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Abstract
Nigeria is still one of the countries in sub-Saharan Africa with the highest cases of child mortality and still far from the recommended 25 per 100 live births by the Sustainable Development Goals (SDG). The study therefore set out to investigate the factors responsible for the causes of this high mortality rate, especially among children under five years of age. The study employed a modified VAR and Error correction model to determine the causes of child mortality in Nigeria using secondary data. The results from the study revealed that factors such as income, household behavior, female illiteracy and low physician density were statistically significant in determining child mortality in Nigeria. The study concludes that apart from low government spending on healthcare services there are other factors that influence under-five malaria mortality rate. The study, therefore, recommends that the government should roll out programs to increase citizen's income, increase girl child education participation, female labor force participation, increase awareness of immunization, and increase the supply of physicians to reduce the high doctor-patient ratio.
Key words: Child mortality, Malaria, VAR, Income.





Introduction
Malaria remains one of the most pressing public health issues in Nigeria, particularly affecting children under the age of five, who are the most vulnerable to the disease's severe and often fatal consequences. Despite ongoing global and national efforts to combat malaria, Nigeria continues to report some of the highest under-five malaria mortality rates globally. According to the World Health Organization (2022), Nigeria accounted for approximately 31% of global malaria deaths, with a significant proportion of these occurring in children under five years old. This staggering statistic highlights the urgent need to identify and address the factors contributing to under-five malaria mortality in the country.
Several factors influence malaria mortality in this vulnerable age group, including biological, environmental, socio-economic, and healthcare-related determinants. Age, nutritional status, and the presence of concurrent infections significantly affect a child’s susceptibility to severe malaria and the likelihood of death (Weiss et al., 2019). Environmental factors such as the prevalence of malaria vectors, climate variability, and living conditions also play a critical role in determining malaria transmission and associated mortality rates (Bhatt et al., 2021).
Socio-economic disparities are another crucial determinant of under-five malaria mortality. Children from poorer households are less likely to have access to preventive measures such as insecticide-treated nets (ITNs) and are more likely to experience delays in receiving appropriate treatment (Oluwole et al., 2019). Furthermore, the education level of caregivers, particularly mothers, significantly influences the likelihood of timely and appropriate care-seeking behaviors, which are vital for reducing malaria mortality (Eze & Kalu, 2020).
[bookmark: _GoBack]The quality and accessibility of healthcare services also determine the outcomes of malaria infections in children under five. Factors such as the availability of skilled healthcare workers, the promptness of malaria diagnosis, and the effectiveness of treatment protocols are critical in managing severe malaria cases and reducing fatalities (Aregawi et al., 2021). However, disparities in healthcare infrastructure between urban and rural areas in Nigeria often result in unequal access to life-saving interventions (Okafor et al., 2022).
This paper seeks to analyze the key determinants of under-five malaria mortality in Nigeria, focusing on the socio-economic and healthcare-related factors that exacerbate this public health issue. By understanding these determinants, the study aims to inform more effective and targeted malaria control strategies that could significantly reduce mortality rates among children under five in Nigeria.
LITERATURE REVIEW
Bello and Joseph (2014) empirically investigated some important determinant of infant and child mortality in Oyo. Infant and child mortality as the independent variables while the regressors includes poverty, malaria, postnatal care, Health scheme and breast feeding; HIV . employing Linear regression using binary logic, finding revealed that out of the major determinant of infant and child mortality are poverty, malaria, postnatal care, health scheme and breast feeding are the major determinant of infant and child mortality. A finding from this study is different from previous studies in the sense that the study was diseases specific (malaria) but not age specific.
Quinhas (2014) also investigated effect of health system strengthening on under-five and infant and neonatal mortality in Mozambique for a period of eleven years (2000-2010). Explanatory variable included in the model includes health work force density, maternal and child health nurse density, higher population by health facility and public financing per head. The study employed binomial mixed model. Result shows that under-five mortality have significant negative relationship with all the explanatory variables. The weakness of the study is that it did not consider socio-economic factors in determining child mortality and it did not specify the type of diseases mostly responsible for under-five mortality. in a related study, Anja (2015) studied health insurance and child mortality in rural Burkina Faso from 2000-2010. Using Cox regression, he estimated under-five mortality rates with the following explanatory variables; socio-economic status, father’s education distance to the health facility, year of birth and insurance status of the mother at the time of birth. Finding from the study revealed that under-five mortality is negatively related to all the explanatory variables. Therefore, health insurance is significantly related to under-five mortality in rural Burkina Faso. 
In a study conducted by Riayati and Junaid (2016) between 1984-2009, examined public health expenditure, governance and health outcome in Malaysia. The study employed autoregressive distributed lag (ARDL) cointergration to test for the relationship between under-five mortality and infant mortality and public health expenditure, income level, corruption and government stability. The results based on the bounds testing procedure shows that a stable long run relationship exist between health outcome and there determinants namely, income level, public health expenditure, corruption and government stability. The result also shows that public health expenditure and corruption affect long and short run health outcomes in Malaysia. This study includes variables not fond in previous studies for example corruption and stability of government. These variables are very relevant in explaining child mortality especially in developing country where corruption and political instabilities are still major issues.
In conclusion, in all the literature reviewed, majority employed logistic regression in estimation except for Riatu and Junaid (2016) who employed ARDL. However, finding from the studies reviewed revealed that father and mother education, income, access to health care facility and quality of governance are very important variable in determining under-five mortality. However, most studies except for Riati and Junaid omitted government expenditure in explaining under-five mortality especially in developing countries were majority are living below poverty line.Secondly, all work reviewed ignored two important variable in determining child mortality which female labor force participation and household’s health behavior especially in this part of the world were culture and religion influence most of our action

METHODOLOGY
The study adopt modify VAR to examine determinants of under-five malaria mortality in Nigeria. The model assumed that the under-five malaria mortality may not only be influenced by insufficient funding from the government but as result of some factors which need to be identified hence, the need to identify those factors with a view to addressing them through appropriate policy. The econometrics model capturing this objective was adopted from the works of Imam and Koch (2004) on Determinants of Infant, Child and Maternal Mortality in Sub-Saharan Africa.


Where i represents the optimal lag which will be determined based on the information criterion (AIC, SIC, HIC). From the unit root test, the maximum order of differencing is denoted by dmax which is constant with the order of intergration of the series. Hence, the modified VAR in the spirit of Toda and Yamamoto (TY) is determine by i+dmax =g.

 Therefore from equation 3.6 the modified VAR model is given as, Where g≥ i
U5M is under-five malaria mortality, rgdpc is income, hivaids is HIV/AIDS,  malnutrn is malnutrition, immrt is immunization rate proxy for household’s behavior, fpmedu is female education at primary level proxy for female literacy and phyden is physician density.
Hence, modified VAR technique of estimation is adopted for this model because of stationarity of the sries at different levels.
To understand the factors responsible for under-five mortality in Nigeria we estimated data on under-five mortality and variables assumed to be responsible for under-five mortality in Nigeria. The variables (under-five mortality, female labour force participation, female literacy, income, household’s behavior, malnutrition, physician density and HIV/AIDS) were stationary at different levels (table 4.2). hence, we used modified VAR, in the spirit of Toda and Yamamoto (1995) and Bello and Sanusi (2018). The VAR lag order selection criterion was also employed in selecting maximum lag order (see appendix 5). 
4.3.1 Modified VAR Model Results
Modified VAR model was employed investigate the determinants of under-five mortality in Nigeria. Other results ancillary to the VAR estimation (impulse response function, variance decomposition and granger walds causality test) is presented and discuss below.










Figure 4.1 Impulse Response Function results



Interpretation and discussion of the Impulse Response Function Results
From figure 4.1 it is observed that female labour force participation affects under-five malaria mortality negatively. This result suggests that when women are employed under-five malaria mortality decreases. In other words, as more women are gainfully employed they become empowered and able to provide better medical care for their sick children which inturn reduce the number of children dying from severe malaria attack. The result is in line with our priori expectation of negative relationship between employment and reduction in under-five malaria mortality. The results also concurred with findings of Imam and Koch (2004) that identified positive impact of female employment on under-five mortality. Female literacy produced positive shock to under-five malaria mortality. This implies that under-five malaria mortlity increases as female literacy increase. The result did not conform to our a priori expectation of negative relationship between female literacy and under-five malaria mortality. Income affects under-five malaria mortality positively though very weak. The result is in line with the apriori expectation. This implies that as income increases under-five malaria mortality decreases. Because income enable individual to be more efficient in preventing malaria through purchase of insecticides, drugs and get treatment on time without allowing it to become complicated. This seriously reduces under-five malaria mortality. The finding is in consistent with findings of Riatu and Junaid (2016) who established negative relationship between income and under-five mortlity.
The response of income to shocks in female literacy is positive and strong. The shocks which began from the first year did not die out at all. This means that increase in female letracy rate will increase there chances of employment which leads to increase in their income level. The response of household’s behavior to shocks from female literacy is negative and strong. This means that as more women are educated the more they enlightened on advantages of immunizations and drug administration. Female literacy rate also produce strong negative shocks to malnutrition which last throughout. This infers that female literacy will reduce malnutrition. 
Income produces a strong negative shock to malnutrition which increases throughout without dying out. This implies as people income increases more will be spent on diet food and consumption of food that have nutritive value. Household’s behavior transmit a strong negative shocks to HIV/AIDS which continues without dying out. This implies that if household’s are well mobilized and informed about HIV/aids there will be positive bahavioural change in their sex life which will reduce the infection. 












Table 4.2: Variance Decomposition of Determinants of Under-five Malaria Mortality  







 The variance decomposition in table 4.3 shows ten years chosen for the forecast policy on determinants of under-five mortality in Nigeria. In the first year 100% of forecast error variance in under-five malaria mortality is explained by the variable itself. Meaning that other variables in the model do not have any influence on under-five mortality in the first year. However, as we move in to the future the forecast error variance dwindles to 81% in the 10th year..
The variable female labor force participation influences under-five malaria mortality at an average of 8% in the both periods (short and long run). This implies that increase in female labour force participation decreases under-five malaria mortality in the both periods (short and long run). The forecast error variance of female literacy is also weak at 2.2% in the long run. This infer that increase in female literacy does not affect reduction in under-five malaria mortality significantly. Income, malnutrition and HIV/AIDS do not have significantly influence in reduction of under-five mortality both in the short and long run. 
Household’s behavior and physician density influences the under-five malaria mortality by 3% in the 10th year respectively. This explains that increase in positive household’s behaviours will diminish under-five malria mortality and like wise increase in number of physician will reduce the rate of under-five malaria mortality in both the short and long run respectively.
Under-five malaria mortality has a strong influence on female labour force participation. The variance forecast error is 98% from the first year to the tenth year. This implies that increase in under-five malaria mortality will reduce the participation of women in labour force because of the time they require to take care of their child. However, decrease in under-five malaria mortality will mean more time for the women to participate in labor.
Female literacy influences malnutrition with 17% forecast error variance in the 4th year. It began to dwindle after the 6th year signifying that female literacy in the long run has less influence on malnutrition. The results shows that increase in female literacy will reduce malnutrition because of the knowledge of balance diet acquired through literacy. Income has influence on malnutrition with about 10% forecast error variance in the 8th year. This infers that increase in income will reduce hunger and improve the consumption of richer food which could lead to decrease in malnutrition. HIV/AIDS does not have influence on malnutrition. Household’s behavior has 8% forecast error variance on malnutrition and dwindles as we move in to the future. This signifies that household’s behavior towards consumption of balace diet food will reduce malnutrition. Malnutrition is strong influencer of itself in the first three years with an average of 69% forecast error variance, but it declines after the 4th year which continues till the 10th year. Physician density has a strong influence on malnutrition in the long run with 56% forecast error variance. This means that with more number of physician people have access to physicians and health information on combination of balance diet food which can result in reduction of malnutrition.
CONCLUSION AND RECOMMENDATION
Based on the result the study concludes that the high rate of under-five malaria mortality rate in Nigeria is attributed to low income and poverty level of majority of households. Secondly, illiteracy especially on the part of majority of women also contributed to under-five malaria mortality. Other factors include low physician density or high doctor-patient ratio, lack of female labour force participation contribute immensely to high rate of under-five mortality. The study therefore recommends more employment opportunity for women, awareness campaign, enrolment of girl child in school and training of more medical personal as a way of reducing under-five malaria mortality in Nigeria. 
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 Variance Decomposition of LU5M:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.000810  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

 2  0.001094  99.44989  0.277530  0.091757  0.009945  0.119636  0.017667  0.020117  0.013456

 3  0.001139  95.21248  3.412248  0.480628  0.077028  0.354074  0.224028  0.125222  0.114290

 4  0.001532  91.68689  6.426688  0.533284  0.109362  0.269492  0.462062  0.237481  0.274739

 5  0.001682  88.20688  8.868673  0.567746  0.133801  0.247353  0.804699  0.480849  0.689994

 6  0.001803  86.72784  8.904221  0.593074  0.140181  0.279813  1.166401  0.786000  1.402475

 7  0.002192  88.63927  6.321044  0.633336  0.118256  0.388810  1.291586  0.807279  1.800418

 8  0.002294  85.74256  6.493016  1.235154  0.157836  0.719659  2.020678  0.964868  2.666235

 9  0.002500  82.30785  7.546761  1.963731  0.198410  0.889753  2.806836  0.989396  3.297259

 10  0.002845  81.03276  8.164380  2.206162  0.195109  0.804834  3.145588  0.914515  3.536655

 Variance Decomposition of LFEMALELFP:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.109476  98.55890  1.441101  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000

 2  0.147047  98.17511  1.677838  0.083660  0.004801  0.053144  0.004885  0.000120  0.000446

 3  0.150827  97.83747  1.596139  0.370919  0.027624  0.113317  0.050249  0.000668  0.003611

 4  0.202742  98.16740  1.369091  0.309292  0.025071  0.062884  0.061153  0.000390  0.004722

 5  0.220078  98.16584  1.395809  0.262526  0.021297  0.092898  0.053616  0.003433  0.004583

 6  0.231599  98.15454  1.354234  0.277136  0.027231  0.107899  0.063865  0.010862  0.004230

 7  0.280188  98.25032  1.375823  0.198656  0.022872  0.077015  0.061967  0.010426  0.002921

 8  0.287101  98.17033  1.421294  0.204479  0.021935  0.107952  0.059920  0.009931  0.004159

 9  0.310024  98.21764  1.361937  0.218680  0.022719  0.101468  0.057890  0.009559  0.010107

 10  0.354649  98.27285  1.383257  0.169678  0.018047  0.086619  0.047902  0.007440  0.014202

 Variance Decomposition of LFPMEDU:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.001671  0.113415  3.145317  96.74127  0.000000  0.000000  0.000000  0.000000  0.000000

 2  0.003033  0.237483  2.261453  96.22740  0.002180  0.000122  0.000537  1.235235  0.035592

 3  0.004204  0.659887  1.561533  94.22553  0.020665  0.001033  0.001436  3.478503  0.051413

 4  0.005156  1.199519  1.107282  91.70609  0.132179  0.003664  0.001781  5.815036  0.034453

 5  0.005886  1.388884  0.853096  89.43126  0.317791  0.005133  0.001630  7.856234  0.145978

 6  0.006422  1.243295  0.718022  87.31005  0.491373  0.004605  0.014323  9.552263  0.666064

 7  0.006820  1.103562  0.645172  84.77817  0.580840  0.004781  0.079456  10.93814  1.869880

 8  0.007133  1.009487  0.611734  81.56715  0.579562  0.008761  0.254354  12.05398  3.914963

 9  0.007408  0.974640  0.610504  77.60439  0.538366  0.016335  0.576640  12.89806  6.781065

 10  0.007679  0.996044  0.627034  73.05704  0.522620  0.025242  1.028818  13.46097  10.28223
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 Variance Decomposition of LGDPC:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.009518  0.001543  7.649747  8.082523  84.26619  0.000000  0.000000  0.000000  0.000000

 2  0.015664  0.015567  8.566420  9.911203  80.97727  0.274218  0.015621  0.210248  0.029453

 3  0.019413  0.382887  9.376019  13.08536  76.01786  0.620326  0.010172  0.485720  0.021659

 4  0.021553  1.409921  9.634692  17.44557  69.54785  0.864072  0.038562  0.770824  0.288512

 5  0.022955  2.096995  9.268267  22.31851  62.75630  0.956937  0.105370  1.151667  1.345951

 6  0.024159  1.955794  8.525258  26.62141  56.67778  0.929384  0.148882  1.786865  3.354626

 7  0.025423  1.889972  7.698555  29.33324  51.30517  0.846762  0.141572  2.821081  5.963640

 8  0.026690  1.820592  7.087138  30.38435  46.74051  0.769556  0.143751  4.272651  8.781452

 9  0.027911  1.703416  6.786291  30.13539  42.81338  0.713215  0.245074  5.949747  11.65349

 10  0.029134  1.861752  6.652852  28.94460  39.29169  0.667685  0.489294  7.520837  14.57129

 Variance Decomposition of LHIVAIDS:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  7.19E-05  2.226911  0.000608  29.30222  7.500157  60.97011  0.000000  0.000000  0.000000

 2  0.000125  1.010692  0.003554  29.54765  8.181642  59.89054  1.285557  0.014250  0.066108

 3  0.000171  1.049378  0.016678  27.80734  8.148093  59.18894  3.707473  0.009003  0.073099

 4  0.000213  2.180924  0.100763  25.05533  7.736446  58.56740  6.296476  0.015392  0.047274

 5  0.000249  2.117657  0.214040  22.44453  7.398386  59.06539  8.630311  0.056689  0.072994

 6  0.000281  1.710267  0.310289  19.97153  7.232464  59.98141  10.46961  0.125719  0.198706

 7  0.000309  1.797734  0.414605  17.57031  7.253265  60.65665  11.67006  0.202997  0.434393

 8  0.000334  1.588769  0.595867  15.46304  7.517955  61.42832  12.34948  0.277308  0.779258

 9  0.000358  1.592339  0.883722  13.60393  7.932493  61.85818  12.55364  0.344760  1.230934

 10  0.000381  1.774852  1.197544  12.02233  8.429094  61.92888  12.44272  0.407143  1.797435

 Variance Decomposition of LIMMRATE:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.038443  0.400558  4.097440  6.689455  3.747636  5.670095  79.39482  0.000000  0.000000

 2  0.062973  0.258857  7.024697  8.709314  3.034672  2.983490  76.64593  0.180032  1.163002

 3  0.080992  0.169338  8.885050  9.842992  2.184634  1.805289  71.50409  0.526161  5.082442

 4  0.094525  0.255741  9.191396  10.09567  1.606199  1.517215  65.45448  0.680149  11.19914

 5  0.104611  0.286331  8.436822  9.809112  1.391252  1.655531  60.02215  0.590260  17.80854

 6  0.112002  0.250729  7.461328  9.298918  1.372314  1.912489  55.65415  0.585356  23.46472

 7  0.117465  0.233556  6.815448  8.754354  1.360012  2.133530  52.19100  0.978856  27.53324

 8  0.121586  0.226190  6.581076  8.279067  1.292112  2.276021  49.45136  1.778383  30.11579

 9  0.124827  0.328911  6.577450  7.898509  1.234189  2.348638  47.25387  2.735316  31.62311

 10  0.127420  0.450193  6.648978  7.611601  1.293487  2.374083  45.51951  3.576359  32.52579

 Variance Decomposition of LMALNTRN:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.004723  1.858506  3.098173  7.918896  0.718019  8.806967  8.070754  69.52868  0.000000

 2  0.007947  1.385781  1.952226  12.51969  0.860413  6.761926  5.252191  69.34468  1.923095

 3  0.010738  0.775419  1.161987  16.19451  1.331892  5.051172  3.546328  63.14338  8.795315

 4  0.013579  0.532475  0.726560  17.45251  2.053851  3.641226  2.557243  53.67964  19.35649

 5  0.016617  0.357256  0.486403  16.64142  2.823102  2.620734  2.086422  44.85416  30.13050

 6  0.019811  0.337822  0.344717  14.82570  3.461634  1.932480  1.984982  38.14413  38.96854

 7  0.023065  0.384400  0.272709  12.80346  3.919265  1.474953  2.098960  33.47650  45.56975

 8  0.026276  0.308371  0.240114  10.94066  4.242446  1.164395  2.298885  30.33045  50.47468

 9  0.029416  0.286286  0.224112  9.310357  4.491917  0.943208  2.504773  28.11678  54.12257

 10  0.032459  0.304900  0.221480  7.926040  4.723334  0.780969  2.688016  26.47350  56.88176



image6.emf
 Variance Decomposition of LPHYDEN:

 Perio... S.E. LU5M LFEMALELF... LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN

 1  0.037410  0.029621  0.017555  18.14014  3.261710  5.804524  4.253335  28.67001  39.82311

 2  0.061854  0.123601  0.657614  23.76592  2.714086  4.667601  1.796991  25.20368  41.07050

 3  0.078599  0.593081  1.735484  30.16769  2.197865  4.054831  1.334465  21.28108  38.63551

 4  0.090199  1.420672  2.790892  36.34375  1.754782  3.687853  1.795921  17.97686  34.22927

 5  0.098521  1.897788  3.544717  41.68454  1.472474  3.462531  2.352217  15.71254  29.87320

 6  0.104610  1.817176  3.956132  45.93137  1.380017  3.317700  2.654140  14.35724  26.58623

 7  0.109280  1.665908  4.070846  48.85637  1.418759  3.203263  2.695093  13.68138  24.40838

 8  0.112964  1.559012  3.984093  50.54315  1.491413  3.103757  2.597285  13.58214  23.13915

 9  0.116049  1.583953  3.811084  51.15485  1.520586  3.013397  2.466666  13.91614  22.53332

 10  0.118837  1.774825  3.635897  50.90123  1.487477  2.927946  2.357382  14.48114  22.43410

 Cholesky Ordering: LU5M LFEMALELFP LFPMEDU LGDPC LHIVAIDS LIMMRATE LMALNTRN LPHYDEN
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Abstract


 


Nigeria is still one of the 


countries


 


in 


sub


-


Saharan 


Africa 


with 


the highest


 


cases


 


of 


child mortality 


and still far from the recommended 25 per 100 live 


births


 


by the Sustainable Development Goals 


(SDG)


. The study therefore


 


set out to investigate


 


the factors responsible for the causes of this


 


high


 


mortality


 


rate, especi


ally among children under


 


five years of age.


 


The study employed a modified 


VAR and Error correction model to determine the causes of child mortality in Nigeria using 


secondary data


.


 


The results from the study revealed 


that factors such as income, household


 


behavior


, female illiteracy and low physician density were statistically significant in determining 


child mortality in Nigeria


. The study concludes that apart from


 


low


 


government spending


 


on 


healthcare services


 


there are other


 


factors that influence 


under


-


five malaria mortality


 


rate


. The 


study


,


 


therefore, recommends that


 


the 


government should 


roll


 


out programs to increase 


citizen's


 


income, increase girl child education participation,


 


female labor force participation,


 


increase 


awareness 


of


 


immunization


,


 


and increase 


the 


supply of physicians to reduce 


the 


high doctor


-


patient ratio.
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