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CHAPTER 1

INTRODUCTION

1.1 Background

This study addresses important issues on infant and childhood mortality
in Zimbabwe. This country provides an interesting context within which
to study child health because of the substantial improvements in
indicators of living conditions for a decade after political independence
(attained April 18, 1980) and the reversal of socio-economic gains since
the early 1990s due to the worsening recession and political instability.
Broadly, this study is expected to contribute to the understanding of the
levels, trends, differentials and determinants of infant and child mortality
in Zimbabwe and other African countries as well. The study offers an in-
depth analysis of the 2005-06 ZDHS survey and should assist in the
understanding of the mortality situation among children in Zimbabwe.
The study provides appropriate conclusions and recommendations to
facilitate the formulation of maternal and child health policies and the

design of relevant child health programming in Zimbabwe.

Childhood mortality is one of the important indicators of a country’s
general medical and public health conditions, and consequently, the
country’s level of socioeconomic development. Its increase is therefore
not only undesirable but also indicative of a decline in general living
standards. Data indicate that some eleven million children under the age
of five years die annually in the world as a whole, of whom over ten
million are in the developing world." It is not surprising that infant and
child mortality measures are of key relevance in assessing progress in
overall national development as well as progress for children. It is for
this reason that this thesis focuses on the relative importance of
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maternal, socioeconomic and environmental factors on infant and child

mortality.

The International Conference on Primary Health Care held in Alma Ata
in 1978 was the first to consider how child mortality could be reduced
world-wide by systematic development of a primary health care system.
Since then, the United Nations has been actively involved in reducing
infant and under-five mortality in developing countries. To this end, the
Plan of Action adopted at the World Summit for Children, held in New
York in September 1990, incorporates specific targets for the reduction
of infant and under-five mortality. In order to monitor progress towards
the Plan of Action goals, the estimation of under-five mortality rates in

the developing world has become increasingly important.*

Reducing mortality and improving the health of young children has long
been a concern of the international community. One of the eight
Millennium Development Goals (MDGs) adopted after the Millennium
Summit in 2000 is to reduce child mortality (MDG4). Donors and
development agencies, the United Nations and national governments
around the world committed themselves to the goal of reducing the
under-five mortality rate by two-thirds between 1990 and 2015. Two of
the key indicators for monitoring progress towards this goal are the
under-five mortality rate and the infant mortality rate.? MDG4 is deemed
unachievable for Zimbabwe under the present circumstances where
under-5 mortality, poverty and HIV/AIDS remain high. Poverty, hunger,
and the HIV/AIDS situation must improve first before the MDG4 can be
achieved. 2

Country estimates of the level and trends in childhood mortality are
needed to help set priorities, shape policies, design programmes and

monitor progress towards the MDGs at the national level. These
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estimates are needed at the international level to inform funding
decisions for activities directed towards reducing child mortality. To be
useful for the latter purpose, the country estimates must be
internationally comparable. Yet developing accurate and timely

estimates of childhood mortality poses a considerable challenge.

There are limited data in many developing countries and a lack of
agreement on how best to generate estimates from what data are
available. Mortality of children under the age of five remains
unacceptably high in many developing countries. Under-five mortality
needs to remain the focus of public health policy to protect the gains in
child survival from new threats such as HIV and AIDS. A special edition
of the Bulletin of the World Health Organization stressed this point and

noted that 10.5 million children still die each year.?

Evidence has been found that under-five mortality has increased due
primarily to the increasing prevalence of AIDS in the population.*®
Numerous causes have been cited for the reversal or stagnation of child
survival. Adetunji concludes that not all of the stagnation in child
mortality levels can be directly attributed to the prevalence of HIV and
AIDS.° The resurgence of malaria and lower levels of vaccination
coverage and health care utilization have also contributed to the

reversal of child survival trends.®

Deteriorating health systems have resulted in fewer children being
vaccinated against childhood diseases, and thus increases or stagnation
in mortality levels have occurred. Recent data from two states in India
(Rajastan and Arunachal Pradesh) show stagnation of child mortality
coinciding with lower vaccination coverage between 1992 and 1998.%"#
Changes in socioeconomic conditions such as women’s level of

education and investment in the health sector have affected child
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survival. It is against this background that the relative importance of
maternal, socioeconomic, environmental contamination and personal
illness control determinants to infant and child mortality is the major

focus of this study.

An assessment of the determinants of childhood mortality focusing on
under-five mortality as a broad category would not capture the
differential impact of maternal and socioeconomic factors on mortality
among children. It is for this reason that this study focuses on infant and
child mortality as separate components of under-5 mortality. Previous
studies have further shown that maternal determinants are more
important during the infant age (0-11 months) than the child (12-59
months) age. In turn, socioeconomic and environmental factors are
more important during the childhood than the infancy phase. Hence, in
order to show the differential impact of endogenous (maternal) factors
and exogenous (socioeconomic and environmental factors) on under-5
mortality this study will analyse mortality within the following age

classifications:

Infant mortality (10o0): the probability of dying between birth and exact

age one year;

Child mortality (491): the probability of dying between exact ages one

and five years.

Studying the determinants of childhood mortality within these childhood
age segments is appropriate and meaningful in that it facilitates the
design of relevant public health interventions and programmes aimed at
improving child health and child survival in Zimbabwe. Research has
further shown that the HIV and AIDS epidemic threatens to reverse 30

years of childhood mortality reductions in sub-Saharan Africa.>®
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However; Africa also faces a number of other economic and social
problems, which may also be threatening child survival improvements.
In order to be able to determine appropriate health policy for under-five
children, it is necessary to have a better understanding of how important

these different factors are®.

Despite the broad approach towards child health, the decline in
childhood mortality in Africa has been slower since 1980 than in the
1960s and 1970s. Of the thirty countries with the world’s highest child
mortality rates, twenty-seven are in sub-Saharan Africa.'® The region’s
under-five mortality rate was 173 per 1,000 live births in 1998 compared
to the minimum goal of 70 per 1,000 internationally adopted in the 1990
World Summit for Children.*

It is not known why the infant and child mortality rates are staying higher
or even increasing in many sub-Saharan African countries despite
action plans and interventions made. Mortality rates among children
under the age of five remain strikingly high throughout the majority of
sub-Saharan Africa. While other areas of the world have experienced
declining rates of childhood mortality over the last 30 years, this area,

for the most part, still maintains relatively high rates.®

It has been recently noted that 18 of the 20 countries across the world
with the highest childhood mortality rates were in sub-Saharan Africa.™*
As the world enters into the 21st century, childhood mortality remains a
big issue for these developing countries, especially as researchers

attempt to distinguish what factors contribute to the high levels.
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1.2 Study Purpose

The overall purpose of this thesis is to establish the levels and trends of
under-five mortality and the differentials thereof and to determine the
relative importance of various maternal, socioeconomic, environmental
contamination and personal illness control determinants of infant and
child mortality in Zimbabwe. The study will focus on the relationships
between infant and child mortality and birth order and birth interval,
maternal age, type of birth, sex of child, birth size, antenatal visits, place
of delivery, province, rural-urban residence, maternal education,

paternal education, wealth status, piped water and flush toilet.

1.3 Population, Social Development and Political Economy of

Zimbabwe
1.3.1 Population
Population estimates vary widely owing to the impact of AIDS. The last
census in Zimbabwe in 2002 reported a population of 11.6 million
persons and an inter—censal population growth rate 1.1 percent.*? The
majority of Zimbabweans are Shona, a broad ethno-linguistic group who
are concentrated mainly in the north and eastern regions. They
outnumber the Ndebele who live mainly in the south and western
regions, by four to one. The total population of Zimbabwe in 2009 is an
estimated 12.5 million people.

1.3.2 Political Economy

For much of its existence as an independent nation, Zimbabwe has
been widely viewed as a “success story” in terms of its socioeconomic
development and political stability. In the 5 to 10 year period following
independence, economic growth was strong and operated to mitigate
the potentially harmful influence of very high fertility and rapid population
growth on living standards. After this period of growing prosperity, a

number of internal and external factors including political instability,
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sharp increases in government expenditures and an adverse movement
in terms of trade started to reverse the trend from one of improving to

one of declining living standards that continued at least into 2008.

Over the last 15 years, Zimbabwe has been going through socio-political
and economic challenges that have seen most of the human
development indicators decline. A politically and economically polarised
environment resulting from lack of consensus on policy issues, capacity
erosion in all sectors of the society and a diminished domestic resource
base for development activities are undermining social development in
Zimbabwe. Poverty has become a perennial problem in Zimbabwe
underlying the current food crisis, the HIV and AIDS epidemic and the

deteriorating social and economic conditions.*?

Poor households are characterised by high dependency ratios. While the
mean household size for the nation was estimated at around 4.6 in 1998, it
is currently 55 and 6.1 for the poor and very poor households,
respectively. This compares to a household size of 3.1 for the non-poor
households. And rural households are also more likely to be poorer than

urban households.'?*?

1.3.3 Social Setting

Accelerated social and economic development in Zimbabwe in the first
decade after independence was followed by accelerated declining social
and economic conditions, from the early 1990s to the present. There
were also a number of potentially adverse developments that coincided
with the upturn in mortality in Zimbabwe. After a decade of growth, per
capita income stagnated in the early 1990s. Impressive gains in levels of
education were not sustained. Improvements in public health measures,

particularly immunisation levels, also leveled out or were reversed. The
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late 1980s and early 1990s also saw the emergence of HIV and AIDS as

major public health factors in Zimbabwe. 3

Presently, Zimbabwe is completely cut off from international aid support
after defaulting on its loans. It no longer has a working relationship with
the International Monetary Fund or the World Bank, and most western
donors have frozen all aid. However, Zimbabwe has bilateral
relationships with a few countries, for example, China and Iran and the

countries in the SADC region.

The unemployment rate presently stands at 80 percent and inflation at
nearly 14 million percent, by far the highest in the world. Eight percent of
the people are living in poverty and Gross Domestic Product (GDP) is
projected to shrink annually by 10 to 15 percent. Real income dropped
by 75 percent in 10 years after 1995. Coupled with the current economic
melt-down in the country is the havoc caused by the HIV and AIDS
epidemic. The HIV and AIDS prevalence rate is presently estimated at
15.6 percent, one of the highest in sub-Saharan Africa and in the

world.*®

1.4 Rationale of Study

Data indicate that some eleven million children under the age of five die
annually in the world as a whole, of whom over ten million are in the
developing world. Nearly three quarters of the child deaths in the
developing world are caused by diseases for which practical, low cost
interventions exist. A large majority of these lives being lost could be
saved. Moreover, these deaths represent nearly 700 million years of
future potential life lost annually (assuming a life expectancy at birth in

the absence of under-five mortality of about 70 years).*®
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1.5 Objectives of the Study

The broad objective of the study is to establish levels and trends of
under-5 mortality and to determine the impact of maternal,
socioeconomic and environmental contamination variables on infant and

child mortality in Zimbabwe.

The specific objectives guiding this research are to:

1. Present and analyse levels and trends of under-5 mortality in
Zimbabwe,

2. Analyse selected demographic and socioeconomic under-5
mortality differentials in Zimbabwe and determine the trends in
under-5 mortality between 1950 and 2006.

3. ldentify the relative impact of maternal, socioeconomic,
environmental contamination (sanitation) and personal iliness
control determinants on infant and child mortality,

4. Estimate the effect of unmeasured and immeasurable factors on
the risk of infant and child death,

5. Provide recommendations for health policy formulation, planning
and action towards improving child survival prospects in

Zimbabwe.

1.6 Organisation of the Thesis

Chapter 1 provided Zimbabwe’s background pertaining to population,
social development and political economy. The chapter further provided
details on the rationale of the study and its objectives. Chapter 2
discusses the conceptual framework and review of previous studies on
levels, trends and determinants of childhood mortality. Chapter 3
presents the methodology of the study. The results of the study are

presented in Chapters 4 to 7 as follows:
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e Trends in various types of childhood mortality are presented in
Chapter 4.

e Results of bivariate relationships of the independent variables
with infant and child mortality are presented in Chapter 5.

e Results of multivariate relationships with infant and child mortality
(relationships after controlling for the impact of other variables)
are presented in Chapter 6.

e Results for the analysis of the determinants of infant and child
mortality controlling for frailty effects are presented in Chapter 7.

Finally, Chapter 8 presents the discussion of findings, conclusions and

recommendations emanating from the research.

The list of references is shown after Chapter 8. Appendix 1 shows the
2005-06 Zimbabwe Demographic and Health Survey woman’s
questionnaire. The letters of approval for the thesis project are shown in
Appendix 2. Appendix 3 shows proof of acceptance of an article drawn
from chapter 6 of this thesis for publication in Demographic Research
journal. The article is entitled “Determinants of infant and child mortality
in Zimbabwe: results of multivariate hazard analysis”. Finally, Appendix
4 shows the curriculum vitae of the author of the thesis and a summary

of the purpose and contents of the thesis project.
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CHAPTER 2

LITERATURE REVIEW AND THEORETICAL FRAMEWORK

2.1 Introduction

This chapter presents the review of literature and the theoretical
framework guiding this study. The review of literature has three parts.
The first part deals with results of research and observations on trends
in infant and child mortality in Africa and Zimbabwe, the second part
deals with determinants of under-5 mortality while the third part presents
the theoretical perspectives of frailty. The second part of the chapter
presents the Mosley and Chen framework, which is the theoretical
framework underpinning this study. This classical proximate

determinants framework is in this study extended to include HIV/AIDS.

2.2 Review of Literature

2.2.1 Trends in Under-5 Mortality including the role of HIV/AIDS

Mortality rates among children under the age of five remain strikingly
high throughout the majority of sub-Saharan Africa. While other areas of
the world have experienced declining rates of childhood mortality over
the last 30 years, this region, for the most part, still maintains relatively
high rates. As the world enters into the 21st century, childhood mortality
remains a big issue for these developing countries, especially as
researchers attempt to distinguish what factors contribute to the high

levels.t’

Hill, Bicego and Mahy examined trends and determinants of childhood
mortality in Kenya in the late 1980’s to mid 1990’s.® Their analysis

focused on merged data from the 1993 Demographic and Health Survey
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and 1998 Demographic Health Survey in Kenya. Multivariate analysis
was used to examine the factors associated with mortality risks in
childhood. The independent variables used in the proportional hazard
models included mother’s education, wealth status, residence, maternal

age, birth order, sex and preceding birth interval.

In addition, an indicator of the HIV epidemic, the prevalence of HIV in
the district of birth of the child, was applied. With no controls, the models
confirmed an increase in mortality of about 25 percent between 1984-
1986 and 1996-1998. Including socioeconomic and biodemographic
controls tended to strengthen the upward trend in mortality; in other
words, had there been no changes in these factors, child mortality would

have been expected to decline.

Introducing controls for health variables such as immunisation,
pregnancy and delivery care, prevalence of childhood diseases and
maternal and child malnutrition - also did not alter the underlying trends
substantially. Thus the authors concluded that rising child mortality could
not be explained by socioeconomic, biodemographic or health status
factors. The authors concluded that the HIV epidemic appeared to be
the most probable cause of the observed recent increase in child
mortality in Kenya. Of the health variables, the only one found to be

significantly protective was immunisation.®

Although accurate information on cause of death is lacking, the cause of
death structure of under-5 mortality in Zimbabwe is probably similar to
most countries in sub-Saharan Africa and dominated by pneumonia,
malaria, measles and diarrhoeal diseases. It is estimated that these
diseases have been responsible for some 60 percent of the disease

burden in the region around 1990.8
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Due to the inadequacies of the registration of deaths in Malawi, Baker*
uses indirect methods to estimate levels and trends in mortality. She
employs a widely used technique developed by Brass, which is based
upon retrospective reports of children ever born and children surviving.
This technique involves taking the proportion of the children dead to
those ever born to women categorized by age group. The proportions
are converted into probabilities by multiplying the proportion of children
dead among children ever born to women of a certain age group by an
adjustment factor based on comparisons of cumulative parities of
women of different age groups. The results indicate that owning a pit

latrine does not have a significant effect on child mortality.

This is contrary to her original hypothesis and she concludes that this
variable is not a good measure of environmental contamination and has
many limitations. Just because a household has sanitation facilities
(such as a pit latrine) does not mean that it will be used hygienically or
by all members of the household. To buttress this point, she notes that
in a study on child mortality in relation to water supply and nutritional
status in Malawi, it was found that the young children often did not use
the pit latrines, and consequently there was much faecal contamination

around the homes (ibid).

In their study of trends and differentials in child mortality in Zimbabwe
from 1970 to 1994, Marindo and Hill observed that after Independence
in the early 1980’s, child mortality in Zimbabwe fell rapidly.?*® They
further noted that the pace of child mortality decline in Zimbabwe since
1970 has not been uniform. The period 1970-1979 was associated with
a slower pace of mortality decline whereas the period 1980-1987
witnessed a faster pace of mortality decline. In this study the authors
also observed regional differences in under-5 mortality in Zimbabwe.

Their findings indicated that the Eastern region (Masvingo and
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Manicaland) had the highest under-5 mortality (100 deaths per 1,000
live births) followed by the Northern region which consisted of
Mashonaland East, Mashonaland West and Mashonaland Central (80
deaths per 1,000 live births) and the Southwestern region consisting of
Matabeleland North, Matabeleland South and Midlands (63 deaths per
1,000 live deaths). The Metropolitan region which combined the two
major cities of Harare and Bulawayo had the least mortality levels (39
deaths per 1,000 live births). The relatively low under-5 mortality
prevalent in the South-western region of Zimbabwe has been confirmed

by other surveys in Zimbabwe. %3142

The provincial variations in under-5 mortality in Zimbabwe have also
been noted by Bah in his study of recent trends in infant and child
mortality and possible explanations in Zimbabwe.?? Bah observed that
the lowest under-five mortality rates were in the Matabeleland North and
Matabeleland South provinces. He also observed that the period 1986-
1988 saw the reversal of the gains in mortality decline in Zimbabwe. Bah
argued that after the period 1986-1988 some provinces in Zimbabwe
experienced a slow-down in mortality decline while for some of the
provinces there were reversals in mortality decline. Bah states that “the
figures also show that 1986 to 1988 was the turning point after which the
decline became much slower and even reversed in some areas” (ibid)
(p. 37). Bah further added that the slowing down of mortality decline,
which happened after the period 1986-1988 in Zimbabwe is not an
uncommon event in developing countries (ibid). Citing Palloni®> Bah
stated that the reasons for the slow-down in mortality in Zimbabwe after
the period 1986-1988 could be due to constrained social and economic
development as well as poor health care infrastructure (ibid).

The study by Bah also used correlation analysis to determine whether

the factors affecting infant mortality were the same as those affecting
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child mortality. The high correlations of 0.9 pointed to the fact that the
factors affecting infant and child mortality rates were indeed probably
similar. Bah provides two sets of hypotheses as explanations for the
slow-down in mortality after the period 1986-1988. The first was that it
could have been possible that child mortality had been significantly
reduced due to immunization and therefore children were dying of other
diseases in the mid 1980s. The second hypothesis provided by Bah
was the epidemiologic polarization, that is, the possible widening of

socioeconomic differentials in Zimbabwe (ibid).

According to Bah epidemiologic polarization “... describes how different
population subgroups experience contrastingly different epidemiologic
profiles and these profiles diverge further instead of converging to a
common profile. The concept has been found to occur in Latin America
where there has been a long history of oppression and exploitation”
(ibid) (p 39). Bah further argued that while there was no available data
to support the case for epidemiologic polarization it could still have been
possible that epidemiologic polarization could have contributed to the
slow-down in child mortality in Zimbabwe after the period 1986-1988
(ibid).

The observation of the provincial variations that existed in child mortality

in Zimbabwe made by Bah?* and Marindo and Hill*

is supported by
Root** who also observed that Matabeleland North and South provinces
had lower levels of under-5 mortality when compared to Mashonaland

East, West and Central provinces in Zimbabwe.

Marindo and Hill*° also observed mortality differentials by residence in
Zimbabwe. This differential has been observed in other demographic
studies conducted in the country. Rural areas generally have higher

childhood mortality than urban areas.******2! Marindo and Hill observed
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that from the period 1983-1988 to the period 1990-1994 the rural-urban
mortality differentials narrowed largely due to the increase in childhood

mortality for urban mothers and the falling mortality for rural mothers.?

An interesting aspect noted by Marindo and Hill is the relatively higher
under-5 mortality experienced in the other urban areas compared to the
larger metropolitan areas such as Bulawayo and Harare.”® The authors
postulate that the acceleration in the increase in under-5 mortality in the
other urban areas apart from Harare and Bulawayo could be due to the
impact of HIV/AIDS (ibid). When persons fall ill they generally migrate
from the rural and major urban areas to the smaller towns. However,
Marindo and Hill also noted that it is difficult to draw a correlation
between under-5 mortality and HIV/AIDS particularly in situations where
the mortality estimates are computed from data on reports by the
mothers in the survey (ibid). In the first instance, these mothers are not
there to report these deaths in the survey because they would have
died. This phenomenon, which tends to depress under-5 mortality
estimates, forms part of the hypotheses that will further be explored in
chapters 4, 5 and 8 of this thesis (ibid).

The recent evidence from the Zimbabwe Demographic and Health
Survey of 2005-06 indicates a reversal of the increase in infant and
under-5 mortality that prevailed from 1988 to 1999%. It is difficult to
accept that there has been a decline in under-five mortality in
Zimbabwe. We expected an increase in under-five mortality due to the
direct and indirect impact of HIV and AIDS and the negative impact

caused by the economic and political downturn prevailing in the country.
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2.2.2 Determinants of Childhood Mortality
2.2.2.1. Introduction
This section contains three parts. The first part deals with studies that
focus on mortality as the outcome. The second part reviews studies that
focus on morbidity and the third part reviews studies that focus on health

practices as explanatory factors.

2.2.2.2 Mortality

Cleland and van Ginneken? using the results of multivariate analysis of
data from 16 countries presented by Hobcraft et al.”®> demonstrate that
shifts in the reproductive pattern (as measured by birth interval, birth
order and maternal age) cannot explain the education/ child mortality
relationship. However, Behrman?® using data that permits control for the
education of a woman'’s siblings, finds the education effect had nearly
disappeared. One interpretation of this finding is that the previously
reported effects of maternal education may simply be the effect of
unobserved familial abilities and motivation passed on to the daughter

by mother.?’

Zerai’® examined socioeconomic and demographic variables in a multi-
level framework to determine conditions influencing infant survival in
Zimbabwe. She employed Cox regression analysis to study the
socioeconomic determinants of infant mortality, based on data from the
Zimbabwe Demographic and Health Survey conducted in 1988. The
most unique finding was that women’s average educational levels in
their community exert a greater effect on infant survival than the
individual mother’s educational level. This result supports assertions that

child survival is strongly impacted by mass education.*

Root?® further examined population density and spatial differentials in

child mortality in Zimbabwe using data from the 1988 Zimbabwe
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Demographic and Health Survey and the 1992 census. Root focused his
study on the possible explanation of population density as an
explanatory factor for the provincial variations in under-5 mortality in
Zimbabwe. In his study, Root classified the eight rural provinces in
Zimbabwe into “Ndebele provinces” and “Shona provinces”. The former
comprised of Matabeleland South and Matabeleland North while the
later constituted Manicaland, Mashonaland Central, Mashonaland East,
Mashonaland West, Midlands and Masvingo provinces. The findings
from the study by Root®® confirmed the observations made by Bah®* and
Marindo and Hill®® that Matabeleland South and Matabeleland North
provinces experienced lower under-5 mortality than the other provinces
in Zimbabwe. Using the Cox regression method to control for the effects
of socioeconomic, demographic and environmental factors, Root
concluded that children aged between 1 to 4 years residing in “Ndebele
provinces” experienced 45 percent lower mortality than their

counterparts living in the “Shona provinces”.*

Furthermore, Root rejected the hypothesis that health care provision
and/or cultural factors were responsible for the provincial under-5
mortality differentials in Zimbabwe.?* Rather, he asserted that it was the
lower population densities prevailing in the “Ndebele provinces” as
compared to the “Shona provinces” that were responsible for the lower
under-5 mortality rates experienced in the “Ndebele provinces”. He
argued that “The hypothesis that low population densities in the Ndebele
provinces have contributed to their lower child mortality is plausible”
(ibid, p. 419).

Root recommended additional research to determine the specific routes
through which population density affects the disease - transmission
processes. He added that “... as population densities also vary within

provinces, it would be worthwhile examining the relationship between
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inter-provincial variation in child mortality and population density” (ibid,
p. 420).

Jhamba used data from the 1984 Zimbabwe Reproductive Survey
(ZRHS) and the 1988 Zimbabwe Demographic and Health Survey
(ZDHS) to study child mortality differentials in Zimbabwe.*® He used the
multiple linear regression method to explore the relationship between
the independent variables and childhood mortality. The variables studied
in that study included region of residence, place of residence, maternal
education, age at first marriage, ever-use of modern contraception and
use of health services for prenatal care. The findings from Jhamba'’s
study confirmed that higher maternal education levels lead to lower child
mortality, as do postponement of marriage.*® The findings also showed
that use of modern contraception led to a reduction in childhood
mortality of at least 20 percent. Living in urban areas was associated
with a reduction in child mortality of the same magnitude as use of
modern contraception. According to Jhamba “As levels of education
among women rise, this should lead to an increase in age at marriage,
greater use of modern contraception as well as increasing use of
modern health services” (ibid, p. 170). Consistent with other research

1?° and Root®*, the results

findings, for example, Bah?* Marindo and Hil
from Jhamba’s study showed that Manicaland, Mashonaland Central
and Mashonaland provinces exhibited higher child mortality levels than

Matabeleland South and North provinces in Zimbabwe (ibid).

Jhamba added that “Because the geographical differentials remained
significant after controlling for the other factors, the high mortality
provinces may also be disadvantaged in other socioeconomic indicators
not considered in this study, such as physical characteristics, transport
facilities, health infrastructure and other social developments” (ibid, p.

170). Jhamba also maintained that it was the individual characteristics
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of parents and their households that largely determined child survival
(ibid).

Woelk et al.*! used the preceding births technique developed by Brass
and Macrae*? to estimate child mortality rates in Zimbabwe. The study
by Woelk et al. involved interviews with 2,229 mothers attending four
antenatal care centres at two polyclinics in Harare, at a provincial
hospital in Marondera and at a district hospital in Mutoko. The results
from this study indicated that there were minor differences between
under-2 mortality and under-5 mortality. Woelk et al explained the lack
of a notable difference between under-2 mortality and under-5 mortality
to “some degree of urbanization being experienced at two of the
centres, and to a systematic selection bias of the method” (ibid, p. 63).
This study further confirmed that younger (below 20 years) and older
(above 40 years) maternal age increased the risk of child mortality
compared to maternal age in the age group 20-40 years. The authors
also observed that longer birth intervals, that is, of 3 years and above,

elevated child survival.

Bicego?’ applied a three-step procedure using proportional hazards
regression to estimate trends and determinants of childhood mortality in
Haiti. He used the data from the 1987 EMMUS in Haiti. Maternal
education and young age at birth were found to have marked effects on
neonatal survivorship but little effect thereafter. Indices that reflect
community-level access to child health services were shown to be

important, especially in childhood (4q1).

Manda® used data from the 1992 Demographic and Health Survey in
Malawi to study the relationship between infant and child mortality and
birth interval, maternal age at birth and birth order with and without

controlling for other relevant explanatory variables. He also investigated
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the direct and indirect (through its relationship with birth intervals) effects
of breastfeeding on childhood mortality. The study employed
proportional hazards models. The results show that substantial birth
interval and maternal age effects are largely limited to the infant period.
The influence of social and economic variables on the mortality risk and
on the relationship between biodemographic variables and mortality risk
iIs much enhanced with increasing age of the child. The study further
shows that consideration of breastfeeding status of the child does not
significantly alter interpretation of effects of preceding birth interval
length on mortality risk, but does partially diminish the succeeding birth

interval effect.

Abou-Ali** assesses socio-demographic and household environmental
impacts on child mortality in Egypt. He estimates a duration model for
the entire sample together with a three-part model. Neonatal mortality is
first modelled by using a discrete dependent variable model and the
mortality risk in the infant - up to his first birthday - and childhood —from
the first birthday to under 5 years stages is modelled using non-
parametric, semi-parametric and parametric duration models. In this
particular application, this three-part model predicts mortality better than
a duration model for the under five child mortality in general since it
uncovers some interesting differences between the impacts of
household environmental and socio-demographic determinants on the
neonatal, infant and subsequent mortality risk. Results show that access
to municipal water decreases the risk and sanitation is found to have a

more pronounced impact on mortality than water.

Jacoby and Wang*® examine the determinants of child mortality and
morbidity in rural and urban China using a competing risks approach.
The data source is the 1992 China National Survey for Children, which

resemble the Demographic and Health Surveys. The key findings
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include (1) higher maternal education levels reduce child mortality which
means that - controlling for other factors - a child living in a
neighbourhood with more educated mothers has about 50 percent lower
mortality risk; (2) access to safe water/ sanitation, and immunization
reduces diarrhoea incidence in rural areas, while access to modern
sanitation facilities (flush toilets) reduces diarrhoea prevalence in urban
areas; (3) significant linkages between Acute Respiratory Infections
(ARI) incidence and use of unclean cooking fuels (firewood and coal)

are found using the city level data constructed from the survey.

This study indicates that effective policy interventions for improving
health outcomes often lie both within and outside the health sector.
Cross-sectoral approaches can potentially produce large health benefits.
Based on the data, Jacoby and Wang® projected that mother’s
education plays a role in the survival rate for children aged below five
years of age. Results in urban areas found male children had higher
mortality rates than female children; a result Jacoby and Wang (ibid)
said is inconsistent with data from other countries. It was also found that

access to flush toilets significantly lowered mortality rates.

In a related study Wang®, using the data from the 2000 Ethiopia
Demographic and Health Survey examines the socioeconomic and
environmental determinants of child mortality. She ran three hazard
models, the Weibull, the Piece-wise Weibull and the Cox model to
examine the impact of location (rural-urban), female education
attainment, religion affiliation, income quintile, and access to basic
environmental services (water, sanitation and electricity) on neonatal,
infant and under-five mortality. The results show that children born in
rural areas face much higher mortality risk compared with those born in
urban areas. A strong statistical association is found between poor

environmental conditions and child mortality rates. Safe water, sanitation
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and electricity are mainly accessible to households living in urban areas

(accounting for less than 20 percent of the total population).

In Ridder and Tunali® the aim is to assess whether empirical evidence
supports the presence of family specific frailty components. Although
child mortality differentials with respect to water supply and sanitation in
many developing countries suggests that access to piped water and
toilet facility may improve survival chances of children, Ridder and
Tunali®’ could not find any evidence supporting this relation. Guilkey and
Riphahn® estimate a structural discrete time hazard model of the
determinants of infant and child mortality in the Philippines in order to
evaluate the effect of biological variables on mortality. They find that
controlling for biological mechanisms; birth order and parity no longer
have a direct effect on mortality. However, breastfeeding is found to be
one of the most important determinants of child survival. Trussell and
Hammerslough® provide a complete self-contained exposition of
estimating a life table with covariates through the use of hazard models
applied to child mortality in Sri Lanka. Their results show that the type of
toilet facility, mother's and father's education, urban/rural estate
residence, ethnicity, birth order, age of mother at birth and gender are

strongly related factors with child mortality.

2.2.2.3 Morbidity

Woldemicael*® examines the effect of socioeconomic factors that
determine childhood diarrhea in Eritrea. He uses data from the 1995
Eritrea Demographic and Health Survey. The method employed is
logistic regression. The results show that household economic status

and place of residence are significant predictors of diarrhea.

The study also discovers an important relationship between diarrhoeal

morbidity and age of child and number of children living in the house
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with particularly high prevalence of diarrhoea at the age of weaning and
in households with a large number of living children. However, the
effects of toilet facility and maternal education are not found to be

statistically significant when other factors are held constant.

A comparative study of urban areas of Ghana, Egypt, Brazil and
Thailand by Timaeus and Lush** clearly indicates that children’s health
is affected by the economic status of the household. According to these
authors, children from better-off households have lower diarrhoeal
morbidity and mortality in Egypt, Thailand, and Brazil. Such differentials
in diarrhoeal diseases by household economic status are probably due
to differences in childcare practices, for instance preparation of weaning

foods and personal hygiene.**

2.2.2.4 Health Care Seeking Practices

Lavy*? analyses the effects of quality and accessibility of health services
and other public infrastructure on the health of children in Ghana.
Incorporating some community characteristics the author constructed an
indicator of poor water quality and sanitation. Focusing on child survival,
height and weight, the results suggest an important role for public health
policy in eliminating the rural-urban disparities, particularly in improving

health status of rural children as well as reducing their mortality rates.

While the higher socioeconomic status of better-educated women
explains about half of the magnitude of the relationship between

maternal education and child survival®*

, the domestic health practice of
individual women is probably the new most salient mechanism in the
maternal education - child mortality relationship. The fact that mother's
education is a more important determinant of child survival than father's
education is probably due to greater maternal involvement in child-

health related care.*®
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Mother's education influences her choices and skills in health care
practices.**** According to Caldwell*® both educated and illiterate
mothers recognize when their child is sick but the educated mother
more frequently will take action "without waiting for (her) husband or
mother-in-law to notice the child's condition too." This is partly because
illiterate women do feel a lack of capability when dealing with the

modern world."

Caldwell found that the educated mother is "more likely to report back to
the health center if the treatment does not seem to be effecting a cure.
Educated women see the health process as experimental... (and do not
feel it is an attack on the health care practitioner to give this important
feedback).” (p.106)*

Joshi** has postulated that it is through the acquisition of skills and
identity that education impacts the health behaviour of women, but says,
"While these findings are interesting, they are still incomplete. More
studies, especially longitudinal ones, are needed before these findings

can be woven into a meaningful theory." **

2.2.3 Theoretical Perspectives of Frailty

This section presents theoretical perspectives around the concept of
frailty or unobserved heterogeneity. Results on the impact of maternal,
socioeconomic and environmental contamination variables on infant and

child mortality taking account of frailty are presented in Chapter 7.

According to Sastry, frailty, also referred to as unobserved
heterogeneity, represents an individual’s susceptibility to the risk of
death®. Sastry further argues that frailty includes those factors that
allow the risk to death of children belonging to one mother or in one

family or living in one community to be different from another mother or
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community. On the other hand, Omariba argues that the basis of frailty
is that children belonging to one mother or one family or one community
have certain shared characteristics that predispose them to common
risk®®. It is these shared characteristics that would make them different
from the other children. Omariba further states that frailty effects can
broadly be classified as genetic, behavioural and environmental factors
that occur at various levels that include the child, the family and the

community.*®

The presence of frailty indicates the amount of variation across families
and communities in the risk of dying due to unobserved factors and
suggests that deaths are likely to be clustered in certain families and
communities*®®. The term death clustering has also been used to
determine whether families or communities continue to differ after

known determinants of mortality have been accounted for.*>#¢47

Frailty, which arises from death clustering, encompasses factors that are
not included in the baseline hazard but that have a bearing on the
individual’s risk of death. In other words, the frailty effect represents the
unmeasured effects in the standard models frequently used.***® Hence,
the frailty effect in the models presented in Chapter 7 captures the
unobserved familial characteristics that include for instance, mother’s
attitude towards health care-seeking behaviour and forms part of the
unobserved factors at the family and community levels. Frailty models
also assume that the mortality risks of children are correlated.*>*
Therefore, the presence of frailty is an indication of the difference
between and among families and communities. Frailty therefore
indicates that deaths are likely to be clustered in families and

4546 On the basis of the aforementioned literature it is

communities.
therefore important to study to what extent children in Zimbabwe are

different from one family to another and from one community to another,
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having controlled for maternal, socioeconomic and environmental
factors considered in this study. The study of frailty is made possible by
the fact that the sampling design of the 2005-06 Zimbabwe
Demographic and Health Survey utilised a multi-stage design which
allows researchers to estimate the magnitude of the frailty effect at
household and community levels. This is because the sample in the
2005-06 Zimbabwe Demographic and Health Survey is stratified by
province, ward, enumeration area, cluster and household. In this study,
frailty will be studied at family level (using ‘MOTHERID’ as the grouping
variable) and community (using ‘CLUSTER’ as the grouping variable).
The estimates of the magnitude of the frailty effect at family and
community level based on data from the 2005-06 Zimbabwe
Demographic and Health Survey will be presented, analysed and

interpreted in Chapter 7.

2.2.4 Concluding Remarks

This section presented an overview of literature on maternal,
socioeconomic and environmental determinants of childhood mortality. It
also presented the theoretical concepts around the concept of frailty in
this section. The determinants of childhood mortality have been
extensively researched in most parts of the world as evidenced by
numerous published articles. However, little research has been
conducted in Zimbabwe in spite of the fact that it has one of the highest
infant and child mortality rates in the world.

2.3 Theoretical Framework

This section discusses the analytic framework guiding this study. An
analytic framework developed by Mosley and Chen in 1984 is applied in
this study to explaining the mechanisms through which various
determinants operate to affect infant and child mortality.*® The

framework categorises the determinants into two groups: indirect
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determinants (for example, education and availability of sanitation
facilities); and direct or proximate determinants (for example,
immunisation and child-feeding practices). Proximate determinants have
the closest or most direct effect on mortality. Indirect factors, on the
other hand, are the most "distant” from mortality, and they operate
through one or more proximate factors to affect mortality (see Figures
2.1 and 2.2). The Mosley and Chen framework was developed before
HIV/AIDS had reached pandemic stages. HIV/AIDS, in particular
among mothers, is, therefore, a maternal factor that should be added to
the Mosley and Chen framework. A covariate for HIV prevalence in the
Cox proportional hazard models will therefore be included in order to
determine the impact (direct and/ or indirect) of HIV/AIDS on infant and
child mortality. The methods used to compute the impact of the HIV

prevalence rates in this study will be explained in detail in Chapter 3.

Figure 2.1: Summarised Mosley and Chen Framework

Socioeconomic Proximate Morbidity/

A\ 4
A 4

Determinants Determinants Mortality

Source: Extracted from Mosley and Chen“®

The summarized conceptual framework (Figure 2.1) shows how
socioeconomic determinants operate through proximate determinants
that in turn influence the risk of diseases and the outcome of disease

process.*®

An extended version of this model is found in Figure 2.2.
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Figure 2.2: The Mosley and Chen (1984) Proximate Determinants
Framework
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Source: Mosley and Chen.*®

The theoretical framework of child health in Zimbabwe here begins with
some of the individual-level variables in the classical proximate
determinants framework.”®> Other crucial variables are added that
operate through the proximate determinants, such as maternal and
paternal education, wealth status and place of residence (see Figure
2.2). Proximate determinants operate through specific mechanisms to
determine child health outcomes. Socioeconomic variables operate
through the proximate determinants of child health.*® Although we
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acknowledge that community conditions also exert an impact on
socioeconomic conditions to influence proximate determinants of child

health indirectly, these will not be looked at in this study.

Presently, maternal fertility variables are typified by later marriage and
childbearing, lower parities, and longer birth intervals than in preceding
periods in Zimbabwe. Operating through the biological mechanism of
improved production of breast milk and through the social mechanism of
less competition with siblings for mother's attention and household
resources, children get better nutrition and better care, thus improving

their survival chances.*

In Zimbabwe, household contamination is still a big problem. Piped
water is provided to a minority of households. Only 36 percent of
households have water piped into the dwelling, yard or plot, while 5
percent of households use a public tap or standpipe.?* In rural areas,
boreholes are the main source of drinking water (38 percent), followed
by unprotected and protected dug wells (18 percent and 17 percent,
respectively).”* Most households (87 percent) do not treat their water. Of
the selected urban households in the 2005-06 ZDHS survey, 78 percent

do not treat their water, compared with 91 percent in rural areas.?*

Sanitation measures are still not adequate in Zimbabwe. Improvements
in hygienic sanitation facilities work through the mechanism of less
exposure of children to contamination to make them less susceptible to
disease and eventually lower mortality. Forty percent of households in
Zimbabwe have access to improved toilet facilities that are not shared
with other households, of which 19 percent flush to a piped sewer
system, 2 percent flush to a septic tank, and less than 1 percent flush to
a pit latrine. More than 4 in 10 households in rural areas have no toilet

facility.?*
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Nutrient availability has worsened in Zimbabwe due to deteriorating
economic conditions. Operating through the mechanism of decreased
susceptibility to illness, improved nutrient availability leads to
improvements in child health.>>>! The current socio-economic meltdown
in the country coupled with decreased agricultural production and
persistent droughts are constraining nutrient availability to infants and
children. Comparison of results from the 1988, 1994, 1999 and 2005-6
ZDHS surveys indicate that in Zimbabwe nutritional status of young

children has worsened. 13142

The prevalence of stunting has risen steadily from 21 percent in 1994 to
28 percent during 2001-2005. Wasting remained at a comparatively high
level (7 percent) throughout the period. The proportion underweight
decreased between 1994 and 1999 and then rose to 17 percent during
2001-2005. Malnutrition as measured by the three indices namely;
height-for-age, weight-for-height and weight-for-age also worsened
between 1994 and 2005-06 and is higher in rural areas than urban

areas.?

Personal disease control is typified by a sharp decline in immunisation
coverage and access to treatment. Comparison of the 2005-06 ZDHS
results with those of the earlier surveys shows that there has been a
decline in vaccination coverage in Zimbabwe, from 80 percent in 1994 to
75 percent in 1999 to the current rate of 53 percent. This is not
surprising given the worsening social and economic conditions in the
country since the late 1990s. Various studies have shown that timely

personal disease control is critical for improving child survival chances.

Mother's higher levels of education and increased professional and blue

collar employment of the household head lead to low child-health-risk
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fertility, timely immunization of children, adequate nutritional intake by
children, and household environments with lessened contaminants.
Children whose mothers have more than secondary education have
somewhat lower mortality than children whose mothers have less
education. These socioeconomic variables operate through the

proximate determinants to influence child health.*®

Amongst the numerous factors that have been found to be associated
with childhood mortality, maternal education has been shown to have
the greatest impact on children's survival chances. Education is highly
and negatively correlated with childhood mortality even when other

factors correlated with education have been controlled.?>°4°

Although there is general consensus about the importance of maternal
education, there is little agreement on the mechanisms through which
education operates to affect mortality. Nayar contends that educated
people are more aware of the location of health care facilities and are
more likely to utilize them.>? At home, they may take better care of their
children by providing more nutritious food and practicing hygienic habits
(for example, washing hands before handling food). Jain on the other
hand, contends that increased levels of education result in better
utilization of available health facilities.>®> A more economically oriented
argument by Schultz states that better educated mothers earn more in
the labour market and consequently their household incomes are
elevated, thus enabling them to purchase goods and services to

improve child health.>*

Women's educational attainment has improved significantly in
Zimbabwe. The proportion of women aged 15-49 years with secondary
education and above (that is, 10 or more years of schooling) increased
from 16 percent in 1980 to 31 and 40 percent in 1986 and 1992
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respectively and to 43 percent by 2002.'? Though education levels have
improved vastly at the national level, rural as compared to urban areas
still lag behind. Consequently, we expect areas with relatively high
educational attainment to have lower levels of childhood mortality.
Distinct childhood mortality differentials by place of residence (rural-
urban) and by province of residence have been observed in Zimbabwe.
Apart from the data from the technical reports from the Zimbabwe
Central Statistical Office’®!*?! these variations and their possible
explanations have also been observed by various authors, notable
among them are Bah??, Jnamba*°, Marindo and Hill*® and Root®°. Their
works will be discussed in detail in the literature review section of this

thesis.

In their study in Kenya, Anker and Knowles found that malarial
endemicity in different regions had a strong effect on childhood mortality

% Pplace of delivery is also an important determinant of

levels.
mortality, particularly neonatal mortality. Children delivered in modern
health facilities usually exhibit lower rates of mortality. However, in some
cases, mortality among children delivered in modern facilities is
observed to be higher because mothers use these facilities mostly when

they have pregnancy complications.*

The level of utilisation of modern health delivery services is quite high in
Zimbabwe. For example, 68 percent of the women delivered their
children in modern health facilities (that is, hospitals or health centers) in
2005-6.%* The remainder delivered in their homes or in the homes of
traditional birth attendants. The figure for 2005-06 (68 percent) is slightly
lower than that recorded in the 1999 ZDHS (72 percent) and the 1994
ZDHS (69 percent).?

Almost all women who had a live birth in the five years before the 2005-

06 ZDHS survey received antenatal care from health professionals (94
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percent). Only 5 percent of mothers did not receive any antenatal care.*

Due to differential levels of utilisation of delivery health facilities per
area, areas with higher levels of utilisation are expected to have lower
levels of childhood mortality.

When universal education is encouraged and high percentages of
women complete schooling, women have a more egalitarian role in
society that allows them to delay childbearing and encourages lower
parities that are conducive to improved child health.****  When men and
women exercise their right to choose their education and employment,
living standards rise as a result of increased household economic
resources. This produces living environments with reduced
contamination that promote child health. Development resources such
as piped water and adequate sanitation promote health because they
also reduce contamination. Finally, when child health is a high priority in
the public sector, as reflected in the building of hospitals and health
centers that include prenatal care, immunisation, and growth-monitoring

programs, children's survival chances improve.*

The principal hypotheses to be tested in this thesis are that infant and

childhood mortality are lowest in households and areas:

that have a high proportion of educated women;

e that have access to antenatal care;

e that are located in the urban areas;

e that have a high level of utilisation of modern delivery health
facilities, and

e that have low HIV rates among mothers.
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2.4: Concluding Remarks
This chapter discussed the literature review and the conceptual
framework. It was noted that the Mosley and Chen framework is a
relevant framework for this study. However since the Mosley and Chen
framework was developed before HIV/AIDS had reached epidemic
stages, HIV prevalence will have to be included in the Cox proportional
hazard models in order to study its impact on infant and child mortality.
The discussion on the literature review included evidence on the
interplay between various relevant demographic and socioeconomic
variables. It is clear from the review of the literature that the Cox
proportional hazards model was little used in the study of the
determinants of infant and child mortality in Zimbabwe. The rationale for
the study is to fill this gap in the literature, firstly, by describing in detail
the childhood mortality levels and trends in Zimbabwe; and secondly, by
employing survival analysis (Cox proportional hazard models) to
examine the determinants of infant and child mortality in Zimbabwe from
1996 to 2005.
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CHAPTER 3
DATA AND METHODS

3.1 Introduction

This chapter presents the methodological approach to the study. Also
provided is a model specification of the variables in the Mosley and
Chen framework that will be studied. This is followed by a discussion of
the statistical analytical techniques utilised in the study. We also
present an evaluation of the quality of data from the 2005-06 ZDHS
survey and an assessment of the assumption of the Cox proportional

hazards model. Finally, the chapter ends with some concluding remarks.

This study used individual-level variables whose relationship to infant

and child survival has been well established.*®*°

The relationship
between infant and child mortality and maternal, environmental
contamination and personal illness control variables is investigated.
Other variables from the classical proximate determinants model such
as nutrient availability and incidence of injury are not examined because
of the absence of sufficient information on the variables themselves from

the 2005-06 ZDHS survey data.

The study also incorporates socioeconomic variables. Socioeconomic
variables such as wealth status determine the availability of nutritional
resources, which is especially important because once infants reach the
age of 6 months; they can no longer depend on nourishment from breast
milk alone. Mother's education is important because it facilitates her
integration into a society impacted by traditional customs, colonialism,
and neo-colonialism. Education heightens her ability to make use of
government and private health care resources and it may increase the
autonomy necessary to advocate for her child in the household and the

outer world.?**3



i

BY universiteir van preToria

& Uil S bikie
3.2 Source of Data
The study used data collected from the 2005-06 ZDHS survey. The
2005-06 ZDHS survey collected data from a sample of 8,907 women
aged 15-49 years and 7,175 men aged 15-54 years.?! This ZDHS is the
fourth comprehensive survey conducted in Zimbabwe as part of the
Demographic and Health Surveys (DHS) programme. The DHS are a
rich source of data on developing countries in general, and Africa in
particular. These national probability surveys provide a wealth of
information on child health, the proximate determinants of fertility, fertility
preferences, and other social and economic characteristics unmatched

as a source of data from developing countries.

Retrospective data was collected in the four rounds of the DHS surveys
in Zimbabwe and provide complete birth histories, as well as more
detailed fertility, mortality and maternal and child health information on
the five years preceding the survey, that is 1984-88, 1990-94, 1995-99,
and 2001-05.13142150  However, data on mortality are also available for

5-9 years and 10-14 years before the date of the survey.

The empirical analysis in this study for the independent variables for the
next part is restricted to 10 years before the 2005-06 ZDHS survey, that
is, 1996-2005 so that the hazard ratios are based on a sufficient number

of cases in each category to ensure statistically reliable estimates.

3.3 Model Specification
Section 3 describes the specification of the dependent, independent and
outcome variables which were components of the Cox proportional

hazard model in this study.
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3.3.1 Dependent Variable

Childhood mortality is analysed in two age periods: mortality from birth
to the age of 12 months which will be referred to as infant mortality and
mortality from the age of 12 months to the age of 60 months which will
be referred to as child mortality. In both cases the dependent variable
is risk of death occurring in an age interval such as from birth to age
one, in a period, for example, a calendar year. This examination of two
dependent variables is necessary since it has been observed that the
effect of some determinants of childhood mortality (for example,
maternal age and sanitary conditions) differ in relative importance from

those in infancy.33°¢>7:%8:59

The children who died during infancy, that is, 0-11 months were included
in the Cox proportional hazard analysis. Children were censored when
they were alive at age 1 year old. Children aged 12 months and above
were excluded from the proportional hazard analysis for the study of

determinants of infant mortality.

In the case of child mortality, children who had died aged 12-59 months
were included in the analysis. Children were censored when they were
alive at age 5 years old. Children who had reached the age of 60
months and above (and were surviving at the time of the survey) were

excluded from the child mortality analysis.

3.3.2 Independent Variables
Based on the Mosley and Chen*® determinants of childhood morbidity

and mortality framework, the independent variables studied were:

e Maternal factors: (child’s birth order, preceding birth interval,
maternal age, child’s sex, type of birth and perceived weight of
child at birth),
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e Socioeconomic variables (maternal education, paternal
education, wealth index, province and area of residence),

e Environmental contamination: (toilet facility and source of
drinking water),

e Personal iliness control: (antenatal visits and place of delivery),
and

e HIV prevalence rate as at the year of birth of the child.

3.3.3 Outcome Variable
The outcome variable in the bivariate and multivariate proportional
hazards models presented in this study is the hazard ratio (relative risk)

of dying in a specific age range of childhood. The age ranges used are:

e Infant mortality (1qo): the probability of dying between birth and
the first birthday), and

e Child mortality (194): the probability of dying between the exact
age one and the fifth birthday.

3.4 Statistical Methods

Data from multiple demographic sources in Zimbabwe were used in the
analysis of the levels and trends of infant and child mortality. This
addresses the first and second objectives of the study. The third
objective is addressed through the construction and analysis of bivariate
and multivariate Cox proportional hazard models to estimate the relative
effect of maternal, socioeconomic, environmental contamination
(sanitation) and personal illness control variables on infant and child
mortality in Zimbabwe during 1996-2005.°>%*  The fourth objective is
addressed through the construction and analysis of frailty models in
order to allow for the estimation of the effect of unmeasured and
immeasurable factors on the risk of infant and child death. The final

objective is addressed through detailing major conclusions and
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appropriate recommendations to facilitate the design of child health
policies and programmes directed towards improving child survival in

Zimbabwe.

The Child Data file that was used in this study was constructed from the
Individual Woman’s Data file - Individual Recode (IR) from the 2005-06
ZDHS survey using the CASESTOVARS command in SPSS 16.0.%
The CASESTOVARS command restructures complex data that has
multiple rows for a case. This command can be used to restructure data
in which repeated measurements of a single case are recorded in
multiple rows (row groups) into a new data file in which each case

appears as separate variables (variable groups) in a single row.

The Individual Recode file contained all of the data collected from
women aged 15-49 years identified through the household roster in the
2005-06 ZDHS survey. A subset of the child data file was created for
live births and under-5 deaths during the 1996-2005 period. This was
the data file that was used to study the impact of maternal,
socioeconomic, environmental contamination and personal iliness

control variables on infant and child mortality.

The data were adjusted for sampling weights (v001) using the SPSS
16.0 weighting command, namely, WEIGHT and for clustering (vO05)

within the STATA estimation commands.®

Weighting the data is
important because if the data is not weighted then the derived estimates
are biased toward the over-sampled sub-populations. If the clusters are
not used the standard errors will tend to be too small, and some effects

will appear to be significant when they are not.

The Cox proportional hazard models were constructed by using the
COXREG command available in SPSS 16.0%. The frailty hazard models
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were constructed by using the STCOX and SHARED commands in
STATA 10.0%%. Separate hazard models were developed for infant
mortality and child mortality. The significance tests in the hazard models
were performed at three levels, that is, “p<0.05”, “p<0.01” and

“p<0.001".

Cox regression, which stems from the work of Cox® and which
implements the proportional hazards model or duration model, was
designed for analysis of time until an event or time between events.
Cox regression was used for analysis of the determinants of infant and
child mortality in this study because it can handle censored cases.
Multiple and logistic regression cannot handle censored cases.
Censored cases are cases for which the event, in this analysis — child

death, has not yet occurred.

The central statistical output from Cox regression is the hazard or risk
ratio. The "hazard" is the event of interest occurring. In this analysis, the
hazard is infant or child death. A hazard ratio, also called the hazard
function, is the estimate of the ratio of the hazard rate in one group to
the hazard rate in another group for a coded covariate.®* For a
continuous covariate, the hazard ratio is the ratio of the hazard rate
given a one unit increase in the covariate to the hazard rate without
such an increase. The hazard ratio may be partitioned into the baseline
hazard ratio (depending on time alone) and the covariate hazard ratio
(depending on the covariate(s), controlling for time). The difference
between the baseline model and the model with covariates shows the

effect of the covariates in the model.®*
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The proportional hazards model assumes that for an individual with a
vector of covariates in X, the hazard rate (death rate) at time t is given
by:

hi(ti; %) = ho(t)exp(B'x)

where hi(t;; ;) is the underlying hazard function at time t for x=0 (that is,
all covariates at their appropriate reference levels) and B' is a vector of

unknown coefficients of covariate effects.

The total number of live births during the 1996-2005 period was 9,491.
The number of under-5 deaths during the same period was 603. Of
these deaths, 465 occurred during infancy (0-11 months) and 138 during
the childhood age (12-59 months). The number of under-5 children born
5 years before the 2005-06 ZDHS survey, that is during 2001-2005 was
5,474.

We have decided to retain type of birth as an important independent
variable in this study taking into account that we are referring to
extremely small numbers. Only 2.9 percent of the children born during
the period 1996-2005 were multiple births. It is further assumed that
half the twins born are concordant by sex (have the same sex) and half

are discordant.

Figure 3.1 shows the survival plot for under-5 children in Zimbabwe
during 1996-2005 plotted using data from the Child Data file constructed
from the Individual Recode file. The data in Figure 3.1 shows that the
majority of under-5 deaths occurred during the infancy stage. It is
therefore important to study the risk profile of infants (0-11), separately
from births in the childhood age (12-59), in order to determine the
various factors that predispose them to mortality risk. Research has
shown that endogenous (maternal) factors are more important during

infancy than during the childhood stage. In turn, exogenous
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(socioeconomic and environmental) factors are more predominant
during childhood than during infancy.*® For this reason, in this study the

analysis of mortality is divided into infant and child ages.

3.5 HIV prevalence estimates

The classical demographic framework developed by Mosley and Chen*®
did not provide for HIV/AIDS since by the time it was developed
HIV/AIDS had not reached pandemic stages. In this thesis provision is
therefore made for the inclusion of HIV prevalence in the multivariate
modeling as was done by Hill, Bicego and Mahy® in their study in Kenya.
In that study, Hill, Bicego and May used district level HIV
seroprevalance data collected from antenatal sentinel surveillance sites
in Kenya. HIV testing was done as part of the survey in the 2005-06
ZDHS survey, for the first time in Zimbabwe. Since HIV estimates
between the period 1996-2005 by province of residence were not readily
available from the Ministry of Health in Harare, similar estimates
disaggregated by rural and urban area and for the period 1996-2005
had to be obtained for use in this study. A variable (HIVprevRU) was
created in the child data file and assigned to each child in the dataset,
separately for rural and urban areas, and an HIV prevalence rate as at
the year of birth of the child. This variable was then incorporated in the
Cox proportional multivariate analysis, separately for infant and child
mortality. It was expected that the inclusion of HIV prevalence in the
multivariate analysis should give an indication of the direct and/ or

indirect impact of HIV/AIDS on infant and child mortality in Zimbabwe.

3.6 Direct and Indirect Demographic Techniques

In this thesis both direct and indirect estimates of childhood mortality
were utilized to study mortality levels and trends. Direct estimates can
be unreliable if the census or survey data are characterised by errors

such as under- or over-enumeration and poor age-reporting on the part
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of the population canvassed. The development of indirect methods of
demographic estimation was meant precisely to improve the accuracy

and quality of demographic estimates.®®

Indirect techniques are methods of demographic estimation that allow
reasonable accuracy in the measurement of demographic parameters.
Such techniques produce estimates of a certain parameter on the basis
of information that is only indirectly related to the outcome. The most
common indirect approach is the Brass child survival method, which
uses data on the average number of children ever born and the number
of surviving children of women in each five-year age group, along with a

simple mathematical model linking the two.®®

In the context of developing countries where the vital registration
systems are often deficient and incomplete, indirect estimates offer
more plausible estimates of demographic parameters than direct
estimates. Moreover, even censuses and surveys are also far from
yielding perfect demographic data. Differential coverage of the
population is very often present in censuses and surveys.®® It is
therefore in order to assess the comparability of direct and indirect

estimates of infant and under-five mortality in Zimbabwe.

The aggregate number of children ever-born (CEB) and the number of
children dying (CD) to all women aged 15-49 years classified by 5-year
age groups were used to calculate the proportion of children dead (PD)
and the average parities (AP) from the 1988, 1994, 1999 and 2005-06
ZDHS surveys. These data are the input for computing the indirect
infant and under-5 mortality estimates. Estimates of infant and under-5
mortality were computed in MORTPAK using the Coale-Demeny North
Model Life Table system and Trussell Equations.®® The indirect methods
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exploit the relationship between the proportion of CEB dying before the

survey date and past levels of childhood mortality.®

3.7 Multiple-spline Regression

In this thesis, weighted least squares was used to fit a multiple-spline
regression line to the data points from direct and indirect estimates and
to extrapolate the estimated trend to cover the period from 1960 to 2005
in  Zimbabwe. The multiple-spline statistical method is a recent
technique in mortality estimation that was developed by the Inter-agency
Group for Child Mortality Estimation? in an attempt to harmonise under-5
mortality estimates. This technique has been widely applied by United
Children’s Fund, the World Health Organisation and the United Nations
Population Division in the estimation of infant and under-5 mortality

rates in many countries in the World, including Zimbabwe.

The major strength of this technique is that it accommodates multiple
data points in the estimation of the true levels depicted by the regression
line.? In this thesis, the regression lines for infant mortality and under-5
mortality were fitted independently. Standard weights developed by the
Inter-agency Group for Child Mortality Estimation were assigned to all
the data sources. The LOWESS command in STATA was used to fit the
weighted least squares regression lines to infant and under-5 mortality

estimates, separately.®®

3.8 Quality of the Data Used in the Mortality Measurement

3.8.1 Introduction

This section assesses the quality of the available data from the 2005-06
ZDHS survey used in the mortality measurement in this study.
Retrospective data such as that from the ZDHS surveys are subject to a

number of potential problems such as omission of dead children and
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age misreporting. It is not possible to determine directly whether the
data are free from errors, but several tests are carried out to examine

whether the data lead to plausible estimates.

The major concerns in this study are under-reporting of live born
children, particularly those who died, and the accuracy of reporting on
the dates of birth and age at death of the children. The accuracy of the
data is particularly important in the interpretation of the direct and
indirect estimates of childhood mortality analysed in Chapter 4 and the
determinants of infant and child mortality analysed in Chapters 5, 6 and
7. In order to evaluate the quality of the data in the 2005-06 ZDHS

survey, the following aspects were examined:

e Completeness of age at death reporting in the 2005-06 ZDHS
survey,

e The age distribution of the samples of women in the four
rounds of the ZDHS surveys conducted in 1988, 1994, 1999
and 2005-06,

e Age-specific average parities of the samples of women in the
four rounds of the ZDHS surveys,

e Under-reporting of live births.

3.8.2 Completeness of Age at Death Reporting

Table 3.1 shows data on age reporting for under-5 children who died
during 1996-2005. Close to 99 percent of the under-5 deaths had
complete age at death information reported in the ZDHS2005-06 survey.

There were only 8 under-5 deaths (1.4%) during the 1996-2005 period
that had missing information on age at death. Imputation of the month

of death was used in these particular cases.
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3.8.3 Age Distribution of Women in the Reproductive Age group
Figure 3.2 shows the percent distribution of women aged 15-49 years in
the four rounds of the ZDHS surveys conducted in Zimbabwe. The
proportions of women interviewed in the four surveys are fairly
consistent across the seven reproductive age groups, with the highest
proportion in the 15-19 year-age group and the lowest proportion in the
45-49 year-age group. This supports the view that there was no

systematic omission of women from the four surveys.

3.8.4 Age-specific Average Parities

Figure 3.3 shows data on age-specific average parities of women in the
four samples of the ZDHS surveys. The parity data is of good quality; is
in the expected direction; and suggests declining fertility trends in
Zimbabwe from 1988 to 2005. On average, women in their early
twenties gave birth to about one child, women in their early thirties have
had three children, and women currently at the end of their childbearing

years have had more than five children.

3.8.5 Under-reporting of Live Births

We use the Brass P/F ratio method to test for under-reporting of live
births in the 2005-06 ZDHS survey.®® The Brass P/F ratio method is an
indirect technique that adjusts the level of observed age-specific fertility
rates, which are assumed to represent the true age pattern of fertility, to
agree with the level of fertility indicated by the average parities of
women in age groups lower than age 30 or 35, which are assumed to be
accurate. We computed the fertility estimates from the Brass P/F ratio
method using the MORTPAK-LITE programme. The results on the
fertility estimates computed using the Brass P/F ratio method indicate
that there is no evidence that older women seriously under-reported
their live births as is often expected. The adjusted Total Fertility Rate
(TFR) of 3.81 children per woman and unadjusted TFR of 3.80 children
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per woman are similar. This suggests that the fertility data in the 2005-
06 ZDHS survey is of good quality. The similarities in the P/F ratios
(adjustment factors) further suggest that the 2005-06 ZDHS survey had

least distortions in age misreporting.

3.9 Test of the Cox Proportional Hazards Assumption

It is important to test the assumption of the proportional hazards model
before any modeling will take place. The Cox proportional hazards
model can only be applied when certain assumptions are met. The
most important of these is the proportionality requirement. We
assessed whether or not the requirement was met. In this regard we
used a combination of statistical tests and graphical methods described
below to test the assumptions of the proportional hazards model.
Though the Cox model is non-parametric to the extent that no
assumptions are made about the form of the baseline hazard, there are
still a number of important issues which need be assessed before the
model results can be safely applied. It is for this reason that in this
section we present and discuss the tests of the Cox proportional

hazards assumption that we conducted and the results thereof.

A key assumption in the Cox model is that of proportional hazards, that
is, the ratio will remain constant over time. In a regression type setting
this means that the survival curves for two strata (determined by the
particular choices of values for the independent variables) must have
hazard functions that are proportional over time (that is, constant relative
hazard). The proportional hazards assumption is met when the curves

il
IG

are parallel”>”. We now discuss the statistical procedures and the results

from the tests we conducted.

First, we used the STPHTEST command in STATA to test the
proportionality of hazards in the Child Data file that we used for the

analysis of determinants of infant and child mortality. The results of this
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statistical test are presented in Table 3.2. We found that the output from
STPHTEST is non-significant (p=0.267), indicating an absence of

evidence to contradict the proportionality assumption.

Second, we used the SURVIVAL command in SPSS 16.0 to construct
Kaplan - Meier survival curves to evaluate the assumption of
proportionality of hazards graphically. We arbitrarily selected one
variable from each of the three categories of the Mosley and Chen*®
theoretical framework that are used to analyse the determinants of infant
and child mortality. The three variables that we selected were sex of
child, residence and presence of flush toilet. We expect that an
evaluation of these three variables provide a fair assessment of the

proportionality assumption.

The Kaplan - Meier survival plots for sex of child, residence and flush
toilet are presented in Figures 3.4 to 3.6. First, Figure 3.4 shows that
the survival curves from birth to age 5 for female and male children are
fairly proportional over time indicating constant relative hazards.
Second, Figure 3.5 illustrates the Kaplan - Meier survival plot from birth
to age 5 by area of residence. Figure 3.5 shows that the survival curves
for urban and rural areas depict constant relative hazards. Finally,
Figure 3.6 shows the Kaplan - Meier survival plot until age 5 for children
born to mothers in households with or without access to a flush toilet.
The survival curves for the two strata for flush toilet (yes/ no) indicate

proportionality of hazards.

The proportional hazards assumption is not violated when the curves
are parallel. On the basis of the global test of proportionality of hazards
and the Kaplan - Meier survival plots that we constructed and discussed
in this section, we conclude that the Cox proportional hazard model can

safely be applied to the Child Data file that we extracted from the 2005-
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06 ZDHS survey to study the determinants of infant and child mortality
during 1996-2005 in Zimbabwe.

3.10 Concluding Remarks

Chapter 3 presented the methodological approach employed in this
study, statistical and analytical methods used and an evaluation of the
quality of data from the 2005-06 ZDHS survey. None of the tests
conducted to determine the quality of data is conclusive on its own.
However, based on indicators discussed in this section, and in the
absence of any systematic errors in the data, the quality of the mortality
data in the 2005-06 ZDHS survey is satisfactory. The Cox proportional
hazards model can only be applied when certain assumptions are met.
The most important of these is the proportionality requirement. We
assessed whether or not this requirement was met. Two tests were
conducted; the global test of the proportionality of hazards and the
Kaplan - Meier survival plots for testing whether the hazard functions are
proportional over time. Both these tests indicated the absence of
evidence to contradict the proportionality assumption. It is therefore
plausible in this study to apply the Cox proportional hazard method to
study the determinants of infant and child mortality during 1996-2005 in

Zimbabwe.

We now turn to Chapter 4 which presents a detailed study of the levels
and trends of infant and child mortality in Zimbabwe and offers an
opportunity to further evaluate the quality of the mortality data in the
2005-06 ZDHS survey.



.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Figure 3.1: Kaplan - Meier Survival Curve for Under-5 Children Born
during 1996-2005 (2005-06 ZDHS survey), Zimbabwe
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Table 3.1: Completeness of Age at Death Information for Under-5
Children born during the 1996-2005 Period, 2005-06

ZDHS survey, Zimbabwe

Indicator Frequency Percent
Month and year 595 98.6

Year and age - month

. 8 14
imputed

Total 603 100.0

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc21



Figure 3.2: Percentage Distribution of Women by Age (15-49)
Interviewed during each of the 4 ZDHS surveys,

Zimbabwe
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Figure 3.3:  Number of Children Ever Born by Age of the Mother,

1988 ZDHS, 1994 ZDHS, 1999 ZDHS and 2005-06 ZDHS
survey, Zimbabwe
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Table 3.2:  Test of the Proportionality of the Hazard Assumption,
2005-06 ZDHS, Zimbabwe

Chi-square Degrees of Probability of
freedom the Chi-square
Global Proportionality 2.64 2 0.267
Test
*p<0.05

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc 21




Figure 3.4:
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Kaplan - Meier Survival Curves Classified by Sex of
Child for Under-5 Children Born during 1996-2005
(2005-06 ZDHS), Zimbabwe
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Figure 3.5: Kaplan - Meier Survival Curves Classified by
Residence for Under-5 Children born during
1996-2005 (2005-06 ZDHS), Zimbabwe

0,987

0.967]

Residence
e *rban =L IR ural

.94

0.924

.90

FEEEREEE N
Eym NN N,
"mamEnm

Cumulative Survival

0.887

.84

L
0.867 -

T T T T T T T 1 T T T
0 5] 12 18 24 30 368 42 48 54 860

Duration of survival since birth (months)

Zimbabwe Central Statistical Office/ Macro International Inc 21

Source: Author’s calculations



_6_
&
" UNIVERSITEIT VAN PRETORIA
‘ UNIVERSITY OF PRETORIA
4

YUNIBESITHI YA PRETORIA

Figure 3.6: Kaplan - Meier Survival Curves Classified by the
Presence of Flush Toilet for Under-5s born during
1996-2005 (2005-06 ZDHS), Zimbabwe

0.967

0.96-
Flush toilet

= "Yesg =10
0.947

0.927

0.90

Cumulative Survival

0887

0.847

T T T T T T T T T T
0 & 12 18 24 30 326 42 48 54 60
Duration of survival since birth (months)

Zimbabwe Central Statistical Office/ Macro International Inc 21

Source: Author’s calculations



i

W UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Qo

YUNIBESITHI YA PRETORIA

CHAPTER 4

LEVELS AND TRENDS IN INFANT AND CHILD
MORTALITY IN ZIMBABWE

4.1 Introduction

This chapter describes trends in infant and child mortality in Zimbabwe
using direct and indirect demographic estimates. The study of levels
and trends of early childhood mortality is fundamental to the bivariate
and multivariate analysis of maternal, socioeconomic and environmental
determinants of infant and child mortality conducted in Chapters 5, 6
and 7.

4.2 Analysis and Interpretation of Mortality Levels and Trends
using Direct Estimates

Section 4.2 presents data on levels and trends of neonatal,
postneonatal, infant, child and under-5 mortality rates in Zimbabwe. The
estimates presented in this section are based on direct estimates from
the Zimbabwe Demographic and Health Surveys conducted in 1988,
1994, 1999 and 2005-06. Indirect estimates of infant and under-5
mortality are provided in section 4.3. This section also presents a
comparison of estimates obtained using these two approaches in order

to derive a plausible trend of childhood mortality in Zimbabwe.

4.2.1 Neonatal and Postneonatal Mortality Levels and Trends

Figure 4.1 presents neonatal mortality (< 1 month) and postneonatal
mortality (1-11 months) rates for the period 1990-1994, 1995 -1999 and
2001-2005. The neonatal and postneonatal mortality rates for the 1980-
1984 period are not presented because the 1988 ZDHS survey report
did not show these rates. The data show that survival at all ages below
12 months had not improved from the period 1990-1994 to the period
1995-1999. However, survival improved from the period 1995-1999 to
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the period 2001-2005. Most of this improvement was due to the decline
in neonatal mortality from 29 deaths per 1,000 live births for the 1995-
1999 period to 24 deaths per 1,000 live births during the 2001-2005

period.

4.2.2 Infant, Child and Under-5 Mortality Levels and Trends

Figure 4.2 presents infant mortality (0-11 months), child mortality (1-59
months) and under-5 mortality (0-59 months) rates for the period 1984-
1988, 1990-1994, 1995-1999 and 2001-2005. The pattern obtained is
similar to that observed for neonatal and postneonatal mortality.
Survival at all ages below five declined from the period 1984-1988 (77
deaths per 1,000 live births) to the period 1995-1999 (102 deaths per
1,000 live births). A comparison of the under-5 mortality rate for the
1995-1999 period with the rate for the 2001-2005 period indicates that
mortality declined from the level of 102 deaths per 1,000 live births
during the 1995-1999 period to 82 deaths during the 2001-2005 period.
Most of the difference in under-5 mortality between the two recent ZDHS
surveys appears to be the result of a decline in child mortality because
the infant mortality rate during the 2001-2005 period was 60 deaths per
1,000 live births, only slightly lower than the rate observed in the 1995-
1999 period (65 deaths per 1,000 births). These mortality trends are
largely unexpected. Especially unexpected is the decline in 2001-2005
compared to 1995-1999. There could be several reasons for this. First,
it is possible that more women took antiretroviral drugs (ARVs) while
pregnant, thereby increasing the survival chances of their children.
Second, it is also possible that many women aged 15-49 years who
were HIV positive died, thereby reducing the pool of women who were
giving birth to HIV positive children who would then eventually die.

More evidence will now be provided throwing light on the plausibility of
the infant and child mortality rates obtained in the 2005-06 ZDHS
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survey. Data on the health status of children between 1994 and 2005 in
Zimbabwe are shown in Table 4.1. Data on measures such as
anthropometry, low birth-weight and immunisation coverage suggest
that child health deteriorated in Zimbabwe during this period. The
coverage for all vaccines among children aged 12-23 months dropped
from 80 percent to 53 percent from 1994 to 2005-06. The percentage of
children aged 12 to 23 months who had not received any vaccinations
was more than five times higher in 2005-06 than in 1994 (4 percent and
21 percent, respectively). The nutritional status of under-five children in
Zimbabwe also declined between 1994 and 2005-06. The prevalence of
stunting (low height-for-age) rose from 21 percent in 1994 to 29 percent
at the time of the 2005-06 ZDHS. The proportion under-weight (low
weight-for-age) decreased somewhat between 1994 and 1999 and then
rose to a level of 17 percent at the time of the 2005-06 ZDHS.***2! |t is
therefore difficult to accept that childhood mortality declined between
2001 and 2005 as indicated by the 2005-06 ZDHS survey.

4.2.3 Comparison of Infant and Under-5 Mortality Rates for Periods
0-4 and 5-9 years Preceding four ZDHS Surveys

Table 4.2 shows infant and under-5 mortality estimates from the four
rounds of the ZDHS and the reference periods to which the mortality
estimates refer. Mortality estimates for the 5-9 year-period preceding
the 2005-06 ZDHS survey should be roughly similar to those for the 0-4
year-period preceding the 1999 ZDHS survey. With the exception of the
2005-06 ZDHS survey, mortality estimates from the other three rounds
of the surveys are fairly close. Comparison of the 1988 with the 1994
survey shows, for instance very similar rates in the comparable periods.
The under-5 mortality rate 5 years before the survey in the 1994 ZDHS
is similar to the under-5 mortality rate 0-4 years before the survey in
1988 (75 per 1,000 births in both surveys). However, the infant and
under-5 mortality rates for the 5-9 year period from the 2005-06 ZDHS
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survey were 37 and 54 deaths per 1,000 live births, respectively, while
the corresponding estimates for the 0-4 year period preceding the 1999
ZDHS survey were 65 and 102 deaths, respectively. The lack of
similarity of these estimates is evidence that infant and under-5 mortality

are underreported in the 2005-06 ZDHS survey.

4.2.4 Mortality Differentials by Sex of Child

This section presents differentials of childhood mortality by sex of child.
The mortality estimates are calculated for the 10-year period before the
survey. This is done so that the rates are based on as large number of

cases as possible.

4.2.4.1 Neonatal and Postneonatal Mortality Differentials by Sex

Figure 4.3 and 4.4 show differentials in neonatal and postneonatal
mortality by sex for the following 10-year calendar periods: 1985-1994,
1990-1999 and 1996-2005. The 1988 ZDHS survey report did not
provide the neonatal and postnenonatal mortality rates hence they are
not presented in Figures 4.3 and 4.4. Survival prospects for female
neonates and postneonates are better than their male counterparts
during the three 10-year calendar periods. During the period 1990-1999
to 1996-2005 neonatal mortality declined by a fifth for both sexes from
28 to 23 deaths per 1,000 live births (males) and 24 to 19 deaths per
1,000 live births (females). Postneonatal mortality also declined for both
sexes during 1990-1999 to 1996-2005 period from 35 to 28 deaths per
1,000 live births (male) and 32 to 29 deaths per 1,000 live births
(female).

4.2.4.2 Neonatal to Postneonatal Mortality Ratios
Figure 4.5 shows data on trends in the ratio of neonatal to postneonatal
mortality by sex of the child during the period 1985-1994 to 1996-2005.

These estimates show further evidence regarding the possible omission
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of deaths among children in the 2005-06 ZDHS survey. These ratios
should be substantially similar (for female and male children) across all
the 4 surveys in the absence of any omission of deaths. With the
exception of the 1985-1994 period, the ratios for male children (0.94,
0.81, 0.82) are quite similar during the latter two calendar periods, that
is, 1990-1999 and 1996-2005. Contrary to this pattern the ratios for
female children (0.94, 0.75 and 0.66) are quite different across all the 3
surveys. This suggests possible omission of female deaths in the last 2

rounds of the ZDHS surveys.

4.2.4.3 Infant Mortality Differentials by Sex

Figure 4.6 shows infant mortality differentials by sex of child. In the
period 1979-1988 the infant mortality rate for males and females was 65
and 50 deaths per 1,000 live births, respectively. The rates for infant
mortality for males and females for the period 1985-1994 are 57 and 46
deaths per 1,000 live births, respectively, and those for the period 1990-
1999 are 63 and 56 deaths per 1,000 live births, respectively. In the
period 1996-2005 the infant mortality rate for males and females was 51
and 48 deaths per 1,000 live births, respectively. The period 1990-
1999 to 1996-2005 witnessed a decline of infant mortality rates by 20
percent for males and 15 percent for females. After having decreased in
the 1980s by close to 10 percent for both sexes, infant mortality rates
increased by 10 percent for males and by 23 percent for females in the
1990s. This was most probably due to the impact of HIV and AIDS in
Zimbabwe. Infant mortality declined once more for both sexes from the
period 1990-1999 to the period 1996-2005. It is interesting to note that
the survivourship gap between female and male infants considerably
narrowed during the 1996-2005 period.
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4.2.4.4 Child Mortality Differentials by Sex

Child mortality differentials by sex are shown in Figure 4.7. During the
period 1979-1988 the survival prospects of male children were slightly
better than their female counterparts. This phenomenon was reversed
from the 1985-1994 period up to the 1990-1999 period in which the
survivourship of male children worsened. During the latter period, child
mortality reached its peak at levels of 31 and 35 deaths per 1,000 live
births for females and males, respectively. The mortality gap between
female and male children aged 1-59 months disappeared during the
1996-2005 period; female and male child mortality coincided at 21

deaths per 1,000 live births during the 1996-2005 period.

4.2.4.5 Infant to Child Mortality Ratios

Figure 4.8 shows the infant to child mortality ratios by sex of child for the
1979-1988 to 1996-2005 periods. These ratios show a rather
unexpected pattern. They should be more or less similar in all the 3
surveys (for female and male children). The ratios for the 1996-2005
period, 2.43 and 2.29, for males and females, respectively, are not close
to those of the other 3 surveys, which appear closer. This is evidence of
either underreporting of infant and/ or child deaths or shifting of deaths
in infancy to childhood or the reverse or both in the 2005-06 ZDHS

survey.

4.2.4.6 Under-5 Mortality Differentials by Sex

The pattern obtaining for the sex differentials in under-5 mortality shown
in Figure 4.9 is similar to that observed for infant mortality (see Figure
4.6). Under-5 mortality declined from levels of 85 and 95 deaths per
1,000 live births in the 1990-1999 period to 68 and 71 deaths per 1,000
live births in the 1996-2005 period, for females and males, respectively.
It is further interesting to note that the survivorship gap between male

and female under-5 children considerably narrowed during the 1990s.
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4.2.5 Mortality Differentials by Rural- Urban Residence
This section discusses differentials in infant and childhood mortality by

residence. The rates are presented for 10- year calendar periods.

4.2.5.1 Infant Mortality Differentials by Rural-Urban Residence

Figure 4.10 shows differentials in infant mortality by rural-urban
residence. There was a steady increase in infant mortality levels in
urban areas from the period 1979-1988 to the period 1996-2005 from
levels of 38 deaths per 1,000 births to 47 deaths per 1,000 births,
respectively. In contrast, the infant mortality rates in rural areas
fluctuated from levels of 64 deaths per 1,000 births in 1979-1988 to 51
deaths per 1,000 in 1996-2005.

4.2.5.2 Child Mortality Differentials by Rural-Urban Residence

The trend in child mortality differentials by rural-urban residence shown
in Figure 4.11 follows a similar pattern to that for infant mortality
presented in Figure 4.10. Children in urban areas experience higher
survival prospects than their rural counterparts. However, the gap in
child mortality between rural and urban areas narrowed to 22 and 18
deaths per 1,000 live births in the 1996-2005 period from previous levels
of 37 and 23 deaths per 1,000 live births in 1990-1999 period (rural and

urban areas, respectively).

4.2.5.3 Under-5 Mortality Differentials by Rural-Urban Residence

Figure 4.12 presents trends in under-5 mortality by residence. The
under-five mortality rate was 72 deaths per 1,000 live births in the rural
areas, compared to 64 deaths per 1,000 live births in the urban areas,
during the 1996-2005 period. For the 1990-1999 period, the under-5
mortality rate was 100 deaths per 1,000 live births in the rural areas
compared to 69 deaths per 1,000 deaths in the urban areas. Similar to

the trend in infant mortality, there are consistently higher under-5
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mortality rates in rural areas than in urban areas of Zimbabwe. The
decline in under-five mortality from 1990-1999 to 1996-2005 period was
greater in rural areas (27 percent) than in urban areas (7.3 percent).
We hypothesize that the much faster decline in infant, child and under-5
mortality between 1979-1988 and 1996-2005 in rural areas of Zimbabwe

could be due to underreporting of deaths, especially in rural areas.

4.2.6 Mortality Differentials by Province

The differentials in mortality by province for infant and under-5 mortality
are presented in Table 4.3. We observe that there are substantial
provincial variations in infant and child mortality in Zimbabwe. During
1996-2005 under-5 mortality was highest in Manicaland province (100
deaths per 1,000 births) and lowest in Matabeleland South and
Bulawayo provinces (45 deaths per 1,000 live births).

The decline in under-5 mortality between 1990-1999 and 1996-2005
varied by province. The decline in under-5 mortality was highest in
Mashonaland province (34 percent) and lowest in Harare province (8.5
percent). Unlike the other 9 provinces which experienced mortality
decreases, under-5 mortality increased by 17 percent between 1990-
1999 and 1996-2005 in Matabeleland North province. We also observed
that the decline in under-5 mortality during the same period was higher
in Bulawayo (31.8 percent) than Harare (8.5 percent).

4.2.7 Regional Variations in Childhood Mortality

The regional trends in infant mortality rates are shown in Figure 4.13.
The period 1980-1985 to 1990-1995 saw an improvement in infant
survival prospects in Zimbabwe, South Africa, Botswana, Malawi,
Lesotho, and in Sub-Saharan Africa and the Less Developed Countries.
There was an initial increase in infant mortality in Zambia during 1980 to

1990 before a decline in 1985 to 1995. Infant survival prospects have
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either worsened or stalled in South Africa, Lesotho, Kenya and
Zimbabwe from 1995-2000 to 2000-2005 and improved in Mozambique,
Botswana, Malawi and Zambia. Infant mortality rates declined during
2000-2005 as compared to 1995-2000 in Sub-Saharan Africa and in

Less Developed Countries.®’

4.3 Direct and Indirect Childhood Mortality Estimates

The direct and indirect estimates of infant and under-five mortality are
presented in Figures 4.14 to 4.17. Tables 4.4 to 4.11 are the basis for
the computations of the direct and indirect estimates presented in
Figures 4.14 to 4.17. Therefore, the discussion in this section will be
limited to Figures 4.14 to 4.17. In the four periods of roughly 10 years
each covered in the four ZDHS surveys, it can be seen that the results
of the indirect method were somewhat higher than the direct method.
Figure 4.14 shows that between 1979 and 1986 infant mortality rates
were rather similar at 55 deaths per 1,000 live births.  Figure 4.15
reveals that between 1980 and 1990 there was some decline in infant
mortality from 58 deaths to 51 deaths per 1,000 live births. Contrary to
the these patterns, Figure 4.16 shows that between 1989 and 1996
infant mortality increased from 45 deaths to 69 deaths per 1,000 live
births. Finally, Figure 4.17 shows that between 1992 and 2002 there
was some decline in infant mortality from 45 deaths to 40 deaths and

then an increase to 70 deaths per 1,000 live births.

It should be noted that the estimates from the direct methods refer to a
fairly long time interval, for example, 1974-1978 in Figure 4.14, whereas
the indirect methods compute estimates that refer to a specific point in
time. This is a constraint in comparison of direct and indirect estimates.
For comparison purposes it is assumed that the indirect estimates refer
to the mid-point of the interval. In general, the differences between the

direct and indirect estimates are small with a tendency towards
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somewhat higher rates obtained with the indirect method. On the whole,
the final conclusion is that both of them provide acceptable and reliable

results.

4.4 Estimated Mortality Levels and Trends using Direct and Indirect
Estimates and Multiple-spline Regression

The estimated levels of infant and under-5 mortality rates computed
using the robust regression method are shown in Figures 4.18 and 4.19.
The pattern and trend of the fitted regression lines of infant and under-5
mortality rates are similar. Both infant and under-5 mortality declined
during the period from 1960 to 1990. However, the decline in mortality
appears to have stalled from the 1990s to 2005. These results show
that in 2005 in Zimbabwe child survival stagnated at levels of 61 and 82

deaths per 1,000 live births for infant and under-5 mortality, respectively.

The stagnation in the decline of the regression lines shown in Figure
4.18 and Figure 4.19 for infant and under-5 mortality respectively was
probably caused by the inclusion in the multiple - spline regression
equation of infant and under-5 mortality estimates from the 2005-06
ZDHS which were underestimates of the true mortality level during
2001-2005-6 in Zimbabwe. As we saw earlier, evidence was shown
above which make it more likely that infant and under-five mortality
increased between 1990 and 2005.'%*42!

4.5 Trends in Adult Mortality

In this section the recent trends of adult female mortality using data from
the 1999 and 2005-06 Zimbabwe Demographic and Health Survey are
studied. This is done as a result of the correlation between the risks of
the mother and those of the children. Marindo and Hill?*® observed that
survey data that solicit for information on child mortality from reports by

women in the survey may fail to pick up childhood deaths due to AIDS
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as the mothers would not be there to report these deaths as they would
themselves have died before the survey. It is therefore relevant to study

the recent trends in adult female mortality in Zimbabwe in this thesis.

Table 4.12 shows a comparison of age-specific mortality rates for
women in the childbearing age group for the period 0-4 years before the
1999 ZDHS and for the period 0-6 years before the 2005-06 ZDHS
survey. We observe that mortality rises rapidly with age and the rates
plateau starting in the 35-39 year age group. Mortality rates doubled for
older women that are in the age group 30-44 years between 1996-1999
and 2000-2005. Overall, mortality among women aged 15-49 years
increased by 40 percent between 1996-1999 and 2000-2005. Mortality
among men aged 15-49 years increased by 20 percent between 1996-
1999 and 2000-2005 (data not shown in Table 4.12). We hypothesise
that this rapid increase in adult mortality was due to the impact of the
AIDS epidemic in Zimbabwe.

4.6 Trends in HIV Prevalence Rates

The HIV prevalence estimates for adults aged 15-44 years for rural and
urban areas in Zimbabwe for the period 1996-2006 are shown in Table
4.13. The estimates show a declining trend from 1996-2006 and are
higher in urban than in rural areas. However, a large part of the decline
in HIV prevalence rates in Zimbabwe could be due to the refinement in
the methodology used to estimate these rates, while some of the decline
could be due to the impact of the HIV prevention programmes. However,
HIV prevalence at 18.9 % (urban) and 17.6 % (rural) as at 2006 still
remains high in Zimbabwe. In this thesis, we will incorporate the HIV
prevalence rates in the Cox proportional multivariate analysis so as to
study the possible direct and/ or indirect impact of HIV/AIDS on infant
and child mortality. This follows similar pioneering work done by Hill,

Bicego and Hill in Kenya.® In their study Hill, Bicego and Mahy were
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able to show that in the presence of biodemographic, socioeconomic
and environmental factors, a unit increase in HIV prevalence led to an

increase of 10 percent in the odds of dying in childhood age.®

4.7 Concluding Remarks

Chapter Four examined childhood mortality levels and trends in
Zimbabwe. The chapter further discussed selected demographic and
socioeconomic mortality differentials and trends using the direct
approach. Evidence was provided in support of the hypothesis that
infant and child mortality rates in the 2005-06 ZDHS survey are or
maybe too low. Such evidence included:

e Lack of similarity between infant and under-5 mortality rates for the
0-4 period preceding the 1999 ZDHS survey and the 5-9 period
preceding the 2005-06 ZDHS survey.

e The worsening of child health indicators, that is, immunisation

coverage, stunting and wasting, from 1994 to 2005-06.

e The narrowing of the gap in the mortality differentials by sex of child

and rural-urban area of residence.

e The rapid increase in mortality among women aged 15-49 years by
40 percent between 1996-1999 and 2000-2005. This rise in adult
mortality could have been due to the AIDS epidemic in Zimbabwe.

e The stagnation of infant and under-five mortality during the period
1990-2005 as observed from the multiple - spline regression

analysis, and,
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e The inconclusiveness of the trends in neonatal to postneonatal
mortality ratios and the infant to child mortality ratios.

The mortality gap in Zimbabwe by rural-urban residence narrowed from
1979-1988 to 1996-2005 while the mortality gap by sex of child
completely disappeared during the 1996-2005 period. These are
unusual results, not observed in other DHS surveys in neighbouring

countries such as South Africa.

It can be seen that the results of the indirect method are somewhat
higher than those from the direct method. On the whole, the differences
between the estimates computed using the two approaches were small.
We therefore conclude that both the direct and indirect methods provide
acceptable and reliable results of trends in infant and child mortality in

Zimbabwe.

Chapter Five presents the bivariate analysis of the impact of the
determinants of infant and child mortality in Zimbabwe during 1996-
2005.
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Figure 4.1: Trends in Neonatal and Postneonatal Mortality,
Calendar Period, 1990-1994 (ZDHS1994), 1995-1999
(ZDHS 1999)and 2001- 2005 (ZDHS 2005-06), Direct
Estimates, Zimbabwe
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Figure 4.2: Trends in Infant, Child and Under-Five Mortality,
Calendar Period 1984-1988 (ZDHS 1988), 1990-1994 (ZDHS
1994), 1995-1999 (ZDHS 1999) and 2001- 2005 (ZDHS 2005-
06), Direct Estimates, Zimbabwe
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Table 4.1:  Selected Health Indicators, ZDHS 1994, ZDHS
1999 and ZDHS 2005-06, Zimbabwe
Year Health Indicator
Percentage | Percentage of | Height-for- Weight-for-
of Vaccine | Children aged age age
Coverage | 12-23 Months (Percentage | (Percentage
among | who Received | o chiigren | of Children
Children no under-5 under-5
aged 12-23 | Vaccination years years
Months
below below
-2 SD)
-2 SD)
1994 80.1 4.1 21.4 15.5
1999 74.8 11.6 26.5 13.0
2005-06 52.6 21.0 29.4 16.6

Source: Compilation from various published reports

Macro International Inc 13,14,21

Zimbabwe Central Statistical Office/
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Table 4.2:  Assessment of the Comparability of Infant and
Under-5 Mortality Rates per 1,000 Live Births across

the Four ZDHS Surveys, Zimbabwe

Period in Years 1988 1994 1999 2005-06
Preceding Survey ZDHS ZDHS ZDHS ZDHS
Infant Mortality

0-4 53 53 65 60
5-9 64 50 54 37
Under-5 Mortality

0-4 75 77 102 82
5-9 104 75 77 54

Zimbabwe Central Statistical Office/

Source: Compilation from various published reports

Macro International Inc13,14,21,50
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Figure 4.3: Trends in Neonatal Mortality by Sex of Child for the
Calendar Period 1985-1994 (ZDHS 1994), 1990-1999
(ZDHS 1999) and 1996-2005, (ZDHS 2005-06),
Direct Estimates, Zimbabwe
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Figure 4.4: Trends in Postneonatal Mortality by Sex of Child
for the Calendar Period 1985-1994 (ZDHS 1994), 1990-
1999 (ZDHS 1999) and 1996-2005 (ZDHS 2005-06),
Direct Estimates, Zimbabwe
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Figure 4.5: Trends in the Ratio of Neonatal to Postneonatal
Mortality by Sex of Child for the Calendar Period
1985-1994 (ZDHS 1994), 1990-1999 (ZDHS 1999) and
1996-2005 (ZDHS 2005-06), Direct Estimates,
Zimbabwe
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Figure 4.6: Trends in Infant Mortality by Sex of Child, for
the Calendar Period 1979-1988 (ZDHS 1988), 1985-
1994 (ZDHS 1994), 1990-1999 (ZDHS 1999) and
1996-2005 (ZDHS 2005-06), Direct Estimates,
Zimbabwe
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Figure 4.7: Trends in Child Mortality by Sex of Child, for the

Calendar Period 1979-1988 (ZDHS 1988), 1985-1994
(ZDHS 1994), 1990-1999 (ZDHS 1999) and 1996-2005
(ZDHS 2005-06), Direct Estimates, Zimbabwe
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Figure 4.8: Trends in the Ratio of Infant Mortality to Child
Mortality for the Calendar Period 1979-1988 (ZDHS
1988), 1985-1994 (ZDHS 1994), 1990-1999 (ZDHS 1999)
and 1996-2005 ZDHS 2005-06), Direct Estimates,
Zimbabwe
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Figure 4.9: Trends in Under-five Mortality by Sex of Child, for
the Calendar Period 1979-1988 (ZDHS 1988), 1985-
1994 (ZDHS 1994), 1990-1999 (ZDHS 1999) and 1996-
2005 (ZDHS 2005-06), Direct Estimates, Zimbabwe

100 A
—e— Male
2 i
= 90 - & - Female
=
[¢)]
=
3
8 80 -
—
o
o
2 ~ ', .
g 70 "W699 e
B 68
60 T T T 1
1979-1988 1985-1994 1990-1999 1996-2005
Carlendar Period

Zimbabwe Central Statistical

Source: Compilation from various published reports

Office/ Macro Internationallinc13,14,21,50



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Ot i+

Figure 4.10: Trends in Infant Mortality by Rural and Urban
Location, for the Calendar Period 1979-1988 (ZDHS
1988), 1985-1994 (ZDHS 1994), 1990-1999 (ZDHS 1999),
and 1996-2005 (ZDHS 2005-06), Direct Estimates,

Zimbabwe
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Figure 4.11: Trends in Child Mortality by Rural and Urban Location,
for the Calendar Period 1979-1988 (ZDHS 1988), 1985-
1994 (ZDHS 1994), 1990-1999 (ZDHS 1999), and 1996-
2005 (ZDHS 2005-06), Direct Estimates, Zimbabwe
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Figure 4.12: Trends in Under-five Mortality by Rural and Urban
Location, for the Calendar Period 1979-1988 (ZDHS
1988), 1985-1994 (ZDHS 1994), 1990-1999 (ZDHS 1999),
and 1996-2005 (ZDHS 2005-06), Direct Estimates,
Zimbabwe
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Table 4.3:  Trends in Infant, Child and Under-five Mortality per
1,000 Live Births by Province, for the Calendar Period
1990-1999 (ZDHS 1999) and 1996-2005 (ZDHS 2005-06),
Direct Estimates, Zimbabwe

Province 1990-1999 1996-2005
Infant Child Under-5 Infant Child Under-5
mortality | Mortality | Mortality | Mortality | Mortality | Mortality
Rate Rate Rate Rate Rate Rate
Manicaland 76 54 126 71 32 100
Mashonaland
Central 87 27 111 45 29 73
Mashonaland
East 64 39 100 47 25 71
Mashonaland
West 53 36 87 56 23 77
Matabeleland
North 39 19 57 46 22 67
Matabeleland
South 48 22 69 32 14 45
Midlands 70 30 98 53 13 65
Masvingo 47 23 69 42 17 58
Harare 45 27 71 46 20 65
Bulawayo 47 21 66 34 11 45

Zimbabwe Central Statistical Office/

Source: Compilation from various published reports

Macro International Inc14,21
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Figure 4.13: Comparison of Trends in Infant Mortality in Selected
Neighbouring Countries, Sub-Saharan Africa, Less
Developed Countries and Zimbabwe, 1980-1985 to
2005
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Figure 4.14: Direct and Indirect Infant Mortality Estimates, 1988
ZDHS, Zimbabwe
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Figure 4.15: Direct and Indirect Infant Mortality Estimates, 1994

ZDHS, Zimbabwe
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Figure 4.16: Direct and Indirect Infant Mortality Estimates, 1999
ZDHS, Zimbabwe
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Figure 4.17: Direct and Indirect Infant Mortality Estimates, 2005-06
ZDHS, Zimbabwe
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Table 4.4:  Demographic and Health Survey 1988, Direct
Estimates, Zimbabwe

Period Infant Mortality Rate | Under-five Mortality
Rate
10o 50o
1984-1988 53 75
1979-1983 64 104
1974-1978 54 92

Source: Compilation from pUblIShEd report Zimbabwe Central Statistical Office/ Macro International
Inc50
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Table 4.5:  Demographic and Health Survey 1988, Indirect
Estimates, North Model, Zimbabwe
Age of | Average | Proportion | Reference Infant Under-
Mother Parity | of Children Date Mortality five
Dead Rate Mortality
Rate
100 50o
25-29 2.890 0.087 1984.1 61 96
30-34 4.350 0.083 1981.8 55 84
35-39 5.540 0.101 19793 60 94
40-44 6.400 0.111 1976.7 61 95
45-49 6.870 0.130 1973.8 63 99

Source: Output from MORTPAK
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Table 4.6: Demographic and Health Survey 1994, Direct
Estimates, Zimbabwe
Period Infant Mortality Rate | Under-five Mortality Rate
190 500
1990-1994 53 77
1985-1989 50 75
1980-1984 60 101

Source: Compilation from published report

Inc13

Zimbabwe Central Statistical Office/ Macro International
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Table 4.7:  Demographic and Health Survey 1994, Indirect
Estimates, North Model, Zimbabwe

Age of | Average | Proportion | Reference Infant Under-
Mother Parity | of Children Date Mortality five
Dead Rate Mortalit
y Rate
100 500
20-24 1.10 0.082 1992.5 68 106
25-29 2.36 0.076 1990.7 55 83
30-34 3.89 0.085 1988.6 55 84
35-39 5.13 0.094 1986.2 56 85
40-44 6.08 0.104 1983.5 57 86
45-49 6.57 0.122 1980.6 59 91

Source: Output from MORTPAK
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Table 4.8: Demographic and Health Survey 1999, Direct
Estimates, Zimbabwe
Period Infant Mortality Rate Under-five Mortality Rate
100 500
1995-1999 65 102
1990-1994 54 77
1985-1989 40 59

Source: Compilation from published report

Inc14

Zimbabwe Central Statistical Office/ Macro International
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Table 4.9:  Demographic and Health Survey 1999, Indirect
Estimates, North Model, Zimbabwe
Age of | Average | Proportion | Reference Infant Under-
Mother Parity | of Children Date Mortality five
Dead Rate Mortality
Rate
100 50o
25-29 2.130 0.099 19948 67 108
30-34 3.090 0.078 1992 4 51 77
35-39 4.520 0.075 1989 8 47 70
40-44 5.540 0.096 1987.0 53 81
45-49 6.290 0.119 1984.1 58 90

Source: Output from MORTPAK
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Table 4.10: Demographic and Health Survey 2005-06, Direct

Estimates, Zimbabwe

Period Infant Mortality Rate | Under-five Mortality Rate
190 500

2001-2005 60 82

1996-2000 37 54

1991-1995 40 58

Source: Compilation from published report

Inc21

Zimbabwe Central Statistical Office/ Macro International
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Table 4.11: Demographic and Health Survey 2005-06, Indirect
Estimates, North Model, Zimbabwe
Age of | Average | Proportion | Reference | Infant Under-
Mother Parity | of Children Date Mortality five
Dead Rate Mortality
Rate
100 50o
20-24 1.100 0.091 2002.7 71 115
25-29 2.100 0.048 2000.6 35 49
35-39 3.700 0.054 1995.4 35 49
40-44 4.900 0.082 1992 7 46 68
45-49 5.700 0.105 1989.8 52 79

Source: Output from MORTPAK
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Figure 4.18: Infant Mortality Data and Estimated Trend, (Direct and
Indirect Estimates) 1950-2005, Zimbabwe
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Figure 4.19: Under-5 Mortality Data and Estimated Trend, 1950-
2005 (Direct and Indirect Estimates), Zimbabwe
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Table 4.12: Age-specific Mortality Rates for Women aged 15-49
years based on the Survivorship of Sisters of Survey
Respondents, Zimbabwe

Age 1996-1999 2000-2005
15-19 2.82 2.69
20.24 6.01 5.47
2529 11.17 12.25
30.34 14.72 20.42
35.39 15.73 25.04
40-44 12.85 25.23
4549 13.16 25.48
15-49 9.14 12.66

Note: Rates are age-standardised and are measured per 1,000 women in
each age group. The rates for the 1999 ZDHS refer to the period 0-4
years before the survey and for the 2005-06 ZDHS to the period 0-6
years before the survey.

Zimbabwe Central Statistical Office/

Source 1: Compilation from published report

Macro International Inc14,21
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Table 4.13: HIV Prevalence Rates for Adults aged 15-44 years by
Rural and Urban Area, 1996 - 2006, Zimbabwe

Year Rural Urban
1996 315 35.6
1997 29.9 33.7
1998 28.3 31.8
1999 26.7 29.9
2000 28.1 30.2
2001 20.9 25.3
2002 22.8 24.5
2003 18.8 20.1
2004 16.8 18.3
2005 17.2 18.6
2006 17.6 18.9

Source: 1996 -1999 & 2005 HIV prevalence rates are from author

calculations based on estimates from MahomvaA. Greby s,
Dube S, et al.68

2000 - 2004 HIV prevalence rates Ma"omvaA Grebys,
Dube S, et al.68

2006 HIV prevalence rateSCentraI Statistical Office/

DHS Macro International Inc21
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CHAPTER 5

RESULTS OF THE BIVARIATE ANALYSIS

5.1 Introduction

Chapter Five presents results of the bivariate Cox proportional hazards
models depicting the impact of maternal, socioeconomic, environmental
contamination and personal illness control variables on infant and child
mortality. This chapter also presents crude mortality rates. These are
crude unadjusted mortality rates which have not been calculated
through the life table approach. The results on the multivariate hazards

models are presented and analysed in Chapter 6.

5.2 Description of the Covariates

5.2.1 Maternal Variables

The maternal variables included in this analysis are presented in Table
5.1 and include birth order, preceding birth interval, mother's age at
birth, sex of child, type of birth and perceived birth size as these have
been demonstrated to be strongly related to infant and child
survival.****°®  The Maternal and Child Health care programme in
Zimbabwe considers a woman to be at high risk of pregnancy
complications if she has (among other factors) a preceding birth interval
of less than 24 months and/ or has had five or more births. The two
related variables: birth order and preceding birth interval share the
category of first births so this creates a problem in that the design matrix
would be similar. Specifically the problem is that two variables cannot
share a similar category. Combining birth order and the preceding birth
interval into a single variable avoids this problem.?® Sex of the child was
included as female infants generally experience lower mortality than
males, unless there are strong sex-of-child preferences in favour of

males, in which case the position may be reversed. This variable was
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included in the group of maternal variables because it has strong links

with many of the other maternal variables.

5.2.2 Socioeconomic Variables

Several background measures of socioeconomic status are included in
the analysis. These variables are presented in Table 5.2. The variables
selected were rural-urban residence, maternal and partner’s education,
wealth status and province of residence. The inclusion of rural-urban
residence and province variables enables the study of geographical
effects on infant and child mortality. The Zimbabwe Demographic and
Health Surveys have repeatedly shown infant and child mortality
variations by province and rural-urban residence in Zimbabwe. Infant
and childhood mortality has always been lower in urban than in rural

areas of Zimbabwe, 3421

Maternal education not only acts as an indicator of socioeconomic
status but is also thought to have a direct effect by influencing maternal
behaviour.?*** Partner’s education may act in a similar way and may be
more influential in societies where female education is universally low
and where mothers have little or no autonomy.*® It is further expected
that children born to mothers with a low wealth status experience lower
survival rates than those born to mothers of middle or high wealth

status.

5.2.3 Environmental Contamination Variables

The variables included under environmental contamination are
presented in Table 5.3 and include the availability in the household of
piped drinking water and flush toilets. The availability of these amenities
has a direct effect on infant and child mortality through influencing
exposure to water-borne diseases such as cholera, dysentery and

blastocystosis (chronic diarrhoea).®*>°
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5.2.4 Personal lliness Control Variables
Variables included in this category are antenatal visits and place of birth
of the child. These variables are presented in Table 5.4. We do
anticipate a positive relationship between antenatal visits and child
survival. The Ministry of Health in Zimbabwe encourages mothers to
attend antenatal care as this has direct benefits for the survival of their
children. With respect to place of birth, various studies have shown that
births that occur in a clinic or hospital have greater chances of survival
than those that occur at home.**%°® The children may get better
treatment in hospitals during and after delivery, but they are also often
high-risk births to begin with. The advantage of treatment in hospitals
outweighs that of the selection bias of high risk cases. Therefore we
expect births occurring at clinics or hospitals to experience higher

survival prospects than those that occur at home.

5.3 Bivariate Proportional Hazards Regression Models

5.3.1 Impact of Maternal Covariates on Infant and Child Mortality

Table 5.5 presents data on the impact of maternal covariates on infant
and child mortality. The covariates analysed are birth order and
preceding birth interval, mother’s age at birth, sex of child, weight of
child at birth and type of birth. Relative to children of order 2-5 and long
birth interval, children of order 6+ and short birth interval are 2.56 times
more likely to die in infancy (p<0.001). First births are associated with a
14 percent more chance of dying in infancy relative to births of order 2-5
and long birth interval. Children of birth order 6+ and long birth interval
have a 25 percent higher probability of dying in infancy relative to
children of order 2-5 and long birth interval. The impact of birth order
and preceding birth interval on child mortality is smaller than that on
infant mortality. The relative risk of dying in child age for births of order
6+ and short birth interval is 1.11 times more relative to births of order 2-

5 and long birth interval. Children of birth order 2-5 and short preceding
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birth interval are 1.38 times more likely to die in child age than those of
birth order 2-5 and long birth interval. These findings support the
hypothesis that birth spacing enhances infant and child survival but it
should be added that the differences shown above often did not reach

statistical significance.

There is a U-shaped relationship between maternal age and infant
mortality. Children born to younger women (below 20 years of age)
experience higher mortality in the first year of life relative to those born
to women aged 30-39 years (RR = 1.12). There is an even more
elevated mortality risk of 1.18 to infants born to older mothers, which is
those aged 40-49 vyears, relative to mothers aged 30-39 years.
However, there is hardly any relationship between maternal age and

child mortality and the risk ratios are also not statistically significant.

We expected a U-shaped relationship between birth order and mortality
and between maternal age and mortality. We find this more or less the
case in infancy but not in childhood. We also observe in Table 5.5 very
low child mortality among first births (RR =0.70) relative to children of
birth order 2-5 and long birth interval and very low mortality of children
born to women aged 40-49 years (RR= 0.32) relative to those born to
women aged 30-39 years. These last two results are deviations from
the expected pattern. These deviations are only observed in the 2005-
06 ZDHS survey and not in the other three rounds of the ZDHS surveys.

We also found that female children experience lower mortality risks of
dying in infancy than their male counterparts. The risk ratio of dying in
infancy for female children is 0.97. We further observe that there is

hardly any relationship between sex of child and child mortality.
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Multiple births have an elevated risk of death during infancy of a factor
of 2.07 (p<0.001) relative to singleton births. The impact of the type of
birth during the childhood period is diminished and non-significant as

compared to the infancy period.

Children perceived to be “average or larger” at birth by their mothers at
the time of the survey experience significantly lower mortality relative to
those perceived to be “small or very small” at birth. The relative risk of a
birth perceived to be “average or larger” is 0.63 (p<0.001) relative to a

birth perceived to be “small or very small”.

5.3.2 Impact of Socioeconomic Covariates on Infant and Child
Mortality

In this section we describe the impact of residence, maternal education,
paternal education, wealth status and province on infant and child
mortality. This data is presented in Table 5.6. The effect of living in a
rural area increases the risks of infant and child mortality in Zimbabwe
by a factor of 8 percent and 33 percent, respectively. The impact of type
of residence is larger on child mortality than on infant mortality.

Maternal education increases the survival prospects of children.
However, this could only be shown for child mortality. Children born to
mothers with secondary education or more are 0.59 times less likely to
die in child age than children born to mothers with no education but this

difference did not reach statistical significance.

Paternal education improves child survival prospects. But once more,
this is clearer in the childhood period than in infancy. Children born to
fathers with secondary education or more have a 0.94 relative risk of
dying in infancy and a 0.64 relative risk of dying in child age than those

born to fathers who with no education.
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Wealth status has a higher impact in childhood than during the infancy
period. Children whose mothers were classified as “rich” are 0.83 less
likely to die in child age than children born to mothers of “poor” wealth
index. That those children whose mothers were classified as “middle”
are associated with higher infant and child mortality is unexpected. This

differential could be due to use of child care practices.

Provincial differentials on infant and child mortality are also present in
Zimbabwe. The impact of province of residence is higher on child
mortality than on infant mortality. Living in Matabeleland North province
significantly reduces the risks of infant death by 44 percent (p<0.01) in
relation to living in Manicaland province. Living in Matabeleland South
province decreases the risks of child death by a factor of 65 percent
(p<0.05) relative to living in Manicaland province. Likewise, living in
Midlands province decreases the risks of child death by a factor of 54
percent (p<0.05) relative to living in Manicaland province. Bulawayo is
associated with higher child survival prospects as compared to Harare.
Living in Bulawayo significantly reduces the risks of infant death (RR=
0.53) and child death (RR=0.38) relative to living in Manicaland province
(p<0.05). A similar pattern is observed for Harare province. The
increase in child survival is enhanced during the childhood period as

compared to the infancy period, but is not statistically significant.

5.3.3 Impact of Environmental Covariates on Infant and Child
Mortality

Table 5.7 presents data on the impact of environmental variables on
infant and child mortality. Similar to socioeconomic variables, the
impact of environmental contamination variables is larger during the

childhood age than during the infancy period.
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The effects of piped drinking water on infant and child mortality are in
the expected direction, although they are not significant. Relative to
children born in households without piped drinking water, the relative
risks of infant and child death for children born to households with piped
drinking water are reduced by a factor of 5 percent and 10 percent,
respectively. The presence of a flush toilet in the household reduces
infant mortality by 12 percent relative to households without flush toilets.
It decreases the odds of child mortality by 34 percent compared to

households without flush toilets.

5.3.4 Impact of Personal lliness Control Covariates on Infant and
Child Mortality

Finally, Table 5.8 presents data on the impact of personal iliness control
variables on infant and child mortality. The two variables analysed in
this category are antenatal care and place of delivery of the child.

Information on antenatal care is of great value in identifying subgroups
of women who do not utilise such services and is useful in planning
improvements in the services. The data in Table 5.8 indicates that
antenatal care significantly elevates infant survival. Children whose
mothers undertook at least one antenatal care visit are 0.59 times less
likely to die in infancy than those whose mothers did not use any
antenatal care (p<0.05).

Proper medical attention and hygienic conditions during delivery can
reduce the risks of complications and infections that cause morbidity
and mortality to either the mother or the baby. Table 5.8 also presents
the relative risks associated with place of delivery of the child. Giving
birth at a health facility reduces the likelihood of infant and child mortality

by factors of 13 percent and 30 percent (p<0.05), respectively.
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5.4 Comparison of 2005-06 ZDHS with Two Other ZDHS surveys

In this section we compare the results of the impact of birth order,
maternal age and education from the 2005-06 ZDHS survey with results
from the 1994 and 1999 surveys. These results are presented in Table
5.9. We do this in order to show the relative change in the impact of
these variables on under-five mortality from the period 1990-1994 to the
period 2001-2005. The relationship between birth order and under-five
mortality is U-shaped indicating higher mortality for first births and higher
order births during 1990-1994 and 1995-1999. During 2001-2005 the
relationship between birth order and under-five mortality is linear
indicating the diminished impact of birth order on under-five mortality.
We note that the changes in the relative risks of dying in under-five age
are not substantial between 1990-1994 and 2001-2005.

The relationships between maternal age and under-five mortality during
1990-1994 and 1995-1999 are U-shaped. However the U-shaped
relationship diminishes and is almost flattened in the 2005-06 survey.
For instance, in the 1994 survey the children born to mothers aged less
than 20 years experienced 34 percent higher mortality relative to
children born to women aged 30-39 years. In the 1999 survey they
experienced 21 percent higher mortality, and in the 2005-06 survey the
effect of maternal age on under-five mortality is no longer discernible. A
similar observation is obtained for the mortality situation of children born
to older mothers, that is, those aged 40-49 years. Children born to
mothers aged 40-49 years experienced 79 percent higher mortality in
the 1994 survey, 61 percent higher mortality in the 1999 survey and 7
percent higher mortality in the 2005-06 survey relative to children born
to mothers aged 30-39 years.

Further evidence of the diminishing impact of independent variables on

under-five mortality is shown by the changes in the impact of maternal
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education on under-five mortality from the 1994 survey to the 2005-06
survey. In the 1994 survey, children born to mothers who had
completed secondary and above education experienced 39 percent
lower mortality, in the 1999 survey they experienced 57 percent lower
mortality and in the 2005-06 survey they experienced 9 percent lower

mortality relative to children born to mothers with no education.

5.5 Impact of HIV/AIDS on Infant and Child Mortality

In this section the results of the impact of HIV/AIDS on infant and child
mortality are presented. This is done by studying the results from the
bivariate Cox regression model that consists of HIV prevalence as the
independent variable and mortality as the dependent variable. The
results are displayed in Table 5.10. These results indicate that a unit
increase in HIV prevalence in Zimbabwe significantly elevates the risk of
infant and child death by 10 percent and 50 percent, respectively
(p<0.001). The results show an association between HIV/AIDS and
mortality but not a causal relationship. These results suggest, however,
that it is likely that HIV/AIDS has in Zimbabwe influenced the rate of
infant and child death directly or indirectly. The association between
HIV/AIDS and infant and child mortality in the presence of maternal,
socioeconomic and environmental contamination variables in the

multivariate analysis will be explored further in Chapter 6.

5.6 Concluding Remarks

The results presented in this chapter deal with the impact of the
relationships between maternal, socioeconomic, environmental
contamination, personal illness covariates and HIV/AIDS on infant and
child mortality. It has been observed that the endogenous or maternal
variables are important during the infancy period while exogenous or
socioeconomic and environmental contamination variables are central

during the childhood stage. Relationships reached statistical significance
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for a few of the variables, but not for many others. Relationships of
independent variables with dependent variables in the 2005-06 ZDHS
survey are often smaller than in the two previous ZDHS surveys, namely

the 1994 and the 1999 surveys.

For example, the 1994 and 1999 surveys show a U-shaped relationship
between birth order and under-five mortality. But in the 2005-06 survey
this U-shaped relationship is flattened. This is a deviation from the
expected pattern. The 1994 and 1999 ZDHS surveys also show a larger
impact of maternal education on under-five mortality than in the 2005-06
survey. The impact of the education of the mother on under-five
mortality completely disappears in 2005-06 in Zimbabwe. These results
are rather unexpected and are not in line with observations from other

surveys conducted in neighbouring countries such as South Africa.

It could be that these unexpected results are explained by the
hypothesis mentioned in Chapter 4 that certain high risk mothers and
subsequently their high risk births were missing in the 2005-06 ZDHS
survey having died between the time of the 1999 and 2005-06 surveys.
It is therefore these “missing mothers” which could explain these
observed, unexpected results dealing with the lack of expected
relationships between the independent variables and infant and child
mortality in the 2005-06 ZDHS survey.

For instance, it could be that there is a group of HIV positive women
who are older (30 years and older) and who died and who had children
under the age of five years with higher than average mortality. This
group could be missing in the 2005-06 ZDHS survey and could not be
interviewed. This means that the observed infant and child mortality

rates among women 30 years and older are actually too low. These
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rates would have been higher if these missing women could have been

interviewed.

An argument against this hypothesis is that there is no discernible
change in the distribution of women interviewed in the 2005-06 ZDHS in
comparison with the previous surveys (see Figure 3.2). It was also
found that HIV/AIDS significantly elevates infant and child mortality in
Zimbabwe. However, it must be noted that these results suggest a
causal relationship; such a causal relationship was not proven. This
relationship will be explored further in the multivariate analysis

presented in Chapter 6.

The findings presented in this chapter should shed more light on the
mortality situation of under-five children in Zimbabwe. The findings are
therefore important for appropriate child health targeting and
programming that is aimed at improving the survival prospects of under-
five children. Chapter 6 presents the results from fitting the multivariate

Cox proportional hazard models on infant and child mortality data.
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Table 5.1: Absolute and Percent Distribution of Births and Under-five
Deaths for Maternal Covariates, 1996-2005, (2005-06 ZDHS)

Maternal Number of % | Number % | Rate per
Covariate Live of 1,000
Births Deaths Live
Births®
Birth order &
preceding birth
interval
First births 3,046 | 321 185 | 30.6 60.7
2-5 and short 239 2.5 43 7.1 179.9
2-5 and medium 333 3.5 28 4.6 84.1
2-5 and long 4,900 | 51.6 271 | 449 55.3
6+ and short 61 0.6 15 2.4 245.9
6+ and medium 74 0.8 12 2.0 162.2
6+ and long 836 8.8 51 8.4 61.0
Maternal age
<20 years 2,018 | 21.3 131 | 21.7 64.9
20-29 years 5,266 | 55.5 318 | 52.8 60.4
30-39 years 1,953 | 20.6 135 | 224 69.1
40-49 years 254 2.7 19 3.1 74.8
Sex of child
Female 4,619 | 48.7 286 | 474 61.9
Male 4,872 | 51.3 317 | 52.6 65.1
Type of birth
Multiple 277 2.9 51 8.5 184.1
Singleton 9,213 | 97.1 552 | 915 59.9
Birth size”
Small/ very small 759 | 14.7 71| 20.5 935
Average or larger 4,405 | 85.3 277 | 795 62.9
Total 5,164 | 100.0 348 | 100.0 67.4
Total 9,491 | 100.0 603 | 100.0 63.5

! These are crude unadjusted mortality rates and they are not calculated with the life

table method.

% The 2005-06 ZDHS survey collected information on birth size for under-five children
in the period five years before the survey. The total number of under-five births was
5,474. The difference between 5,474 and 5,164 is due to missing values.

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc 21
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Table 5.2: Absolute and Percent Distribution of Births and Under-five
Deaths for Socioeconomic Covariates, 1996-2005, (2005-06

ZDHS)

Number % | Number % Rate per
Socioeconomic of Live of 1,000 Live
Covariate Births Deaths Births
Residence
Rural 6,720 | 70.8 440 | 72.9 65.5
Urban 2,770 | 29.2 163 | 27.1 58.8
Maternal education
No education 500 5.3 29 4.8 58.0
Primary 3,689 | 38.9 247 | 40.9 67.0
Secondary and
higher 5,301 | 55.9 328 | 54.3 61.9
Paternal education
No education 798 8.4 60| 10.0 75.2
Primary 2,754 | 29.0 168 | 27.9 61.0
Secondary and
higher 5,938 | 62.6 374 | 62.1 63.0
Wealth status
Poor 4,292 | 45.2 285 | 47.3 66.4
Medium 1651| 17.4 110 | 18.2 66.6
Rich 3,547 | 37.4 208 | 345 58.6
Province
Manicaland 1,185 | 125 114 | 18.8 96.2
Mashonaland 1,018 | 10.7 62| 10.3 60.9
Central
Mashonaland East 766 8.1 50 8.2 65.3
Mashonaland West 977 | 10.3 67| 11.1 68.6
Matabeleland North 612 6.4 37 6.1 60.5
Matabeleland South 452 4.8 18 3.0 39.8
Midlands 1,384 | 14.6 85| 14.0 61.4
Masvingo 1,416 | 14.9 78| 12.9 55.1
Harare 1,211 | 12.8 73| 12.1 60.3
Bulawayo 470 5.0 21 3.4 447
Total 9,491 | 100.0 603 | 100.0 63.6

Zimbabwe Central Statistical Office/ Macro International Inc21

Source: Author’s calculations
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Table 5.3: Absolute and Percent Distribution of Births and Under-
five Deaths for Environmental Covariates, 1996-2005,
(2005-06 ZDHS)

Environmental Number of % | Number % Rate

Contamination births of per

Covariate deaths 1,000

Live

Births

Piped drinking

water

Yes 3,182 | 335 194 32.1 61.0

No 6,309 | 66.5 409 67.9 64.8

Flush toilet

Yes 2,689 | 28.3 155 25.7 57.6

No 6,801 | 71.7 448 74.3 65.9

Total 9,491 | 100.0 603 | 100.0 63.5

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc21
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Under-five Deaths for Personal lliness Control

Covariates, 2001-2005, (2005-06 ZDHS)

Personal Number of % | Number % | Rate per
llIness Control births of 1,000
Covariate! deaths Live
Births
Antenatal visits
None 206 5.1 19 9.5 92.2
At least one visit 3,846 | 94.9 179 | 90.5 46.5
Total 4,052 | 100.0 198 | 100.0 48.9
Place of delivery
Home 1,627 | 31.4 135 | 38.7 83.0
Hospital/ clinic 3,651 | 68.6 214 | 61.3 60.3
Total 5,178 | 100.0 349 | 100.0 67.4
Total 5,474 | 100.0 371 | 100.0 67.8

! The 2005-06 ZDHS survey collected information on antenatal visits and place of
delivery for under-five children born in the period five years before the survey. The total
number of under-five births was 5,474.

The difference between 5,474 and the totals for antenatal visits and place of delivery
is due to missing values. There were 371 deaths to under-five children born in the

period five years before the 2005-06 ZDHS survey.

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc21
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Table 5.5: Impact of Maternal Variables on Infant and Child
Mortality, Bivariate Analysis, 1996-2005, (2005-06 ZDHS)

Maternal Infant Mortality Child Mortality
Covariate

Relative | Confidence | Relative | Confidence

Risk Interval Risk Interval
Birth order and
preceding birth
interval
First births 1.143 0.925-1.412 | 0.700 | 0.472-1.038
2-5 and short 1.409 0.994-1.996 1.384 | 0.562-3.412
2-5 and medium 1.474 0.957-2.271 | 0.857 0.348-2.113
2-5 and long 1.000 | ------m-m-mee- 1.000 | ------m-m-m-mee-
6+ and short 2.561** | 1.490-4.403 1.113 0.155-7.995
6+ and medium 1.003 0.530-1.897 | 0.672 0.094-4.829
6+ and long 1.246 0.910-1.706 1.024 | 0.591-1.773
Maternal age
<20 years 1.120 0.849-1.477 | 0.893 0.562-1.419
20-29 years 1.032 0.822-1.295 | 0.748 0.505-1.107
30-39 years 1.000 | -----mmememeeee- 1.000 | -----m-mmmmmee
40-49 years 1.181 0.724-1.926 | 0.318 0.077-1.320
Sex of Child
Female 0.973 0.815-1.163 1.010 | 0.731-1.395
Male 1.000 | ------mememeeee- 1.000 | -------m-me--
Type of birth
Multiple 2.068** | 1.557-2.748 1.501 0.663-3.399
Singleton 1.000 | -------mememeee- 1.000 | ------m-m-m---
Birth size®
Small/very small 1.000 | ----m-mmmmmee- 1.000 | -------m-mee--
Average or
larger 0.630*** | 0.476-0.834 | 0.821 0.440-1.533
*» <0.05, **p<0.01, ***P<0.001

! Refers to the five-year period preceding the 2005-06 ZDHS survey.
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Table 5.6: Impact of Socioeconomic Variables on Infant and Child
Mortality, Bivariate Analysis, 1996-2005, (2005-06 ZDHS)

Socioeconomic Infant Mortality Child Mortality

Covariate - . . -
Relative | Confidence | Relative | Confidence

Risk Interval Risk Interval

Residence

Rural 1.080 0.871-1.341 1.326 0.892-1.971

Urban 1.000 | -------mmmeee- 1.000 | --------mmee-

Maternal education

No education 1.000 | ------mmmmeeee- 1.000 | -------mmmee--

Primary 1.023 0.680-1.539 0.792 0.407-1.541

Secondary and

higher 1.008 0.672-1.511 0.587 0.303-1.138

Paternal education

No education 1.000 | ------mmmmeeeee- 1.000 | -------mmmee--

Primary 1.003 0.723-1.393 0.680 0.387-1.195

Secondary and

higher 0.938 0.689-1.277 0.636 0.379-1.070

Wealth status

Poor 1.000 | ------mmmeeeee- 1.000 | -------mmmeee--

Middle 1.101 0.869-1.395 1.188 0.783-1.802

Rich 0.972 0.791-1.194 0.830 0.569-1.211

Province

Manicaland 1.000 | -------mmmeee- 1.000 | -

Mashonaland 0.815 0.572-1.160 0.600 0.324-1.111

Central

Mashonaland East 0.927 0.632-1.359 0.748 0.384-1.457

Mashonaland 0.894 0.640-1.248 0.621 0.330-1.166

West

Matabeleland 0.563** | 0.378-0.838 0.617 0.317-1.202

North

Matabeleland 0.678 0.431-1.067 0.349* 0.145-0.836

South

Midlands 1.136 0.835-1.546 0.461* | 0.252-0.843

Masvingo 0.903 0.650-1.255 0.665 0.375-1.177

Harare 0.796 0.553-1.145 0.591 0.327-1.069

Bulawayo 0.533* | 0.316-0.898 0.379* | 0.148-0.976

*»<0.05, *p<0.01, ***P<0.001
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Table 5.7: Impact of Environmental Contamination Variables on
Infant and Child Mortality, Bivariate Analysis, 1996-
2005, (2005-06 ZDHS)

Environmental Infant Mortality Child Mortality

Contamination

Covariate Relative | Confidence | Relative | Confidence
Risk Interval Risk Interval

Piped drinking

water

Yes 0.965 0.791-1.178 0.899 0.629-1.286

No 1.000 | ---mmmmmmmmeee- 1.000 | -----mmmmmmee-

Flush toilet

Yes 0.876 0.707-1.086 0.663 0.437-1.007

No 1.000 | ----eemmmmmeee- 1.000 | -----mmmmmmee-

*p<0.05 **p<0.01, ***P<0.001

Zimbabwe Central Statistical Office/ Macro International Inc21

Source: Author’s calculations
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Table 5.8: Impact of Personal Iliness Control Variables on Infant
and Child Mortality, Bivariate Analysis, 2001-2005,
(2005-06 ZDHS)

Personal lliness Infant Mortality Child Mortality

Control

Covariate’ Relative | Confidence | Relative | Confidence
Risk Interval Risk Interval

Antenatal visits

None 1900010 J A — n/a® n/a
At least one visit 0.588* | 0.372-0.931 n/a n/a

Place of delivery

Home 1.000 | ----m-mmmmemee- 1.000 | ----mmememee-
Hospital/ clinic 0.867 0.685-1.096 | 0.599* | 0.370-0.968

*n<0.05, *p<0.01, **P<0.001

! Relative risks for the five-year period before the 2005-06 ZDHS survey.
% Not computed due to relatively smaller numbers available for analysis.

Zimbabwe Central Statistical Office/ Macro International Inc21

Source: Author’s calculations
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Table 5.9: Changes in the Impact of Birth Order, Maternal Age
Age and Maternal Education on Under-five Mortality,
1985-1994 (1994 ZDHS), 1990-1999 (1999 ZDHS)
and 1996-2005 (2005-06 ZDHS)

Variable 1985-1994 1990-1999 1996-2005
Birth Order Relative Ris

1 1.068 0.993 0.892
2-3 0.997 0.955 0.919
4-6 1.000 1.000 1.000
=+ 1.084 1.223 1.081
Maternal age

<20 1.343 1.207 0.972
20-29 1.214 1.122 0.944
30-39 1.000 1.000 1.000
40-49 1.794 1.605 1.069
Maternal education

No education 1.000 1.000 1.000
Primary 0.845 0.790 1.029
Secondary+ 0.608 0.434 0.906

Source: Author’s calculations

Zimbabwe Central Statistical Office/ Macro International Inc21
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Table 5.10: Impact of HIV/AIDS on Infant and Child Mortality, Bivariate
Analysis, 1996-2005, Zimbabwe

Variable Infant Mortality Child Mortality
Relative | Confidence | Relative | Confidence
Risk Interval Risk Interval
HIV prevalence in 1.100*** | 1.080-1.121 | 1.505*** | 1.429-1.585

rural/ urban area
as at time of birth
of child

*p < 0.05, **p < 0.01,

***P < 0.001
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CHAPTER 6

DETERMINANTS OF INFANT AND CHILD MORTALITY:
RESULTS OF MULTIVARIATE HAZARD ANALYSIS

6.1 Introduction

This chapter presents the analysis of the multivariate proportional
hazards models on the impact of maternal, socioeconomic and
environmental contamination variables on infant mortality (0-11 months)
and child mortality (12- 59 months). Personal illness control variables
presented in Chapter 5 have been omitted from the multivariate analysis
in this chapter because they refer to the five years preceding the 2005-
06 ZDHS survey. The analysis of two dependent variables, that is,
infant and child mortality, is needed because of the differential impact of
maternal, socioeconomic and environmental contamination variables on

mortality in infancy and childhood.?”%

Sections 6.2 and 6.3 present the results from fitting the Cox proportional
hazards models on infant and child mortality data from the 2005-06
ZDHS survey, respectively. Finally, section 6.4 presents some
concluding remarks. These results offer an in-depth analysis of the
2005-06 ZDHS data and will be of interest to people working with public
health and epidemiological studies of Zimbabwe with respect to infant
and child mortality risk. In addition to the maternal, socioeconomic and
environmental contamination variables, an estimate of the HIV
prevalence as at the year of birth of child was included in the final
models. The inclusion of HIV prevalence in the multivariate models
should give an indication of the impact of HIV/AIDS on infant and child
mortality in Zimbabwe. The results presented in the multivariate models
in this chapter should be useful for the formulation of child health

policies and child health programming in Zimbabwe. They should also
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be useful in determining the direct and/or indirect impact of HIV/AIDS on

infant and child mortality.

6.2 Infant Mortality

6.2.1 Impact of Maternal Variables on Infant Mortality

Model | presented in Table 6.1 shows whether introducing maternal age
changes the relationship between the birth order and preceding birth
interval variable and infant mortality. Comparison with Table 5.5 shows
that introducing a control for maternal age decreases the relative risks
associated with first births, order 2-5 and short preceding interval group
and order 2-5 and medium preceding interval relative to order 2-5 and
long preceding interval group. Introducing the same control increases
the relative risks associated with order 6+ and short preceding interval,
6+ and medium preceding interval and 6+ and long preceding interval
groups relative to infants in the order 2-5 and long preceding interval
group. The high significance level (p<0.001) of order 6+ and short
preceding interval is unaffected in the presence of maternal age. This
underlines the importance of birth spacing in enhancing child survival

prospects.

Model Il, presented in Table 6.1, shows the impact of birth order and
preceding birth interval and type of birth on infant mortality. Comparison
is drawn again with data in Table 5.5. The impact of the type of birth on
infant mortality marginally increases when we control for birth order and
preceding birth interval from odds of 2.07 (p<0.001) in the absence of
maternal age to odds of 2.09 (p<0.001) in the presence of any control.
The odds of infant death for order 6+ and long preceding birth interval

are marginally increased in the presence of type of birth.

Table 6.2 presents results on the impact of birth order and preceding

birth interval, maternal age, sex of child and type of birth. In model |
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results of three of these maternal reproductive variables and mortality
are in the expected direction. The risks of dying are much higher among
infants of higher order births and closely spaced. Relative to infants in
the order 2-5 and long preceding birth interval group, the relative risk of
infant deaths for infants in birth order 6+ and short preceding interval is
2.77 times higher (p<0.001). This model that is, model | in Table 6.2, is
an extension of model | presented in Table 6.1. This is achieved
through the addition of a control for sex of child. When we compare
these results with those of Table 5.5 we observe that this control does
not introduce any changes in the values nor pattern of the relative risks
for birth order and preceding interval and maternal age. The presence of
other maternal variables in model | elevates the impact of maternal age
on infant mortality. This suggests that maternal age is an important
determinant of infant mortality. Controlling for maternal reproductive
variables in model | does not alter the U-shaped distribution of the
impact of maternal age on infant mortality observed in the bivariate
analysis (see Tables 5.5 and 6.2). Infants born to mothers aged less
than 20 years and 20-29 years have an elevated mortality risk of 1.18
and 1.13 times, respectively, relative to infants born to mothers aged 30-
39 years. These results were not statistically significant.

Model Il in Table 6.2 adds the type of birth as a control variable. The
odds of dying in infancy associated with birth order and preceding
interval are reduced somewhat with the addition of the impact of the
type of birth. The odds for sex of child and mortality remain largely
unchanged. The U-shaped relationship of maternal age and infant
mortality, indicating that younger (< 20 years) and older (40-49 years)
mothers are associated with higher infant mortality relative to mothers
aged 30-39 years, is not altered in the presence of all other maternal

variables.
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6.2.2 Impact of Socioeconomic Variables on Infant Mortality

Table 6.3 shows the estimated coefficients from fitting two hazard
models on socioeconomic variables and infant mortality. The variables
included in model | are type of residence and maternal and paternal
education. Model Il is extended to include controls for wealth index. In
this analysis comparisons are drawn with data in Table 5.6. The impact
of type residence and maternal and paternal education on infant
mortality remain largely unchanged when these variables control for

each other.

Cleland and van Ginneken?® observed that education of the mother is
associated with infant mortality. It is interesting to note that the results
in Table 6.3 do not show any discernible impact of maternal education
on infant mortality in Zimbabwe during 1995-2006. These results are
consistent with those presented in Table 8.3 (p. 112) in the 2005-06
ZDHS survey report which also show lack of the impact of maternal
education on infant mortality.”> We further observe that the addition of
wealth status in model Il does not change the impact of the

socioeconomic variables in model | on infant mortality.

Paternal education appears to have a favourable effect on infant
mortality (see model 1). Children born to fathers with secondary and
higher education were 0.93 times less likely to die in infancy than those
born to fathers with no education. The addition of controls for wealth
index in model Il generally decreases the estimated coefficients for the
socioeconomic variables in model I. The small impact of wealth status
as observed in Table 5.6 has disappeared in the presence of other
socioeconomic variables (see Table 6.3). There is hardly any
relationship between wealth status and infant mortality.  One would

expect infants born to mothers in wealthier households to experience



i

w UNIVERSITEIT VAN PRETORIA
=) UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

higher survival prospects than those born to mothers in poor

households.

6.2.3 Impact of Environmental Contamination Variables on Infant
Mortality

Model | presented In Table 6.4 shows environmental contamination
indicators and infant mortality. The variables controlling for each other,
included in model | are piped drinking water and flush toilet facility. As
previously observed in Table 5.7, the availability of piped drinking water
in the household decreases the odds of children dying in infancy by a
factor of 4 percent. In the presence of a control for access to a flush
toilet, the odds of children dying in infancy are reduced by a factor of 20
percent relative to infants born in households without piped drinking
water. We further previously observed in Table 5.7 that access to a
flush toilet decreases the odds of dying in infancy by a factor of 12
percent. In the presence of a control for piped drinking water observed
in Table 6.4, this impact on infant mortality more than doubles to a factor
of 28 percent. The risk ratios depicting the impact of piped drinking
water and flush toilet on infant mortality are in the expected direction but

are not statistically significant.

6.2.4 Impact of Maternal, Socioeconomic, Environmental
Contamination Variables and HIV/AIDS on Infant Mortality

The model consisting of all maternal, socioeconomic, environmental
contamination and HIV prevalence variables is presented in Table 6.5.
Model | consists of maternal reproductive variables only while model Il is
an addition of socioeconomic variables to the maternal reproductive
variables. Finally, model Ill adds the environmental contamination

variables.

In model | the risk ratios for birth order and preceding birth interval and

mortality are in the expected direction. Births of order 6 and more and
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short preceding interval have the highest mortality risk. Infants with
these characteristics are significantly more likely (2.75 times) to die in
infancy relative to births of order 2-5 and long preceding birth interval
(p<0.001). Infants of order 2-5 and short preceding interval experience
30 percent higher mortality than infants of order 2-5 and long preceding
interval. These results underline the importance of parity and birth
spacing in determining infant survival. High parity (birth order of 6+) and
short preceding birth intervals (intervals of less than or equal to 18
months) predispose children to the risk of dying in infancy. Results in
model | further show that the effect of giving birth at less than 20 years
of age increases the risk of children dying in infancy by 15 percent
relative to giving birth at age 30-39 years. Infants born to women aged
40-49 years experience 3 percent higher mortality risk relative those
born to women aged 30-39 years. Giving birth at younger (less than 20
years) and older (40-49 years) maternal ages predisposes children to
elevated mortality risks during infancy. Multiple births are associated
with an elevated mortality risk. The infant mortality risk associated with

multiple births is 2.08 times more relative to singleton births (p<0.001).

Model Il is an extension of model | by the addition of socioeconomic
controls that include place of residence, maternal education, paternal
education and wealth index (see Table 6.5). Infants of order 6 and more
and short preceding interval continue to exhibit the highest risk to death.
The probability of such infants dying in infancy is 2.89 times more
relative to infants of order 2-5 and long preceding interval. The U-
shaped relationship of maternal age and infant mortality is not altered in
the presence of maternal and socioeconomic variables. Model I
presented in Table 6.5 also shows the impact of socioeconomic
variables after controlling for maternal reproductive variables. We
observe that socioeconomic variables do not have a distinct impact on

infant mortality.
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Model Il adds controls for two household amenities namely the
presence of piped drinking water and flush toilet. The bivariate analysis
results (see Table 5.7) show that the presence of piped drinking water in
the dwelling is associated with 3 percent less risk of dying in infancy
compared to the reference category. The presence of a flush toilet is
associated with 12 percent less risk of dying in infancy relative to the
reference category. In the presence of maternal and socioeconomic
variables the odds of dying for infants born to mothers in households
with access to piped drinking water are reduced by 12 percent relative to
infants born to mothers in households without access to piped drinking
water. Again, in the presence of maternal and socio-economic variables,
infants born to mothers in households with access to a flush toilet are
associated with 38 percent less risk of dying in infancy compared to
those born to mothers in households without access to a flush toilet. We
further observe that although the odds ratios for piped drinking water
and flush toilet are in the expected direction they are both not

statistically significant.

Model IV is an extension of Model Il with the addition of HIV prevalence
as at the year of the birth of the child. We observe that one unit change
in HIV prevalence significantly increases the hazard of infant death by
10 percent (p<0.001) in the presence of maternal, socioeconomic and
environmental contamination variables. Introducing HIV prevalence in
Model IV also alters, through a downward effect, the size of the impact
of maternal, socioeconomic and environmental contamination variables
on infant mortality. While association does not necessarily mean
causation, the results in Model IV nevertheless suggest that HIV/AIDS
influences the level of infant mortality in Zimbabwe either directly and/or
indirectly. According to Hill, Bicego and May, the direct effects of
HIV/AIDS on infant mortality occur when, for instance, seropositive

children die at a higher rate than their seronegative counterparts.’
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Indirect effects would occur when, for instance, parental care is
incapacitated due to ill health due to HIV/AIDS or when the level of
opportunistic infections such as tuberculosis is higher in areas with
higher HIV prevalence than those with lower HIV prevalence. This
would predispose children, both seropositive and seronegative, to the

risk of contracting various infectious diseases.’

6.3 Child Mortality

6.3.1 Impact of Maternal Variables on Child Mortality

The results for the multivariate analysis for selected maternal variables
for child mortality are presented in Table 6.6. Model | demonstrates that
parity (with the exception of first births), maternal age and type of birth
do not have a significant positive effect on child mortality as was also
found with respect to infant mortality. Children of birth order 2-5 and
short preceding interval are associated with a mortality risk of 1.29 times
more relative to children of birth order 2-5 and long preceding interval.
Only first births have a significant impact on child mortality. The odds of
dying in child age for first births is 0.55 times less relative to children of
order 2-5 and long preceding birth interval (p<0.05). The relationship of
birth order and preceding interval and child mortality does not follow the
expected U-shaped curve. A similar observation is drawn from the
relationship between maternal age and child mortality. Children born to
younger mothers that are those aged less than 20 years experienced 46
percent higher odds of dying in child age than those born to older
mothers aged 30-39 years. Model Il shows birth order and birth interval
controlled by type of birth. Relationships with mortality are very similar
to those of model I, except that the mortality of first-born children is now

non-significant.

Model | presented in Table 6.7 shows that the addition of a control for

sex of child does not alter the relationship among birth order and
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preceding birth interval, maternal age and child mortality. Children of
first birth order are significantly associated with 45 percent lower
mortality risk (p<0.05) than children of birth order 2-5 and long
preceding interval. The mortality risks associated with female and male
children are nearly similar. The addition of a control for type of birth in
model 1l in Table 6.7 does not also alter the relationship among the
other maternal variables and child mortality. It is worthy commenting
that being of a multiple births are associated with an elevated risk of
child death than being singleton births. Although not significant, children
who were of multiple births experienced 43 percent higher risk of child

death than those who were singleton births (see Table 6.7).

6.3.2 Impact of Socioeconomic Variables on Child Mortality

Model | of Table 6.8 presents the multivariate analysis of place of
residence, maternal and paternal education and wealth status and child
mortality. Model Il adds a control for wealth status. The results in model
Il follow a similar pattern to those in model I. We will discuss the results
together. An association between residence and child mortality in the
expected direction continues to exist in the presence of maternal and
paternal education levels and wealth index. Living in rural areas
increases the risk of child mortality by 18 percent relative to living in
urban areas although the coefficients are not statistically significant. The
risk ratios for maternal education imply declining child mortality with an
increase in schooling. The impact of maternal and paternal education
on child mortality is in the expected direction and is considerably
stronger than that observed for infant mortality. Children whose mothers
attained secondary and higher education are 36 percent less likely to die
in child age relative to children whose mothers had no education (model
II). These results are consistent with those observed in Table 8.3 (p.
112) in the 2005-06 ZDHS survey report.?*
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Father's education also has a substantial impact on child mortality; this
is also different from results found in the infant period. Attaining
secondary and higher education decreases the risks of child deaths by
30 percent relative to having no education (model 1l). Results of model
Il show that wealth status appears to have no discernible impact on child
mortality in the presence of type of residence, maternal and paternal

education.

6.3.3 Impact of Environmental Contamination Variables on Child
Mortality

Model | in Table 6.9 shows that, as expected, the availability of piped
drinking water and a flush toilet has a substantial impact on child
mortality. The availability of piped drinking water in the dwelling
significantly decreases the risks of child death by 43 percent (p<0.05).
The availability of a flush toilet in the dwelling significantly decreases the
risk of child mortality by 60 percent (p<0.01). The impact of
environmental contamination variables is considerably stronger on child
mortality than on infant mortality. These findings are of fundamental
importance for child health programming in Zimbabwe where only 30
and 40 percent of households have access to piped drinking water and

flush toilet facilities, respectively.

6.3.4 Impact of Maternal, Socioeconomic and Environmental
Variables and HIV/AIDS on Child Mortality

The results of the impact of all independent variables (maternal,
socioeconomic, environmental contamination and HIV prevalence) on
child mortality are presented in Table 6.10. It is immediately clear that
determinants of child mortality are different in relative importance from
those of infant mortality. The results in model | (Table 6.10) are similar
to those presented in model | (Table 6.7). Again, the results in model I
of Table 6.10 as far as the maternal variables are concerned, are nearly

similar to those of model | in the same table. Model lll is an extension of



B wurersiren vas neress

& Uil S bikie
model Il by the addition of environmental contamination variables. This
does not substantially change the impact of maternal and
socioeconomic variables as observed in model Il. The results presented
in the full model (model 1ll) demonstrate that children who are the first-
born have lower mortality than children of other birth orders. Children
who are first-born are 0.57 times less likely to die in child age relative to
children of birth order 2-5 that follow a long preceding interval.
Furthermore, in the full model, order 6 and more and short preceding
interval and type of birth do not have any significant effects on child
mortality. There was such an impact with respect to infant mortality

(see Table 6.5).

There continues to be an association between residence and child
mortality in the presence of maternal and environmental contamination
variables. Living in rural areas increases the risks of child death by 26
percent relative to children living in urban areas. This was also found in
the tables dealing with infant mortality (see Table 6.5). The coefficients
depicting the impact of type of residence on infant and child mortality are

in both cases not statistically significant.

The effect of maternal education, though not significant, implies a
decline in child mortality with increasing maternal schooling. Relative to
children whose mothers had no education, the relative risks of child
death for children whose mothers completed primary and secondary and
higher education are reduced by 24 percent and .41 percent,
respectively. Father's education has a substantial effect on child
mortality unlike in the infant period. Attaining secondary and higher
education reduces the relative risks of child death by 33 percent relative

to fathers with no education.
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Model Il further confirms that environmental contamination variables are
more important during the child age than during the infant age. The
effect of the availability of piped drinking water in the dwelling is in the
expected negative direction even though it is non-significant. The odds
of dying in child age for children born in households with access to piped
drinking water are reduced by 39 percent relative to those born in
households without access to piped drinking water. The effect of the
availability of a flush toilet on child mortality is also in the expected
negative direction and is significant. Relative to children born in
households with no access to a flush toilet, the relative risks of death for
children born in households with access to a flush toilet are reduced by
60 percent (p<0.01). This underlines the importance of good quality
sanitation in preventing diseases such as cholera, diarrhoea and
dysentery. Flush toilets ensure the proper disposal of faeces, which is

important in preventing the spread of these diseases.

Model IV shows the addition of HIV prevalence to maternal,
socioeconomic and environmental contamination variables presented in
Model Ill. HIV prevalence does have a significant impact on child
mortality in Zimbabwe. One unit change in HIV prevalence significantly
increases the hazard of child mortality in Zimbabwe by 63 percent
(p<0.001) in the presence of maternal, socioeconomic and
environmental contamination variables. However, as previously noted,
these results should be treated with caution since association does not
necessarily imply causation. What these observations suggest,
however, is that HIV/AIDS either directly or indirectly influences the level
of child mortality in Zimbabwe. The possible direct and indirect effects
have been discussed in section 6.2.4.
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6.4 Concluding Remarks

The results of the multivariate analysis presented in this chapter are in
broad agreement with those of Chapter 5. In general the strengths of
the relationships of the independent (maternal, socioeconomic and
environmental contamination) variables with the dependent variables
(infant and child mortality) remain much smaller in the 2005-06 ZDHS
survey than in the other ZDHS surveys. For instance, the results from
the 1994 and 1999 ZDHS surveys show a larger impact of maternal
education on infant mortality than in the 2005-06 survey. The impact of
the education of the mother on infant mortality completely disappears in
2005-06 in Zimbabwe. These results are rather unexpected and are not
in line with observations from other surveys conducted in neighbouring
countries such as South Africa. We already commented on these

results in the final section of Chapter 5.

The multivariate analysis produced only relatively small changes in the
strengths of the relationships between independent and dependent
variables compared to the bivariate analysis. In the multivariate analysis
we found again a lack of a U-shaped relationship between birth order
and mortality and maternal age and mortality both in the bivariate and

multivariate analysis.

We expect that children born to young mothers (aged less than 20
years) and those born to older mothers (aged 40-49 years) should have
higher mortality than those born to mothers aged 20-39 years. The
lower risks to child death among children who are first born and those
born to mothers aged 40-49 years found in this chapter are deviations
from the expected mortality pattern and require further investigation.

The findings further suggest the following: birth order and preceding

birth intervals, maternal age and type of birth are dominant determinants
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of infant mortality, but they are less pronounced in child mortality.
Maternal schooling has a marginal impact on infant mortality. Both

maternal and paternal education affects child mortality.

On sanitation, the findings indicated that the provision of piped drinking
water and flush toilets to the households has a stronger impact on child
mortality than infant mortality. The findings support the thesis that
endogenous factors are dominant during infancy while exogenous
factors are dominant during the childhood age. The results on the
impact of HIV/AIDS on mortality showed that HIV/AIDS significantly
increases the risk of dying during infancy and childhood age in
Zimbabwe. These results are consistent with observations made in
Kenya by Hill, Bicego and May.> Furthermore, the results are important
in shaping appropriate strategies for the reduction of infant and child

mortality and the control of the spread of the HIV/AIDS epidemic.

We conclude that the findings presented in this chapter provide further
evidence on the importance of practicing child spacing methods.
Women and men living in urban areas or with higher educational levels
are more likely to use a family planning method.*** Thus family and
health planning in Zimbabwe should be directed at educating men and
women with low educational levels and those in rural areas about the
benefits of long birth spacing and encouraging them to use birth spacing
methods. Such policies may be expected in the long run to reduce
childhood mortality and possibly socioeconomic variations in mortality as

well.

Frailty proportional hazard models are presented in Chapter 7. They are
extensions of Chapter 6 and allow for the estimation of the effect of
unmeasured and immeasurable factors on the risk of infant and child
death.
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Table 6.1: Impact of Selected Maternal Variables on Infant Mortality,
Hazard Model Estimates of Relative Risks (RR), 1996-

2005 (2005-06 ZDHS)

Model | Model Il

Covariate Relative Confidence Relative Confidence

Risk Interval Risk interval
Birth order and
preceding birth
interval®
First births 1.093 0.854-1.398 1.149 0.930-1.420
2-5 and short 1.363 0.951-1.954 1.409 0.994-1.996
2-5 and medium 1.423 0.918-2.206 1.519 0.986-2.340
2-5 and long 1.000 | - 1.000 | -
6+ and short 2.772%** | 1.563-4.916 2.604*** | 1.515-4.477
6+ and medium 1.081 0.558-2.093 1.065 0.562-2.017
6+ and long 1.345 0.916-1.976 1.251 0.914-1.712
Maternal age
<20 years 1.178 0.819-1.695 - -
20-29 years 1.138 0.861-1.503 - -
30-39 years 1.000 | ---mmmmmeeee- - -
40-49 years 1.044 0.624-1.746 - -
Type of birth
Multiple 2.092*** | 1.574-2.782
Singleton 1.000 | -

*p<0.05, *p<0.01, **p<0.001

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.

Zimbabwe Central Statistical Office/ Macro International Inc 21

Source: Author’s calculations
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Table 6.2: Impact of All Maternal Variables on Infant Mortality, Hazard
Model Estimates of Relative Risks (RR), 1996-2005 (2005-06

ZDHS)
Model | Model I
Covariate Relative Confidence Relative Confidence
Risk Interval Risk interval
Birth order and
preceding birth
interval*
First births 1.092 0.854-1.397 1.101 0.859-1.411
2-5 and short 1.366 0.953-1.959 1.369 0.955-1.962
2-5 and medium 1.420 0.916-2.202 1.474 0.950-2.286
2-5 and long 1.000 | - 1.000 | -
6+ and short 2.771%** | 1.562-4.914 2.747** | 1.544-4.884
6+ and medium 1.081 0.558-2.093 1.121 0.578-2.172
6+ and long 1.341 0.912-1.971 1.316 0.898-1.929
Maternal age
<20 years 1.176 0.817-1.692 1.147 0.796-1.653
20-29 years 1.134 0.857-1.500 1.090 0.824-1.443
30-39 years 1.000 | --emmemmmemmeee- 1.000 | --emmemmemeee-
40-49 years 1.043 0.623-1.744 1.032 0.618-1.725
Sex of child
Female 0.977 0.816-1.170 0.992 0.829-1.187
Male 1.000 | --emmemmmemmeee- 1.000 | --emmemmemeee-
Type of birth
Multiple 2.080*** | 1.562-2.768
Singleton 1.000 | -

*p<0.05, **p<0.01, **p<0.001

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.

Source: Author’s calculations
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Table 6.3: Impact of Socioeconomic Variables on Infant Mortality,
Hazard Model Estimates of Relative Risks (RR), 1996-2005
(2005-06 ZDHS)

Model | Model I

Covariate Relative Confidence Relative Confidence

Risk Interval Risk interval
Residence
Rural 1.082 0.860-1.362 1.095 0.765-1.568
Urban 1.000 | e 1.000 | -
Maternal
education
No education 1.000 | --emememeeeee-- 1.000 | ---m-memememee-
Primary 1.041 0.691-1.569 1.024 0.678-1.546
Secondary and
higher 1.071 0.702-1.634 1.037 0.673-1.598
Paternal
education
No education 1.000 | -emeememeeeeeee- 1.000 | --mmemmememee-
Primary 1.001 0.721-1.389 1.002 0.722-1.391
Secondary and
higher 0.935 0.681-1.283 0.934 0.680-1.283
Wealth status
Poor 1.000 | -
Middle 1.103 0.866-1.406
Rich 1.048 0.745-1.475

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001
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Table 6.4: Impact of Environmental Contamination Variables on
Infant Mortality, Hazard Model Estimates of Relative
Risks (RR), 1996-2005 (2005-06 ZDHS)

Model |
Covariate Relative Risk Confidence interval
Piped drinking
water
Yes 0.805 0.571-1.134
No 1.000 | e
Flush toilet
Yes 0.723 0.499-1.047
No 1.000 | e

*p<0.05, *p<0.01, ***p<0.001

Zimbabwe Central Statistical Office/ Macro International Inc 21
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Table 6.5: Impact of All Independent Variables on Infant Mortality, Hazard
Model Estimates of Relative Risks (RR), 1996-2005 (2005-05

ZDHS)
Model | Model Il
Covariate Relative Confidence Relative Confidence
Risk Interval Risk interval

Birth order and
preceding birth interval
First births 1.101 0.859-1.411 1.098 0.852-1.416
2-5 and short 1.369 0.955-1.962 1.387 0.958-2.007
2-5 and medium 1.474 0.950-2.286 1.481 0.950-2.310
2-5 and long 1.000 | - 1.000 | -
6+ and short 2.747** | 1.544-4.884 2.887*** 1.598-5.216
6+ and medium 1.121 0.578-2.172 1.146 0.584-2.250
6+ and long 1.316 0.898-1.929 1.333 0.903-1.968
Maternal age
<20 years 1.147 0.796-1.653 1.150 0.788-1.678
20-29 years 1.090 0.824-1.443 1.092 0.816-1.461
30-39 years 1.000 | - 1.000 | -
40-49 years 1.032 0.618-1.725 1.080 0.616-1.892
Sex of child
Female 0.992 0.829-1.187 0.987 0.823-1.185
Male 1.000 | --emmemmmeeeeee- 1.000 | e
Type of birth
Multiple 2.080*** | 1.562-2.768 2.086*** 1.563-2.785
Singleton 1.000 | - 1.000 | -
Residence
Rural 1.020 0.708-1.470
Urban 1.000 | -
Maternal education
No education 1.000 | -
Primary 1.071 0.658-1.742
Secondary and higher 1.039 0.619-1.742
Paternal education
No education 1.000 | ---meemmeeee-
Primary 1.109 0.791-1.556
Secondary and higher 1.117 0.800-1.559
Wealth status
Poor 1.000 | -
Middle 1.096 0.857-1.402
Rich 1.022 0.723-1.444




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Ot i+

Table 6.5 (Continued)

Model IlI Model IV

Covariate

Relative Confidence Relative Confidence

Risk interval Risk interval

Birth order and
preceding birth interval
First births 1.098 0.851-1.416 0.997 0.775-1.282
2-5 and short 1.398 0.966-2.025 1.183 0.812-1.724
2-5 and medium 1.477 0.945-2.308 1.347 0.862-2.105
2-5 and long 1.000 | - 1.000 | -
6+ and short 2.915** | 1.613-5.265 2.692** 1.490-4.863
6+ and medium 1.149 0.585-2.256 0.962 0.483-1.919
6+ and long 1.337 0.906-1.975 1.198 0.808-1.778
Maternal age
<20 years 1.132 0.775-1.653 1.104 0.756-1.614
20-29 years 1.090 0.815-1.459 1.026 0.764-1.378
30-39 years 1.000 | - 1.000 | -
40-49 years 1.081 0.617-1.894 1.172 0.683-2.011
Sex of child
Female 0.979 0.816-1.176 0.957 0.798-1.149
Male 1.000 | - 1.000 | -
Type of birth
Multiple 2.060*** | 1.541-2.754 1.825%** 1.362-2.444
Singleton 1.000 | - 1.000 | -
Residence
Rural 1.323 0.765-2.289 1.065 0.622-1.824
Urban 1.000 | - 1.000 | --emmemmmemeee-
Maternal education
No education 1.000 | - 1.000 | -
Primary 1.074 0.660-1.748 1.044 0.650-1.676
Secondary and higher 1.055 0.628-1.770 1.142 0.686-1.900
Paternal education
No education 1.000 | - 1.000 | -
Primary 1.116 0.796-1.566 1.086 0.774-1.524
Secondary and higher 1.121 0.803-1.565 1.111 0.796-1.553
Wealth status
Poor 1.000 | - 1.000 | -
Middle 1.082 0.845-1.386 1.044 0.815-1.337
Rich 1.086 0.722-1.633 1.080 0.711-1.641

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.
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Table 6.5 (Continued)

Model 11l Model IV

Covariate Relative Confidence Relative Confidence

Risk interval Risk interval
Piped drinking water
Yes 0.885 0.597-1.311 0.900 0.597-1.357
No 1.000 | -----mmmmemeeee- 1.000 | --mmemmmmeeeeee-
Flush toilet
Yes 0.629 0.348-1.136 0.618 0.349-1.094
No 1.000 | ----mmmmeeeeee- 1.000 | e
HIV prevalence in rural/
urban area as at birth of
child 1.102*** 1.081-1.123

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001
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Table 6.6: Impact of Selected Maternal Variables on Child Mortality,
Hazard Model Estimates of Relative Risks (RR), 1996-2005
(2005-06 ZDHS)

Model | Model I

Covariate Relative Confidence Relative | Confidence

Risk Interval Risk interval
Birth order and
preceding birth
interval*
First births 0.547* 0.337-0.885 0.705 0.475-1.045
2-5 and short 1.290 0.521-3.193 1.391 0.564-3.428
2-5 and medium 0.806 0.325-1.998 0.868 0.352-2.140
2-5 and long 1.000 | e 1.000 | -
6+ and short 1.069 0.146-7.834 1.114 0.155-8.000
6+ and medium 0.788 0.108-5.741 0.681 0.095-4.892
6+ and long 1.198 0.631-2.276 1.003 0.578-1.742
Maternal age
<20 years 1.462 0.795-2.688 -
20-29 years 0.881 0.559-1.390 -
30-39 years 1.000 | - -
40-49 years 0.295 0.069-1.256 -
Type of birth
Multiple 1.418 0.622-3.234
Singleton 1.000 | e

*p<0.05, **p<0.01, **p<0.001

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.

Zimbabwe Central Statistical Office/ Macro International Inc 21

Source: Author’s calculations



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Ot i+

Table 6.7: Impact of Maternal Variables on Child Mortality, Hazard
Model Estimates of Relative Risks (RR), 1996-2005 (2005-06

ZDHS)
Model | Model I
Covariate Relative Confidence Relative Confidence
Risk Interval Risk interval
Birth order and
preceding birth
interval®
First births 0.546* 0.337-0.885 0.549* 0.339-0.890
2-5 and short 1.288 0.520-3.192 1.295 0.523-3.207
2-5 and medium 0.806 0.325-1.998 0.816 0.329-2.022
2-5 and long 1.000 | -—-mmmmmeeeee- 1.000 | -
6+ and short 1.066 0.145-7.825 1.071 0.146-7.858
6+ and medium 0.787 0.108-5.739 0.800 0.110-5.830
6+ and long 1.198 0.631-2.277 1.177 0.619-2.239
Maternal age
<20 years 1.462 0.796-2.688 1.471 0.800-2.704
20-29 years 0.881 0.559-1.390 0.886 0.561-1.398
30-39 years 1.000 | - 1.000 | -
40-49 years 0.295 0.069-1.256 0.294 0.069-1.253
Sex of child
Female 1.011 0.732-1.398 1.011 0.732-1.398
Male 1.000 | ----emmmmeemeee- 1.000 | ---memmmmmemeee-
Type of birth
Multiple 1.428 0.625-3.259
Singleton 1.000 | e

*p<0.05, *p<0.01, **p<0.001

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.

Zimbabwe Central Statistical Office/ Macro International Inc 21
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Table 6.8: Impact of Socioeconomic Variables on Child Mortality,
Hazard Model Estimates of Relative Risks (RR), 1996-
2005 (2005-06 ZDHS)

Model | Model I

Covariate Relative Confidence Relative Confidence

Risk Interval Risk interval
Residence
Rural 1.185 0.768-1.828 1.177 0.621-2.234
Urban 1.000 | - 1.000 | @ -
Maternal
education
No education 1.000 | e 1.000 | -
Primary 0.860 0.434-1.703 0.864 0.437-1.710
Secondary
and higher 0.655 0.321-1.337 0.641 0.313-1.313
Paternal
education
No education 1.000 | ----------ame== U080 | -
Primary 0.646 0.364-1.147 0.649 0.366-1.151
Secondary
and higher 0.717 0.417-1.233 0.705 0.410-1.212
Wealth status
Poor 1.000 | -
Middle 1.266 0.828-1.937
Rich 1.078 0.593-1.961

Source: Author’s calculations

*p<0.05, *p<0.01, **p<0.001

Zimbabwe Central Statistical Office/ Macro International Inc 21
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Table 6.9:  Impact of Environmental Contamination Variables on
Child Mortality, Hazard Model Estimates of Relative
Risks (RR), 1996-2005 (2005-06 ZDHS)

Covariate

Model |

Relative Risk

Confidence interval

Piped drinking
water

Yes
No

Flush toilet

Yes
No

0.573*
1.000

0.403**
1.000

0.335-0.978

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001

Zimbabwe Central Statistical Office/ Macro International Inc 21
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Table 6.10: Impact of All Independent Variables on Child Mortality,
Hazard Model Estimates of Relative Risks (RR), 1996-
2005 (2005-06 ZDHS)

Model | Model Il

Covariate Relative | Confidence Relative Confidence

Risk Interval Risk interval
Birth order and
preceding birth interval
First births 0.549* 0.339-0.890 0.566* 0.345-0.928
2-5 and short 1.295 0.523-3.207 1.317 0.530-3.270
2-5 and medium 0.816 0.329-2.022 0.821 0.331-2.038
2-5 and long 1.000 | - 1.000 | -
6+ and short 1.071 0.146-7.858 0.895 0.121- 6.624
6+ and medium 0.800 0.110-5.830 0.692 0.094- 5.093
6+ and long 1.177 0.619-2.239 0.966 0.496- 1.881
Maternal age
<20 years 1.471 0.800-2.704 1.461 0.788-2.710
20-29 years 0.886 0.561-1.398 0.905 0.571-1.434
30-39 years 1.000 | ------mmmemmee- 1.000 | -
40-49 years 0.294 0.069-1.253 0.270 0.063-1.158
Sex of child
Female 1.011 0.732-1.398 1.019 0.737-1.409
Male 1.000 | ----memmemeeee- 1.000 | eemmeemeeeeee-
Type of birth
Multiple 1.428 0.625-3.259 1.510 0.660-3.457
Singleton 1.000 | ---mmemmmeeeee- 1.000 | -
Residence
Rural 1.135 0.598-2.153
Urban 1.000 | -
Maternal education
No education 1.000 | e
Primary 0.746 0.364-1.529
Secondary and higher 0.567 0.264-1.218
Paternal education
No education 1.000 | -
Primary 0.618 0.347-1.099
Secondary and higher 0.675 0.390-1.168
Wealth status
Poor 1.000 | -
Middle 1.297 0.845-1.989
Rich 1.099 0.603-2.001
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Table 6.10 (Continued)

Model I Model IV

Covariate Relative Confidence Relative Confidence

Risk interval Risk interval
Birth order and
preceding birth
interval*
First births 0.570* 0.347-0.937 0.683 0.416-1.120
2-5 and short 1.307 0.525-3.252 1.611 0.648-4.006
2-5 and medium 0.822 0.331-2.039 0.867 0.348-2.161
2-5 and long 1.000 | - 1.000 | -
6+ and short 0.902 0.122-6.680 1.047 0.140-7.815
6+ and medium 0.719 0.098-5.293 0.195 0.024-1.597
6+ and long 0.977 0.502-1.900 0.960 0.490-1.880
Maternal age
<20 years 1.416 0.761-2.636 1.076 0.572-2.023
20-29 years 0.889 0.560-1.410 0.750 0.465-1.211
30-39 years 1.000 | ----memmmemeee- 1.000 | -
40-49 years 0.262 0.061-1.121 0.406 0.094-1.750
Sex of child
Female 1.021 0.738-1.412 0.958 0.688-1.335
Male 1.000 | ---mmemmeemeee- 1.000 | -
Type of birth
Multiple 1.492 0.651-3.419 1.560 0.675-3.605
Singleton 1.000 | ---mmememeeeeee- 1.000 | -
Residence
Rural 1.260 0.545-2.912 1.371 0.742-3.162
Urban 1.000 | ---mmemmemeeee- 1.000 | e
Maternal education
No education 1.000 | ---mmemmemeeee- 1.000 | e
Primary 0.764 0.373-1.564 1.006 0.485-2.083
Secondary and higher 0.594 0.276-1.276 0.857 0.395-1.860
Paternal education
No education 1.000 | -----mmeemeee- 1.000 | -
Primary 0.614 0.345-1.091 0.708 0.394-1.270
Secondary and higher 0.670 0.387-1.159 0.851 0.483-1.500
Wealth status
Poor 1.000 | ---mmemmemeeee- 1.000 | ---emmmmeeeee-
Middle 1.240 0.806-1.907 1.082 0.692-1.693
Rich 1.064 0.558-2.029 1.098 0.546-2.206

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+
months.
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Table 6.10 (Continued)

Model 11l Model IV
Covariate Relative Confidence Relative Confidence
Risk interval Risk interval
Piped drinking water
Yes 0.606 0.330-1.116 0.691 0.352-1.357
No 1.000 | ----mmmmeeeee- 1.000 | ---mmemmmeee-
Flush toilet
Yes
No 0.401** | 0.171 0.940 0.743 0.334-1.651
1.000 | ---emmmmeeeeee- 1.000 | ---mmemmmeee-
HIV prevalence in
rural/ urban area as
at birth of child 1.629%** 1.542-1.721

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001
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CHAPTER 7

DETERMINANTS OF INFANT AND CHILD MORTALITY: AN
ANALYSIS CONTROLLING FOR FAMILY AND COMMUNITY
FRAILTY EFFECTS

7.1 Introduction

This chapter analyses data on maternal, socioeconomic and
environmental contamination variables associated with infant and child
mortality in Zimbabwe during 1996 - 2005, taking into account frailty
effects at family and community levels. In particular the chapter
examines the extent to which the survival outcomes of siblings are

associated net of the observed factors.

These associations with infant and child survival outcomes even after
accounting for different known determinants of mortality has been
attributed to unobserved heterogeneity or frailty.*>®° Frailty is the

variance in mortality caused by unobserved factors.

Frailty models address the situation where the same individual may
experience the hazard more than once, raising the possibility that due to
some unmeasured and perhaps unknown cause (that is, a cause of
"unobserved heterogeneity"), some subjects may be more likely than
others to experience repeated hazards. This likelihood is the ‘frailty’ of
these subjects and in standard Cox models are unmeasured effects.”
Frailty models are supported by STATA but not by SPSS.

7.2 Measurement of the Family and Community Frailty Effect

We outline in this section the statistical estimation of the frailty models
for infant and child mortality. The Cox regression frailty equation shown
below builds on the standard hazard model equation presented in

Chapter 3. We show in the equation below the addition of specific
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random effects for family (vi) and community (w;) to the standard Cox
regression equation to allow for frailty effects. The equation used to

estimate the frailty effects is given by:
hik(ti / Viwg) = ik (ti) = Viwg Ao(ti)exp(B'Xix)

where Ao(tix) represents the baseline hazard and exp(Bxix) is the relative
risk associated with covariates Xjx. We assume that the random effects
vi and w; follow the gamma distribution with a mean of one. The
assumption of the random effects being gamma-distributed follows
previous research on unobserved heterogeneity, which makes use of
this distribution.

We used the STCOX command in STATA to compute the coefficients
for the family and community frailty effects for infant and child mortality.
We fitted the following two models to the data:

e Model I Single random effect to allow for clustering by
family;

e Model Il Single random effect to allow for clustering by
community

The estimated coefficients from the two models were interpreted just as
in a standard hazard model, while the estimated parameters describing
the distributions of the frailty effects were interpreted as variances of the
frailty distribution. If the variance is zero, observations from the same
family or community are independent. A larger variance implies greater
heterogeneity in frailty across families or communities and greater
correlation among individuals belonging to the same family or
community. A frailty value of one indicates that the measured

covariates in the model do not explain any variation in mortality. In this
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case all the variation in mortality is attributable to unmeasured or

immeasurable factors.

7.3 Family and Community Frailty Models

Section 7.4.1 reports on the analysis of data on the clustering of infant
deaths at the family and community levels. In turn section 7.4.2
analyses family and community frailty for child deaths. The results on
the impact of maternal, socioeconomic and environmental factors on
infant and child mortality are presented in Tables 7.1 and 7.2,
respectively, with two frailty models fitted to these data. Model I
includes a single random effect to allow for clustering of deaths by
family. Model II is based on clustering of deaths at the level of

community.

7.3.1 Infant Mortality

Section 7.4.1 presents frailty models for infant mortality. The results
regarding the various relationships between infant mortality and the
independent variables are shown in Table 7.1. In this section we draw
comparisons with the standard hazard model for infant mortality that
was presented in Table 6.5.

7.3.1.1 Family Clustering Model

The frailty effect for infant mortality at the family level is 0.056 (see
Table 7.1). This family frailty effect for infant mortality is not statistically
significant. This implies that the risks of infant deaths between
households in the 2005-06 ZDHS survey sample do not significantly
differ even after controlling for a number of unknown determinants of
infant mortality. The family frailty effect estimate indicates that the death
of one infant in a household due to unobserved family characteristics is
associated with a 5.6 percent increase in the risk of the index child dying

relative to what it would be if that child were alive. This family frailty
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effect is not substantial and further implies that the measured covariates
in model | of Table 7.1 account for 94.4 percent of the variation in infant

mortality at the family level in the 2005-06 ZDHS survey.

Three patterns emerge when comparing the results from the Cox
proportional hazard model of infant mortality presented in model Il of
Table 6.5 with the hazard model incorporating a single random effect for
each family presented in model | of Table 7.1. First, there is a small
increase in the magnitude of the coefficients for sex of child, type of birth
(singleton or multiple), wealth status and piped drinking water after
introducing the family random effect. Second, there is a small decrease
in the coefficients for birth order and preceding birth interval, maternal
age and flush toilet. Third, the coefficients for place of residence,
maternal education and paternal education levels remain largely

unchanged.

7.3.1.2 Community Clustering Model

This community frailty effect for infant mortality is 0.101 and this value is
not statistically significant (see model Il of Table 7.1). This community
frailty effect implies that the unexplained variation in infant mortality by
the covariates in model Il at the community level is 10.1 percent. This
further indicates that the covariates in model Il explain 89.9 percent of
the variation in infant mortality at the community level in the 2005-06
ZDHS survey. The community effect represents the association among
children residing in the same community that is a consequence of their

shared physical, disease, cultural, and socioeconomic environment.

Overall, the effects of individual - level covariates that are indicative of
high risk families tend to be underestimated in the standard model that
includes no correction for clustering. Communities characterised by high

frailty have more deaths. Covariates that are exogenous and essentially
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independent of community factors, most notably child sex and maternal
age, change the least between the standard hazard model and the

community frailty model.

7.3.2 Child Mortality

Section 7.4.2 presents frailty models for child mortality. The results
regarding the various relationships between child mortality and all
maternal, socioeconomic and environmental contamination variables are
presented in Table 7.2. The standard hazard model for child mortality

was presented in Table 6.10.

7.3.2.1 Family Clustering Model

The results of the parameter estimates presented in Table 7.2 are
largely in line with theoretical expectations and patterns observed for
child mortality. The family frailty effect for child mortality is 0.086 and is
non-significant. This implies that the unexplained variation in child
mortality by the covariates in the model at the family level is 8.6 percent.
The observed maternal, socioeconomic and environmental
contamination variables in model | of Table 7.2 explain 91.4 percent of
the family variation for child mortality in Zimbabwe. We further observe
from comparison of data in Table 7.1 and Table 7.2 that family frailty is
larger for child mortality than infant mortality. Overall, a comparison of
the strengths of the relationships between model 11l of Table 6.10 and
model | of Table 7.2 shows marginal differences in the relative risks for
the covariates in these two models. Two distinct patterns emerge in
model | of Table 7.2, which allow us to study the family random effect on

child mortality.

First, there is an increase in the coefficients depicting the impact of

maternal and environmental contamination variables on child mortality.
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Second, there is a decrease in the coefficients depicting the impact of

socioeconomic variables on child mortality.

We observe that children of birth order 2-5 and short preceding birth
interval are 31 percent more likely to die in child age than those of birth
order 2-5 and long preceding birth interval. This relationship is however
not significant. The lack of a U-shaped relationship between maternal
age and child mortality is maintained in the presence of the random
effect for the family in model I.  However, giving birth at a young age
that is, less than 20 years continues to be a risk factor in the presence of
the family random effect. The sex of the child also continues to have a
very marginal effect on child mortality even in the presence of the family

random effect.

Similar to the results in Table 6.10, the impact of the type of birth
variable on child mortality marginally increased though it is not
significant. Living in the rural areas similarly increases the risk of child
death by a third relative to living in the urban areas. Compared to Table
6.10, the impact of maternal education on child mortality is marginally
decreased in the presence of the family random effect. Attaining
secondary and higher education for mothers reduces the risk to child

death by 41 percent relative to no education.

Unlike in model Il of Table 6.10 where attaining secondary and higher
education for fathers reduces the risk to child death by 33 percent,
attaining secondary and higher education in Table 7.2 reduces the risk
to child death by 32 percent in the presence of the family random effect.
The coefficients depicting the impact of wealth status on child mortality
shows in Table 7.2 that children born to mothers in households
classified as “middle” experience 24 percent higher mortality risk of

dying in child age than children born to mothers in households classified
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as ‘poor’. As previously noted in this study, this could be due to

differential application of childcare practices.

The impact of the availability of piped water and a flush toilet on child
mortality is marginally reduced in the presence of the family random
effect as shown in model | of Table 7.2. The availability of piped water
for the household reduces child mortality risk by 32 percent in the
presence of the family random effect although the relationship is not
significant. A similar observation is made for the availability of a flush
toilet in the dwelling. Access to a flush toilet significantly reduces the
risk to child death by 58 percent (p<0.01).

We now turn to section 7.4.2.2 where we present the results on the
impact of all the independent variables on child mortality after allowing

for the community random effect.

7.3.2.2 Community Clustering Model

Table 7.2 depicts the impact of all maternal, socioeconomic and

environmental contaminatior] variables on child mortality allowing for the

community frailty effect (model 1l). We also draw comparisons with the
standard model Il of Table 6.10 in this section. The community frailty
effect for child mortality is 0.155 and is statistically significant (p< 0.05).
This means that the unexplained variation in child mortality by the
covariates in the model at the community level is 15.5 percent. These
results imply that the observed measured maternal, socioeconomic and
environmental contamination variables in model Il of Table 7.2 explain
84.5 percent of the variation in child mortality at community level.
These results suggest that there is greater significant variation between
communities in the risk of child mortality that is not accounted for by the

measured maternal, socioeconomic and environmental contamination
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factors in model Il than in the standard model. In addition, the

community frailty effect is larger in childhood than in infancy.

The differences in the strength of the relationships between the
covariates in model Il of Table 6.10 and model Il of 7.2 are marginal.
We further found that model Il exhibits marginal increases in the effects
of the covariates on child mortality from the preceding model in Table
7.2. Two diverse patterns are similarly observed after introducing the
community random effect in model II: an increase in the coefficients for
maternal and environmental contamination covariates and a decrease in
the coefficients for socioeconomic covariates. The direction of the

hazard ratios in model 1l is analogous to that observed in model I.

The results in model Il show that the elevated child mortality risk is
associated with children of birth order 2-5 and short intervals, maternal
age of less than 20 years, multiple births, living in the rural areas and
being born to mothers of ‘middle’ wealth status. A lower risk to child
death is associated with secondary and higher maternal and paternal
education, availability of piped water and a flush toilet for the household.
The relationships of the covariates with child mortality are largely non-
significant after introducing the community frailty effect with the
exception of that for flush toilet which is significant at p<0.01.

7.4 Concluding Remarks

Chapter 7 presented an analysis of family and community frailty effects.
We observed that family and community variance of random effects are
higher for child mortality than infant mortality. Only the variance of
random effect for child mortality is significant. This indicates that there
is substantial variation in the risk of child death among communities in
the 2005-06 ZDHS sample that is not taken into account by the
covariates of the standard model. We found that there were marginal

changes in the coefficients of the covariates for both infant and child
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mortality after we introduced the family and community random effects.
As observed in the Cox proportional standard hazard models, maternal
factors were predominant in the infancy phase while socioeconomic and
environmental contamination factors were predominant during the
childhood phase. We further found that many of the relationships
between the covariates and mortality were not significant, but they were

often in the expected direction.

This study has demonstrated that child mortality risks vary due to
unobserved factors at the community levels. Unobserved heterogeneity
at the community level has been shown to be higher than that at the
family level. Children in the same community live under similar climatic,
environmental, socioeconomic and cultural conditions and are exposed
to the same illness and diseases prevalent at community level.®® The
results of our frailty models suggest that the effects of community factors
such the availability of hospitals and natural and economic resources
are likely to be important. A major limitation of the DHS data is that it
does not collect community information. Future studies should therefore

endeavour to include community factors where they are available.

We now turn to Chapter 8, which presents the overall discussion of the
findings, conclusions of the study and recommendations. Chapter 8 will
also deal with the implications of the findings for child health policy

formulation, programming and further research.



i
&

UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA

W VYUNIBESITHI YA PRETORIA
Table 7.1: Impact of Maternal, Socioeconomic and Environmental
Contamination Variables on Infant Mortality, Controlling for
Family and Community Frailty, 1996-2005 (2005-06 ZDHS),
Zimbabwe
Covariate Family Frailty Model Community Frailty Model
(Model 1) (Model 11)
Relative Confidence Relative Confidence
Risk interval Risk interval
Birth order and
preceding birth
interval®
First births 1.090 0.845-1.418 1.090 0.851-1.416
2-5 and short 1.391 0.949-2.027 1.322 0.945-2.021
2-5 and medium 1.477 0.945-2.308 1.477 0.945-2.308
2-5 and long 1.000 | e 1.000 | -
6+ and short 2.851*** 1.512-5.134 2.815%** 1.626-5.212
6+ and medium 1.132 0.547-2.185 1.190 0.595-2.274
6+ and long 1.323 0.896-1.858 1.374 0.821-1.932
Maternal age
<20 years 1.145 0.685-1.594 1.149 0.771-1.674
20-29 years 1.088 0.795-1.381 1.012 0.731-1.352
30-39 years 1.000 | - 1.000 | -
40-49 years 1.077 0.611-1.892 1.079 0.617-1.898
Sex of child
Female 0.988 0.796-1.162 0.962 0.816-1.176
Male 1.000 | - 1.000 | -
Type of birth
Multiple 2.041*** 1.537-2.725 2.187** 1.532-2.742
Singleton 1.000 | - 1.000 | -
Residence
Rural 1.329 0.761-2.295 1.334 0.765-2.297
Urban 1.000 | e 1.000 | -
Maternal education
No education 1.000 | - 1.000 | -
Primary 1.082 0.725-1.752 1.085 0.721-1.748
Secondary and
higher 1.073 0.632-1.721 1.092 0.615-1.753

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.
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Table 7.1 (Continued)

Family Frailty Model Community Frailty Model
(Model 1) (Model 11)

Covariate Relative Confidence Relative Confidence

Risk interval Risk interval
Paternal
education
No education 1.000 | —-meemmmeeeeeee 1.000 | --ememmmmmeeee-
Primary 1.121 0.784-1.495 1.125 0.781-1.503
Secondary and
higher 1.127 0.821-1.575 1.131 0.815-1.582
Wealth index
Poor 1.000 | - 1.000 | -——--
Middle 1.089 0.832-1.381 1.093 0.837-1.379
Rich 1.082 0.715-1.629 1.088 0.719-1.639
Piped drinking
water
Yes 0.903 0.523-1.321 0.927 0.539-1.342
No 1.000 | - 1.000 | --emmmmmmmeeee-
Flush toilet
Yes 0.610 0.335-1.129 0.636 0.339-1.133
No 1.000 | - 1.000 | ---emmmmmmmeeee-
Variance of
Random Effect
Family Frailty
Effect 0.056
Standard Error 0.043
Community
Frailty Effect 0.101
Standard Error 0.037

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001

Zimbabwe Central Statistical Office/ Macro International Inc21
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Table 7.2: Impact of Maternal, Socioeconomic and Environmental
Contamination Variables on Child Mortality, Controlling for
Family and Community Frailty, 1996-2005 (2005-06 ZDHS),

Zimbabwe
Family Frailty Model Community Frailty Model
(Model I) (Model II)
Covariate Relative Confidence Relative | Confidence
Risk interval Risk interval

Birth order and
preceding birth
interval®
First births 0.620* 0.221-0.974 0.633* 0.332-0.968
2-5 and short 1.314 0.515-3.375 1.325 0.511-3.268
2-5 and medium 0.821 0.330-2.037 0.832 0.321-2.029
2-5 and long 1.000 | e 1.000 | -
6+ and short 0.921 0.115-6.672 0.927 0.119-6.675
6+ and medium 0.733 0.085-5.189 0.736 0.091-5.292
6+ and long 0.981 0.496-1.878 0.984 0.498-1.874
Maternal age
<20 years 1.425 0.776-2.691 1.418 0.754-2.629
20-29 years 0.912 0.571-1.462 0.896 0.552-1.392
30-39 years 1.000 | - 1.000 | -
40-49 years 0.267 0.083-1.132 0.261 0.059-1.117
Sex of child
Female 1.033 0.751-1.443 1.031 0.735-1.417
Male 1.000 | - 1.000 | -
Type of birth
Multiple 1.496 0.657-3.423 1.502 0.643-3.433
Singleton 1.000 | e 1.000 | -
Residence
Rural 1.291 0.541-2.928 1.315 0.561-2.952
Urban 1.000 | e 1.000 | -
Maternal education
No education 1.000 | - 1.000 | -
Primary 0.761 0.365-1.577 0.752 0.368-1.556
Secondary and
higher 0.590 0.281-1.269 0.589 0.269-1.258

*p<0.05, **p<0.01, **p<0.001

! Preceding birth interval: short <= 18 months, medium 19-23 months, long 24+ months.
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Family Frailty Model

Community Frailty

(Model 1) Model

Covariate (Model 11)

Relative Confidence Relative | Confidence

Risk interval Risk interval

Paternal
education
No education 1.000 | - 1.000 | -------mmmeee-
Primary 0.625 0.364-1.125 0.619 0.339-1.088
Secondary and
higher 0.684 0.375-1.182 0.679 0.363-1.167
Wealth index
Poor 1.000 | - 1.000 | -----mmmemeeeee-
Middle 1.239 0.804-1.901 1.232 0.801-1.909
Rich 1.058 0.542-2.018 1.054 0.558-2.029
Piped drinking
water
Yes 0.683 0.318-1.119 0.689 0.321-1.123
No 1.000 | e 1.000 | -------mmmee--
Flush toilet
Yes 0.423** 0.163 0.931 0.427* | 0.169 0.933
No 1.000 | e 1.000 | -------mmmee--
Variance of
Random Effect
Family Frailty
Effect 0.086
Standard Error 0.042

Community
Frailty Effect
Standard Error

0.155*
0.045

Source: Author’s calculations

*p<0.05, **p<0.01, **p<0.001

Zimbabwe Central Statistical Office/ Macro International Inc21
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CHAPTER 8

DISCUSSION OF FINDINGS, CONCLUSIONS AND
RECOMMENDATIONS

8.1 Introduction
This chapter describes and discusses the major findings of the research.
The chapter concludes with recommendations towards health policy and

child health programming in Zimbabwe.

8.2 Summary and Discussion of Major Findings

8.2.1 Levels and Trends of Infant and Child Mortality

In this section the findings on levels and trends of infant and child
mortality are discussed. Firstly, the direct estimates are discussed,
followed by the indirect estimates. Finally, the results obtained from the
application of the multiple-spline regression technique to data from

multiple demographic sources in Zimbabwe are discussed.

We studied the trends in infant and child mortality with direct estimates
from DHS-type surveys conducted in Zimbabwe between 1988 and
2005 and found the following results. Whereas neonatal, infant and
child mortality declined during the period 2001-2005, postneonatal
mortality stagnated at 36 deaths per 1,000 live births during this period.
Under-5 mortality declined from 102 deaths per 1,000 live births during
the 1995-1999 period to 82 deaths per 1,000 live births during the 2001-
2005 period.” The majority of the decline in under-5 mortality would
appear to be the result of the decline of 40 percent in child mortality
during 2001-2005. Overall, the findings on the decline between 1995-
1999 and 2001-2005 were unexpected. Infant and under-five mortality
rates were expected to have increased during this period due to the
direct and indirect impact of HIV and AIDS and the worsening economic

and political conditions in Zimbabwe during the 1995-2006 period.
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Several reasons can be mentioned making it likely that the decline in
under-5 mortality in the late 1990s and early 2000s in not genuine.
First, the vaccination coverage and nutritional status of under-five
children in Zimbabwe worsened between 1994 and 2005-06. For
instance, the percentage of children aged 12 to 24 months who had not
received any vaccinations was more than five times higher in 2005-06
than in 1994 (4 percent and 21 percent, respectively). It is therefore
difficult to accept that childhood mortality could have declined between

1999 and 2005 in Zimbabwe.

Second, we found that there is a discrepancy between infant and under-
5 mortality estimates referring to the 5-9 year-period preceding the
2005-06 ZDHS survey with those for the 0-4 year-period preceding the
1999 ZDHS survey.'*?! These rates should be more or less similar, but

they are not.

Third, we hypothesise that the difference in mortality estimates between
the 1999 and 2005-06 ZDHS surveys could be due to the excess
mortality among women of childbearing age that occurred from 1993-
1999 to 2000-2005. The 2005-06 ZDHS survey report states that adult
mortality has continued to rise between 1996-1999 to 2000-2005 by
around 40 percent among women and 20 percent among men. Adult
female mortality is highest among women in the 30-39 year age group
whose mortality doubled to 23 deaths per 1,000 during the 1993-1999
and 2000-2005 periods. It could be that these mothers are “missing” in
the 2005-06 ZDHS survey and this means that their children — with
higher than average mortality rates - were also not included.

One interesting observation from this study is that the mortality gap by
rural-urban and sex of child differentials in Zimbabwe has narrowed

since 1995. For instance, the child mortality rate decreased to 21
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deaths per 1,000 live births for both sexes during the period 1995-1999
from levels of 35 and 31 deaths per 1,000 live births during the 1990-
1999 period, for males and females, respectively. Under-five mortality
decreased to 72 and 64 deaths per 1,000 births from 100 and 69 deaths
per 1,000 live births in rural and urban areas, respectively. Similar
declines were recorded with respect to all the subcomponents of under-

five mortality during 1990-1999.

The closing of the mortality gap between rural and urban areas could
possibly be due to the effectiveness of the programmes for equitable
distribution of health facilities aimed at removing the discrepancies
between rural and urban areas in Zimbabwe. The population in rural
areas has had better and improved access to health facilities since
independence in 1980 in Zimbabwe. The narrowing of the male-to-
female mortality gap could also be partly due to the diminishing gender
inequality.

We found that there are still substantial provincial variations in under-
five mortality in Zimbabwe. What is intriguing is that the under-five
mortality rate in Harare (65 per 1,000 live births) was higher than that for
Bulawayo (45 per 1,000 live births).

In order to evaluate the plausibility of the direct estimates, we also
computed indirect estimates of infant and under-five mortality. Whereas
direct estimates are computed directly from the data, indirect techniques
use models and/ or consistency checks to estimate demographic
parameters. A comparison of direct and indirect estimates of infant and
under-five mortality revealed that although the indirect estimates were
somewhat higher than the direct estimates, the differences were small,

giving credence to the correctness of the direct estimates.
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The results from the multiple-spline regression analysis showed that the
data points from the 2005-06 ZDHS survey deviate from the other three
rounds of the ZDHS surveys. The regression analysis showed that
infant and under-five mortality declined during the period from 1960 to

1990 and that the decline in mortality stalled from the 1990s to 2005.

Having discussed the major findings on the levels and trends of infant
and child mortality, we now turn to the next section which discusses the

major findings on the determinants of infant and child mortality.

8.2.2 Determinants of Infant and Child Mortality

We used the Cox proportional hazards method to estimate the bivariate
and multivariate coefficients on the impact of a number of factors on
infant and child mortality. In general, differences in the strength of the
relationships using bivariate and multivariate relationships were small
which means in the discussion we deal with both of them together. We
conducted the bivariate and multivariate analysis in this study for both
infant and child mortality. These results will be discussed
simultaneously. We will discuss the determinants of infant mortality and
add those for child mortality in so far as the results from the

determinants of infant mortality are different from those of child mortality.

We found that in many cases the relationships between independent
variables and infant and child mortality were in the expected direction
but for only a few variables was the relationship statistically significant.
This is illustrated in the tables in chapter 6 and 7. There is at the end of
this section a hypothesis on why the relationships between the
independent and dependent variables were smaller than expected. We
now look at the impact of the independent variables on infant and child

mortality in more detail.
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8.2.2.1 Maternal Variables and Mortality
We found that there is a substantial elevated mortality risk to infants of
birth order 6 and more and infants born after short birth intervals, that is,
intervals of less than 18 months. What we have found is in accordance

with other findings on the influence of birth order and birth spacing.

It has been firmly established in the demographic literature that infant
and child mortality are higher for births spaced at short intervals and
high parity births. Short birth intervals increase the number of children
of more or less similar (comparable) ages in the household. Alam™
argues that this consequently heightens the susceptibility of children to
infectious diseases due to their physical proximity and leads to siblings’
competition for household resources including individualised maternal

care.

Results from this study indicated that children born to young (less than
20 years) and older (40-49 years) mothers experienced 20 percent
higher mortality risk than those born to mothers aged 30-39 years.
Maternal age therefore still remains an important factor impacting on
infant mortality in Zimbabwe where the median age at childbearing is 26
years.?! Children born to women in their mid-twenties, which is close to
the median age at childbearing in Zimbabwe, exhibit the lowest mortality
risks relative to women aged 30-39 years. The effects of maternal age
at birth are both physiological and sociopsychological. The immature
reproductive systems of young mothers and the depleted physiological
systems of older mothers due to repeated pregnancies makes them
susceptible to pregnancy complications and bearing low birth weight
babies both of which are associated with a higher risk of child death.
Family planning could mitigate the negative effects of young and old

maternal age at birth on child survival.”
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We found that female infants are associated with less than 2 percent
lower mortality relative to male infants. This is consistent with the
observations made earlier that the mortality gap by sex of child

differentials in Zimbabwe has narrowed since 1995.

We also found that children from multiple births have an elevated
mortality risk of 2.06 and 1.49 times higher during infancy and child age,
respectively, compared to singleton births. The relative risk is highly
significant for infant mortality and is not significant for child mortality.
These findings are consistent with literature documenting the elevated

mortality risk associated with twins in infancy.*

8.2.2.2 Socioeconomic Variables and Mortality

Living in the rural areas is associated with an elevated risk to child death
of 1.26 times high relative to living in the urban areas. These findings
are expected given the discrepancies between rural and urban areas in
terms of health infrastructure. It was also noted in the study of trends in
under-five mortality that the mortality gap by rural-urban differentials in

Zimbabwe has narrowed since 1995.

We observed that the impact of education is higher in childhood than in
infancy although none of these relationships are statistically significant.
Attaining secondary and higher education reduces the risk of child death
by 40 and 33 percent for mothers and fathers, respectively, relative to
no education. The modest impact of maternal schooling on infant
mortality in Zimbabwe during the period 1996-2005 is worth
commenting. This finding is consistent with results from an analysis of

I”® where maternal education did not

Egyptian data by Casterline et a
have a discernible impact on infant mortality. The lack of an impact of
maternal education on infant mortality seems to be observed only in the

2005-06 ZDHS survey. The data for the other 3 rounds of the ZDHS
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surveys conducted in 1988, 1994 and 1999 show that maternal

education has a depressing impact on infant and child mortality.

Previous research has identified maternal education as the
socioeconomic factor of central importance in determining children’s
survival chances. Maternal education is often used to indicate mother’s
level of skills and knowledge to effectively utilise the available health
and childcare resources. According to Caldwell, education supplies
women with the knowledge and skills to raise healthy children, provides
women with higher income through higher earnings or selective mating,
increases the value of time, alters preferences, and changes the

244374 Cleland and van

structure of intrahousehold relationships.
Ginneken® further argue that “The inverse education-mortality
relationship is found in all major regions of the developing world; the
association is very pronounced, but appreciably closer in childhood than
in infancy; and even a modest exposure of the mother to formal
schooling is associated with reduced risks of death in most contexts. It
is thus important both for a better understanding of health determinants
and for practical policy reasons, to reassess whether the education-
mortality relationship is a causal one, and if so, to identify the pathways
of influence” (p.1359). Mothers with more education are also more able
to overcome the adverse effects of some factors such as very young

and old maternal age and short birth intervals.

We further found that the impact of wealth status on infant mortality is
not as discernible as that on child mortality. The impact of wealth status
on child mortality revealed that children born to mothers in households
of middle wealth status had mortality risk of 1.24 times high relative to
those born to mothers in poor households. This relationship was
however not significant. This could be due to use of different child-care

practices in these two groups.
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8.2.2.3 Environmental Contamination Variables and Mortality
Our results revealed that access to sanitation facilities namely piped
drinking water and flush toilet, are associated with low infant and child
mortality. However, the relationships are only significant for the
presence of a flush toilet and only for child mortality. Having access to
piped drinking water and flush toilet facilities reduce child mortality by 39

and 60 percent, respectively, relative to having none of these facilities.

Previous research suggests that the type of toilet facility and source of
drinking water reflect the level of environmental contamination, which
determines the transmission of infectious agents to children.*®">"®
These factors also serve as a proxy for information unavailable from the
survey including household hygiene, standards of cleanliness, food

preparation and storage practices.’"’®

Our study confirms, therefore, that since the majority of the population in
Zimbabwe (69 percent) relies on unsafe water sources, conditions of
use, including manner of storage and whether families treat the water
before using it, are important factors in determining infant and child

survival in Zimbabwe.

8.2.2.4 HIV/AIDS and Infant and Child Mortality

The results on the inclusion of HIV/AIDS in the multivariate models
indicate that HIV/AIDS does have an influence on infant and child
mortality in Zimbabwe. A unit increase in HIV prevalence significantly
increases the odds of dying in infancy by 10 percent and in childhood by
62 percent in the presence of maternal, socioeconomic and
environmental contamination variables. However, these results should
be treated with caution as they only suggest that HIV among mothers
has an effect on under-5 mortality. These results are consistent with

those by Hill, Bicego and Mahy® who found that the prevalence of
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HIV/AIDS was strongly associated with elevated mortality child mortality

risks in Kenya in the 1990s.

Marindo and Hill®® however observe that it is difficult to measure the
impact of HIV/AIDS on under-5 mortality from surveys that utilise
individual reports from the mothers. They observe that for the child to be
infected with HIV/AIDS the mothers have to be infected as well. Child
mortality estimates are likely to be understated as the mothers of
infected children are likely to have died before the time of the survey
and are therefore not present to report the deaths of their infected
children in the survey (ibid). However, our results are important in as far
as they show the potential direct and/or indirect influence that HIV/AIDS
could have on infant and child mortality. Programming for child health
has to include efforts to reduce the spread of HIV/AIDS in Zimbabwe,
especially if the Millennium Development Goal (MDG4) is to be
achieved.

As already mentioned in Chapters 4 and 5, we hypothesise that the
decline in the under-5 mortality estimates between 1999 and 2005-06 is
not genuine and could be due to the increase in mortality among women
of reproductive age between 1996-1999 and 2000-2005. We earlier
observed in this study that adult mortality among women of childbearing
age increased by 40 percent between 1996-1999 and 2000-2005.
Close to 60 percent of these extra deaths were to women aged 30-44
years.”> Therefore, a group of older women who would have had
children with higher than average mortality rates were “missing” from the
2005-06 ZDHS survey. It is probably the finding that there were a
number of “missing mothers” from the survey which not only led to the
possible underestimation of the true levels of infant and child mortality in
the 2005-06 ZDHS survey, but also to the lack of expected relationships

between infant and child mortality and the independent variables in the
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2005-06 ZDHS survey. For example, the 1994 and 1995 ZDHS surveys
show a stronger impact of maternal education on under-5 mortality. This
impact completely disappears in 2005-06. We elaborated already on
this point in the final section of Chapter 5. Further research is required
to determine the plausibility of the mortality estimates from the 2005-06

ZDHS survey.

In this section we discussed the major results on the determinants of
infant and child mortality. The next section discusses results on the

frailty hazard models.

8.2.3 Frailty Hazard Models

Results presented in Chapter 5 and 6 have shown that infant and child
mortality vary due to the measured maternal, socioeconomic,
environmental contamination and personal illness control factors even
though the relationships between the independent variables and
mortality were often not statistically significant. In this section we
discuss the findings on frailty at the family and community level. Frailty,
in the infant and child mortality models presented in Chapter 7,
represents a child’s susceptibility to the risk of death. It captures the
total effect of all factors that influence the child’s risk of death that are

not included in the baseline hazards presented in chapter 6.

Since the models presented in chapter 6 can account for observed
covariates, the frailty effects presented in Chapter 7 represent
unmeasured or immeasurable effects on infant and child mortality.
Zimbabwe provides one of the better settings in which to estimate the
unobserved family and community effect. This is because the capacity
to be able to measure the clustering of mortality risk is much greater in
settings with relatively high fertility and high mortality.”>"*® It is the

association among siblings' survival that allows the estimation of the



i
W UNIVERSITEIT VAN PRETORIA

=) UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

family and community frailty effect.22 We found that there is marginal
difference between the coefficients of the standard models and those
representing the effect of frailty for both infant and child mortality. The
frailty effects at the family level for infant and child mortality were 5.6
and 8.6 percent, respectively. The frailty effects were not statistically
significant. This implies that the risks of infant and child deaths between
households in the 2005-06 ZDHS survey sample do not significantly

differ even after controlling for a number of known determinants of infant

and child mortality.

The frailty effects at the community level for infant and child mortality
were 10.1 and 15.6 percent, respectively. We further found that only the
frailty effect at community level and for child mortality was statistically
significant.  This implies that the risks of child deaths between
communities in the 2005-06 ZDHS survey sample significantly differ
even after controlling for a number of known determinants of child
mortality. It further implies that the variables in the child mortality model
explained 84.4 percent of the community variation in child deaths in the
2005-06 ZDHS survey sample.

We now compare the results from this study with those of Guo® who
estimated a family random effects model for infant mortality using
Guatemalan data and Zenger®® who estimated a similar model using

4
|8

data from Bangladesh and Curtis et al*® who studied family frailty in

Brazil.

We find that the family frailty effect is much smaller for Zimbabwe
(0.056) than for Guatemala (0.610) and much larger for Bangladesh

(close to zero). In contrast, Curtis et al®*

report the presence of large
and highly significant family frailty effects in a study of postneonatal

mortality in Brazil. All these results call for further research to determine
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the effect of unobserved heterogeneity in sub-Saharan Africa. Child
health policy and programming in Zimbabwe should focus on those
aspects that make some communities more prone to morbidity and

mortality relative to other communities.®

8.3 Conclusions

The findings from this study on the levels and trends of childhood
mortality revealed that infant and under-five mortality declined in
Zimbabwe in the period 1999-2005. This decline is difficult to accept
and should be treated with caution due to a number of reasons that
were mentioned in the previous section. What is also intriguing in our
findings in this study is the disappearance of mortality gaps by sex and
rural-urban differentials in Zimbabwe. However, we found that provincial

differentials in infant and child mortality still exist in Zimbabwe.

The findings on the determinants of childhood mortality illustrate that the
maternal variables are more important during the infant age (0-11
months) than during the childhood age (12-59 months). Infant mortality
risk is increased for children of higher birth orders and short preceding
birth interval. Higher parity and short preceding birth spacing is clearly

risky for the child and is also harmful to the mother’s health.

We also found that socioeconomic and environmental factors are more
important during the childhood age than during infancy but many of
these relationships were not statistically significant. This study supports
health policy initiatives stimulating the use of family planning methods to
increase birth intervals. This would lead to a reduction in infant and child
mortality in Zimbabwe. Many women, particularly those living in rural
areas or those without formal education are aware of the benefits of
family planning, but because of some social, economic, and cultural

factors do not practice it. These women may not even be aware of the
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advantages of birth spacing using modern contraception. However,
women living in urban areas or who have higher educational levels are

more likely to use modern family planning methods.

We found that family frailty for both infant and child mortality (5.6 and
8.6 percent) is not substantial and is non-significant. There is however
substantial community frailty with respect to infant and child mortality.
The magnitude of the unexplained variation in infant mortality by the
measured independent variables at community level is 10.1 percent
while that for child mortality is 15.6 percent. Only the last finding is
statistically significant. These results suggest that there is considerable
variation among communities which indicates that child deaths are likely
to be clustered in certain communities in Zimbabwe. Appropriate child
health programmes should target the most vulnerable communities in
Zimbabwe in order to advance child survival prospects and to achieve
the Millennium Development Goals.

8.4 Limitations

This section gives an overview of the limitations that could have affected
this study. The birth history data in the DHS surveys is collected
retrospectively and mothers with greater levels of education are
probably less likely to omit births that end in death than are mothers with
less education. Hence the effect of education on child survival obtained
from the DHS surveys may be underestimated.

The analysis of independent variables in this study is restricted to 10
years before the 2005-06 ZDHS survey, that is, 1996-2005 so that the
hazard ratios are based on a sufficient number of cases in each
category to ensure statistically reliable estimates. A potential problem
with analysing births from a ten-year window period is that many of the

independent variables refer to conditions or characteristics at the time of
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the survey. These may not be the actual conditions under which the
children were exposed to the risk of death. Our analysis however
focused on independent variables which are likely to reflect accurately
actual conditions under which children were exposed to the risk of death

even though they were recorded at the time of the interview.

For example, the maternal variables (birth order, preceding birth interval,
maternal age and type of birth) that we analysed are fixed for each child
and refer to the situation under which the child was exposed to the risk
of death even though the information was collected at the time of the
survey. Furthermore, women'’s education is usually completed before or
upon the birth of her first child.

8.5 Recommendations
In this section we provide the recommendations emanating from this

research.

1. In the light of the conclusions drawn from this study, we
recommend that the DHS programme should consider using not
only direct, but also indirect techniques of estimating childhood
mortality in order to facilitate comparison with estimates from
censuses and other demographic surveys. Indirect mortality
estimates refer to a specific time location, which is important in
studying mortality levels and trends. The DHS programme uses
life-table probability techniques to estimate childhood mortality.
These estimates refer to 0-4, 5-9 and 10-14 years preceding the
survey. They do not have a clearly defined reference point in
time. We assume, therefore, that the DHS mortality estimates
refer to the mid-point of the interval in years preceding the
survey. This reference point is less precise than in the case of

use of indirect techniques.
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In countries such as Zimbabwe where the HIV prevalence had in
2005-06 declined to 18.1 percent”® and still very high, we
recommend that results of research projects mentioning a decline
in under-5 mortality should be interpreted with caution. It may not

necessarily be a true reflection of trends in child health.

The results suggest that HIV/AIDS either directly or indirectly
influences the levels of under-5 mortality in Zimbabwe.
Programmes to reduce under-5 morbidity and mortality should be
intertwined with those targeting the control of the spread of
HIV/AIDS in Zimbabwe.

A contraceptive prevalence rate of 58 percent is encouraging for
Zimbabwe. Family planning programmes should therefore be
aimed at educating women and men with low educational levels
and those in rural areas about the potential benefits of long-term
birth spacing and encouraging them to use birth spacing
methods. These programmes need to be made more accessible
to both urban and rural women. Furthermore, given the findings
from this study, an improvement in family planning service

provision will definitely enhance child survival in Zimbabwe.

Policies that weaken and remove the social, economic, and
cultural barriers to the use of contraception and promote
appropriate breastfeeding and are directed at women in rural
areas with low educational levels, are especially needed in
Zimbabwe. One such policy is to enhance the training of
traditional midwives and also train traditional healers and absorb

them into the public health system.
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6. The multi-spline robust regression method can ably reconcile
differences in values from multiple data sources by extrapolating
a linear regression line. On this basis, we recommend use of this
method to estimate childhood mortality levels and trends in

Zimbabwe.

7. On-going data collection programmes, such as the Demographic
and Health Surveys should continue to gather information on
morbidity and mortality in under-5 children. These survey
programmes continue to contribute to the knowledge-base of
child health conditions and use of health services in developing

countries.

8. Additional research is needed to determine the plausibility of the
recent decline in childhood mortality in Zimbabwe before a
conclusion is accepted that mortality declined over the period
between the 1999 and 2005-06 ZDHS surveys.

9. Further research is required to test the hypothesis that the
unexpected decline in under-5 mortality and the change in the
relationships of the covariates with mortality are probably due to
the “missing children” and “missing mothers” in the 2005-06
ZDHS survey.

10.The determinants of adult female mortality should also be more
thoroughly studied, particularly with the high levels of AIDS -
related adult female deaths in countries such as Zimbabwe. A
more refined analysis could uncover interesting insights on the

impact of independent variables on adult female mortality.
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11.Multiple births are strongly negatively associated with infant
survival in Zimbabwe independent of other risk factors. This
evidence suggests that improving maternal and child health
services, screening for high-risk pregnancies and making referral
services for these conditions more accessible, particularly to the
rural women and children, will be key to improving child survival

in Zimbabwe.

12.The results from this study are expected to assist policy makers
and programme managers in the child health sector to formulate
appropriate strategies and interventions to improve the situation
of under-five children in Zimbabwe. In particular, child health
interventions should be expanded by means of health
programmes such as the Integrated Management of Childhood
lliness (IMCI).
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Sent: 22 July 2009 03:45 PM

To: Kembo, Joshua

Subject: Acceptance of manuscript #851

Dear Joshua,

I have now heard back from Reviewer A of "Determinants of infant and child mortality
in Zimbabwe: Results of multivariate hazard analysis". S/He really likes the revisions
you made to the manuscript and would now like to change her vote to an "accept"”.
Reviewer A is really pleased with this version. The editor also approves of the current
version of the paper. That is why it is now my pleasure to let you know that your
paper is accepted for publication in Demographic Research. Congratulations!

Now that the SRB is happy, we can proceed to the "housekeeping" part, where we
prepare your work for publication. Here are two things you should now do...

1) If you have not already done so, print out a copy of the publication agreement
(attached here as a PDF). You need to fill it in and sign in ink, and mail it to us by
normal air mail (no need to send express or anything fancy, just normal mail).

2) Re-work any parts of the paper you want to improve or correct. If you want to
change anything, including updating references, changing section numbers, or
inserting a paragraph, please do so now.

After we format the paper for publication you will be getting a proof copy in a PDF, so
you will able to check for small typos or other minor items there, but it is much easier
for all of us if you take care of the major work now. Once we have assigned page
numbers and done the layout, it is more difficult to move things around. When you are
finished with any and all changes you might want, please send us a new word file,
calling it "851 ready to format" or something, and we will format that.

So, that is all. If you have any questions, please let me know and | will try to help.
Congratulations again! Have a fantastic day!

All the very best,
Jana

Jana Tetzlaff

Assistant Managing Editor

Demographic Research Editorial Office

mailto: office@demographic-research.org
http://www.demographic-research.org
Max-Planck-Institute for Demographic Research
http://www.demogr.mpg.de
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Appendix 4

CURRICULUM VITAE AND SUMMARY OF PURPOSE AND
CONTENTS OF RESEARCH

Joshua Kembo is a Senior Researcher in the Bureau of Market
Research (BMR) at the University of South Africa (Unisa). He holds an
Msc in Population Studies obtained from the University of Zimbabwe in
1992. He is currently completing his PhD in Epidemiology in the School
of Health Systems and Public Health at the University of Pretoria. His
areas of research interest include mortality, morbidity and statistical and
mathematical demographic projections. He has been involved in over 20
research and evaluation projects in the demographic and public health

disciplines.

Mr. Kembo recently submitted an article entitled “The consequences of
HIV and AIDS on children” for publication in the SAHARA Journal. He
was one of three authors whose paper entitled “A review of National
AIDS Councils in selected countries in Africa” was published in the
SAHARA Journal in December 2008. A paper drawn from chapter 6 of
his doctoral thesis was recently accepted for publication in an
international journal, namely, Demographic Research. Mr. Kembo is
publishing this paper with his doctoral thesis supervisor, Professor
Jeroen K. van Ginneken. The paper is entitled: “Determinants of infant

and child mortality in Zimbabwe: results of multivariate hazard analysis.”

In his doctoral research Mr. Kembo focuses on the levels and trends of
under-five mortality and the impact of maternal and socioeconomic
variables on childhood mortality. His primary findings are that survival
for all under-fives in Zimbabwe remained more or less constant from
1990-1994 to 1995-1999 and improved from 1995-1999 to 2001-2005.
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This trend was unexpected. Determinants of child mortality were
different in relative importance from those of infant mortality. His
research contributes greatly to existing knowledge on under-five
mortality by showing that the recent decline in under-five mortality in
Zimbabwe was unexpected and is not genuine. The results from Mr.
Kembo’s research will assist policy makers in the child health sector to

formulate strategies to improve the situation of under-5 children.

ProSt-oter: Prof.VJeroen K. van Ginneken Date




