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Abstract 

Background: This study aligns with Sustainable Development Goal 3 which borders on “good health and well-being 
for people by ensuring healthy lives and promoting well-being for all at all ages”. It contributes to the health literature by 
evaluating the roles of health expenditures and educational quality on three health outcomes (infant mortality, mater-
nal mortality and life expectancy at birth).

Methods: The study uses the panel spatial correlation consistent (PSCC) approach on balanced panel data on 25 
selected sub-Saharan African countries from 2000 to 2020 to interrogate the nexus.

Results: The following findings are documented. First, health expenditures reveal significant asymmetric quadratic 
effects on health outcomes. Second, the interactions between health expenditures and educational quality reduce 
infant and maternal mortalities while enhancing life expectancy. Third, the threshold points from the interaction 
effects indicate that enhancing educational quality beyond some critical thresholds of 1.51 and 1.49 can induce a 
drop in maternal and child mortalities while a point beyond 1.84 exerts an improvement in life expectancy.

Conclusions: Hence, policy makers should ensure that both health expenditures and educational quality exceed the 
established thresholds for sustainable health outcomes.
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Moderation modelling, Africa, PSCC

JEL Classification: I19, C24

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Universal discussions on health issues and challenges 
have been centred on the need for increased government 
funding for health care as a result of the growing inter-
national focus on the need for adequate government 
spending on a range of social services, including health 

care especially in sub-Saharan Africa (SSA). Where 
public expenditures on healthcare services are perva-
sively poor. Public health expenditure is an indispensa-
ble prerequisite for effective and efficient health sector 
performance. Health expenditure is important because 
it provides resources and economic incentives for the 
operation of the health systems; and it is the key deter-
minant of health sector performance in terms of equity, 
efficiency and health outcomes [17]. Likewise, educa-
tional quality plays an important role in the delivery of 
better health outcomes [29]. In sub-Saharan African the 
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health outcomes are generally poor i.e., high maternal 
and child mortalities, consequently, the life expectancy 
at birth is low when compared with other regions of the 
world. The life expectancy at birth (LEB) was averagely 
62 in 2019 for SSA, while, in the low-income countries, 
the average LEB was 64. Middle income countries, 72 
and 81 in high income countries. Moreover, the United 
Nations Millennium Development Goals (MDGs) 
from 2000 to 2015 and Sustainable Development Goals 
(SDGs) from 2015 to 2030 have underscored the impor-
tance of good health for economic development. In the 
MDGs, three out of eight goals were, dedicated to health 
improvement of people [26, 27]. These are to, reduce 
child mortality; improve maternal health; combat human 
immunodeficiency virus (HIV), acquired immune defi-
ciency syndrome (AIDS), malaria and other diseases. 
Similarly, the Goal 3 of SDGs is centred on good health 
and well-being for people by ensuring healthy lives and 
promoting well-being for all at all ages. The performance 
of most African countries, especially sub-Saharan Afri-
can countries was very far below par as far as MDGs and 
SDGs are concerned, by and large, the introduction of 
these goals has revealed the importance of healthcare 
expenditure and financing in the region. Over the years, 
SSA countries have made significant efforts in increasing 
health expenditures, with the aim of improving health 
outcomes. Despite the increase in current health expen-
ditures, health outcomes responded marginally [6]. 
Probably, because the existing health frameworks failed 
to account for the accurate mix of health expenditure 
and educational quality that could engender improved 
health outcomes. Consequentially, leading to a gap in 
this regard. The focus of the extant literature has been 
on the effect of health expenditure (public or private) on 
health outcomes without much emphasis on the moder-
ating effect of education quality and health expenditure 
on health outcomes.

As expected, if government and institutional stake-
holders allocate resources to the health and educational 
sectors in addition to permitting an enabling environ-
ment, an enabling environment can be ensured through a 
timely intervention of government in controlling corrup-
tion, inflation and other economic problems. Therefore, 
it is rational to find a reduction in maternal and child 
deaths while the lifespan of the population is enhanced, 
ceteris paribus. Figure 1 shows the scatterplots evidenc-
ing these intrinsic relationships. We find that maternal 
and child mortalities reveal a negative association with 
health expenditures and educational quality while a posi-
tive association is evident with life expectancy. These out-
comes are unsurprising and documented in the literature.

Drawing from Fig. 1, this study focuses on three health 
outcomes: maternal mortality, child mortality, and life 

expectancy at birth. The examination of the “health 
expenditure”, “educational quality” and “sustainable 
thresholds” hypotheses is motivated by the relatively poor 
performance of health outcomes in Africa and the appar-
ent gap in the extant literature. Extending the work of 
Barua et al. [7], this study’s objectives are to: (i) determine 
the health expenditure thresholds on health outcomes; 
(ii) assess if educational quality improves or distorts the 
effect of health expenditures on health outcomes; (iii) 
evaluate the conditional effect of health expenditures 
on health outcomes; and (iv) provide stakeholders with 
minimum thresholds of educational quality required to 
sustain health expenditures in influencing health out-
comes. Pooled and fixed effects estimation techniques 
are engaged to methodically probe these questions with 
an unbalanced panel data of ten variables on 25 selected 
Sub-Saharan African countries. The rest of the study is 
structured as follows: Literature review section discusses 
the empirical literature; Methodology section outlines 
the data and model; Results and discussion section inter-
prets the results and Conclusion and policy implications 
section concludes with policy recommendations.

Literature review
The nexus between health expenditures and health 
outcomes is well established in the literature for both 
developing and developed countries. For example, Ono-
frei, Vatamanu, Vintila and Cigu [22], analysed the rela-
tionship between public health expenditure and health 
outcomes among European Union developing coun-
tries via regression and factor analysis. The study con-
cluded that public health expenditure can improve life 
expectancy at birth and infant mortality. Ibukun [17], 
examined the mediating role of governance in health 
expenditure-health outcomes nexus for West African 
countries via two stage least square estimating tech-
nique for a panel of 15 countries from 2000 to 2018. 
They adopted three indices of health outcomes and six 
indices of governance. The result showed that all types 
of health expenditure significantly affect all health out-
comes namely infant mortality, under –five mortal-
ity and life expectancy at birth. Rahman, Khanam and 
Rahman [24] examined the health care expenditure 
and health outcomes nexus for South Asian Associa-
tion for Regional Cooperation-Association of South East 
Asian Nations (SAARC-ASEAN). Three types of health 
expenditure namely, private, public and total health 
expenditure were incorporated and three main health 
status outcomes namely, life expectancy at birth, crude 
death rate and infant mortality rate were used. The study 
involved 15 countries and spanned from 1995 to 2014. 
The data was analysed via the Fixed and random effects 
model. The study reported that total health expenditure, 
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public health expenditure and private health expendi-
ture significantly reduced infant mortality rates. While, 
the extent of the effect of private health expenditure was 
higher than the public health expenditure. The latter also 
had a significant effect in reducing crude death rates.

Rana, Alan and Gow [25] investigated the relation-
ship between health expenditure and health outcomes 
for 161 developed and developing countries with dif-
ferent income levels for a period of 1995 to 2014. This 
study adopted a panel autoregressive distributed lag 
(PARDL). The result of the study revealed that the rela-
tionship between health expenditure and health outcome 
is stronger for low-income countries compared to high 
income countries. The study also reported that varia-
tions in child mortality are better explained by increase 
in health expenditure than in maternal mortality in all 
income levels. The study concluded that health expendi-
ture had no significant effect on maternal mortality. The 
income level might have better impact in low-income 
countries because the epidemiological profile in the 

low-income countries is higher than the high-income 
countries, therefore, a small increase in health expendi-
ture will surely have high impact on the high mortality 
and morbidity in the low-income countries than it would 
have had in the high-income countries.

Munteh and Fonchin [20] investigated the impact 
of public health expenditure on under five mortal-
ity in Cameroon, ordinary least square regression was 
employed to analyse the data. The results revealed that 
public health expenditure had a negative but insignificant 
effect on under five mortality. Njoroge [21] investigated 
the impact of health expenditure on health outcome in 
18 East and Southern Africa countries with emphasis 
on the role of governance. The study period spans from 
2001 to 2017, the study employed generalized method 
of moments (GMM) as the estimating technique. The 
results revealed that health expenditure (total, public 
and private) had significant negative relationship with all 
the health outcomes (under five mortality and maternal 
mortality) while positive relationship was documented 
between health expenditure and life expectancy at birth.

Fig. 1 Note- Ang-Angola, Bur- Burundi, Ben- Benin, B.fso- Burkina Faso, Bots- Botswana, Car- Central Africa Republic, Cot- Cote d’ Ivoire, 
Cam- Cameroon, Esw- Eswatini, Gam- Gambia, Ken- Kenya, Les- Lesotho, Moz- Mozambique, Maur- Mauritian, Mau- Mauritius, Nam- Namibia, 
Niger- Niger, Nig-Nigeria, Rwa- Rwanda, Sud-Sudan, Sen- Senegal, Sleo- Sierria leone, S.A- South Africa, Tanz- Tanzania, Togo- Togo



Page 4 of 15Adegoke et al. Globalization and Health           (2022) 18:84 

Kilanko [18] investigated the impact of health expendi-
ture on infant mortality and under five mortality among 
the West Africa countries from 2000 to 2018. Fixed and 
Random effect was employed to analyse the data, the 
results revealed a significant negative relationship with 
all the health outcomes considered. Danladi [12] investi-
gated the impact of health expenditure on life expectancy 
at birth in Nigeria. The data spans from 1979 to 2019, 
Dynamic ordinary least square was employed. The results 
revealed an insignificant positive relationship between 
health expenditure and life expectancy at birth.

Henock [15] investigated the impact of government 
health expenditure on health outcome in Southern Africa 
countries from 2000 to 2016. Fixed effects regression 
was employed for the analyses the results of the findings 
revealed the significant impact of public health expendi-
ture on the mortality outcomes but insignificant in 
regards to life expectancy at birth. Amposah [4] investi-
gated the impact of health expenditure and other macro-
economic determinants on health outcome in SSA 
countries. The data spans from 2000 to 2015. The results 
revealed GDP per capita, physician per 1000 population, 
population aged above 65 years and under five mortali-
ties as determinants of health expenditure. While, health 
expenditure had a significant negative impact on mater-
nal and infant mortality but a positive significant impact 
was recorded in regards to life expectancy at birth.

Bein, Unlucan and Olowu [8] investigated the impact 
health expenditure on health outcome proxied as infant 
mortality and life expectancy at birth among 10 Eastern 
countries. Fixed effects regression analysis was employed 
in the study. The results revealed a positive relationship 
between health expenditure and life expectancy at birth. 
While a negative relationship was recorded between 
health expenditure and health outcome proxied by neo-
natal, infant and under five mortalities.

Similarly, the nexus between education and health has 
been considered in the literature, see the work of Xue 
[29], in the study a meta-analysis method for 105 stud-
ies with 4671 estimates was employed to explain the 
education-health nexus. The study finds education as a 
significant determinant of health outcomes. While, the 
education-health nexus is positive in most of the stud-
ies considered, Xue, concluded that most of the studies 
that do not control for endogeneity are prone to exagger-
ating the estimated effect but the effect becomes weaker 
in more recent studies. Raghupathi and Raghupathi [23] 
investigated the influence of education on health for 
Organisation for Economic Co-operation and Develop-
ment (OECD) countries from 1995 to 2015, health data 
from 26 OECD and World Bank was used. The variables 
included in the study were education proxied by enrol-
ment rates at various educational levels, NEET (Not 

in employment, education or training) rate, school life 
expectancy, while, the health indicators are proxied by 
infant mortality. Child vaccination rates, deaths from 
cancer, life expectancy at birth, potential years lost and 
smoking rates, the data was analysed with tools of tab-
leau for visualization and Statistical Analytics Software 
for correlation and descriptive statistics. Adults with 
higher educational attainment have better health and life 
span compared to their less-educated peers. The study 
found tertiary education as critical in influencing infant 
mortality, life expectancy and child vaccination. Despite, 
the escalation of studies on health expenditure-health 
outcomes nexus and education-health outcomes nexus 
the modifying effect of education and health expenditure 
on health outcomes is missing in the literature. There-
fore, this study examines the modifying effect of educa-
tion and health expenditure on health outcomes and also 
estimate minimum thresholds of public health expendi-
ture and educational quality necessary for better health 
outcomes.

Methodology
Estimation techniques
For the main analysis, we use the panel spatial correla-
tion consistent (PSCC) pooled ordinary least squares 
(PSCC-OLS) approach and for robustness checks con-
trol for fixed effects using the PSCC-FE methods. These 
techniques are suitable in the event of cross-sectional 
dependence in the data and have been used in various 
panel data studies [1, 2]. The PSCC estimator uses the 
Driscoll and Kraay [13] robust standard errors tech-
nique and corrects the standard errors of the coefficient 
estimates for possible dependence [11, 16]. The under-
lying algorithm routines the OLS/WLS1,2 (Ordinary 
Least Square/ Weighted Least Square) and fixed effects 
(within) regression and computes spatial correlation con-
sistent standard errors for linear panel models. Contextu-
ally, cross-sectional dependence can be defined as: “some 
correlation structure in the error term between [cross-
sectional] units” [10]. Hence, the test for cross-sectional 
dependence (CSD) is to “test whether the residuals are 
correlated across entities”. The null hypothesis is “there is 
no correlation of the residual”. There may be the possibil-
ity of CSD in the data if for instance, a Nigerian migrant 
who lives in South Africa has access to maternal and 
child care. In the event that the Nigerian relocates back 
to her country such maternal and child care becomes 

1 Weighted least squares
2 Angola, Burkina Faso, Benin Republic, Botswana, Burundi, Cameroon, 
Central African Republic, Cote D’Ivoire, Eswatini, Gambia, Kenya, Leso-
tho, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, 
Sierra Leone, South Africa, Senegal, Sudan, Tanzania, and Togo.
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inaccessible which may cause some health challenges. 
Also, reverse causality might be a concern. For instance, 
health expenditure is likely to be larger in countries with 
greater health issues and therefore higher mortality. To 
control this, the models are estimated using one-period 
lag of each regressor thereby mitigating the problem of 
reverse causality. Given this, we are confident that the 
obtained results are unbiased and somewhat precise 
for inferences. Next, the study deploys the fixed effects 
approach (PSCC-FE) which serves as robustness checks 
accounts for heterogeneities across the panel. For addi-
tional robustness checks, we used (1) people living with 
tuberculosis in place of those living with HIV to observe 
if our results holds or consistent; (2) 5-year averages for 
both HIV and tuberculosis (TUB) models to observe if 
the initial results are sustained.

Variables and expectations
The study uses a total of ten variables on 25 SSA 
 countries2 from 2000 to 2020 to probe the study ques-
tions and achieve the objectives. There are three depend-
ent variables representing the health outcomes: maternal 
mortality (MAT), child mortality (CHD) and life expec-
tancy at birth (LEX). The main explanatory variable is 
health expenditures per capita (HEXPC), the moderating 
variable is human capital index as the proxy for educa-
tion (EDU), the control variables are: Internet users (ICT), 
household consumption (HCON), individuals living 
with human immunodeficiency virus (HIV), people with 
tuberculosis (TUB) and total factor productivity (TFP). 
All the health variables were sourced from World Devel-
opment Indicators [28] while, the non-health variables 
were sourced from Penn World Table (PWT 9.0).

On a priori expectations, we expect negative relationship 
between public health expenditure and health outcomes 
such that higher health expenditure may be expected to 
improve health outcomes by reducing maternal and child 
morbidity/mortality [3, 5, 17, 24]. Also, negative relation-
ship is expected between the health outcomes and public 
health expenditure per capita, ICT, household consump-
tion and total factor productivity. In the contrary, positive 
relationship is expected between the health outcomes i.e. 
maternal and child mortality and other health variables 
such as human immunodeficiency virus (HIV) and peo-
ple living with tuberculosis, given argument traceable to 
Moran and Moodley [19]. While, between life expectancy 
at birth and public health expenditure a positive relation-
ship is expected [22]. The same direction of relationship 
(positive) is also expected between education and life 
expectancy at birth (as well as ICTs as contemporary tools 
for education and other variables such as total factor pro-
ductivity, household consumption).

Model
In determining health expenditure thresholds which 
addresses the first objective, each health outcome is 
expressed as a function of health expenditures, a quad-
ratic specification, educational quality, and a set of con-
trol variables. That is:

Where, ln is natural logarithm; HO represents each 
health outcome (maternal mortality, child mortality, life 
expectancy at birth); HEXPC is health expenditures per 
capita; EDU is educational quality; Z is a vector of con-
trol variables (ICT, HCON, HIV, TFP); φt represents year 
dummies; ηi and θ′ are parameters to be estimated; and v 
is the idiosyncratic error term assumed to be white noise. 
To control for outliers, establish an elasticity relationship 
and reduce “noise” in the data, all variables are trans-
formed into their natural logarithms.

To determine the health expenditures threshold, Eq. 
(1) assumes homogeneity for the parameters η1, and η2 
which depend neither on a specific country nor on the 
time period. It is assumed that all countries take on the 
same shape of the functional relation of the health out-
comes-expenditures paradox. More importantly, Eq. (1) 
allows for testing the various forms of the relationships 
viz.: (i) η1 < 0, η2 > 0 reveals a U-shaped relationship; (ii) 
η1 > 0, η2 < 0 reveals an inverse U-shaped relationship. The 
health expenditures turning point of this curve is com-
puted by τ̂ = exp 0.5η̂1 η̂2  ; (iii) η1 > 0, η2 > 0 reveals a 
monotonically increasing linear relationship; (vi) η1 < 0, 
η2 < 0 reveals a monotonically decreasing linear relation-
ship; and (vii) η1 = 0, η2 = 0 reveals a level relationship. 
In general, the turning point is when the first derivative 
of Eq. (1) with respect to health outcomes is equated to 
zero.

To achieve the second, third, and fourth objectives, 
each health outcome is expressed as a function of health 
expenditures, educational quality, an interaction term of 
health expenditures and educational quality, (lnHEXP-
Cit ∗ ln EDUit), and a set of control variables. That is:

Adapting Brambor et  al. [9] and Barua et  al. [7], the 
sign of the coefficient of the interaction term, φ3 evalu-
ates if the interaction of EDU and HEXPC enhances or 
distorts the impact of health expenditures on health out-
comes. Since φ1 is expected to be negative for mortality 

(1)
lnHOit = �0 + �1 lnHEXPCit + �2 lnHEXPC

2

it

+ �3 lnEDUit + ��Z it + �t + vit

(2)

lnHOit = �0 + �1 lnHEXPCit + �2 lnEDUit

+ �3

(

lnHEXPCit ∗ lnEDUit

)

+ � �
K it + �t + sit
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models and positive for life expectancy model which is a 
“good effect”, a positive (negative) φ3 indicates that EDU 
distorts (improves) the “good effect” of health expendi-
tures on maternal and child mortalities while it enhances 
(reduces) the “good effect” of health expenditures on life 
expectancy at birth. Therefore, the conditional effect of 
HEXPC on health outcomes is computed as:

From Eq. (3), the overall effect of HEXPC on health 
outcomes depends on the estimated signs of φ1 and φ3, 
their respective statistical significance and the magnitude 
of EDU. But if either φ1 and φ3 = 0, then the conditional 
effect cannot be evaluated. Our prior is that increas-
ing health expenditures will reduce mortality rates but 
increase life expectancy in countries exhibiting a high 
degree of educational quality. Such that φ3 < 0 is expected 
for mortality models and φ3 > 0 for life expectancy model. 
Thus, the minimum thresholds of educational quality 
required to sustain health expenditures in influencing 
health outcomes is derived as: ln EDU∗

= −
φ1
φ3

 . Where, 
lnEDU∗ denotes the threshold of educational quality 
beyond which health expenditures reduce maternal and 
child mortality rates but increase life expectancy at birth.

Results and discussion
Pre‑estimation results
Table  1 contains the descriptive statistics. Furthermore, 
it displays the correlation coefficients between the target 
variables (lnMAT, lnCHD and lnLEX) and the regres-
sor variables (lnHEXPC, lnEDUC, lnICT, lnHCON, 
lnHIV, lnTUB and lnTFP). The closer the correlation 

(3)
∂ lnHO

∂ lnHEXPC
= φ1 + φ3 ln EDU

coefficient is to − 1 or 1, the stronger the association 
[14]. It is critical to indicate that while the correlation 
matrix may measure the direction and strength of asso-
ciation between dependent and independent variables, 
this does not always indicate causality. On the whole, all 
variables of interest are significant at 1% level as shown 
by the estimated correlation coefficients. The strength 
of the relationship in most cases is quite strong and have 
the expected signs with no indication of multicollinearity 
among the regressors. Also, the cross-sectional depend-
ence test shows (last column of Table 1) that there is no 
cross-sectional independence as the coefficient are all 
significant.

Composite main results, PSCC‑OLS and PSCC‑FE
Table  2 is a composite result showing the quadratic 
results (Eq.  1) and moderation results (Eqs.  2 and 3) 
across the three dependent variables: maternal mortal-
ity (columns 1,4,7,10), child mortality (columns 2,5,8,11), 
and life expectancy at birth (columns 3,6,9,12) and two 
estimation techniques. Results are interpreted sequen-
tially along modelling structure.

For the quadratic models, we are only interested in 
the coefficients of HEXPC and HEXPCSQ to observe 
the shape of the curve. For maternal and child mor-
tality, the relationship with health expenditures 
evidenced an inverted U-shape curve. That is, ini-
tial increase in health expenditures causes a rise in 
both maternal and child mortality. However further 
increase in health expenditures results in a decline 
in mortalities supporting the literature stance on the 
mortality-reducing effect of health expenditures [17]. 
In the same vein, life expectancy and health indicate a 

Table 1 Summary statistics, pairwise correlations and cross-sectional dependence results

Notes: *** p<0.01, ** p<0.05, * p<0.1, t-statistics in parentheses, ln Natural logarithm, MAT Maternal mortality, CHD Child mortality, LEX Life expectancy at birth, 
HEXPC Health expenditures per capita, EDUC Education, ICT Internet users, HCON Household consumption, HIV People living with HIV, TFP Total factor productivity

Source: Authors’ Calculations

Variable Summary Statistics Pairwise Correlations CSD‑Test

Obs Mean Std. Dev. Min Max lnMAT lnCHD lnLEX

LnMAT 525 550.133 332.249 52 2480 1.000 64.870***

LnCHD 525 71.095 26.195 13.262 147.185 0.827*** 1.000 37.693***

LnLEX 525 56.982 7.049 39.441 74.515 −0.677*** − 0.744*** 1.000 74.414***

lnHEXPC 525 110.342 161.28 3.395 844 −0.694*** −0.533*** 0.322*** 34.962***

LnEDU 525 1.753 0.449 1.069 2.939 −0.586*** −0.563*** 0.343*** 65.981***

LnICT 525 11.427 13.902 0.026 59.42 −0.602*** −0.566*** 0.617*** 75.210***

LnHCON 525 0.709 0.151 0.221 1.039 0.326*** 0.076* −0.191*** 1.734*

LnHIV 525 6.459 7.939 0.2 28.9 −0.153*** 0.021 −0.369*** 17.337***

LnTUB 525 363.395 325.685 11 1590 0.267*** 0.381*** −0.567*** 37.413***

LnTFP 525 0.472 0.227 0.142 1.25 −0.551*** −0.491*** 0.223*** 6.021***
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U-shape relationship. That is, initial increase in health 
expenditures causes a decline in life expectancy but 
additional increase in health expenditures results in 
improving life expectancy Again, this finding aligns 
with the empirical literature [22].

From the quadratic results, we obtain the sustainable 
thresholds or turning points beyond which health expen-
ditures exert significant impact on health outcomes. From 
Eq.  1, the health expenditures turning point for maternal 
mortality is computed as ˆHEXPC = 0.5 ∗ 0.708

/

0.112 = 3.16; 
for child mortality: 0.5 ∗ 0.175

/

0.0321 = 2.73, and life expec-
tancy: 0.5 ∗ 0.0594

/

0.00814 = 3.65. Since, these equations are 
computed using natural logarithm, it becomes important 
to take the exponents so as to confirm if these thresholds 
lie within the range of data. Therefore, for each health out-
come, the corresponding sustainable health expenditures 
thresholds in real terms are as follows: maternal mortality: 
[exp(3.16)] = 23.57, child mortality: [exp(2.73)] = 15.33, and 
life expectancy: [exp(3.65)]= 38.47. Recall that from Table 1, 
the range of values for health expenditures per capita is 3.395 
to 844 and since the shape for the parabola for the mortality 

models is an inverted U-shape suggesting that beyond 23.57 
and 15.33, health expenditures per capita will contribute sig-
nificantly to reducing both maternal and child mortality. In 
the same vein, following the U-shape relationship, it follows 
that beyond the threshold point of 38.47, health expendi-
tures per capita will contribute significantly to improving life 
expectancy. We show this graphically in Fig. 2.

Having established the quadratic effects, this study 
proceeds with the results of the moderation models to 
compute the minimum sustainable thresholds at which 
educational quality could enhance the effect of health 
expenditures on each health outcome. These thresh-
olds have policy implications because beyond the criti-
cal masses, the effect of health expenditures on each 
health outcome is dependent on the strength of educa-
tional quality. Given these clarifications, only the sig-
nificant coefficients of HEXPC and HEXPC*EDUC are 
used in computing the threshold points. We observe an 
inverted U-shaped curve exists between health expen-
ditures, educational quality and the mortality mod-
els while a U-shaped curve hold for life expectancy 

Fig. 2 Sustainable thresholds of health expenditures and educational quality. Source: Authors’ Computations
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model. Following Eq. 4, the threshold points for lnEDU∗ 
across each health outcome are: Maternal Mortality: 
−

0.307
−0.737 = 0.42 ; Child Mortality: − 0126

−0.310 = 0.41 ; and 
Life Expectancy: −−0.0604

0.0988 = 0.61 . In these computa-
tions, 0.307, 0.126 and − 0.0604 represent the absolute 
value of the unconditional effect of health expendi-
tures on each health outcome while − 0.737, − 0.310, 
and 0.0988 represent the moderation/conditional effect 
between health expenditures and educational quality 
on each health outcome. Hence, from these computed 
thresholds, it holds that threshold points beyond 0.42 
and 0.41 induce a drop in maternal and child mortalities 
while a point beyond 0.61 exerts an improvement in life 
expectancy.

Similar to the quadratic thresholds, those com-
puted from the moderation models are done using 
the natural logarithm. Therefore, to ascertain that 
these points lie within the range of educational qual-
ity we take the exponents to obtain the correspond-
ing values as: maternal mortality: [exp(0.42)] = 1.52, 
child mortality: [exp(0.41)] = 1.51, and life expectancy: 
[exp(0.61)] = 1.84. Also, from Table 1, the range of val-
ues for educational quality is 1.069 to 2.939 and since 
the shape for the parabola for the mortality models 
is an inverted U-shape signifying that beyond 1.52 
and 1.51, educational quality improves the mortality-
reducing potentials of health expenditures per capita 
on maternal and child mortality. Similarly, beyond 1.84, 
educational quality improves the life-enhancing effect 
of health expenditures per capita on life expectancy per 
capita. Also, these outcomes are shown in Fig. 2.

The PSCC-OLS does not recognise the individual 
heterogeneities or fixed effects across the countries 
in the panel, hence, we re-estimated the models using 
the fixed effects routine (PSCC-FE) and the results are 
shown in the second half of Table 2. For the most part, 
the obtained results are consistent with those of PSCC-
OLS. Though the quadratic models reveal that health 
expenditures have a U-shaped relationship with mater-
nal and child mortality; and an inverted U-shape curve 
with life expectancy suggesting that more allocations 
of health expenditures beyond an identified threshold 
worsens health outcomes and the respective calculated 
thresholds are 3.46, 4.37 and 3.85, respectively. Analo-
gous to the calculations done in Table 2, the real values 
for these threshold points lie within the range of health 
expenditures (3.395 to 844) are: 32.14, 79.04, and 46.99. 
The most plausible argument for these contradictions 
could be that individual differences across the coun-
tries is driving these anomalies.

Lastly, the moderation models reveal a U-shaped 
curve between health expenditures, educational qual-
ity and the mortality models while the relationship with 

life expectancy is not different from zero (that is, statis-
tically not significant). Computing the critical mass for 
sustainable resulted in 0.58 and 0.98 for maternal and 
child mortality, respectively which that of life expectancy 
is inconclusive.3 Converting to real terms, the threshold 
points which lie within the range of values for educa-
tional quality are 1.79 and 2.66 beyond which educational 
quality negatively influences the impact of health expen-
ditures on maternal and child mortality.

Robustness results
To test the robustness of our analysis, we engage two sets 
of sensitivity checks. The first uses people living with 
tuberculosis (TUB) in place of those with HIV. The second 
uses 5-year averages of the sample data with HIV and TUB 
models across both empirical techniques. Starting with 
the results of the first set of robustness checks displayed 
in Table  3, the PSCC-OLS quadratic model reveals that 
health expenditure shows an inverted U-shaped relation-
ship with maternal mortality and life expectancy. That 
is, health expenditures initially worsen both outcomes 
but later improved them as the coefficient of the squared 
health expenditure is negative. However, the relation-
ship between health expenditure and child mortality is 
inconclusive. The thresholds of maternal mortality and 
life expectancy are 2.72 and 6.67 respectively. Account-
ing for the level of education as the moderation variable, 
health expenditure has an inverted U-shaped relation with 
maternal mortality but a U-shaped relationship with life 
expectancy. The respective conditional threshold points of 
health expenditures on maternal mortality and life expec-
tancy are 0.25 and 0.37, respectively. From the PSCC-FE 
results, the quadratic models reveal that health expen-
ditures exert a U-shaped relationship with maternal and 
child mortalities. The respective threshold points are 3.58 
and 4.34. On the moderating relationships, we find that a 
consistent U-shaped nexus between health expenditures, 
maternal and child mortalities. Thus, the respective con-
ditional threshold points are 0.62 and 0.92. For the most 
part, these results are consistent with those of Table 2.

The results from using 5-year averages are displayed 
in Tables 4 and 5. Starting with Table 4 (HIV model) the 
results from the PSCC-OLS are similar to those displayed 
in Table  2. The inverted U-shaped relationship between 
health expenditures, maternal and child mortalities is 
sustained with a threshold point of 3.22 and 2.86 while 
the relationships with life expectancy is inconclusive 
though the coefficients have the expected signs. In addi-
tion, the moderating effects of education level on the 

3 The level and moderation relationships are positive but statistically not sig-
nificant. Hence, the threshold point cannot be computed.
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nexus is sustained with inverted U-shaped relations with 
maternal and child mortalities and a U-shaped relation 
and life expectancy. The respective threshold points are 
0.44, 0.46, and 0.60. From the PSCC-FE results, the quad-
ratic effect reveals a U-shaped nexus with maternal and 
child mortalities and an inverted U-shaped relationship 
with life expectancy. The respective threshold points are 
3.46, 4.27, and 4.04. Likewise, the moderation relation-
ship depicts a U-shaped nexus with maternal mortality 
with the threshold point at 0.60 while the relationship 
between health expenditures with child mortality and 
life expectancy are inconclusive. These results bear sem-
blance to those shown in Table 2.

We further substituted HIV with those living with 
tuberculosis (TUB) and the results are displayed in 
Table  5. From the PSCC-OLS results, we find that the 
quadratic relationship depicts an inverted U-shaped rela-
tion with a threshold point at 2.86 while the relationships 
with child mortality and life expectancy are inconclusive. 
On the moderating relationships, we find an inverted 
U-shaped and a U-shaped nexus with maternal mortal-
ity and life expectancy while that of child mortality is 

inconclusive. The threshold points are 0.30 and 0.44, 
respectively. From the PSCC-FE results, a U-shaped rela-
tion with maternal and child mortalities and an inverted 
U-shaped nexus with life expectancy. The respective 
threshold points are 3.62, 4.16, and 4.29. From the mod-
eration models, a U-shaped nexus exists between health 
expenditures and maternal and child mortalities with the 
respective threshold points at 0.66 and 0.84. Again, these 
results somewhat sustain those in Table  3. Overall, we 
submit that the relationship between health expenditures 
and the three health outcomes is nonlinear.

Applicability and results implication
This discusses the applicability of the results for SSA 
countries. Table  6 presents the mean of public health 
expenditure vis-à-vis its thresholds. We show that 
almost, all the countries in SSA have not met the com-
puted threshold of 3.65 public health expenditure, except, 
Lesotho and Namibia. Although, the computed threshold 
of 3.65% of GDP (Gross Domestic Product) relates to life 
expectancy at birth, it is taken as the highest bench mark 
of threshold that must be achieved by each country since 

Table 6 Mean of public health expenditure and thresholds

Source: Authors’

Country Public health expenditure
Mean

Threshold of Public health expenditure 
(Highest range)

Remarks

Angola 3.4884 3.65 Below Threshold

Burkina Faso 1.6466 3.65 Below Threshold

Benin 0.7083 3.65 Below Threshold

Botswana 3.5556 3.65 Below Threshold

Burundi 2.0699 3.65 Below Threshold

Cameroon 0.7313 3.65 Below Threshold

Central Africa Republic 1.2228 3.65 Below Threshold

Cote D’Ivoire 0.8921 3.65 Below Threshold

Eswatini 3.3083 3.65 Below Threshold

Gabon 1.4304 3.65 Below Threshold

Kenya 1.6968 3.65 Below Threshold

Lesotho 4.2560 3.65 Threshold met

Mauritania 1.1607 3.65 Below Threshold

Mauritius 1.8724 3.65 Below Threshold

Mozambique 1.9735 3.65 Below Threshold

Namibia 4.3361 3.65 Threshold met

Niger 1.8266 3.65 Below Threshold

Nigeria 0.6757 3.65 Below Threshold

Rwanda 1.9087 3.65 Below Threshold

Sierra Leone 1.5402 3.65 Below Threshold

South Africa 3.4884 3.65 Below Threshold

Senegal 1.3125 3.65 Below Threshold

Sudan 1.5549 3.65 Below Threshold

Tanzania 1.5488 3.65 Below Threshold

Togo 0.9728 3.65 Below Threshold
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all the health outcomes are achieved simultaneously. This 
is because in the process of achieving life expectancy at 
birth, all other health outcomes like maternal mortality 
and infant mortality would have been achieved. There-
fore, every country must aspire to allocate at least 3.65% 
of their GDP to health for an all-encompassing health 
performance. It is therefore evident that public health 
financing is underfunded among all the countries in SSA 
and there is a need for urgent campaign towards increase 
in public health expenditure in SSA.

Conclusion and policy implications
The study concludes that public health expenditure and 
educational quality are significant in driving changes in 
maternal mortality, child mortality and life expectancy at 
birth in SSA. The quadratic results support the existence 
of a non-linear relationship between health expenditure 
and the health outcome indices. Therefore, the quadratic 
results, reveal the sustainable public health expendi-
ture thresholds that can achieve better health outcomes 
as 3.16; for maternal mortality, 2.73, for child mortality 
and 3.65 for life expectancy. The results of the interactive 
effect of health expenditure and educational quality on 
health outcomes reflects that an inverted U-shaped curve 
exists between health expenditures, educational quality 
and the mortality models while a U-shaped curve hold 
for life expectancy model. Since the shape for the parab-
ola for the mortality models is an inverted U-shape sug-
gesting that beyond 23.57 and 15.33, health expenditures 
per capita will contribute significantly to reducing both 
maternal and child mortality. In the same vein, follow-
ing the U-shape relationship, it follows that beyond the 
threshold point of 38.47, health expenditures per capita 
will contribute significantly to improving life expectancy. 
The conditional result reflects the point at which educa-
tional quality negatively influences the impact of health 
expenditures on maternal and child mortality as 1.77 and 
2.61 respectively. The moderation results reveal, the edu-
cational threshold points of 1.51 and 1.49 induce a drop 
in maternal and child mortalities while a point beyond 
1.84 exerts an improvement in life expectancy.

The policy outcomes are not far-fetched. First, the 
government and stakeholders should embrace strate-
gies that will enhance public health expenditure and 
the education quality because an improvement in these 
variables will bring about a meaningful impact on the 
health outcomes (maternal mortality, child mortality 
and life expectancy at birth). Secondly, there is the need 
to not just increase public health expenditure but meet 
the minimum level of sustainable thresholds estimated 
in this study being the bench mark that will enable the 
SSA to operate within the Universal health Coverage 

standard because most of the SSA countries are oper-
ating below the sustainable thresholds of public health 
expenditure. Third, education should be considered as 
a complementary health variable, given the modifying 
effect of education and health expenditure on health 
outcomes, therefore, this study supports the Gross-
man theory of health. Finally, we recommend that gov-
ernment and stake holders in the health sector should 
strive to meet the minimum thresholds of educational 
quality that will enhance public health expenditure for 
better health outcomes in SSA. Overall, our results 
show that the effect of health expenditures on each 
health outcome is dependent on the strength of educa-
tional quality, and therefore, educational quality should 
be considered as an important requirement in model-
ling any health framework. In addition, a knowledge 
of the threshold effect of public health expenditure on 
health outcome will help to curb and minimize, corrup-
tion and wastages in the health sector because the gov-
ernment will know the appropriate percentage of the 
GNP that must go to health and education for better 
health outcomes. Therefore, the excesses and shortages 
in health financing will be reduced, ceteris paribus. For 
future work and subject to data availability, control 
variables such as GDP per capita, urbanization, devel-
opment aid etc. which could change the signs and sta-
tistical significance of the coefficients used to calculate 
the thresholds may be considered.
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