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Background: Malnutrition of under-five children has adverse effects on child's health and development, such as growth failure and muscle wasting. The household wealth index has a direct contribution to child malnutrition despite little attention being given to its indirect effect through other factors. This study aimed to identify the potential mediators of the link between wealth index and malnutrition.

Methods: In this study, a cross-sectional study design was implemented based on the data obtained from the 2019 Ethiopia Mini Demographic and Health Survey (EMDHS), which consists of a total of 3,918 under-five children. Mediation analysis of structural equation (SEM) was implemented to determine and estimate the effects of potential mediators of the link between wealth index and under-five children malnutrition.

Results: Among 3,918 under-five children involved in this study, 51.4% were male children and 20.2% were from urban areas. The place of delivery of the majority of mothers (56.1%) was at home, and the majority of children were from the poorest household (36.4%). The estimated effects of height-for-age of female children were higher (1.31:95% CI = 0.45, 0.200), indicating that female children had a lower likelihood of stunting than males. As compared to children in an urban area, children from rural areas were more likely to be stunted (−0.269; 95%CI = −0.388, −0.135). The estimated total indirect effects of wealth index on stunting and underweight was 0.69 (95% = 0.045, 0.094) and 0.036 (95% = 0.013, 0.054), respectively, and significant (p-value of <0.05).

Conclusion: Environmental, maternal, biological, and behavioral factors were the potential mediators of the link between the wealth index and the anthropometric indices. Besides, the total effects of the household wealth index had a significant effect on stunting, underweight, and wasting in which children from a household with low economic status were more likely to be malnourished.
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Background

Malnutrition of under-five children has adverse effects on child's health and development, such as growth failure and muscle wasting (1). Malnutrition in children is mainly responsible for reduced immunity for the prevention of diseases. Due to this fact, reducing malnutrition is the most important constituent of the Sustainable Development Goals (SDGs) (2). Malnutrition enables to aggravate the risk of death, morbidity, and infection and reduces the mental, physical and psychological development of children during their early ages (2, 3). However, the common type of malnutrition that occurred in developing countries, such as sub-Saharan Africa, including Ethiopia is undernutrition. In developing countries like Ethiopia, the prevalence of undernutrition of under-five children remains a series problem (3, 4).

Though malnutrition, in particular, undernutrition (stunting, underweight, and wasting), is a universal health problem, it is common in low- and middle-income countries. According to a 2015 World Health Organization report, globally, 26, 16, and 8% of children under five were stunted, underweight, and wasting, respectively (5, 6). The highest proportion of undernourished under-five children (more than 90%) lives in Africa and Asia (5).

Maternal education, age, residence, religion, body mass index, access to health care, and economic status are among the most prevalent determinants of malnutrition (2–4). Mothers' body mass index was also significantly associated with a child's undernutrition in which lower BMI was linked with a child's underweight (7). Among several determinants of malnutrition, household economic status shares the highest contribution that influences the dietary intake of children and mothers (8). A lower household wealth index leads to inadequate food supplies, use of health services, availability of improved water sources, and sanitation facilities (3, 8).

The conventional and well-known indicators of malnutrition are stunting, wasting, and being underweight (4). These indicators of child malnutrition are comprehensively also called composite indices of anthropometric failure (CIAF). In all measures of child anthropometric failure, the burden of child undernutrition remains high. Child nutritional status depends on the level of household income. It is understood that household income interacts with household food insecurity, inadequate care, and an unhealthy environment that induce morbidity and mortality in children (8).

Numerous biological, behavioral, demographic, and social-economic underlying determinants contribute to malnutrition (8, 9). Over half of childhood deaths in developing countries result from undernutrition (9). Undernourished children are easily vulnerable to increased risk of communicable and non-communicable diseases. The primary important determinant of children's malnourished status is dietary intake and health status. The dietary intake of children directly depends on the properties or wealth index or economic status of the household/parents/guardian (3, 9). The lower economic status of a household is associated with a higher likelihood of undernutrition.

Numerous studies (3, 10, 11) demonstrated factors, mainly wealth index, contributing to malnutrition among under-five children and have been stable to date in developing countries in particular. However, the contribution of the wealth index to malnutrition may be mediated by other socioeconomic, demographic, behavioral, and biological factors despite little attention being given. Taking into account these mediators is essential for decision, policy, and plan makers to improve the adverse effects of malnutrition (12). As a result, implementing mediation analysis of structural equation modeling in this study was more advantageous than other studies that implemented traditional methods, such as regression analysis, which are limited to detecting multi-directional linkage between variables beyond simple correlation (13–15). Sometimes, despite families having good economic status, children within a family are malnourished. These might be because of other mediator characteristics of the household, such as environmental, biological, maternal, and behavioral factors. For instance, most children in rural areas are malnourished as compared to children in the urban area as the family in rural areas have poor management habits despite they have adequate resources (3).

A study in Uganda (10) also indicates that nutritional deficiency links with household income. Thus, studies that determine factors that enable to explain through which economic status and undernutrition are related to each other are very limited. In several studies (8, 16, 17), thus far, direct effects of wealth index on undernutrition were estimated and it is perceived that wealth index is an important determinant. However, to the authors' knowledge, there are no study findings that show the indirect effects of wealth index through other biological, behavioral, demographic, and social-economic factors. Therefore, this study aimed to identify the potential mediators of the link between wealth index and malnutrition. This enables us to estimate the total effect (direct and indirect) of the wealth index on malnutrition. As a result, in effect analysis, it is often necessary to determine and separate the pathways that link wealth index to an outcome of interest stunting, underweighting, and wasting for better and flexible policy-making as well as other stakeholders to reduce the adverse effects on child health due to malnutrition.



Methods


Data source

In this study, a total of 3,918 under-five children were involved. The data for this study was obtained from the 2019 Ethiopia Mini Demographic and Health Survey (EMDHS). Providing up-to-date estimates of key demographic and health indicators by collecting high-quality data for maternal and child health are the primary objectives of EDHS among its multidisciplinary objectives (13). The sampling frame used for the 2019 EMDHS is a frame of all census enumeration areas (EAs) created for the 2019 Ethiopia Population and Housing Census (EPHC) and conducted by the Central Statistical Agency (CSA). The 2019 EDHS sample was stratified and selected in two stages. In the first stage, a total of 305 EAs were selected with probability proportional to EA size and with independent selection in each sampling stratum. A household listing operation was carried out in all selected EAs from January through April 2019. The resulting lists of households served as a sampling frame for the selection of households in the second stage. In the second stage of selection, a fixed number of 30 households per cluster were selected with an equal probability of systematic selection from the newly created household listing, and maternal as well as children characteristics were obtained via interview and questionnaire (13).



Inclusion/exclusion criteria

The inclusion criteria were aged below 5 years and completed relevant forms about the personal information and clinical signs. Hence, children who had not completed all relevant information or aged ≥5 years were excluded.



Variables

The dependent (anthropometric indices) and independent (mediators and wealth index) variables considered in this study are presented in Table 1. The mediators or independent variables were driven by a previous study (3, 8). Comprehensively, based on information obtained from studies (4, 8, 16), the theoretical framework for the study is presented in Figure 1. The environmental, maternal, biological, and behavioral factors are hypothetical mediators of the link between the wealth index and the anthropometric indices, such as stunting, wasting, and underweight, which are presented in Figure 1. The environmental factors: the residence and wealth indices; maternal factors: mothers' education level and mothers' age at first birth; biological factors: sex of the child, child's age, and birth interval; and behavior factors: place of delivery, contraceptive use, breastfeed, and family size. The single and double arrow of the path diagram in Figure 1 indicates the causal effect and correlation between variables, respectively.


TABLE 1 Independent variables description, frequency distribution, and summary statistics.

[image: Table 1]


[image: Figure 1]
FIGURE 1
 Hypothetical framework of mediators of the link between wealth index and anthropometric indices stunting, underweight, and wasting.


The anthropometric indices stunting, underweight, and wasting are the standardized height-forage (HAZ), weight-for-age (WAZ), and weight-for-height (WHZ), respectively (18). Commonly, according to WHO standards, a child is stunted, underweight, and wasting if HAZ, WAZ, and WHZ are <-2, respectively. On the other hand, this indicates higher values of HAZ, WAZ, and WHZ refer to lower values of stunting, underweight, and wasting, respectively, see Figure 2. The minimum and maximum standardized score of HAZ, WAZ, and WHZ was −6 and 5, respectively (see Table 1 and Figure 2).


[image: Figure 2]
FIGURE 2
 Values of HAZ/WAZ/WHZ and patterns of stunting/underweight/wasting.




Statistical analysis
 
Mediation analysis

Traditional multivariate modeling (linear regression, ANOVA, Poisson regression, logistic regression, and proportional hazard modeling) is useful for examining direct relationships between independent and dependent variables (14). However, real life may not be so parsimonious, and relationships between various variables may be much more complex, i.e., independent variables may have indirect effects on the dependent variable beyond their direct effect (14, 15). Such types of relationships could not be easily modeled with standard regression techniques. Structural equation modeling (SEM) readily allows for the exploration of such complex interrelationships (15, 19). SEM commonly includes mediation/path analysis, exploratory analysis, and confirmatory analysis (10, 12). In this study, mediation analysis of SEM was used (13).

In mediation, an intermediate variable or mediator helps to explain how or why an independent variable influences an outcome. This is used to identify and study the mechanisms by which an exposure achieves its effect on the outcome of interest (15). In the case of mediation analysis, quantitative estimates of the coefficients, including direct, indirect (via mediator), and total effects based on observed correlations among variables can be generated (12). The mediation analysis consists of comparing two regression models, one with and one without conditioning on the mediator (13). In the mediation model, the mediator is a function of the independent variable and the dependent variable is a function of the mediator. The estimation of each of the mediated effects in the structural equation is used to identify the fact that there is a separation of effects in terms of direct effects and mediated effects (12).

In our case, the direct effect is the pathway from the wealth index to each anthropometric index while controlling for the mediators. Whereas, the indirect effect describes the pathway from the wealth index to each anthropometric indices through the mediator, see Figures 2–4. Finally, the total effect is the sum of the direct and indirect effects of the wealth index on the outcome (15).


[image: Figure 3]
FIGURE 3
 Path diagram of mediators of the link between the wealth index and stunting.
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FIGURE 4
 Path diagram of mediators of the link between the wealth index and underweight.





Model fit

All models are open for error but some are better than others. The goodness-of-fit of the model was checked using the normed chi-square (χ2) and the comparative fit index (CFI). A normed chi-square statistic value close to 1 and not exceeding 3 indicates a good fit, whereas a CFI statistic value always lies between 0 and 1. A value closer to 1 indicates a very good fit (15).



Ethics approval

EMDHS program granted permission to download and use the data for this study after being registered and submitting a request with briefly stated objectives of the study. The Institution Review Board approved procedures for DHS public use data sets that do not in any way allow respondents, households, or sample communities to be identified. There are no names of individuals or household addresses in the data files. The detail of the ethical issues has been published in the 2019 EMDHS final report, which can be accessed at: http://www.dhsprogram.com/publications.

The data organization and summary statistics were done using the SPSS 25 software, while other statistical analyses, such as parameter estimation of direct, indirect, and total effects, were done using the AMOS 25 software.




Results

The frequency distribution and summary statistics of maternal, biological, and environmental characteristics considered in this study are revealed in Table 1. Among 3,918 under-five children involved in this study, 51.4% were male children and 20.2% were from urban areas. The place of delivery of the majority of mothers (56.1%) was at home. The proportion of children from the poorest household (36.4%) was higher as compared to children from poorer (18.3%), middle (14.4%), rich (12.6%), and richest(18.3%) households. Most mothers practiced contraceptive use (68.9%) and refrain from breastfeeding (67.2%). As the children included in this study were aged under 5 years, the maximum age of the child was 59 months. On average each child deviated from the average age of the child (29.54 years) was 16.94 years.

The minimum mother's education level (in years) equals zero indicates the mother was illiterate and on average mother attended education for 2.40 years. The minimum age of the mother at first birth was 12 years, which violates the rule and regulation set by the Ethiopian Ministry of Justice Art.7(1,2), which states that the minimum age of marriage is 18 years. On average, the child's successive birth interval was closer to 3 years. Whereas the minimum birth interval was 1 year, which is too short and may have an adverse effect on the child and maternal health. The anthropometric indicators stunting (HAZ), underweight (WAZ), and wasting (WHZ) were the outcome of interest in the study with standard deviations of 1.58, 1.27, and 1.17, respectively.

To check the reliability of the hypothesized model in Figure 1, initially, the path diagram that shows direct, indirect, and total effects of wealth index on each anthropometric indicator, such as stunting, underweight, and wasting, was constructed separately in Figures 2–4, respectively. Then, to account for the correlation between anthropometric indices, a path diagram that consists of all anthropometric indices is presented in Figure 5.


[image: Figure 5]
FIGURE 5
 Path diagram of mediators of the link between the wealth index and wasting.


The goodness of fit test was checked for each anthropometric index. For instance, the chi-square statistic and CFI for the path model of stunting were 1.290 (p-value = 0.685) and 0.952 (closer to 1), respectively, which indicates that the model is not significantly departed from the data. Hence, the model fitted is a good fit for the data. Similarly, the chi-square and CFI statistics of underweight (1.74, 0.557) and wasting (1.021, 0.428) revealed that the model is a good fit for the data.

If a model that is a good fit for the data exists, it does not mean that there are no other models that better fit the data. The goodness of the model is always relative. In the separate model of stunting, underweight, and wasting in Figures 2–4, respectively, the correlation between the anthropometric indices stunting, underweight, and wasting were not taken into account. The chi-square statistic and CFI of the path model in Figure 5 were 0.772 and 0.986, respectively. This indicates that the model improved while the correlation between anthropometric indices is incorporated as compared to the separate one.

The estimated effects of covariates on stunting, underweight, and wasting are depicted in Table 2 and Figures 2–5 as well. The direct effects of these covariates can be obtained simply from the path diagram. Whereas, the indirect and total effects of the wealth index are not directly estimated in the path diagram but in Table 2. The estimated effect of the covariates was estimated using a point and 95% confidence interval. The confidence interval consists of zero, and the p-value of <0.05 indicates the corresponding covariates have a significant effect on the corresponding anthropometric indices.


TABLE 2 Parameter estimations of direct, indirect, and total effects of wealth index on stunting, underweight, and wasting.

[image: Table 2]

Sex of child, residence, place of delivery, contraceptive use, child age, mothers education level, and family size have significant direct effect (p-value of <0.05) on stunting of under-five children. The estimated effects of stunting on a female were lower than on male children (1.31:95% CI = 0.450,0.200). As compared to children in rural areas, children in urban areas were less likely to be stunted (0.269; 95%CI = −0.388, −0.135). This indicates the estimated standardized height-for-age (HAZ) of children from rural areas was lower by 0.269 than children from urban areas. The estimated HAZ was increased when the family size decreased (−0.290, 95%CI = −0.048, −0.011). This is in line with the effects of contraceptive use on stunting. Mothers who didn't practice contraceptive use indicate high family size which leads children to expose to malnourished. Children from mothers who practiced contraceptive use were less likely to be stunted as compared to children from mothers who did not practice contraceptive use (−0.144, 95%CI = −0.258, −0.054). Similarly, the sex of the child and child age had a significant effect on both underweight and wasting of under-five children (p-value of <0.05). A child who breastfeed had low underweight status as compared to the counterpart (−0.102, 95%CI = −0.161, −0.031). The estimated underweight of a child decreased while the education levels of mothers increased. In contrast, the family size and wasting of the child have a direct relationship, the family size increases as the estimated WHZ of a child become increased. This indicates higher family size contributes to child wasting.

The aim of this study was to determine the potential mediators on the link between wealth and anthropometric indices predominantly, in addition to direct effects, the indirect (via mediators) and total effects of the wealth index were also estimated. The indirect effects of the wealth index on stunting through mediators' residence, mothers' education level, family size, contraceptive use, sex of the child, and place of delivery had a significant effect (p-value of <0.05). On the other hand, the indirect effects of the wealth index on the underweight through mediators' mothers' education levels, mothers' age at first birth, and sex of child had a significant effect. The estimated total indirect effects of wealth index on stunting and underweight was 0.69 (95% = 0.045, 0.094) and 0.006 (95% = 0.013, 0.054), respectively, and significant (p-value of <0.05). Similarly, residence, family size, mothers' age at first birth, and sex of child were the potential mediators of the link between wealth index and wasting. Besides, residence, mothers' education level, family size, contraceptive use, and sex of child were significant mediators of the link between wealth index and stunting. Therefore, residence, mothers' education level, family size, contraceptive use, and sex of child fully mediates the path between wealth index and stunting.

Similarly, mothers' education level, mothers' age at first birth, and sex of child were also significant mediators of the link between wealth index and underweight. The total effects of the household wealth index had a significant effect on stunting, underweight, and wasting. The total effect is an aggregate of indirect and direct effects. The total estimated effects of the wealth index on HAZ, WAZ, and WHZ were 0.094, 0.167, and 0.154, respectively. The positive total estimated effect indicates a direct relationship between the wealth index and the anthropometric indices measures HAZ, WAZ, and WHZ. This indicates higher household income is associated with a lower prevalence of stunting, underweight, and wasting, and vice versa. This shows that the wealth index has a strong contribution to anthropometric indices among children aged 5 years.

The correlations among anthropometric indicators stunting (height-for-age), underweight (weight-for-age), and wasting (weight-for-height) are shown in Table 3. The anthropometric indicator underweights significantly correlated with both stunting (p-value = 0.001) and wasting (p-value of <0.001), whereas stunting and wasting had a negligible correlation (p-value = 0.252). This was also supported in the path diagram consisting of the all pairwise association between anthropometric indicators in Figure 5. Despite insignificant model improvement, for the sake of goodness of fit of the data, the association between stunting and wasting on the path diagram can be removed as the correlation between them was insignificant.


TABLE 3 Covariance and correlation between anthropometric indices.

[image: Table 3]

The statistical significance of the covariance between stunting, underweight, and wasting in Figure 6 can be perceived from Table 3. In Figure 6, the curved two-headed arrow indicates there the association between the two variables. Error terms for a variable are inserted into the path diagram by drawing an arrow from the value of the error term to the variable with which the term is associated.


[image: Figure 6]
FIGURE 6
 Path diagram of mediators of the link wealth index and the anthropometric indices (underweight, stunting, and wasting).




Discussion

This study aimed to demonstrate the potential mediators of the link between the household wealth index and the anthropometric indices, such as stunting, underweight, and wasting on under-five children. The mediators include socioeconomic, biological, and behavioral characteristics of the child, mother, and household. The anthropometric indices stunting, underweight, and wasting were computed based on standardized height-for-age (HAZ), weight-for-age (WAZ), and weight-for-height (WHZ), respectively, based on WHO standards. Higher values of HAZ, WAZ, or WHZ indicate lower stunting, underweight, or wasting and vice versa, respectively. According to the WHO standards, a child is stunted, underweight, and wasting if HAZ, WAZ, and WHZ are <-2, respectively. Cross-sectional data obtained from the 2019 Ethiopian Mini Demographic and Health Survey (EMDHS) were the information sources of the analysis. The data management was carried out using SPSS 24, while the parameter estimation of the mediation analysis was done using AMOS 25.

Residence, sex of the child, place of delivery, contraceptive use, mothers' education level, and family size were important determinants of stunting. This was in line with studies in developing countries (3, 8, 10). A majority of mothers (over 55%) are still delivering at home. This leads to a higher likelihood of mother and child mortality during birth. This also shows how the habit of antenatal visits of mothers was insufficient in rural areas in particular. On the other hand, the mother's education level and age at first birth, breastfeeding, child age, and sex had also a significant effect on the underweight. Besides, family size, residence, and contraceptive use were noticed as important determinants of wasting. Likewise, a study by Balogun et al. (2) reported that improving maternal education helps to reduce the venerability of children to malnutrition by implementing effective nutritional methods.

The household wealth index had a significant indirect effect on anthropometric indices through other mediators. In this study, residence, mothers' education level, family size, contraceptive use, and sex of child fully mediates the path between household wealth index and stunting of a child. Similarly, the wealth index had a significant indirect effect on children underweight through mediators on mothers' education level, mothers' age at first birth, and child sex. Whereas, residence, family size, mothers' age at first birth, and contraceptive use significantly mediate the link between household wealth index and wasting. Thus, the household wealth index was an important determinant (significant total effect) of anthropometric indices, such as stunting, underweighting, and wasting likewise of studies in most low and middle-income countries (3, 8, 16).

The low-economic status of the household was associated with stunting, underweight, and wasting. This was consistent with findings in Refs. (8, 10), which reported that children from households with a low wealth index are more likely to be malnourished. Beyond adverse effects on health, anthropometric indices failure exposed children to social insecurity such as school performance (8). The influence of malnutrition on under-five children has worsened which could have a long-run effect on adolescent life (18). In developing countries, such as Africa and Asia and Ethiopia in particular, because of wealth index distraction, numerous households have difficulty in providing food at home for their children and themselves as well (3, 4).

Unlike in a study by Naz et al. (18), in this study, a biological factor such as birth interval was the weakest/null predictor of malnutrition. In Ethiopia, despite the birth interval of most children being short, the likelihood of children to be malnutrition is lower as long as the families have adequate economic status. This is because the household utilizing resources is based on the” less in less out” principle, which indicates that use more if you have more and use little if you have little. Families with enriched economic status are likely to have children with a lower stunting, underweight, and wasting, which is in line with studies in References (3, 10). On the other hand, children from improved socioeconomic status are likely to have children with higher standardized height-for-age (stunting), weight-for-age (underweight), and weight-for-height (wasting) (20).

A study on the determinants of malnutrition among children in rural Kelantan reported that except for environmental factors, biological and behavioral factors do not have a substantial link with children's malnutrition (16). In contrast, in this study beyond environmental factors, biological and behavioral factors, such as family size, mothers' age at first birth, residence, and contraceptive use, were also potential determinants linked with children's malnutrition. Therefore, the government and other stakeholders need to give higher attention to empowering the households' monetary dimension to reduce the prevalence of malnutrition in children by considering potential mediators of the link between economic status and malnutrition.



Conclusion

Residence, mothers' education level, family size, contraceptive use, and sex of child were potential mediators of the link between wealth index and stunting. Whereas, mothers' education level, mothers' age at first birth, and sex of child were also significant mediators of the link between the wealth index and underweight. Besides, residence, family size, mothers' age at first birth, and sex of child fully mediate the path between the wealth index and wasting. This indicates environmental, maternal, biological, and behavioral factors are the potential mediators of the link between the wealth index and anthropometric indices. As a result, the mediation analysis of the link between the wealth index and the anthropometric indices enables policymakers and planners at the personal and governmental levels to identify more efficient, alternative intervention strategies for malnutrition in under-five children.

This study is not without limitations. It is conducted based on cross-sectional data and hence not assessed based on the prevalence of undernutrition and its direct or indirect factors over time. Besides, several additional socioeconomic, demographic, biological, and behavioral characteristics were not considered. Thus, we would like to recommend that future researchers considered these characteristics as they might affect undernutrition directly or indirectly.
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