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Abstract 
 

This paper establishes empirical evidence related with correlation and causality between economic growth (as measured by GDP per 

capita) and under-five malaria mortality in Tanzania Mainland. The goal is to contribute knowledge on the existing relationship between 

economic growth and under-five malaria mortality. Correlation and scatter regression analysis plot were employed to find out the rela-

tionship among the (GDP per Capita), Insecticides Treated Nets (ITNs) distributed, Human Resources (physicians and nurses) and under-

five malaria mortality from the year 2004 to 2015. Moreover, Granger Causality test was applied to test the causal link between the eco-

nomic growth and under-five malaria Mortality. The economic growth (as measured by GDP per Capita) and number of ITNs distributed 

under various malaria campaigns have significant unidirectional causality to under-five malaria mortality while there is no causality evi-

dence between human resource for health (physicians and nurses) and under-five malaria mortality despite the observed correlation rela-

tionship. Since economic growth and ITNs have unidirectional causal link with under-five malaria mortality, it implies that any changes 

in GDP per Capita and ITNs will change under-five malaria mortality. The researchers and policy makers need to gather more evidence 

on ITNs and economic growth to assess the risk of under-five malaria mortality to inform decision making. 
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1. Introduction 

Malaria is a major public health concern for all Tanzanians, espe-

cially for pregnant women and children under-five years. It is a 

leading cause of morbidity and mortality in children under five 

years and ranks number one in both outpatient and inpatient statis-

tics in Tanzania (NIMR, 2013; Mboera et al., 2007). It is caused 

by the parasite known as Plasmodium and is transmitted via the 

bites of infected mosquitoes. The under-five malaria mortality was 

113 deaths per 100,000 populations in 2004 while it was 44 deaths 

per 100,000 populations in 2014 (NMCP, 2016). This trend shows 

a decrease of under-five malaria mortality by 39% over the period 

2004 to 2014. The country had remarkable gains in child health 

outcomes for achieving Millennium Development Goals for child 

survival by 2015(Armstrong et al., 2016). The all cause under-five 

mortality for instance, has declined from 167 deaths per 1000 live 

births in 1990 to 53 deaths per 1000 live births in 2013 (World 

Bank Indicators, 2015). Factors such as child immunization, ante-

natal care providers, maternal education, skilled birth attendants 

and ever breastfeeding were associated with lower infant and un-

der-five mortality in Tanzania (Byaro and Musonda, 2016).  

Economic development (GDP per capita) leads to improved child 

health outcomes (Byaro and Musonda, 2017). The indirect path-

ways that lead income to improved health outcomes include better 

nutrition, sanitation, housing, education and public health infra-

structure (Bhargava et al., 2001; McGuire, 2006). All these factors 

depend on the level of economic development (Bhargava et al., 

2001). Higher incomes support households to spend more on the 

personal health of the family, which in turn improves the health of 

the household (Asiedu, 2015). Therefore, economic growth in-

creases the average income of individuals, particularly improving 

the income of the poor people by providing better access to health 

care services, housing and sanitation leading to lower mortality. 

Furthermore, economic growth has its roots in technological 

change, meaning that improvement in technology helps to develop 

new medicine and improved treatments leading to life longevity 

(Morand, 2005).  

Although some researchers (for example, Bloom and Canning, 

2001; Morand, 2005; Robin Swift, 2011) showed that there is a 

link between economic growth and improved health outcomes 

(life expectancy), our study concentrate specific on under-five 

malaria mortality and economic growth (as measured by GDP per 

capita) to contribute knowledge on the existing body of literature. 

The study intends to expand our knowledge based on the question: 

- is there any causal and associative links between economic 

growth and under-five malaria mortality? A number of studies (for 

example, Robin Swift, 2011; Bloom et al., 2004) showed that 

causality runs from health to income. They show that longer life 

expectancy increase output through labour productivity and capital 

accumulation. Moreover, Bloom and Canning (2001) argue that, 

unidirectional and bidirectional causality between health and in-

come can work together at the same time. Other previous literature 

(for example, Barro, 1991; Sachs and Warner, 1997; Mayer, 2001; 

Narayan et al., 2010) used cross sectional and panel data to inves-

tigate the relationship between health and economic growth. The 

main finding of these studies is that, health contributes positively 

to economic growth. On other hand, for instance (Bhargava, 1997; 

Strauss and Thomas, 1998) examined the impact of health indi-

rectly on economic growth through its effects (nutritional status) 

on productivity. The findings from these studies conclude that, 

health contribute positively to productivity. Similarly, other em-
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pirical studies such as (Bhargava et al., 2001; Webber, 2002) uses 

time series analysis and their main findings showed that health is 

an important determinant of economic growth. Therefore, there 

are many studies that show the relationship between per capita 

income and health outcomes (infant and under-five mortality). 

Most of these studies however, end with correlation and regression 

analysis: for instance (Byaro and Musonda, 2017; Deluna and 

Peralta, 2014; Nishiyama, 2011; McGuire, 2006; Filmer and 

Pritchett, 1999). 

This paper sets out to estimate the correlation between GDP per 

capita and under-five malaria mortality in Tanzania Mainland, to 

demonstrate their associations, and to test whether these relation-

ships might be causal. Causality (Granger, 1969) was set out in 

point of view between under-five malaria mortality and GDP per 

capita together with other variables that might affect under-five 

malaria mortality such as number of Insecticide Treated Nets 

(ITNs) distributed and Human Resources (Physicians and Nurses). 

Similar variables were used to conduct correlation analysis. Annu-

al time series country level data set from the period 2004 to 2015 

was used to set correlation and causality analysis. 

Identifying causal relationship among the variables that might 

influence the under-five malaria mortality can provide strong ar-

gument for policy makers to decide priority areas for investment 

for better child health outcomes (under-five malaria mortality). 

Our findings show that there is evidence of unidirectional causal 

link running from GDP per capita to under-five malaria mortality, 

and from ITNs to under-five malaria mortality. The findings imply 

that, any variation of ITNs distributed and economic growth (as 

measured by GDP per capita) have significant effect on under-five 

malaria mortality. Our findings suggest that, the relationship be-

tween under-five malaria mortality and economic growth (GDP 

per capita); and under-five malaria mortality and ITNs is not only 

correlational but Granger causal as well. In general, the paper has 

added new evidence on the unidirectional Granger causality effect 

from both GDP per capita and ITNs to under-five malaria mortali-

ty over the examined time periods. 

The rest of the paper is organized as follows. Section 2 introduces 

the theoretical literature review. In section 3, we set out the esti-

mation techniques including data sources. In section 4, we de-

scribe the results of causality and correlation. Section 5 provides 

the discussion of the results. The last section concludes the paper 

with policy implications. 

2. Theoretical conceptual framework 

The good health described in (Figure 1) is measured by decline of 

under-five malaria mortality and the increase of life expectancy). 

Better health in early childhood can create opportunities for edu-

cation through investing in schooling which improves the human 

capital (Labour skills) contributing to economic growth. In turn, 

poor health can put educational attainment at risk (reverse causali-

ty). Good infant health and nutrition directly increase the benefits 

of education (World Bank, 1993; World Health Organization, 

1999b). This implies that, health and education have causal links 

which stimulate economic growth (Barro, 1991; Barro, 2003). 

Better health contributes positively to economic growth through 

productivity because healthy workforces (Labour) are more ener-

getic and mentally fit which in turn raises production (Narayan et 

al., 2010). Higher wages for health workforces create more con-

sumption and savings which contributes to economic growth. The 

investments stimulate positively to economic growth through 

technological diffusion (Podrecca and Carmeci, 2001; Schneider, 

2005). 

 

 

 
Fig.1: Simplified Conceptual Framework between Health and Economic Growth. Source: (Authors construction). 

 

The conceptual framework above summarizes that; health, educa-

tion, labour skills and investment contribute positively to econom-

ic growth (as measured by GDP per capita). Following this con-

ceptual framework, our aim is to investigate whether there is a 

reverse causal effect of economic growth (as measured by GDP 

per capita) on health (decline of under-five malaria mortality). 

3. Methodology 

Ordinary time series correlation analysis was carried out to test 

association between under-five malaria mortality and GDP per 

Capita. The human resources for health (physicians and nurses) 

and ITNs distributed were also used as explanatory or control 

variables in explaining under-five malaria mortality. The GDP per 

capita at constant US dollars 2010 was used. The reason to select 

GDP per capita was due to factor that, increases in GDP per capita 

has been associated with better population health outcomes (Gupta 

et al., 2003). Human Resources (physicians and nurses) were se-

lected as a measure of basic health care provision (McGuire, 

2006). Insecticides Treated Nets (ITNs) was selected due to its 

ability in reducing malaria under-five mortality (Selemani et al., 

2016; Okoyo et al., 2015).  

The Scatter Plots in log-log forms were drawn to show linear rela-

tionship between the variables. 

Granger Causality (1969) was used to test the causality among the 

variables. Causal relations are helpful if the theoretical back-

ground is insufficient or experimentation impossible. Thus, the 

test is conducted when the theory on eventual causal mechanisms 

connecting the two time series is insufficient or does not exist 

(Mazriaz, 2015). According to Granger Causality (1980), a time 
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series variable A causes B, if the probability of B conditional on 

its own past history and the past history of A (beside the set of the 

available information) does not equal the probability of B condi-

tional on its own past history alone. Causal relationship is detected 

only when parameters are statistically significant and the test is 

not applied only to econometrics, but also epidemiology and fi-

nancial analysis (Mazriaz, 2015). Generally, in real sense, the 

human mind is incapable of recognizing causal relationships.  

The Granger (1980) concept is based on three assumptions:- 

i) The past and the present may cause the future, but the future 

cannot cause the past.  

ii) All knowledge available in the Universe on t contains no 

redundant information. If some variable (zn) is functional 

related to one or more other variables, in a deterministic 

fashion, then ( zn ) should be excluded from all the 

knowledge available in the universe on t. 
iii) All causal relationships remain constant in direction 

throughout time.  

Assumption number three was added in order to make a distinc-

tion between a random correlation and causation (Stern, 2011). 

Granger (1980) justifies assumption number three by giving ex-

ample in a model containing three-time series (number of patients 

accepted into a hospital on day 𝑡; number of patients leaving hos-

pital on day 𝑡; number of ice-cream portions sold in the consid-

ered city on day 𝑡; and claims that the only constant over time 

dependencies can be suspected to be causal. The temporal correla-

tion between the number of patients leaving the hospital and the 

number of ice-cream portions sold may however be observed, and 

these variables may not structurally related and their relationship 

is probably insignificant if sufficiently long time series are taken 

into account.  

Based on the concepts of Granger causality, Conway et al. (1984) 

pointed that, ‘one could easily produce conflicting conclusions by 

employing a battery of causality tests on the same data sets’. Thus, 

it is possible to apply two Granger causality tests to the same data 

set and obtain different outcomes: one confirming the null and the 

other rejecting it (Maziarz, 2015). This shows that, the powers of 

various tests are different and they reject the null hypothesis with 

different frequencies (Geweke, et al., 1984). This violates the 

Granger Causality assumption III that, causality is constant in 

time. The decision to choose the number of lags or information 

contained in the Akaike Information Criteria (AIC) may lead the 

researcher using the same Granger Causality test to different con-

clusions (Maziarz, 2015). 

To get the reliable results in Granger Causality, transformation of 

the data from nonlinearity to linearity must exist. Logarithm trans-

formation is required for data pre-processing (Maziarz, 2015). 

Empirical time series analysis always faces the problem of non-

stationary data. For instance, non-stationary data occur if the vari-

able have stochastic trend at different time periods. For this case, 

calculating the first difference (xt
′ = Xt − Xt−1) is recommended. 

This improves the quality of the model and influences Granger 

Causality tests findings (Maziarz, 2015). If Granger Causality 

detection depends on the time interval used in modeling the data, 

it means the causal relations relies from data rather than the 

knowledge if theoretical background is insufficient. In addition, 

(Maziarz, 2015) presented the standard test of Granger causality to 

show the dependencies between two variables within one period 

ahead such as  xt = yt+2 . In general, it is possible to conclude 

whether a causal relation exists between time series model if theo-

retical knowledge of the mechanism connecting the time series is 

accessible (Maziarz, 2015). 

3.1. Sources of data 

Secondary data on under-five malaria mortality and ITNs distrib-

uted were collected from the National Malaria Control Programme 

in Tanzania Mainland. GDP per capita data were collected from 

the World Bank Development Indicators (2016) while Human 

Resources for health data were obtained from Human Resources 

for Health Information System (HRHIS) in the Ministry of Health. 

All data collection covered between the years 2004 and 2015. The 

data was analysed by using Eviews 9 software package. 

3.2. Ethical consideration 

This study used secondary data analysis. This means that, no per-

sonal information was available in the data set. However, ethical 

approval (Reference No: NIMR/HQ/R.8a/Vol. IX/2195) was ob-

tained from the National Institute for Medical Research (NIMR), 

Tanzania.  

4. Results 

Table 1 show the descriptive statistics of the data transformed into 

logarithm to make normal distributions to ensure clear relationship 

between dependent and independent variables to be approximately 

linear. Moreover, this transformation tends to reduce heteroske-

dasticity and increases the stationarity of the variables.  

 
Table 1: Descriptive Statistics 

 L_ITN L_U5MR L_PHY L_NURSE L_GDP 

 Mean  14.38  8.69  8.95  9.64  6.55 

 Median  14.35  8.80  8.96  9.64  6.54 

 Maximum  16.48  9.31  9.36  10.17  6.73 
 Minimum  10.12  7.67  8.48  9.16  6.37 

 Std. Dev.  1.71  0.46  0.30  0.34  0.11 
 Skewness -1.17 -0.80 -0.10  0.05  0.02 

 Observations  12  12  12  12  12 

Note: L represent the logarithm, ITN= Number of distributed Insecticides 

U5MR= Under Five Malaria Mortality, PHY= Physicians, GDP= GDP per 
Capita  

 

Table 2 provides the results for association among GDP per Capi-

ta, ITNs distributed, Human Resources (Physicians and Nurses) 

and under-five malaria mortality. The results show the existence 

of strong negative and statistically significant correlations between 

number of physicians, GDP per capita and number of nurses with 

under-five malaria mortality. This means that, an increase of the 

number of physicians, nurses and GDP per capita reduces under-

five malaria mortality in the country. It was argued that higher 

GDP per capita (income) leads to better health outcomes through 

different channels such as, sanitation, education, housing and nu-

trition (McGuire, 2006; Musgrove 1996, Byaro and Musonda, 

2017). The number of ITNs showed negative association with 

under-five malaria mortality though the estimates were not statis-

tically significant. 

 
Table 2: Correlation between the Variables under Study 

Independent Variables 
Dependent variable 
(Under-Five Malaria Mortality) 

Coefficient P-value 

Number of Physicians -0.89 <0.0001 

Number of nurses -0.90 <0.0001 
Number of ITNs distributed -0.26 0.42 

GDP per capita -0.89 <0.0001 

Source: (Authors Analysis, 2017). 

 

Furthermore, our findings show that economic growth (as meas-

ured by GDP per capita) has significant positive correlation with 

the number of human resources (nurses and physicians) when 

GDP per capita act like dependent variables (See Table 3). Coun-

tries with higher GDP per capita spend more on health care than 

countries with lower GDP per capita, and they tend to have larger 

workforces (Zurn et al., 2004). The persistent shortage of health 

workers in Tanzania (See Senkoro, 2012; Sirili et al., 2014) can be 

solved with increasing economic growth. This implies that, in 

implementing solutions to problems in health care systems and 

shortage of human resources in developing countries, GDP per 

capita is an important factor to consider (Kabene et al., 2016).  
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Table 3: Correlation between Human Resources and GDP Per Capita 

 

 

Independent Variables 

Dependent Variable 

(GDP per Capita) 

Coefficient  p-value 

Number of Nurses 0.996  <0.0001 

Number of Physicians  0.993  <0.0001 

Source: (Authors Analysis, 2017). 

 

Figure 2 shows regression scatter plot of variables under study. 

The graph shows that, the log of under-five malaria mortality ap-

pears to be a linear function of the log of the per capita GDP. Un-

der- five malaria mortality decreases with an increase of GDP per 

capita. This shows that, as the income levels represented by (GDP 

per capita) in the country increases over time, child health out-

comes improve (under-five malaria mortality). The relationship 

still proves negative relationship between under-five malaria mor-

tality and GDP per capita. Similarly, as log number of Physicians 

decreases, log of under-five malaria mortality increases. In turn, 

log of under-five malaria mortality associate negatively with log 

of distributed ITNs; however the data points are not close with 

regression line indicating weak relationship. 
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Fig. 2: (A, B, C, D): Regression Scatter Plot showing Relationship of 

Variables. Source: (Authors Analysis, 2017). 

 

The Granger Causality analysis was tested under the null hypothe-

sis described in Table 4. We used first difference for the variables 

to become stationary and applied 2 maximum lag orders to con-

duct the Granger Causality. The null hypothesis showed that the 

past lagged values of GDP per capita predict/influence the future 

values of under-five malaria mortality. This means that, the under-

five malaria mortality was strongly influenced by the lagged past 

values of GDP per capita. Similarly, the under-five malaria mor-

tality was also strongly influenced by the past lagged number of 

Insecticides Treated Nets (ITNs). This means that, the additional 

information from ITNs and GDP per capita helps explain under-

five malaria mortality. 

If two variables are correlated (for example, number of nurses and 

under-five malaria mortality), it is not necessary that one of them 

causes the other (See Table 4). Therefore, positive or negative 

correlation in (Table 2 and 3) does not prove causation. Although 

the number of physicians and nurses are strongly correlated with 

under-five malaria mortality, under-five malaria mortality has no 

causal link with nurses and physicians. Table (4) shows that, the 

Granger causality between GDP per capita and under-five malaria 

mortality are stronger compared to ITNs. The causality runs from 

GDP per capita to under-five malaria mortality and from ITNs to 

under-five malaria mortality. No Granger causality exists between 

the human resources for health (number of physicians and nurses) 

and under-five malaria mortality. A bilateral causality might exist 

if (under-five malaria mortality ⇔ GDP per capita), meaning that 

any variation of under-five malaria mortality causes the variation 

of GDP per capita and vice versa. A Granger causality is unidirec-

tional if (GDP per capita ↦ under-five malaria mortality), mean-

ing that any variation of GDP per capita has a significant effect on 
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under-five malaria mortality. Overally, the Granger causality ex-

ists based on the significant of P-value (See Table 4). 

 
Table 4: Pairwise Granger Causality Test 

Null Hypothesis Observa-

tion 

P - 

Value 

D(LU5MR) does not Granger Cause D(LNURSE) 9 0.21 

D(LNURSE) does not Granger Cause D(LU5MR) 9 0.31 
D(LU5MR) does not Granger Cause D(LGDP) 9 0.63 

D(LGDP) does Granger Cause D(LU5MR) 9 0.03** 

D(LU5MR) does not Granger Cause D(LITN) 9 0.74 
D(LITN) does Granger Cause D(LU5MR) 9 0.06* 

D(LU5MR) does not Granger Cause D(LPHY) 9 0.43 

D(LPHY) does not Granger Cause D(LU5MR) 9 0.45 
D(LGDP) does not Granger Cause D(LNURSE) 9 0.22 

D(LNURSE) does not Granger Cause D(LGDP) 9 0.24 

D(LPHY) does not Granger Cause D(LGDP) 9 0.80 
D(LGDP) does not Granger Cause D(LPHY) 9 0.60 

Note: D = Stationary after first difference, L= logarithm, U5MR= Under-

Five Malaria Mortality, ITN= Insecticides Treated Nets, PHY= Physicians, 

GDP= Gross Domestic Product per Capita. Maximum number of lags 
used=2, Then, ** and * significant at 5% and 10% levels respectively. 

 

The findings in (Table 4), confirm the unidirectional causal link 

from economic growth to under-five malaria mortality, and from 

ITNs to under-five malaria mortality. This means that, any varia-

tion of ITNs and GDP per capita has a significant effect on under-

five malaria mortality. The interpretations of Granger causality 

tests in (Table 4) do not provide any evidence on the positive or 

negative signs of causal effects. Therefore, our evidence suggests 

that, the links between under-five malaria mortality and economic 

growth (as measured by GDP per capita); under-five malaria mor-

tality and ITNs are not only correlational but Granger causal as 

well.  

 

5. Discussion 

 

Understanding the correlation and causality between GDP per 

capita, ITNs distributed, human resources (physicians and nurses), 

and under-five malaria mortality is important in addressing the 

burden of total under-five mortality in the country over time. The 

result showed negatively strong correlation between under-five 

malaria mortality and GDP per capita (r = - 0.89). Also, the num-

ber of physicians and nurses were strongly negative related to 

under-five malaria mortality (r = -0.89, r = -0.90) respectively. 

Therefore, from the year 2004 to 2015, the reductions of under-

five malaria mortality correlated significantly with the increase of 

GDP per capita, number of physicians and nurses. Our results 

imply that, health workforce is one of the most important key 

components of health care systems (Nguyen et al., 2016; Kabene 

et al., 2006). As the economy continues to grow, there is an expec-

tation of future decrease of more under-five malaria mortality in 

the country. The economic factors play a role in physicians and 

nurses participation in the labour market. For instance, as the em-

ployer set the wage rate above the equilibrium market conditions, 

more quantity supplied by skilled workforce (nurses and physi-

cians) leads to surplus. However, as the wage rate is set below the 

equilibrium market conditions, the employers demand workforce 

and exist shortage of health workers (nurses and physicians). In 

order to supply more human resources for health, the government 

is required to increase the wage rate from its equilibrium condi-

tions that depends on the country economy to fill the gaps of hu-

man resources shortages. It means that, though the government 

demands health personnel, has no capacity to absorb all physicians 

and nurses (Senkoro, 2012); due to economic and financial con-

straints. As the country per capita income increases beyond the 

current situations, we expect more supply of physicians and nurses 

in the future and better child health outcomes (under-five malaria 

mortality). Our findings show Granger causality run from GDP 

per capita to under-five malaria mortality. These results are con-

sistent with (Granados and Ionides, 2008) that found strong evi-

dence of economic growth Granger causing health progress in 

Sweden during the 19th and 20th centuries. Moreover, the results 

reveal that Granger causality run from ITNs to under-five malaria 

mortality. ITNs protect individuals from mosquito nuisance, sup-

press the vector population and reduce their ability to transmit 

malaria and are highly effective in reducing malaria morbidity and 

mortality (Atieli et al., 2011). However, the insignificant correla-

tion association between ITNs and under-five malaria mortality 

might be due to usage of ITNs from one household member to 

other household member which can limit the potential impact of 

nets (Atieli et al., 2011).  

6. Conclusion 

The aim of this paper was to find out the correlations and Granger 

causality between economic growths (GDP per capita), human 

resources (number of physicians and nurses), ITNs and under-five 

malaria mortality in Tanzania Mainland. We find a strong negative 

correlation between GDP per capita and under-five malaria mor-

tality. In turn, this correlation shifts to Granger unidirectional 

causality from GDP per capita to under-five malaria mortality. 

Similarly, we find a weak and insignificant negative correlation 

between ITNs and under-five malaria mortality. This correlation 

shift to unidirectional causality from ITNs to under-five malaria 

mortality means that, any variation of ITNs distributed has a sig-

nificant effect on under-five malaria mortality; however this sig-

nificance is small at 10% significance level. Our finding implies 

policy options that aim to boost/increase economic growth to con-

tinue reducing the under-five malaria mortality in the country.  

This study has got some limitations. Foremost, the study used a 

small sample size of 12 years which was too short to run time 

series multiple linear regression models with lagged variables of 

interest. Short time series data limit the scope for testing richer 

specifications for the variables of interest. For that case, causality 

and correlation analysis were used. One of the shortcomings of 

Granger causality is very sensitive to number of lags in the model 

and sample period. A lack of sensitivity could be due to lag length 

choice and small sample. Despite this criticism, the test still has 

been applied to over 45 thousand studies indexed by the world’s 

most popular scholar papers search engine (Jasco, 2005).  
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