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Abstract

The Effect of Wealth & Inequality on Infant
and Child Mortality Risk in Botswana

William Simon Scheffers

Division of Public Health

Health Demography Major

The Graduate School of Public Health
Seoul National University

Background: Botswana has experienced rapid economic and social development over
the past few decades. However this has coincided with growing social inequalities in
health and wealth. Botswana’s GINI coefficient ranks it as one of the most unequal
societies in the world and health indicators on under-five mortality are lower in
comparison to other development indices. Furthermore there is considerable variance in
wealth composition in the 29 administrative districts in the country. This study aims to
look specifically at wealth and inequality and their association with infant and child
mortality risk. The author expects that child health outcomes will be better for mothers in
higher wealth levels and living in more societies where wealth is distributed more
equally.

Methods: Using data from the 2011 Botswana Population and Housing census a cross-
sectional multilevel logistic regression analysis was conducted to analyze the effects of
wealth at the individual- and district levels, as well as to identify whether infant and child

mortality risk varies by district. The sample sizes included 40461 and 219584 mothers for



the infant and child mortality risk analyses respectively.

Conclusion: Although there was variation in infant and child mortality risk across
districts, this could not be attributed to inequality. In addition, socioeconomic
determinants were not associated with infant mortality risk. However, increasing wealth
and education were positively associated with child mortality and in most cases with a
social gradient. The importance of this study is in contributing to the literature on wealth
and health in developing countries. Furthermore it provides recommendations on
opportunities to improve health for the under-five subpopulation. As wealth disparities
continue to rise in sub-Saharan Africa an awareness of their potential impact on
population health should provide more encouragement for a systematic approach to the

socioeconomic determinants of health.

Keywords: Infant mortality; Child mortality; Wealth; Inequality; Social determinants of
health; Population health; Botswana
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1. Introduction

1.1 Background

Although Botswana has made significant strides in economic and social development
social inequality has grown markedly since the early 1990s. Botswana is listed at an upper-
middle income country, but recent reports from the International Monetary Fund and the
countries own government have noted that the country is one of the most unequal in the world.
This disparity, combined with one of the highest HIVV/AIDS burdens worldwide means that
health and longevity gains made since independence in 1966 have been reversed. Botswana’s
income distribution as measured by the GINI coefficient stands at .61, up from .53 in 2002
(Okatch, Siddique, & Rammohan, 2013). Social inequality is well known as a risk factor for
many communicable and non-communicable diseases; a double burden that is increasing in

Botswana.
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Figure 1. Location map of Botswana (Public domain)




With a population of 2,021,000 (2013) Botswana’s infant mortality rate is
estimated at 41 per 1000 live births (World Bank, 2014). Although this is a lower figure
compared to other African nations, it is important to also investigate how child deaths vary
within the country. Just as research has gone beyond grouping sub-Saharan Africa and its
outcomes, inequalities within countries need to be explored further. The Botswana
Demographic Survey has demonstrated that there are differentials in life expectancy
between men and women and between those who live in rural areas versus those in and
urban areas. Botswana’s 29 districts display not only differing geographic properties but
also socioeconomic indicators. For instance, people living in the Gaborone (capital city)
region are more likely to have completed secondary education than those living in the
northwest and more remote region of Ngamiland — a place that has one of the highest
mortality rates in the country. The capital city also has a higher proportion of residents in
the highest wealth quintile than in other regions.

These are just some of the indicators across which health outcomes show a social
gradient in Botswana. In addition to the health disparities, it could be argued that the
country is lagging behind other countries in the region, relative to its status. With a GDP
per capita in the top ten on the continent, one would expect Botswana to have a lower infant
mortality rate than its less well-off regional neighbors. However, countries such as Ethiopia,
Madagascar, and Zimbabwe (Table 1.) have better or similar infant mortality outcomes,
despite having less than 15% of Botswana’s GDP per capita. GDP is usually a good
indicator of standards of living and development that might be associated with lower infant
and child mortality (Shandra, Shandra, & London, 2012). It should be of concern that such

a well-resourced and small country is faring worse than other countries that are poorer and



more populous.

Table 1. Selected sub-Saharan countries” GDP per capita and infant mortality rate (2014)

Country GDP per Infant Mortality | Country GDP per | Infant Mortality
capita (US$) | Rate (per 1000) capita Rate

Botswana 7315 41 Ethiopia 565 43

Uganda 696 39 Senegal 1062 42

Madagascar | 463 38 Zimbabwe | 896 49

*All data from World Bank

2015 was the final year of the Millennium Development Goals (MDG) and it is
important to take stock of how developing countries have performed with regards to
improving population health over the past 15 years. MDG 4 was conceived with the
recognition that child health is a pivotal condition for many countries to ultimately
experience or maintain economic progress. Children represent the future labor force and in
Sub-Saharan Africa comprise 40% of the total population (World Bank, 2013). With such
a significant proportion of the population yet to transition into adulthood and the labor
market, they represents an important commodity that should be protected. Child health is
important because most under-five deaths are preventable. It is also highly correlated with
the aggregate health of the population. The world infant mortality rate (IMR) is 49.4, but
is much lower in developed nations than in their developing counterparts. Parameters such
as IMR and under-five (U5) mortality provide an outlook not only about infant health but
the general standing of the country’s health.

In Botswana healthcare is delivered through public, private and not-for-profit
entities. However, the public sector remains the foremost provider for most citizens. The
Botswana government has a centralized health provision system, which is available to all
at a highly subsidized rate. There is no national health coverage but the costs of seeking

care from public facilities are not prohibitive. In fact, according to Statistics Botswana



(2011), 95% of residents in urban areas live within eight kilometers of a health facility. This
suggests that improving access to health care may not offer the solution to improving
Botswana’s U5 survival, especially since the country already has an urbanization rate of
65% (Gwebu, 2015). Botswana is a relatively young nation that is yet to experience the
potential economic benefits of the demographic dividend. With that in mind, under-five
mortality rates remain above global averages. This should prompt efforts to look beyond
traditional proximate determinants to provide returns on health commiserate with the

country’s other social development indicators.

1.2 Objective

The aim of this research is to address the wealth and inequality relationship with infant

and child mortality risk in Botswana. Specifically, the objectives of this study are to:

1. Clarify the association between wealth and infant and child mortality in Botswana

2. Evaluate how individuals and aggregate factors affect child health

3. Determine which groups and regions’ health is most vulnerable to wealth effects

4. Formulate recommendations on interventions to reduce health disparities stemming from
wealth To address these questions the study will seek to answer the following research
guestions:

1. How much of the difference in infant/child mortality risk is attributable to district-level
variance?

2. What is the relationship between wealth and infant/child mortality risk (controlling for

other mother-level variables)?



3. Does this relationship vary among districts?

4. What is the impact of district wealth inequality on infant/child mortality risk?

To the best of my knowledge research of this type has not been conducted in
Botswana and the findings could supplement the existing literature on child health and
highlight policy implications for social determinants of health-related interventions. This
study employed a cross-sectional multilevel (two-level) design with data from the 2011
National Population and Housing Census. Mothers were nested in districts and
socioeconomic, demographic, healthcare covariates were included in the multilevel logistic
regression. Other district level variables were sourced from the Ministry of Health

Accelerated Child Survival and Development Strategy (2009).



2. Literature Review & Hypothesis

2.1 Literature Review

2.1.1 Socioeconomic Status & Health

Since the seminal Whitehall Study (Marmot et al., 1991), many studies have
helped to provide evidence of the association between SES and health. Researchers have
looked at differences in health outcomes by socioeconomic status, and although there is
still debate as to the underlying mechanisms, it is generally accepted that a relationship
exists. Numerous studies have found differences in mortality outcomes based on differing
socioeconomic status (Johan P Mackenbach et al., 2008; Meara, Richards, & Cutler, 2008).
This effect has been found across different cultural and demographic contexts. For instance,
Adams found that the effects of early education on health extend into elderly age (2002).
Both developed (Braveman, Egerter, & Williams, 2011; Lleras-Muney, 2005; J. P.
Mackenbach, Cavelaars, Kunst, & Groenhof, 2000) and developing (Lopez-Arana, Burdorf,
& Avendano, 2013; Matthews & Diamond, 1997) countries are beginning to pay more
attention to the role that social and environmental factors play in population health. The
Commission on the Social Determinants of Health “Closing the Gap in a Generation” report
(2008) has also helped to galvanize public health efforts to employ an approach to
population health that looks beyond clinical and healthcare factors. The idea is that the

places people live and how they live is just important in determining their healthcare.
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Figure 2. Conceptual model of socio-economic determinants on health

(Mosley & Chen, 1984)

Education, income, wealth, inequality, employment, labor and housing policies,
discrimination, social capital, place of residence are just some of the social determinants
that can independently or collectively affect the health of populations. For instance, in a
cross-national study of Sub-Saharan countries, when national debt levels and adult HIV
prevalence are controlled for, Mogford (2004) found that women’s education was an
important protective factor for child deaths. This provides an entry point for interventions
that can target already established institutions such as schools and places of work to address
health issues. Figure 2 shows Mosley’s conceptual model of how socioeconomic
determinants work through proximate determinants of infant and child health (maternal
factors, environment, nutrition, injury and personal illness control) to enhance or reduce
their effect on individual health. This same framework can be applied to this study, which
not only considers asset-based wealth, but also other social determinants that may work

directly or indirectly to affect mortality risk.
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2.1.3 Wealth & Infant and Child Mortality

Among the social determinants of health, wealth and income are important in the
context of the free market that dominates today’s global landscape. Although it is difficult
to disentangle the independent effects of wealth from education and income, some scholars
suggest that its effect on health is additive over and above other the effects of other
measures of SES. In the context of the planned study, there are two issues to consider: how
wealth and inequality affect child health and how these factors operate differently at
individual and contextual levels.

Evidence from single level study designs, have provided the most consistent
results in the literature on social determinants of health. In general, factors such as maternal
and parental characteristics, ante- and prenatal care, neonatal variables and delivery
conditions are associated with child survival (Mosley & Chen, 1984). For instance,
mother’s education level, in particular, can have protective effects on child’s stunting
(Adekanmbi, Kayode, & Uthman, 2013) and child mortality (Breierova & Duflo, 2004).
Furthermore, parents’ education and location (urban or rural) have also been shown to be
predictive of vaccination uptake (Matthews & Diamond, 1997). Research conducted in
Botswana has also showed the role played by social factors in orphan health, where
household conditions and wealth level negatively affected the probability of being
underweight (Miller, Gruskin, Subramanian, & Heymann, 2007).

Wealth can affect health by increasing an individuals’ access to healthcare services,
safer living environment, and health promoting activities. Furthermore, it is likely that
people with a lower wealth status will be exposed to more discrimination over time, thereby

affecting their health differentially than wealthier people. For example, a poorer person



may not be able to afford material goods that may be viewed in other parts of society as
standard. This may lead to shame and being excluded (subconsciously or otherwise) by
others who can identify this ‘marker’ of being from a lower SES. This constant social
comparison and subsequent behavioral adjustment could lead to high levels of stress over
an extended period of time — an established risk factor for chronic conditions such as
cardiovascular diseases (Chandola, Brunner, & Marmot, 2006; Vitaliano et al., 2002). The
lack of social support then means that these people also face the risk of mental health
conditions such as depression. Although the research on the underlying pathway between
wealth and health in ongoing, there are some patterns that have emerged that highlight the
manner in which this relationship manifests itself in populations.

Wealth is not only associated with health but often displays a gradient effect.
Successively higher strata of SES will progressively show better or worse health outcomes.
There is also evidence of this pattern in child health outcomes based on the mother’s SES
(Acevedo-Garcia, Soobader, & Berkman, 2005; Hosseinpoor et al., 2005). While this dose-
response-like effect cannot be taken as direct causality, it does create impetus to reduce the
disparities by SES in order to improve overall population health. A multilevel analysis of
neonatal mortality in Ghana found both that people who lived in areas of high
socioeconomic deprivation had a higher risk of infant mortality, with the authors
concluding that interventions based on empowerment and infrastructural development
should have a positive impact on neonatal health outcomes (Kayode et al., 2014). Based on
finding associations with mortality from individual and community level variables they
recommended that multifaceted approaches to child health would be more efficacious than

those focused on more proximal determinants.



An area of SES and health that needs further investigation is that of neighborhood
or contextual effects. Measurement, definitional, and interpretation issues mean that how
one’s neighborhood affects his/her health is not yet settled. For instance one study found
that mother’s nation of origin was more important that neighborhood factors in explaining
infant birth weight among recent immigrants (Urquia et al., 2009). Nevertheless there have
been some studies that have attempted to quantify and show the effect that characteristics
of a person’s physical and social space have on health. Some scholars believe that
psychosocial insults such as discrimination can lead to prolonged stress that eventually
affect biological pathways that can impact wellbeing negatively (Elzinga et al., 2008;
Glaser & Kiecolt-Glaser, 2005; Kiecolt-Glaser & Glaser, 2002)

An analysis of 28 sub-Saharan countries found that community level variables
were associated with better child survival (Boco, 2010). Furthermore, risks of preterm birth,
small-for-gestational-age birth, still birth, and neonatal and post-neonatal births were all
positively associated with maternal education and neighborhood income levels (Luo,
Wilkins, & Kramer, 2006). Jorgenson and Rice (2010) have highlighted the quality of the
built environment as being a catalyst for growing health disparities, by imparting cognitive,
behavioral, and physiological effects on their societies. These place-based benefits also
mean that wealthier people tend to have better access to healthier food options,
transportation, school systems, employment opportunities, and healthcare (Woolf, 2015).
Although these studies have found differing effects it could be that some socio-structural
determinants take time to negatively (or positively) affect health. That said, it is important
to establish the current linkages between wealth and health in Botswana to be able to later

track changes as appropriate social policies are implemented.
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Finally, macro-social theories of development have also been assessed in Sub-
Saharan nations, and with regards to infant mortality. They found that the gender
stratification theory was predictive of a lower IMR (Frey & Field, 2000). This theory refers
to the unequal distribution of wealth, power, and privilege, and Frey and Field (2000)
argued that the higher the status of women the lower the risk of infant mortality. In rural
areas of Botswana the women tend to take on different social and work roles and are more
often employed in the informal labor sector. This raises the possibility of uneven health
outcomes compared to mothers in urban areas (Adetunji, 1994). In addition to different
employment structures, education, marital status, and head the household gender tend to
vary between rural and urban areas — another factor associated with inequalities in infant
mortality risk. It is thought that these factors can affect the ease with which mothers can
access necessary healthcare services in a timely manner. In order to achieve health for all,
governments should been looking into ways to ensure that these socio-structural variations

are acknowledged in order to address population health.

2.2 Hypothesis

The hypotheses of this study are as follows:
1. There is district level variability in the risk of infant and child mortality
2. Mothers with higher levels of wealth will be associated with lower risks of infant and
child mortality
3. Inequality will have a negative effect on infant and child mortality risk

4. The effect of wealth on infant and child mortality risk will vary randomly by district

11



3. Method

3.1 Data & Sample

Data was sourced from the 2011 Botswana Population and Housing dataset based
on 4185 enumeration areas. This tool was developed by the Central Statistics Office of
Botswana and has gone through a number of iterations and enhancements since first
implementation in 1971. The data quality of the census was analyzed using the United
Nations Age-Sex Accuracy Index and was adjudged to be of “acceptable quality” and
“could be used to derive credible estimates” (Bainame & Letamo, 2015).

The census contains several demographic and socioeconomic variables that were
used to analyze the relationship between wealth and infant and child mortality risk. There
are summary birth history items on the census questionnaire, which pertain to reporting
infant and child mortality and are asked to all women between the ages of 15 and 49.
Women are asked how many children they have given birth to in the preceding year who
are still alive. They are also asked about how many live births they have had over their
lifetime. These are followed by questions that check how many of these born children are
still alive on the day of the survey. Using the difference between these values information
about infant and child mortality risk (for at least one child) can be deduced. The inclusion
criteria for the sample was women between 20 and 39 years old for both infant and child
mortality outcomes. This resulted in sample sizes of 40461 and 219584 mothers for infant

and child mortality analyses respectively.
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3.2 Measures

3.2.1 Wealth and Inequality

At the individual level the explanatory variable “wealth quintile”, a categorical
variable with the first quintile (poorest group) being the reference group. Calculation of
individual wealth scores was determined through a principal components analysis (PCA)
based on household assets (Mmopelwa, 2015). Measures for income and expenditure are
not readily available in some developing countries (Sahn & Stifel, 2003) including
Botswana. Therefore use of an asset-based wealth index has been found to be a reliable
alternative to studying wealth in developing countries (Vyas & Kumaranayake, 2006). The
PCA was calculated based on scores from type of housing unit, wall material, floor material,
roof material, water supply, toilet facilities, energy for lighting, energy for cooking, energy
for heating, and other durable assets (e.g. vehicles, refrigerators, and technology devices).
After summing individual scores, mothers were placed into the corresponding wealth
quintile.

Related to individual wealth scores, district-level inequality was considered as the
explanatory variable for differences in mortality risks. This was computed by finding the
ratio of the mean score of the highest wealth quintile to that of the lowest. This is also
known as the 20:20 ratio and is utilized by the United Nations Development Programme in
the Human Development Index. It is sometimes preferred to measures such as the GINI
coefficient at it deals with the reducing impact outliers and of the middle 60% on revealing
inequality. Maps with the regional inequality and mean regional wealth were produced in

order to visualize the variations across the country. The map were rendered using Epi Info

13



software.

3.2.2 Infant & Child Mortality

There are two dependent variables for two separate analyses: infant mortality risk
and child mortality risk. These come from self-reported infant mortality and child mortality
outcomes. These variables were coded as be binary with “1” representing death and “0” no
death. The census enumeration process began on the 22" of August, 2011 and was carried
out for 10 days until completion. Infant mortality risk was estimated from this following
two questions: “How many children have been born alive by Independence Day 2010 (30™"
of September, 2010)?” This question was followed by, “How many of these children are
still alive?”” Child mortality risk was estimated from the following questions: “How many
children have been born alive by Independence day 2009?” with the follow up question
asked, “How many of the children have died?” Finally the mother were asked, “At what
age did this child die?” These questions were used to establish the risk of a mother

responding that her child had died within the first year of life or after that.

3.2.3 Control Variables

Other control variables that were included are education level, age, marital status,
and household size. All of the control variables were coded as categorical variables as
follows: education four levels (no school, primary, secondary, and tertiary), age group two

levels (20-24, 25-29, 30-34, 35-39), marital status four levels (married, never married,
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cohabiting, and divorced/separated/widowed), and household size five levels (1-2, 3-4, 5-
6, 7-10, and more than 10). In order to account for the effect of number of children on
mortality (which would likely increase of child mortality as these mothers will have had
more children over time, and therefore a higher probability of experiencing a child death),
children ever born was also included in the child mortality analysis. This variable was not
included for the infant mortality analysis as the number of mothers who gave birth to more
than one child in this sample represented a very small proportion. At the regional level
individual measures for residents of respective districts will be aggregated to produce
measures for wealth and inequality, proportion of women with university-level education,
and vaccine coverage. Data for the latter was sourced from the Ministry of Health

Accelerated Child Survival and Development Strategy (2009).

3.3 Statistical Analysis

The first analysis was a descriptive summary of the distributions of wealth by
district and other district-level demographic, socioeconomic, and healthcare indicators.
This was performed to provide an overview of pertinent measures in this study and how
they varied across the 28 districts. Secondly a bivariate analysis of the socioeconomic and
demographic variables by mortality outcome was performed along with a chi-square test
of independence was performed to see which socio-demographic variables had a statistical
associations with infant and child mortality. Following the descriptive analysis of the
sample, a multilevel logistic regression with four models was utilized for the analysis. The

first was the null model to provide the component of variance analysis:
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Nij = Yoo + Hoj
(1)

The second model controlled for district-level variables, while the third model

included district- and individual-level variables.
Noj = Yoo + Yorinequality; + yop,womeneducation; + ygzvaccination; + py;
(2)

Nij = Yoo + Yo1inequality; + yoowomeneducation; + yosvaccination; +
Yiowealth;j + yypeducation;; + yspage;j + pyjmarital;j + Bs;hhsize;; + [

(3)

The final model added the random effect of wealth quintile in order to attempt to

explain variability in the intercepts.

Nij = Yoo + Yo1inequality; + yoo,womeneducation; + yysvaccination; +
Yiowealth;j + yypeducation;j + yspage;j + Pajmarital;; + Bsjhhsize;; +
pjwealth;j + o

(4)

All analyses was conducted using SPSS 23 statistical software.

4. Results

4.1 Socioeconomic & Demographic Characteristics

Botswana has 28 administrative districts that range from collections of small
villages and towns in a shared region to the capital city (Gaborone), which stands on its
own as a district. (Only 27 districts are listed in table 2, with the Central Kgalagadi Game

Reserve (CKGR) — inhabited by indigenous people of Botswana — removed as it has a quite
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different social and economic context to the rest of the country.) While Kweneng West is
the largest district population-wise (252942), Gaborone is the city with the largest
population and highest mean wealth when the three special mineral mining districts
(Jwaneng, Sowa Town, and Orapa) are not taken into consideration. Many services and
employment opportunities are concentrated in Gaborone, which is evidenced by its
population being more than twice as large as the next biggest city, Francistown. Ngamiland
West was the poorest district.

Chobe, Ghanzi, and Ngamiland East (97% survival response) were the districts
where mothers were most likely to respond that their infants had survived the first year of
life. Ngwaketse West (92.2%) had the lowest infant survival response rate, while for child
survival Okavango (80.9) and Boteti (97.3%) had the lowest and highest respectively. Mean
vaccination coverage rate for the country was 89.2% with Mahalapye (96.2%) as the
highest and Okavango (78.8%) with the lowest coverage. Kweneng West had the highest
proportion of university educated women (39.1%), while the capital city Gaborone had the
lowest (8.8%). In terms of wealth distribution, Kweneng West was also the most unequal

district with a 20:20 ratio of 6.3, with the least unequal district being Orapa (1.3).
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Figure 3. Distribution of wealth by districts in Botswana

Table 2. Selected descriptive statistics for districts in Botswana

District Population  Inequality =~ Women Vacc. Mean Infant Child
(N) (20:20 Universit Coverage Regional  Survival  Survival
Ratio) y (%) (%) Wealth (%) (%)
Score
Gaborone 222952 3.385 8.8 90.9 2.24 94.4 91.6
Francistown 95694 3.542 14 79.3 2.13 96.8 90.6
Lobatse 28042 3.544 13.9 80.4 2.10 96.1 90.0
Phikwe 48479 3.714 13.7 95.1 212 95.3 89.5
Orapa 9106 1.336 9.7 86.1 241 94.9 91.2
Jwaneng 16721 3411 104 95.7 2.23 94.8 89.1
Sowa Town 3137 5.622 10.4 87.6 2.29 96.8 82.9
Ngwaketse 127382 5.284 253 93.1 1.76 93.9 87.6
Barolong 51779 4.764 26.5 96.6 1.70 934 84.0
Ngwaketse W. 13120 5.361 36.6 85.7 141 92.2 85.1
South East 81397 4.210 171 93.7 2.13 93.6 91.0
Kweneng East 252942 5.228 204 91.3 1.92 95.8 89.7
Kweneng West 45947 6.282 39.1 91.1 1.32 95.8 85.4
18
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Kgatleng
Serowe-PLP.
Mahalapye
Bobonong
Boteti
Tutume
North East
Ngamiland E.

Ngamiland W.

Chobe
Okavango
Ghanzi
Kgalagadi S.
Kgalagadi N.
Total

90460
172284
114659

68774

54212
141594

56942

87498

56898

20792

1294

40016

28847

18156

1949187

4.388
5.445
4.831
5.072
5.867
5.568
4.592
5.101
6.402
4.793
4,922
4.660
4.672
4.943

4.61

18.9
25.1
26.8
26.8
331
27.9
221
25.8
38.8
215
39.9
317
26.6
26.4
25.7

93.7
91.3
96.2

91
86.1
87.6
85.1
84.8
84.8
80.7
78.8
94.4
92.2
94.1
89.2

1.96
1.71
1.67
1.66
1.52
1.54
1.74
1.74
1.23
1.89
1.42
1.61
1.66
1.69
1.81

96.4
94.8
95.7
94.6
95.8
95.8
95.7
97.0
96.5
97.0
96.2
96.6
93.9
93.2
94.2

88.5
86.2
86.3
85.6
97.3
85.8
87.2
89.1
84.2
88.4
80.9
84.9
85.6
85.7
88.4

Figure 2 shows the distribution of wealth by districts and gives a better indication
of how this distribution varies across the country. Ngamiland West, for instance, while
being the most unequal district also has the highest proportion of people in the first wealth
quintile. This is in contrast to Gaborone, Francistown, Lobatse, Phikwe, Orapa, Jwaneng,
and the South East districts that all have less than 10% of their population in the poorest
wealth quintile. Orapa, a diamond mining town has almost 90% of its residents in the

richest wealth quintile. Almost all residents there are affiliated with the mining company —

which is part of a highly lucrative industry that relies on highly skilled employees.
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Figure 4. Distribution of inequality by districts in Botswana

4.2 Distribution of Infant & Child Mortality

The total sample size for the infant mortality risk analysis was 40461. The richest
wealth quintile were most likely to report a death (5.1%). This was followed by the poorest
quintile (4.9%), with the middle three quintiles reporting similar infant deaths. Among the
sample the second wealth quintile had the highest proportion (22%), with the richest
quintile representing only 17% of the sample. Secondary school educated women represent
almost two-thirds of the sample as compared to four percent who have never attended or
attended non-formal education. The latter group also had the lowest survival with 94.6%,

while those with tertiary-level education had the lowest (95.5%).
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Table 3. Demographic and socioeconomic characteristics of study sample by infant

mortality
No Infant o Infant o Total
Mortality (n) 0 Mortality (n) ° (n)
Wealth Poor 7957 95.1% 407 4.9% 8364
quintile
Less poor 8464 95.5% 401 4.5% 8865
Medium 7825 95.7% 348 4.3% 8173
Less Rich 7682 95.5% 361 4.5% 8043
Rich 6660 94.9% 356 5.1% 7016
Education Never attended 1407 94.6% 80 5.4% 1487
Primary 4812 95.1% 250 4.9% 5062
Secondary 25535 95.4% 1220 4.6% 26755
Tertiary 6834 95.5% 323 4.5% 7157
Agegroup  20-24 12374 95.5% 589 4.5% 12963
25-29 12683 95.5% 601 4.5% 13284
30-34 8605 95.5% 407 4.5% 9012
35-39 4926 94.7% 276 5.3% 5202
Marital Married 6667 95.4% 318 4.6% 6985
status Never married 15217 95.4% 736 4.6% 15953
Cohabiting 16296 95.4% 794 4.6% 17090
Divorced/Separated 406 94.2% 25 5.8% 431
I—_|0useho|d 1-2 1439 92.9% 110 7.1% 1549
e 3-4 10124 95.1% 524 4.9% 10648
5-6 10305 95.3% 512 4.7% 10817
7-10 12349 95.8% 548 4.2% 12897
11+ 4371 96.1% 179 3.9% 4550

Most births were accounted for between the two youngest age groups (20-24 and

25-29) who accounted for two-thirds of the sample. This was followed by 30-34 (22%) and

34-39 (13%). The oldest age group had the lowest survival (94.7%) while the remaining

21



three age groups were equal at 95.5%. Over 80% of the sample were never married (39%)
or cohabiting (42%). Married women represented 17% of the sample, with separated,
divorced, or widowed mothers making up the remaining 2%. Survival was equal for
married, never married, and cohabiting (95.4%), with divorced, separated, and widowed
lower at 94.2%.

Most households had seven to 10 residents (32%) with the lowest represented by
households with 1-2 people (4%). Those in households between three and six members
accounted for roughly 53% of the sample, with those over size 11 making up 11% of the
sample. This largest household size was also the least likely to report infant death (3.9%),
with survival reporting getting progressively worse as the household size decreases; one-

to-two member household size reported infant death 7.1% of the time.

Table 4. Demographic and socioeconomic characteristics of study sample by child

mortality
Covariates Mlz)lftacl:itt])i/k(jn) % Mo:tnafla:tn; m T(or:; !
Wealth Poor 26311 88.1% 3560 11.9% 29871
quintile Less poor 29277 89.3% 3512 10.7% 32789
Middle 40618  90.5% 4271 9.5% 44889
Less Rich 51424  91.1% 5039  8.9% 56463
Rich 51637  92.9% 3935  7.1% 55572
Education Never attended 7782 91.2% 747 8.8% 8529
Primary 16796  86.2% 2695  13.8% 19491
Secondary 126381  90.7% 12914  93% 139295
Tertiary 43142 93.2% 3154  6.8% 46296
Agegroup  20-24 43723 92.2% 3724 7.8% 47447
25-29 65361  90.9% 6576 9.1% 71937
30-34 53610  90.4% 5710  9.6% 59320
35-39 36573 89.5% 4307 10.5% 40880
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Marital status ~ Married 37200 93.3% 2662 6.7% 39862

Never Married 87744  90.6% 9154  9.4% 96898
Living together 70791  89.8% 8084  10.2% 78875
Divorced/Separated 3526 89.4% 416 10.6% 3942
Household ~ 1-2 40567  85.9% 6679  14.1% 47246
size 3-4 60509 91.3% 5778 8.7% 66287
5-6 42571 92.8% 3324 7.2% 45895
7-10 41719 92.5% 3384  7.5% 45103
11+ 13901  92.3% 1152 7.7% 15053

The total sample size for the child mortality risk analysis was 219584, with about
half of represented by the top two wealth quintiles. The middle wealth quintile represented
20% of the sample with the lowest representation coming from the poorest wealth quintile
(14%). Survival was best for the richest wealth quintile (92.9%), in contrast to 88.1% in
the poorest wealth quintile. The gradual increase in survival from poorest to richest should
also be noted.

Almost two-thirds of women in the sample were secondary school educated,
followed by university level at 21%. Mothers with primary school education of accounted
for 13% of the sample. Tertiary school educated mothers we least likely to report a child’s
death (6.8%), with primary school educated mothers reporting at the highest rate (13.8%).
The four age groups were almost even represented, ranging from 22% (20-24) up to 33%
(24-29). The older two groups made up 46% of the sample. Survival reduced gradually
with age from 92.2% at the youngest age band to 89.5% at the highest.

Never married and cohabiting mothers accounted for the bulk of the sample (80%).
This was followed by married women (18%) and separated, divorced, or widowed women

(2%). Married mothers reported child deaths at the lowest rate (6.7%) with living together
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and separated, divorced and widowed having the highest rates with 10.2% and 10.6%
respectively. Most households had 3-4 members (30%), while those above 10 residents had
the smallest share at 7%. Household with one-to-two, five-to-six, and seven-to-10 people
had similar proportions at roughly 21%. There was a general trend of reduced reporting of
child deaths as household size increased. The smallest household size had 85.9% survival,

while household sizes about 5 averaged 92.5%.

4.3 Wealth and Inequality on Infant & Child Mortality

4.3.1 Infant Mortality Risk

From model one of the multilevel logistic regression (Table 5) there was evidence
of variance in infant mortality risk that is attributable to district level variation (z = 2.47, p
=0.14). Model two introduced district-level covariates (inequality, percentage of university
educated women, and vaccination coverage), with only vaccination coverage showing a
statistically significant effect. The odds ratio for vaccination coverage was 1.03 (CI: 1.01,
1.05) suggesting that mothers in districts with higher vaccination coverage were more
likely to report infant mortality. There was still evidence of district-level infant mortality
variation (z = 2.06, p = 0.04).

The third model considered both district- and individual-level covariates. While
the odds ratios for the higher wealth quintiles were less than one (poorest was reference
group) none of them were statistically significant. In fact the only variable with a
statistically significant odds ratios were household size. In comparison to one-to-two

person households all other sizes had lower odds for infant mortality risk. Furthermore the
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effect was gradually stronger the larger the household size. Again, the random intercept

was statistically significant (z = 2.06, p = 0.04), informing the decision to adding the

random effect of wealth for the final model. The coefficients for the socioeconomic and

demographic variables remained roughly the same in model four. However, neither the

random intercept (z = 1.86, p = 0.06) nor the random wealth effect (z = 1.18, p = 0.24) were

statistically significant.
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Figure 5. Estimated marginal means infant mortality risk at different wealth quintile

levels

4.3.2 Child Mortality Risk

For child mortality risk (Table 6) the first model random intercept also supported

the idea that variability that could be attributed to district-level variation as evidence (z =

25 :



2.95, p = 0.03). The second model, which considered only district-level covariates, there
was no real increase or decrease in mortality risk based on inequality, proportion of
university educated women, or vaccine coverage. The random intercept remained
statistically significant (z = 2.49, p = 0.01). From the third model (district- and individual-
level covariates) there was evidence that those in higher wealth quintiles experienced lower
risk of child mortality than those in lower wealth quintiles. Compared to the poorest group,
the odds ratio for the wealthiest group was 0.783 (Cl: .725, .845). In fact the risk gradually
decreased from the poorest to the middle, and fourth wealth quintiles. Only the second
wealth quintile was not significantly different from the reference group, although the effect

direction did reduce the risk.
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Figure 6. Estimated marginal means child mortality risk at different wealth quintile levels
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Education showed a similar trend with wealth in regards to its association with
child mortality risk. Compared to mothers with no education, those with secondary
(OR: .820 ClI: .740, .908) and tertiary-level education (OR: .726, CI: .669, .788) had lower
odds of child mortality risk. In contrast primary school educated mothers had a higher risk
of reporting child mortality than no-education mothers (OR: 1.02, Cl: .932, 1.11). There
was no evidence of a relationship between age and child mortality risk, once children ever
born was included in the model.

Married mothers had the lowest risk of reporting child mortality. All other marital
status categories had higher odds ratios. Never married, cohabiting, and divorced and
widowed had odds ratios of 1.56, 1.45, and 1.34 (all statistically significant at 95%)
respectively, in comparison to the reference group. Household size and child mortality risk
showed an inverse relationship, with the odds ration getting lower the larger the household
size. Those with households larger than 7 were 60% less likely to report a child death
(OR: .368, CI: .346, .393) than those in one- or two-person homes. Finally the random
intercept remained significant (z = 2.00, p = .045), informing the decision to assess wealth
as a random effect in the final model. Odds ratios for district- and individual-level
covariates did not vary much from the in previous model, however the random intercept (z
=1.73, p =.084) and the random effect of wealth (z = 1.77, p = .086) were not statistically

significant
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Table 5. Fixed and random effects odds ratios of mother- and district-level infant mortality risk

Model 1 Model 2 Model 3 Model 4
Covariates QOdds ratio Qdds ratio (95% CI) Qdds ratio (95% CI)  Odds ratio (95% CI)
District-level
Inequality .802 (.363,1.77) .873 (.397,1.92) .859  (.389, 1.90)
University women % 1.01 (.975, 1.04) 1.00 (.973, 1.03) 1.00 (.974,1.04)
Vaccination coverage 1.03** (1.01, 1.05) 1.03** (1.01, 1.05) 1.03** (1.01, 1.05)
Mother-level
Intercept .049 .005 (.001, .033) .007** (.001, .045) .007**  (.001, .046)
Wealth Quintile
Rich .996 (.817,1.22) 992 (.813,1.21)
Less rich .876 (.719, 1.07) 904 (.741,1.10)
Middle .838 (.677,1.04) .833 (.676, 1.03)
Less poor .905 (.768, 1.07) 911  (.770, 1.08)
PoorR
Education level
Tertiary .785 (.569, 1.08) 786  (.569, 1.08)
Secondary 874 (.666, 1.15) .877  (.666, 1.15)
Primary 911 (.670, 1.24) 915  (.670, 1.24)
No School®R
Age group
35-39 1.17 (.914, 1.49) 1.16  (.913, 1.49)
30-34 .989 (.800, 1.22) 989  (.800, 1.22)
25-29 .991 (.869, 1.13) 990 (.868, 1.13)
20-24R
Marital status
Divorced/Widowed 1.32 (.926, 1.89) 132 (.927,1.89)
Cohabiting 1.06 (.904, 1.25) 1.07  (.906, 1.25)
Never married 1.10 (.940, 1.28) 1.10 (.943,1.28)
Married®R
Household size
11+ .518** (.403, .665) 516  (.402,.662)
7-10 .558** (.443, .703) 557  (.442,.701)
5-6 .628** (.536, .736) .625 (.534,.733)
3-4R .678** (.557, .826) .677  (.556, .823)
1-2
Random Effect z z p z p z P
Intercept 2.47* 2.06* .040 2.05* .040 1.86+ .063
Wealth quintile 1.18 .238
ICC .016 011 011
AIC 241389.44 241538.18 242085.77 242085.77 241907.14
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Table 6. Fixed and random effects odds ratios of mother- and district-level child mortality risk

Model 1 Model 2 Model 3 Model 4
Covariates Odds ratio 95% CI) Odds ratio 95% CI) Odds 95% Cl) Odds ratio 95% ClI)
ratio
District-level
Inequality 1.06 (.863, 1.29) 1.07 (.899, 1.26) 1.06 .894, 1.25
University women % 1.01 (.983, 1.04) 1.01 (.996, 1.02) 1.01 .996, 1.02
Vaccination coverage 1.00 (.985, 1.01) 1.00 (.980, 1.02) 1.00 .982, 1.02
Mother-level
Intercept J11** (102, .121) 077** (.023, .261) .029** (.012,.071) .031** (.013, .074)
Wealth Quintile
Rich .783** (.725, .845) 791** (.729, .857)
Less rich .858** (.803, .916) .863** (.804, .925)
Middle .907** (.863, .953) .848** (.848, .958)
Less poor 1.03 (.975, 1.08) 1.03 (.971, 1.10)
PoorR
Education level
Tertiary 726** (.669, .788) 725** (.668, .787)
Secondary .820** (.740, .908) .819** (.739, .907)
Primary 1.02 (.932,1.11) 1.02 (.932,1.03)
No School®
Age group
35-39 .989 (.905, 1.08) .989 (.905, 1.08)
30-34 .965 (.909, 1.02) .965 (.909, 1.02)
25-29 .994 (.962, 1.03) .995 (.962, 1.03)
20-24R
Marital status
Divorced/Widowed 1.34** (1.20,1.51) 1.34%* (1.20,1.51)
Cohabiting 1.45%* (1.38,1.51) 1.44%* (1.38,1.51)
Never married 1.56** (1.49, 1.64) 1.56** (1.49, 1.68)
Married®R
Household size
11+ .342** (.315, .371) .342** (.315, .372)
7-10 .368** (.346, .393) .369** (.346, .394)
5-6 .384** (.361, .408) .384** (.361, .409)
3-4R B547** (.519, .577) .548** (.519, .578)
1-2
Children ever born 1.73 (1.64,1.82) 1.73 (1.64,1.82)
Random Effect z p z p z p z p
Intercept 2.95%* .003 2.49* .013 2.00* .045 1.73+ .084
Wealth quintile 1.77+ .086
ICC .013 .009 .004 .005
AlC 1169121.02 1169113.24 1164740. 1153915.39
57
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5. Discussion

The main findings of this study relate to the impact of individual-level wealth on
the mortality risk of infants and children in Botswana. First, results provide evidence that
the higher the wealth quintile the lower the risk of infant and child mortality. Although the
wealth-infant mortality relationship was not statistically significant the odds ratios for
wealthier mothers were related with a lower risk of infant mortality than for poorer groups.
Nevertheless, this pattern remains the same for child mortality, where the lower odds for
the middle, fourth, and fifth wealth quintiles are all statistically significant. This finding is
consistent with other studies that have looked at socioeconomic determinants of infant
health (DaVanzo, Butz, & Habicht, 1983; Madise, Banda, & Benaya, 2003). They suggest
that bio-demographic factors are more pivotal in infant survival, but that social
determinants begin to have more of an influence as children get older. This could be
explained by the idea that as children get older they experience more exposure to their
social and physical environments. Furthermore, there could be lag time between exposure
to certain socioeconomic health risks and physiological manifestation. Given that the
wealth score was an asset-based measure, the higher the wealth of a family means that a
child could have adequate access to safe shelter, good nutrition, and social support.

Second, the wealth quintile, education and household size covariates showed
evidence of a social gradient. That is, there was a sequential increase or decrease in
mortality risk between the reference group and successive categories. (This pattern was
also evident for marital status, although it is not possible to describe this variable as having
progressive levels.) Wealthier groups had better child risk outcomes than the level previous

wealth level. This means that there is no threshold across which people move from being
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unhealthy to being healthy. The more wealth one has the higher their health returns can be.
It is important however to remember that this study focused only on under-five mortality
and that other studies in Botswana will need to look at other health outcomes and age
groups.
Third, there were differences in mortality risk by district. However, these cannot be
explained by district-level inequality. It could be that there is no association or that it takes
times for the noxious effects of inequality to become evident in the community and then to
actually affect health. Vaccination coverage was the only level-2 variable with a
statistically significant effect on infant mortality. Vaccination is not only a direct measure
to reduce the risk of mortality, but its coverage could be viewed as a proxy for quality of
healthcare services in a given region. This supports the idea that healthcare factors (e.g.
ante and prenatal care and health facility delivery), are more crucial for infant and neonatal
survival than for child survival. Further investigation will be needed to understand exactly
which contextual effects can be associated with these differences.

This study has several limitations on the findings proposed. First, this was a cross-
sectional analysis, which denies the opportunity to see any changes over time and thus to

conclude causality. Second, clinical determinants may be more key to infant mortality
and therefore a measure of health that pertained directly to the mothers in the study
may have been more beneficial to the social determinants of health approach. Third,
measurement of wealth was based on households, which may confer a different
health effect depending on the individual’s role. For instance further analysis (not

shown) revealed that being the head of household was protective for child mortality
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risk. This could explain the u-shaped mortality risk trend from poorest to richest,
which mirrors the wealth quintile in which women are the majority head of
household. Therefore the effect of wealth on maternal and child health could be
mediated by women’s roles in the household and associated benefit they accrue

from its wealth categorization.
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Figure 7. Percentage of female- and male-headed household by wealth quintile (Mmopelwa,
2015)

Alternatively, this could be a result of data underreporting. Perhaps mothers
who lost children before their first birthday would be less inclined to report this
during the census survey, as the children may have died very early on resulting in
the mothers never registering the child. This underreporting would become less of
an issue in child mortality as children have more likely been registered at in their
district office and/or schools.

Despite these limitations, this study has provided evidence of the
association between SES and health in under-five mortality and met its intended

objectives. As a social determinant of health, wealth (as represented by where we
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live and the access to resources associated with this) could be one of the key
determinants for improving population health in developing countries. This results
of this study have reconfirmed the wealth-health relationship and hopefully
provided a platform for more evidence based interventions and social policies.
Future study should also reassess the impact of time and what changes occur in

child health as more national data becomes available.

6. Conclusion

The goal of this study was to analyze whether the risk of infant and child mortality
was linked to the level of the mother’s wealth. In particular it sought to address the question
of whether wealthier women experience a lower risk of infant and child mortality than their
less advantaged counterparts. Additionally, the study wanted to look at another aspect of
wealth: inequality; with the goal of examining whether mothers in more unequal societies
are more prone to poorer child health outcomes. The findings suggest that in Botswana
wealth has a relationship with child mortality but not infant mortality. Ensuring that people
have access to living spaces with proper sanitation, clean water, hygienic food storage and
cooking facilities, and reliable means of transport could provide and entry point for
government policy and interventions into social health. Future studies should investigate
specifically which items that comprise the wealth index have an effect on health outcomes.
For instance, how does ownership of walled housing, a refrigerator, or a cellular phone
affect health of the population? This would be a meaningful step as it would provide

information on clear and implementable measures.
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Addressing social determinants of health is a complicated endeavor. Many of the
factors are interlinked making it even more difficult to buttress health against the risks.
People born in a certain place are likely to be subject to the conditions of that location. If it
is a poorer area the schools are likely to have a less conducive learning environment — large
class sizes, poor nutrition in cafeterias, etc. These effects accumulate over time,
determining where (or if) one goes to university, what kind of job he/she gets, and
ultimately his/her level of wealth. Despite genetic uniqueness or individual behavioral
choices, in a sense people become product of their environments. As we move into the era
of the Sustainable Development Goals (SDG) the focus remains on child health and
reduction of inequalities. SDG 10 refers to “adopting policies, especially fiscal, wage and
social protection policies, and progressively achieve greater equality” (UN, 2015). Through
its National Development Plan Botswana must strive to ensure that all policies consider

their potential effect on health as a way to reduce existing inequalities.
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