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Abstract: The aim of this study is to examine the relationship between health expenditure, insti-
tutional quality, and under-five mortality rates in sub-Saharan African countries. Specifically, the
study seeks to explore the mediating role of institutional quality in this relationship, focusing on
understanding how variations in healthcare spending and institutional frameworks impact child
health outcomes. By examining these dynamics, the study aims to provide valuable insights that
can inform evidence-based policy interventions to reduce under-five mortality and improve child
health outcomes in the region. Utilizing data spanning the years 2000 to 2021 from 46 sub-Saharan
African countries, this study employs a systems GMM model to explore the intricate relationship
between health expenditure and under-five mortality rates (U5MRs), with a particular focus on the
mediating role of institutional quality. The findings reveal that the quality of institutions significantly
influences the impact of health expenditures on the U5MR. Strong institutional quality enhances
the effectiveness of health expenditure in improving child health outcomes, particularly concerning
the allocation of external health funds. Conversely, poor institutional quality amplifies the positive
impact of domestic private and out-of-pocket health expenditures on the U5MR, as these serve as
coping mechanisms in the absence of robust public healthcare systems. This research emphasizes
the need for strategies that increase health expenditure and prioritize institutional strengthening to
ensure efficient resource allocation and healthcare system management, thereby reducing under-five
mortality rates. Furthermore, it underscores the importance of policies that minimize reliance on
private and out-of-pocket health expenditures, which can lead to financial burdens and worsened
health outcomes. Sub-Saharan African countries can make significant strides toward improving child
survival and overall public health by addressing these issues.

Keywords: health expenditure; institutional quality; under-five mortality rate; GMM; sub-Saharan
African countries

1. Introduction and Background

In spite of the remarkable improvements in health conditions and status worldwide,
sub-Saharan countries still suffer from the worst health challenges [1–5]. Under-five
mortality has emerged as a critical challenge in the sub-Saharan region [6,7]. According
to the UN IGME (2018) and Alimi and Ajide (2021) [8,9], the under-five mortality rate in
the sub-Saharan region has been higher compared to many other regions worldwide. For
instance, SSA has recorded an average of 60 deaths per 1000 births, while other regions
such as MENA, Southeast Asia, Latin America, South America, North America, and Europe
recorded averages of 18, 22, 18, 16, 17 and 14 deaths per 1000 births, respectively, in 2021.

Health spending in sub-Saharan Africa has shown improvement between 2000 and
2021, but the extent of improvement varies from country to country within the region.
Sub-Saharan African countries such as Kenya, Ethiopia, Uganda, Ghana, Rwanda, South
Africa, Malawi, and Tanzania have received substantial international aid and donor support
for health-related initiatives [10,11]. The sub-Saharan countries, particularly South Africa,
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Tanzania, Botswana, Rwanda, Ghana, Kenya, Senegal, and Malawi, have also improved in-
vestments in healthcare infrastructure, training of healthcare personnel, and the expansion
of health services, which also played a role in increasing health spending [12–14].

In sub-Saharan Africa, where healthcare resources are often scarce and disparities are
pronounced [15,16], the relationship between health expenditure and under-five mortality
rates has emerged as a critical concern, reflecting the complex interplay of various factors.
By focusing on under-five mortality rates, we aim to comprehensively understand the
broader spectrum of child mortality within the sub-Saharan African context. Under-five
mortality rates serve as a widely recognized indicator of child health and well-being,
reflecting not only infant and neonatal mortality but also mortality rates for children up
to five years of age [16]. One of the pivotal determinants in this relationship is the quality
of institutions. The institutional quality in sub-Saharan Africa between 2000 and 2021 has
been characterized by positive developments and ongoing challenges. Some countries
(Botswana, Mauritius, Ghana, Cape Verde, Senegal, Rwanda, Kenya, Zambia, and South
Africa) in sub-Saharan Africa made progress in improving governance control of corruption
and political stability [17]. However, in countries like Nigeria, DRC, Zimbabwe, Uganda,
Angola, and Cameroon, inconsistencies in applying the rule of law, corruption within legal
institutions, and slow justice systems remained challenging [17,18].

Even if health expenditure and institutional quality have improved in other sub-
Saharan African countries, the region remains the home to a high infant mortality rate [7].
Accordingly, the under-five mortality rate serves as a stark measure of child well-being,
reflecting the availability and effectiveness of healthcare interventions, the prevalence of
preventable diseases, and the socio-economic status of communities. Thus, the primary
concern is how much health spending has influenced the outcome, particularly under-
five mortality in the region. Empirical literature [19–22] has documented evidence of the
relationship between health expenditure and child mortality. Yet, there is still no consensus
on how health expenditure influences child mortality, particularly the under-five mortality
rate. While numerous studies [5,23–28] have been conducted on health expenditure and
under-five mortality in sub-Saharan Africa, there are several justifications for the need to
consider the mediating effects of institutional quality and incorporate all relevant health
expenditure indicators.

This paper examines the relationship between health expenditure and under-five
mortality, spotlighting the pivotal role that institutional quality plays in shaping outcomes
across the diverse countries of sub-Saharan Africa. The paper provides valuable insights
for policymakers by highlighting the relationship between different indicators of health
expenditure and under-five mortality. This informs decisions about where to allocate
resources for healthcare, emphasizing the importance of public spending to ensure access
to essential services. In addition, considering the role of institutional quality in this context
can help identify the importance of good governance, transparent policies, and effective
healthcare institutions. By examining these multifaceted relationships, the current paper
uncovers the hidden synergies, trade-offs, and dependencies that are key to improving
child health outcomes and healthcare resource allocation. The paper employs the Systems
Generalized Method of Moments (SGMM) to address endogeneity and cross-sectional
dependence commonly observed in panel data. The present study contributes to the
broader goal of achieving sustainable development and improved child health outcomes in
sub-Saharan countries.

The following section presents the related literature on health expenditure and under-
five mortality. The third section shows the methodology used to assess the said relationship.
The fourth section provides the empirical findings of the current study. The last section
concludes the paper.



Int. J. Environ. Res. Public Health 2024, 21, 333 3 of 23

2. Literature Review on Under-Five Mortality
2.1. Theoretical Literature

The relationship between health expenditure and under-five mortality can be ex-
plained by the human capital [29,30] and the health production function theories. The
human capital theory postulates that individuals make decisions about their health and
healthcare utilization based on income, education, institutions, and health behaviors [31,32].
The health production function, on the other hand, treats health as an output produced
from various inputs, including healthcare services, health expenditure, lifestyle choices,
and socioeconomic factors. This paper considers institutional quality as the mediating
factor in the under-five mortality-health expenditure nexus. The said relationship is ex-
plained by the institutional theory, which postulates that formal and informal rules, norms,
and practices shape the behavior of healthcare organizations. The theory advocates that
institutional quality, such as the rule of law, regulatory quality government effectiveness,
political stability, and control of corruption, can affect health expenditure by determining
the availability of healthcare services and the utilization of resources, which ultimately
influence health outcomes. The human capital and health production function theories
consider health expenditure and institutional quality as inputs into healthcare. Thus, the
current paper follows the Grossman (1972) [29] approach in examining the impact of health
expenditure and institutional quality on under-five mortality in SSA countries.

2.2. Empirical Literature

Health expenditure has long been viewed as a potential complement to improving
health outcomes such as child survival. Yet there is still controversy over how effective the
health expenditure is on the under-five mortality rate (U5MR). Different conclusions have
been drawn, as some studies document evidence of no association between health spending
and the U5MR [27,33] while other studies indicate a positive [5,34] or negative [35–38]
relationship. Public health expenditure has been a commonly used indicator in most of the
literature on health spending and health outcomes. Thus, studies that consider different
health expenditure indicators found disparate effects of health expenditure on the U5MR.
For example, Logarajan et al. (2022) [39] considered three indicators, including public,
private, and out-of-pocket health expenditures. Their ARDL estimation technique indicates
that out-of-pocket health expenditure reduces the U5MR, while public and private health
expenditures are insignificant to explain changes in the U5MR in Malaysia.

Numerous studies that assess the direct effect of health spending, particularly public
health expenditure, support health expenditure as an U5MR-reducing factor. Using a set of
158 developing and developed countries, Hadipour, Delavari, and Bayati (2023) [40] found
a negative effect of health expenditure on the U5MR. Dhrifi (2020) [41] found similar results
when using the generalized methods of moments (GMM) to assess the impact of health
expenditure in 93 developed and developing economies. More so, the fixed effect in Owusu,
Sarkodie, and Pedersen (2021) [38] indicates that healthcare expenditure reduced the U5MR
in middle and lower-income countries between 2007 and 2008. Consistently, Ahmad and
Hasan (2016) [35], Rahman and Khanam (2018) [36], and Kato et al. (2018) [6] document
evidence of a negative and significant impact of health expenditure on the U5MRs in
Malaysia, Uganda, and ASEAN countries, respectively. There are also contrasting findings;
for instance, Kulkarni (2016) [42], Azuh et al. (2020) [34], and Logarajan et al. (2022) [39]
found a significant and positive effect of health expenditure on under-five mortality in
BRICS countries, Nigeria and Malaysia, respectively. Studies that assessed the impact of
health expenditure on under-five mortality in SSA focused on public health expenditure as
the common indicator of health spending. Only a few studies considered other indicators,
such as private [24,43], out-of-pocket [44] and external health expenditure [27]. Ashiabi,
Nketiah-Amponsah, and Senadza (2016) [24] and Arthur and Oaikhenan (2017) [43]
assessed the impact of public and private health expenditures on health outcomes in
40 SSA countries using a fixed effect estimation technique. The studies are in consensus that
public health expenditure reduces five mortality rates and that private health expenditure
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is insignificant in explaining changes in under-five mortality rates. Similar findings were
found by Kiross et al. (2021) [27], who argued that public and external health expenditures
improve health outcomes while private health expenditure has an insignificant impact.
Moreover, Makuta and O’Hare (2015) [23], Chewe and Hangoma (2020) [25] and Ayipe and
Tanko (2023) [28] supported the direct negative effect of public health expenditure in SSA.
The conflicting findings are found in the literature on health expenditure on the U5MR in
SSA. Using panel data from 200 to 2008 in ten SSA countries, Akinlo and Sulola (2019) [5]
found that health expenditure worsens under-five mortality.

Although Ouedraogo, Dianda, and Adeyele (2020) [45] support that institutional
quality is paramount in healthcare efficiency, most studies [28,38,46] focus on the direct
impact of health expenditure on U5MRs. Nevertheless, studies that considered institutional
quality as the mediating effect in the said relationship only focused on public health
expenditure. Thus, studies in Malaysia [35], WAEMU [47], developing and developed
countries [41], high and low-income countries [40], and in SSA [23,26] are in consensus that
the quality of governance enhances the public health expenditure to reduce the U5MR.

The above exposition demonstrates that studies [5,28,46] on health expenditure and
under-five mortality focused mostly on public health. A few [24,27] consider the effect
of private and public health expenditure on under-five mortality in SSA. The current
study assesses the impact of health expenditure on under-five mortality in SSA countries,
considering four indicators: public health, private health, out-of-pocket, and external health
expenditure on under-five mortality. Most studies [5,28,43,46] focused on the direct effect
of health expenditure on under-five mortality.

Again, some studies [45] assessed only the effect of institutional quality on five mor-
tality, while a few studies [23,26] consider institutional quality as the mediating factor in
the under-five mortality-health expenditure nexus. However, the current paper considers
the institutional quality’s impact on the effect of each of the four health expenditure indi-
cators on under-five mortality in SSA. In doing so, the present form tests the hypothesis
that there is no significant direct and indirect impact of health expenditure (public, pri-
vate, out-of-pocket, and external) on the under-five mortality rate in sub-Saharan Africa.
The alternative hypothesis is that health expenditure (public, private, out-of-pocket, and
external) has a significant direct and indirect impact on the under-five mortality rate in
sub-Saharan Africa.

3. Materials and Methods
3.1. Data Sources

The data for the study were obtained from the Global Economy, World Bank: World
Development Indicators websites. The paper used annual panel data for 46 sub-Saharan
African (SSA) countries (see list in Appendix G) from 2000 to 2021.

3.2. Econometric Model

In our empirical estimations of the nexus between health expenditure, institutional
quality, and under-five mortality for SSA countries, under-five mortality was used as the
dependent variable. The study used a panel data estimation technique to examine the
impact of health expenditure on the under-five mortality rates (U5MRs) in 46 sub-Saharan
Africa countries from 2000 to 2021. The study adopted and modified the model by Ayipe
and Tanko (2023) [28], who examined the relationship between public health expenditure
and under-five mortality in low-income sub-Saharan African countries. The model was
formally specified as Equation (1) below.

u5mrit = αi + β1HEDit + β2TFRit + β3PPFit + β4RODit+β5DPTit + β6TPODit+εit (1)

where αit is the specific factors of country i; βs represents the slope coefficients to be
estimated; u5mrit is the under-five mortality rate of country i at time t; HEDit represents
health spending from domestic funds as a proportion of GDP for country i at time t; TFRit
is the total fertility rate in country i at time t; PPFit is the percentage of the population
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who are female in country i at the time t; RODit is the percentage of rural people who are
defecating in the open (as a percentage of rural people) in country i at time t; DPTit is the
child immunization rate against DPT in country i at time t; TPODit is the percentage of the
total population of people defecating in the open (as a percentage of the total population)
in country i at time t; and εit is the stochastic disturbance term. The model for this study is
presented below in Equation (2) as follows:

u5mrit = αi + β1HEit + β2 INSTit + β3HE ∗ INSTit + β4Xit + εit (2)

where αit is the specific factors of country i; βs represents the slope coefficients to be esti-
mated; u5mrit is the under-five mortality rate of country i at time t; and HEit represents
health expenditure for country i at time t. The paper considered four indicators of health
expenditure, which included public health expenditure (phe), domestic private health ex-
penditure (hedp), out-of-pocket health expenditure (heoup), and external health expenditure
(heext). INSTit represents the institutional index computed in Stata software using principal
component analysis (PCA) (see Appendix F) from six indicators of institutional quality,
including the rule of law, government effectiveness, control of corruption, regulatory qual-
ity, voice accountability, and political stability data [47]. The values of each of the six
components range from −2.5 weak to 2.5 strong [48]. Thus, the PCA effectively merges the
six institutional indices (see Appendix D) into a single composite index as recommended by
Karamizadeh et al. (2013) [49], Dutta, Gupta and Sengupta (2019) [50], Ouedraogo, Dianda
and Adeyele (2020) [45], Kouton, Bétila and Lawin (2021) [51], and Hadipour, Delavari and
Bayati (2023) [40]. The PCA reduces the number of variables in a dataset while retaining
the most essential information [52]. It identifies the principal components, which are linear
combinations of the original variables that capture the maximum amount of variance in
the data information [49,53]. As a result, the PCA simplifies the analysis and can improve
computational efficiency [54].

The paper also uses the PCA to construct a weighted ICT index (ict) from the three com-
ponents of ICT, including fixed broadband subscription (fbs), internet usage (itu), and mobile
phone use (mcs). The three ICT dimensions were also used in previous literature [50,51].
The full definitions of the individual components of the institutional quality (INST) and
ICT indices are presented in Appendix D.

INST ∗ HEit denotes the interaction term, which is the multiplication of the institu-
tional quality variable with each health expenditure indicator (pheinst, hedpinst, heoupinst,
and heextinst). Xit is the vector of all explanatory variables, which includes the prevalence
of HVI (phiv), prevalence of undernourishment (pun), child immunization (imm), maternal
mortality (mam), secondary education (senr), GDP per capita (gdppc), and εit is the stochastic
disturbance term.

Although the fixed effects estimation is likely to control for unobserved fixed effects,
the endogeneity problem persists because of dynamism and unobserved time-varying
omitted variables. The under-five mortality model usually consists of explanatory variables
(such as maternal health) that affect the U5MR and can also be affected by the U5MR,
leading to reverse causality and endogeneity biases (Hu and Mendoza (2013) [55]. To
account for these issues, the paper employs dynamic panel data estimation techniques
that control for endogeneity bias [56]. Dynamic panel data estimators, such as generalized
methods of moments (GMM) [57] and panel autoregressive distributed lag (PARDL) [58],
are commonly used estimation techniques to control endogeneity bias. However, the usage
of these estimation methods is determined by the characteristics and status of the data [59].

3.3. Econometric Techniques

Based on the characteristics of the data (N > T) used in the study, the current paper
considers the dynamic panel GMM estimation technique. This follows Roodman (2009) [59]
and Asteriou and Hall (2016) [56], who argued that GMM is particularly suitable and
efficient when the number of cross-sections (N = 46) is greater than the number of periods
(T = 22). The GMM estimation technique is a generic method for estimating parameters
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in statistical models that use instruments that are functions of the model parameters and
the data such that their expectations are zero at the parameter’s true value [57,59]. The
estimation technique controls for the endogeneity of the lagged dependent variable in a
dynamic panel model when there is a correlation between the explanatory variable and
error term in a model [56,57]. Thus, the GMM uses the exogenous instrumental variables
(IV) to surmount the endogeneity. This implies that using the GMM estimator makes the
model more flexible, consistent, and efficient, given a richer set of instruments [60]. The
dynamic panel GMM equation for the U5MR-health expenditure model can be written in
the following specification:

lU5MRit = ΦlU5MRit−1 + β1HEit + β2HEit ∗ INSTit + ϑXit + γZ′ it + δi + ωt + εit (3)

where lU5MRit is the log of the under-five mortality rate, and it is the dependent variable,
lU5MRit−1 is the lagged dependent variable, Φ is the parameter of the lagged dependent
variable, HE denotes health expenditure, which is the main explanatory variable, and Xit
represents other explanatory variables.

Z′it is the vector for control variables and is assumed to comprise a set of variables
highly correlated with the explanatory variable but orthogonal to the error term, δ is
the unobserved country-specific fixed effects, ω represents time effects, β and γ are pa-
rameters, i is the number of cross-sections (= 1 . . . . . . ., N), t is the number of time series
(= 1 . . . . . . ., T), and ε is the disturbance term. INST ∗ HEit denotes the interaction effect
of health expenditure at the specified level of institutional quality, which is derived from
Equation (3) as:

∂LHE
∂LU5MR

= β1 + β2 ∗ INSTit (4)

where β2 denotes the extent to which institutional quality moderates the effect of health
expenditure (including public, private, out-of-pocket, and external health expenditure) on
the U5MR in SSA.

The GMM consists of differenced GMM (DGMM) [61] and system GMM (SGMM) [57,62].
The differenced GMM (DGMM) corrects endogeneity by transforming all the explanatory
variables by differencing and removing fixed effects [61]. However, the DGMM’s weakness
is subtracting previous observations from contemporaneous ones, thereby magnifying gaps
in unbalanced panels [57]. Thus, applying the DGMM in unbalanced panel data will likely
produce weak, inconsistent, and inefficient estimation results [59]. According to Blundell
and Bond (1998) [57], the DGMM could produce biased and inadequate estimates of the
parameter of the estimated lagged dependent variable (Φ) if poor instruments are applied.
Yet the SGMM subtracts the average of a variable’s future available observations, thereby
minimizing data loss.

The SGMMs are more desirable because they correct endogeneity by introducing more
instruments to improve efficiency [61], meaning they are efficient and consistent when
there is a correlation between the explanatory variable and the error term in the regression
model. Also, Roodman (2009) [63] suggests that the SGMM uses orthogonal deviations
instead of subtracting the previous observations from the contemporaneous ones, thus
subtracting the average of all future available observations of a variable. Therefore, the
most preferred GMM estimator is the SGMM, which is more desirable than the differenced
GMM (DGMM). Therefore, the alternative estimator to use is the SGMM estimator. The
study also employs the Bond, Hoeffler, and Temple (2001) [64] rule of thumb to determine
the appropriate method between DGMM and SGMM. According to Bond et al. (2001) [64],
if, after using the DGMM, the coefficient is lower than or very close to the fixed effect (DGM
M ≥ FE) coefficient, then the system GMM (SGMM) will be appropriate and efficient to
use and vice versa. This means that if the DGMM estimate obtained is close to or lower
than the FE, the DGMM is downward biased mainly because of weak instrumentation [63],
so the SGMM should be the preferred estimation technique. The following section presents
the definition and source of the variables of concern.
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3.4. Variable Definitions, Expected A Priori, and Sources

The measurement of variables and data sources are given in Table 1 below.

Table 1. Variable Definitions, Expected A priori, and Sources.

Variable Definition Expected A priori Source

U5MR

Under-five mortality rate: the probability per
1000 that a newborn baby will die before age
five if subject to age-specific mortality rates of

the specified year.

Global Economy
Database (GED)

phe

Public health expenditure: level of current
health expenditure expressed as a percentage

of GDP. Estimates of current health
expenditures include healthcare goods and

services consumed each year.

Negative GED

hedp

Domestic private health expenditure: share of
current health expenditures funded from

domestic private sources, including funds from
households, corporations, and non-profit
organizations. The spending can be either

prepaid to voluntary health insurance or paid
directly to healthcare providers.

Negative World Bank Database

heoup

Out-of-pocket health expenditure: share of
out-of-pocket payments of total current health

expenditures. Out-of-pocket payments are
spending on health directly out-of-pocket

by households.

Negative World Bank Database

heext

External health expenditure: current external
expenditures on health per capita expressed in

international dollars at purchasing power
parity. External sources are composed of direct

foreign transfers and foreign transfers
distributed by the government, encompassing

all financial inflows into the national health
system from outside the country.

Negative World Bank Database

phiv Prevalence of HIV: the percentage of people
aged 15–49 who are infected with HIV. Positive GED

pun

Prevalence of undernourishment: the
percentage of the population whose habitual

food consumption is insufficient to provide the
dietary energy levels that are required to

maintain a normal, active, and healthy life.

Positive GED

imm

Child immunization against DPT: the
percentage of children ages 12–23 months who

received DPT vaccinations before reaching
12 months.

Negative GED

mam

Maternal mortality ratio: the number of
women who die from pregnancy-related

causes while pregnant or within 42 days of
pregnancy termination per 100,000 live births.

Positive GED
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Table 1. Cont.

Variable Definition Expected A priori Source

senr

Gross enrollment ratio: the ratio of total
enrollment to the age group population that

officially corresponds to the level of education
shown. Secondary education completes the

provision of basic education that begins at the
primary level and aims to lay the foundations
for lifelong learning and human development

by offering more subject- or skill-oriented
instruction using more specialized teachers.

Negative GED

ict

Technology index value: generated through
PCA and computed using the PCA from fixed

broadband subscription, internet use, and
mobile phone usage data.

Negative

Author’s calculations of
ICT composites with
data from the World
Bank Database using

PCA on Stata

gdppc

GDP per capita: GDP divided by midyear
population. GDP is the sum of gross value

added by all resident producers in the
economy plus any product taxes and minus

any subsidies not included in the value of the
products.

Negative World Bank Database

inst

Institutional index: computed using PCA from
six indicators of institutional quality, including
rule of law, government effectiveness, control

of corruption, regulatory quality, voice
accountability, and political stability data—the

value of each of the six components ranges
from −2.5 weak to 2.5 strong.

Negative

Author’s calculations of
institutional quality

composites with data
from the GED database

using PCA on Stata

The paper employs the four indicators of health expenditure based on
Farag et al. (2013) [65], Kiross et al. (2021) [27], and Owusu, Sarkodie, and Pedersen
(2021) [38] who indicated that the indicators of health spending have a significant ef-
fect on child mortality. Farag et al. (2013) [65] and Kiross et al. (2021) [27] documented
evidence of the impact of public health expenditure on child mortality, and a positive but
insignificant impact of private and external health expenditure. Thus, the study expects
both positive and negative effects of health expenditure indicators on under-five mortality
rates in SSA countries. Various studies [27,41,51,65–68] document an adverse effect of
immunization on secondary education, ICT, GDP per capita, and institutional quality on
under-five mortality rates. Therefore, the said variables are expected to have a reducing
effect on under-five mortality rates.

According to Chihana et al. (2013) [69], Mutabazi, Zarowsky, and Trottier (2017) [70],
and Tlou, Sartorius, and Tanser (2018) [71] the prevalence of HIV in mothers is a sig-
nificant risk factor associated with under-five mortalities. Thus, a positive effect of the
prevalence of HIV on the U5MR is expected. Studies such as Panagariya (2013) [72],
Uribe-Quintero et al. (2022) [73], and Gamal et al. (2023) [74] suggest that undernourish-
ment has an adverse effect on under-five health outcomes. As a result, the current study
expects a positive relationship between the prevalence of undernourishment and under-five
mortality rates. According to Finlay et al. (2015) [75] and Moucheraud et al. (2015) [76],
maternal mortality reduces the chances of survival in children under five. Thus, maternal
mortality is expected to positively affect under-five mortality in SSA countries.

3.5. Diagnostic Tests

As for the GMM, the appropriateness of the model and selection of the variable to
be used in the model are determined by the diagnostic tests, which include the number
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of groups compared to the number of instruments, the AR (1) and AR (2), which test for
first and second order correlation, and the Hansen and Sargan tests, which test for validity
or overidentification of the instruments [57,63]. The p-vales of the AR (1), AR (2), and
Hansen and Sargan tests are expected to be insignificant and confirm the absence of first
and second-order correlation and the validity of the instruments, respectively [63].

4. Empirical Results

The descriptive statistics for the variables used in the study are presented in Table 2.

4.1. Descriptive Statistics

Table 2 shows that the standard deviations are large enough to explore variance in the
data for the variables of concern. Table 2 indicates that the average U5MR value between
2000 and 2021 is 90.2 per 1000 births. Table 2 suggests that the public health expenditure
(PHE) has a lower (5.2%) average value, while the domestic private health expenditure
has the highest average value (48.02%) in SSA countries between 2000 and 2021. Again,
descriptive statistics show that health spending is primarily out-of-pocket, with an average
of 40.5% between 2000 and 2021. Furthermore, Table 2 demonstrates that 28.24% of health
spending in SSA countries is external. The average HIV prevalence and undernourishment
rates were 5% and 21.7%, respectively. According to Table 2, 75% of children in SSA nations
received an immunization vaccine before reaching one year. Between 2000 and 2021, the
average value for secondary education enrolment is 44.3%. The average ICT indices (FBS,
ITU, and MCS) are 0.99%, 12.1%, and 49.4/100 people, respectively. The average GDP per
capita is $2120. Between 2000 and 2021, the average point for the institutional quality index
was −0.004.

Table 2. Descriptive Statistics.

Variable Obs Mean Std. Dev. Min Max

U5MR 1034 90.12186 42.54212 14 229

phe 956 5.224079 2.264309 1.26 20.41

hedp 956 48.01509 18.64855 8.34748 87.93836

heoup 956 40.44704 20.83885 2.993242 84.18211

heext 953 28.24149 32.24391 0 228.0008

phiv 990 5.00798 6.693593 0.1 29.8

pun 720 21.71611 13.81633 3.1 70.9

imm 1034 75.87911 18.74111 19 99

mam 987 502.4762 290.1703 3 1682

senr 620 44.2679 23.2978 5.51 114.71

fbs 743 0.9869448 3.404632 0 38.77

itu 1002 12.09936 16.17075 0.01 81.59

mcs 1026 49.37572 42.79125 0 185.56

ict 725 0.3427037 1.511278 −1.270262 10.10088

gdppc 998 2120.417 2785.312 255.1 16,747.34

inst 986 −0.0039528 2.212385 −6.015036 5.546552
Source: Author’s Computations from Stata Descriptive Statistics Regressions.

The correlation coefficient matrix (see Appendix A) shows that the under-five mortality
rate is negatively correlated with public and external health expenditure while positively
correlated with domestic private health and out-of-pocket health expenditure. The U5MR
is also negatively correlated with secondary education enrolment, ICT, immunization, GDP
per capita, and institutional quality. However, the prevalence of HIV undernourishment
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and maternal mortality are positively correlated with under-five mortality rates in SSA
countries. Again, the variance inflation factor (VIF) values (see Appendix B) of the explana-
tory variable are less than 5 or 10, which implies the absence of multicollinearity in the
analysis of the independent variable components. This also aligns with the recommenda-
tion of Gujarati and Porter (2010) [77] and Asteriou and Hall (2016) [56] The correlation
coefficient matrix and the VIF test indicate that all the explanatory variables are not linearly
dependent. They may thus be used in the same model of regression.

The Im Pesaran and Augmented Dickey–Fuller (ADF) stationarity test results (see
Appendix C) indicate that variables such as out-of-pocket health expenditure, prevalence
of HIV, prevalence of undernourishment, ICT, and GDP per capita are stationary after the
first difference. At the same time, the rest of the variables are stationary at levels. Thus, the
paper applied the differencing transformation for the variables that are stationary after first
differencing, as recommended by Johnston and DiNardo (1997) [78], Brooks (2008) [79],
Greene (2010) [80], and Asteriou and Hall (2016) [56].

Determination tests of the appropriate estimator between DGMM and SGMM were
performed on each health expenditure indicator, based on the coefficients of the lagged
dependent variables (Bond et al., 2001) [64]. Thus, each model’s coefficients of the lagged
dependent variables are summarized in Appendix E. The results (see Appendix E) of the
DGMM coefficients are lower than those of fixed effect (FE), indicating that the SGMM is
the appropriate and efficient estimation technique for the study.

4.2. Empirical Results

This section discusses the empirical results of the study in Tables 3 and 4. Table 3
presents empirical results of the direct effect of health expenditure on the U5MR, and
Table 4 shows the impact of institutional quality on the U5MR-health expenditure nexus in
SSA countries. In this study, the impact of health expenditure is divided into four categories,
including public health expenditure (PHE), domestic private health expenditure (HEDP),
out-of-pocket health expenditure (HEOUP), and external health expenditure (HEEXT).
Model 1 in Table 3 is the benchmark model that shows empirical results of the direct impact
of public health expenditure on the U5MR in SSA. Models 2 through 4 show the effects of
HEDP, HEOUP, and HEEXT on the U5MR, respectively.

Table 3. Direct Impact of Health Expenditure on the U5MR.

(Model_1) (Model-2) (Model_3) (Model_4)

(SGMM) (SGMM) (SGMM) (SGMM)

Variables lU5MR lU5MR lU5MR lU5MR

L.U5MR 0.00798 *** 0.00896 *** 0.00641 *** 0.00615 ***
(0.00149) (0.00233) (0.00143) (0.00159)

dlphiv 0.129 *** 0.126 *** −0.341 0.0721 ***
(0.0252) (0.0375) (0.439) (0.0213)

d.lpun 0.229 * 0.0742 0.189 * 0.0996 *
(0.150) (0.0940) (0.0930) (0.0505)

Limm 0.379 * −0.205 −0.178 * 0.180 **
(0.230) (0.150) (0.0913) (0.0694)

Lmam 0.415 *** 0.314 *** 0.452 *** 0.538 ***
(0.101) (0.0934) (0.0695) (0.0839)

Lsenr −0.0914 * −0.0578 0.0211 −0.213 ***
(0.0466) (0.122) (0.0678) (0.0640)

dlict −0.352 ** −0.0475 −0.0175 −0.117 ***
(0.134) (0.0287) (0.0173) (0.0342)
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Table 3. Cont.

(Model_1) (Model-2) (Model_3) (Model_4)

(SGMM) (SGMM) (SGMM) (SGMM)

Variables lU5MR lU5MR lU5MR lU5MR

dlgdppc −0.0552 ** −0.176 ** −0.368 ** −0.293
(0.0239) (0.0719) (0.178) (0.247)

Linst 0.00730 0.0566 * 0.0336 * 0.0429 *
(0.0456) (0.0288) (0.0169) (0.0247)

Lphe −0.131 *
(0.0657)

Lhedp 0.152 **
(0.0643)

dlheoup 0.0208
(0.153)

Lheext −0.0341 *
(0.0167)

Constant 0.418 *** 3.007 *** 1.097 −0.0447
(0.1336) (1.001) (0.750) (0.669)

Observations 327 327 327 327
Number of
countries 46 46 46 46

Number of
instruments 26 25 27 28

F-Statistics
p-value 0.000 0.000 0.000 0.000

AR(1) p-value 0.127 0.100 0.410 0.264
AR(2) p-value 0.100 0.123 0.132 0.416

Sargan test
p-value 0.666 0.770 0.687 0.667

Hansen test
p-value 0.873 0.684 0.445 0.529

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 3 indicates that the under-five mortality rate for the previous year increases
the under-five mortality rate for the current year by 0.01% at a 1% significance level. This
result aligns with Dhrifi (2020) [41], Langnel and Buracom (2020) [26], and Hadipour,
Delavari, and Bayati (2023) [40], who argue that infant mortality is persistent in developing
economies. This is attributable to limited access to healthcare services and infrastructure
and shortages of healthcare facilities and trained personnel, especially in remote areas
of SSA.

The results show that public health expenditure and external health expenditure have a
negative impact on the U5MR. Thus, a 1% increase in public and external health expenditure
is associated with a 0.1% and a 0.03% decrease in the under-five mortality rate at a 10%
significance level. This indicates that allocating a reasonable proportion of public health
expenditure enhances lower under-five mortality rates in SSA countries. The negative effect
of external health on the U5MR is attributable to the fact that external health expenditure
can provide additional funding for healthcare infrastructure, services, and programs,
improving child survival rates. The results align with findings by [23,24,28,39,40,81].

Contrariwise, the domestic private health expenditure is positively signed. Thus,
a percentage increase in HEDP worsens the U5MR by 0.2% at 5% significance levels.
However, the out-of-pocket health expenditure has a positive but insignificant effect on the
U5MR. Therefore, a positive impact of domestic private health expenditure on the U5MR
suggests that personal spending typically serves as a coping mechanism when public
healthcare systems are insufficient, compromising child healthcare and exacerbating child
mortality. The finding aligns with Kulkarni (2016) [42] and Logarajan et al. (2022) [39]. Out-
of-pocket expenditures harm infant mortality by potentially undermining health-seeking
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behaviors [44]. The positive effect of out-of-pocket health expenditure on the U5MR
is attributable to high out-of-pocket healthcare expenses, which can act as a significant
financial barrier, preventing many families from seeking timely medical care for their sick
children. When parents or caregivers cannot afford necessary healthcare services, children
may not receive prompt treatment, leading to worse health outcomes.

Empirical results show that a percentage increase in the prevalence of HIV and mater-
nal mortality increases U5MR by 0.1% and 0.3–0.5%, respectively, at a 1% significance level.
The positive effect of HIV on the U5MR accords with Anyanwu and Erhijakpor (2009) [22],
Chihana et al. (2013) [69], Fowkes et al. (2016) [82], and Kiross et al. (2021) [27] who suggest
that the prevalence of HIV reduces the chances of child survival. Studies such as Akinlo
and Sulola (2019) [5] and Chewe and Hangoma (2020) [25] argue that HIV has a negative
effect on under-five mortality due to an increase in the provision of antiretroviral during
pregnancy, which has reduced the risk of mother-to-child transmission. However, the
positive impact on the current empirical research is because of the lack of awareness and
high HIV stigma in society and communities. Thus, without proper HIV awareness and
growing HIV stigma amongst women, especially young people, young mothers become
ignorant and afraid to expose their HIV status while pregnant, which leads to them infect-
ing the unborn child, which may cause infant health complications, resulting in increased
under-five mortalities. Again, limited access to medication exacerbates the under-five
mortality rates in the region.

Regarding maternal mortality, the child is at risk of losing a primary caregiver when
its mother dies. This can jeopardize the child’s access to necessary care, nutrition, and
emotional support, all of which are essential for a child’s general development and sur-
vival. The positive effect of maternal mortality is consistent with Finlay et al. (2015) [75],
Moucheraud et al. (2015) [76], and Scott et al. (2017) [83], who opine that maternal mortality
compromises child survival. The results show that the prevalence of undernourishment
is positively signed. Thus, a 1% change in undernourishment prevalence is associated
with a 0.1% to 0.2% increase in the U5MR. This implies that the prevalence of undernour-
ishment is an under-five mortality-promoting factor in sub-Saharan countries. The result
aligns with Ssozi and Amlani (2015) [44] and Djoumessi (2022) [84], who suggest that
undernourishment aggravates the mortality rate.

The results show that immunization has an asymmetric effect on under-five mor-
tality in sub-Saharan countries. A 1% increase in immunization reduces the U5MR by
0.2% at a 10% significance level. The negative impact of immunization accords with
Arthur and Oaikhenan (2017) [43], Akinlo and Sulola (2019) [5], Dhrifi (2020) [41], and
Ayipe and Tanko (2023) [28], who posit that immunizations and other public health ser-
vices shield children from harmful illnesses like polio, diphtheria, measles, and tetanus.
Thus, immunization of children against these diseases lowers their risk of contracting and
developing infections, which reduces the under-five mortality rate in SSA. A positive effect
of immunization on under-five mortality could be attributed to low immunization and
inequities in vaccination coverage [85] rates within the SSA population.

Again, a percentage increase in education reduces the U5MR by 0.1–2% at a 1%
significance level. This implies that improved education for women makes women more
knowledgeable about maternal health, including safe delivery techniques, appropriate
nutrition throughout pregnancy, and the significance of prenatal and postnatal care. The
result aligns with Grossman’s (1972, 2000) [29,30] theory, which postulated that education
positively affects health demand. A negative impact of education on under-five mortality
aligns with Ouedraogo et al (2020) [45], Owusu et al. (2021) [38], Ouedraogo, Simon and
Kiragu (2022) [86] and Moradhvaj and Samir (2023) [87], who documented evidence of the
negative impact of education on infant mortality. Once more, postponing parenthood can
lower the chance of risks during pregnancy and delivery, which can help to improve results
for the health of both mother and child.

The result indicates that ICT is an U5MR-reducing factor in SSA countries. Thus, a 1%
increase in ICT reduces the U5MR by 0.12–0.4% at a 5% significance level. This implies that
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increased ICT can support telemedicine services, enabling medical professionals to diagnose
and treat patients, including children, from a distance. A health information system that
tracks and monitors child health indicators assists in identifying health trends and better
allocating resources, ensuring that healthcare interventions are provided to the children
most in need. Additionally, ICT can offer pregnant mothers access to training, as well as
educational materials to nurses and community health workers, improving health outcomes
and reducing under-five mortality rates. This result accords with Dutta et al. (2019) [50],
Kouton, Bétila, and Lawin (2021) [51], and Khelfaoui et al. (2022) [88] who postulate that
ICT is an infant mortality-reducing factor.

The results also show that a percentage increase in income per capita reduces the U5MR
by 0.1–0.4% at a 5% significance level. This entails that a growing GDP per capita can help
reduce poverty levels and favor better nutrition and adequate housing, which ultimately
improves health capital. Therefore, families have more resources to invest in their children’s
health, education, living conditions, and well-being [47]. The result corroborates with
Makuta and O’Hare (2015) [23], Boachie and Ramu (2016) [89], Akinlo and Sulola (2019) [5],
Dhrifi (2020) [41], and Logarajan et al. (2022) [39], who postulate that GDP per capita is
associated with low under-five mortality rates. The mediating impact of institutional
quality on the U5MR-health expenditure nexus is presented in the following section.

Table 3 shows that the institutional quality variable is positively signed. Thus, a 1%
increase in institutional quality is associated with a 0.03–0.1% increase in the U5MR at a
10% significance level. This result is inconsistent with the expected a priori of the study.
The positive effect could be attributable to weak institutional quality, which challenges
the healthcare service delivery [40] and contributes to high child mortality. The follow-
ing section shows the results of the impact of institutional quality on the U5MR-health
expenditure nexus in SSA countries in Table 4.

The Role of Institutional Quality

Table 4 presents the empirical results of the impact of institutional quality on the under-
five mortality rate and health expenditure relationship. The main focus of the results is on
interaction terms in the last eight rows. Thus, Model 1 is the benchmark model that presents
the institutional quality’s effect on the U5MR-public health expenditure as a percentage
of GDP (PHE) nexus. Models 2 to 4 show results of the impact of institutional quality
on the U5MR-health expenditure as measured by domestic private health expenditure
(HEDP), out-of-pocket health expenditure (HEOUP), and external health expenditure
(HEEXT), respectively.

Table 4. Results of the Role of Institutional Quality on the U5MR-Health Expenditure Nexus.

(Model_1) (Model-2) (Model_3) (Model_4)

(SGMM) (SGMM) (SGMM) (SGMM)

Variables lU5MR lU5MR lU5MR lU5MR

L.U5MR 0.00878 *** 0.00404 * 0.00860 *** 0.00621 ***
(0.00180) (0.00234) (0.00113) (0.00195)

dlphiv 0.179 0.241 1.035 *** −0.264
(0.596) (0.401) (0.343) (0.308)

dlpun 0.116 0.0432 0.427 *** 0.117
(0.0827) (0.0749) (0.139) (0.0835)

limm 0.0588 −0.0800 0.230 −0.159 *
(0.153) (0.145) (0.232) (0.0919)

lmam 0.425 *** 0.589 *** 0.404 *** 0.495 ***
(0.0871) (0.0879) (0.0959) (0.0866)



Int. J. Environ. Res. Public Health 2024, 21, 333 14 of 23

Table 4. Cont.

(Model_1) (Model-2) (Model_3) (Model_4)

(SGMM) (SGMM) (SGMM) (SGMM)

Variables lU5MR lU5MR lU5MR lU5MR

lsenr 0.207 * −0.0283 −0.0654 * −0.153
(0.109) (0.0878) (0.0323) (0.147)

dlict −0.00629 −0.0225 −0.206 ** −0.0252
(0.0272) (0.0281) (0.0863) (0.0265)

dlgdppc −0.134 * −0.0915 −0.123 −0.118 **
(0.0744) (0.250) (0.0808) (0.0513)

linst 0.344 *** −0.378 ** 0.0237 0.170 **
(0.0922) (0.1636) (0.0470) (0.0756)

Interaction Terms
lphe −0.00921

(0.0632)
lphelinst −0.127 ***

(0.0432)
lhedp −0.0442

(0.0616)
lhedplinst 0.103 *

(0.0551)
dlheoup −0.0854 *

(0.0490)
dlheouplinst −0.0164

(0.0274)
lheext −0.0416 *

(0.0217)
lheextlinst −0.0306 *

(0.0180)
Constant 1.273 * 1.488 *** 3.034 * 1.291 ***

(0.5234) (0.3980) (1.537) (0.3490)
Observations 327 327 327 327

Number of countries 46 46 46 46
Number of instruments 26 27 28 26

F-Statistics p-value 0.000 0.000 0.000 0.000
AR(1) p-value 0.183 0.218 0.040 0.469
AR(2) p-value 0.102 0.515 0.100 0.141

Sargan test p-value 0.100 0.864 0.110 0.978
Hansen test p-value 0.873 0.706 0.567 0.439

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

Model 1 in Table 4 indicates the coefficient of the interaction term of public health
expenditure (PHE) with institutional quality and external health expenditure (HEEXT)
with institutional quality are negatively signified. The negative coefficient of the interaction
terms indicates that institutions increase the negative effect of public and external health
expenditure on the U5MR. This result is consistent with Makuta and O’Hare (2015) [23],
Dhrifi (2020) [41], Langnel and Buracom (2020) [26], Dianda and Ouedraogo (2021) [47],
and Hadipour, Delavari and Bayati (2023) [40], who indicate that improving institutional
quality contributes to the development of democratic and meritocratic systems and efficient
taxes which improves administrative capacity, thereby enhancing access to public and
external health care and reducing infant mortality. This implies that public and external
health expenditures are more likely to be effectively utilized in well-functioning healthcare
systems with solid institutions, improving child health outcomes in SSA countries. Model
2 in Table 4 shows that the direct effect of institutional quality becomes negative after
considering the interaction variable of domestic private health expenditure and institutional
quality. Thus, a 1% increase in institutional quality reduces the U5MR by 0.4% at a 5%
significance level. This implies that strong institutional quality can encourage greater
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healthcare utilization. This result aligns with Ouedraogo, Dianda and Adeyele (2020) [45],
who suggest that institutional quality is relevant in improving health outcomes in the SSA
region. Model 3 shows a marginal negative effect of out-of-pocket health expenditure on
the U5MR.This implies that an increase in out-of-pocket health expenditure is associated
with a decrease in U5MR, ceteris paribus. This aligns with Kimani (2014) [90] who suggests
that out-of-pocket health expenditure helps households to restore health.

The interaction term of HEDP with institutional quality is positively signified. This
implies that institutional quality enhances the positive impact of domestic private expendi-
tures on the U5MR rate. The positively signed interaction term coefficient could be due to
poor and weak institutional quality [35,41], which may lead to chronic underinvestment
in public healthcare systems and a lack of healthcare infrastructure. This deficiency forces
individuals and families to turn to private healthcare providers, incurring substantial
out-of-pocket expenses for what they perceive as better-quality care [90,91]. This can leave
marginalized communities with no choice but to rely on private providers, even if it leads
to a financial burden, worsening health outcomes, and higher mortality rates.

5. Summary, Conclusions, and Policy Recommendations

The study investigated the impact of health expenditure on under-five mortality rates
(U5MRs) in 46 sub-Saharan African (SSA) countries and considered the role of institutional
quality by employing a panel data estimation technique using the System GMM estimator.
The study analyzed four categories of health expenditure: public health expenditure,
domestic private health expenditure, out-of-pocket health expenditure, and external health
expenditure. The study also examined various socio-economic and health-related factors.
The empirical results reveal several key findings.

The research emphasized the pivotal role of public health expenditure and external
funding in reducing child mortality. Simultaneously, it uncovered the adverse impact
of domestic private and out-of-pocket health expenditure on the U5MR. Notably, the
prevalence of HIV and maternal mortality emerged as significant factors detrimental
to child health. Moreover, the study underscores the potential of child immunization,
education, and Information and Communication Technology (ICT) to mitigate the U5MR
effectively. Economic development is found to positively influence child health. However,
what stands out prominently is the central role of institutional quality. Strong institutions
enhance the efficiency of health expenditure, translating into a reduction in child mortality,
whereas weaker institutional quality often steers individuals toward private healthcare,
exacerbating child mortality.

In light of these findings, the foremost recommendation for SSA countries is to channel
their efforts into two primary areas: enhancing public health expenditure and strength-
ening institutional quality. Governments should allocate a larger share of their budgets
to bolster public health services, particularly in marginalized and underserved regions.
Concurrently, a dedicated focus should be on reforming and reinforcing institutions that
oversee healthcare delivery. These reforms should emphasize transparency, accountability,
and efficiency in allocating healthcare resources, effectively curbing corruption.

Furthermore, initiatives to curb the prevalence of HIV and maternal mortality should
be intensified. This necessitates comprehensive awareness campaigns and increased acces-
sibility to critical medical services, particularly for expectant mothers. Simultaneously, it
is imperative to promote child immunization and education, especially for women, as an
integral approach to enhancing child and maternal health.

The integration of ICT into healthcare systems should be prioritized, as it can signif-
icantly enhance the accessibility and quality of healthcare services, facilitating effective
monitoring and timely interventions. Lastly, governments should focus on economic
development, as higher income per capita is intrinsically associated with reduced U5MRs.

Governments and international organizations should prioritize institutional strength-
ening to enhance healthcare in SSA, ensuring transparency and efficient resource allocation.
This entails capacity building for healthcare professionals, robust regulatory frameworks to
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combat corruption, collaboration with international partners for knowledge sharing, and
ongoing evaluation to drive improvements in healthcare governance.

Future research should investigate the mechanisms through which institutional quality
affects health expenditure and child mortality, assess the effectiveness of policy interven-
tions, and explore the impact of cultural and sociodemographic factors on child health
within the context of healthcare systems in SSA. These research directions will yield valu-
able evidence-based policy recommendations for enhancing child health, emphasizing the
role of institutions.

6. Limitations and Recommendations for Future Research

This study is limited by factors such as the availability and quality of data, which may
have restricted the inclusion of certain variables and affected the accuracy of the analysis. To
address these limitations and deepen our understanding of under-five mortality, future re-
search should consider longitudinal studies to track trends over time. Exploring the impact
of sociodemographic factors, such as adolescent pregnancies and health awareness, through
qualitative research methods could provide valuable insight. Comparative analyses across
different countries or regions with varying levels of institutional quality and healthcare
systems can identify best practices and inform evidence-based policy recommendations.
Additionally, intervention studies evaluating the effectiveness of targeted interventions to
improve institutional quality and healthcare access among children under five are essential
for informing policy decisions and effectively reducing under-five mortality rates.
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Appendix A

Table A1. Correlation Coefficients Matrix.

lU5MR lphe hedp heoup heext lphiv lpun

lU5MR 1.0000

lphe −0.0516 * 1.0000

hedp 0.3768 * −0.2400 * 1.0000

heoup 0.3739 * −0.3070 * 0.9137 * 1.0000

heext −0.1736 * 0.4874 * −0.4939 * −0.5450 * 1.0000

https://www.theglobaleconomy.com/
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
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Table A1. Cont.

lU5MR lphe hedp heoup heext lphiv lpun

lphiv 0.0022 0.2238 * −0.3291 * −0.4852 * 0.4489 * 1.0000

lpun 0.3952 * 0.1289 * −0.1027 * −0.0060 −0.0229 −0.0564 * 1.0000

limm −0.5789 * 0.3068 * −0.4698 * −0.4733 * 0.3528 * 0.1712 * −0.3798 *

lmam 0.8312 * 0.0271 * 0.3279 * 0.3208 * −0.0631 * −0.0602 * 0.4158 *

lsenr −0.7071 * 0.1675 * −0.1931 * −0.2867 * 0.3118 * 0.2514 * −0.5380 *

lict −0.6636 * 0.0373 * −0.1400 * −0.2228 * 0.1385 * 0.1106 * −0.4043 *

lgdppc −0.5877 * −0.1782 * 0.0023 −0.1257 * 0.1305 * 0.2986 * −0.5173 *

linst −0.5406 * 0.1985 * −0.5067 * −0.5625 * 0.3032 * 0.2760 * −0.4548 *

limm lmam lsenr lict lgdppc linst

limm 1.0000

lmam −0.4706 * 1.0000

lsenr 0.5144 * −0.5892 * 1.0000

lict 0.2739 * −0.5660 * 0.6576 * 1.0000

lgdppc 0.1860 * −0.6724 * 0.7059 * 0.5980 * 1.0000

linst 0.5455 * −0.5761 * 0.4593 * 0.3987 * 0.4065 * 1.0000

* p < 0.1. Source: Author’s Compilation from Stata Correlation Regression.

Appendix B

Table A2. Variance Inflation Factor.

Variable LU5MR LU5MR LU5MR LU5MR

Lphiv 2.21 2.19 2.72 1.96

Lpun 1.98 2.11 1.95 1.89

Limm 2.23 2.30 2.23 2.34

Lmam 4.29 4.51 4.41 4.62

Lsenr 3.53 3.40 3.41 3.55

Lict 2.14 2.15 2.11 2.29

Lgdppc 3.85 4.31 3.77 3.91

Linst 3.01 3.07 3.16 3.01

Lphe 1.94

Lhedp 2.46

Lheoup 2.59

Lheext 1.91

Mean VIF 2.80 2.94 2.93 2.83
Source: Author’s Compilation from Stata VIF Test.
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Appendix C

Table A3. Panel Unit Root Test.

Method Im Pesaran ADF

Order of
Integration 1(0) 1(1) 1(0) 1(1)

Variable t-stat t-stat t-stat t-stat

LU5MR −7.1438 ** −8.2310 *** −3.5284 *** −12.3219 ***

Lphe −1.4638 * −14.7406 *** −1.7298 *** −24.4969 ***

Lhedp −1.3085 * −15.0442 *** −1.7131 ** −24.7481 ***

Lheoup −0.848 −23.1511 ** −1.4351 * −14.3750 ***

Lheext −5.3870 *** −15.9433 *** −7.6438 *** −27.8806 ***

Lphiv 0.8685 −2.1453 ** −4.4752 *** −20.4468 ***

Lpun 4.5829 −1.2058 ** −3.8014 −1.2579 **

Limm −6.5611 *** −14.8492 *** −9.4786 *** −25.7122 ***

Lmam 4.0926 −14.0872 *** 2.72265 −23.3370 ***

Lsenr - - −2.7365 *** −10.4552 ***

Lict −13.4189 *** −6.1697 ** 7.6397 −11.2670 ***

Lgdppc 1.6364 * −12.3937 ** 0.2898 −18.3772 ***

Linst −2.8804 *** −14.5521 *** −4.6290 *** −24.4523 ***
*** p < 0.01, ** p < 0.05, * p < 0.1. Source: Author’s Compilation from Stata Unit Root Test Results.

Appendix D

Table A4. Definitions for Institutional Quality and ICT Indicators.

Institutional Quality

Indicator Definition Source

rlw

Rule of Law (−2.5 weak; 2.5 strong): captures perceptions of the extent to which
agents have confidence in and abide by the rules of society, and in particular the
quality of contract enforcement, property rights, the police, and the courts, as well
as the likelihood of crime and violence.

Global Economy
Database (GED)

gve

Government Effectiveness (−2.5 weak; 2.5 strong): captures perceptions of the
quality of public services, the quality of the civil service and the degree of its
independence from political pressures, the quality of policy formulation and
implementation, and the credibility of the government’s commitment to
such policies.

GED

rq
Regulatory Quality (−2.5 weak; 2.5 strong): captures perceptions of the ability of
the government to formulate and implement sound policies and regulations that
permit and promote private sector development.

GED

coc

Control of Corruption (−2.5 weak; 2.5 strong): captures perceptions of the extent
to which public power is exercised for private gain, including both petty and
grand forms of corruption, as well as capture of the state by elites and
private interests.

GED
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Table A4. Cont.

Institutional Quality

Indicator Definition Source

vac
Voice and Accountability (-2.5 weak; 2.5 strong): captures perceptions of the extent
to which the citizens are able to participate in selecting their government, as well
as freedom of expression, freedom of association, and a free media.

GED

pls

Political Stability and Absence of Violence/Terrorism (−2.5 weak; 2.5 strong):
measures perceptions of the likelihood that the government will be destabilized or
overthrown by unconstitutional or violent means, including politically motivated
violence and terrorism.

GED

ICT Development

fbs

The broadband subscribers (fbs): measures technology penetration or access to
internet speed, and refers to the number of households and organizations with
fixed subscriptions per 100 individuals at speed greater than or equal to
256 bits/second.

GED

itu
Internet users: individuals who have used the internet (from any location) in the
previous three months. The internet can be used via a computer, mobile phone,
personal digital assistant, games machine, digital TV, etc.

GED

mcs The mobile cellular subscription (mcs): all subscriptions paid for public mobile
telephone services per 100 individuals. GED

Appendix E

Table A5. Determining between DGMM and SGMM (Bond et al., 2001 [64]).

Coefficient

PHE HEDP HEOUP HEEXT

ESTIMATOR U5MR U5MR U5MR U5MR

Pooled Effect 0.0117 0.1147 0.0103 0.0103

Fixed Effect 0.1000 0.0100 0.0100 0.0100

One-Step
DGMM 0.0045 0.0027 0.0040 0.0047

Two-Step
DGMM 0.0078 0.0115 0.0080 0.0030

Decision use SGMM use SGMM use SGMM use SGMM
Source: Author’s Compilation from Stata Panel Regression.

Appendix F

Table A6. PCA of INST and ICT.

Institutional Quality

Eigenvalues:(sum = 3; Average = 1)

Component Variable Eigenvalue Difference Proportion Cumulative Scoring
Coefficient

Comp1 nrlw 4.8947 4.4894 0.8178 0.8178 0.4379

Comp2 ngve 0.4053 0.0831 0.0677 0.8856 0.4246

Comp3 ncoc 0.3221 0.1117 0.0538 0.934 0.4088
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Table A6. Cont.

Institutional Quality

Eigenvalues:(sum = 3; Average = 1)

Component Variable Eigenvalue Difference Proportion Cumulative Scoring
Coefficient

Comp4 nrq 0.2105 0.1257 0.0352 0.9746 0.4165

Comp5 nvac 0.0848 0.0173 0.0142 0.9887 0.4000

Comp6 npls 0.0675 - 0.0113 1.0000 0.4000

ICT development

Eigenvalues: (sum = 3; Average = 1)

Component Variable Eigenvalue Difference Proportion Cumulative Scoring
Coefficient

Comp1 nfbs 2.2840 1.7039 0.7421 0.7421 0.5116

Comp2 nitu 0.5800 0.3665 0.1885 0.9306 0.6619

Comp3 nmcs 0.2135 - 0.0694 1.000 0.5478

Source: Author’s Compilation from Stata Principal Component Analysis.

Appendix G. List of SSA Countries

Angola, Benini, Botswana, Burkina Faso, Burundi, Cameron, Cape Verde, Central African
Republic, Chad, Comoros, Democratic Republic of Congo, Equatorial Guinea, Eritrea, Eswatini,

Ethiopia, Garbon, The Gambia, Ghana, Guinea, Guinea Bissau, Ivory Coast, Kenya, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria,

Republic of Cong, Rwanda, Sao Tome and Principe, Senegal, Uganda, Zambia, Zimbabwe.
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