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1. Introduction 

 In most health researches involving risk factors, there is a challenge of estimating the contribution of each risk 

factor of outcome variable of interest. In response to this challenge, Oaxaca-Blinder decomposition was developed [1]. The 

Oaxaca-Blinder (B-D) is a multivariable statistical method widely used to identify and quantify the separate contributions 

of group differences in measurable or observable characteristics, such as education, marital status, geographical 

differences, racial and gender gaps in outcomes [2]. In other words, it is a generalized linear decomposition technique that 

partitions differences in mean outcomes across two groups into a part that is due to group differences in the levels of 

independent variables, and a part that is due to differential magnitudes of regression coefficients [3]. Besides, it could be 

used to decompose the difference in a distributional statistic between two groups, or its change over time into various 

explanatory factors (explained and unexplained parts). The explained part is the part that is explained by the group 
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Abstract:  

Malaria infection is a major public health problem in Nigeria, more especially among pregnant women and children. 

Despite the assertion that mother’s education is likely to influence her health care seeking behaviour and that of her 

child. The relationship between maternal education and malaria, a leading cause of child mortality, has not garnered 

adequate research in Nigeria. Therefore, this study used the Blinder-Oaxaca decomposition to explain the gap between 

maternal education and childhood malaria infection. The outcome variable was children ever had fever which was 

used as a proxy for occurrence of malaria, while our main explanatory variable was maternal education. The 

statistical methods employed were chi-square, multilevel logistic model and Blinder–Oaxaca decomposition technique. 

A total sample of 28,634 children aged 0-59 months wereanalysed. The overall prevalence of malaria was found to be 

12.7%. The results for multilevel logistic regression revealed that there was a statistically significant association 

between childhood malaria infection (CMI) and maternal education. Under-five children whose mothers had higher 

education (OR=0.26, 95% CI: 0.05-0.48) and those in the richest wealth quintiles (OR= 0.68,95% CI: 0.51-0.85) had a 

lower odds of reporting CMI compared to those with no education and in the poorest quintile respectively. Also, there 

exist regional differential in CMI; women in the North East (OR=3.39, 95% CI: 3.25-3.52), North West (OR=1.37, 95% 

CI: 1.23-1.52), South East (OR=3.17, 95% CI: 3.02-3.33) and South South (OR=2.07, 95% CI: 1.92-2.23) had 3.39,1.37, 

3.17and 2.07 higher odds of reporting CMI respectively. The Blinder-Oaxaca decomposition analysis revealed 0.34% 

gap between CMI for educated and non-educated mothers, while other differences explained by household wealth, 

region and age of the child were 68%, 0.06% and 1.03% respectively. Malaria infection is still highly prevalent in 

Nigeria. The higher prevalence of malaria among under-five children could be explained by several factors as 

observed in this study. Household wealth is the most contributing factor to the observed difference between maternal 

education and childhood malaria infection. Effort should be made in the area of women empowerment so as to 

broader enhance their socioeconomic status in Nigeria. 

 

Keywords: Malaria, childhood, maternal education, logistic regression, blinder-oaxaca decomposition 
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differences while the unexplained part is often used as a measure for discrimination, but it also subsumes the effects of 

group differences in unobserved predictors [4]. The B-D method is gaining popularity in health services research because 

of its ability to explain disparity issues [8]. This approach has been, and will continue to be widely used in examining 

differences and changes in various socio-economic variables as a result of its simplicity and flexibility in the application 

and the insights it offers [5]. However, the initial B-D is inappropriate when the outcome variable is binary or 

dichotomized; it does allow us to decompose inequalities in health data when the assumptions for the classical regression 

are not satisfied. Initially, the B-D decomposition technique was developed to decompose differentials or changes of any 

continuous variable. As a result, the technique cannot be used directly if the outcome is binary and the coefficients are 

from a logit or probit model [2]. The original method proposed by Oaxaca and Blinder for decomposing changes in the 

mean of quantitative outcome variable has been considerably improved and expanded upon over the years. Arguably, the 

most important development has been to extend decomposition methods to distributional parameters other than the 

mean [4]. The flexibility of this technique can further be demonstrated by extending it to decomposing differences or 

changes in outcome variables that are dichotomous in nature [6]. This method would particularly be useful in biomedical 

science as several measure of health outcomes is either categorical or count variable.  

 Malaria is a major public health concern in Nigeria, more especially among pregnant women and children because 

of their vulnerability. It is a major public health problem in Sub Saharan Africa, most particularly in Nigeria where 

widespread poverty also contributes to the burden of the disease [7,8,9,10,11]. Every single day, Nigeria loses about 2,300 

under-five year old and 145 women of childbearing age, which makes the country the second largest contributor to the 

under–five and maternal mortality rate in the world [12,13]. With so many gains in prevention and efforts on malaria 

infection control, malaria remains a leading cause of morbidity and mortality worldwide. Most of these deaths also occur 

in children in high-transmission areas, and it accounts for approximately one in five of all childhood deaths in Africa. It is a 

globally accepted fact that malaria is a disease of public health importance.  According to the World Malaria Report 2015, 

there were214 million cases of malaria globally in 2015 and 438 000 malaria deaths, representing a decrease in malaria 

cases and deaths of 37% and 60% since 2000, respectively [14]. Children under five are particularly susceptible to malaria 

illness. In 2010, it was estimated that over 500 million school-age children were at risk of malaria infection with about200 

million cases in the sub-Saharan Africa [15]. In 2015, an estimated 306 000 under-fives deaths were attributed to malaria 

globally, with 292 000 children in the African regions alone. Between 2000 and 2015, the mortality rate among children 

under five fell by 65% worldwide and by 71% in Africa [16]. Children less than five years of age living in sub-Saharan 

Africa are mainly affected by the malaria parasite. The epidemic disease posts a significant health and economic burden in 

Nigeria [1].  Studies have shown that maternal education is one of the major forces that improve child health [17]. Recent 

decline in child mortality in the last 3rd of a century have been the result not only limited to technological and economic 

change, but also of social status, out of which the most significant component for the survival of the child through the first 

years of life has been parental education. The literacy that women have, has been shown to enhance their ability do 

appropriate medical treatment for their children [18,19].  This study therefore was conducted to determine the prevalence 

of CHI, investigate the correlates of CHI and to estimate the contribution of the significant factors associated with CHI in 

Nigeria.  

 

2. Methodology 

 

2.1. Data Source 

This study is an analysis of data from the 2013 Nigeria Demographic and Health Survey (NDHS), the study design 

used for the investigation was a cross sectional study. The NDHS used a stratified multi-stage sampling technique to collect 

information on several health indicators. The study population included all women of reproductive age 15-49 years with a 

child who is under-five and responded to the question on child malaria infection. 

 

2.2. Instruments 

The DHS used a structured and pretested questionnaire to collect information from the respondents on different 

issues which include child mortality, children’s nutritional status, maternal and child health services, the instrument used 

comprises of several categories, namely: Household (HH) questionnaire, Women’s questionnaire and the Man’s 

questionnaire. For the purpose of this study, the birth recode dataset was used. 

 

2.3. Study Variables 

Our primary outcome variable was the occurrence of fever as a condition for malaria infection among the under-

five children; this was based on the occurrence of fever in the last two weeks as at the time of data collection. According to 

the records on the 2013 NDHS data, the variable was coded as Yes (1) and No (0). The main explanatory variables include; 

maternal education, family formation pattern, child health knowledge, social networking and economic empowerment, 

while controlling for other background characteristics that included; insecticide treated net (ITN) ownership and 

utilization, sex of the child, age of child, mother’s age, place of residence, age at first birth, head of household (HHH) 

education and region as shown in table 1.  
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Independent Variables 

•         Maternal education level

•         Child health knowledge 

•         Household wealth 

•         Family formation pattern

•         Social networking 

Place of residence: Rural and urban areas

Sex of the child, age of child, mother’s age at first birth, education status of the head of household 

 

2.4. Conceptual Framework 

The Conceptual Framework developed around the B

under-five children with their respective status of malaria infection, and they were then divided into two mutually 

exclusive groups, one with fever and the other without fever (used as a proxy for CHI). We then defined the condi

maternal educational gap between educated and non

variable model, the result was further modeled by partitioning the outcome variable over all the independent variables as 

shown in figure1.  

 

2.5. Method 

Summary statistics (frequencies and proportions) were reported for the prevalence of malaria among the under

five children. A bivariate analysis was carried out to investigate the association between proportion of the under

children with malaria and maternal education (using SPSS version 25.0). A p

statistically significant. A two-level multilevel logistic regression model was fitted to investigate the correlates of CHI. Only 

significant factors from the 2-level multilevel model were used in the Oaxaca Blinder decomposition to investigate the 

contribution of each associated factor of CHI (using R language, 

were individual characteristics while the level 2 was enumeration areas (communities). The results of the fixed part of the 

multilevel model were expressed as odds ratios (OR) with the corresponding 95% confidence intervals, while intra

correlation coefficient (ICC) was reported 

���  =������ + �	���
 � �
����+������ �
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Variable Description 

Maternal education level Indication of the highest level of education attained by a mother 

of a child within the survey period. Education level is coded into 

four categories: (1) no formal education, (2) primary education 

only, (3) secondary and (4) higher education.

 Two indicators were used to capture maternal knowledge o

their children’s health: (1) reported use of intermittent 

treatments nets during pregnancy by mothers (2) reported 

ownership of any mosquito net within the household [11].

Women’s economic empowerment was measured by the 

household wealth quintiles coded in ascending order from one to 

five (poorest to richest). 

Family formation pattern (1) Total children ever born was used

Ownership of mobile phones by mothers was used as a proxy for 

enhanced social networking 

Other Control Variables 

Place of residence: Rural and urban areas 

Sex of the child, age of child, mother’s age at first birth, education status of the head of household 

(HHH) and region 

Table 1: Explanatory Variables 

Figure 1: Conceptual Frame of CMI 

 

The Conceptual Framework developed around the B-D model is shown in figure 1. We 

five children with their respective status of malaria infection, and they were then divided into two mutually 

exclusive groups, one with fever and the other without fever (used as a proxy for CHI). We then defined the condi

maternal educational gap between educated and non-educated mothers and was made to be dependent on the outcome 

variable model, the result was further modeled by partitioning the outcome variable over all the independent variables as 

Summary statistics (frequencies and proportions) were reported for the prevalence of malaria among the under

five children. A bivariate analysis was carried out to investigate the association between proportion of the under

th malaria and maternal education (using SPSS version 25.0). A p-value of less than 0.05 was considered to be 

level multilevel logistic regression model was fitted to investigate the correlates of CHI. Only 

level multilevel model were used in the Oaxaca Blinder decomposition to investigate the 

contribution of each associated factor of CHI (using R language, Version 3.4.3). In the multilevel model, Level 1 variables 

cs while the level 2 was enumeration areas (communities). The results of the fixed part of the 

multilevel model were expressed as odds ratios (OR) with the corresponding 95% confidence intervals, while intra

 for the random effect given as  
��

�
  (� � 	 ������	�	���). The model is represented as;

������ � ����
, …,� �  �    �  !� …   (2) 
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Indication of the highest level of education attained by a mother 

within the survey period. Education level is coded into 

four categories: (1) no formal education, (2) primary education 

only, (3) secondary and (4) higher education. 

Two indicators were used to capture maternal knowledge on 

their children’s health: (1) reported use of intermittent 

treatments nets during pregnancy by mothers (2) reported 

ownership of any mosquito net within the household [11]. 

Women’s economic empowerment was measured by the 

hold wealth quintiles coded in ascending order from one to 

(1) Total children ever born was used 

Ownership of mobile phones by mothers was used as a proxy for 

 

Sex of the child, age of child, mother’s age at first birth, education status of the head of household 

 

D model is shown in figure 1. We considered a population of 

five children with their respective status of malaria infection, and they were then divided into two mutually 

exclusive groups, one with fever and the other without fever (used as a proxy for CHI). We then defined the conditional 

educated mothers and was made to be dependent on the outcome 

variable model, the result was further modeled by partitioning the outcome variable over all the independent variables as 

Summary statistics (frequencies and proportions) were reported for the prevalence of malaria among the under-

five children. A bivariate analysis was carried out to investigate the association between proportion of the under-five 

value of less than 0.05 was considered to be 

level multilevel logistic regression model was fitted to investigate the correlates of CHI. Only 

level multilevel model were used in the Oaxaca Blinder decomposition to investigate the 

. In the multilevel model, Level 1 variables 

cs while the level 2 was enumeration areas (communities). The results of the fixed part of the 

multilevel model were expressed as odds ratios (OR) with the corresponding 95% confidence intervals, while intra-class 

). The model is represented as; 
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Where: ��� �	Childhood malaria infection rates, ����  = maternal education, �	��  = knowledge about child health, �
�� � 

family formation patterns, ����	= household wealth, ����= social network, ��� � all other controls (such as region and 

individual characteristics),   �  is the random error, !�  is the enumeration areas controlling for fixed effect factors of the 

explainnary variables,  �~ N(0,#$
�) and !�~ N(0,#%

�) are both random intercepts assumed to be independent of each other, 

the subscript ij indicates individual child i in sampling area j.  

The basic setup of the Blinder-Oaxaca decomposition works as follows: Suppose we have a variable	&� , which is 

our outcome variable of interest. We have two groups, which we shall call the educated and the non-educated groups. We 

assume 	&�is explained by a vector of determinants. We also assume that a relationship exists between child i's malaria 

infection (&�), and some determinants of childhood malaria infections ((�  being maternal education).  

Thus, the non-linear extension of B-D can be expressed as; &� � 
((� , �8)   … (3) 

Equation (3) can be further partitioned into  

Y:
;<= − Y:

?@;<= 	= 		 AB FDX:;<=βG;<=HN;<= 	 − 	JKLM
:N


B FDX:?@;<=βG;<=HN?@;<= 	JOPKLM
:N


Q 

	+			A B FDX:?@;<=βG;<=HN?@;<= 	 − 	JOPKLM
:N


B FDX:?@;<=βG?@;<=HN?@;<= 		JOPKLM
:N


Q 

…																																																																																																																																																													(4) 
Where: N is sample size for educated and non-educated mothers, first term in brackets represents the part of the 

malaria infections gap that is caused by differences in maternal education level, whereas the second term in bracket 

represents the part caused by differences in the group processes determining levels of outcome variable &�  for childhood 

malaria infections, the second term also captures the portion of the malaria infections gap that is caused by group 

differences in immeasurable or unobserved endowments. The model simply assumed that the under-five children of 

educated mothers have lesser chance of having malaria parasite compared to the under-five children from non-educated 

mothers. The gap in variable &�  between the educated and non-educated mothers can be thought of as being due to part 

differences in the intercepts (given in the first expression in the first-hand side of the R.H.S of equation 4), and the 

difference in change in the level of the explanatory variables (Xi) and its coefficients.  

Percentage contribute =  
STUVV�S�U�WX	TV	UYSZ	[Y\�Y]^UWTWY^	STUVV�S�U�WX X 100 Uthman, 2009).  

 

3. Results  

 

3.1. Socio-Demographic Characteristics 

 In total, 28,634 under-five old children with complete records who were available for analysis were included in 

the study after weighting. About half (50.1%) were males, with a mean age and standard deviation of 21.0 ± 16.0 (in 

months) respectively. Exactly 12.7% of the children were reported to have fever as at the time of the survey. 

Approximately 64% of children were reported to reside in rural areas. The average age of the mothers was found to be 

29.3 ± 7.1 years, with 19.4 ± 4.3 mean age at first birth. Almost half of the mothers were found not to have formal 

education (48.1%), while only few of them were reported with higher education (6.1%).  About 39.5% was reported for 

HHH with no formal education while only 11.8% was reported for HHH with higher education. About 36.3% and 8.9% of 

the mothers were found from the North West and South East of Nigeria respectively. Higher percentage of the study 

participants were found in the poorest quintile (22.9%), while the least were reported to fall in the richest quintile 

(17.5%). Among the women, only 24.0% of them does not possess a mobile phone, 65.3% of the women reported that they 

had ITN while 34.7% said that children under 5 slept under mosquito bed net night before the survey. Only 36.0% of the 

under-five children analyzed from the data set reside in the urban areas.  

 

3.2. Malaria Prevalence and Associated Factors among Under-Five Children 

The overall malaria prevalence among the under-five was reported to be 12.7% of the under-five children as 

shown in figure 2. From table 3, childhood malaria infection was most prevalent among women who had only primary 

education (13.0%). The prevalence of malaria among under-five children whose mothers’ falls between the ages of 30-34 

was 13.4% while the lowest prevalence (11.8%) was reported among mothers between the ages of 20 to24.  

Children within 48-59 months old (10.5%) and 24-35 months old (17.6%) were reported with lowest and highest 

prevalence of malaria infection respectively, while only 9.4% prevalence was observed among the males, 13.0% 

prevalence occurred among the under-five females. Among the six geo-political zones, South West had the least childhood 

malaria prevalence (7.3%) while North East had the highest (21.1%). Under-five children in the richer quintile had 8.1% 

malaria prevalence while those within middle quintile had 13.8% malaria prevalence. The proportion of under-five 

children with malaria infection was the same for women with and without mobile phone (12.7%). Women who got 

married early had the highest malaria prevalence (< 15 years; 13.5%) compared to women in other age groups. Prevalence 

of malaria was approximately the same among women with 1-2 and 3-4 children (12.6% and 12.7% respectively), only 

9.3% malaria prevalence was found among those whose HHH had no formal education while 14.9% was estimated among 

the HHH with higher education. In the urban areas, the prevalence of CMI was 12.2%, while 12.9 was reported in the rural 

areas as shown in table 2 and 3.  
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Figure 2: Proportion of Under

  

Variable  

Maternal Age group  

15-19 

 20-24 

 25-29 

 30-34 

 35-39 

 40-44 

 44-49 

Age of Child 0-11 

 12-23 

 24-35 

 36-47 

 48-59 

Sex of Child Male 

 Female 

Region North 

Central 

 North East

 North 

West 

 South East

 South 

South 

 South 

West 

Table 2:  Prevalence of Malaria Infections by Selected Factors among 

 

Variable  

Wealth Poorest 

 Poorer 

 Middle 

 Richer 

 Richest 

Own a mobile 

phone 

No 

 Yes 

ITN ownership No 

 Yes 

ITN utilization by 

HH 

 

No 

 Yes 
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of Under-Five Children with Malaria Infection by Maternal Education

 

Childhood Malaria Infection 

No 

n (%) 

Yes 

n (%) 

 

1517(87.4) 

 

219(12.6) 

1281(88.2) 171(11.8) 

5084(87.1) 752(12.9) 

6907(86.6) 1067(13.4) 

5298(87.8) 734(12.2) 

3802(87.4) 546(12.6) 

1870(87.6) 264(12.4) 

760(88.6) 98(11.4) 

5467(87.8) 759(12.2) 

4839(82.4) 1034(17.6) 

4690(86.4) 736(13.6) 

5056(89.5) 591(10.5) 

4950(90.6) 512(9.4) 

 12478(87.0) 1867(13.0) 

 

3658(92.5) 297(7.5) 

North East 3912(78.9) 1045(21.1) 

9357(90.0) 1034(10.0) 

South East 2065(80.6) 498(19.4) 

2251(83.0) 460(17.0) 

3760(92.7) 297(7.3) 

Table 2:  Prevalence of Malaria Infections by Selected Factors among Under-Five Children in Nigeria

*P<0.05 

Childhood Malaria Infection 

No 

n (%) 

Yes 

n (%) 

5668(86.3) 899(13.7) 

5566(86.9) 837(13.1) 

4708(86.9) 756(13.8) 

4566(8.1) 614(11.9) 

4493(89.5) 526(10.5) 

6178(87.3) 899(12.7) 

18823(87.3) 2733(12.7) 

8814(88.7) 1125(11.3) 

16817(86.6) 2507(13.4) 

 

10817(86.5) 

 

1686(13.5) 

3810(86.5) 593(13.5) 
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Five Children with Malaria Infection by Maternal Education 

 

P-value 

 

 

0.259 

 

 

 

 

 

 

< 0.001* 

 

 

 

0.099 

 

 

< 0.001* 

 

 

 

Five Children in Nigeria 

 

P-value 

 

 

< 0.001* 

 

 

 

0.057 

 

< 0.001* 

 

< 0.001* 
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Table 3: Prevalence of Malaria Infections by Selected Factors among Under-Five Children in Nigeria 

 

3.2. MultilevelLogistic Model for Childhood Malaria Infection 

The results for multivariate analyses revealed there was a statistically significant association between CMI and 

predictors such as: maternal education, wealth index (household wealth), ITN ownership (knowledge on child health) and 

other variables such as region and age of the child. However, no statistically significant association was found between CHI 

and ITN utilization (knowledge on child health), total children ever born (family formation pattern), ownership of mobile 

phone (social networking) and other variables such as maternal age, age at first birth, HHH education and sex of child.  

 The baseline model (model 1) explores the relationship between CMI and maternal education, the results 

indicated that maternal education does not independently contribute to CMI (p>0.05 for all level of education), after 

adjusting for wealth index in model 2, maternal education was found to be associated with CMI, children belonging to 

women with higher education had 0.39 lower odds (95% CI: 0.21-0.58) of reporting CMI compared to those with no 

education. Meanwhile, children in the middle wealth quintile had14% lower risk of having malaria infection compared to 

those in poorest wealth quintile (OR=0.86, 95% CI: 0.74-0.97). Model 3 indicated that children belonging to women 

without ITN had 19% chance of having CMI compared to those with ITN (OR=1.19, 95% CI: 1.11-1.27). Furthermore, the 

final model (model 6 comprising of all relevant variables considered, as presented in table 3 showed that maternal 

education maintained a significant relationship with childhood malaria infection. Children under-5 in the North Eastern 

region had 3.39 higher odds (95% CI: 3,25-3.53) of reporting CMI compared to those in the North Central while those in 

the South West (OR=1.09, 95% CI: 0.91-1.26) had 9% chance of reporting malaria infection among children compared to 

those in the North Central. Children aged 12-23 months old were about 2 times more likely to have CMI compared to those 

between the ages of 0-11 months (OR=1.52, 95% CI: 1.43-1.64), while children aged 48-59 months old (OR=0.87, 95% CI: 

0.75-0.98) have 13% lesser chance of having CMI compared to children within the ages 0-11 months old. The intercepts 

reported in table 4are predicted values of the dependent variable when all the independent variables are kept constant. All 

the intercepts for the models revealed significant value (p<0.05), which suggest that all the levels of the models were 

important in the analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Childhood Malaria Nfection 

Variable  No 

n (%) 

Yes 

n (%) 

 

P-value 

Age of mothers 

at first birth 

< 15 212(86.5) 33(13.5)  

 15-19 12728(87.0) 1905(13.0)  

 20-24 8952(87.6) 1266(12.4) 0.181 

 25-34 3027(88.0) 414(12.0)  

 ≥ 35 2(100) 0(0.0)  

Total children ever 

born 

 

1-2 

 

11994(87.4) 

 

2599(12.6) 

 

 3-4 6513(87.3) 945(12.7) 0.145 

 ≥ 5 491(85.0) 81(15.0)  

Place of residence  

Urban 

 

9041(87.8) 

 

1262(12.2) 

 

 

 Rural 15961(87.1) 2370(12.9) 0.01* 

HHH education No education 10260(90.7) 1055(9.3)  

 Primary 5432(85.2) 946(14.8)  

 Secondary 6434(85.1) 1128(14.9) 0.101 

 Higher 2875(85.1) 504(14.9)  

*p<0.05  
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 Null 

Model 

Model 0 

OR 

(95% CI) 

Basic 

Model 

Model 1 

OR 

(95% CI) 

Economic 

Empowerment 

Model 2 

OR 

(95% CI) 

Knowledge 

on Child 

Health 

Model 3 

OR 

(95% CI) 

Family 

Formation 

Pattern 

Model 4 

OR 

(95% CI) 

Social 

Networking 

Model 5 

OR 

(95% CI) 

Full Model 

Model 6 

OR 

(95% CI) 

Variables        

Maternal 

education 

       

No education  Reference Reference Reference Reference Reference Reference 

Primary  0.04 

(0.95-1.14) 

0.17 

(0.07-0.26)* 

0.17 

(0.07-0.27)* 

0.17 

(0.07-

0.27)* 

0.17 

(0.07-0.27)* 

0.17 

(0.08-0.27)* 

Secondary  0.98 

(0.88-1.07) 

0.29 

(0.18-0.39)* 

0.29 

(0.19-0.40)* 

0.30 

(0.19-

0.41)* 

0.30 

(0.19-0.41)* 

0.16 

(0.03-0.29)* 

Higher  0.87 

(0.71-1.03) 

0.39 

(0.21-0.58)* 

0.40 

(0.21-0.58)* 

0.40 

(0.21-

0.58)* 

0.40 

(0.22-0.59)* 

0.26 

(0.05-0.48)* 

Economic 

empowerment 

       

Poorest   Reference Reference Reference Reference Reference 

Poorer   0.93 

(0.83-1.04) 

0.93 

(0.83-1.04) 

0.94 

(0.84-1.04) 

0.93 

(0.83-1.04) 

1.01 

(0.90- 1.15) 

Middle   0.86 

(0.74-0.97)* 

0.86 

(0.74-0.97)* 

0.84 

(0.75-0.98) 

0.86 

(0.74-0.97)* 

1.02 

(0.90-1.15) 

Richer   0.64 

(0.50-0.78)* 

0.64 

(0.50-0.78)* 

0.64 

(0.50-

0.78)* 

0.64 

(0.49-0.78)* 

0.82 

(0.67-0.96)* 

Richest   0.47 

(0.29-0.64)* 

0.47 

(0.29-0.64)* 

0.47 

(0.30-

0.64)* 

0.46 

(0.28-0.64)* 

0.68 

(0.51-0.85)* 

Child health 

knowledge 

       

ITN ownership        

Yes    Reference Reference Reference Reference 

No    1.19 

(1.11-1.27)* 

1.19 

(1.11-

1.26)* 

1.19 

(1.11-1.27)* 

1.08 

(1.00-1.16)* 

ITN utilization        

Yes     Reference Reference Reference 

No    0.93 

(0.84-1.02) 

0.84 

(0.84-1.02) 

0.93 

(0.84-1.02) 

0.99 

(0.90-1.08) 

Family 

formation 

pattern 

Total child ever 

born 

       

1-2     Reference Reference Reference 

3-4     0.98 

(0.90-1.06) 

0.98 

(0.90-1.06) 

0.97 

(0.86-1.08) 

>5     2.95 

(0.54-5.36) 

2.92 

(0.52-5.31) 

2.64 

(0.14-5.14) 

Social 

Networking 

       

Ownership of 

cell phone 

       

No      Reference Reference 

Yes      1.02 

(0.93-1.11) 

1.02 

(0.93-1.12) 

Other Variables        

Age of mother        

15-19       Reference 

20-24  

 

 

     1.01 

(0.92-1.28) 
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 Null 

model 

Model 0 

OR 

(95% CI) 

Basic 

model 

Model 1 

OR 

(95% CI) 

Economic 

Empowerment 

Model 2 

OR 

(95% CI) 

Knowledge 

on child 

health 

Model 3 

OR 

(95% CI) 

Family 

formation 

Pattern 

Model 4 

OR 

(95% CI) 

Social 

networking 

Model 5 

OR 

(95% CI) 

Full model 

Model 6 

 

OR 

(95% CI) 

25-29       1.15 

(0.96-1.34) 

30-34       1.11 

(0.90-1.32) 

35-39       1.08 

(0.85-1.31) 

40-44       1.19 

(0.93-1.46) 

45-49       1.39 

(1.07-1.72)* 

Age at first birth        

<15       Reference 

15-19       0.95 

(0.82-1.09) 

20-24       0.92 

(0.77-1.08) 

25-29       0.88 

(0.68-1.08) 

30-34       0.82 

(0.50-1.14) 

35-39       0.95 

(0.31-1.59) 

40-44       0.52 

(0.47-0.97) 

45-49       0.89 

(0.24-3.3.28) 

HHH education        

No education       Reference 

Primary       0.98 

(0.87-1.09) 

Secondary       0.91 

(0.80-1.02) 

Higher       0.91 

(0.87-1.17) 

Region        

North Central       Reference 

North East       3.39 

(3.25-3.53)* 

North West       1.37 

(1.23-1.52)* 

South East       3.17 

(3.02-3.33)* 

South South       2.07 

(1.92-2.23)* 

South West       1.09 

(0.91-1.26) 

Child sex        

Male       Reference 

Female       0.97 

(0.90-1.04) 

Child age        

0-11       Reference 

12-23       1.54 

(1.43-1.64)* 

24-35       1.31 

(1.02-1.24)* 

36-47       0.87 

(0.75-0.98)* 

48-59       0.68 

(0.56-0.81)* 

Intercept 0.15 

(0.07-

0.22)* 

0.15 

(0.07-.23)* 

0.17 

(0.06-0.28)* 

0.16 

(0.02-0.29)* 

0.15 

(0.02-0.29)* 

0.15 

(0.01-0.30)* 

0.18 

(0.07-0.33)* 

Table 4:  Mixed Effect Logistic Models of the Factors Associated with Childhood 

 Malaria among Under-Five Children in Nigeria 
* p<0.05 
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3.3. Goodness-of-Fit for Multilevel Logistic Models of the Relative Childhood Malaria Infection 

Table 6 below gives a summary of the robustness of each of the model considered in the random effect models. 

Judging by the smaller value of either the AIC of 20947.1 or BIC of 21293.6, the results showed that model 6 after adjusting 

for other predictors is the best model, and thus fitted the data better than all the other models. Similarly, the small value of 

20863.1 of the deviance (-2LL) showed that the full model best fitted the data compared to all other models.  #_
�represents 

the variance slope between groups, while  #%
� is the variance in intercepts between groups. In model 6 for the ICC, it was 

found that approximately 25% of variation in CMI was found to be due to EA, this gives a fraction of total variability 

explained by EA.  

 
 Null Model 

(Model 0) 

Basic 

Model 

(Model 1) 

Household 

Wealth 

(Model 2) 

Knowledge 

on Child 

Health 

(Model 3) 

Family 

Formation 

Pattern 

(Model 4) 

Social 

Networking 

 

(Model 5) 

Full Model 

 

 

(Model 6) 

AIC 21910.4 21911.60 21816.85 21802.54 21807.36 21809.14 20947.1** 

BIC 21926.9 21952.85 21891.10 21893.29 21931.11 21941.14 21293.6 

LL -10953.2 -10950.80 -10899.43 -10890.27 -10888.68 -10888.57 -10431.5 

Deviance 

(-2LL) 

21906.4 21901.60 21798.85 21780.54 21777.36 21777.14 20863.1 

Random effects       

Individual:#_
� 

(SE) 

0.0023 

(0.04845) 

0.0012 

(0.0352) 

0.0028 

(0.0525) 

0.0038 

(0.0613) 

0.0037 

(0.0608) 

0.0037 

(0.0610) 

0.01 

(0.00) 

EA: 

#%
� (SE) 

0.0077 

(0.00026) 

0.004 

(0.0001) 

0.009 

(0.003) 

0.0013 

(0.0004) 

0.0012 

(0.0004) 

0.001 

(0.0003) 

0.003 

(0.0003) 

�(individual, 

EA) 

0.230 0.231 0.237 0.745 0.780 0.004 0.25 

�(EA) 0.033 0.033 0.034 0.011 0.011 0.001 0.071 

Table 5:  Model Adequacy of the Relative Childhood Malaria Infection in Nigeria 

*LL: Log Likelihood, AIC: Akaike Information Criteria, BIC: Bayesian Information Criteria, **: Best Model with 

Minimum AIC 

 

3.4. Contribution of Each Factor Associated With Malaria Prevalence among Under-Five Children 

The results of the B-D model showed that there was a gap in CMI among educated mothers (mothers with at least 

primary school education) and mothers without education ranging from approximately 0.06% in model 3 to 68% in model 

2. The results of the B-D analysis showed that the contribution to CMI due to lack of maternal education was found to 

0.1324 (p<0.001) and 0.1289 (p<0.001) with a differential of 0.034 (p<0.001), while the gap between educated and non-

educated mothers due to household wealth was 1.5516 (p<0.001), region and age of the child accounted for differences of 

0.6814 (p<0.001) and 0.0230 (p<0.001) respectively.  Overall, using the full adjusted model (model 6), the B-D results 

showed that a gap of approximately 30.0% (region) and 1.0% (age of the child) were explained in CMI due the differentials 

maternal education. Model 3 reports that economic empowerment (as represented by the wealth quintiles) was found to 

be the highest factor that contributed to CMI, explaining about 68% gap. Other factors explaining the gap between CMI and 

maternal education were ITN ownership and region of residence with gaps of 0.06% and 30% respectively, while only 

1.03% gap was reported for the age of the child.   

 
 

 

Variables 

CMI among 

Non-Educated 

Mothers 

CMI among 

Educated 

Mothers 

Educated/ 

Uneducated 

Gap 

Contributions from Maternal 

Education Differences 

(%) 

 

 

P-value 

Contributions from maternal 

education 

differencesexplained 

by:Maternaeducation 

 

 

0.1324 

 

 

0.1289 

 

 

0.0034 

 

 

0.15 

 

 

<0.001* 

Contributions from maternal 

education 

differencesexplained 

by:Wealth Index 

 

 

3.6978 

 

 

2.1462 

 

 

1.5516 

 

 

68.25 

 

 

<0.001* 

Contributions from maternal 

education 

differencesexplained by:ITN 

ownership 

 

 

0.6632 

 

 

0.6771 

 

 

0.0139 

 

 

0.06 

 

 

<0.001* 

Contributions from maternal 

education 

differencesexplained 

by:Region 

 

 

3.5868 

 

 

2.904 

 

 

0.6814 

 

 

7 

 

 

<0.001* 

Contributions from maternal 

education differences 

explained by:Age of the child 

 

 

1.9185 

 

 

1.9415 

 

 

0.0230 

 

 

1.03 

 

 

<0.001* 

*Significant at 5% Level 

Table 6: Contributions to Childhood Malaria Infections in the Oaxaca Decomposition Analysis 
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4. Discussion 

The overall prevalence of malaria infections among under-five children in this study was found to be considerably 

high as compared to previous study conducted [18, 19]. We observed that the prevalence of malaria slightly varied across 

the maternal educational groups, this is consistent with the work of Joseph conducted in Tanzania, Uganda and Angola 

[20].  Our study showed that a rise in the prevalence of CMI could not only be explained by maternal education, but also by 

other associated factors. Unlike the work of kriti et al [21] where maternal education was suggested to be the single most 

important factor explaining differentials in CMI. This study showed that ownership of mobile phones which was used as a 

proxy for enhanced social networking was actually found to be a poor proxy, suggesting that increasing use of mobile 

phones does not directly translate to better child health among mothers of under-five children. Despite the high levels of 

maternal knowledge, malaria is still highly prevalent in Nigeria. Unlike the work of Cary et al. who demonstrated that 

maternal education was strongly associated with childhood malaria prevalence, we found out that maternal education 

with other factors jointly contributed to disparities in malaria prevalence among under-five children.  

Findings from the bivariate analysis showed that the use of ITNs was significantly associated with malaria 

prevalence. This was similarly supported by the work conducted in Nigeria by Salwa et al. and Yusuf et al. Both studies 

showed that childhood mortality due to malaria reduced significantly in areas reported with high percentage of children 

sleeping under bed nets. This is also in line with the study conducted by Siri who noted that sleeping under an ITN was 

associated with reduction in the odds of malaria prevalence 

According to the study findings, wealth index which was used as the proxy for household wealth was found to be 

associated with the prevalence of malaria, this was also being revealed in Siri, et al. and Olasehinde et al findings; it was 

reported in their work that being in the highest wealth quintile was found to be associated with lower malaria prevalence, 

but this is not in agreement with the work of Don et al. Households falling in the lowest wealth quintile were found to be 

more likely to have CMI than those households falling in the highest quintile. The evidence from this study suggests that 

the burden of malaria prevalence is greatest among the poor people, poor people were found to be at increased risk of 

becoming infected with malaria than their counterparts. We also find out that the age of the child is an important predictor 

of malaria infection. As age increases, the risk of CMI reduced. The study findings suggests that most of the gap in malaria 

prevalence among under-five children can be explained by the differences, region, wealth quantiles and age of the child 

through the path way of maternal education; this implies that the differences observed in malaria prevalence can be 

attributed to these factors. A significant gap exists in CMI due to maternal education differences, this gab can be explained 

particularly due to household wealth that a particular household belong to. Children whose mothers were categorized as 

educated and fall under the richest quantile explained a lesser proportion of malaria prevalence unlike those who were 

categorized under the poorest quantile. Wealth index used as a proxy for household wealth was found to be the major 

contributor to CMI, which was then followed by region. In agreement with the work of Joseph, household wealth was 

found to be the largest factor explaining the childhood malaria infection gap between the two groups.  

 

5. Conclusion  

Our investigation suggests that CMI in Nigeria is high and maternal education remains a social vaccine for malaria 

infection among under five children, particularly after controlling for other factors. We have also illustrated how the B-D 

model can be used to explain the contributions of each associated factors to malaria prevalence among under-five due to 

inequality in maternal education. Evidence from this study and other related studies have found out that the relationship 

between maternal education and under-five malaria prevalence is a causal relationship through higher household wealth, 

region of residence with higher malaria prevalence and the age of the child. This investigation therefore affirms that 

household wealth, region of residence, age of child, bed net ownership, and maternal education in that order were the 

protective factors against malaria among under-five children in Nigeria. Women need to be educated beyond the primary 

school level. Effects should be made in the area of women empowerment so as to broader enhance their socioeconomic 

status in the country. Malaria intervention and control programmes should focus more on rural areas. Investigators should 

apply the B-D model whenever they are faced with the challenges of estimating the contributions of each associated factor 

with a given outcome variable.  

 

6. List of Abbreviations 

CMI:Childhood malariainfection 

CDC:Centre for Disease Control 

EA:Enumeration Area 

ITN:Insecticide Treated Nets 

B-D:Oaxaca Blinder Decomposition 

WHO:World Health Organization 

HHH:Head of Household 
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