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ABSTRACT: Sustainable implementation of policy to control
malaria is sine qua non to reduce the infant mortality rate
especially in agrarian economies like Nigeria where malaria is
common. This study examined the relationship between infant
mortality rate and government expenditure on malaria (GEM)
(proxy for health policy as explanatory variable), per capita
income, infrastructure development index (IDI), government
expenditure on education and health (as control variables) using
data from 1990 to 2019 obtained from the World Bank and
African Development Bank database. The unit root test conducted
showed that all the variables were not stationary at first
difference. The co-integration test established a long run
equilibrium relationship between the variables which suggested
the use of the Error Correction Model. The analysis of the
estimated coefficients in the model showed that IDI and GEM
significantly reduce infant mortality rate at P<0.05. Improvement
in government funding to control malaria and efforts to develop
infrastructure especially in the rural agrarian communities is
recommended.
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INTRODUCTION

Good health which is the absence of diseases is generally rated by all as pertinent. Factors that
diminish good health will increase mortality rate especially among infants who are the most
vulnerable (Cutler, Deaton & Lleras-Muney, 2006). Statistics have consistently shown that one
in three deaths in the world is the death of an under five year old, and most of these deaths
occur in the developing world (Grant, 1988; Ahonsi, 1992; Adesoye & Babalola, 2017).
Despite the decline in overall developing world mortality levels since 1950, the infant mortality
rate is still on the increase in Sub-Saharan Africa (World Bank, 2015). Nigeria, since the 1980s,
has been rated to have the 30th highest early mortality rate in the world (Abu, Madu & Ajaero,
2015). Currently, Nigeria, with an infant mortality rate of 67 deaths per 1000 new births, has
the third highest (following Mali and Sierra Leone) infant mortality rate in the West African
region (African Development Bank [AfDB], 2018; World Bank, 2018). Up till present, nearly
50 percent of all deaths still occur among children below five years of age (WHO, 2020;
Ransome-Kuti, 1986; Babalola, Olarewaju, Omeonu, Adefelu and Okeowo, 2013; Adeokun,
1985).

Among the major diseases responsible for infant mortality in Africa is malaria which Kills a
child every 2 minutes (RBM Partnership, 2020). In fact malaria, together with HIV and
tuberculosis are rated as the greatest threats to life expectancy, infant mortality and economic
development in Sub-Saharan Africa (Alaba & Alaba, 2003; Bawah and Binka, 2005; Novignan
et al., 2012; Babalola et al., 2013; Sede and Ohemeng, 2015; Mosunmola, 2016). Malaria hits
Africa the hardest. Reports of the African Development Bank (2018) posits that more than 80
percent of all malaria cases around the world each year occur in Africa, and the continent
suffers more than 90 percent of the fatalities caused by the disease. WHO (2019) report shows
that, as at 2018-2019, about 6 countries accounted for more than half of all the malaria cases
globally with Nigeria leading (accounting for 25 percent). Others include the Democratic
Republic of Congo (12 percent), Uganda (5 percent), Mozambique, Niger and Cote d’Ivoire (4
percent each). Currently, Nigeria accounts for more than 27 percent of global malaria cases
largely because over 76 percent of the population live in high transmission areas (USAID,
2021). Children are the most vulnerable of the deaths caused by malaria and 86 percent are
among children under five.

Also, climate change could increase the number of people at risk of malaria in Africa by 170
million by 2030 (African Development Bank [AfDB], 2012). The implication of this is that the
agrarian communities which suffer high climate change impact are worse affected. This high
burden of malaria disease has a direct economic impact. Malaria causes significant economic
losses, and can decrease gross domestic product (GDP) by as much as 1.3 percent in countries
like Nigeria with high levels of transmission (AfDB, 2012). Over the long term, these
aggregated annual losses have resulted in substantial differences in GDP between countries
with and without malaria, particularly in Africa (WHO, 2011). There has been a growing
political commitment at both regional and international levels to scale up malaria control
especially in Africa. The acceleration of malaria prevention strategies which led to the initiation
of programmes such as the Roll Back Malaria Programme (RBMP) facilitating the use of
insecticide-treated bed nets have shown positive results leading to a reduction of malaria
incidence and mortality among children in Africa. The goal of the RBMP, as concluded at the
Abuja summit in 2000, is to half the malaria burden by 2010 through appropriate interventions
and increase in government expenditure on health (FMOH, 2000; WHO, 2008; Salaudeen and
Jimoh, 2009). Clearly, this laudable goal was not achieved in Nigeria because the citizens,
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especially infants still suffer gravely from mortality due to malaria.To sustain the gains,
accelerate progress in meeting the malaria-related sustainable development goals, and improve
child health, more investment is needed. It is even more pertinent now since Malaria and the
novel COVID-19 disease share similar symptoms which has triggered the reluctance of health
care centres in attending to malaria cases with consequent spike in the cost of malaria treatment
and heavy economic burden on poor agrarian communities.

Reduction in infant mortality rate thus increasing life expectancy to at least 70 years by 2020
and beyond is one of Nigeria’s health policy targets (Sede and Ohemeng, 2015; Julien, 2009;
Jie, Zhang and Lee, 2001; Courtney, Diamond, Gruber and Jousten, 2002) and main target of
many global health and economic projects (Malaria Consortium, 2018) . Investing in the social
sectors like health, education, sanitation, environmental management and social safety nets is
expected to impact on life mortality rate (Babalola, Osuntade, Kio and Agbede, 2019; Kabir,
2008). Not much success has been achieved via these policies and malaria still remains a major
cause of death especially among infants in rural communities of Nigeria (Oladepo et al., 2019;
USAID, 2021). In Nigeria, as in other developing countries, variations in morbidity and
mortality have been associated with a wide variety of measures among which is health care
expenditure (Sede & Ohemeng, 2015).

WHO report showed that between 2000 and 2016, malaria incidence rates (new malaria cases)
fell by 37% globally, and by 42% in Africa. During this same period, malaria mortality rates
fell by 60% globally and by 66% in the African Region. This improvement, even though
unsteady and not satisfactory, has been adduced to the progress made by the Roll Back Malaria
(RBM) policy.The combined use of insecticide treated nets (ITN), rapid diagnostic tests and
Artemisinin-based therapy for control of malaria in endemic regions like Nigeria was projected
to be funded within the framework of the RBM policy (RBM Partnership, 2020; Babalola et
al., 2013). The ITN, in particular, has been promising in controlling malaria scourge especially
among infants. Unfortunately, despite the huge proposed budget on ITN (USAID, 2021), WHO
(2020) reported that ITN coverage has been on a standstill since 2016. Infants in rural
communities in particular do not have access to ITNs. This study examined the influence of
government expenditure on health (proxy for health policy) and infant mortality and further
focused on the trend of expenditure on malaria vis-a-vis reported malaria cases in order to
appraise the influence of the RBM policy in Nigeria.

REVIEW OF STUDIES ON THE ECONOMIC BURDEN OF MALARIA, HEALTH
EXPENDITURE AND THE ROLLBACK MALARIA POLICY

The report of the Corporate Alliance on Malaria in Africa (CAMA, 2021) indicated that malaria
has a significant impact on business growth in Nigeria, with an estimated annual GDP loss of
1.1 billion dollars due to malaria-related absenteeism and treatment costs. Previous
observations of Babalola et al. (2019); Adesoye and Babalola (2017); Arrese (2001) agrees
with the World Bank (2000) report that there exists causality between malaria and economic
growth. These studies concluded that severe malaria attacks lead to poor health outcomes
which in turn lead to a low gross national income and poor economic growth. While assessing
the case in African countries, Soyibo, Olaniyan & Ayorinde, 2005) concluded that human
capital is important in fostering economic development. The burden of malaria is estimated to
cost Africa $12 billion annually (Gallup & Sachs, 2001) due to treatment (which is largely out-
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of-pocket funded), absenteeism and days lost in education, decreased productivity due to brain
damage from cerebral malaria, and loss of investment and tourism. These reports were also
consistent with the report of Alaba and Alaba (2003; 2009). Their study reported that the quality
and quantity of human capital in African countries, including Nigeria, have been continually
affected by low health status and that malaria is the most prevalent of all major tropical diseases
in the country. Economic growth, in a nation with a high population like Nigeria, is promoted
more by investment in human capital than in physical capital which is largely limited in supply.
This is why it is central to the achievement of the Sustainable Development Goals. Sequel to
this, Harold and Delworth (2019) added that returns from human capital investment are realized
as a flow of labour services through time. However, because adults seldom die of malaria in
areas of stable transmission, Okorosobo et al. (2011) argued that the loss associated with
human capital investment and loss of productive life is negligible. The mortality rate is however
high among children especially below the age of 5 years. Beyond the productive time lost by
the caregivers of the sick infant when infected by malaria, the death of a child constitutes an
economic burden by reducing the potential future population and labour force.

Yaub, Ojapinwa and Yussuff (2010) observed that a key element of public policy is the
promotion of good health in order to attain broad based economic growth. Based on this
paradigm, many countries devote huge budgetary allocation to health, but in most developing
countries especially, this huge health expenditure failed to translate into better health status.
Akinpelu, Amamgbo, Olojede and Oyekale (2011) assessed expenditure on malaria treatment
in rural Nigeria and discovered that as much as 13 percent of rural household’s out-of-pocket
expenditure per month goes to malaria treatment alone. Sede (2017), while assessing
expenditure on malaria in Nigeria, observed that there are direct and indirect costs of malaria.
The direct costs of malaria include a combination of personal out-of-pocket expenditures,
public government expenditures and external finances (like donations) on both prevention and
treatment of the disease. Out-of-pocket expenditures include spending on Insecticide Treated
Nets (ITNs), doctors’ fees, anti-malarial drugs, transport to health facilities, and support for the
sick family member and sometimes an accompanying family member during hospital
admissions. Public expenditures include spending by the government on maintaining health
facilities and health care infrastructure, wages and salaries of doctors and other medical
personnel, provision of public healthcare for preventing disease, education and research and so
on. He further stressed that in some countries with a huge malaria burden like Nigeria, the
disease may account for as much as 40 percent of public health expenditure, 30 percent to 50
percent of inpatient admissions, and up to 50% outpatient visits.

Ernest (2011) analyzed the dynamic direct and indirect effects of government policy on health
and its relation to the cyclical economic growth in the long run. Using an integrated sequential
dynamic computable general equilibrium (CGE) model to examine the potential impact of
increase in government expenditure on health in Nigeria, the result showed that the re-
allocation of government expenditure to the health sector is significant in explaining economic
growth in Nigeria. He thus recommended that in order to achieve a steady economic growth,
investment in health services should also receive great attention in the public investment
portfolio. In determining the relationship between deaths from malaria and public health and
non-health expenditure in Nigeria, Bello (2005) adopted the Filmer and Pritcher model and the
gross output transfer models on data from 1975-2001. The study revealed that there is a
negative relationship between deaths from malaria, public health expenditure, per capita
income, and non-public health expenditure, but a positive relationship between deaths from
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malaria and political instability. The study further showed that between 1975 and 2001, an
average of 5.86% of the GDP was lost to malaria deaths annually. The author recommended
an increase in government expenditure on malaria control. The works of Babalola et al. (2013)
and Nwanosike Ikpeze and Ugbor (2015) revealed that increase in expenditure on malaria
control is expected to be motivated by the RBMP starting from the year 2000. Actually, as
reported by Sede (2017), the decision to increase expenditure on health by 15 percent was
reached by the African Union countries in 2001 so as to further support the objective of the
RBMP and to facilitate the health related Millennium Development Goal (MDG). However, it
does not appear that this commitment has been adequately honored.

Determinants of Infant Mortality

Bichaka and Gutema (2005) examined the determinants of health status (as measured by
reduction in mortality rate) in Africa based on the Grossman (1972) theoretical model which
considers the economic (the ratio of health expenditure to GDP and the per capita food
availability index), social (illiteracy rate and alcohol consumption) and environmental factors
(urbanization rate and carbon monoxide emission per capita index). The study showed that
health policy, focusing on the provision of health services, can improve the health status and
reduce mortality rate. The work of Wilkinson (1992) established that absolute level of income
measured by per capita GDP seems to impact significantly on mortality reduction. Ernest
(2011) also found a significant positive relationship between per capita GNP and mortality
reduction, which is transmitted through public expenditure on health. Malaria is the leading
cause of Infant mortality in Africa generally (WHO, 2019; Babalola et al., 2019). This paper
assessed the nexus between malaria health policy (proxied by expenditure on malaria), and
infant mortality rate in Nigeria.

METHODOLOGY

The general consensus in related previous studies (most of which have been hitherto reviewed)
is that mortality is a function of environmental factors (such as wealth, education, infrastructure
and safety regulations), lifestyle factors (such as nutrition and tobacco or alcohol consumption)
and government healthcare policy (expenditure on healthcare). The model for this study is
constructed based on the a priori expectation that investment in health policy will more likely
impact infant mortality rate significantly. However, environmental factors are incorporated in
the empirical model as control variables. Adopting this framework to this study, the empirical
model becomes

IM = f(HEP, PCL, GEE, IDI, GEM) ......eovvveeiieeeee e, (1) Where:
IM = Infant mortality rate (death per 1,000 live births)

HEP = Health expenditure per capita (US$)

GEE = Government expenditure on education (US$)

PCI = Per capita income (US$)
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IDI = infrastructure development index
GEM = Government Expenditure on malaria (US$)

The variables (which have already been modified to remove ambiguity in unit) are fit into a
regression model to obtain:

INIM= a0+ a1INnHEP + 02InGEE + a3PCI + aulDI + asINGEM +ei ... (2)

Data Sources and Measurement

This study used data from 1990 to 2019 obtained from the World Bank and WHO and African
Development Bank database. Government expenditure was measured in US dollars while
infant mortality was measured as death per 1000 live births.

RESULT AND DISCUSSION
Preliminary Analysis — Descriptive and diagnostic tests

From Table 1, which present the descriptive statistics of the measured variables, the mean and
median of all the variables lies between the minimum and maximum values which indicated
adequate and symmetrical distribution. A fat-tailed or thick-tailed distribution has a value for
kurtosis that exceeds 3. That is, excess kurtosis is positive. This is called leptokurtosis. Aside
for GEM that has kurtosis values >3, all the other variables are mesokurtotic that is the value
of kurtosis is less than 3, meaning they are normally distributed. Therefore they are continuous
in nature and can be differenced more than once. The result of the Jarque-Bera for all the
variables shows that none of the residuals is statistically significant. This is desirable because
it shows that there is no serial correlation or heteroskedasticity problem and the model is
normally distributed.

Table 1: descriptive statistics of variables

IM HEP PCI GEE IDI GEM
Mean 99.63929  60.46508  1231.821  2.86E+09  35.88357  43.08214
Median 101.3500  54.10699  599.0011  3.87E+08  36.25847  28.95000
Maximum 126.2000 114.9669  3126.465 1.21E+10 43.50973  143.0000
Minimum 66.90000  16.25760  153.0823  1.37E+08  23.76678  18.00000
Std. Dev. 21.30163  32.59342  1040.166  4.32E+09  5.871529  33.66808
Skewness -0.169402  0.291810  0.466241  1.152002  -0.495210  1.634633
Kurtosis 1.547863  1.781800  1.598198  2.550630  2.340874  4.657029
Jarque-Bera ~ 2.594071  2.128729  3.306999  6.428766  1.651274  15.67282
Probability 0.273341  0.344947  0.191379  0.040180  0.437956  0.000395
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Sum 2789.900 1693.022 34490.98 8.01E+10  1004.740 1206.300
Sum Sq. Dev. 12251.51 28682.94 29212506 5.03E+20  930.8210 30605.56
Observations 29 29 29 29 29 29

Result in Table 2 shows that there was a relatively consistent decline in infant mortality rate
over the years under review. Mortality rate declined from 126 per 1,000 live births in 1990 to
approximately 61 per 1,000 live births in 2019. A gradual decline in infant mortality rate

(though not at constant rate) was experienced between 1990 and 2013.

Table 2: Trend statistics of infant mortality rate and Nigerian government expenditure

on malaria (1990 - 2019)

Year Infant Mortality rate (per 1,000 live birth) Expenditure on malaria (Million US$)
1990 125.88 18
1991 125.87 19.5
1992 125.87 20
1993 125.86 20
1994 124.39 19.9
1995 122.92 20
1996 121.45 20
1997 119.98 21
1998 118.50 20
1999 115.59 20
2000 112.68 20
2001 109.78 20.2
2002 106.87 40
2003 103.96 35
2004 101.03 30.9
2005 98.11 33.8
2006 95.18 110
2007 92.26 110
2008 89.33 143
2009 86.46 102
2010 83.59 65
2011 80.72 50
2012 77.84 40
2013 74.97 43
2014 72.41 27
2015 69.84 26
2016 67.27 56
2017 64.71 56
2018 62.14 64 (estimated)
2019 60.66 64 (estimated)

Source: Computed from WHO, World bank and Macrotrends databases (2020)
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The rate of decline stabilized at 0.07% between 2000 and 2003, which tallied with the inception
of the RBM programme, and increased in subsequent years from 0.09% in 2004 to 0.13 in
2013. However, it is expected that there will be a sharper decline in the years with sharp
increase in government expenditure (2006 to 2008) as compared to the years with less
fluctuation in government expenditure on malaria (2000 and 2005). The sudden sharp fall in
funding received between 2008 and 2009, and between 2013 and 2014 is suspected to be
responsible for the reduction or poor rate of decline in mortality in these periods.

Unit root test (Augmented Dickey-Fuller Test, ADF) and Engle-Granger co-integration
test

Most time series are non-stationary in nature, meaning they have unit root and cannot be
plugged into regression headlong. Therefore, before commencing analysis it is prudent to carry
out a stationarity test. Due to the non- stationary tendencies of most time series, we commenced
the analysis for this study by testing the unit roots of all the variables included in the model to
determine their stationary levels. The results are presented in Table 3.

Table 3: Output of the Augmented Dickey-Fuller (ADF) Test

Variable t-value Order of integration
IM -3.860* I(1)
HEP -5.073** I(1)
PCI -3.668* 1(1)
GEE -4.714%* I(1)
IDI -4.405** I(1)
GEM -4.696* 1(1)

*(**) Significant at 0.05(0.01)

All the variables have unit root at level meaning non-stationary but they all become stationary
at first difference I(1). The regression of a non-stationary time series on another non-stationary
time series may cause a spurious regression.

The Engle-Granger co-integration technique was further applied to examine the extent of
relationship between the dependent and each of the explanatory variables. The Engle -Granger
two-step method is suitable, given that it is a single equation model and integrated of order one.

Table 4: Engle-Granger co-integration test

ADF test statistics t-statistics
Critical values (Engle-Granger): -4.838*
1% level -3.724
5% level -2.986
10% level -2.633

*MacKinnon (2010); * Significant at 0.05
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We followed two steps: estimation of the co-integration model and test for the stationarity of
the residuals. Result in Table 4 shows that the residuals are stationary at 5% significance level.
The implication of this is that there is the existence of a long run equilibrium relationship
between the variables in the model thus they can co-integrate in the long run without change
in their behaviours. This qualifies the model as a long run model. The confirmation of a long-
run relationship between the variables suggests the adoption of the Error Correction Model
(ECM) to remedy the disequilibrium that previously existed. The result of the ECM is presented
in Table 5.

The coefficient of determination R? is 0.52 which indicates that 52 percent of the variation in
the independent variable is explained by the joint variation in the explanatory variables. The
significance of the F-statistics showed that the overall model is statistically significant at 5%.
Furthermore, the fact that the value of the R? is less than the value of the Durbin-Watson
statistics shows that the model is not spurious.

Table 5: Output of the ECM model

Variable Coefficient t-Statistic Prob.
C -0.028987 -8.369706 0.0000
D(HEP) -0.003141 -0.420577 0.6790
D(PCI) -0.000980 -0.095831 0.9247
D(GEE) -0.002456 -0.508193 0.6175
D(IDI) -0.006124 -1.941540 0.0480
D(GEM) -0.002616 -0.381958 0.0170
U(-1) -0.336700 -0.477480 0.6388
R-squared 0.521225 Mean dependent var -0.025136
Adjusted R- 0.38367 S.D. dependent var 0.011425
squared
S.E. of regression 0.011642 Akaike info criterion -5.836894
Sum squared 0.002440 Schwarz criterion -5.495609
resid
Log likelihood 79.96118 Hannan-Quinn criter. -5.742236
F-statistic 0.852204* Durbin-Watson stat 0.809871
Prob(F-statistic) 0.547212

*(**) Significant at 0.05(0.01)

The Error Correction Term ECT (denoted by U(-1) in the Table 5 is significant with a negative
sign which lends validity to the existence of long run equilibrium relationship between the
dependent and independent variables. Also, the ECT (-1) indicates the speed of adjustment of
the model from the short run to the long run. Thus, disequilibrium in the system is corrected
by the ECT at a speed of approximately 34% annually.

The analysis of the estimated coefficients in the model showed that only infrastructure
development index (IDI) and government expenditure on malaria (GEM) significantly
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influenced (reduce) infant mortality rate. The coefficients of GEM and IDI are significant with
negative signs at 5%.

DISCUSSION OF FINDINGS

The descriptive result of the trend analysis of infant mortality rate and Nigerian government
expenditure on malaria showed a gradual decline (though not constant) in the rate of infant
mortality in Nigeria between 2009 and 2019. However, slight stability was achieved at
inception of the roll back malaria programme. Further analysis showed a suspected nexus
between government expenditure on malaria and infant mortality rate. This result is consistent
with the findings of Mosunmola et al. (2016). The early 2000s enjoyed apparent higher
healthcare financing with respect to malaria most probably because of the high awareness
creation for the roll back malaria policy and the expenditure made in ensuring infants and
pregnant women have access to treated mosquito nets especially in the rural agrarian
communities. The periods with low or non-response of the mortality rate to the surge in
government expenditure may be due to influence of other mortality causing variables besides
malaria or governance (in implementation and corruption and these are usually difficult to
measure). The impact of corruption in government on health policy implementation has been
noted by Yaqub et al. (2010).

Further results confirmed that increase in government expenditure on malaria (proxy for
government policy on malaria) and infrastructural development reduced infant mortality rate
significantly. This implies that deliberate policies targeting sustainable provision and
development of infrastructure and specifically financing control of malaria will reduce the rate
of infant mortality in Nigeria. This result is both consistent with and affirms the previous
observations of Sede and Ohemeng (2015); Adesoye and Babalola (2017) and Sede (2017).

CONCLUSION AND RECOMMENDATION

Malaria is significantly endemic in agrarian economies like Nigeria. Besides the economic and
psychological burden that the scourge of malaria can cause, the loss of infants due to malaria
can reduce life expectancy and economic development. There has been scanty information
answering the question of how the government is responsive to financing the fight against
infant Killer diseases such as malaria in Nigeria. This study examined the relationship between
government expenditure on malaria, per capita income, infrastructure development index,
government expenditure on education and health (control variables) and infant mortality rate
in Nigeria using data from 1990 to 2019. Based on the findings, the following have been
recommended for policy action:

1. Improvement in government funding of malaria control strategies in the country should
be prioritized. The political will and sufficient administrative apparatus to drive the
infant health related goals as highlighted in the rollback malaria policy, SDG and so on,
in Nigeria is pertinent.
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2. Government should put more effort into developing infrastructure, especially
facilitating healthcare delivery in the rural agrarian communities where malaria attack
is prevalent.
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