of maternal mortality is necessarily
based on the National Confidential Enquiry into Maternal Deaths (NCEMD) which records

maternal deaths®%3%41

. However, there are additional data sources in the country and
particularly in the WC province, which capture mortality information i.e., patient-level mortality
data from the clinical system and death certificates with reported cause-of-death from the

Department of Home Affairs (DHA). Although these systems can be linked, they are not

automatically interconnected.

The amendments to the South African Births and Deaths Registration Act in 2014, prevented
access to identifiable cause-of-death data which are now exclusively managed by the national
statistics office, Statistics South Africa®?. This compromised cause-of-death data linkage with
other systems for evaluation of health programmes and epidemiological research activities*.
From 2010-2013 in the Western Cape, the unique patient identifier (also known as folder number
or “Clinicom number” based on the name of the hospital information system which issues the

number) and the South African identification number (SA ID) have been the common unique
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identifiers across sources that can be used to link records in these databases. However, these
identifiers are often prone to registration errors and sometimes they are not reliably
collected®4*4>, For these reasons, the Western Cape Department of Health (WCDoH) data centre
has to date merged these databases using a decision rule-based deterministic linkage approach

referred to here as the PHDC/provincial linkage.

Deterministic/rule-based linkage methods are known to have limitations; in particular, rules are
empirically created in most cases, have no statistical justifications, are difficult to replicate and
require maintenance*®*’. Moreover, they are known to have less discriminating power than
probabilistic linkage methods although they are easy to implement®>”4’, In our setting, the
performance of the decision-rule based approach used by the province which underpins
subsequent analyses in this thesis, has never been tested. The quality of the linkage also affects
planning, performance and efficiency monitoring (such as the tracking of maternal and neonatal
mortality), business intelligence and programmes evaluations, creating thereby a further

rationale to formally evaluate the performance of the current linkage approaches.

The primary aim of this chapter was to validate the performance of the provincial record-linkage
approach which uses decision-rule based fuzzy linkage by comparison to an independent
probabilistic record-linkage exercise. A secondary aim was to determine the feasibility of a fully

probabilistic approach to record linkage on the available data sets.
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Design and Setting

This was a validation study, comparing the decision-rule based approach used by the province to
a fully probabilistic method, using observational routinely collected data for clinical management
and administrative purposes in the Western Cape Province, South Africa. According to the recent
statistics, the province has an estimated population of 6.5 (=11%) million people*®. Of them,

about three-quarters are estimated to be using public-sectors services®.

Data sources and types

This chapter used pregnancy and mortality data from the PHDC database. The comprehensive
details of the PHDC database are discussed in Chapter 2. The pregnancy data were extracted from
the episodes table and the mortality data from the encounters table in the Clinical database. The
pregnancy data from 2010 to 2013 and mortality data in 2013 formed the two datasets for this
analysis. A single-year of mortality data was chosen for the validation exercise to limit the size of
the database to enable completion using desktop computing resources. The fully probabilistic
linked dataset was compared with the provincial matched data of the same period. The analyses
involved implementing the PRL approach and then identifying the overlaps in linkage and non-
linkage. The provincial linkage algorithm comprised a series of match criteria that were executed
in a particular order so as to link records. The methodology of linking PHDC data used in this
comparison is provided in Appendix 2. For illustrative purposes, a linkage approach relying only

on exact matching was also evaluated.
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Data processing and analysis

Data processing, linkage and analysis were conducted using Stata software version 14.2 (Stata
Corporation, College Station, Texas, USA). Probabilistic linkage procedures involved four steps
namely data cleaning and standardisation, blocking, records linkage and clerical review of the
matched pairs. Selected linkage variables included first name, surname, date of birth, South
African ID, folder number and postal address. Sensitivity analyses were conducted to determine
the robustness of the linkage criteria. The approaches for implementing the Probabilistic Record

Linkage and for comparing outputs of both methods involved: -

1. Implementing the Probabilistic Record Linkage

Data cleaning and standardisation

Preparing datasets before they can be linked requires significant effort and time in order to
ensure quality of the linked dataset®. Due to differences in coding between the two datasets,
the linkage variables were pre-processed across datasets. This involved examining the datasets
and carrying out data cleaning and standardisations in order to identify, correct and remove any
errors or inconsistencies in the data so that the data items are comparable in each data file>2.
The process involved deleting and trimming the blank spaces, removing special characters,
unifying date formats, converting to lower cases all string variables, modulus 10 validation of the

folder numbers, checking the validation of the SA ID number and de-duplication.

Blocking
When linking pregnancy and mortality datasets, the number of possible comparisons to be made

are equal to the product of the number of records in the two data sets i.e.,, 301,918 x
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10,437=3,151,118,166 respectively. To avoid computational problems when applying
probabilistic linkage approaches on large datasets, it is advisable to divide/partition datasets into
groups (blocking) outside of which valid matches would not be expected, so as to reduce the
number of comparisons needed to be made to find a pair of records to be linked®>2>3, To improve
computational efficiency, we tried to keep the blocks as small as possible by reducing the
comparison space. Nevertheless, using small blocks can exclude valid matched pairs because of
inconsistency in data quality of the blocking variable. To overcome this, we decided to include
multiple blocking strategies (block passes) to allow records to find the true match pairs using
consecutive blocking variables. In our analysis, the blocking criteria included the output of the
Soundex algorithm applied to the surname, and date of birth (in combination and individually:

day, month, and year).

Linkage

The probabilistic record linkage presented here was carried out using the Stata™ user-written
programme “reclink2”, a more generalised version of “reclink” by Blasnik (2010, Statistical
Software Components S456876, Department of Economics, Boston College). In addition, the
record linkage process was also coded manually to ensure a full understanding of the automated
procedure. The process of matching records using the probabilistic data linkage involved
comparing record pairs on each field/linkage variable (i.e., first name, surname, date of birth, SA
ID, folder number and postal address) and an associated match criterion (i.e., exact match on SA
ID and/or folder number). This was followed by calculating field probabilities (probability of being

linked - m; or not linked - u; if the match criteria are met), field weights (the contribution of this
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probability to the overall record linkage probability) and determining links based on the
threshold/cut-off points for each record pair (the summative probability threshold above which
a link will be accepted). The input values (m; and u;) were estimated based on the sample
frequencies with known links and non-links using mortality data for the year 2012. The optimal
parameters were therefore obtained using expectation maximization (EM) approach and string
comparators. To determine the cut-off in classifying record pairs as links (matches), the linkage
algorithm is assumed to have a single threshold parameter (T,,,,)8 Setting these threshold
values (cut-off) is known to be a difficult and a critical step in PRL which affects the classifications
of links and non-links®. The threshold cut-off points were defined in advance such that: upper
threshold (T},4x) = 0.8 and Lower threshold (T;,;,) = 0.6 and then optimised in selecting the
next best value based on the maximum f-score (f-measure) i.e., the trade-off between positive
predictive value (PPV) and sensitivity®. The probabilistic linkage procedure is further summarised

as follows3:1352,54. .

Field probabilities

& Computing agreement probabilities
m; = P(r;(a,b)/(a,b) € L) >-> Probability [i" field] a given pair agrees, given that it is

a true match/link.

& Computing disagreement probabilities

u; = P(r;(a,b)/(a,b) € N) >-> Probability [i*" field] a given pair agrees, given that it is
a true non-link.

Field weights

& Computing match weights for linked records and non-links

w;; = log, (7:—;) ->-> match weight if it" field agrees between two records.
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w;, = log, (11__731‘) - match weight if it field disagrees between two records.

& Computing composite weights (w)
W= i) Wij

w =log, (M)Hogz (M)Hogz (M)+ ........ +log, (—1_7”""”)

Ufirstname Usurname Usa id

Threshold weight scores

& Setting the threshold value (T) in order to assign status to pairs
Different analyses were carried out by varying the threshold cut-off points of the calculated
composite weights based on the composite weight score using the selected matching variables
as stated in the linkage step. The cut-off point maximising (minimising) f-score/f-measure was

set as the upper (lower) threshold such that: -

W = Thax - Definitive match/link

Tinin < W < Thax - Possible match/possible link

Tonin < W - Don’t match/non-link
Where:

m; = Probability the i*" field agrees given that two records match

(1 — m,;) = Probability the it field disagrees given that two records match

u; = Probability the i*" field agrees given that two records do not match

(1 — u;) = Probability the it field disagrees given that two records do not match
r; = it record

a & b =Dataset Aand B

L = Link

N = Non-link

w;; = Match weight given the it field agrees between two records

w;, = Match weight given the it field disagrees between two records
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Clerical review

This involved manually inspecting all variables available for the record pairs with possible
matches/links (i.e., record pairs having composite weight between lower and upper cut-off points
- Timin < W < Ty,4x) and deciding whether the record pairs are links or non-links. For a record
pair to be deemed a link, it must match on at least two variables/fields. Record pairs which were
categorized as non-links in this step were taken back to step 2 (blocking) for another comparison

until the process was exhausted.

Linked datasets

The final dataset with linked record pairs between the two data files was obtained once the above
steps were completed and exhausted. The linked dataset was then used in the final analysis i.e.,
comparing the performance of the provincial fuzzy linkage over PRL. Figure 8 below shows key

steps followed in probabilistic record linkage.
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Figure 8: Probabilistic data linkage procedures

2. Evaluation of the Probabilistic Record linkage

Primary analyses

Standard diagnostic agreement measures were used to compare the performance of PRL and the
decision-rule based provincial linkage. The independent PRL exercise was used as a reference to
formally quantify the agreement of the existing linkage approach as a means of validating it for
subsequent analyses. Assessing performance of the decision-rule based provincial linkage and

exact matching over fully probabilistic record linkage approach involved the use of the following

TN
TN+FP

TP
TP+FN

quality measures: sensitivity/recall/match rate ( ), specificity/true-negative rate ( ),
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TP
TP+FP

TN
TN+FN

positive predictive values/precision/link accuracy ( ), negative predictive value (.

)

TP+TN
TP+FP+TN+FN

FN
TP+FN

PPVxSensitivity
PPV +Sensitivity

accuracy (

)

), F-measures/F-score (2x ( )), false-negative rate (.

FP
TN+FP

and false-positive rate ( ). F-measure was considered “very good” when F-score > 0.90,

“relatively good” when 0.85 < F-score < 0.90, fair when 0.80 < F-score < 0.85, poor when 0.50 <
F-score < 0.85, and very poor when F-score < 0.50 in determining linkage quality>>. Using the
binomial approximations, the 95% Confidence Intervals were estimated for the respective quality

measures.

Sensitivity analyses

A composite dataset was constructed based on the combined linkages from both approaches, in
which all discrepancies were manually reviewed and curated. Using this dataset, sensitivity
analyses were conducted using five different sets of matching variables and different weight
thresholds to examine the effects of varying linkage parameters in identifying record pairs. The
first sensitivity analysis involved conducting probabilistic linkage using first name Soundex,
surname Soundex, date of birth, SA ID, clinicom/folder number and the postcode. The second,
involved conducting probabilistic linkage using first name, surname, date of birth, SA ID and the
postcode. Thirdly, probabilistic linkage was performed using first name, surname Soundex, date
of birth, SA ID and the postcode. The fourth, involved conducting probabilistic linkage using first
name, surname, date of birth and SA ID. The fifth, probabilistic linkage was performed using first

name, surname and date of birth. The above sensitivity analyses were conducted using a
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threshold cut-off point of 0.9. Lastly, probabilistic linkage was performed by varying the threshold

match score (Tyy,4,) from 0.6 to 1.0 without manual review.

Description of the datasets

In total, 330,016 pregnancy records were extracted from the episodes data table and 204,923
death records from the encounters table in the Clinical database from 1st January 2010 to 30th
December 2013. The mortality dataset included 51,203 deaths which occurred from 1st January
to 31st December 2013. A total of 6,863 and 26,699 duplicate records in the mortality and
pregnancy datasets were identified and deleted in the data cleaning stage. Additionally,
restricting subjects to only “females” as well as ages ranging from 10 to 65 years, resulted to
33,880 records from mortality and 1,399 records from pregnancy dataset being deleted. The final
probabilistic linkage dataset consisted of 301,918 and 10,437 records from the pregnancy and
mortality dataset respectively. Figure 9 below presents the flow diagram of the datasets used for

this study.
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Pregnancy dataset Mortality dataset

(N =330,016) (N =51,203)
Date: 15t Jan 2010 — 31% Dec 2013 Date: 15 Jan — 31° Dec 2013
v v

Records after duplicates removed
303,317 pregnancy records
44,317 mortality records

A 4

Data cleaning & Records excluded
1,399 pregnancy records
33,880 mortality records

A 4

standardization

A 4

Probabilistic linkage
301,918 pregnancy records
10,437 mortality records

Figure 9: Flow diagram of the database used for the analysis.

Descriptive analyses of the linkage variables

Table 10 shows the descriptive analyses of the selected linkage variables according to data
sources. Both pregnancy and mortality datasets had no record with missing information on
surname and date of birth. Pregnancy dataset had one, 80,955 (36.6%) and 1,725 (0.6%) records
missing first name, SA ID and postcode information respectively. A total of 626 (0.2%) records
were missing both SA ID and postcode information; with no record missing information in more
than two variables. The mortality dataset had 2,164 (26.2%), 406 (4.0%) and 277 (2.7%) records
missing SA 1D, postcode and folder number information respectively. Fourteen (0.1%) records

had missing information in all three variables i.e., SA ID, postcode and folder number. 177 (1.7%)
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records were missing postcode and folder number information and 100 (1.0%) records were

missing both SA ID and postcode information.

Table 10: Descriptive analysis of the selected linkage variables according to data source

Pregnancy dataset Mortality dataset
Linkage variables (N=301,918) (N=10,437)
Available Missing Available Missing
records records records records
First name 301,917 1 10,437 0
Surname 301,918 0 10,437 0
SA ID 220,963 80,955 (36.6%) 8,273 2,164 (26.2%)
Date of birth 301,918 0 10,437 0
Postcode 300,193 1,725 (0.6%) 10,031 406 (4.0%)
Folder number 301,918 0 10,160 277 (2.7%)

Record linkage

Exact matching of the pregnancy and mortality database using the same linkage variables as PRL
(i.e., first name, surname, date of birth, SA ID, Postal code and folder number) identified 370
matched pairs. In total, 10,068 (3.2%) records in the mortality dataset and 301,552 (96.7%)

records from the pregnancy dataset were unique.

Probabilistic records linkage of the pregnancy and mortality datasets identified 541 linked pairs.
Following manual review of the 1,542 “possible linked” pairs, an additional 28 pairs were marked
as links. In total, 571 matches were identified by the PHDC linkage (decision-rule based linkage
approach) whereas 569 matches were identified by the probabilistic record linkage after manual

review of the possible match pairs respectively.
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Figure 10 shows the distribution of composite weight scores > 0.7 before conducting manual
review of the matched pairs. The optimal threshold used (0.9) excluded a large number of non-

matches/non-links.

-0

Linked pairs

10

o I I e I

0.7 0.8 0.9 1.0

Match score
Figure 10: Distribution of agreement probabilities before manual review of record pairs
Comparison between decision-rule based linkage and PRL in identifying matches without
manual review

Table 11 shows the comparison between the decision-rule based linkage approach used by the
province and PRL method in identifying matches. Compared to the PRL without manual review
of the possible links, PHDC linkage approach has classified 539 matches that are true matches

and 9864 non-matches that are true non-matches. The decision-rule based linkage used by the
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province has classified 32 matches that were non-matches and only 2 non-matches that were

matches in PRL.

Table 11: Comparison of decision-rule based linkage method and PRL in identifying matches

Decision-rule based Probabilistic record linkage

provincial linkage Links Non-links Total
Links 539 32 571
Non-links 2 9,864 9,896
Total 541 9,866 10,437

Comparison between decision-rule based linkage and PRL in identifying matches with manual
review

Compared to PRL approach after manual reviews of all possible links, the decision-rule based
linkage approach used by the province has classified 567 matches that are true matches and 9864
non-matches that are true non-matches. It has classified four matches that were non-matches
and only two non-matches that were matches in the PRL approach, which in fact were true non-
matches when interrogated further. Table 12 depicts the record pairs identified by the two

linkage approaches as links and non-links.

Table 12: Comparison of decision-rule based linkage method and PRL in identifying matches

Decision-rule based Probabilistic record linkage

provincial linkage Links Non-links Total
Links 567 4 571
Non-links 2 9,864 9,866
Total 569 9,868 10,437

Feasibility of the probabilistic approach
Table 13 presents the quality measure results of the compared linkage approaches, if the existing

decision-rule-based approach is used as the reference. Although a priori it was decided to
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compare the existing PHDC approach to an independent probabilistic data linkage output, the

first comparison presented here shows the agreement of the PRL approach with the historical

approach, to establish coherence of the independent approach. Agreement across all measures,

compared to the decision-rule-based linkage approach used by the province, was predictably

higher for the PRL than the exact matches, in particular when including manual review of

uncertain matches.

Table 13: Quality results of PRL and exact matching as compared to the provincial linkage

algorithm

Measure Exact PRL PRL Provincial

Matching* | (without manual | (with manual | linkage**
review)* review)*

Accuracy 97.87% 99.67% 99.94% 99.94%

Sensitivity (Recall/match rate) 62.87% 94.40% 99.30% 99.65%

Specificity (true-negative rate) 99.90% 99.98% 99.98% 99.96%

Precision (positive predictive 97.29% 99.63% 99.65% 99.30%

value)

Negative predictive value 97.90% 99.67% 99.96% 99.98%

False-negative rate 37.13% 5.60% 0.70% 0.04%

False-positive rate 0.10% 0.02% 0.02% 0.35%

F-measure (F-score) 76.0% 97.0% 99.47% 99.50%

*Compared to provincial linkage approach with manual review (PHDC linkage-Reference)
**Compared to PRL with manual review (PRL- Reference)

Sensitivity analyses

Robustness of PRL when excluding the unique identifier

When excluding folder numbers in the PRL linkage variables, and without manual review of the

possible links, there were 547 concordant matches and 9801 concordant non-matches. Provincial

linkage classified 24 matches that were PRL non-matches and 65 non-matches that were PRL
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matches. In general, provincial linkage had a lower sensitivity and precision when PRL excluded
folder numbers in the linkage variables compared to its inclusion i.e., 89.38% vs. 99.65%
sensitivity and 95.78% vs 99.30% precision respectively. Table 14 depicts comparison between
decision-rule based linkage approach and the PRL in identifying matches when excluding folder

number without a manual review of the possible linked pairs.

Table 14: Comparison of decision-rule based linkage method over PRL in identifying matches
when excluding the folder number

Decision-rule based Probabilistic record linkage

provincial linkage n (%) Total
Links Non-links

Links 547 24 571

Non-links 65 9801 9866

Total 612 9825 10437

Sensitivity analyses based on PRL variable inclusion

Table 15 shows number of matched pairs identified by different linkage variables using a subset
of data confirmed to be links/matches. Including many linkage variables (five variables) resulted
in a higher match rate (>94%) and precision (>87%) than including fewer (three) linkage variables
(93.52% match rate and 81.53% precision respectively). When excluding both SA ID, postcode
and folder number information in the selected linkage variables, the identified number of linked
pairs increased slightly but not as much as when excluding postcode and folder number i.e., 655

vs. 760 matches respectively.

Table 15: Sensitivity analyses when using different linkage variables without manual review

Linking variables PRL matches | Sensitivity Specificity Precision
Sensitivity analysis 1 540 94.05% 99.97% 99.44%
Sensitivity analysis 2 612 95.80% 99.34% 89.38%
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Sensitivity analysis 3 623 95.45% 99.21% 87.48%
Sensitivity analysis 4 760 94.75% 97.78% 71.18%
Sensitivity analysis 5 655 93.52% 98.77% 81.53%

Sensitivity analysis 1 — First name Soundex, last name Soundex, date of birth, SA ID, postcode & folder number.
Sensitivity analysis 2 — First name, last name, date of birth, SA ID & postcode.

Sensitivity analysis 3 — First name, last name Soundex, date of birth, SA ID and postcode.

Sensitivity analysis 4 — First name, last name, date of birth and SA ID.

Sensitivity analysis 5 — First name, last name and date of birth.

Varying the threshold match score (T;,4,) from 0.9 to 1.0 (exact match) resulted in a reduced
number of matches, an increased number of true negatives and false positives as well as
decreased number of true positives and false negatives. Lowering the threshold parameter
(Tyhax) from 0.8 to 0.6 resulted in a marked increase in the number of matches, reduction of
true negatives and false positives as well as an increased number of true positives and false

negatives. Table 16 shows the sensitivity analyses when varying the threshold parameter.

Table 16: Sensitivity analyses when varying agreement probability threshold without manual

review
Threshold weight score PRL matches Sensitivity Specificity Precision
1.0 353 61.82% 100.0% 100.0%
0.9 541 94.40% 99.98% 99.63%
0.8 628 98.25% 93.98% 89.33%
0.7 2065 99.30% 84.82% 27.46%
0.6 5,877 99.65% 46.20% 9.68%

Finally, the probabilities calculated by the Reclink routine were verified through manual coding

of the probabilities (data not shown).

Recent studies have highlighted the need for comparative evaluations of data linkage

methods®°6. This study determined the feasibility of implementing PRL and validated the
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performance of a fuzzy linkage approach used by the WC province in linking provincial health
data as compared to a fully probabilistic data linkage. The PRL when including manual review of
possible matches was shown to be feasible through a high level of agreement with the historical

method.

Using the independent PRL linkage as a reference, few discrepancies were observed with the
decision-rule based provincial linkage approach. Both approaches (provincial linkage and PRL)
presented high and relatively equal performance in identifying record pairs based upon key
identifiers i.e., names, date of birth, SA ID, postal code and folder number. Based on review of
previous linkage studies using both real-life and simulated datasets, PRL has demonstrated a
better performance than deterministic linkage method/exact matching in most cases'®=22. In this
study, PRL has proven feasible in identifying linked pairs as demonstrated by high levels of
agreement with the current method when including first name, last name, date of birth, SA ID,
postal code and folder number information; and using a threshold match score of 0.9. Relatively
high accuracy and precision have been observed even after excluding postcode and folder

number information from the set of linkage variables.

The appropriateness of PRL to the data context, which frequently has missing values for key
identifiers

Folder number and SA ID are important unique identifiers and perhaps key variables for data
linkage in the exact matching procedures. However, they are not reliably or always collected as
demonstrated by a considerable number of cases with missing SA ID number in our datasets (i.e.,

36.6% in pregnancy and 26.2% in mortality datasets) and missing folder numbers (i.e., 2.7% in
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mortality dataset). Previous studies have reported the rates of missing data and errors in key
linkage variables ranging from 0 to 10% and 4 to 15% respectively>’~®1. High proportions of
missing data have further been linked with high false negative links which compromise sensitivity
in a deterministic linkage thus necessitating the applications of PRL3®2, Despite relatively high
proportions of missing SA ID information in both datasets, the accuracy and precision of PRL
remained reasonably high when SA ID is included in the linkage variables. This can be viewed as
a result of imperfect matches due to errors or missing data resulting in false negative links in the
exact matching being captured as links by the PRL. This observation highlight the strength of PRL
over exact matching when there is high proportions of error or missing information in linkage

variables as also reported elsewhere31862,

Trade-off of shifting the thresholds in terms of how many records require manual review and
loss of performance i.e., tuning/optimisation of the PRL method.

It is reported that, having large number of true negative links biases the sensitivity, specificity
and false negative rates since the number of true negatives dominate in their respective
formulae®®3, As a consequence, positive predictive value has been claimed to be the most
adequate and recommended quality measure over sensitivity, specificity and false negative rates
in assessing the quality of the data linkage approach?®. In this regard, PRL has still demonstrated
high ability of classifying matches that are true matches in our study by having notably high
positive predictive value (99.7%). This study supports evidence from previous studies that PRL

has sufficient accuracy and high precision in matching health datasets!?,20-22,63-65,
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Although, optimising quality measures is ideal, some authors have suggested maintaining high
PPV over the sensitivity since false positive links - as compared to false negative links, tends to
bias risk ratio and risk difference to the null®%%667 Nevertheless, there is a trade-off between
sensitivity and PPV such that, high PPV can only be attained at the expense of low sensitivity and
vice versa®!8, For this reason, finding the compromise between sensitivity and PPV is advised,
particularly using the maximum f-measure (f-score)®. This is the only quality measure which
captures the trade-off between sensitivity and PPV®>°. Our study has obtained remarkably high
f-measure/f-score i.e., 0.99%. According to Ferrante and Boyd, f-measure >0.90 shows a very
good linkage quality>®. However, there is no suggested cut-off values for these quality measures

from previous linkage studies®29.5%.68,

Fidelity of existing automated linkage in the Western Cape PHDC

The existing linkage algorithm has provided high levels of agreement with the independent PRL
approach in matching health data in our setting. These findings suggest that the provincial linkage
approach can be used to generate datasets which can be used to estimate burden of diseases for
a better understanding of the trends, as well as assessments of the successes or failures of various

interventions in the WC province and the country at large.

Strengths and limitations

The key strengths of this study include large size of matching datasets, availability of multiple
unique identifiers across datasets, combination of both strings and numeric linkage variables,
availability of multiple linkage variables and presence of missing values which complicated the

linkage procedures and proved its robustness. Furthermore, the author’s ability to review
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manually the large number of “possible links” in this exercise has improved the linkage quality of

the dataset used for assessment, by curating additional correct links.

The generalisation of performance of the decision-rule based provincial linkage approach might
be limited by the fact that only one linkage example was explored, and the characteristics of

other datasets might well differ.

The decision-rule based provincial linkage and PRL approaches have both been demonstrated to
be feasible on a sample of datasets on which this thesis is based, and both have demonstrated
high levels of agreement in matching health records. This provides reassurance on the

performance of the record-linkage on which subsequent analyses rely.

Health officers and researchers can confidently continue using the linked (using the decision-rule
based provincial linkage approach) WC provincial health data for healthcare administration,
business intelligence and epidemiological research activities due to robustness of the linkage

approach used.
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CHAPTER 5: A three-source capture-recapture estimate of maternal deaths under-reporting in

the Western Cape Province, South Africa

Background: Maternal mortality is an important health challenge and insufficient progress has
been made in addressing it. South Africa and particularly the Western Cape province has multiple
data sources with wide coverage which offer unique opportunities to estimate these outcomes
empirically or analytically. Capture-recapture is a useful approach to resolve uncertainties in
estimating population sizes, including those with specific health conditions or outcomes, when
there has been underreporting. However, there has been no attempt to estimate maternal
mortality under-ascertainment in the Western Cape province using the capture-recapture
method.

Methods: Maternal deaths reported by the Department of Home Affairs (DHA), institutional
reporting (CEMD), and hospital death reporting system (PHDC), from 2010 to 2013, were linked
for potential duplicates, before applying a three-source capture-recapture method to estimate
maternal deaths’ under-reporting. Evaluation of dependence between data sources was
determined using log-linear models and the sample coverage estimator. Testing the goodness-
of-fit of the log-linear models involved the use of likelihood ratio statistics (G?), the Pearson
goodness-of-fit statistics (y?), Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC). The estimates of maternal deaths were presented annually, and combined from

2010 to 2013, with corresponding 95% Confidence Intervals (95%Cl).
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Results: In total, 238 maternal deaths were registered by the institutional reporting (CEMD), 108
by the DHA and 205 hospital deaths from the reporting system (PHDC). Of these, 391 (70.1%)
were unique cases. Only 22 maternal deaths were registered by all three sources. The capture-
recapture method estimated 719 (95% Cl: 605, 879) maternal deaths between 2010 and 2013,
with an estimated 328 (45.6%) maternal deaths not registered by any of the three sources. By
calendar year, 150 (95% Cl: 117, 207) maternal deaths were estimated in 2010; 108 (95% Cl: 94,
131) in 2011, 313 (95% Cl: 185, 678) in 2012; and 153 (95% Cl: 124,202) in 2013. The
completeness of registrations of the three sources combined was 54.38%, with CEMD having the
highest level of completeness (33.1%).

Conclusion: The capture-recapture approach applied to three available data sources estimated
substantial under-reporting of maternal mortality in the Western Cape between 2010 and 2013.
Relying on estimates from a single source could mask the actual burden of the problem thus
affecting the evaluation of interventions focusing on reducing maternal mortality, understanding

trends, assessing progress against global commitments and evidence-based decision making.

Keywords: Capture-recapture, estimate, maternal, neonatal, mortality, log-linear, Western Cape,

South Africa.
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Maternal mortality is an important health challenge and insufficient progress has been made in
addressing it. Estimation of this outcome in most developing countries is challenging, particularly
due to a lack of accurate, valid and reliable data™. Nonetheless, monitoring progress in global
goals (Millennium Development Goals (MGD) 5 and Sustainable Development Goal (SDG) 3.1)
requires reliable and accurate estimates of maternal mortality at a national and sub-national level

in a given country.

Compared to other African countries, and as illustrated in chapter one, global estimates of South
African maternal mortality often conflict with in-country institutional reporting, and both have
wide uncertainty intervals®~*!, Estimation of maternal mortality in the country is primarily based
on the vital registration as well as the Confidential Enquiry into Maternal Deaths (CEMD)%71>,
Nevertheless, South Africa is unique in the region in that, the country and the Western Cape
province in particular provide opportunities to estimate this outcome empirically or analytically
by having multiple data sources with wide coverage. Additionally, the country is unusual among
developing countries in that, the national facility-based mortality audits for maternal, child and
perinatal deaths are effectively carried out!?14. The availability of multiple data sources in the

country and in the WC province facilitates the application of capture-recapture methods>®8-1012-

16

As introduced in chapter two, capture-recapture, also known as dual-system estimation or dual-
record system when having two data sources and multiple-system approach or multiple-record

system when having more than two sources, is a common method used by ecologists and
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biologists to estimate wildlife population size'”8, Since it is not possible to count every animal in
the specified setting, and detection is imperfect, closed capture-recapture models were
developed to obtain an accurate estimate of the population size. This method is useful in
resolving uncertainties in estimating population sizes (including of those with specific health
conditions or outcomes) that have diverse estimates, since it doesn’t rely on complete case
ascertainment but rather it corrects underreporting by estimating the number of missed cases in

the population.

Despite originally being developed for ascertaining the size of animal populations in wildlife
biology and ecology, these methods are now applied to human populations particularly in human
epidemiology, demography and medicine!’~?1. The emerging application of capture-recapture
methods in estimating maternal mortality, corrects for under-reporting of this outcome by
estimating the overall number of maternal deaths using multiple data sources available in a
particular area?’~?°. Having independent data sources that measure the same outcome, the
capture-recapture method allows one to estimate the number that are not on any list and hence
to estimate the total population size. In this context, data sources which are also considered as
samples might be hospital records, birth and death registries, and other related databases?%26%7,
Having dependence between data sources can bias results?. However, it is not possible to
estimate dependence in a dual system but it is possible with the multiple system estimation. The
effect of dependencies can be controlled statistically through the application of ecological
models, log-linear models and sample coverage approaches. These methods have been

extensively discussed elsewhere and are proposed to handle dependencies among data
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sources???8-36 The methodology and assumptions of capture-recapture methods were discussed

in further detail in Chapter two.

Due to varying estimates of maternal mortality provided by different and limited sources in South
Africa, there is value in applying additional estimation techniques which utilise multiple data
sources to correct for potential underreporting of this outcome. Despite its limitations when
applied to human epidemiology, capture-recapture methods have been identified as a simple,
quick and cheap alternative method for ascertaining reliable estimates of population size when
estimating conditions with diverse estimates'’*337. The available multiple data sources in South
Africa and particularly the Western Cape province, provides unique opportunities for estimating

maternal mortality by facilitating the application of the capture-recapture method.

The primary aim of this chapter was to estimate maternal mortality under-reporting; a secondary
aim was assessing the completeness of data sources that register maternal deaths, individually

and combined (case-ascertainment).

Design and Setting

This study used routinely collected cross-sectional clinical and administrative data to estimate
the underlying burden of maternal mortality in the Western Cape Province, South Africa. The
province has an estimated population size of 6.5 million people, with the 72% of population using

public health sector facilities®>°,
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Case definition and analysis period

In this chapter, maternal death was 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. We restricted our analyses to maternal deaths which occurred between 15t
January 2010 to 31t December 2013, due to data availability and consistency in reporting
mortality data across sources in the province. As the study period concluded long before this

analysis, there is reasonable assurance of completeness of death registration across sources.

Data sources

Data used in this chapter came from the Western Cape Department of Health (WCDOH) and the
South African Department of Home Affairs (DHA). As broadly discussed in chapter 2; in the
Western Cape province, the main data sources registering maternal death records are hospital
death reporting irrespective of cause in patients known to be pregnant or recently pregnant,
clinical audit tools specific to maternal mortality (CEMD/institutional reporting) and death
certificates identifying maternal causes of death. For this analysis, data from hospital deaths in
patients with known pregnancies, irrespective of this being mentioned on the death certificate,
with pregnancy ascertained from multiple sources (e.g., admitted in maternity ward, having
laboratory results specific to pregnancy or delivery), were extracted from the PHDC SQL database
and used as one of the three data sources.

The data from the CEMD served as the second data source for maternal mortality ascertainment

and estimation. Due to limited access to cause-of-death data as stipulated in chapter 2, our
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analysis used DHA data from 2010 to 2013 as a third source for capture-recapture analysis. Due
to data availability and consistency in reporting maternal deaths across three sources, we limited
our analyses to data covering the period 1%t January 2010 to 315 December 2013. The data from
the clinical system were linked to data from the DHA for the period 2010 to 2013 through the
common unique identifiers (PMI) in order to identify duplicates before applying the capture-
recapture method (Figure 2). The detailed descriptions of data sources providing datasets for our

analyses are presented in Chapter 2.

Data processing and analysis

Data processing was undertaken using Stata software version 14.2 (Stata Corporation, College
Station, Texas, USA). This involved data cleaning, standardisation and record linkage. Capture
histories were obtained through record linkage using the provincial linkage algorithm (since the
PHDC linkage approach was found to be comparable to an independent probabilistic linkage
exercise in the previous chapter). Multiple-record-per-person data were converted to single
record data with capture histories reflected by indicator variables. The three-source capture-
recapture analyses were carried out using a Stata user-written programme “recap”?® (Stata
software version 15.1, Stata Corporation, College Station, Texas, USA) and “Rcapture” package in
R software version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria). Additional
analyses employing a sample coverage approach were carried out using the “CARE1” package in
S-plus. Graphical data exploration was used to check whether the homogeneity of catchability
and independence assumptions were met to facilitate model selection. Figure 11 below depicts

data management and analytical procedures involved in this chapter.
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Figure 11: A flow chart indicating analytical procedures for a closed population CRC modelling

Capture-recapture analysis
We fitted three-source capture-recapture models to estimate maternal mortality under-
reporting in the Western Cape province. Except for independence, other underlying assumptions

for applying capture-recapture methods were ‘satisfactorily’ met.

In this study, we fixed death registrations in a defined time (2010 - 2013) and in a specified area
(Western Cape province). Using personal identifiers and mainly the PMI, it was possible to link
deaths registered by all three sources when these referred to the same woman. Due to the nature
of the data sources used, the probability of registration is unlikely to depend on individual
characteristics; although perhaps the probability of registration in PHDC might have been
associated with the type of facility a woman was attending (whether public or private).
Nevertheless, the probability of a death being registered in PHDC and CEMD as well as PHDC and
DHA for a particular woman, was expected to be positively corelated since PHDC registers deaths
from public sector facilities which usually require the providers providing death notifications to
the NCCEMD and DHA through the respective forms. Lack of independence, if not controlled in

the analysis stage, is therefore be expected to underestimate the number of maternal deaths.
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Evaluation of dependence between sources was done by fitting three classes of models as
described in Chapter 2 i.e., the log-linear models, ecological models and sample coverage
approach?%?%-3¢_ The model giving the best fit to the data for the combined data (full four-years)

was selected and fitted to the yearly data in order to provide yearly estimates.

Maternal mortality estimation

Estimations of maternal deaths were conducted yearly and combined following the applications
of the ecological and log-linear capture-recapture models. Estimates were presented as maternal
deaths with their corresponding 95% Confidence Intervals (Cls). Estimates obtained from the
different model classes were compared for the two scenarios i.e., dependence and independence

assumption.

Estimation of completeness

Completeness was estimated for each individual data source and combined, as a proportion of
the estimated maternal deaths. Completeness of a source was obtained by dividing the number
of maternal deaths registered by that source over the total number of deaths estimated by the
capture-recapture method. The overall completeness level was also obtained by dividing the
number of unique maternal deaths registered by the three sources over the estimated maternal

deaths by the log-linear capture recapture model.
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Sensitivity analyses

Three sensitivity analyses were conducted using 75%, 50% and 25% of non-overlapping PHDC
cases (i.e., these cases were only ascertained by the PHDC) to see the effects of potential over-
ascertainment of pregnancy by the PHDC on the final maternal mortality estimates using the
combined data (four years of data). Although data obtained from the PHDC were limited to a high
confidence score i.e., high probability that pregnancy and death records belong to a same person
(as presented in Chapter 2 on PHDC data linkage), there is still a possibility that a certain
proportion of PHDC maternal deaths were cases, in which pregnancy was incorrectly ascertained

or incidental.

A possible explanation is that, confidence is largely driven by birth records, and pregnancies
resulting in death are unlikely to have birth records. Due to the nature of PHDC data (as discussed
in Chapter 2); even if data were perfect, we expect a certain proportion of the deaths not to be
pregnancy-related but rather incidental. These highlight the importance of conducting sensitivity

analyses to validate the obtained estimate of maternal mortality.

Distribution of maternal deaths registration by calendar years and data sources

Between 1%t January 2010 and 31% December 2013, a total of 205 maternal deaths were
registered by the hospital death reporting system (PHDC), 238 by the institutional
reporting/clinical audits tool (CEMD) and 108 through the death certificates by the DHA. The

hospital death reporting system (PHDC) and institutional reporting (CEMD) have registered
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almost twice the number of maternal deaths reported by DHA over calendar years and combined.
Figure 12 below depicts the trends of maternal deaths according to data sources in the Western

Cape province, South Africa.

2010 m 2011 w2012 2013 = Total

300

250 238

205
200

150
108

Maternal deaths

100
67 73

50 51 g4g > 51 47

50 37
18 20

DHA PHDC CEMD

Data sources

Figure 12: Distribution of maternal deaths by year of registration and data sources

The proportional Venn diagram below presents the distribution of maternal deaths registered
uniquely and across (overlap between sources) each source (Figure 13). For the 4-year period,
only 22 maternal deaths were registered by all three sources. Nine maternal deaths were
registered by DHA and PHDC; 19 by CEMD and DHA; and 88 by PHDC and CEMD. A total of 391
(71.0%) unique maternal deaths were registered by the three sources during the analysis period,

of which; DHA registered 58, PHDC 86 and CEMD 109 unique maternal deaths.
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Figure 13: Distribution of maternal deaths registered by the three sources (2010 - 2013).

Ecological models

Results of the closed-population ecological models fitted to data covering the period 2010 to
2013 are presented in table 17 below. Based on the exploratory heterogeneity graph (fi plot),
there were no apparent heterogeneous capture probabilities in our data as indicated by a straight
line (Figure 14). Due to lack of heterogeneity, no heterogeneity structures were included in the

log-linear models.
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Figure 14: Exploratory heterogeneity graph of the capture histories by source (2010 - 2013).

Based on the Pearson residuals of the fitted models, ignoring models with behaviour
characteristics (“Mb” and “Mbh”); since these are considered inappropriate for epidemiological
applications, models “Mt” and “Mth” have the tightest residuals. Due to homogeneity in capture
probabilities as depicted above and an insufficient number of data sources (n<5), the model “Mt”
is preferred over “Mth”. However, the distribution of residuals in model “Mt” is not centred
around zero. Boxplots of the Pearson residuals of the ecological models are presented in Figure

15 below.
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Figure 15: Boxplots of Pearson residuals of the model fit for the complete dataset (2010 —
2013).

Table 17 shows estimates from ecological models assuming various capture probabilities. Based
on AlC, BIC and deviance statistics, model “Mt” gives the best fit to the data. This model estimated
number of maternal deaths at 542 (95% Cl: 500, 595). The results obtained from a model giving
best fit have been presented and compared with results from other estimation approaches in

table 20.

Table 17: Closed population capture-recapture ecological models fitted with R (2010 — 2013).

Model Abundance | Std Error | Deviance | DF AIC BIC

Mo 563.82 26.33 107.92 5 150.74 158.68
Mt 541.97 24.13 30.01 3 76.84 92.71
Mh Chao (LB) 574.93 31.79 107.37 4 152.20 164.10
Mh Poisson2 595.90 56.27 107.37 4 152.20 164.10
Mh Darroch 619.25 92.15 107.37 4 152.20 164.10

130



Mh Gamma3.5 645.62 138.18 107.37 4 152.20 164.10
Mth Chao (LB) 559.33 29.49 28.45 2 77.28 97.12
Mth Poisson2 593.60 55.71 28.45 2 77.28 97.12
Mth Darroch 634.85 98.59 28.45 2 77.28 97.12
Mth Gamma3.5 685.20 160.13 28.45 2 77.28 97.12
Mb 577.34 55.48 107.83 4 152.65 164.56
Mbh 19.72 112.40 77.91 3 124.74 140.61

Log-linear models

Table 18 below shows estimates from log-linear models assuming various capture probabilities.
The log-linear model assuming independence (“M000”) estimated the number of maternal deaths
at 542 (95% Cl: 500, 595). This result is equivalent to that of ecological model (“Mt”).
Nevertheless, this was expected since model “Mt” does not account for any dependence and the
two approaches fit the same model. The model controlling for dependence between PHDC and
CEMD data sources fitted the data best, estimating a total of 719 (95% Cl: 605, 879) maternal

deaths to have occurred between 2010 and 2013 in the WC province. Estimates obtained with

the alternative package i.e., Stata™ were almost identical (Appendix 3).

Table 18: Closed population capture-recapture log-linear models (2010 - 2013).

Estimated maternal deaths Goodness-of-fit statistics
Model N 95% CI Deviance DF AIC p value
Independent 542 500, 595 30.01 3 76.84 <0.001
M23/1 520 480, 569 24.30 4 73.12 <0.001
Mis/2 719 605, 879 4.55 4 53.38 0.985
Mi2/3 525 483,578 27.64 4 76.46 <0.001
Key:

Sources: S1 — PHDC; S — DHA; S3— CEMD
Mooo: Independent model i.e., model with no interaction

M23/1: Model with one-way interaction i.e., 52+S3
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M13/2: Model with one-way interaction i.e., S1*S3

M12/3: Model with one-way interaction i.e., S1*S>

Sample coverage approach

Table 19 below shows estimates from the sample coverage approach. The sample coverage
approach, assuming that the sources are independent "N," estimated the number of maternal
deaths at 580 (95% Cl: 532, 645). The estimated number using this approach is similar to that
from the corresponding ecological and log-linear models i.e., “Mt” and “Mo”. However, this was
expected since all three approaches assumes independence. Due to low overlapping
information/estimated sample coverage (€ = 52.8%), the one-step population size estimate
(N;) is recommended over the "N,". Model N; estimated the lower bound of maternal deaths in
the province at 662 (95% Cl: 585, 769). The results from this model (N;) indicated that there is a

weak negative dependence between PHDC and DHA, moderate positive dependence between

PHDC and CEMD, and a weak positive dependence between DHA and CEMD.

Table 19: Estimated maternal deaths using sample coverage approach (2010 - 2013).

Model M D 4 Est SE 95% Cl

N, 391 | 306.667 0.528 580 29 532, 645

N 391 | 306.667 0.528 932 271 606,1757

N, 391 | 306.667 0.528 662 46 585,769

Parameter estimates:

Model ul u2 u3 ri2 ri3 r23
N, 0.35 0.19 041 | -019 | 031 | -0.07
N 0.22 0.12 0.26 0.31 1.1 0.49
N, 0.31 0.16 0.36 | -0.07 | 0.49 0.06
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Key:

M: Number of individuals ascertained in at least one list;

D: The average of the number of individuals listed in the combination of any two lists omitting the other one;

C: Sample coverage estimate;

Est: Population size estimate;

SE: Estimated standard error of the population size estimation based on bootstrap replications;

95% Cl: 95% confidence interval for Est;

N: Population size estimate for sufficiently high sample coverage cases;

N, : One-step population size estimate for low sample coverage cases. This estimator is recommended for use when
the estimated sample coverage (overlapping information) is too low such that N becomes unstable i.e., the
estimated SE of N is relatively large.

ul, u2, u3: estimated mean probabilities depending on the estimate of N for PHDC, DHA and CEMD respectively.
r12, r13 and r23: estimated coefficient of covariation (CCV) depending on the estimate of N for PHDC & DHA, PHDC
& CEMD and DHA & CEMD respectively.

Capture-recapture estimate of maternal deaths assuming independence

The models from the three approaches assuming independence among lists have as expected
obtained similar estimates of maternal mortality over the full 4-year period with overlapping 95%
Confidence Intervals. The sample coverage approach has estimated maternal deaths (n=580)
slightly higher than that obtained from the ecological and log-linear models (n=543 respectively).
These results are depicted in table 20 below. Appendices 2 and 3 presents broadly the mortality
estimates and completeness levels when assuming independence.

Table 20: Selected model results depicting estimated maternal mortality assuming
independence between sources (2010 - 2013).

Model Description Estimate (95% Cl)
M Ecological model 542 (95% Cl: 500, 595)

Moo Log-linear model 543 (95% Cl: 501, 597)
Ny Sample coverage 580 (95% Cl: 532, 645)

M, My and IVO — Models assuming homogeneity of capture and independence
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Based on results from the log linear model, Table 21 shows the distribution of maternal deaths
according to data source and year of death when assuming independence among sources. A total
of 542 maternal deaths were estimated to have occurred between 2010 and 2013 in the Western
Cape province. Of them, 151 maternal deaths were not registered by any source during the same
period of analysis. In 2012, more than half (83/108) of the maternal deaths reported by the three

sources were not captured.

Table 21: Estimates and distribution of maternal deaths by source and year of death assuming
independence between the sources.

Registered deaths Total unique Not
Year of death PHDC DHA CEMD captured captured N(95% Cl)
2010 50 37 51 92 27 119 (105, 143)
2011 51 18 47 85 36 121 (102, 154)
2012 48 20 67 108 83 191 (153, 258)
2013 56 33 73 106 24 130 (117, 151)
2010-2013* 205 108 238 391 151 542 (500, 595)

*Values are not the summation of yearly estimates but rather independent estimate

Capture-recapture estimates of maternal deaths accounting for source dependencies

Different estimation techniques (log-linear and sample coverage approach) accounting for
pairwise dependence between sources have obtained comparable/similar estimates of maternal
mortality with slightly wider confidence intervals. The log linear model accounting for
dependence between PHDC and CEMD (i.e., S1*S3) has obtained 719 maternal deaths for the
period 2010 to 2013. The sample coverage approach using the one-step population size estimate
(N;) has provided a lower bound of the maternal deaths consistent with estimates from the log
linear modeli.e., 662 (95% Cl: 585, 769) versus 719 (95% Cl: 605, 879) respectively. These results

are depicted in Table 22 below.
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Table 22: Selected model results depicting estimated maternal deaths accounting for source
dependencies (2010 - 2013).

Model Description Estimate (95% Cl)
Miz,2 Log-linear model 719 (95% Cl: 605, 879)
N, Sample coverage 662 (95% Cl: 585, 769)

Mas/2: Model with one interaction (5:*Ss) i.e., u12 =u23 = 0.

Table 23 shows the distribution of maternal deaths according to data source and year of death
after controlling for source dependencies (PHDC and CEMD). A total of 719 maternal deaths were
estimated to have occurred between 2010 and 2013 in the Western Cape province. Of them, 328
maternal deaths were not registered by any source during the same analysis period. In 2012,

almost twice the number of maternal deaths reported by the three sources were not captured.

Table 23: Estimates and distribution of maternal deaths by source and year of death controlling
for source dependencies.

Registered deaths Total unique Not
Year of death PHDC DHA CEMD captured captured N*(95% Cl)
2010 50 37 51 92 58 150 (117, 207)
2011 51 18 47 85 23 108 (94, 131)
2012 48 20 67 108 205 313 (185, 678)
2013 56 33 73 106 47 153 (124, 202)
2010-2013** 205 108 238 391 328 719 (605, 879)

*Estimates obtained from the best fitting model (model controlling for PHDC and CEMD dependencies).
**Values are not the summation of yearly estimates but rather independent estimate

Sensitivity analyses

Using the combined data (full-four years data), reducing the non-overlapping PHDC cases by 75%,
50% and 25% (assuming those are not pregnancy-related deaths) resulted in decreasing maternal
mortality estimates by a lower margin when fitting an independent model than when controlling

for pairwise dependencies. Table 24 below shows these results.
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Table 24: Sensitivity analyses to validate the obtained estimate of maternal mortality.

SN | Sensitivity analyses Estimated maternal deaths (95% Cl)
Independence* Dependence*
1 | Including 25% of PHDC non-overlaps 410 (383, 446) 581 (492, 712)
2 | Including 50% of PHDC non-overlaps 453 (421, 495) 626 (530, 769)
3 | Including 75% of PHDC non-overlaps 499 (461, 547) 673 (569, 828)
4 | All 391 cases 542 (500, 595) 719 (607, 885)

¥ Assuming independence between sources; *Accounting for dependencies between sources.

Completeness of maternal death registrations according to sources

Table 25 presents estimates of completeness of maternal deaths registration by source, assuming

independence between sources. Overall completeness of maternal deaths registration by the

three sources was 72.14%. Higher level completeness was observed in CEMD (43.91%) followed

by PHDC (37.82%). Relative to other years, the completeness of deaths registrations was highest

in 2013 and lowest in 2012 i.e., 81.54% and 56.54% respectively. In addition, CEMD and PHDC

recorded the highest completeness of death registrations in 2013 (56.15%) and (43.08%)

respectively; and DHA in 2010 (31.09%).

Table 25: Estimates of completeness in maternal deaths registration by source assuming

independence.
PHDC DHA CEMD Total
Year of death N Reg | %Comp | Reg | %Comp | Reg | %Comp | Reg | %Comp
2010 119 50 42.02 37 31.09 51 42.86 92 77.31
2011 121 51 42.15 18 14.88 47 38.84 85 70.25
2012 191 48 25.13 20 10.47 67 35.08 108 56.54
2013 130 56 43.08 33 25.38 73 56.15 106 81.54
2010-2013 542 205 37.82 108 19.93 238 43.91 391 72.14

Reg - Number of maternal deaths registered; Comp - Completeness level.

Table 26 presents estimates of completeness of maternal deaths registration by source,

accounting for pairwise dependencies. Overall completeness of maternal deaths registration by
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the three sources was 54.38%. CEMD had a slightly higher level of completeness (33.10%)
compared to PHDC (28.51%) and DHA (15.02%). Relative to other years, the completeness of
deaths registrations was highest in 2011 and lowest in 2012 i.e., 78.7% and 34.5% respectively.
In addition, CEMD recorded the highest completeness of death registrations in 2013 (47.7%);

PHDC in 2011 (47.2%); and DHA in 2010 (24.7%).

Table 26: Estimates of completeness in maternal deaths registration by source accounting for
pairwise dependencies.

PHDC DHA CEMD Total
Year of death¥ N Reg | %Comp | Reg | %Comp | Reg | %Comp | Reg | %Comp
2010 150 50 33.33 37 24.67 51 34.00 92 61.33
2011 108 51 47.22 18 16.67 47 43.52 85 78.70
2012 313 48 15.34 20 6.39 67 21.41 108 34.50
2013 153 56 36.60 33 21.57 73 47.71 106 69.28
2010-2013 719 205 28.51 108 15.02 238 33.10 391 54.38

Reg - Number of maternal deaths registered; Comp - Completeness level.
¥Yearly estimates were derived from the best fitting model (model controlling for PHDC and CEMD dependencies).

Adjustment factors for under-registration

Table 27 presents different adjustment/correction factors to correct for under-registration of
maternal mortality in the WC province when considering various criteria. When assuming
dependence, estimation of maternal mortality in the Western Cape province for the year 2010-
2013 requires adjustment by 1.84. For CEMD data (the most commonly reported official data),
the adjustment factor varied from 1.64 when assuming no missing ascertainment, only counting

deaths reported on one system, to 2.63 when assuming pairwise dependences.
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Table 27: Adjustment factors to correct for under-registration in the WC province (2010-2013)

CEMD All 3 sources
SN | Criteria o Adjustment ot Adjustment
/m factor /m factor
1 | Assuming no missing ascertainment 391/238 1.64 391/391 1.0
2 | Assuming independence 542/238 2.28 542/391 1.39
3 | Assuming independence and including 453/238 1.90 453/391 116

50% of PHDC non-overlaps*

4 | Assuming dependence 719/238 3.02 719/391 1.84

5 | Assuming dependence and including

509 of PHDC non-overlaps* 626/238 2.63 626/391 1.60

*Assuming 50% of non-overlapping cases in PHDC are not pregnancy-related deaths

This study has used capture-recapture, a novel estimation technique in the setting, to ascertain
maternal mortality in the Western Cape province, South Africa. Estimation of maternal mortality
under-reporting involved statistically operationalising the overlapping information from the
three data sources rather than simply matching, deduplication and adding the registered cases
from each source. In this analysis, three classes of capture-recapture models (log-linear,
ecological and sample coverage approach) were applied in three distinct data sources registering
maternal deaths in the province. The results of capture-recapture analyses indicated the burden
of maternal mortality in the province could be substantially larger than previously estimated by

both institutional reporting and in global metrics* .

Overlap between sources
According to the observed data, there was a considerable lack of overlap between the three data

sources (6%) which suggests maternal mortality under-reporting in the province. Estimates from
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the model with a time (list) effect and pairwise dependencies between PHDC and CEMD indicated
only 54.3% of the estimated maternal deaths were identified by the three sources combined,
with completeness levels of the two sources (DHA and PHDC) below 30%. The possible reason
for a slightly higher completeness level in the CEMD over the other two data sources lies with its
active notification process and efficient reporting mechanism allowing prompt identification of
maternal deaths'4. The majority of maternal deaths are expected in the public sector. DHA was
expected to possibly provide better completeness than the CEMD and PHDC since the latter are
facility-based, and do not necessarily capture deaths at community level or in private facilities,

therefore being potentially more prone to maternal death under-reporting.

It is possible that in DHA, pregnancy may not be mentioned due to poor coding of cause of death
or for non-direct causes. Failure to record pregnancy could potentially explain the lack of capture
by the CEMD of the same deaths. Additionally, DHA may also include deaths from the private
health care facilities which lead to a lack of overlap with CEMD as well as PHDC, even though all
maternal deaths are supposed to be reported to the health department. Despite a higher
completeness level, CEMD might miss indirect maternal deaths especially in early pregnancy. On
the other hand, due to reliance on fact rather than cause of death, PHDC is prone to potentially

list deaths, in which pregnancy is incidental.

Performance of different capture-recapture analytical approaches
Based on goodness of fit, statistics and the heterogeneity exploratory graph, the log-linear model
with time (list) effect and pairwise dependencies between PHDC and CEMD gave the best fit. In

this analysis, dependence between PHDC and CEMD was expected, since these data sources
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register facility-based maternal deaths predominantly. The enquiry and notification process of
maternal deaths in CEMD usually begins from the respective facility, which in one way allows the
facility to feed the death information in the hospital electronic-registration system which is
directly captured by the PHDC. As one of the assumptions of the classical capture-recapture
method?>1>2, failing to control for dependence between data sources is associated with
obtaining a biased population estimate?!. Positive dependence is expected to result in
underestimation and estimates from the models which assumed that independence did in fact
result in lower estimates. However, in multiple estimations, capture-recapture methods are
known to handle the pairwise dependencies between lists (data sources) analytically?%28-36, Due
to interdependencies between PHDC and CEMD (moderate positive dependence), the
application of log-linear methods provided the most robust and unbiased estimate of maternal
mortality in the province (N=719; 95% Cl: 605, 879). The existence of a moderate positive
dependence between PHDC and CEMD highlights the importance of fitting more than two data
sources to avoid potential underestimation of maternal deaths when the respective sources are

used.

Over decades several packages for capture-recapture analysis have been written,
accommodating epidemiological applications as well as allowing both closed and open
population models®3. In this analysis we have used various packages from three key statistical
software (Stata, R and S plus) for comparison purposes, all potentially accessible to applied
epidemiologists3%>4, The sample coverage approach assuming independence has provided

slightly higher estimates of maternal mortality compared to the ecological and log-linear models.
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In our data, the estimated sample coverage (overlapping information) was as low as 53%.thereby
accounting for a positive dependence between PHDC and CEMD as explained above, the estimate
(‘one-step’ estimator) of maternal mortality obtained from the sample coverage approach should
be treated as a lower bound. However, the lower bound estimate assuming dependence was
slightly higher than the lower bound of the confidence interval from the log-linear models when

assuming dependence. Broadly, the outputs are aligned.

Feasibility of using CR for estimation of maternal mortality in the South African setting

Due to divergent estimates of maternal mortality in South Africa and the Western Cape province
in particular, our study demonstrates that; reliable local and recent estimates of these outcomes
can be obtained relatively quickly and at a low-cost via the applications of capture-recapture
methodologies. A considerable number of studies have revealed that, conducting a capture-
recapture analysis is a relatively cheap, easy to use and appropriate estimation method, allowing
self-calibrations using two or more available data sources to retrospectively identify cases when
estimating conditions with diverse estimates'’?23337 Lack of accurate estimates of maternal
mortality in the province and the country in general is expected to affect assessment and
evaluation of programmes to reduce maternal mortality, monitoring progress in global goals and

understanding trends and local needs in the population.

Although the capture-recapture method requires sufficiently high overlapping information in
order to model dependence between sources and to provide reliable estimates of population

size, ignoring underreporting gives biased population estimates. Consequently, this study has
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proposed a plausible range for maternal mortality estimates in the Western Cape province. In
this study, the estimated maternal mortality estimates are much higher than current reporting
and the face validity of such a dramatic estimate of under-reporting might be of concern. For this

reason, the study explored the extent to which misclassification could have inflated this estimate.

Corrections to officially reported maternal mortality in the Western Cape

The current study estimates that ascertainment of maternal deaths, assuming no
misclassification and combining all sources, in the Western Cape between 2010-2013, was 54%.
These data suggest that, estimation of maternal mortality in South Africa, when combining data
from the same sources as used in the Western Cape, could require adjustment by a factor of 1.84
to account for under-registration of this outcome, and higher when adjusting the CEMD mortality

rate.

Despite the lack of a published adjustment factor for recent data, both global agencies and in-
country institutional reporting have used correction factors derived from local specialised
studies*?4>> For example, adjustment factors used to account for misclassification of maternal
deaths in civil registration and vital statistics between the period 1999 and 2001 were 0.98 and
1.16 between 2002 and 2004%*°>, These correction factors are much lower than the one
estimated in the current study. The reasons for the varying ascertainment of maternal mortality
are well explained in Chapter 3 (systematic review). However, this will be discussed in greater

detail in the synthesis.
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Strengths and limitations

The strengths of this study include application of various statistical packages, all potentially
accessible to applied epidemiologists, for comparison purposes. The most important limitation
lies in the fact that this analysis used secondary data, without a clinical review/audit of accuracy.
This might have resulted in an inconsistent number of maternal deaths i.e., in 2012. In addition,
existence of potential incidental overlaps of pregnancy status (misclassification) mainly in CEMD

data.

The application of capture-recapture techniques show promise as an approach to resolve
problems of estimating maternal mortality in the Western Cape province and similar settings.
The current study has demonstrated that substantial adjustments might need to be made to
officially reported maternal mortality estimates. The estimates of the extent of this adjustment
varied widely based on the modelled dependence structure, and when allowance was made for
potential misclassification of cases in the most likely source in which there might be
misclassification. The variability also compromised the ability to explore trends in the four-year
period under review. Although it was beyond the scope of the secondary data analysis, there is a
need for clinical review of the source accuracy of each of the data sources which would help to

refine any future attempts at implementing this method.
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CHAPTER 6: Estimation of neonatal deaths under-reporting using the capture-recapture method
in the Western Cape Province, South Africa

Background: Tracking progress towards Sustainable Development Goal 3.2 requires valid and
reliable estimate of child mortality in the country. Due to varying estimates of child mortality
reported by different sources in the country and in the Western Cape (WC) province, there is
value in applying additional estimation techniques, particularly capture-recapture methods,
which utilise multiple data sources to correct for under-reporting of this outcome.

Methods: A three-source capture recapture analysis was conducted using mortality data from
the Department of Home Affairs (DHA), institutional reporting (PPIP) and hospital death-
reporting system (PHDC) from 2010 to 2013. The provincial data linkage algorithm was used to
match records across sources for potential overlaps. Log-linear and sample coverage models
were used to determine the unbiased estimates of neonatal deaths accounting for pairwise
dependence. Testing the goodness-of-fit of the log-linear models involved the use of likelihood
ratio statistics (G2), the Pearson goodness-of-fit statistics (¥?), the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion (BIC). The estimates of maternal deaths with the
corresponding 95% Confidence Intervals (95%Cl) were presented yearly and combined from 2010
to 2013.

Results: After record linkage, the three sources identified 8916 unique neonatal deaths from
2010 to 2013. Of these, 4,155 (46.6%) were registered by all three sources. Capture-recapture
methods estimated 10,697 (95% Confidence Interval (Cl): 10,508, 10,909) neonatal deaths

between 2010 and 2013. By calendar year, neonatal deaths were estimated at 3,045 (95% ClI:
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2914,3210) in 2010; 2,515 (95% Cl: 2426, 2625) in 2011; 2,649 (95% Cl: 2579, 2734) in 2012; and
2,522 (95% Cl: 2452, 2615) in 2013. The completeness of registrations of the three sources
combined was 84.0%, with PHDC having highest completeness (68.8%).

Conclusion: Neonatal deaths were moderately under-reported in the Western Cape Province in
2010 - 2013. Ascertainment of neonatal mortality using a single data source provide biased
estimates of this outcome. Relying on crude neonatal mortality estimates could subsequently
bias the evaluations of interventions focusing on reducing neonatal mortality, assessing progress

against global commitments and evidence-based decision making.

Keywords: Capture-recapture, estimate, neonatal deaths, Western Cape, South Africa
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Neonatal mortality is a key health outcome that requires accurate documentation and
ascertainment for clinical and public health value. Tracking progress towards population health
targets, particularly the Sustainable Development Goal (SDG) 3.2%, requires valid, reliable and
internationally comparable estimates of neonatal mortality. Additionally, evaluating impacts of
health interventions and the effective planning of health services requires accurate mortality
estimates in the country. Globally, neonates have consistently been reported to account for an

increasing proportion of under-five deaths despite the decreasing trends in neonatal mortality?3.

Global agencies and in-country institutional reporting, as illustrated in chapter 3, indicate South
Africa has varying sub-national and national estimates of neonatal mortality. The country and
particularly the Western Cape (WC) province is unique in the region in that it has multiple data
sources registering maternal and new-born outcomes of institutional deliveries. Estimation of
neonatal mortality in the country is primarily based on the vital registrations as well as the

Perinatal Problem Identification Program (PPIP) which record stillbirths and neonatal deaths*®.

In spite of the availability of multiple data sources; ascertainment of new-born deaths is generally
difficult owing to insufficient clinical documentation, poor vital registration, varying case
definitions and absent/improper record linkage®’. Official mortality reporting systems still do not
capture all deaths despite the significant investments and improvements in neonatal vital
registration, and the relative importance of mortality statistics in clinical management,

healthcare administrations and epidemiologic analyses?.
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Although conducted 5 years prior to the study period, a global assessment of mortality data
ranked South Africa as having ‘low’ quality death records. According to the findings, the country
has remarkably high reporting completeness (88%) with low coverage levels (<50%) compared to
other developing nations®. In this context, estimation of neonatal mortality without correction of
underreporting of deaths can potentially bias the demographic estimates of the studied
population, thereby affecting meaningful interpretation of the available data®. Additionally,
crude estimates of neonatal mortality can be misleading if used for monitoring trends, evaluation

purposes, health planning and evidence-based decision making.

Due to varying and limited estimates of neonatal mortality reported by different sources in the
country and in the Western Cape (WC) province!?, there is value in applying additional estimation
techniques which utilise multiple data sources to correct for underreporting of this outcome.
Capture-recapture methods are known to resolve uncertainties in estimating conditions that
have diverse estimates*>'1718 The background to capture-recapture methods has been broadly

discussed in Chapters two and five.

Capture-recapture methods provide an additional tool for correcting and quantifying the under-
reporting of neonatal deaths by utilising multiple data sources available in the respective area.
These methods have been proven to be simple, quick and cheap in ascertaining unbiased
estimates of conditions/populations known to have diverse estimates'®?!. There has been
limited application of capture-recapture models to estimate neonatal mortality underreporting

in the Western Cape Province, South Africa.
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The main purpose of this chapter is to estimate neonatal mortality under-reporting using the
capture-recapture methods and assess the level of completeness of data sources registering

neonatal deaths in the Western Cape province, South Africa.

Design and Setting
This analysis used routinely-collected cross-sectional clinical and administrative data from the
Western Cape Department of Health (WCDOH) and the South African Department of Home

Affairs (DHA) to estimate the underlying burden of neonatal mortality in the province.

Case definition and analysis period

Neonatal death has been defined as the death of a baby within the first 28 days of life. In this
chapter, we restricted the analyses to neonatal deaths which occurred between 1%t January 2010,
though 315t December 2013, due to data availability and consistency in reporting mortality data
across sources in the province??. Since the study period concluded long before this analysis, there

is reasonable assurance of completeness of death registration across sources.

Data sources

As described in chapter 2, data from DoH and DHA were used. For this analysis, data from hospital
deaths from 2010 to 2013, indicating a child within the first 28 days of life were extracted from
the PHDC SQL database and served as the first data source for the capture-recapture modelling
(51=PHDC). Neonatal deaths from PPIP from the same period, served as a second data source for

neonatal mortality ascertainment and estimation (S.=PPIP). Due to certain limitations on DHA
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data (death certificates) as highlighted in chapter 2, we restricted our analysis to neonatal deaths
occurred from 2010 to 2013 and formed a database which served as a third source for capture-

recapture analyses (S3=DHA).

Data processing and analysis

Data were extracted from the respective sources (PHDC, PPIP and DHA), cleaned and
standardised using Stata software version 14.2 (Stata Corporation, College Station, Texas, USA).
Using the provincial linkage approach (as presented in chapter 4), data from the PHDC were
linked to data from the DHA and PPIP to identify overlaps®3. Multiple-record-per-person data
were converted to single record data with capture histories reflected by indicator variables.
Descriptive and preliminary capture-recapture analyses assuming independence and
homogeneity of capture probabilities were carried out using a Stata user-written programme
“recap”?* (Stata software version 15.1, Stata Corporation, College Station, Texas, USA), the R
package “Rcapture”?® (R software, version 3.5.0, R Foundation for Statistical Computing, Vienna,

Austria) and CARE1 package.

In addition, the three-source capture-recapture modelling accounting for dependence and
pairwise interactions were conducted using the above three software implementations for
comparison purposes. An exploratory heterogeneity graph (fi plot) and boxplots of the Pearson

residuals were used to graphically explore capture histories.
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Capture-recapture analysis

In this analysis, three-source capture-recapture models (three classes of models) were fitted to
estimate neonatal mortality underreporting and registration completeness. All underlying
assumptions for applying capture-recapture methods were satisfactorily met, except for the
assumption of independence. Due to the nature of these data (public facility-based), we
anticipated positive dependence between PHDC and PPIP, i.e., the probability of a case being
registered in PHDC and PPIP being high, since both sources register deaths from the public-sector

facilities.

Neonatal mortality estimation

Estimations of neonatal deaths were conducted yearly and combined following the applications
of the sample coverage approaches, ecological and log-linear capture-recapture models
accounting for pairwise dependencies. Estimates were presented as neonatal deaths with their
corresponding 95% Confidence Intervals (Cls). Estimates obtained from the different model

classes were compared for the two scenarios i.e., dependence and independence assumption.

Estimation of completeness

Completeness of a source was obtained by dividing the number of neonatal deaths registered by
the respective source to the total number of deaths estimated by the capture-recapture
methods. The overall completeness level was obtained by dividing the number of unique
neonatal deaths registered by the three sources combined, by the estimated neonatal deaths
obtained from the capture-recapture analysis.

Sensitivity analyses
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Unlike the maternal analysis, where there was uncertainty regarding the pregnancy and the
pregnancy-associatedness of deaths, in this case we are certain that all deaths meet the case
definition, and therefore there is no need for a sensitivity analysis in which the proportion of non-

overlapping deaths is varied.

Neonatal deaths registration by data sources and calendar years

In total, 14,938 neonatal deaths were registered by the three sources between 15 January 2010
and 315 December 2013. Of them, 7,362 (49.3%) neonatal deaths were registered by the hospital
death reporting system (PHDC), 5,652 (37.8%) by the death certificates with reported causes of
death (DHA) and 1,924 (12.9%) by the Perinatal Problem Identification Program (PPIP). Figure 16
below depicts the trends of neonatal deaths according to data sources in the Western Cape

province, South Africa.
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Figure 16: Distribution of neonatal deaths by year of registration and data sources

From 1%t January 2010 to 31%t December 2013, 1,097 out of 14,938 neonatal deaths were
registered by the three sources combined. A total of 3,041 deaths were registered by PHDC and
DHA, 674 by PPIP and PHDC and only 48 deaths by PPIP and DHA. A total of 8981 unique neonatal
deaths were registered by the three sources and 4,121 out of 8981 deaths (45.8%) were
registered by only a single source i.e., 2550 deaths by PHDC, 105 by PPIP and 1466 by DHA. Figure

17 below (proportional Venn diagram) depicts the overlaps between sources.
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Figure 17: The proportional Venn diagram presenting overlaps between sources (2010-2013).

Ecological models

Figure 18 presents an exploratory heterogeneity graph of the capture probabilities. The
exploratory heterogeneity graph (fi plot) depicts a slight heterogeneous capture probability in
our data as indicated by a slightly non-linear trend. However, we could not fit heterogenous
models using the ecological approach due to an insufficient (less than 5) number of data sources
available as recommended. Details of the closed-population ecological models fitted to the

combined data covering 2010 - 2013 are presented in Table 28 below.
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Figure 18: Exploratory heterogeneity graph of the capture histories by source

Figure 19 presents boxplots of the Pearson residuals for the different fitted ecological models.
Ignoring models with behaviour characteristics (M, and My;,); since they are not relevant to this
application, the Pearson residuals of the fitted models indicates that models “M,,” have the
tightest residuals. As presented in Figure 18 above, the independent model (M;) and model
accounting for heterogeneous capture probabilities (M;,) are preferred over others. However,
heterogeneous ecological models are only recommended, when the number of list/data sources

are sufficiently large (at least five), as indicated in Chapter 2.
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Figure 19: Boxplots of the Pearson residuals for the different fitted models

Table 28 below shows estimates from the CRC models controlling up to three sources of
variations in capture probabilities. Based on model fit statistics i.e., AIC, BIC and deviance
statistics, model M;;, gives the best fit to the data. Since heterogeneity models are not being
recommended, when having less than 5 samples/data sources, the second-best model (M;) is
selected, even though the fit is sub-optimal. This model estimated the abundance of neonatal

deaths at 9,820 (95% Cl: 9742, 9899).
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Table 28: Closed population capture-recapture models (2010 - 2013).

Neonatal

Model deaths Std Error | Deviance | DF AIC BIC

Mo 10,516 57.74 7042.09 5 7104.15 7118.35
Mt 9,820 40.08 561.00 3 627.07 655.48
Mh Chao (LB) 10,516 57.74 7042.09 5 7104.15 7118.35
Mh Poisson2 10,453 86.93 7041.25 4 7105.31 7126.62
Mh Darroch 10,422 113.28 7041.25 4 7105.31 7126.62
Mh Gamma3.5 10,391 141.26 7041.25 4 7105.31 7126.62
Mth Chao (LB) 10,057 51.44 358.89 2 426.95 462.46
Mth Poisson2 10,554 95.26 358.89 2 426.95 462.46
Mth Darroch 11,282 186.82 358.89 2 426.95 462.46
Mth Gamma3.5 12,363 356.35 358.89 2 426.95 462.46
Mb 9,226 20.77 5511.09 4 5575.15 5596.46
Mbh 7,344 5.22 1655.16 3 1721.23 1749.64

Log-linear models

The log-linear model assuming independence (“Mooo”) estimated the number of neonatal deaths
at 9,820 (95% Cl: 9743, 9901). This is equivalent to that of ecological model “M:”; since the two
approaches fit the same model. Based on the goodness-of-fit statistics, the model controlling for
dependence between PPIP and DHA (S;*S3) gave the best fit. Adjusting for dependence between
PPIP and DHA, there was an estimated 10,146 (95% Cl: 10,051, 10,248) neonatal deaths between
2010 and 2013. Table 29 below shows estimates from log-linear models, assuming various

capture probabilities.
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Table 29: Closed population capture-recapture log-linear models accounting for pairwise
dependencies (2010 - 2013)

Estimated neonatal deaths Goodness-of-fit statistics
Model N 95% Cl Std error | Deviance | DF AIC
Independent 9,820 9742, 9899 40.1 561.00 3 627.10
M23/1 10,146 10051, 10248 53.16 69.00 4 137.10
Mis/2 9,386 9303, 9481 45.85 485.30 4 553.40
Miz/3 9,838 9762, 9919 41.88 557.00 4 625.10

Key:

Sources: S1 — PHDC; S2 — PPIP; S3— DHA

Mooo: Independent model i.e., model with no interaction
M23/1: Model with one-way interaction i.e., $>+S3

M13/2: Model with one-way interaction i.e., S1*S3

M12/3: Model with one-way interaction i.e., S1*S2

Sample coverage approach

Table 30 shows estimates from the sample coverage approach. Assuming that the sources are
independent "N,", the sample coverage approach estimated the number of neonatal deaths at
9,754 (95% Cl: 9686, 9829). Due to high estimated sample coverage (C = 78%), the precise
estimate of neonatal mortality is expected. In this case, the population size estimate for
sufficiently high sample coverage N is preferred. Using 1000 bootstrap replications, this model
estimated the neonatal deaths in the province at 10,697 (95% Cl: 10508, 10909). Furthermore,
this model (N) indicated the existence of a moderate positive dependence between PHDC and
PPIP (r12=0.34), and weak positive dependence between PHDC and DHA (r13=0.06) and PPIP and

DHA (r23=0.13) respectively.
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Table 30: Estimated neonatal deaths using sample coverage approach (2010 - 2013).

—~

Model M D C Est SE 95% CI
N, 8,981 7607 0.78 9,754 37 9686, 9829
N 8,981 7607 0.78 10,697 | 102 10508, 10909
N, 8,981 7607 0.78 10,211 60 10099, 10334

Parameter estimates:

Model ul u2 u3 ri2 ri3 r23

NO 0.75 0.20 0.58 0.22 -0.03 0.03

IV 0.69 0.18 0.53 0.34 0.06 0.13

[\71 0.72 0.19 0.55 0.28 0.02 0.08
Key:

M: Number of individuals ascertained in at least one list;

D: The average of the number of individuals listed in the combination of any two lists omitting the other one;
C: Sample coverage estimate;

Est: Population size estimate;

SE: Estimated standard error of the population size estimation based on bootstrap replications;

95% Cl: 95% confidence interval for Est;

N Population size estimate for sufficiently high sample coverage cases;

1V1: One-step population size estimate for low sample coverage cases. This estimator is recommended for use when
the estimated sample coverage/overlapping information is too low i.e., the estimated SE of N is relatively large.

ul, u2, u3: estimated mean probabilities depending on the estimate of N.

r12, r13 and r23: estimated coefficient of covariation (CCV) depending on the estimate of N.

Capture-recapture estimate of neonatal deaths assuming independence

The models from ecological, log-linear and sample coverage approaches assuming independence
among sources, fitted with different packages, have obtained similar estimates of neonatal
mortality over the full 4-year period. The sample coverage approach has estimated neonatal
deaths slightly lower (N=9,754; 95% Cl: 9686, 9829) than that obtained from the ecological
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(N=9,820; 95% Cl: 9742, 9899) and log-linear (N=9,819; 95% Cl: 9743, 9901) models respectively.

These results are depicted in Table 31 below.

Table 31: Selected model

results depicting estimated neonatal mortality, assuming
independence between the sources (2010 - 2013)

Model Description Estimate (95% Cl)
M Ecological model 9,820 (95% Cl: 9742, 9899)
Moo Log-linear model 9,820 (95% Cl: 9743, 9901)
N, Sample coverage 9,754 (95% Cl: 9686, 9829)

M, My and IVO — Models assuming homogeneity of capture and independence

Table 32 shows the distribution of neonatal deaths according to data sources and the year of

death when assuming independence between sources based on estimates from the model M.. A

total of 9,820 neonatal deaths were estimated to have occurred between 2010 and 2013 in the

Western Cape province. Of these, 839 neonatal deaths were not registered by any source during

the same analysis period. The number of neonatal deaths not captured by any source were

estimated to have decreased consistently from 2010 to 2013.

Table 32: Estimates and distribution of neonatal deaths by source and year of death assuming
independence between sources.

Registered deaths Total unique Not
Year of death PHDC DHA CEMD captured captured N(95% Cl1)
2010 1895 501 1501 2412 398 (14.2%) | 2810 (2747, 2879)
2011 1682 446 1270 2060 274 (11.7%) | 2334 (2285, 2389)
2012 1817 543 1498 2259 258 (10.3%) | 2517 (2471, 2568)
2013 1968 434 1383 2250 181 (7.4%) 2431 (2395, 2471)
2010-2013* 7362 1924 5652 8981 839 (8.5%) | 9,820 (9742, 9899)

*Values are not the summation of yearly estimates but rather independent estimates
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Capture-recapture estimate of neonatal deaths accounting for source dependencies
Accounting for list effect between sources, the log-linear model, controlling for dependence
between PPIP and DHA (S;*S3), has estimated neonatal deaths relatively lower than that obtained
from the sample coverage approaches i.e., (N=10,146; 95% Cl: 10,051, 10,248) vs. (N=10,697;
95% Cl: 10,508, 10,909) respectively. The best fitting log-linear model that accounts for list
dependence does not fit the data adequately. Based on these results, estimates from the sample
coverage are used for estimating completeness of neonatal deaths registration over that of the
log-linear model. These results are depicted in Table 33 below.

Table 33: Selected model results depicting estimated neonatal mortality accounting
dependencies between sources (2010 - 2013)

Software Model Description Estimate (95% Cl)
R Maz/3 Log linear model 10,146 (95% Cl: 10051, 10248)
CARE1 N Sample coverage 10,697 (95% Cl: 10508, 10909)

M3/1: Model with one interaction (S2*S3) i.e., u12 = ul13=0.
N: Population size estimate for sufficiently high sample coverage cases.

Table 34 shows the distribution of registered neonatal deaths according to source and year of
death, as contrasted with the neonatal deaths estimated by the sample-coverage approach. In
total, 10,697 neonatal deaths were estimated to have occurred between 2010 and 2013 in the
Western Cape province. Of these, 1716 (16.0%) neonatal deaths were not registered by any
source. The proportion of neonatal death under-reporting by the three sources was slightly
higher in 2010 and 2011 than the overall average (i.e., 20.8% (n=633) and 18.1% (n=455) vs.

13.0% (n=1716) respectively) and decreasing over time.
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Table 34: Estimates and distribution of neonatal deaths by source and year of death

Registered deaths Total uniqgue | Not captured*
Year of death PHDC | PPIP | DHA captured N (%) N*(95% Cl)
2010 1895 501 | 1501 2412 633 (20.8) 3045 (2914, 3210)
2011 1682 446 1270 2060 455 (18.1) 2515 (2426, 2625)
2012 1817 543 1498 2259 390 (14.7) 2649 (2579, 2734)
2013 1968 434 1383 2250 272 (10.8) 2522 (2452, 2615)
2010-2013** 7362 1924 | 5652 8981 1,716 (16.0) 10,697 (10508, 10909)

* Estimated neonatal deaths obtained from model Mz3/:
**Values are not the summation of individual yearly’ estimates but rather independent estimates

Completeness of neonatal death registrations according to sources and year of death

Table 35 depicts estimates of completeness of neonatal death registration by sources and
analysis period. Overall completeness of neonatal death registration was high (84.0%). PHDC had
the highest level of registration completeness (68.8%) over the full 4-year period with PPIP
recording the lowest registration completeness (18.0%). Relative to other years, the

completeness of death registration was slightly lower in 2010 (79.2%), with an increasing trend

over the analysis period.

Table 35: Estimates of completeness in neonatal deaths registration by source

PHDC PPIP DHA Total
Year of death N Reg %Comp Reg | %Comp | Reg | %Comp | Reg | %Comp
2010 3045 1895 62.2 501 16.5 1501 49.3 2412 79.2
2011 2515 1682 66.9 446 17.7 1270 50.5 2060 81.9
2012 2649 1817 68.6 543 20.5 1498 56.5 2259 85.3
2013 2522 1968 78.0 434 17.2 1383 54.8 2250 89.2
2010-2013 10697 7362 68.8 1924 18.0 5652 52.8 8981 84.0

Reg - Number of neonatal deaths registered; Comp - Completeness level.

Table 36 presents the adjustment factors to correct for under-registration of neonatal mortality

in the WC province, when considering different criteria. Controlling for dependence between
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PPIP and DHA, estimation of maternal mortality in the Western Cape province for the year 2010-
2013 requires adjustment by 1.19, when all the sources are used. When focusing on DHA data
only (vital registrations), the adjustment/correction factors ranged from 1.59 when assuming no

missing ascertainment to 1.89, when assuming dependence.

Table 36: Adjustment factors to correct for under-registration of neonatal deaths in the WC
province (2010-2013)

Vital registration (DHA) All 3 sources combined
SN | Criteria ot Adjustment N Adjustment
/n factor /n factor
1 A - —
SSUMINg no missing 8981/5652 1.59 8981/8981 1.0
ascertainment
2 Assuming independence 9820/5652 1.74 9820/8981 1.09
3 Assuming dependence* 10697/5652 1.89 10697/8981 1.19

This study applied capture-recapture, a relatively novel statistical method in this context, to
estimate under-ascertainment of neonatal deaths by operationalising statistically the
overlapping information using three data sources in the Western Cape province, South Africa.
This analysis observed a substantial overlap between sources, with fewer deaths recorded by
PPIP. Neonatal mortality under-ascertainment from 2010-13 was as low as 16.0%; and
decreasing with time. During the same period of reporting, neonatal mortality was estimated to

be higher than that from institutional reports and global metrics.

The sample coverage estimator estimated the highest positive dependence between PHDC and

PPIP; but the log-linear model accounted for dependence between PPIP and DHA. The analysis
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did not yield new insights on the trend over time in the four-year period, when compared with

the vital registration.

Feasibility of CRC for neonatal death estimation in the WC

The application of the CRC method has provided a reasonably robust estimate of the neonatal
deaths in the Western Cape province for the period 2010 to 2013. Despite its limitations,
estimates obtained from this method have been recognised to have reasonably high quality,
specifically for neonatal mortality. This method is proven to be an essential tool for assessing and
correcting mortality data for registration completeness and case ascertainment using multiple

incomplete datasets26-30,

Completeness of neonatal mortality ascertainment in the WC

Using information from the three data sources, our analysis shows that neonatal mortality under
ascertainment is small (overall neonatal mortality under-registration=16.0%). By calendar years,
the ascertainment of neonatal deaths by the three sources combined was consistently high

(84%).

While there have been limited attempts to estimate registration completeness of mortality
datasets in the Western Cape province and the country in general, our findings (even though they
present sub-national estimates) are in accordance with the global assessment of mortality data
in South Africa, as presented by the World Health Organization (WHO) in 20058. Regarding the
data sources used in this analysis, completeness of death registrations was lowest in PPIP, when

contrasted with the PHDC and the DHA. This could be attributed to the under-reporting of the
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late neonatal deaths, as documented in the “Saving babies” report, in addition to the overall
incomplete registrations of PPIP, as demonstrated by the incomplete registration of institutional
deliveries (ranged between 71% - 75% during the same period), when compared with the
DHIS.3132 Nevertheless, this report has indicated possible under-notifications of children <1 year
deaths by the DHA during the analysis period, making neonatal mortality estimates derived from
this source alone (DHA) unreliable3. Variations in neonatal death registration highlights the
potential to improve death registrations through the establishment of effective links across

different data sources in the province.

Trends in neonatal mortality in the WC from 2010-2013

Although it is known to resolve uncertainties when estimating conditions with diverse estimates,
the application of capture-recapture methods requires satisfying a set of assumptions about the
population of interest!921,2634-3¢ Based on our data, the assumption requiring identifiability of
individuals across sources to facilitate linkage was partly met. We couldn’t identify and match
more than 20% of the cases from PPIP and DHA with other records across sources, due to lack of

potential identifiers.

The final dataset used for capture-recapture analysis excluded these cases. If the distribution of
these cases was not random, we might have underestimated the true burden of neonatal deaths
in this setting. Even though this method provides robust estimates of the respective population,
it highly relies on and is known to be sensitive to accurate matching of overlapping cases across

sources3436,
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Dependence between sources

Initially, we anticipated the possibility of existing dependencies between PHDC and PPIP due to
nature of these two data sources i.e., public-sector facility-based data. The results of sample
coverage estimator confirmed this; and they indicated an apparent positive dependence
between PHDC and PPIP. However, the application of log-linear models suggested dependence
between PPIP and DHA. As indicated by the poor model fit, the observed dependence in log-
linear models might be due to heterogeneity than to source/list dependence. The application of
the three-source capture-recapture analysis, accounting for source dependence, resulted in an
estimate of neonatal deaths (between 2010 and 2013) slightly higher than that obtained from
the model assuming independence i.e., 10,697 vs. 10,057. Based on the best fitting model from
the sample coverage approaches (N) the estimate of neonatal deaths presented here is slightly

higher than that of log-linear models i.e., 10,697 vs. 10,146.

Strengths and limitations

The key strengths of this study lie in the number of data sources used for neonatal mortality
ascertainment, the application of a sophisticated analytical method, which is known to resolve
uncertainties in conditions with diverse estimates, and its ability to control for source
dependencies, which tend to bias true estimate of the population of interest. Using a study
period, which was concluded some years ago, allowed for an effective estimation of the

completeness of registrations.

Although it is advisable to use data with quality unique identifiers, sometimes it is not possible

to identify and match all individuals from different sources due to lack of potential identifiers i.e.,
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“tag-loss”. In the current study, more than 20% of the cases from PPIP and DHA were excluded
from the analysis since they were poorly identified and could not be linked with other records

acCross sources.

Neonatal mortality was under-reported in the Western Cape Province between 2010 and 2013,
by any of the three sources evaluated. Even if data from all sources had been combined, there
would still have been under-reporting. The continuing use of crude neonatal mortality estimates
from a single source (from which the MDG estimates are derived) is subsequently misleading,
given the importance of this metric in monitoring trends, assessing progress in global goals (i.e.,
SDG 3.2),the evaluation of health interventions focusing on reducing neonatal mortality, health
planning and evidence-based decision making. Capture-recapture is a viable method that may be
used to estimate neonatal mortality rates as well as estimating the level of mortality under-
registration by the ‘active’ and ‘passive’ mortality reporting systems in the WC province and in

the country at large.
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CHAPTER 7: Factors associated with maternal mortality in Western Cape province, South Africa

Background: Timely identification of the factors associated with maternal mortality, and
appropriate interventions to address these factors; this has the potential to improve maternal
health and to reduce maternal mortality in the country. Whereas there is regular detailing in
South Africa of the causes of maternal death from case reporting, there are few population-based
studies assessing associations with maternal mortality. It is further unclear whether the inclusion
of maternal deaths additional to those enumerated in the existing institutional reporting
mechanisms, would alter associations with mortality.

Methods: Data of all pregnant women who attended public facilities from 1%t January 2010 to
315 December 2013 in the Western Cape province were extracted from the Provincial Health
Data Centre (PHDC) SQL database and used in this analysis. Maternal mortality information was
ascertained from the Department of Home Affairs (DHA), institutional reporting i.e., Confidential
Enquiry into Maternal Death (CEMD), and hospital death reporting system; and matched to the
pregnancy data using the provincial linkage algorithm. Logistic regression analyses were used to
determine factors independently associated with maternal mortality.

Results: In total, 294,986 women were pregnant from 1% January 2010 to 31% December 2013 in
the Western Cape province. Over the full 4-year period, a total of 391 (0.1%) unique maternal
deaths were registered by the CEMD (n=238), DHA (n=108) and PHDC (n=205). Factors
independently associated with maternal mortality were being HIV positive and not being on ART

(AOR=3.05; 95% Cl: 2.30, 4.04; p<0.001); or enrolled on ART prior to pregnancy (AOR=1.61; 95%
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Cl: 1.05, 2.46; p<0.001); and being infected with tuberculosis (TB) during the pregnancy,
especially if co-infected with HIV (AOR=9.78; 95% Cl: 6.49, 14.75; p<0.001). In addition, chronic
co-morbidities for which data were available (hypertension (AOR=2.28; 95% Cl: 1.78, 2.92;
p<0.001), diabetes (AOR=6.82; 95% Cl: 5.32, 8.76; p<0.001) and mental health conditions
(AOR=8.46; 95% Cl: 6.70, 10.68; p<0.001)) were strongly associated with mortality.

Conclusion: High burden infectious co-morbidities of HIV and TB which were strongly associated
with mortality, as were other measured chronic co-morbidities. The results underscore the
importance of interventions focussing on preventing, diagnosing, and optimising treatment for

HIV, TB, diabetes, and other high-burden medical co-morbidities in pregnancy.

Keywords: Maternal mortality, maternal deaths, factors, Western Cape, South Africa.
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Reducing the maternal mortality ratio (MMR) has been one of the major global health goals over
the past 2 decades. In South Africa, MMR remains relatively high, but with room for
improvement. The country recorded a 27.8% increase in the MMR with a 1% average annual
increase in MMR between 1990 and 2015 (i.e., 108 deaths per 100,000 livebirths in 1990 to 138
deaths per 100,000 livebirths in 2015). Evidence suggests wide coverage and high-quality
maternal healthcare services are among the essential interventions for reducing maternal

mortality in countries?3.

The Western Cape (WC) remains the only province in South Africa to maintain a relatively low
MMR during this period**'. The provincial maternal mortality ratio currently stands at 55.1
deaths per 100,000 live births; a substantially lower ratio than the national average of 105.7
deaths per 100,000 live births'2. Even though the WC province has a lower MMR than the rest of

the country, it is anticipated that further reductions are possible.

Due to substantial investments in coverage and improvements in the quality of maternal
healthcare services in the country, the Western Cape province has recorded a slow but steady
reduction in maternal deaths resulting from both causes, which could be addressed through
service interventions (quality of care) and the factors related to patient characteristics or
community-related factors!'1314, The province has achieved a more than 15% reduction in
institutional maternal mortality, below the national average, due to non-pregnancy related

infections, miscarriage, obstetric haemorrhage, complication of hypertension in pregnancy and
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acute collapse!. The burden of patient/community-related factors remains poorly evaluated in

the country and in the Western Cape province!“.

The causes of maternal deaths (direct and indirect) in the country have been consistently
reported in the “Saving mother’s reports” (as reported by the National Committee for
Confidential Enquiry into Maternal Deaths (NCCEMD)*9), with limited analyses of the factors
associated with maternal mortality particularly in the Western Cape province. The latter is due
to the fact that the CEMD only records deaths and does not have pregnancies which did not result
in deaths, so does not routinely look at associations with mortality, but rather reviews factors
associated with the deaths based on case reviews. These data are based on institutional reporting
which is considered to underestimate MMR substantially as highlighted in Chapter 3 (systematic

review) and in Chapter 5 (Estimation of MMR in the Western Cape province).

Understanding factors associated with maternal mortality is a key requirement for effective
health policy and informed public health decision making to improve maternal health. Accessible
literature from both developed and developing countries have described various factors
associated with maternal mortality. Focusing only on the individual/community-level factors,
studies have indicated maternal age, education, marital status, religion, ethnicity, parity,
gravidity, income, occupation, area of residence, nutritional inadequacies, and medical co-
morbidities (i.e., hypertension, HIV, TB, diabetes, malaria and other medical conditions) to be

associated with maternal mortality*>=30,
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Timely identification of factors associated with maternal mortality and appropriate management
of these factors has the potential to reduce maternal deaths and improve maternal health in the
country. Although this is not a clinical review, it is possible to explore patient characteristics and
co-morbidities associated with an expanded set of maternal deaths. The aim of this analysis was
to describe patient factors associated with maternal mortality in the Western Cape province,
South Africa, and determine whether associations based on a more complete dataset of maternal

deaths differ from those based merely on institutional reporting.

Design and setting

This was a retrospective cohort study conducted to determine factors associated with maternal
mortality in the Western Cape province, South Africa. Based on the Western Cape burden of
disease reports, the highest burdens of disease are from infectious diseases (HIV/AIDS and
tuberculosis (TB)), injuries (interpersonal violence and accidental gunshot) and non-
communicable diseases (Ischaemic heart disease, Cerebrovascular disease, diabetes etc.)3!. In

the province, 60% of TB is HIV associated and 80% of diabetics are also hypertensivel?32,

Data sources and types

Data for this analysis came from the South African Department of Home Affairs (DHA) and
Western Cape Department of Health (WCDOH). As discussed in Chapter 2, in the Western Cape
province, many administrative data sources are electronically available at an individual patient-

level which are managed at the Provincial Health Data Centre (PHDC). In the province, the
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pregnancy data can be inferred from a variety of clinical systems, with the mortality data records

being available from various sources3334,

The main data sources registering maternal deaths in the province include hospital death
reporting, death certificates (DHA) and clinical audit tools specific to maternal mortality i.e.,
Confidential Enquiry into Maternal Deaths (CEMD, as described in detail in Chapter 2). The
mortality data used in this analysis comes either from CEMD or the expanded dataset from the

three sources.

Pregnancy data from the Provincial Health Data Centre (PHDC) database were extracted and
linked with corresponding mortality information from the above sources as described in Chapter
2. Following the amendment to the South African Births and Deaths Registration Act (February
2014) which restricted access to cause-of-death data for privacy and confidentiality, we restricted

our analysis to data covering the period 1%t January 2010 to 315 December 20133,

Outcome and definitions

The primary outcome of this study was a maternal death. In this study, maternal death was
defined according to the 10 revision of the International Classification of Diseases and Related
Health Problems (ICD-10) as follows: “the death of either a pregnant woman or death of a woman
within 42 days of delivery, spontaneous abortion or 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” 3¢. However, some of the deaths,

in which pregnancy was incidental, or there was an ascertainment issue (not the case with
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institutional reporting) might have been included as maternal deaths in the expanded dataset.
Therefore, we were unable to definitively exclude incidental causes from the expanded dataset

but excluded non-natural deaths.

Predictors of maternal mortality

Variables with established associations with maternal mortality from the literature (as listed in
the introduction section), where available, were extracted from the PHDC database and analysed.
The nature of this study (secondary data analyses of routine administrative and surveillance data)
limited detailed analyses of associations with mortality. The following factors were included in
our analyses: maternal age, gravidity, parity, and co-morbidities, including diabetes,

hypertension, mental health, TB, and HIV and ART status.

Maternal age was categorised and together with gravidity and parity were analysed as categorical
variables in all analyses. To avoid the problem of multicollinearity in the multivariable analyses,
gravidity was analysed over parity due to presence of a strong association between the two
variables as well as the relative importance of its information in relation to the study’s outcome.
HIV and ART status were merged to form a single variable with the following categories 1.
“Negative or unknown” 2. “HIV positive, not on ART” 3. “HIV positive, started ART prior to
pregnancy” and 4. “HIV positive, started ART during pregnancy”. TB status was categorised as 1.

“Never had TB” 2. “Had TB prior to pregnancy” and 3. “Had TB during pregnancy”.

The medical co-morbidities included in the analysis were limited to those conditions where the

PHDC had attempted to create province-wide lists of patients with these conditions. These co-
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morbidities (hypertension, diabetes, epilepsy and mental health) were identified from the
electronic pharmacy and Chronic Disease Dispensing unit (CDU) databases, ICD10 discharge
coding, and laboratory investigations, based on similar inference approaches to those described
previously for ascertaining pregnancy. A woman was assigned a code 1 “Yes” and 0 “No “, if she
had ever received medication for the respective condition or not respectively. However, the
available data did not distinguish gestational diabetes from pre-existing diabetes, and
hypertension was based just on drugs used for chronic hypertension treatment and does not

include gestational hypertension.

Initially, epilepsy was one of the conditions considered for inclusion, but after the first analysis,
the very strong association (OR >80) led to a review of the data, and that the strong association
between epilepsy evidence and pre-eclampsia, and inability to distinguish pre-existing epilepsy

from seizure resulting from eclampsia, led to the decision not to include it in our analysis.

Statistical analysis

Data management and analysis were conducted using Stata software version 15 (Stata
Corporation, College Station, Texas, USA). All analyses were restricted to cases with female
gender confirmed, and those aged between 10 and 55 years old. Using the final linked dataset,
univariable followed by a multivariable logistic regression analysis were used to determine
factors associated with maternal mortality based on a priori specification of potential
associations and causal pathways. Odds ratios (ORs) with their corresponding 95% confidence
intervals were used to determine the magnitude and direction of associations. Two models of

associations were fitted, with the first model fitting deaths only registered by the CEMD while
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the other model fitted deaths registered by all sources in the province i.e., hospital death

reporting, death certificates and CEMD.

General characteristics of the pregnant women in the study

In total, 294,986 women were pregnant from 1% January 2010 to 31t December 2013 in the
Western Cape province. Their mean (+ Standard Deviation (SD)) age at pregnancy was 26 (+ 6.5)
years old. A total of 391 unique maternal deaths were registered by the CEMD (n=238), DHA
(n=108) and PHDC (n=205) over the full 4-year period. Regarding gravidity, slightly less than a
qguarter of the women had electronic evidence of previous birth (22.9%). About 17% (n=50,684)
of all women had HIV. Of them, 48.34% were on ART. Of 24,503 pregnant women on ART, 53.5%
(n=13,116) were enrolled on ART during their current pregnancy. Regarding other medical co-
morbidities, 8.8% had hypertension; 8.3% had TB with 8.6% of them having TB during pregnancy;
4.3% had TB/HIV coinfections; 3.7% had diabetes; and 3.6% had mental health condition(s). Table

37 below shows the general characteristics of women in the study.

Table 37: General characteristics of pregnant women in the study (N=294,986).

Total Percent
Variable n %
Maternal age, years
<15 809 0.3
15-24 115,850 39.3
25-34 137,369 46.6
35-44 39,572 13.4
45+ 1,386 0.5
Mean age * SD, years 26 +6.5
Year of pregnancy
2010 70,711 24.0

182



2011 66,236 22.5

2012 72,874 24.7

2013 85,165 28.9
Previous electronic evidence of pregnancy

No 226,009 76.6

Yes 68,977 23.4
Previous electronic evidence of birth

No 227,540 77.1

Yes 67,558 22.9
HIV and ART status

Negative or Unknown 244,388 82.8

Positive, not on ART 19,827 6.7

Positive, started ART prior to pregnancy 11,387 39

Positive, started ART during pregnancy 19,470 6.6
TB status

Negative or unknown 270,453 91.7

Had TB prior to pregnancy 22,407 7.6

Had TB during pregnancy 2,212 0.7
HIV/ TB co-infection

No 282,328 95.7

Yes 12,744 4.3
Other medical co-morbidities

Hypertension 26,013 8.8

Diabetes 10,825 3.7

Mental health condition(s) 10,726 3.6

Factors associated with maternal deaths
Table 38 below presents the results of univariable logistic regression analyses of the factors
associated with maternal mortality, HIV and ART status, TB, hypertension, diabetes and mental

health conditions were associated with maternal mortality in both models.

Based on the results from the expanded dataset (model 2), strong associations were observed
with co-morbidities, including HIV, where patients were not on ART (OR=2.91; 95% Cl: 2.22,3.82;

p<0.001, compared to those who were HIV-negative or had started ART only during the
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pregnancy (OR=1.81; 95% Cl: 1.05,3.12; p<0.001); had TB during pregnancy (OR=9.56; 95% Cl:
5.70,16.03; p<0.001); had TB/HIV co-infection (OR=2.7; 95% ClI: 2.0,3.8; p<0.001); were
hypertensive or diabetic (OR=3.61; 95% Cl: 2.88,4.53; p<0.001 and OR=8.85; 95% Cl: 7.03,11.14;
p<0.001 respectively) and with mental health condition(s) (OR=8.46; 95% Cl: 6.70,10.68;
p<0.001). Additionally, association with maternal age was also observed among women aged 35-
44 years (OR=1.58; 95% Cl: 1.06,1.09; p<0.001) and 15-24 years (OR=0.40; 95% Cl: 0.30,0.55;

p<0.001) when compared to 25-34 years.

The effect size for the associations between medical co-morbidities, such as hypertension,
diabetes and mental health conditions, were greater when looking just at CEMD deaths
,compared with all maternal deaths. Gravidity, parity and year of pregnancy were not associated
with maternal mortality in either model.

Table 38: Univariable logistic regression analyses of the factors associated with maternal
mortality

CEMD deathst All deaths/

Factors Total OR [95% Cl] OR [95% Cl]
Maternal age, years

<15 809 1.20 [0.28, 14.37] 1.02 [0.14, 7.27]

15-24 115,850 0.47 [0.32,0.71] 0.40 [0.30, 0.55]

25-34 137,369 1 1

35-44 39,572 1.84 [1.28, 2.64] 1.58 [1.21, 2.07]

45+ 1,386 1.17 [0.16, 8.38] 2.38[0.88, 6.42]
Year of pregnancy

2010 70,711 1 1

2011 66,236 0.88 [0.62, 1.50] 0.98 [0.71,1.34]

2012 72,874 0.89 [0.63, 1.49] 0.95[0.69,1.29]

2013 85,165 0.52[0.57, 1.33] 0.73 [0.53, 1.00]
Previous electronic evidence of
pregnancy
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No 226,009 1 1
Yes 68,977 0.84 [0.58, 1.28] 1.14 [0.88, 1.48]
Previous electronic evidence of
birth
No 227,540 1 1
Yes 67,558 0.74 [0.50, 1.10] 0.77 [0.58, 1.03]
TB status
Negative or unknown 270,453 1 1
Had TB prior to pregnancy 22,407 0.94 [0.57, 1.57] 1.09 [0.75, 1.58]
Had TB during pregnancy 2,212 10.21 [6.21, 16.77] 10.40 [7.06, 15.33]
HIV and ART status
Negative or Unknown 244,388 1 1
Positive, not on ART 19,827 2.90[2.05, 4.12] 2.91[2.22,3.82]
Positive, started ART prior to
pregnancy 11,387 1.81[1.05, 3.12] 2.05[1.37, 3.07]
Positive, started ART during
pregnancy 19,470 1.44 [0.89, 2.31] 1.33[0.91, 1.96]
HIV/ TB co-infection
No 282,328 1 1
Yes 12,744 2.96 [2.0,4.4] 2.7 [2.0, 3.8]
Other medical co-morbidities*
Hypertension 26,013 4.78 [3.63, 6.27] 3.61[2.88, 4.53]
Diabetes 10,825 13.90 [10.63, 18.17] 8.85[7.03, 11.14]
Mental health condition[s] 10,726 12.52 [9.53, 16.46] 8.46 [6.70, 10.68]

TFitted deaths registered by CEMD only; }Fitted deaths registered by all 3 sources; *Reference

categories for each condition is not having the disease; **Mean£SD; OR — Odds Ratio.

In multivariable logistic regression (Table 39); HIV/ART status, diabetes, hypertension and TB
status remained associated with maternal deaths in both models. In addition, 14% and 10% of

variations in maternal mortality were explained by model 1 model 2, respectively.

The findings from the expanded dataset (model 2) indicated strong associations with medical co-
morbidities, including HIV, where the patients were not on ART (AOR=3.05; 95% Cl: 2.30, 4.04;

p<0.001) or started ART prior to current pregnancy (AOR=1.85; 95% Cl: 1.61, 2.46; p<0.001) when
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compared to women with no evidence of HIV; had TB during pregnancy (AOR=8.93; 95% Cl: 5.91,

13.47; p<0.001); with diabetes (AOR=6.82; 95% Cl: 5.32, 8.76; p<0.001); mental health

condition(s) (AOR=8.46; 95% Cl: 6.70,10.68; p<0.001); and with pre-existing hypertension

(AOR=0.41; 95% Cl: 0.24, 0.69; p=0.001).

The association of diabetes and mental health condition(s) with maternal deaths were slightly

stronger, when looking just at the institutional deaths (model 1) compared with all maternal

deaths.

Table 39: Multivariable logistic regression analyses of the factors associated with maternal

mortality
CEMD deathst All deaths [
Factors Total aOR [95% Cl] aOR [95% Cl]
Maternal age, years
<15 809 2.54[0.35 18.33] 1.23[0.17, 8.78]
15-24 115,850 0.78 [0.35, 1.08] 0.58 [0.45, 0.76]
25-34 137,369 1 1
35-44 39,572 1.08 [1.78, 1.49] 1.08 [0.83, 1.39]
45+ 1,386 0.35[0.05, 2.50] 0.99 [0.36, 2.68]
HIV and ART status
Negative or Unknown 244,388 1 1
Positive, not on ART 19,827 3.43 [2.38, 4.92] 3.05 [2.30, 4.04]
Positive, started ART prior to
pregnancy 11,387 1.61[0.91, 2.84] 1.61 [1.05, 2.46]
Positive, started ART during
pregnancy 19,470 1.40 [0.85, 2.30] 1.16 [0.78, 1.73]
TB status
Negative or unknown 270,453 1 1
Had TB prior to pregnancy 24,520 0.77 [0.45, 1.30] 0.89 [0.61, 1.32]
Had TB during pregnancy 2,098 8.98 [5.29, 15.22] 8.93 [5.91, 13.47]
Hypertension
No 269,062 1 1
Yes 26,010 2.74 [2.03, 5.71] 2.28 [1.78, 2.92]
Diabetes
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No 284,248 1 1

Yes 10,824 10.85 [8.07, 14.59] 6.82 [5.32, 8.76]
Mental health condition[s]

No 284,346 1 1

Yes 10,726 12.52 [9.53,16.46] 8.46[6.70, 10.68]

TFitted deaths registered by CEMD only,; }Fitted deaths registered by all 3 sources; *Mean#SD; aOR —
Adjusted Odds Ratio.

Summary of findings

The findings from this analysis indicated that HIV and access to and timing of ART, TB, pre-existing
hypertension, diabetes and mental health condition(s) are factors independently positively
associated with maternal mortality. The results of a model fitted to maternal deaths from
institutional reporting (model 1) did not materially differ from the findings of the expanded

dataset (model 2), except for diabetes and mental health condition(s).

Maternal deaths and HIV/ART status

Consistent with the literature, this research found that being on ART, whether prior to, or
initiated during pregnancy, resulted in lower maternal mortality compared to having HIV and not
starting ART. i.e., not being on ART increased the risk of maternal deaths among HIV-infected
women. Evidence from a systematic review revealed that ART is an effective intervention in
reducing mortality among HIV-positive pregnant and postpartum women3’. Additionally, this
analysis has shown that being on ART prior to pregnancy increased risk of maternal deaths
compared to starting ART during pregnancy. However, the dataset limited the ability to further

understand the underlying mechanisms of these associations; since we did not have the CD4
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counts closest to the pregnancy available and data on adherence or treatment interruptions in
those who had started ART prior to pregnancy. Recent studies indicated that HIV-infected women
initiating ART at an advanced disease stage or with CD counts below 350 cells/mm?3 are thought
to have an increased risk of death during pregnancy and during the postpartum period3®4%, In
2010-2013, pregnant women only initiated ART if the CD4 count was <350. The intermediate risk
associated with prior ART could be due to both low CD4 counts in this group (i.e., had advanced
disease once when first starting ART, therefore eligible) and probability that some might not have

been on ART at time of pregnancy (adherence).

Maternal deaths and TB

An elevated risk of maternal mortality was also observed among women with TB during
pregnancy. This finding broadly supports the work of other researchers, who had suggested TB
as a common non-obstetric cause of maternal death, as well as a leading cause of maternal
mortality in HIV high burden setting**=*’. In this analysis, 51.8% of TB was HIV associated. Active TB
disease in HIV-positive pregnant women has further been linked with a substantially high risk of
maternal mortality*?. Although maternal deaths attributed to TB decreased by 15% from 2011 to
2013 in South Africa, it is still viewed as being among the major causes of maternal deaths in the
country!?, This study therefore shows that medical comorbidities remain important associations

with maternal mortality.

Maternal deaths and hypertensive disorders
Another important finding in this study was an increased risk of maternal mortality among

women with hypertensive disorders. This result is consistent with existing evidence which
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identified hypertension as among the key direct causes of maternal deaths*¢->1, The 7" triennial
report on Confidential Enquiry into Maternal Deaths revealed that maternal deaths due to
hypertension disorders in pregnancy increased by 14% from 2011 to 2016 in South Africall.

Although our study focused on pre-existing hypertension, it might still explain this effect.

Maternal deaths and diabetes
In this analysis, diabetes was strongly associated with maternal mortality. In spite of the strong

association, the number of women with diabetes was less than the number with HIV.

Strengths and limitations

This study has a number of limitations, many resulting from the constraints inherent to the
dataset which was available for analysis. Both models explained <10% of the variations in the
outcome (maternal deaths). Poor model fit as indicated by low goodness-of-fit measures (pseudo
R?) can be explained by nature of data used in this analysis (secondary data analysis of routine
medical records and administrative data) which limited a detailed exploration of factors
potentially underlying these associations. Secondly, we were unable to definitively exclude
incidental causes from the expanded dataset but only excluded non-natural deaths. The impact
of this might be limited however, since >50% of the maternal deaths were registered by all three
sources. The absence of data on service-factors which might be related to outcomes, and on
obstetric causes of death, might have also limited the ability of the models to describe more of
the variation in outcomes. The inability to distinguish chronic from pregnancy-related

hypertension, and gestational from chronic diabetes, and the absence of data on other co-
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morbidities not routinely ascertained at the time by the PHDC, were further important

limitations.

The major strengths of this study are the large sample size with co-morbidity data for common
conditions available for all pregnancies, and multiple data sources used for maternal mortality

ascertainment allowing exploration of associations with the expanded dataset.

Consistent with the general burden of disease in the setting, this study has shown that untreated
HIV and incident TB were the most strongly associated maternal factors with maternal mortality,
of those for which data were available. Furthermore, the measured associations only account for
a small fraction of the outcome. Although maternal mortality is under-reported in the Western
Cape as indicated in Chapter 5, the associations with mortality are in most cases not that different
when using the expanded dataset, which is reassuring for ongoing studies on risk factors for
maternal mortality if they rely just on the institutional reporting. The results underscore the
importance of interventions focusing on preventing, diagnosing, and optimising treatment for

HIV, TB, diabetes, and other high-burden medical co-morbidities in pregnancy
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Chapter 8: Factors associated with neonatal mortality in the Western Cape province, South

Africa

Background: There are few individual-patient-data analyses in South Africa, or the Western Cape
of association with neonatal mortality. However, there is instead a high reliance on attribution
of cause of neonatal deaths, or comparisons of the characteristics of neonates, who die with
aggregate data, such as comparisons of birth-weight categories for live births. This chapter has
aimed to determine the factors associated with neonatal mortality in the Western Cape province,
South Africa, and to determine whether associations based on a more complete dataset of
neonatal deaths differ from those based only on institutional reporting.

Methods: Data of all infants delivered in public facilities between 1%t January 2010 and 31t
December 2013 were extracted from the Western Cape Provincial Health Data Centre (PHDC)
database. Neonatal death records were ascertained from the hospital death reporting system,
deaths certificates (Department of Home Affairs (DHA)) and clinical audit tool specific to perinatal
mortality (Perinatal Problem Identification Programme (PPIP)). Using the provincial linkage
algorithm, neonatal mortality records and the related maternal characteristics were linked to
delivery data before data analysis. Multivariable logistic regression analyses were used to

determine factors independently associated with neonatal mortality.
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Results: In total, 162,119 livebirths were delivered from 1% January 2010 to 315 December 2013
in the Western Cape province. Overall, 8,757 (5.4%) unique neonatal deaths were registered by
the three sources over the full four-year period. Neonates who died were more likely to have had
their sex unrecorded (aOR=1.91; 95% ClI: 1.35, 2.68; p<0.001) or they were identified as male
(aOR=1.12; 95% Cl: 1.07, 1.19; p<0.001). Tuberculosis and syphilis identified during pregnancy
were both independently associated with higher neonatal mortality (aOR=1.47; 95% Cl: 1.15,
1.90; p<0.001) and (aOR=1.35; 95% Cl: 1.21, 1.51; p<0.001) respectively), but not HIV infection
or treatment status. Chronic maternal conditions were also associated with modest increases in
neonatal mortality. Except for diabetes, the associations with maternal co-morbidities were
attenuated when additionally adjusting for birthweight, where low and very low birthweight
were strongly associated with mortality. However, restriction to deaths identified through
institutional reporting did not materially change the findings.

Conclusion: Mothers at the extremes of maternal age, and probable first-time mothers, were at
higher risk of neonatal death. There were modest associations between a range of maternal co-
morbidities and neonatal death, which were mostly attenuated by birthweight, which was
strongly associated with neonatal mortality, and is likely also on the causal pathway between
maternal health conditions and neonatal death. These results suggest the importance of
appropriate follow-up and close monitoring of mothers with high-risk pregnancies and with

medical co-morbidities in reducing risk of neonatal deaths.

Keywords: Neonatal mortality, neonatal deaths, factors, Western Cape, South Africa.
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Neonatal mortality is a significant public health problem worldwide. Globally, neonatal mortality
dropped to 19 (90% Uncertainty Interval (Ul): 18, 20) deaths per 1,000 live births in 2016 from 37
(90% UI: 36, 38) deaths per 1,000 live births in 1990, translating to a 49% decline in neonatal
deaths worldwide!. Despite the decreasing trend in neonatal deaths from 1990 to 2016 globally,
it contributes to a growing proportion of under-five mortality each year i.e., neonatal deaths

accounted for 46% in 2016 from 41% in 2000 of all under-five deaths?.

In South Africa, the neonatal mortality rate dropped to 12 deaths per 1,000 live births in 2016
from 20 deaths per 1,000 live births in 1990, a slower decline than that of children aged 1 — 59
months in the country, from 57 deaths per 1,000 live births in 1990 to 43 deaths per 1,000 live
births in 2016%. Similar to the global pattern, neonatal deaths in South Africa accounted for about
half of all under-five deaths in the country?. Nevertheless, the Western Cape province remained
among the three provinces (Western Cape, Gauteng and KwaZulu-Natal) with an increasing

number of early neonatal deaths over time3.

Most neonatal deaths are considered preventable/avoidable with existing proven cost-effective
interventions*®. Evidence suggests that interventions to reduce maternal deaths also prevent
neonatal mortality®14. In South Africa, the causes of neonatal deaths have been consistently and
adequately reported in the ‘Saving Babies’ reports based on data from Perinatal Problem
Identification Programme (PPIP). Recent reports show that most neonatal deaths in the country
are caused by preventable or treatable conditions such as intrapartum-related injuries and

infections which contribute about 28% and 8% of these deaths respectively®. Prematurity
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remains the leading cause of neonatal deaths, accounting for 49.2% of all neonatal deaths in the
country®. However, much of the current work is based on the audits of explicitly reported deaths,

with limited electronic data at a population level available for all neonates.

Previous research findings have shown various factors associated with neonatal mortality,
including but not limited to: birthweight; infant sex; birth order; number of living children; birth
interval; malnutrition; infants’ medical co-morbidities: residence; family socio-economic status;
maternal age; maternal education; partner’s education; maternal illnesses; and complication
during delivery'>23, Collectively, these studies outlined a critical role for proper management of
high-risk pregnancies, complications of delivery and high-quality postnatal care in neonatal

survival.

Despite the slow reduction in neonatal mortality in the country, as compared to the reduction in
infant and under-five mortality rates; South Africa has made good progress in achieving the
Sustainable Development Goal (SDG) target of reducing neonatal mortality rates to 12 deaths per
1,000 live births or below by 2030%242°, Nevertheless, the number of neonatal deaths in the
country are unacceptably high given the level of government investments in healthcare over

time3.

Identification of factors associated with neonatal mortality may contribute substantially in
further reducing the neonatal mortality and improving child health, perhaps through proper
planning and improvements of quality of prenatal, childbirth and new-born care in the country.

Studies have indicated that a reduction in infant deaths often does not require new interventions,
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but rather depends on the availability and effective use of existing scientific evidence and

technological innovations*>16:26-28,

Although extensive research has been carried out on causes of neonatal deaths in South Africa
and in the Western Cape province, there have been no previous attempts to determine factors
associated with neonatal mortality in the Western Cape province, using neonatal deaths
ascertained from multiple population-representative data sources. This study aimed to explore
factors associated with neonatal mortality in the Western Cape province, South Africa, and
determine whether associations based on a more complete dataset of neonatal deaths differ

from those based just on institutional reporting.

Design and setting

This was a retrospective cohort study conducted to determine factors independently associated
with neonatal mortality in the Western Cape, South Africa. The Western Cape province is
estimated to account for 11.5% of the national population?®. The majority of people in the
province are estimated to be using public-sector facilities and the vast majority of women deliver
in health facilities (institutional deliveries)?3°. In 2015/16, the immunisation coverage was

estimated at 89% in the province?3%,

Data source and type
This analysis used data from the South African Department of Home Affairs (DHA) and Western

Cape Department of Health (WC-DOH). The Western Cape province is unique in that important
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health data are available electronically at an individual patient-level and can be linked across
sources using a unique health identifier assigned to each patient when they register at any public
facilities for the first time (as presented in Chapter 2). In the province, neonatal mortality data
are available and were extracted from the death certificates with known cause of deaths from
the DHA, hospital death registrations as collated by the Provincial Health Data Centre (PHDC) and
a clinical audit tool specific to perinatal mortality i.e., Perinatal Problem Identification Program

(PPIP).

Infant delivery data were obtained from the PHDC SQL database and linked with the neonatal
mortality and respective maternal data to form two datasets such that, one includes only deaths
registered by PPIP and the second one using deaths registered by all three sources. Historically,
most analyses of avoidable causes of neonatal mortality in the province have been based on the
PPIP data which comprehensively includes neonates who die in facilities and stillbirths but does

not include individuated data on other neonates.

For this analysis, data covering a period between 1°t January 2010 and 315t December 2013 were
used. The choice of this study period was motivated by the fact that, the study duration
concluded long ago, thereby assuring the availability of mortality data across all the sources.
Moreover, the amendment to the South African Births and Deaths Registration Act (February
2014) restricted access to the cause-of-death data from 2014 for privacy and confidentiality,

which would have limited access to the most recent DHA data3334.
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Case definition and analysis period
The main outcome in this study was a neonatal death which was defined according to the 10t
revision of the International Classification of Diseases and Related Health Problems (ICD-10) as

“death of a baby within the first 28 days of life” 3.

Independent variables

Due to the nature of this study (secondary data analyses of routine administrative and
surveillance data), we were limited to routinely collected data. We included both infant and
maternal factors in the analysis in order to have a comprehensive understanding of potential
associations. Maternal variables included were as follows: maternal age, gravidity, parity,
diabetes, hypertension, rhesus factor, mental health, TB, and HIV and ART status. Infant

characteristics included in analyses were sex, birth weight, HIV and ART status.

Ascertainment of other co-morbidities (such as maternal diabetes, hypertension and mental
health) were from the electronic pharmacy and Chronic Disease Dispensing unit (CDU) databases,
laboratory data and diagnostic coding. We were unable to distinguish gestational diabetes from
pre-existing diabetes. Maternal hypertension reflects pre-existing hypertension based on drugs
used for chronic hypertension treatment, and not gestational hypertension which could not be

enumerated in this analysis.

Measures and coding
Maternal and infant age was categorised and together with gravidity and parity were analysed

as categorical variables in all analyses. Due to collinearity between parity and gravidity, we

202



included gravidity in our multivariable models. Maternal TB status was categorised as 0. “Never
had TB” 1. “Had TB prior to pregnancy” and 2. “Had TB during pregnancy”. HIV and ART status
were collapsed to form one variable with the following categories: 0. “Negative or unknown”, 1.
“HIV positive, no ART”, 2. “HIV positive, enrolled to ART prior to pregnancy”, and 3. “HIV positive,
enrolled to ART during pregnancy”. Other medical co-morbidities were categorised as binary

variables based on whether or not the woman/infant ever had the condition.

Statistical analysis

Data were managed and analysed using Stata software version 15.1 (Stata Corporation, College
Station, Texas, USA). Odds ratios (ORs) with their corresponding 95% confidence intervals were
used to determine the magnitude and direction of associations. We fitted two multivariable
models of associations with neonatal mortality, the first model with neonatal deaths only
registered by PPIP while the other model fitted deaths registered by all three-sources in the

province.

Sensitivity analyses

We conducted four sensitivity analyses to understand the effects of birth weight in our models.
The first sensitivity analysis fitted deaths ascertained from PPIP with all available potential factors
known to be associated with neonatal mortality but including birth weight. Similar to the first
sensitivity analysis, we fitted another model including deaths ascertained from all sources as
mentioned above and including birth weight. The third and fourth sensitivity analyses fitted

deaths ascertained from PPIP and from all sources among neonates who had very low birth
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weights against other factors. We hypothesized that; the effects of birth weight might be masking

other potential associations since they are in the causal pathway.

General characteristics of the study subjects

Infant’s characteristics

In total, data were available for 161,121 infants delivered from 1t January 2010 to 31t December

2013 in the Western Cape province. Overall, 8,757 (5.4%) unique neonatal deaths were

registered by the three sources (1,763 by PIPP only) over the full four-year period. Slightly more

than half were males (82,089; 50.6%). Nearly one quarter of the infants (35,810; 22.7%) had low

birth weight. A total of 218 infants were documented to have HIV (0.1%). Of them, 81.2% were

on ART at the time the data were accessed. Table 40 below shows the infant characteristics.

Table 40: Demographic and clinical characteristics of the infants (N=161,121).

Characteristics

Total
N (%)

Neonatal death*

n (%)

Yes

No

Infant sex
Female
Male
Not documented
Year of birth (N=160,216)
2010
2011
2012
2013
Birth weight (N=157,538)
Very low (< 1.5 kg)
Low (1.5-2.5 kg)
Normal (= 2.5 kg)
Infant HIV status

77,609 (47.9)
82,089 (50.6)
2,421 (1.5)

34,293 (21.4)
35,157 (21.9)
42,567 (26.6)
48,199 (30.1)

9,611 (6.1)
26,199 (16.6)
121,728 (77.3)

3,108 (35.5)
3,698 (42.2)
1,951 (22.3)

1,816 (26.5)
1,577 (23.0)
1,744 (25.4)
1,717 (25.1)

3,607 (52.7)
1,742 (25.5)
1,490 (21.8)

74,501 (48.6)
78,391 (51.1)
470 (0.3)

32,477 (21.2)
33,580 (21.9)
40,823 (26.6)
46,482 (30.3)

6,004 (4.0)
24,457 (16.2)
120,238 (79.8)
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Negative or unknown 161,901 (99.9) 8,757 (100) 153,144 (99.9)

Positive 218 (0.1) 0(0.0) 218 (0.1)
Infant ART status (N=218)

No 41 (18.8) - 41 (18.8)

Yes 177 (81.2) - 177 (81.2)
Total 162,119 8,757 (5.4) 153,362 (94.6)

* Ascertained from all 3 sources

Maternal characteristics

Maternal characteristics are shown in Table 41 below. The mean maternal age (+ Standard
Deviation [SD]) at delivery was 26.8 (+ 6.5) years old. Less than one quarter of the mothers had
previous electronic evidence of pregnancy (19.3%), and 19.4% had previous electronic evidence
of births. A total of 25,865 (16.0%) mothers had HIV. Of these, 16,051 (62.1%) were on ART. Of

16,051 mothers on ART, 63.1% (n=10,122) were enrolled on ART during their current pregnancy.

Regarding medical co-morbidities, 12.9% of the mothers had hypertension; 8.4% TB; 6.5%
diabetes; 5.6% mental health conditions; and 5.1% syphilis.

Table 41: Demographic and clinical characteristics of the mothers (N=161,121)

Neonatal death*

Characteristics Total n (%)
N (%) Yes No
Maternal age (N=159,462)
<15 430 (0.3) 23 (0.3) 407 (0.3)
15-24 63,234 (39.7) 2,615 (38.9) 60,619 (39.7)
25-34 74,068 (46.4) 3,122 (46.5) 70,946 (46.4)
35-44 21,297 (13.4) 923 (13.7) 20,374 (13.3)
45+ 433 (0.3) 34 (0.5) 399 (0.3)
HIV and ART status
Negative or Unknown 136,254 (84) 7,404 (84.5) 128,850 (84)
Positive, no ART 9,814 (6.1) 546 (6.2) 9,268 (6.0)
Positive, ART prior to pregnancy 5,929 (3.7) 267 (3.0) 5,662 (3.7)
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Positive, ART during pregnancy 10,122 (6.2) 540 (6.2) 9,582 (6.2)
Previous electronic evidence of
pregnancy (N=159,462)

No 128,658 (80.7) 5,313 (79.1) 123,345 (80.8)

Yes 30,804 (19.3) 1,404 (20.9) 29,400 (19.2)
Previous electronic evidence of birth
(N=159,462)

No 128,548 (80.6) 5,171 (77.0) 123,377 (80.8)

Yes 30,914 (19.4) 1,546 (23.0) 29,368 (19.2)
Mother rhesus factor (N=84,217)

Negative 3,599 (4.3) 169 (4.5) 3,430 (4.3)

Positive 80,672 (95.7) 3,587 (95.5) 77,085 (95.7)
Syphilis (N=81,482)

Negative 77,357 (94.9) 5,348 (93.5) 72,009 (95.0)

Positive 4,125 (5.1) 370 (6.5) 3,755 (5.0)
Diabetes

No 151,619 (93.5) 6,230 (71.1) 145,389 (94.8)

Yes 10,500 (6.5) 2,527 (28.9) 7,973 (5.2)
Hypertension

No 141,234 (87.1) 5,502 (62.8) 135,732 (88.5)

Yes 20,885 (12.9) 3,255 (37.2) 17,630 (11.5)
Mental health

No 153,049 (94.4) 6,395 (73.0) 146,654 (95.6)

Yes 9,070 (5.6) 2,362 (27.0) 6,708 (4.4)
Mother TB status

Never had TB or Unknown 148,429 (91.6) 8,046 (91.9) 140,383 (91.5)

Had TB before pregnancy 12,492 (7.7) 630 (7.2) 11,862 (7.7)

Had TB during pregnancy 1,198 (0.7) 81(0.9) 1,117 (0.7)
Total 162,119 8,757 (5.4) 153,362 (94.6)

* Ascertained from all 3 sources

Factors associated with neonatal mortality

Univariable analysis

Table 42 below shows the results of univariable logistic regression analyses of factors associated
with neonatal mortality. Only maternal age and rhesus factor status were not associated with

neonatal mortality in both models. Additionally, the model fitting only PPIP deaths (model 1)
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indicated a strong association between infants born to HIV mothers who were not on ART or
those who started ART during pregnancy. These results differ from those of the expanded dataset
whereby only infants born to HIV mothers who started ART prior to pregnancy, were associated

with neonatal deaths.

Based on the results of the expanded dataset (model 2), strong associations were also observed
with maternal co-morbidities, including syphilis (OR=1.33; 95% Cl: 1.18, 1.48; p<0.001); diabetes
(OR=7.40; 95% Cl: 7.03, 7.79; p<0.001); hypertension (OR= 4.55; 95% Cl: 4.35, 4.77; p<0.001);
mental health conditions (OR=8.07; 95% Cl: 7.66, 8.52; p<0.001); and TB during pregnancy

(OR=1.27; 95% Cl: 1.01, 1.59; p=0.011).

Infant factors strongly associated with neonatal mortality included the male sex (OR=1.13; 95%
Cl: 1.08, 1.19; p<0.001) or undocumented infant’s sex (OR=99.5; 95% Cl: 89.41, 110.73; p<0.001)
compared to female sex; born to mothers with electronic evidence of previous pregnancy
(OR=1.11; 95% Cl: 1.04, 1.18; p=0.001); and born to HIV mothers who started ART prior to
pregnancy (OR=0.82; 95% ClI: 0.72, 0.93; p=0.002) were maternal factors associated with

neonatal mortality.

Associations of diabetes, hypertension and mental health conditions with maternal deaths were
generally stronger when looking just at all neonatal deaths (model 2) compared to the PPIP
deaths (model 1).

42: Univariable logistic regression analyses of factors associated with neonatal mortality
(N=161,121)

PPIP deaths? All deaths
Factors OR [95% Cl] OR [95% Cl]
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Infant sex

Female

Male

Not documented
Year of birth (N=160,216)

2010

2011

2012

2013
Maternal age, years

<15

15-24

25-34

35-44

45+
Previous electronic evidence of
pregnancy (N=159,462)

No

Yes
Previous electronic evidence of birth
(N=159,462)

None

One birth

More than one births
Maternal HIV and ART status

Negative or Unknown

Positive, no ART

Positive, ART prior to pregnancy

Positive, ART during pregnancy
Mother TB status

Never had TB or Unknown

Had TB before pregnancy

Had TB during pregnancy
Other maternal co-morbidities*

Syphilis (N=81,482)

Diabetes

Hypertension

Mental health condition(s)

1
1.22 [1.11, 1.34]
0.67 [0.41, 1.10]

1
0.87 [0.76, 0.99]
0.88 [0.78, 1.00]
0.63 [0.55, 0.72]

1.64 [0.78, 3.48]
1.03 [0.93,1.14]
1
1.26 [1.10. 1.45]
1.63 [0.77, 3.46]

1
1.05[0.93, 1.18]

1
1.08 [0.95, 1.23]
1.47 [1.14, 1.91]

1
1.47 [1.24, 1.4]
1.09 [0.86, 1.404]
1.34 [1.13, 1.60]

1
1.30 [1.11, 1.53]
1.75 [1.15, 2.68]

1.06 [0.85,1.33]
1.82 [1.57,2.12]
1.89 [1.69, 2.12]
1.89 [1.61, 2.21]

1
1.13[1.08, 1.19]

99.50[89.41, 110.73]

1
0.84 [0.78, 0.90]
0.76 [0.71, 0.81]
0.66 [0.62, 0.71]

1.28 [0.84, 1.96]
0.98 [0.93, 1.03]
1
1.02 [0.96, 1.11]
1.94 [1.36, 2.75]

1
1.11 [1.04, 1.18]

1
1.16 [1.09, 1.23]
1.91 [1.69, 2.16]

1
1.03 [0.94, 1.12]
0.82 [0.72, 0.93]
0.98 [0.90, 1.07]

1
0.93 [0.85, 1.01]
1.27 [1.01, 1.59]

1.33[1.18, 1.48]
7.40[7.03, 7.79]
4.55 [4.35, 4.77]
8.07 [7.66, 8.52]

tFitted deaths registered by PPIP only, [Fitted deaths registered by all 3 sources; OR — Odds Ratio;
*Reference categories for each condition is not having the disease/condition or missing records.
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Multivariable analysis
Table 43 shows the multivariable logistic regression analyses of factors associated with neonatal
mortality. Infant’s sex, year of birth and mother’s hypertension status, TB and ART prior to

pregnancy were the factors independently associated with neonatal mortality in both models.

Maternal conditions such as syphilis, diabetes and mental health condition(s) were the only
factors not associated with neonatal deaths on model 1 (PPIP deaths); but they were associated

with neonatal deaths in the expanded dataset (model 2).

Focusing on results of the expanded dataset (model 2); infant sex, year of birth, previous
electronic evidence of pregnancy, mother’s enrolment on ART prior to pregnancy, mother’s
diabetes, TB and hypertension status were factors independently associated with neonatal
deaths. Positive associations were observed among male infants (aOR=1.12; 95% Cl: 1.07, 1.19;
p<0.001) or infants with undocumented sex infants (aOR=1.91; 95% Cl: 1.35, 2.68; p<0.001); and
those born to mothers with diabetes (aOR=1.61; 95% Cl: 1.42, 1.82; p<0.001) or syphilis
(aOR=1.35; 95% Cl: 1.21, 1.51; p<0.001). Similar effect sizes but more certainty in the expanded
dataset for maternal age, were observed, but with tighter confidence intervals. TB association
showed a gradient based on prior (aOR=1.11; 95% Cl: 1.00, 1.22; p<0.001) or active TB (aOR=1.47,;
95% Cl: 1.15, 1.90; p<0.001).

Negative associations were observed among infants born to mothers with electronic evidence of
pregnancy (aOR=0.86; 95% Cl: 0.80, 0.93; p<0.001); previous electronic evidence of pregnancy

(aOR=0.88; 95% Cl: 0.83, 0.94; p<0.001); born to mothers who started ART prior to pregnancy

209



(aOR=0.85; 95% Cl: 0.74, 0.97; p=0.001); and those born to mothers with history of hypertension

(aOR=0.90; 95% Cl: 0.83, 0.98; p=0.017).

Table 43: Multivariable logistic regression analyses of the factors associated with neonatal

mortality (N=161,121)

Factors

PPIP deaths 7
aOR [95% Cl]

All deaths/
aOR [95% Cl]

Infant sex
Female
Male
Not documented
Year of birth
2010
2011
2012
2013
Maternal age, years
<15
15-24
25-34
35-44
45+
Previous electronic evidence of
pregnancy
No
Yes
Mother HIV and ART status
Negative or Unknown
Positive, no ART
Positive, ART prior to pregnancy
Positive, ART during pregnancy
TB history
Never had TB or Unknown
Had TB before pregnancy
Had TB during pregnancy
Other maternal co-morbidities*
Syphilis
Diabetes

1
1.22 [1.10, 1.36]
1.67 (0.86, 3.26)

1
0.79 [0.68, 0.91]
0.87 [0.76, 0.99]
0.89 [0.77, 1.03]

1.86 [0.68, 0.91]
1.10 [0.98, 1.23]
1
1.25 [1.07, 1.45]
1.70 [0.80, 3.64]

1
0.85 [0.74, 0.96]

1
1.04 [0.86, 1.24]
0.75[0.57, 0.98]
0.97 [0.80, 1.18]

1
1.22 [1.02, 1.46]
1.68 [1.08, 2.62]

1.07 [0.86, 1.35]
0.96 [0.78, 1.20]

1
1.12 [1.07, 1.19]
1.91 (1.35, 2.68)

1
0.82 [0.76, 0.88]
0.74 [0.69, 0.80]
0.89 [0.83, 0.96]

1.67 [1.04, 2.67]
1.06 [1.00, 1.12]
1
0.98 [0.90, 1.06]
1.99 [1.37, 2.92]

1
0.88 [0.90, 1.10]

1
0.99 [0.90, 1.10]
0.85 [0.74, 0.97]
0.99 [0.90, 1.10]

1
1.11 [1.00, 1.22]
1.47 [1.15, 1.90]

1.35[1.21, 1.51]
1.23 [1.11, 1.37]
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Hypertension 1.34 [1.17, 1.54]

Mental health condition(s) 1.14 [0.90, 1.45]
7Fitted deaths registered by PPIP only; fFitted deaths registered by all 3 sources;
*Reference categories for each condition is not having the disease/condition or missing records; aOR —
Adjusted Odds Ratio.

1.52 [1.41, 1.63]
1.14 [1.00, 1.29]

Sensitivity analyses
Table 44 below presents the sensitivity analyses, when including birth weight in the models

determining the factors independently associated with neonatal mortality.

Including birth weight in the multivariable model that fitted PPIP deaths only (model 1) did not
change the presence of associations, but only the effect sizes, with the exception of TB which
was no longer associated with neonatal mortality. Focusing on the expanded dataset (model 2);
including birth weight in the model, resulted in a reversed association with hypertension and the

attenuated effect of syphilis.

Table 44: Multivariable logistic regression analyses of factors associated with neonatal
mortality when including the infant’s birth weight

PPIP deaths? All deaths [
Factors aOR [95% Cl] aOR [95% Cl]
Infant sex
Female 1
Male 1.32[1.18, 1.47] 1.26 [1.19, 1.34]

Not documented
Year of birth

2010

2011

2012

2013
Birth weight

Very low (< 1.5 kg)

Low (1.5-2.5 kg)

1.40 (0.69, 2.86)

1
0.86 [0.74, 1.01]
1.10 [0.95, 1.27]
1.11 [0.95, 1.30]

41.99 [36.52, 48.28]
4.50 [3.80, 5.34]

2.08 (1.36, 3.17)

1
0.88 [0.81, 0.96]
0.88 [0.81, 0.96]
1.12 [0.03, 1.23]

48.21 [44.61, 52.09]
6.11 [5.64, 6.61]
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Normal (= 2.5 kg)
Maternal age, years
<15
15-24
25-34
35-44
45+
Previous electronic evidence of
pregnancy
No
Yes
Mother HIV and ART status
Negative or Unknown
Positive, no ART
Positive, ART prior to pregnancy
Positive, ART during pregnancy
TB history
Never had TB or Unknown
Had TB before pregnancy
Had TB during pregnancy
Other maternal co-morbidities™
Positive rhesus factor
Syphilis
Diabetes
Hypertension
Mental health condition(s)

1.82 [0.75, 4.44]
1.06 [0.94, 1.19]
1
1.28 [1.09, 1.49]
1.67 [0.74, 3.75]

1
0.85[0.75, 0.97]

1
1.05 [0.87, 1.27]
0.70 [0.53, 0.93]
0.92 [0.75, 1.12]

1.01[0.84, 1.22]
1.08 [0.68, 1.73]

0.87[0.69, 1.11]
1.11 [0.88, 1.40]
0.79 [0.69, 0.91]
1.08 [0.84, 1.39]

1.87 [1.08, 3.25]
1.01 [0.95, 1.09]
1
0.97 [0.88, 1.06]
2.35[1.49, 3.69]

1
0.86 [0.80, 0.93]

1
0.99 [0.89, 1.11]
0.76 [0.65, 0.89]
0.94 [0.84, 1.05]

0.90 [0.80, 1.00]
0.96 [0.72, 1.28]

1.14 [1.00, 1.29]
1.61[1.42, 1.82]
0.90 [0.83, 0.98]
1.08 [0.93, 1.24]

7Fitted deaths registered by PPIP only; [Fitted deaths registered by all 3 sources
*Reference categories for each condition is not having the disease/condition or missing records; aOR —
Adjusted Odds Ratio.

Summary of findings

Mortality in the first 28 days of life plays a crucial role in the childhood mortality through its high
rates and a slow decline over time®2. It provides an indicator for quality of maternal and child
health care services in the country. Excluding birth weight, fitting a multivariable model with

neonatal deaths ascertained from the three sources in the Western Cape province between 2010
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to 2013, this study has identified later year of birth; mother’s enrolment on ART prior to
pregnancy as being negatively associated with neonatal deaths; and infant male sex; maternal
age (youngest and oldest age categories); and Maternal morbidities including TB, syphilis,
diabetes, hypertension and mental health condition(s) being positively associated with neonatal
mortality. In the dataset based on the smaller number of outcomes, many of the confidence
intervals were wider and the associations would have been considered less certain in the absence
of the expanded dataset, except for syphilis and diabetes in which the effect was not evident in
the model based on PPIP events. Including birth weight in the multivariable model, attenuated
some of the maternal morbidity associations with neonatal mortality (similar in both datasets)

including TB, hypertension, and syphilis.

Infant characteristics associated with neonatal characteristics

It has been thoroughly documented that male infants have an increased risk of perinatal
morbidity and mortality compared to their female counterparts.3>=3°, In this study. although the
predominance of adverse neonatal outcomes in males has been proposed in many singleton and
twin studies, the underlying mechanism contributing to this difference is not well elucidated3>"
39 The observed gender disparity in this study is speculated to be partially explained by the fact
that female macerated deaths are less likely to have sex recorded, which might be consistent

with a 22.3% (1,951/8,757) of neonatal deaths without sex documented.

In this analysis, we have observed that neonates born in later years had slightly lower mortality
than in 2010 but there was no consistent downward trend. Decreased risk of neonatal mortality

among infants born in later years might be explained by the improved birth registrations which
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resulted in the improved mortality reporting systems. A previous report has indicated that, by
2011, less than 10% of the registered neonatal deaths were captured on the national population
register®. The possible reason for this discrepancy could be failure to register births or to register

deaths, as both registrations are required for a death to appear on the population register.

As expected, based on previous studies, there was a very strong association between birth weight
and neonatal mortality. This result corroborates the findings of a great deal of the previous work
from both retrospective and prospective studies which showed low birth weight is a risk factor
for neonatal mortality and low birth weight can be a symptom of maternal, placental or intra-

uterine fetal disease®4048,

Maternal associations with neonatal deaths

Findings from this study corroborate extensively described associations with adverse pregnancy
outcomes in the very young and much older women as well as infants born to mothers with
electronic evidence of pregnancy. This accords with previous research indicating that mothers,
who had a history of births, had less risk of losing their babies to neonatal mortality, although
this is not the case with mothers with more than 5 pregnancies*°°. It seems possible that this
result is due to the level and quality of antenatal, delivery and new-born healthcare services
offered to women with previous history of pregnancy/birth (especially the
multigravidity/multiparous) due to increased risks of adverse neonatal outcomes associated with
gravidity/parity such as prematurity, intrauterine growth restrictions and mortality®=3. There

are, however, other possible explanations.
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Another important finding was that babies born to mothers who were enrolled on ART prior to
the pregnancy had lesser odds of neonatal mortality compared to those born from mothers with
unknown or negative HIV status. A possible explanation for this result is that mothers with history
of medical comorbidities might be receiving close follow-up during pregnancy and childbirth
compared to the general population in order to improve their maternal and new-born outcomes.
Pre-pregnancy interventions such as prevention, treatment and management of STls including

HIV have significant impacts on reducing maternal and neonatal morbidity and mortality*®.

All maternal co-morbidities on which there were data available, showed modest associations
with neonatal mortality. These are mostly expected based on prior studies. In particular, this
study supports evidence from previous research that indicated infants born from mothers who
had diabetes had high risk of neonatal mortality®*>>. Maternal diabetes is associated with an
increased risks of maternal and new-born complications, morbidity and mortality>>°6. This
relationship can be explained through the high morbidity risks and large size among infants born
to diabetic women they possess. The major morbidities associated with these infants includes
macrosomia, hypoglycaemia, hypomagnesaemia, hypocalcaemia, congenital malformations,
respiratory distress, and hyperbillirubinaemia®®. The findings support recommendations for close
follow-up among mothers with co-morbidities such as diabetes and provision of quality care

during pregnancy, labour and delivery for better maternal and new-born outcomes.
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Differences in association based on the single versus expanded mortality datasets

When compared to the expanded dataset (model 2), the model of association with deaths from
PPIP (model 1) showed similar effect sizes, with the exception of maternal co-morbidities.
Particularly, larger effect sizes for the co-morbidity association were observed in the expanded
dataset. The possible reason for this discrepancy might be the level of completeness of neonatal
mortality registration PPIP had relative to the full model in our analysis i.e., 20% mortality

registration level.

However, these findings highlight the importance of including mortality data ascertained from
multiple data sources, in order to make inferences about the population parameters. Analyses of
associations based on only PPIP deaths should be interpreted with care especially in relation to

maternal co-morbidities.

Findings from the sensitivity analyses

The results of the sensitivity analyses indicated that including birth weight in the multivariable
models did not change the associations largely but only the effect sizes especially for the co-
morbidities associations. The possible explanation for this might be the influence of birth weight
in describing neonatal mortality since it is in the causal pathway of this association i.e., risk factor

for neonatal death.
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Strengths and limitations

The key strengths for this study are the large data set (sample size) covering a 4-year period, and
ascertainment of mortality data from three independent sources which ensured
representativeness and completeness of registrations. Some variables where data were missing,
the missingness was considered informative, and preferable to include rather than using multiple
imputation. Negative ascertainment was not always possible for some health conditions where
absence was assumed. In addition, we failed to clearly differentiate diabetes and gestational
diabetes, and hypertension and gestational hypertension since enumeration of these variables

were done based on drugs used for chronic diabetes and hypertension treatment, respectively.

Findings from this analysis indicated a clear association of medical co-morbidities in the mother
with increased neonatal deaths, more apparent in the expanded dataset except for the
hypertension effect in the model with birth weight. Although speculative, our findings indicated being
in care for a well-managed co-morbidity (ART) can result in improved outcomes, suggesting value
to antenatal interventions. Additionally, low birth weight remains independently associated with
neonatal mortality, with a clear increasing risk based on birth weight stratification. Taken
together, these results suggest the importance of appropriate follow-up and close monitoring of
mothers with high-risk pregnancies and with medical co-morbidities, in reducing risk of neonatal

deaths.
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CHAPTER 9: Synthesis and Conclusions

9.1 Summary of findings

9.1.1 Level of mortality vs. what has been reported or estimated

Between 2010 and 2013, maternal deaths were substantially under-reported in the Western
Cape province. Neonatal deaths were also under-reported in the same period, by any of the three
sources evaluated, though to a lesser extent. Even if data from all sources had been combined, it
is estimated that there would still have been under-reporting in maternal and neonatal mortality.
Assuming the data from all sources were combined, the estimation of maternal and neonatal
mortality in the Western Cape province, South Africa for the year 2010-2013 would probably
require adjustment by factors of up to 1.84 and 1.13, respectively, in order to account for the
under-rereporting. However, for maternal mortality, the adjustment would be higher, if one were
to rely on the most used sources alone. These data suggest that the ascertainment of these

outcomes using a single data source would provide biased point estimates.

The continuing use of crude maternal and neonatal mortality estimates from a single source
(where MDG estimates are derived from) is subsequently misleading, and potentially of concern,
given the importance of this metric in assessing the progress in global goals (i.e. SDG 3.1 & 3.2),
the evaluation of health interventions focusing on reducing maternal and neonatal mortality,

health planning and evidence-based decision-making.

Assuming the level of maternal mortality under-registration is the same for the whole country,

as in the Western Cape, fitting the CEMD data for the years 2010-2013, using a range of inflation
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factors over the four years derived from this study, resulted in higher maternal mortality

estimates when compared to other sources, as presented in Figure 20 below.
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WHO - World Health Organisation; VR - Vital registration; CEMD - Confidential Enquiry to Maternal Deaths; CEMD
adjusted -1.64: Assuming no missing ascertainment in CEMD (adjusted by 1.64); CEMD adjusted -2.28: Assuming
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Figure 20: Estimates of maternal mortality from 1990-2015 in South Africa

Figure 21 presents estimates of neonatal mortality in South Africa, as contrasted with the
estimates obtained from this study. Assuming the level of neonatal mortality under-registration
is constant across the provinces and in the country in general, as in the Western Cape (as
presented in Chapter 6, fitting the data from the Rapid mortality surveillance (RMS) report for

the years 2010-2013, by using a range of adjustment factors over the four years derived from this
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study, resulted in slightly higher neonatal mortality estimates than are commonly reported for

the period®=.
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Figure 21: Estimates of neonatal mortality from 1990-2015 in South Africa

9.1.2 Trends in maternal and neonatal mortality

Estimates from global agencies and in-country institutional reporting, although widely divergent,
indicate that South Africa has not achieved the MDG targets for maternal and neonatal mortality;
but it has made significant progress in reducing these outcomes during the last decade.
Discrepancies in data sources and quality from which these estimates were obtained, and highly
variable estimates, highlight the existence of uncertainties about the true estimates of maternal

and child mortality in the Western Cape. Divergent estimates of MMR and NMR by different
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sources compromise the interpretation of trends over time. Based on the available data, it is
difficult to estimate the trends in the CRC analysis. As confirmed by the CRC method, under-
reporting in maternal and neonatal mortality in the WC leaves room for changes to be biased up
or down, if these trends are based on a single source. However, the extent of decline in the

context of improving reporting is likely to be biased towards the null.

9.1.3 Maternal mortality vs. mortality during the pregnancy period

This study defined maternal deaths, according to the 10™ revision of the International
Classification of Diseases and Related Health Problems (ICD-10), as “the death of either a
pregnant woman or the death of a woman within 42 days of delivery, spontaneous abortion, or
the termination of pregnancy, irrespective of the duration and site of the pregnancy, from any
cause related to, or aggravated by the pregnancy, or by its management, but not from accidental
or incidental causes.” % It is possible that, some of the deaths in which pregnancy was incidental,
or there was an ascertainment issue, might have been included as maternal deaths in the
expanded dataset. However, this was not the case with institutional reporting, but the deaths
enumerated through the PHDC, or from death certificates, and then linked to pregnancy

episodes.

Findings from the sensitivity analyses, when assuming only a proportion of the non-overlapping
deaths were true maternal mortality, resulted in decreasing maternal mortality estimates from
both CRC models, i.e., independent models and a model controlling for source dependencies.
Based on these results, there is potential value for additional clinical data to be used to validate

all, or a sample of those patients identified as possible missed maternal deaths.
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9.1.4 Factors associated with maternal and neonatal mortality

Although maternal and neonatal mortality are under-reported in the Western Cape, as indicated
in Chapters 5 and 6, the associations obtained were largely consistent with previously described
risk factors for both maternal and neonatal mortality rates. Additionally, the expanded dataset
resulted in similar estimates of these associations, which is reassuring for ongoing studies on risk

factors for maternal and neonatal mortality, if they rely just on the institutional reporting.

Based on the expanded dataset, ART status, TB and all measured chronic co-morbidities (i.e. pre-
existing hypertension, diabetes and mental health condition(s)) are factors positively associated
with maternal mortality. Similarly, more recent births and maternal enrolment on ART prior to
pregnancy, were negatively associated with neonatal deaths; whereas infant male sex; maternal
age; and mother’s syphilis and diabetes were positively associated with neonatal mortality.
Although birth weight was strongly correlated with neonatal mortality, it is on the causal pathway

and was excluded from the models exploring the associations with antenatal risk factors.

Taken altogether, these results suggest the importance to reducing neonatal deaths, of
appropriate follow-up and close monitoring of mothers and infants, where pregnancies are high

risk, or the mothers have medical co-morbidities.

Even though reliance on secondary data limits the level of clinical detail available for exploration
of associations with mortality; there is potential value of working with secondary data, thereby
allowing for cohort analyses of associations with outcomes, rather than the analyses of case-

series limited just to those pregnancies resulting in maternal or neonatal death.>615-207-14
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9.2 Emerging common themes

Levels of maternal and neonatal mortality

The levels of maternal and neonatal mortality in the Western Cape province are high. Even
without accounting for under-ascertainment, they are still higher than those reported”10-1221-26,
The recent NHI review indicated that South African officially reported maternal and neonatal
mortality is high relative to other LMICs, although lower than that obtained in this study.>32’
Even though the Western Cape had lower mortality estimates than other provinces, the review
indicated that it is high, compared to other LMICs>®7:1011.17.27 \When compared to other LMICs,
the high level of mortality might be partially ascribed to the HIV burden in the country. This is
substantiated in the analysis of factors associated with maternal mortality (Chapter 6). Lower
MMR in the Western Cape province compared to other provinces has been linked with the

structural differences across provinces in managerial capabilities3.

Effect of missing data on the resulting estimates

The findings indicate that there is greater variability with respect to the potential for missing data
points in the estimates of ascertainment of maternal mortality, compared to neonatal mortality.
The possible reasons include the nature of ascertainment of maternal mortality, requiring both
death and pregnancy to be ascertained, unlike for neonatal mortality, in which only death is
ascertained. Additionally, direct obstetric causes are less likely to be missed; but the indirect
causes from medical conditions are more likely to be missed; and are at risk of being over

attributed, in the absence of clinical review.
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Trends in maternal and neonatal mortality

Based on the MDG country report, South Africa did not achieve MDG 4a and 5a targets; but it
has made substantial progress in reducing maternal and neonatal mortality in the country?,
Reduction in maternal and neonatal mortality was driven in the main by the improved access to
promotive and preventive health services, along with a decline in the leading preventable causes
of maternal and child mortality?®?°. Recent estimates of maternal and neonatal mortality from
both global estimates of South African maternal and neonatal mortality, and from in-country

institutional reporting, have appeared to converge; and these have been decreasing over time.

A four-year three-source completeness assessment in the WC estimated lower ascertainment for
maternal mortality (Overall - 54%, ranging from 35% - 79% between 2010 and 2013) compared
to neonatal mortality (overall - 89%, ranging from 86%-92% between 2010 and 2013). The
estimated completeness of neonatal death registration in the Western Cape remains higher than
the current level of most LMICs3C. It is possible that the increased utilisation of mortality
information for research and decision-making, and the provincial mortality surveillance system,
which included special training initiative in medical certification of the cause of death at a
provincial level, might have contributed on the quality of medical certification. However, until
the quality of medical certification has improved, and the completeness of death registration is
consistently high across all sources, the provincial/national-level mortality profiles need to be

interpreted with caution.
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The feasibility of capture-recapture methods

As stated in Chapters 2, 5 and 6; over the last few decades, CRC has increasingly been gaining a
prominent role in epidemiology and public health, particularly in the estimation of maternal and
child mortality31:32413340 Cyrrently, the application of CRC to estimate maternal and child
mortality has expanded somewhat. In particular, a Medline search on 15" December 2021, using

n u

the following key terms: “Capture-recapture”, “maternal”, “ I”

neonatal”, and “mortality” produced
13 articles*243°2-5444-31 Eight of these articles were after 201542765355 Of these, most were
from Asia®?434756 followed by Europe****, North America*>® and South America*®. However,

there have been limited attempts to apply the CRC method in Africa in estimating maternal and

neonatal mortality under-ascertainment since the inception of this study.

The application of CRC has provided valuable estimates of potential under-ascertainment of
maternal and neonatal mortality in the Western Cape province for the period 2010 to 2013.
However, it was not possible to fit ecological models accounting adequately for heterogeneous
capture probabilities in our data; since these are only recommended when the number of data
sources are sufficiently large (at least five)3”>"-°8, Even when the CRC estimates are quite widely
divergent, they remain valuable in generating statistically supported estimates of under-

ascertainment to caution against false certainty.

Value and challenges to the use of linked data for exploring maternal and neonatal mortality
As presented in Chapter 4, independent record linkage was performed to test the performance
of the existing PHDC linkage engine, as the basis for the subsequent thesis work. The probabilistic

approach used for this independent linkage proved feasible; and it might add further value to the
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PHDC. Having linked clinical data; there is potential value in undertaking cohort analyses of the
risk factors and not only exploring characteristics in a case-series of mothers or neonates who
have died. The PHDC could also support designs where more clinical data are collected on a
subset of pregnancies, which do not result in the outcome of interest. There are few comparable
cohort analyses based on secondary data, with more cohort analyses from the region being from

demographic surveillance sites!’=20,

9.3 Conclusions

This study has found that estimates of maternal and neonatal mortality are widely divergent
across data sources and estimation methods over the MDG period. Between 2010 and 2013,
these outcomes were substantially under-reported in the Western Cape, highlighting the need
for the application of respective adjustment factors, in order to correct for under-reporting, or
at least to appreciate the potential extent of under-ascertainment, and catalyse efforts to
clinically validate additional potential cases which have been ascertained from administrative
data. The findings lacked the precision to refine the estimation of trends in maternal and neonatal
mortality. Analyses of antenatal risk factors for these outcomes were broadly consistent with
clinical expectations; and they were not materially impacted by the inclusion or exclusion of

additional data sources with additional outcome events.

The provincial linkage algorithm demonstrated similar performance to PRL in linking mortality

records. This finding was reassuring with respect to the use of linked data in the WC province.
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Capture-recapture methods were demonstrated to be feasible; and can be recommended as a
promising approach to resolve the problems of under-ascertainment in the estimation of these

outcomes in the setting.

The associations with mortality are in most cases not that different, when using the expanded
dataset, which is reassuring for ongoing studies on risk factors for maternal and neonatal

mortality, if they rely only on cohorts derived from institutional reporting.

9.4 Limitations

Case definitions

Maternal and neonatal mortality were defined, according to the ICD-10 classifications. However,
there was uncertainty regarding the pregnancy-association of deaths, particularly those derived
from the PHDC routine systems and from death certificates, as described in Chapter 2. Including
pregnancy-related deaths from accidental or incidental causes is expected to have over-
estimated the maternal mortality in this study, as demonstrated in the sensitivity analysis
(Chapter 5, in which maternal mortality estimates decreased as the included proportion of non-
overlapping PHDC-derived outcomes was reduced).Uncertainty in case definitions with

administrative data further affects the assessment of potential trends.

Data fidelity
Where pregnancy might have been incidental, or there was a potential ascertainment issue, we
were unable to definitively exclude incidental pregnancy in deaths from the expanded dataset,

after excluding recorded non-natural deaths. Although it was reassuring that 50% of the maternal
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deaths were registered by all three sources combined, sensitivity analyses were used to explore
the potential impact of this, especially as the higher estimates or MMR exceeded all previous

estimates.

Limited duration of the three sources

Restricted access to cause-of-death data for confidentiality purposes following the amendment
to the South African Births and Deaths Registration Act in February 2014, limited DHA data
linkage across the systems. As one of the implications, we limited our analysis to data from 2010
to 2013 in the capture-recapture analysis, thereby limiting the comparison period and the
assessment of trends. This highlights the importance of re-enabling access to death certificates

by the health department.

Limited number of variables in the analysis of risk factors for mortality

Regarding the choice of medical co-morbidities to be included in the analysis, we were limited to
conditions where the PHDC had attempted to create province-wide lists of patients with these
conditions. For instance, co-morbidities, such as hypertension, diabetes, epilepsy and mental
health, were frequently identified from the electronic pharmacy and Chronic Disease Dispensing
unit (CDU) databases, based on the history of a woman receiving medication for respective
conditions. However, the available data did not distinguish gestational diabetes from pre-existing
diabetes. In addition, we failed to distinguish pre-existing epilepsy from seizures resulting from

eclampsia.
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Consequently, we decided not to include it in our analysis. In the analysis, hypertension is

considered to be pre-existing hypertension and is based on drugs used for chronic hypertension

treatment. As the data quality improves, with respect to the outcomes, it is hoped that the data

on risk factors will also improve.

9.4 Recommendations

R/
A X4

The institutional reporting focusing on rigorous verification of maternal mortality cases by
clinicians remains essential and should continue to be strengthened.

This analysis could not be completed for more recent years, since one of the data sources
was no longer available. Given that there is good vital registration, advocacy for access to
cause-of-death data by the department of health is therefore strongly recommended.
Active clinical validation of administratively identified cases, which were not included in
formal institutional reporting, especially for maternal deaths, would assist in estimating
under-reporting more accurately in the future.

There is a need for strengthening routine provincial surveillance systems in the province, and
in the country at large. DHA and DoH should ensure comprehensive registration and wide
coverage of maternal mortality data across sources.

Capture-recapture methods should continue to be explored as epidemiological tools in
surveillance contexts such as the WC province, with the caveats that an appropriate number
of data sources are available, and that there is consideration of dependence between them.

Formal consideration of under-ascertainment should be factored into country reporting.
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+» It would be ideal if global agencies worked closely with local researchers to agree on optimal
calibration of South African estimates in multi-country models.
¢ Given the associations between concurrent health conditions and negative outcomes,

programmes to assess and manage associated antenatal risk need to be encouraged.
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APPENDICES

Appendix 1: Records of literature review search strategy

Database

Search terms

Retrieved

PubMed

(("mothers"[MeSH Terms] OR "mothers"[All Fields]
OR "maternal"[All Fields]) OR ("infant,
newborn"[MeSH Terms] OR ("infant"[All Fields] AND
"newborn"[All Fields]) OR "newborn infant"[All
Fields] OR "neonatal"[All Fields])) AND
(("mortality"[Subheading] OR "mortality"[All Fields]
OR "mortality"[MeSH Terms]) OR ("death"[MeSH
Terms] OR "death"[All Fields])) AND (estimation[All
Fields] OR estimates[All Fields]) AND ("South
Africa"[Mesh] OR ("south africa"[MeSH Terms] OR
("south"[All Fields] AND "africa"[All Fields]) OR
"south africa"[All Fields])) AND
(("1990/01/01"[PDAT] : "2015/12/31"[PDAT]) AND
"humans"[MeSH Terms] AND English[lang])

Limits:

English language
Year: 2005-2015
Study on humans

140

Africa-wide
Information

(Maternal OR neonatal) AND (mortality OR death)
AND estimat* AND (‘developing countries’ OR Africa)

Limits:
English language
Year: 2005-2015

355

Web of Science

(Maternal OR neonatal) AND (mortality OR death)
AND estimat* AND (‘developing countries’ OR Africa)

Limits:
English language
Year: 2005-2015

264

Scopus

(Maternal OR neonatal) AND (mortality OR death)
AND estimat* AND (‘developing countries’ OR ‘Sub
Saharan Africa’ OR Africa)

Limits:

189
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English language
Year: 2005-2015

Extra

Reference collected from bibliography of key
articles

81

Total

Total unique reference used

323
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Appendix 2. PHDC linking criteria

Criteria Match
ID Match criteria name Match criteria description Score
folder_number = folder_number AND fullname =
1 Exact (folder, fullname, dob) firstnames + surname AND date_of_birth =
date_of_birth 9.9
folder_number=folder_number AND
2 Exact (folder, surname, dob) surname=surname AND date_of_birth=date_of_birth 10.4
3 Exact (internalpatientnumber) | jhternal_patient_number = internal_patient_number 10
Highly Possible (dob, date_of_birth=date_of_birth AND JW
4 firstnames, ~surname (incl (surname)>=@surnamescore AND firstnames
sa_id check)) =firstnames AND (sa_id=sa_id if not null) 7.8
. . date_of birth = date_of_birth AND surname =
5 Wghly Possible (dOb.’ AT, surname AND firstnames = firstnames (no SA ID
firstnames (excl sa_id check))
check) 7.4
Firstname = firstname AND JW
Highly Possible (firstnames, (surname)>=@surnamescore AND YOB=YOB AND
6 ~surname, ~dob (incl sa_id (sa_id=sa_id if not null) AND
check)) (JW(DOB)>=@dateofbirthscore and ((MOB=MOB) or
(MOB=DOB and DOB=MOB)) 7.5
surname = surname AND JW
Highly Possible (surname, (firstnames)>=@firstnamescore AND YOB=YOB AND
7 ~firstnames, ~dob (incl sa_id (sa_id=sa_id if not null) AND
check)) (JW(DOB)>=@dateofbirthscore and ((MOB=MOB) or
(MOB=DOB and DOB=MOB)) 7.5
Highly Possible (surname, dob, date_of_birth = dat.e_of_birth AND s.urname =
8 ~fi . . surname AND JW (firstnames) >= @firstnamescore
irstnames (incl sa_id check)) . o
AND (sa_id=sa_id if not null) 7.8
Highly Possible (surname, surname = surname AND firstnames =firstnames AND
9 firstnames ~dob (incl sa_id YOB=YOB AND (sa_id=sa_id if not null) AND [JW
check)) (date_of birth)>=@DOBscore OR ((MOB=MOB) or
(MOB=DOB and DOB=MOB))] 7.7
folder_number = folder_number AND JW
10 Highly Probable (folder, ~dob, | (fullname,firstnames+surname)>=@firstnamesscore
~fullname) AND
JW(date_of_birth,date_of birth)>=@dateofbirthscore 9.4
folder_number = folder_number AND JW (surname)
11 | Highly Probable (folder, >= @surnamescore AND [(YOB = YOB AND DayOB =
~surname,~dob) DayOB) OR (MOB = MOB AND DayOB = DayOB) OR
(YOB = YOB AND MOB = MOB)] 10.2
Highly Probable (folder, dob, folder_nur'r?ber = folder_number ANIZ? Jw
12 ~fullname) (fullname,firstnames+surname)>=@firstnamesscore
AND date_of_birth = date_of_birth 9.7
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Highly Probable (folder,

13 folder_number = folder_number AND firstnames =
firstnames, surname) firstnames and surname = surname 9.8
14 Highly Probable (folder, folder_number = folder_number AND fullname =
fullname) firstnames + surname 9.8
el Prafoslile faldar, fglder_number = folder_number AND JW
15 e (firstnames)>=@firstnamesscore and surname =
surname, ~firstnames)
surname 9.7
16 Highly Probable (sa_id, ~dob) | ¢3 jd=sa id AND JW(DOB)>@dateofbirthscore 9.8
17 Highly Probable (sa_id,
~firstnames) sa_id=sa_id AND JW (firstname)>@firstnamescore 9.8
18 Highly Probable (sa_id,
~surname) sa_id=sa_id AND JW (surname)>@surnamescore 9.8
Highly Probable (sa_id, sa_id <>" AND (both sa_id AND sa_id is valid AND
19 ~surname,~dob) sa_id =sa_id) AND JW (surname) >= @surnamescore
' AND JW (date_of_birth) >= @dateofbirthscore 10.3
20 Highly Probable (sa_id, ~switch sa_id =sa_id AND JW (surna.me,firstname)
(surname, firstnames)) >=@surnamescore and JW(firstname,
surname)>=@surnamescore 8.9
o1 | Highly Probable (sa_id, sa_id = sa_id and surname=surname and
surname, firstname) firstname=firstname 10.6
2 Highly Probable (sa_id, sa_id=sa_id AND surname = firstname and firstname
switch(surname,firstnames)) =surname 10.5
93 Low Possible (~ (surname, JW (surname) >= @surnamescore AND JW
firstnames)) (firstnames) >= @firstnamesscore 2
24 Low Possible (~fullname) fullname = firstnames + surname 4.2
25 Low Possible (surname, surname = surname AND JW (firstnames) >=
~(firstnames)) @firstnamesscore 3
26 Low Possible (surname,
firstnames) surname = surname AND firstnames = firstnames 4.2
AddressLinel <> " AND JW(addresslinel,
AddressLine2) >= @addresslinescore AND
JW(surnamel, Surname2) >= @surnamescore AND
JW(forenames1 , Forenames2) >= @forenamesscore
AND
57 Possible (~address, ~surname, | DATEDIFF(YY,@dateofbirth,DateOfBirth) BETWEEN -
~firstname, ~dob) 15 AND 15)
OR JW(surnamel, Surname2) >= @surnamescore
AND JW (DOB1, DOB2) >= @dateofbirthscore OR
JW(forenames1 , Forenames2) >= @forenamesscore
AND JW (DOB1, DOB2) >= @dateofbirthscore
5.5
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Possible (dob, firstnames,

date_of_birth=date_of birth AND JW

28 ~surname (excl sa_id check)) (surname)>=@surnamescore AND firstnames
- =firstnames (no SA ID check) 7.2
. date_of_birth = date_of_birth AND surname =
Possible (dob, surname, ) )
29 ~firstnames (excl sa_id check)) surname AND JW (firstnames) >= @firstnamescore
- (no SA ID check) 7.3
Firstname = firstname AND JW
Possible (firstnames, (surname)>=@surnamescore AND YOB=YOB AND
30 ~surname, ~dob, (incl sa_id (sa_id=sa_id if not null) AND
check)) (JW(DOB)>=@dateofbirthscore and ((MOB=MOB) or
(MOB=DOB and DOB=MOB)) 5.7
JW (surname) >= @surnamescore AND JW
(firstnames) >= @firstnamescore AND JW(DOB) >=
. o @dateofbirthscore) OR (DOB1 = DOB2 AND
Possible (sex,~surname,
31 e - DIFFERENCE (surnamel, Surname2) > 3) AND
firstnames, ~dob)
DIFFERENCE (Forenamesl, Forenames2) > 2 AND
(Genderl= Gender2 OR Postalcodel = PostalCode2)
5.4
Possible
32 (soundex(surname,firstnames), | Soundex (Surname) + Soundex (Firstname) +
dob) date_of_birth 41
Possible (surname surname = surname AND JW
: ’ . (firstnames)>=@firstnamescore AND
33 ~firstnames, ~dob (excl sa_id .
S (JW(DOB)>=@dateofbirthscore and (YOB=YOB AND
[(MOB=MOB) or (MOB=DOB and DOB=MOB)]) 5.8
Possible (surname, firsthames surname = surname AND firstnames =firstnames AND
34 ~dob, (exdl sa_id c,heck)) " | [JW (date_of_birth)>=@DOBscore OR (YOB=YOB AND
’ - [(MOB=MOB) or (MOB=DOB and DOB=MOB)])] 5.9
Probable (dob, firstnames, c!ate_of_blrth:date_of_blrth AND
. . firstnames=firstnames AND JW
35 surname, ~address, (incl sa_id . e
check)) (surname)>=@surnamescore AND (sa_id=sa_id if not
null) AND JW (address)>=@addressscore 7.5
Probable (firstnames, date_of_birth = date_of birth AND surname =
36 surname, dob (incl sa_id surname AND firstnames = firstnames AND
check)) (sa_id=sa_id if not null) 7.9
Praloslile falkdar, ~Artme s, fqlder_number = folder_number AND JW
37 TR (firstnames)>=@firstnamesscore and JW
(surname)>=@surnamescore 9.5
folder_number = folder_number AND JW
38 Probable (folder, ~fullname) (fullname,firstnames +
surname)>=@firstnames_score 9.7
39 Birelelse (felder, =avirae Tol|der_number': Ifolder_number AND fullname like
%'+ surname +'% 9.2
40 Probable (folder, dob) folder_number = folder_number AND
dateofbirth=dateofbirth 8.8
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folder_number = folder_number AND firstname =

41 Probable (folder, firstnames) firstname 8.5
42 Probable (folder, surname) folder_number = folder_number AND surname =
surname 8.7
Fullname = firstnames + surname AND
43 Probable (fullname, dob) date_of_birth=date_of_birth 7.4
44 Probable (multiline match, firstname, surname and dob match on different lines
firstname, surname, dob) with the same folder number 7.5
date_of_birth=date_of birth AND
Probable (surname, dob, .
45 ~firstnames, ~address (incl surname=surnames AND JW (_flrstna.mt.-:'s)
sa_id check)) >=@firstnamescore AND (sa_id=sa_id if not null) AND
- JW (address)>=@addressscore 7.5
surname=surname AND firstnames=firstnames AND
Probable (surname, (sa_id=sa_id if not null) AND
46 firstnames, ~address, ~dob JW(address)>=@addressscore AND
(incl sa_id check)) [JW(date_of birth)>=@DOBscore OR (YOB=YOB AND
[(MOB=MOB) or (MOB=DOB and DOB=MOB)])] 8.2
47 Probable (switch (surname, Firstname = surname and surname = firstname and
firstnames), dob) date_of_birth = date_of_birth 7.9
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Appendix 3: Closed population capture-recapture log-linear models for maternal deaths fitted

with STATA (2010 - 2013)

Model DoF G2 p-value | AIC BIC X N 95% CI

Mooo 3 30.0 <0.001 | 24.0 24.2 152 543 501, 597

M10o 4 24.3 <0.001 | 20.3 20.4 129 520 480, 572

Mozo 4 4.6 0.101 0.6 0.7 328 719 607, 885

Mooz 4 27.6 <0.001 | 23.6 23.8 134 525 483, 581
Key:

DoF: Number of degrees of freedom

G2: Deviance statistic

X: Estimate of the number of deaths not reported to any source
N: Estimate of the number of deaths

95% Cl: 95% confidence interval for N;

Sources: S1 — PHDC; Sz — DHA; S3— CEMD

Mooo: Independent model i.e., model with no interaction

Maoo: Model with one-way interaction i.e., $2+S3

Moz0: Model with one-way interaction i.e., S1*S3

Moos: Model with one-way interaction i.e., S1*S2
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Appendix 4: Closed population capture-recapture log-linear models for neonatal deaths fitted

with STATA (2010 - 2013)

Model DoF G? p-value | AIC BIC X N 95% Cl

Mooo 3 561.0 <0.001 555.0 555.2 838 9,819 9743, 9901

M1oo 4 69.0 <0.001 65.0 65.1 1,165 10,146 10045, 10254

Mo2o 4 485.3 <0.001 481.3 481.4 407 9,388 9304, 9485

Mooz 4 557.0 <0.001 553.0 553.2 857 9,838 9759, 9924
Key:

DoF: Number of degrees of freedom

G2: Deviance statistic

X: Estimate of the number of deaths not reported to any source
N: Estimate of the number of deaths

95% Cl: 95% confidence interval for N;

Sources: S1 — PHDC; S2 — PPIP; S3 — DHA.

Mooo: Independent model i.e., model with no interaction

Maoo: Model with one-way interaction i.e., $2+S3

Moz0: Model with one-way interaction i.e., S1*S3

Moos: Model with one-way interaction i.e., S1*S;
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