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Abstract: This study sought to investigate the macro determinants of maternal mortality in Southern
African Development Community (SADC) states. The study drew on the fact that maternal mortality
remains a major public health issue in developing countries. The Millennium Development Goals
(MDGs) were adopted by UN member states in 2000, and one of them was to reduce maternal
deaths by three-quarters by 2015. While the Millennium Development Goals increased efforts, the
goal was not met in the countries with the highest death rates. The World Health Organisation
(WHO) estimates that every single day about 810 women die from pregnancy or childbirth-related
complications around the world. This is despite several international initiatives being adopted to
reduce maternal mortality. The study was quantitative, and it used secondary data to achieve its
objective. A panel data estimation (Generalized Method of Moments) covering the period from
2005-2019 was used to examine how various factors affect maternal mortality. The analysis included
the following variables: education, fertility, GDP per capita, institutional quality, health expenditure
and HIV infection. The econometric analysis reveals a significant positive impact of fertility, GDP
per capita and HIV on maternal mortality. This implies that when fertility, GDP per capita and HIV
are increasing, maternal mortality also increases. The analysis also showed that education has a
negative relationship with maternal mortality. This implies that when literacy levels (education)
increase, maternal mortality decreases. Based on the results, this study emphasizes that, in order to
improve maternal health and consequently reduce maternal mortality, access to family planning (to
reduce fertility), access to early prenatal care and promoting women’s access to education should be
a priority in government policies.
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1. Introduction

Maternal mortality remains a major public health issue in developing countries. The
World Health Organisation (WHO) estimates that every single day about 810 women die
from pregnancy or childbirth-related complications around the world [1]. This is despite
several international initiatives being adopted to reduce maternal mortality. In 1987, the
WHO launched the Safe Motherhood Initiative and it was intended to improve the quality of
maternal health around the world [2,3]. This global initiative was created to build political
will, find effective interventions and organize resources to address maternal mortality [4].
The Millennium Development Goals (MDGs) were adopted by UN member states in 2000,
and one of them was to reduce maternal deaths by three-quarters by 2015. While the
Millennium Development Goals increased efforts, the goal was not met in low-income
countries. The problem has really gotten worse in some countries [5,6]. Sub-Saharan Africa
is a case in point. The majority of maternal deaths occur in sub-Saharan Africa, which
accounted for two-thirds of global maternal deaths in 2017 [7-10].

Failure to improve maternal health in sub-Saharan African countries has adverse
effects as it affects a variety of health and socioeconomic outcomes. A maternal death
can have a detrimental impact on families, including the family members’ physical and
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mental health. A growing body of evidence shows that maternal mortality has negative
consequences for children who are left behind [11,12]. Mothers” and children’s health
outcomes are intricately linked; maternal mortality and morbidities have an impact on
newborn and child survival, growth and development [13-15]. Often a maternal death can
have spillover effects on child health, via obstetric complications, infant feeding behaviors
and care for orphans [16]. The death of a mother substantially increases the likelihood
that her newborn child will die. Bazile et al. [17] observed that the loss of a mother
increased the vulnerability of surviving children to sickness and starvation, reduced and
derailed education and resulted in early work involvement, marriage and/or parenthood.
Knight et al. [18] used focus group qualitative methodologies to investigate the effects of a
mother’s death on surviving children and families. The study found the following effects:
substantial financial costs, missed educational chances and sexual and social danger. The
study further showed that adolescents, even those who couldn’t recall their mothers, had a
harder time transitioning to adulthood, especially older female children.

Maternal and newborn deaths also slow economic growth and lead to global produc-
tivity losses [19]. On the other hand, investing in better health for women and babies has
far-reaching benefits for countries. For example, between one-third and one-half of Asia’s
economic growth from 1965 to 1990 has been attributed to improvements in reproductive
health and reductions in infant and child mortality and fertility rates [19,20]. In the majority
of low-income countries, reducing maternal and infant mortality will impact GDP, and
reducing child mortality by 1% could also increase GDP by as much as 4.6% in African
countries [21,22]. Stenberg et al. [23] suggest that increasing health expenditure by just
five US$ per person per year through 2035 in the 74 countries that account for the bulk of
maternal and child mortality could yield up to nine times that value in social and economic
benefits. In Bangladesh, for example, research shows that impoverished families with
maternal health issues spend 30 to 40% of their savings to cover expenses, compared to only
8% for the richest quintile [23]. In many developing countries, a mother’s death is much
more than an emotional crisis, often leading to long-term social and economic breakdown,
both for her immediate family and the wider community [24].

Given the psychological, socio-economic and economic problems that people and
economies experience after a maternal death, maternal mortality is undeniably a terrible
injustice. In order to reduce maternal mortality and its negative socioeconomic conse-
quences, it is necessary to identify the factors that influence it. Determinants can be at
individual level (micro), it can be at the level of health care provision (meso) or at the
wider societal level (macro) within a given context [25]. The major medical causes of
maternal morbidity and mortality include haemorrhage, infection, high blood pressure,
unsafe abortion and obstructed labour [26-30]. However, it should be noted that these
factors are micro in nature, and little has been done to investigate the macro determinants of
maternal mortality [31]. Macro factors refer to the broader political, institutional, economic,
social and environmental conditions and institutions at national, regional or international
levels that influence maternal mortality. These macro-level factors include: availability
of skilled attendance, family planning, poverty, female education, access to reproductive
health care services, government expenditure, fertility and HIV [32-36]. Understanding
the macro-level factors that influence maternal mortality and their relative importance for
health policy and planning is a critical component of putting successful programs to reduce
maternal mortality in place in Africa. The purpose of this paper is, therefore, to investigate
the macro determinants of maternal mortality in Southern African Development Countries
(SADC). The analysis included the following variables: education, fertility, GDP per capita,
health expenditure and HIV infection.

The rest of the study is organized into five sections. Section 2 reviews the trends
in selected macro-level factors that affect maternal mortality. The purpose of the section
is to demonstrate how African nations compare to the rest of the world in terms of the
factors that influence maternal mortality. Section 3 discusses and synthesizes a review of the
relevant literature. Section 4 discusses the data methods and the econometric approach used
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in the study. In Section 5 the results of the econometric analysis are presented and discussed.
The last section, Section 6, concludes the study and offers policy recommendations.

2. A Review of the Trends in Maternal Mortality

Maternal mortality rates have generally decreased in recent years as countries work
toward the Sustainable Development Goal of lowering the global maternal mortality ratio
to fewer than 70 deaths per 100,000 live births by 2030. Unfortunately, certain parts of
the world are still far from achieving this goal. Figure 1 shows the maternal deaths per
100,000 live births in different regions of the world.

Maternal deaths per 100,000 live births

WORLD
SOUTH ASIA

WESTERN EUROPE ‘

0 100 200 300 400 500 600

Figure 1. Maternal deaths per 100,000 live births (2017). Source: Graph computed using statistics
from the World Bank (2022). World Bank. 2022. Indicators. Available online: https://data.worldbank.
org/indicator (accessed on 25 April 2022).

Figure 1 shows that sub-Saharan Africa continues to have the highest maternal death
rate, followed by Central and South Asia. Figure 1 also shows that in 2017, sub-Saharan
Africans suffered from the highest maternal mortality ratio (MMR) of 533 maternal deaths
per 100,000 live births. This is even higher than the average MMR for the least devel-
oping countries (415) and the world average (211). The SADC region falls under the
sub-Saharan region. Fifteen of the sixteen nations with very high maternal mortality
rates—500-999 deaths per 100,000 live births—were in sub-Saharan Africa, with Haiti be-
ing the only country outside that area [37]. Several factors have been seen to be causing
the high maternal mortality. One of these factors is the utilisation of antenatal care. One of
the major causes of maternal mortality is the insufficient use of antenatal care (ANC) ser-
vices [38]. Women and newborn babies can be saved with expert treatment before, during
and after childbirth. ANC enables the early detection and treatment of pregnancy-related
problems, as well as the prevention and control of concomitant disorders [39,40]. However,
in some countries of sub-Saharan Africa pregnant women do not attend any pregnancy-
related appointments [41]. Figure 2 shows the trends in pregnant women receiving prenatal
care in different regions of the world.

Figure 2 shows that sub-Saharan Africa’s percentage of pregnant women receiving
prenatal care (81.91%) is below the world average (86.73%). The percentage of pregnant
women in sub-Saharan Africa who receive prenatal care is comparable to that of least
developed countries (80.83%). This shows that developing countries face challenges when
it comes to prenatal care [41]. Despite the fact that 81% of women have at least one ANC
consultation, many do not receive the entire range of evidence-based components during
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pregnancy [39,42]. However, it must be noted that, under normal circumstances, the World
Health Organization (WHO) recommended that a pregnant woman should have at least
four ANC visits [43,44]. African countries still fall short of this. Almost all women in high-
income nations have at least four antenatal appointments, are attended by a professional
health worker during labor and receive postpartum care. In 2015, 40% of pregnant women
in low-income countries received the recommended prenatal care visits [42,45]. This shows
that there is a substantial quality deficit in ANC facilities in sub-Saharan Africa.

Pregnant women receiving prenatal care (%)
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Figure 2. Pregnant women receiving prenatal care (2020). Source: Graph computed using statistics
from the World Bank (2022).

Another factor that has been linked to high maternal mortality in sub-Saharan Africa
is the lack of qualified health staff present at births. One of the primary indicators in the
Sustainable Development Goals (SDG) is to increase the number of births supported by
qualified health staff to 90%. However, despite recent progress, millions of births, and
maternal deaths, occur each year without the support of a skilled attendant [46]. Figure 3
shows the percentage of births attended by skilled health staff.

Births attended by skilled health staff (% of total)
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Figure 3. Births attended by skilled health staff (2020). Source: Graph computed using statistics from
the World Bank (2022).
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Figure 3 shows that in SSA only 59% of births were assisted by skilled health personnel
in 2020 compared to 87% in the Arab world, 98% in high-income countries and 99% in
Europe and Central Asia. Sub-Saharan Africa’s percentage is even lower than that of fragile
and conflict-affected areas (60.65%). This shows that there is a substantial shortage of
skilled health staff in sub-Saharan Africa. Darmian et al. [47] state that the main issue is that
in most sub-Saharan African nations, coverage of deliveries attended by qualified health
staff remains poor, despite the region accounting for 66% of global maternal fatalities. It
should be underlined, however, that not having access to this critical support is harmful to
women’s health and gender empowerment because it can result in the mother’s death or
long-term impairment, particularly in marginalized areas.

3. Macro-Level Factors Associated with Maternal Deaths: A Literature Survey

The literature has identified several structural (macro-level) factors that influence
maternal mortality. These are discussed below.

3.1. GDP/Income

Maternal mortality explanations must take into account socioeconomic factors such as
income [48,49]. Brenner [50] presented evidence that indicated that economic downturns
and upswings have played a substantial effect on prenatal, newborn and maternal mortality.
Indeed, the apparent lack of consistency in the decline in baby and maternal death rates
since 1950 was most likely due to economic instability. Women in developing nations have
significantly more pregnancies on average than women in industrialized countries, and
their lifetime risk of pregnancy-related death is higher. This is 1 in 5400 in high-income
countries, compared to 1 in 45 in low-income countries [51]. Lower-income increases
not only the danger per pregnancy but also the number of births. Where mothers have
more children, maternal death rates are greater. These factors enhance the risk disparities
between high- and low-income countries. Other factors, such as nutrition, are influenced
by income. Fertility and maternal mortality are strongly linked to economic progress [52].
In order to achieve optimal birth outcomes, maternal health and offspring development,
adequate nutrition during pregnancy is critical [53,54].

The high frequency of maternal mortality in impoverished nations is a direct result of
poor prenatal health and nutrition, as well as inadequate treatment throughout pregnancy
and delivery [55]. Okwan’s [56] study confirmed the hypothesis of an inverse relationship
between maternal health outcome proxy by maternal mortality ratio and economic growth
proxy by Gross Domestic Product (GDP) per capita. Thus, increasing economic growth
by investing in the health care systems to reduce pregnancy and childbirth complications
will help reduce maternal mortality in the sub-region. However, Shiffman [57] found
that the wealth indicators explained only a small proportion of the variance in maternal
mortality ratios in developing countries. Other factors, such as women’s literacy rates
and the proportion of deliveries attended by qualified birth attendants, were found to
be considerably better predictors of maternal mortality than per capita income [57]. The
marginal contribution of economic growth to reductions in maternal mortality has also been
identified by other studies. For instance, Okwan’s [57] claimed that despite the region’s
progressive economic growth during the global economic crisis, the sub-Saharan region
has the highest maternal death rate.

3.2. Skilled Birth Attendants

Skilled delivery encompasses the presence of professionals (midwives, doctors, nurses
and others) during delivery. It also comprises a supportive atmosphere with the necessary
equipment, medications and other supplies for the effective and efficient management of
obstetric problems [58]. Adegoke et al. [59] note that in the 1800s, the establishment of
midwifery as a profession, and widespread access to skilled and competent midwives, were
linked to a decrease in maternal mortality in Scandinavia to less than 300 per 100,000 births.
An increase in the number of deliveries attended by a skilled birth attendant has also been
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linked to a reduction in maternal mortality in low- and middle-income nations [59-61].
Bell et al. [58] argue that several babies or mothers are lost due to critical issues such as the
inability to recognize delivery complications and ensure quick referrals. According to the
most recent data available, more than 90% of all births in most high- and higher-middle-
income nations benefit from the presence of a qualified midwife, doctor or nurse [62].

Skilled birth attendants and emergency obstetric care are two of the most potent
weapons in the battle against maternal mortality [63]. However, in several low- and lower-
middle-income nations, such skilled health staff help fewer than half of all deliveries.
Poverty-stricken women are the most likely to lack access to sufficient health care and
experience maternal mortality [9]. Sub-Saharan Africa has a shortage of maternity care
providers. SSA has the lowest health care worker density in the world, which limits the
improvements in maternal health [64]. Nurses and midwives play a critical role in reducing
mother and newborn mortality as well as delivering sexual and reproductive health care.
Without their support, new mothers are vulnerable to infectious diseases and disorders
such as pregnancy-induced haemorrhage, hypertension and uterine rupture, which are
among the main causes of maternal death in sub-Saharan Africa.

3.3. Access to Health Care Facilities and Services

Another crucial factor in preventing maternal fatalities is access to health care facilities
and services. Maswime and Chauke [65] and the United Nations [10] concur and state
that maternal mortality is a measure of health care access and quality. All pregnant
women should have access to antenatal care, professional birthing care and postpartum
care and support [66]. In Ethiopia, where maternal mortality is the greatest threat to
women of reproductive age, fewer than half of all women attend even one antenatal
appointment [67]. For the health of women and their unborn children, prenatal care is
critical. Women can learn about healthy behaviors throughout pregnancy from competent
health staff, better understand warning signals during pregnancy and childbirth and
receive social, emotional and psychological support during this vital period in their life
through this type of preventative health care. Pregnant women can also get vitamin
supplements, hypertension treatment to avoid eclampsia and tetanus vaccination through
antenatal care [68].

Prenatal care can also include HIV testing and medication to prevent HIV transmission
from mother to child. Women in distant parts of Africa, however, do not have access to
health care due to distance, poverty and a lack of information [69]. Less formal education,
lower health literacy, unplanned pregnancies and poor transportation have also been
associated with late prenatal care [70]. Spousal violence reduces the likelihood of maternal
health care visits for prenatal care in locations where health care facilities are already
inadequate [71]. For these frequent and regular encounters to take place, ease of access is
critical. When facilities are readily available, moms will spend less time, money and mental
energy on each visit, and hence are less likely to skip prenatal appointments. Access to
health facilities improves reproductive health. Reproductive health is improved by access to
medical facilities. Certain risk factors and disorders (such as polycystic ovarian syndrome
or oligo-menorrhea) that can impair a woman’s reproductive health can be identified when
a woman has access to adequate medical services.

The quality of care in many nations is inadequate, and while the initial antenatal check-
up is usually free, women must pay for future visits. Evidence from South Africa shows
that poor quality of care is a contributing factor to maternal deaths. A report covering
2017 to 2019 found that 80% of women who died received substandard care at district
hospitals [72]. Deaths occur in district hospitals in South Africa, where specialist, critical
care or efficient emergency medical services may not be readily available [65].

3.4. Family Planning

Access to contraception is also critical to preventing maternal mortality, because with-
out pregnancy there would be no maternal death [73,74]. Family planning is essential
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for gender equality and women’s empowerment, as well as poverty reduction. Reduced
mother and infant mortality have come from the increased usage of contraceptive tech-
niques [75-79]. There are still significant gaps in the usage of current treatments among
couples who seek to avoid pregnancy. In sub-Saharan Africa, however, nearly half of all
women of reproductive age (15 to 49 years) do not have access to contemporary contra-
ceptive techniques, a figure that rises to nearly 60% among adolescent girls (aged 15 to
19 years) [80]. By limiting the number of births, family planning helps to reduce maternal
mortality. Fewer pregnancies provide fewer chances for women to be exposed to the risk
of maternity-related mortality, making contraception an important direct determinant of
fertility reduction. Mbizvo and Burke [81] estimate that global family planning could
prevent up to 30% of maternal deaths going forward. The Harvard Chan School [82]
states that one proposed mechanism for this effect is that contraceptive use reduces the
number of high-risk and high-parity births, thereby reducing maternal mortality. Access to
contraceptives also helps to prevent unwanted pregnancies, some of which result in unsafe
abortions—one of the causes of global maternal deaths.

3.5. Women'’s Empowerment

Empowerment is widely recognized as a process through which persons who have
been disempowered can improve their self-efficacy, make better decisions and gain control
over resources [83]. Prata, Tavrowa and Upadhyay [84] are of the view that increased
women’s empowerment will result in improved health, particularly in areas where dis-
parities are greatest, such as maternal mortality. Evidence demonstrates that when girls
exercise their rights to postpone marriage and childbirth in order to pursue their education,
maternal mortality decreases [85,86]. These factors contribute to women’s empowerment
by enhancing their ability to care for and choose for themselves, such as autonomy over
their reproductive lives and health care decisions, access to health care services and op-
tions and the ability to influence service quality through participatory mechanisms and
social accountability.

The ability and right of women to make active decisions has a favorable impact on
the health of their children and families. Women who marry before they reach the legal
age of marriage are less likely to seek expert medical care for their mothers [86]. As a
result, they are more likely to give birth at home, which is linked to a higher prevalence
of maternal death and morbidity [71]. Pandey, Lama and Lee [87] showed that three
of the five indicators of empowerment—women’s age at birth of their first child, their
education and their knowledge about sexually transmitted diseases—significantly increased
utilization of health services, especially antenatal and delivery services. Adolescent girls
(aged 10-19 years) face higher risks of eclampsia, systemic infections and complications
during childbirth than women aged 20-24 years [88-90]. This shows that early childbirth
can be harmful to newborn children’s health as well as the health of young mothers and
pregnant adolescents.

3.6. Education

Nwogwugwu [91] states that the more educated and economically empowered women
are, the more capable they are of making autonomous decisions, especially those that
influence their personal health. Lack of knowledge is highlighted as one of a number
of stressors impacting women during pregnancy and childbirth (together with a lack of
money and decision-making authority), generating vulnerability and raising the likelihood
of unfavorable outcomes [92]. Pilla et al. [48] argue that women who are literate are less
likely to be poor, and more likely to maintain optimal nutritional status, make health
and well-being decisions, access and use information, and have fewer children. Maternal
mortality would be cut in half if all women received only a primary education, saving
189,000 women'’s lives per year [93]. Women who are educated are more likely to marry
later in life and to use family planning methods. Mothers with a primary education are
more likely than those without one to take better care of their children and to seek medical
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care, such as immunization. The link between education, health and earning potential
is clear [10].

Education must also extend to sexual and reproductive education. Pregnant women,
as well as all reproductive women, including teenagers, should receive education about
reproductive health [94]. Understanding reproductive health during pregnancy is crucial
for the mother’s and the unborn child’s safety. Reproductive health is crucial for teenagers
because it helps them avoid unintended pregnancies. Girls and women who receive
education on sexual and reproductive health are more likely to use contraceptives effectively
throughout their lives, have better knowledge of contraception, use it during their first
sexual encounter and use it more frequently overall [95,96]. Generally, sex education
increases one’s knowledge of contraception, increases the likelihood of using it at any
time in one’s life and promotes effective and regular use. Sexual education has also
been seen to prevent other issues such as unsafe abortions which are major causes of
maternal mortality [97].

3.7. HIV and Other Factors

Women living with HIV/AIDS may be more vulnerable to maternal death due to
direct or obstetric factors [98]. HIV infection has a strong negative influence on adult
population health in countries with a high frequency of HIV infection, which therefore has
an impact on maternal and child health [99,100]. In 2013, of the 7500 AIDS-related maternal
deaths worldwide, 6800 (91%) were in sub-Saharan Africa. Sub-Saharan Africa accounts for
91 % of the maternal deaths attributed to HIV/AIDS [101]. There are also other factors that
cause maternal mortality. Hanif et al. [71] are of the opinion that a number of contributing
factors such as poverty, a lack of education, gender-based inequalities, inadequate and
poor quality health care services, remote facilities, sociocultural values, malnutrition and
violence against women, unequal resource distribution and the political environment, can
all be considered key indicators for increased maternal deaths. Wagstaff, Van Doorslaer and
Watanabe [102] show that the development of a good policy and the quality of institutions
are important determinants of the impact of public-health expenditure. Disrespectful
maternal care is an issue too. The abuse in South African maternity services was described
as “one of the world’s greatest disgraces” in 2015. It included verbal and physical abuse,
non-consensual care, non-confidential care, neglect and abandonment [65].

4. Materials and Methods
4.1. Data and Estimation Procedures

The study was quantitative in nature, and it used secondary statistical data. The data
covering the period under investigation was collected from the World Bank and UNDP,
respectively. The researcher used annual panel data for the period between 2005 and
2019. All SADC countries (Angola, Botswana, Comoros, Democratic Republic of Congo,
Eswatini, Lesotho, Madagascar, Malawi, Mozambique, Namibia, Seychelles, South Africa,
United Republic Tanzania, Zambia and Zimbabwe) were included in this study except for
Mauritius. Mauritius was omitted to reduce panel attrition due to the large missing values
for the data set. The study followed the model of Karlsen [103] whose study conducted
an analysis of the relationship between maternal education and mortality among women
giving birth in health care institutions. This study built on Karlsen [103] and formulated
the following model:

MM;; = Bg + B1MMi 1 + BoFjt + B3EDUj + B4GDPCy¢ + B5INS; + BoHE;; ()
+B7HIV: + € (i)

where MM is maternal mortality, MM;; is the lagged value of the dependent variable
(maternal mortality), F is fertility, EDU is education, GDPC is GDP per capita, INST is
institutional quality, HE is health expenditure, HIV is human deficiency syndrome and
¢j¢ is the error term. The description of the variable presented in the Equation (i) above is
presented in Table 1 below.
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Table 1. Summary of Variable Description.

Variable Description and Unit of Measurement Source

Fertility Fertility rate, total (births per woman) World Bank

Population with at least some secondary

Education education, female (% ages 25 and older) World Bank
GDPPC GDP Per Capita World Bank
INST Institutional Quality World Bank
HE Current health expenditure (% of GDP) World Bank
HIV Prevalence of HIV, female (% ages 15-24) World Bank

4.2. Estimation Technigues

This study employs Arellano and Bond’s [104] Generalized Method of Moments
(GMM), which is one of the most extensively used approaches in empirical economic
research. GMM estimators are also used in research related to human development, such
as Asiama and Quartey [105], Akinbode and Bolarinwa [106] and Aksentijevic et al. [107].
As a result, we found GMM to be very relevant in this study. The construction of a GMM
model requires an instrumental variable procedure to correct the endogeneity. While strictly
exogenous instruments are in general hard to come by, it is possible to construct internal
predetermined instruments using lagged values of the right-hand side variable [108]. This
study used suitably lagged differences between the dependent and independent variables
as instruments. The GMM estimator delivers unbiased and consistent parameter estimates
in this way [107]. The Generalized Method of Moments (GMM) in the dynamic panel gives
an efficient estimate of such a model (contrary to the OLS) while making it possible to
control the individual and time-specific effects and to mitigate the endogeneity bias of
variables [105]. The problem with endogeneity is that it can cause a serious bias when
estimating how the independent variables in the equation affect the dependent variable in
the model.

The system GMM performs by estimating two system equations. First, the original
levels equation with a suitable lagged first difference is used as an instrument, and the
first difference equation with a suitable lagged level is used as an instrument. Second, the
application of system GMM reduces the finite sample bias and increases consistency in
estimation [109]. This version is preferred to difference GMM because it mitigates small
sample biases from the difference GMM and does not eliminate cross-country variations.
Furthermore, instead of using the one-step system GMM, we employ an extension of the
system GMM, which is a two-step system GMM developed by Roodman [110] because of
its robustness to heteroscedasticity and autocorrelation problems in econometrics research.
The generalized specification of the system GMM at a level and after first difference are
as follows:

MM = B1MM;i_1 + By Fit + B3EDUj; + B4GDPCjt + B5INS;; + BoHE;;

. 2
+B7HIV: + @i + Wiy (i) @)

The difference form is:

MM;; — MMji—1 = B1(MMit—1 — MM;ji_1) + Bo(Fit + Fit—1) + B3EDUj

—EDUjt_1) + B4GDPG;; — GDPGj;1 + B5(INS;; — INS;; 1) 3)
Be(HE; — HEjt 1) + B7(HIVy — HIVy 1) + (@it — @it-1)
+ (Mt — Mit—1) (i)
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5. Results and Discussion
5.1. Descriptive Statistics
The estimation process begins with the preliminary tests to check the normality of

the series and to ensure that there is no multicollinearity among the explanatory variables.
Table 2 shows the summary statistics of the variables used in this study.

Table 2. Descriptive statistics.

Education Fertility GDPPC INST HE HIV MM
Mean 34.692 3.788 2.425 26.886 6.240 7.296 313.294
Median 30.100 3.560 2.849 6.772 6.084 6.650 283.500
Maximum 89.600 6.690 18.065 93.973 11.269 22.500 721.000
Minimum 4.291 1.245 —9.442 —-9.241 2.395 0.100 20.000
Std. Dev 24.206 1.771 3.479 31.103 2.269 6.011 215.914
Skewness 0.531 —0.323 0.352 0.605 0.141 0.520 0.037
Kurtosis 2.257 2.509 6.710 1.676 1.889 2.386 1.717
Jarque-Bera 11.895 4.659 101.018 22.814 9.306 10.344 11.686
Prob 0.002 0.097 0.000 0.000 0.009 0.005 0.002
Sum 5897.800 644.075 412.358 4570.747 1060.805 1240.416 53,260
Sum Sq. Dev 99,023.31 530.204 2045.704 163,494.1 870.486 6107.527 7,878,641
Observations 170 170 170 170 170 170 170

Table 2 shows that the variables were not normally distributed. This is shown by
the Jarque—Bera statistics which had p-values of less than 0.05. Table 2 also shows that
there were 170 observations in this study. The correlation analysis of the main variables is
displayed in Table 3.

Table 3. Correlation.

Education Fertility GDPPC INST HE HIV
Education 1 —0.614 —0.117 0.188 0.297 0.255
Fertility —0.614 1 0.191 —0.046 —0.419 —0.296
GDPPC —0.117 0.191 1 0.025 0.087 —0.003
INST 0.188 —0.046 0.025 1 0.357 —0.005
HE 0.297 —0.419 0.087 0.357 1 0.599
HIV 0.255 —0.296 —0.003 —0.005 0.599 1

Considering the range of the absolute values (0.003-0.614) in the table, it can be
concluded that there is no multicollinearity problem among the explanatory variables. This
is because the values are below the benchmark of 0.80.

5.2. Presentation of Main Results

This paper estimates the effects of ICT on maternal mortality in the SADC region. The
empirical results for the model are presented in Table 4.

Although the analysis used the Generalized Method of Moments (Sys-GMM), the
Fixed Effects (FE) and Random Effects (RE) were also performed. However, these were
only performed to show the robustness of the GMM results. Their results are not reported
in this study because RE and FE ignore unobservable heterogeneity and endogeneity.
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Table 4. Regression results (Dependent variable: MM).

Variable FE RE GMM (1) GMM (2)
0.6415 ** 0.5214 **
MM (0.2020) (0.0918)
Education 0.0643 —0.6640 —0.7715 *** —0.6008 ***
(0.0384) (0.0645) (0.1930) (0.0840)
Fertilit 0.0424 0.1637 ** 0.3739 *** 0.5474 ***
y (0.0138) (0.0216) (0.1010) (0.0975)
—0.0520 ** 0.0401 ** 0.1393
GDPPC (0.0130) (0.0126) (0.0248)
INST —0.0113 *** —0.1625 *** 0.2863 24312
(0.0036) (0.0421) (0.3942) (2,3720)
HE 0.2210 8.4165 *** —4.2363 2.5231
(0.7588) (0.0088) (9.0220) (4.3452)
HIV 0.0192 0.1301 0.7132 *** 0.2014 **
(0.0154) (0.0503) (0.2004) (0.036)
—0.1017 ***
GDP (0.0233)
Observations 170 170 170 170

** denotes significance at 5% significance level and *** denotes significance at 1%.

Results (GMM 1) show that there is a negative relationship between education and
maternal mortality. Health promotes learning potential, while education improves health.
Together, education and health complement, enrich and support one another. Results show
that there is a positive relationship between fertility and maternal mortality. High fertility
levels are connected with high maternal mortality, making fertility a key driver of maternal
mortality. The relationship between institutions and maternal mortality was seen to be
insignificant. Countries with good institutions are supposed to have efficient health care
systems. Institutions enable the adoption of right health policies and institutions and also
ensure that resources are used efficiently. The relationship between health expenditure
and maternal mortality was seen to be insignificant. This is surprising because health
expenditure must contribute positively to maternal health care. The relationship between
health expenditure and maternal mortality was seen to be insignificant. This is surprising
because health expenditure must contribute positively to maternal health care. Results
show that there is a positive relationship between HIV and maternal mortality. This is
consistent with the literature. HIV and AIDS increase maternal mortality, as suppressed
immunity causes a higher risk of pre-natal and childbirth complications. Results show that
there is a positive relationship between GDP per capita and maternal mortality.

5.3. Discussion of Results

Findings (GMM 1) indicate a link between maternal mortality and education that is
causally negative. Together, health and education enhance, support, and contribute to one
another, building the foundation for a better future. [4]. Lack of education is highlighted as
one of a number of stressors impacting women during pregnancy and childbirth (together
with a lack of money and decision-making authority), generating vulnerability and raising
the likelihood of unfavorable outcomes [103]. It is feasible that universal access to high-
quality health services may alleviate much of the health disparities associated with low
maternal education. Increasing women'’s capacity to care for and choose for themselves
leads to empowerment, which includes autonomy over their reproductive lives and health
care decisions, as well as access to health care resources and options. The UN [111]) argues
that women who are educated are more likely to be healthy, generate higher incomes and
have greater decision-making power within their households. Providing opportunities for
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girls to complete their education, particularly secondary education, protects them against
HIV and improves a variety of other health and development outcomes. Despite this, far
too many students are still absent [80]. This could explain why African countries have such
high maternal mortality rates.

Results show that there is a positive relationship between fertility and maternal mor-
tality. High fertility levels are connected with high maternal mortality, making fertility a
key driver of maternal mortality [112,113]. Girum and Wasie [61] maintain that the likeli-
hood of complications increases with the number of pregnancies a woman has. Wei [114]
conducted a study that showed that if all women had a maximum of one pregnancy each,
the pregnancy mortality rate would decrease by 74%. Women in developing nations have
significantly more pregnancies on average than women in industrialized countries, and
their lifetime risk of pregnancy-related death is higher. Where mothers have more children,
maternal death rates are greater. These factors enhance the risk disparities between high-
and low-income countries. Stover and Ross [75] are of the view that by lowering the
number of births and consequently the number of times a woman is exposed to the risk of
mortality, family planning helps to reduce maternal mortality.

The relationship between institutions and maternal mortality was seen to be insignifi-
cant. Countries with good institutions are supposed to have efficient health care systems.
Institutions enable the adoption of the right health policies and institutions also ensure that
resources are used efficiently. Wagstaff and Cleason [115] discovered that good policies
and institutions (as measured by the World Bank’s Country Policy and Institutional As-
sessment or CIPA index) are important determinants of the impact of government health
expenditures on health outcomes. However, the institutions in many African states (SADC
included) are poor. Mwanyika-Sando [116] did a study on care in Tanzanian public health
facilities and found that the institutional performance was poor. The study showed that
pregnant women reported feeling some form of abandonment during the actual time when
they were so vulnerable and needed a health care provider to help them as they were
about to deliver their child. It is for this reason that Alawode [117] advises that, as part
of maternal health care quality improvement, stakeholders should clearly articulate the
roles of different institutions and address institutional weaknesses that hinder the effective
design and implementation of a quality improvement initiative.

The relationship between health expenditure and maternal mortality was seen to be
insignificant. This is surprising because health expenditure must contribute positively
to maternal health care. For instance, Baldacci, Guin-Siu and de Mello [118] and Gupta,
Verhoeven and Tiongson [119] found that social spending plays a significant role in the
health and education sectors. Maruthapu et al. [120] found that reduced government health
care spending is linked to higher maternal death rates in the EU, which occurs through a
range of processes, including fewer qualified health professionals attending births. They
also discovered that policies targeted at cutting government health care spending, such
as austerity and budget cuts, may increase maternal mortality in the EU. Bokhari, Gay
and Gottret [121] also show that, while economic growth is one of the main determinants
of health outcomes in developing countries, government spending on health is also an
important factor in determining health outcomes.

However, the findings of this study are consistent with those of Rana et al. [122] who
found that rising health expenditure can reduce child mortality but has an insignificant
relationship with maternal mortality. Financial resources, on the other hand, are necessary
but not sufficient for enhanced performance [123]. Other elements must be taken into
account in order for financial resources to produce the best results. While it is widely
acknowledged that skilled birth attendants and emergency obstetric care are critical in
combating high maternal mortality, their provision requires functioning health systems
that include trained and motivated workers, well-equipped facilities and rapid referral
systems for complications. These are largely absent in many health systems of developing
countries [63,124]. Fully functional health-care facilities are required that are: accessible
and cheap, particularly for women in remote areas; staffed with competent and well-
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supported midwives and nurses; and equipped with water, sanitation, hygiene, medicines
and supplies. In low- and middle-income countries, gaps in the availability and quality of
maternal health care services are a key impediment to achieving desirable maternal health
outcomes [117]. Wagstaff, Van Doorslaer and Watanabe [102] show that the development
of a good policy and the quality of institutions are important determinants of the impact of
public-health expenditure.

Results show that there is a positive relationship between HIV and maternal mortality.
This is consistent with the literature. HIV and AIDS increase maternal mortality as sup-
pressed immunity causes a higher risk of pre-natal and childbirth complications [125,126].
Madzimbamuto [127] claims that HIV infection is one of the most important conditions
contributing to maternal deaths in the Southern Africa region. HIV-infected pregnant
women have two to ten times the risk of dying during pregnancy and the postpartum
period compared with uninfected pregnant women [99,128,129]. The main reason for
the decline in maternal deaths in South Africa has been the success of the antiretroviral
treatment programme for HIV-positive women [130].

Results show that there is a positive relationship between GDP per capita and maternal
mortality. This result is not consistent with the literature. For instance, Thompson and
Sofo [131] and Okwan’s [56] study demonstrated a significant negative relationship between
maternal mortality and GDP per capita. Furthermore, women living in poverty are the
least likely to receive adequate health care and experience maternal death [9]. Poverty
increases the likelihood of seeking medical help before, during, or after pregnancy. Poverty
remains one of the biggest factors in whether or not a woman receives adequate health
care, and 94 percent of all maternal deaths still occur in low- and lower-middle-income
countries [132]. Women from impoverished families have greater fertility rates, are more
likely to have unsafe or conventional deliveries handled by inexperienced people and
show less indication of following a family planning regimen. Strong data relating income
and health implies that policies that promote economic justice may have far-reaching
health implications [133]. Shiffman [57] found that the wealth indicators explained only a
small proportion of the variance in maternal mortality ratios in developing countries. The
study concluded that other variables such as women'’s literacy rates and the proportion
of deliveries attended by trained birth attendants were found to be far more effective
predictors of maternal mortality than per capita income.

In order to test the robustness of the findings, the study replaced GDP per capita with
GDP (economic growth). This was done in model 2 (GMM 2). The results for model 2 are
in line with those obtained for the first model (GMM 1). However, the coefficient for the
GDP variable is negative. These results indicate that GDP can contribute to the decrease
in maternal mortality. This makes sense because an increase in income can improve the
lives of the people. Studies have established that this relationship is largely causal—higher
income leads to better health [56,133,134]. The latest available data suggest that in most
high-income and upper-middle-income countries, more than 90% of all births benefit from
the presence of a trained midwife, doctor or nurse [135]. However, fewer than half of
all births in several low-income and lower-middle-income countries are assisted by such
skilled health personnel.

5.4. Diagnostic Tests

The accuracy of the system GMM estimator is determined by the validity of the
instruments. The diagnostic test for this is done using the Sargan Test (J-statistic) and the
Arellano-Bond test. The results of the Sargan test are shown in Table 5 below.

Table 5. Sargan Test.

J-Statistic p-Value
1.7582 0.8376
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The result of the test shows that the J-statistic of 1.7582 was not significant with a
p-value of 0.8376, suggesting that the instruments are valid. The Arrellano-Bond test was
also performed, and the results are shown in Table 6 below.

Table 6. Arrellano—Bond serial correlation test.

Test Order m-Stastistic rtho SE (rho) Prob
AR (1) —2.3137 —21.5681 9.3217 0.0207
AR (2) 0.91981 2.7932 14.0967 0.8429

The Arellano-Bond test for first-order (AR(1)) and for second-order (AR(2)) in the first
differences was applied to the differenced residuals, being based on the no serial correlation
null hypothesis. The tests show that the first-order statistic is statistically significant,
whereas the second-order statistic is not, which is what should be expected if the model
error terms are serial and uncorrelated in levels. It can thus be said that the model passed
the diagnostic tests; therefore, inference can be made from the results.

6. Conclusions and Recommendations

This study sought to investigate the macro determinants of maternal mortality in
SADC states. In poorer countries, maternal mortality remains a major public health con-
cern. According to the World Health Organization (WHO), approximately 810 women
die every day from pregnancy or childbirth-related problems around the world. This is
despite the fact that various international programs to reduce maternal mortality have been
implemented. Sub-Saharan Africa accounts for the bulk of maternal mortality, accounting
for two-thirds of global maternal deaths in 2017. Using panel-data estimation, the study
examined and investigated how various factors affect maternal mortality. The analysis in-
cluded variables, namely: education, fertility, fertility, GDP per capita, institutional quality,
health expenditure and HIV. The econometric analysis reveals a significant positive impact
of fertility, GDP per capita and HIV on maternal mortality. The analysis also showed that
education has a negative effect on maternal mortality.

Based on the results, this study emphasizes that government policy should prioritize
improving access to family planning (to lower fertility), access to early prenatal care, and
promoting women'’s access to education in order to improve maternal health and thereby
minimize maternal mortality. Integrating family planning services into maternal health
care can be an effective way to reduce fertility. If women had better access to, and use
of, family planning alternatives, they could have fewer children. Access to early prenatal
care and initiation of ART through prenatal services could improve the availability of
comprehensive pregnancy care and reduce maternal morbidity and mortality related to
HIV in pregnancy. An education free of negative gender norms and higher educational
attainment is also critical for women’s well-being. Women with greater education are more
likely to recognize the value of prenatal care, sanitary childcare practices and appropriate
nutrition for themselves and their newborns than women with less education. They are
also more likely to know where to seek medical help and to be able to afford it. Increases in
health spending are most effective when state policies and societal norms are changed in
ways that empower the most disadvantaged individuals and allow them access to services.
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