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Background: Anemia and Malnutrition among under-five children are one of the

major challenges to public health in Ethiopia. While anemia is responsible for

delayed child development and growth, malnutrition is associated with the high

infant mortality rate in Ethiopia.

Method: This study aims to determine the socio-economic, demographic, and

geographical risk factors that simultaneously increase the co-occurrence of

anemia and malnutrition among under-five children in Ethiopia. Geostatistical

data was obtained from the Ethiopia Demographic and Health Survey for 2011

and 2016. A Bayesian hierarchical linear mixed model was adopted using the

stochastic partial differential equation to estimate the spatial pattern of the

co-occurrence of anemia and malnutrition in Ethiopia.

Result: The findings revealed that gender, maternal education, number of

children under five, birth order, preceding birth, contraceptive use, vaccination,

marital status, birth weight, diarrhea, and fever are significant risk factors of the

co-occurrence of anemia and malnutrition. The findings also reveal the

vulnerability of under-five children to the co-occurrence of anemia and

malnutrition within the first twenty months after birth and young maternal age.

Regarding the geographical aspect, this study found a geographical disparity in

the prevalence of anemia and malnutrition in Ethiopia. The highest burden of the

co-occurrence of anemia and malnutrition lies in the Northern Gambela, Western

Oromia, Northeast Benishangul-gumuz, Central and Northern Amhara, Southern

Afar, and parts of Somali.

Conclusion: These findings could be utilized by policymakers and intervention

programs to simultaneously tackle and contain the prevalence of both anemia

and malnutrition. For cost-effective intervention, policies and programs that

improve individual-level risk factors of parents and caregivers are a more

promising approach to tackle high prevalent regions than the ones on the children

and should be considered as an utmost priority in the country.
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Background

Malnutrition is a global health challenge correlated with prevalence and death

among children, particularly in developing countries. A consequence of malnour-

ishment in children is the high susceptibility to illness, as malnutrition reduces the

immunity to resist infectious agents [1]. It gives room for infectious diseases such

as vector-borne disease, diarrhea, anemia, and respiratory infections [2, 3]. Malnu-

trition could lead to death, impaired growth, immunodeficiency, which causes the

body system to lack biological defense mechanisms. It brings a social and economic

burden to public health. As a result, children have adverse consequences through-

out the life course, such as short adult height, lower attained schooling, low school

attendance, and poor work performance [4, 5].

According to [1], 149 million under-five children were stunted, 50 million were

considered wasted, and 40 million children were categorized as underweight in the

world. In Eastern and Southern Africa, 29 million under-five children were stunted,

5.4 million were wasted, and 3.6 million were underweight. Though the decline

in stunting and wasting prevalence in East Africa between the years 2000 and

2018 respectively dropped from 45.5% to 35.2% and 7.1% to 2.2 %, malnutrition

remained a burden in Ethiopia [6]. According to [1], the prevalence of stunting in

Ethiopia decreased from 51% to 37% between 2005 and 2019, wasting diminished

from 12% to 7% over the same period, and the percentage of underweight children

has consistently decreased from 33% to 21%. However, the current prevalence is

considered severe according to WHO thresholds [6].

Studies have been conducted to determine the spatial patterns of malnutrition

of children below age five in highly prevalent sub-Saharan African regions. For in-

stance, [7] adopted Geo-additive Gaussian and latent variable models to account for

childhood malnutrition in Egypt; [8] studied the spatial distributions of childhood

under-nutrition in the Democratic Republic of Congo (DRC) by using geo-additive

semi-parametric mixed model; [9] adopted a Bayesian quantile regression to de-

termine the risk factors and spatial distribution of child’s malnutrition at differ-

ent quantiles in Nigeria; [10] employed multi-scale geographically weight regression

(MGWR) to examine the spatial pattern of childhood malnutrition and investigated

the spatial heterogeneity in the socio-economic features and childhood malnutrition

in Uganda; [11] adopted a spatially weighted generalized linear mixed model to

account for the Carbon (IV) Oxide (CO2) concentration effect on childhood mal-

nutrition in Nigeria and their study revealed that highly CO2 concentrated regions

were at greater risk of malnutrition in Nigeria.

Investigations of malnutrition indicators among under-five children in Ethiopia

have gained attention in recent years. For instance, [12] adopted a Bayesian semi-

parametric model to investigate the prevalence of malnutrition in Ethiopia; [13], and

[14] examined the significance of geographical location to childhood undernutrition

in Ethiopia. Specifically, the formal used a univariate quantile interval model to

account for the risk factors of malnutrition, while the latter used a multivariate

logistic mixed model to account for the joint spatial effect of stunting, wasting, and

underweight.

Anemia is a condition of a low-level concentration of hemoglobin (Hb) in the blood

[15]. As a result, the body tissues have a limited supply of oxygen and thus, function
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at low capacity. Nutritional deficiencies, particularly iron deficiency, folate (lack of

enough folic acid), vitamins A and B12 are common causes of anemia [15, 16].

Anemia is also responsible for delayed psychomotor development, impaired growth,

immunodeficiency, and impaired cognitive performance among infants [17, 18].

As reported in [16], anemia is one of the major public health hazards detrimental

to young children under age 5 years. Globally, WHO revealed that the prevalence

of anemia in under-five children was 39.8% in 2019, and it is worsened in the Africa

region as 60.2% were anemic [19]. In Eastern Africa, approximately 75% of under-

five children suffer from anemia [20]. In Ethiopia, the prevalence of anemia in under-

five children is more than 57% [21].

For decades, several studies have been conducted to determine the factors affect-

ing the occurrence of anemia in under-five children in sub-Saharan African coun-

tries. For instance, [22] adopted a semi-parametric approach within the Bayesian

framework to study the influence of socio-economic, demographic factors and geo-

graphical locations of on under-five hemoglobin level and anaemia in Nigeria; [23]

examined spatial patterns and identify determinants of anaemia in Ethiopia us-

ing multilevel logistic regression model and it’s spatial dependence using Moran‘s I

statistic test; [24] studied the spatial spread and prevalence of under-five anaemia in

selected African countries using a multi-variable hierarchical Bayesian geo-additive

model; [25] identified the factors associated with anemia among under-five children

in Guinea using spatial binomial logistic regression method via Bayesian estima-

tion approach, and [26] studied the spatial distribution and factors associated with

childhood anemia in Ethiopia using a mixed effect logistic regression model.

It is economical if prior to planning or implementation of intervention programs

the risk factors that simultaneously increase the risk of anemia and malnutrition or

the regions where both ailments are most prevalent are identified. In this manner,

practitioners and policymakers could devise an intervention strategy without miss-

ing the opportunity to attend to both ailments simultaneously. However, inferences

based on a single analysis are not sufficient to determine the factors simultaneously

increasing the risk of anemia and malnutrition since the potency of the risk factors

vary across different single analyses, and thus, cannot be compared side-by-side. It

is more intuitive to account for these common risk factors in a joint analysis since it

allows for better quantification of uncertainty in the co-occurrence of both ailments.

Several studies have been conducted to determine the key determinant factors

of the co-occurrence of malnutrition and anemia among under-five children. For in-

stance, [27] investigated the risk factors and the joint spatial distributions of anemia

and malnutrition among children in sub-Saharan Africa using a generalized linear

mixed model, [28] used multivariate logistic regression analysis to quantify the in-

terrelation of malnutrition and anemia and determine the socio-demographic and

socio-economic factors among school children in two elementary schools in Durbete

Town, northwest Ethiopia, and [29] studied the prevalence of anemia and malnu-

trition among children aged 6-23 months in midland and lowland agro-ecological

zones of rural Ethiopia.

Studies on the co-occurrence of anemia and malnutrition in Ethiopia have not

gained considerable attention. Previous studies have only focused on sub-regions of

Ethiopia [28, 29]. Moreover, in many studies, the binary outcomes of anemia and
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malnutrition are utilized in a multilevel logistic model to determine the risk fac-

tors of both ailments. However, loss of information is inevitable in the process

of discretizing a continuous measurement of hemoglobin and malnutrition indi-

cators, which has the potential to influence model uncertainty measurement and

reduce model efficiency. Thus, this study aims to determine the socio-economic,

demographic, and geographical risk factors predicting the co-occurrence of ane-

mia, stunting, and wasting among under-five children in Ethiopia using continu-

ous hemoglobin and malnutrition outcome variables. In this way, variations in the

observed set are fully incorporated into the modeling framework. A Bayesian hier-

archical linear mixed model was adopted, using the stochastic partial differential

equation (SPDE) to determine the spatial pattern of the co-occurrence of anemia,

stunting, and wasting in Ethiopia. The SPDE model allows continuous interpolation

of prevalence over the whole country. Thus, it facilitates the spatial localization of

hotspots regions in the country.

Methods

Study Area and Data Collection

In this study, the aim is to analyze the malnutrition and anemia indicators in

Ethiopia. The Demography and Health Surveys (DHS) program gave access to

the data set used for this study. The Ethiopia Demographic and Health Research

Program (EDHS) is responsible for collecting and providing representative data on

the population trends and health indicators.

The survey was planned to provide information on the main demographic and

health indicators at the national and regional levels. This study combined the data

from the 2011 and 2016 EDHS data to improve inference. The sampling frame was

the list of enumeration areas (EAs) from the 2007 Ethiopia Population and Housing

Census (PHC). A two-stage cluster design sampling scheme was adopted in both

years. In the first stage, 624 (187-urban, 437-rural) and 645 (202-urban, 443-rural)

EAs were selected in the 2011 and 2016 EDHS, considering the sampling probability

proportionate to EA size. In the second stage, 29 households were selected in each

EA through a systematic sampling with equal probability. In the survey, 17,817

(18,008) households were selected in 2011 (2016). The total interviewed household

was 16,515 (16,650). The response rate was 95 (98)%, of which all women aged

15-45 were eligible for interview [30, 21]. After data cleaning, 7449 (8159) children

were included in the analysis.

Statistical Method

Let Y1i be a random variable that represents the Hb indicator of children included in

the survey, and let Y2i be a random variable that represents the malnutrition indica-

tor, such as height-for-age (HA) or weight-for-height (WH), of the same child. Sup-

pose that, Y1i ∼ N(µ1i, τ
−1
1 ) and Y2i ∼ N2(µ2i, τ

−1
2 ). By construction, HA and WA

are standardized indicators and thus are unitless. Hence, we standardized Hb using

the WHO hemoglobin threshold for anemia to have better uncertainty estimates.

This study is aimed to determine the key risk factors that significantly increase the

prevalence of low functional Hb and malnutrition indicators simultaneously. Thus,

https://dhsprogram.com/
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we extended the location parameter µ as a linear predictor of socio-economic, de-

mographic, and geographical variables. Let y = {y1,y2} be a stacked realization of

the indicators, and considered the following structural additive linear predictors:

µ1i = xT
i β1 +

∑J

j=1
f1k(uik) + f(vi),

µ2i = xT
i β2 +

∑J

j=1
f2k(uik) + f(vi), i = 1, 2..., n,

(1)

xki is a p × 1 design vector of linear covariates, such as maternal education level,

gender, household wealth index, etc. β is a p × 1 vector of fixed effects, {fk} rep-

resents an unknown nonlinear function for the random effect covariates u, such as

maternal and child age. f is a function that accounts for the spatial effect, and v

is the geographical coordinate where data were observed.

Among the covariates included in the analysis, mothers’ age and child’s age were

allowed to have a nonlinear relationship to the two indicators. Consequently, we

model the two factors with a random walk of order two prior, and it is defined as

follows. Let uk be the covariate variable identifying child’s (k = 1) and mother’s

(k = 2) age. Given z = (uk1, uk2, ..., uT ) a Gaussian vector is constructed assuming

independent second-order increment. Define

∆2
ukt

= ukt − 2uk(t+1) + uk(t+2) ∼ N(0, σ2
uk
),

therefore, the joint distribution of uk is given as

π(z) ∝

(

1

σ2
uk

)(n−2)/2

exp

{

−
1

2σ2
uk

uT
kRuk

}

, (2)

where R is the structure matrix reflecting the stochastic neighborhood structure

of the Gaussian random walk 2. The child and mother’s age were ordered at reg-

ular intervals from month 0 to 59, and year 15 to 49 respectively. Specifically,

t ∈ {0, 1, .., 59} for child’s age, and t ∈ {15, 19, ..., 49} for mother’s age. Thus, ykt

represents the effect at time t. The order two random walk is pliable given its in-

variance in the addition of a linear term to ukt, and gains computational benefits

due to the exhibition of Markov property [17].

To account for the spatial effect, this study took a closer view of each region across

the country. For confidentiality purposes, the enumeration areas were used as the

point referenced data in place of household reference. The mesh representation of

Ethiopia is shown in Figure 1. The points (blue and red) represent the enumeration

areas included in the 2011 and 2016 surveys. Moreover, the red dots represent the

EAs where household surveys were conducted for both years, while the blue dots

represent the EA where only 2011 surveys were conducted. The Stochastic Partial

Differential Equation (SPDE) [31] was adopted to model the spatial effect of the

prevalence of the indicators. In other words, fspat was assigned an SPDE prior

model. The SPDE is given as

(κ2 −∆)α/2(τf(v)) = E(v), (3)
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Figure 1: A mesh representation of Ethiopia map. The points indicate the loca-

tion where data were collected. The red points is the location of the enumeration

areas where data were collected in 2011 and 2016, while the blue points indicates

the enumeration areas where only 2011 data were collected.

whose solution is a Gaussian Markov Random Field (GMRF) with a Matern co-

variance function defined as

Cov(f(vi), f(vj)) =
σ2

2νΓ(ν)
(κ||vi − vj ||)

νKν(κ||vi − vj ||), σ
2 =

Γ(ν)

Γ(α)(4π)d/2κ2ντ2
,

(4)

where ∆ is the Laplacian, κ is the parameter that controls the spatial scale and α

controls the smoothness τ determines the variance, Kν is a Basel function of the

second kind, and ||a− b|| is the euclidean distance between locations a and b.

Lindgren and Rue [17] provided a sparse representation of the solution to SPDE

on a two-dimensional mesh in Figure (1) , which is represented as

f(v) =

K
∑

k=1

ψk(v)wk, (5)

where {ψk} is a set of bases function for the approximation of the solution and for

projection into unobserved regions, and {wk} is a latent variable with Gaussian dis-

tribution. The penalized complexity (PC) prior distribution was assigned to σ and

the range parameter ρ = (8ν)1/2. For σ, the PC prior distribution with parameter

σ0 and α0 such that P (σ > σ0) = α0 is given as

π(σ) ∝
λ

2
(σ2)3/2 exp

(

− λ(σ2)1/2
)

. (6)
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The PC prior for the range parameter ρ is analogous to the one defined in Equation

6. A vague multivariate normal prior was assigned to N(β;0,Σ) and N(ψ;0,Σ),

where Σ = 100I.

We formulated a Gaussian latent field model from the structured additive predic-

tors 1 as X = {β1,A, {bk}{fk}, f} with a multivariate Gaussian prior distribution.

In this way, the latent field X forms a Gaussian Markov random field with a sparse

precision matrix Q(θ2). Let π(θ), be a prior distribution assigned to θ, where

θ = (θ1,θ2), θ1 = (τ1, τ2), and θ2 is a vector of hyperparameters for the prior

models on the components of the latent field X . Thus, the joint posterior of the

latent field and the vector of hyperparameters is given as

π(X ,θ|y) ∝ π(θ)π(X|θ)
2
∏

j=1

n
∏

i=1

π(yij |X ,θ) (7)

Since our interest is to make inferences from the marginal distribution of the latent

field π(X|y) and the hyperparameters π(θ|y), INLA, proposed by [31], stands as a

computationally efficient and accurate method. Thus, this study used the R-INLA

package in R [32] for the computation of the posterior marginals.

In the modeling framework using R-INLA, the multiple likelihood approach was

adopted. Consider a 2n×2 matrix Y . The first n rows of the first column contain the

standardized Hb level of children, and the second column of these rows contains NA.

Analogously, the second column of the remaining rows of Y contains a malnutrition

indicator (either Height-for-age or Weight-for-height), and the first column of these

rows contains NA. In this manner, the effects in the structural additive model are

readily obtained.

All methods were carried out in accordance with relevant guidelines and regula-

tions.

Results

We first test the association of the co-occurrence of anemia, stunting, and wasting

using a Chi-Square test of Independence. Additionally, the unconditional paired

exact test (UPET), described in [cite ], was also adopted to check the differences

between the proportion of children having both anemia and stunting, and anemia

and wasting. Each of the continuous response variables was categorized based on

the WHO threshold. That is, y1 ≤ 11 and y2 ≤ −2 were used to discretized the

continuous observed values y1 and y2 into binary for Hb and malnutrition indicators.

The formulated hypothesis at 5% level of significance is as follows:

H0 : There is no association between anemia and malnutrition

H1 : There is an association between anemia and malnutrition.

Due to the non-linearity exhibited by the two indicators at different age groups, we

divided the data by age groups and test the formulated hypothesis. The test results

are presented in Table 1.

Table 1 presents the observed frequencies of anemia and malnutrition indicators

(stunting and wasting), the chi-square p-value, and the p-value of UPET. Jugging

by the Chi-square test of independence with 5% level of significance, we have the
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Table 1: Chi-square test of association between the prevalence of anemia and mal-

nutrition. The table also present a UPET test for the difference in the proportion of

anemia and malnutrition. The age-group with a p value less than 5% is considered

significant.
Anemia

Observed frequency X
2-P value UPET-P value

Age No Yes

Stunting

6-20 months
No 1851 1019 0.8461

0.000
Yes 550 803

21-40 months
No 1701 1134 0.000

0.000
Yes 1547 1480

41-59 months
No 2133 755 0.000

0.000
Yes 1586 837

wasting

6-20 months
No 1573 2136 0.000

0.000
Yes 238 518

21-40 months
No 3005 243 0.000

0.000
Yes 2270 344

41-59 months
No 3448 1396 0.000

0.000
Yes 271 196

statistical reason to conclude that there is an association between anemia and mal-

nutrition indicators, except for age 6-20 months of stunting indicator. Also, the un-

conditional paired exact test to examine the difference in the proportion of anemia

and malnutrition across the age groups indicated that the difference in the propor-

tion of anemia and malnutrition among children is significantly different from zero.

This indicates that the frequency of occurrence of anemia in children is statistically

different from the occurrence of stunting, and wasting.

Prior to presenting the pairwise joint modeling of anemia and malnutrition, we

first present the analysis results of anemia, stunting, and wasting within a single

modeling framework.

Single analysis of Anemia and Malnutrition

Table 2 presents the results of the linear effect of anemia, stunting, and wasting.

This study used the hemoglobin level, height-for-age, and weight-for-height outcome

variables instead of the usual binary representations, in an attempt to capture the

entire variations of the ailments among children. The table presents the posterior

mean, standard deviation, and the 95% credible intervals. For each of the risk

factors, ”Reference” is used to indicate the reference category. The significance of

the risk factors was determined by the non-inclusion of zero in the credible interval.

Given the structural additive form, the lower the estimated coefficient of the risk

factors, the higher the prevalence and risk of anemia, stunting, or wasting.

From Table 2, the prevalence of low Hb is significantly higher for male children

compared with their female counterparts. It implies that male children are more

at risk of anemia compared with female children. A similar result is obtained for

stunting and wasting. The prevalence of low Hb level among children whose mothers
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have at least primary education is significantly lower compared with children whose

mothers have no formal education. Additionally, as the mother’s education level

increases, the prevalence of low Hb level decreases, and thus, the risk of anemia

decreases. A similar result is also obtained for stunting and wasting. It is expected

since educated mothers are more enlightened about the child’s development and

are more likely to seek expert advice on the child’s health and engage in a positive

parental practice, [33]. Similarly, the prevalence of low Hb among under-five children

whose household wealth quantile is at least poorer is significantly lower compared

with children whose household wealth quantile is poorest. As the wealth quantile

increases, the Hb level increases, and consequently the risk of anemia decreases.

This result is similar to stunting and wasting. Thus, lower maternal education and

lower wealth quantile increase the risk of anemia, stunting, and wasting.

Improved water source significantly lowers the prevalence of low Hb compared

with their unimproved counterpart. Thus, an improved water source minimizes the

risk of anemia. Improved toilet facility significantly reduces the prevalence of stunt-

ing compared with unimproved toilet systems. However, it is insignificant for the

prevalence of anemia and wasting. Surprisingly, the prevalence of wasting among

under-five children living in the Urban settlement is significantly higher compared

with those living in the rural settlement. However, the prevalence of anemia and

stunting among under-five children in the urban and rural regions is not signifi-

cant. The result shows that stunting and wasting are significantly less prevalent

among under-five children whose parents listen to at least one media means such

as newspapers, television, or radio programs, compared with those whose parents

do not listen to any media. However, for anemia, the prevalence of low Hb is not

significant.

Stunting and wasting are significantly more prevalent among under-five children

who had diarrhea or fever. Unlike diarrhea, in the presence of fever, the prevalence

of low Hb increases, and consequently, the risk of anemia increases. That is, children

having fever are more at risk of anemia, stunting, and wasting compared with those

without fever. However, this is not the case for children with cough in the last two

weeks before the survey, as there is no significant difference between the prevalence

of anemia, stunting, and wasting among under-five children with or without cough.

The result indicates that the prevalence of low Hb is higher for children whose

household has at least two children under five years old compared with children

whose household has one child below five years of age. The higher the number of

children under five years old, the higher the risk of low Hb, and consequently, the

higher the risk of anemia. This could be due to the effect of increased household

burden and shared resources among the children. However, this is not significant for

stunting and wasting, except that the prevalence of stunting significantly decreases

for children whose household has more than four children below age five compared

with children whose household has a single child. The prevalence of low Hb level

among firstling children is significantly lower compared with second to fourth posi-

tions in the household. Moreover, the prevalence is significantly higher for the fifth

position and above compared with children in the second and third positions in the

household. It indicates that the risk of anemia increases with an increase in the or-

der of birth. Stunting is significantly less prevalent among firstlings compared with
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the second to fourth positions. However, it is not significant for the fifth position

and above. For wasting, the prevalence among firstlings is not significantly differ-

ent from second to the fourth position, and however, it is more prevalent for the

fifth position and above. Thus, higher birth position increases the risk of anemia,

stunting, and wasting.

Stunting and low Hb level are significantly less prevalent among under-five chil-

dren whose mother had preceding birth more than 25 months compared with under-

five children whose mother had preceding birth below 25 months. In general, as the

number of months of preceding birth increases, the prevalence of low Hb level and

stunting decreases. Thus, children whose mothers had less than 25 months preced-

ing birth are at higher risk of anemia and stunting. However, it is not significant

for wasting. Surprisingly, the prevalence of low Hb levels among under-five children

who utilize antenatal care service once is significantly lower compared with the

prevalence among under-five children who visited the antenatal care service twice

to three times. The reverse is the case for stunting, where higher visits significantly

lower the risk of stunting. However, for wasting, the prevalence between all the

categories is not significant. It could be associated with the differences in cultural

beliefs, where parents have the notion only to visit the health service when there are

health complications. Similarly, the Low Hb level and wasting prevalences among

under-five children who utilize postnatal health care are not significantly different

from under-five children who do not utilize the postnatal health care service. How-

ever, the prevalence of stunting is significantly lower among under-five children who

utilize postnatal health care services.

The prevalence of low Hb level, stunting, and wasting among children whose par-

ents use modern contraceptive is significantly lower compared with children whose

parents do not use contraceptives. The prevalence of anemia and stunting among

under-five children whose parents use traditional contraceptive methods is not sig-

nificantly different from those children whose parents do not use contraceptives.

However, the prevalence is significantly lower for wasting. This result indicates that

the use of modern contraceptives significantly lowers the risk of these ailments. The

prevalence of low Hb among under-five children being breastfed is significantly lower

compared with under-five children who are not being breastfed. The reverse is the

case for stunting, and it is not significant for wasting. Moreover, the prevalence

of anemia and stunting among vaccinated children is significantly lower compared

with under-five children who are not vaccinated. However, it is not significant for

wasting. Thus, vaccinated children and those under breastfeeding are at lower risk

of anemia and stunting compared with their counterparts. The prevalence of low

Hb levels is significantly lower among children whose mothers had been working in

the past one year before the survey compared with their counterparts. However, it

is not significant for stunting and wasting.

The result indicates that the prevalence of low Hb level and stunting among chil-

dren whose parents are married, living together, separated, divorced, and diseased

spouse is not significantly different from children whose parents have never married.

Unexpectedly, the risk is higher for wasting. The prevalence of stunting and wasting

among children whose birth weight is at least 2.5kg is significantly lower compared

with children whose birth weight is below 2.5kg. However, it is not significant for

anemia.
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(a) anemia (b) anemia

(c) stunting (d) stunting

(e) wasting (f) wasting

Figure 2: The posterior estimates of the non-linear effects of single analysis of

anemia, stunting and wasting. The middle black lines are the posterior mean and

the red lines are the 95% credible intervals. An increment in the effects indicates

lower prevalence/risk, while a decrease indicates higher prevalence/risk.
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Table 2: The posterior estimates of the fixed effects of the single analysis of anemia,

stunting and wasting. Factors with non-inclusion of zero in the 95% credible intervals

are considered significant. A higher value of the posterior mean indicates lower

prevalence/risk.
Variables Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5%

Anemia Stunting Wasting

Gender

Female Reference
Male -0.060 -0.114 -0.006 -0.100 -0.149 -0.052 -0.102 -0.139 -0.066
Mother’s Education level

No formal education Reference
Primary 0.133 0.063 0.203 0.123 0.060 0.186 0.094 0.047 0.141
Secondary 0.286 0.138 0.433 0.277 0.143 0.411 0.123 0.023 0.223
Higher 0.377 0.173 0.581 0.444 0.260 0.629 0.283 0.144 0.421
Wealth Quantile

Poorest Reference
Poorer 0.329 0.246 0.412 -0.055 -0.129 0.018 0.068 0.013 0.124
Middle 0.543 0.453 0.632 0.086 0.006 0.165 0.134 0.075 0.194
Rich 0.517 0.419 0.615 0.159 0.073 0.245 0.206 0.142 0.271
Richest 0.624 0.484 0.764 0.269 0.145 0.392 0.329 0.236 0.421
Water source

Unimproved Reference
Improved 0.081 0.017 0.145 -0.066 -0.121 -0.010 -0.057 -0.098 -0.015
Toilet Facility

Unimproved Reference
Improved 0.078 -0.013 0.169 0.188 0.105 0.270 0.035 -0.027 0.097
Settlement

Rural Reference
Urban -0.111 -0.240 0.018 0.037 -0.074 0.149 -0.151 -0.234 -0.068
Mass Media usage

No Reference
Yes 0.017 -0.050 0.084 0.103 0.042 0.163 0.060 0.015 0.106
Child Had Diarriah in the last 2 weeks

No Reference
Yes -0.051 -0.135 0.032 -0.125 -0.200 -0.049 -0.158 -0.214 -0.101
Child Had Fever in the last 2 weeks

No
Yes -0.198 -0.285 -0.110 -0.134 -0.213 -0.054 -0.207 -0.267 -0.148
Child Had Cough in the last 2 weeks

No Reference
Yes 0.066 -0.017 0.149 0.014 -0.061 0.088 0.021 -0.035 0.077
Number of Children under 5

1 Reference
2–3 -0.108 -0.195 -0.022 0.064 -0.014 0.142 -0.028 -0.086 0.031
4+ -0.203 -0.404 -0.001 0.229 0.048 0.411 -0.121 -0.256 0.015
Birth Order

1 0.230 0.124 0.335 0.220 0.124 0.316 0.041 -0.030 0.113
2–4 Reference
5+ -0.101 -0.181 -0.020 -0.068 -0.141 0.004 -0.060 -0.115 -0.006
Time in months of preceding Birth

less than 25 Reference
25–60 0.160 0.086 0.234 0.173 0.106 0.240 -0.033 -0.084 0.017
61+ 0.217 0.096 0.337 0.394 0.284 0.503 0.055 -0.027 0.137
Frequency of Antenatal Visit

1 0.121 0.035 0.206 -0.200 -0.278 -0.123 0.002 -0.056 0.060
2–3
4+ -0.145 -0.429 0.139 0.693 0.438 0.948 -0.016 -0.207 0.176
Contraceptive Used

None Reference
Traditional 0.123 -0.193 0.438 0.007 -0.278 0.291 0.233 0.020 0.447
Modern 0.328 0.258 0.399 0.127 0.064 0.189 0.115 0.068 0.162
Child being Breasfed

No Reference
Yes 0.140 0.074 0.206 -0.240 -0.299 -0.180 -0.011 -0.055 0.034
Child was Vacinated

No Reference
Yes 0.092 0.032 0.153 0.058 0.004 0.112 0.033 -0.008 0.073
Postnatal Visit

No Reference
Yes -0.057 -0.188 0.073 -0.138 -0.256 -0.020 0.053 -0.036 0.141
Mother works in the last 1 year

No Reference
Yes 0.190 0.128 0.253 -0.017 -0.073 0.039 0.041 -0.001 0.082
Marital status

Never married Reference
Married/leaving together -0.013 -0.169 0.144 -0.128 -0.268 0.012 -0.154 -0.258 -0.050
Seperated/Devoiced/Spouse diseased -0.058 -0.248 0.132 -0.143 -0.314 0.027 -0.136 -0.263 -0.009
Birthweight

less than 2.5 Reference
2.5-4.5 0.091 -0.017 0.199 0.194 0.096 0.291 0.204 0.131 0.277
4.5+ 0.093 -0.200 0.386 0.512 0.245 0.778 0.454 0.254 0.654

Turning attention to the non-linear effect of child age and maternal age, the

prevalence of low Hb level (Figure 2a & b ), stunting (Figure 2c & d), and wasting

(Figure 2d & e) are presented. The middle black line indicates the posterior mean,

and the red lines indicate the 95% credible intervals. In Figure 2a, the prevalence of

low Hb level first increases between 6 and 10 months. Then, the curve picks up, and

the prevalence consistently decreases until age 35. It became steady in the following

two months. It further picks up, and the prevalence decreases until 45 months and
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again remains steady for the next four months, where the curve picks up, and the

prevalence further decreases until age 59 months. In general, from 10 months and

above, the curve is non-decreasing, except between age 35 to 40 months. It implies

that the risk of anemia among under-five children decreases almost at a constant

rate with an increase in age. Similarly, in Figure 2b, the prevalence of Hb level of

children decreases at a constant rate between maternal ages 15 and 25 years. It

remains constant for an additional two years, and then, gradually increases until

age 49. It indicates that as mothers get older, the risk of anemia among children

decreases. This is expected, since, as mothers get older, they gather more experience

on positive attitudes towards parenting and a child’s health.

In Figure 2c, the prevalence of stunting increases at a constant rate until age

20 months, where the curve behaves sinusoidal around the same risk until age 35

months, and then slowly increases unit age 59 months. This result indicates that

at the fifth birthday, the risk of stunting is more severe compared with the risk

of stunting before age 15 months. In Figure 2d, the prevalence of stunting has a

similar pattern to the prevalence of anemia according to maternal age. That is, the

risk of stunting decreases at a constant rate as maternal age increases.

In Figure 2e, the prevalence of wasting increased for the first five months and

then recovered after additional five months. It keeps decreasing until a child attains

40 months, where it further increases at a constant rate until age 59 months. It

indicates that the risk of wasting fluctuates between birth and the fifth birthday.

In Figure 2f, the prevalence of wasting decreases at a constant rate as maternal

age increases until 25, where it remains constant for additional fifteen months. It

further slowly increases till age 43 and then decreases until 49 years.

Figure 3 presents the smoothed spatial effect on Hb level (Figure 3a), stunting

(3b), and wasting (3c) across Ethiopia. The orange and red-colored regions indicate

high prevalent regions in Ethiopia. Consequently, children residing in these regions

are at severe risk of these ailments. The green and the blue regions indicate regions

where the prevalence of these ailments is least severe. On the right side of Figure

3a the Southern Tigray, Eastern Amhara, and nearly the whole of Afar share a

larger amount of the burden of the prevalence of low Hb, and consequently, high

anemia. On the left side of the map, Benishangul-gumuz and the North-East of

Oromia shared a larger burden of the prevalence of low Hb. However, in Southern

Ethiopia, a small ethnic group of the South-Eastern Oromia and South Somali

are among the high-prevalent regions of anemia. However, in Figure 3b, southern

Ethiopia has the highest burden of stunting, except for a small region towards the

South of Oromia. From the North in the same graph, Western Tigray and Northern

Amhara are the high burden regions, and consequently, these regions are high-risk

regions of stunting. In Figure 3c, Somali, Harar, Dire Dawa and part of Oromia,

Benishangul Gumuz, Amhara, southern Tigray, west of Afar are the high burden

regions of wasting. Consequently, there is a high risk of wasting in these regions.

Joint analysis of Anemia and Malnutrition

The posterior mean and the credible intervals for the joint analysis of anemia and

stunting, and anemia and wasting are presented in Table 3. The joint analysis is
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(a) anemia

(b) stunting

(c) wasting

Figure 3: The spatial effect of anemia, stunting and wasting. The red regions

indicate the region with higher prevalence/risk, and the blue regions indicate

the region with low prevalence/risk.

denoted as ”Anemia & Stunting” and ”Anemia & Wasting” respectively. The non-

inclusion of zero in the credible interval is used to determine the significance of the

risk factors.
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In Table 3, male children are significantly more at risk of the co-occurrence of ane-

mia and stunting, and anemia and wasting compared with female children. Thus,

the prevalence of both ailments among male children is significantly higher. Fur-

thermore, higher maternal education level and wealth index significantly lower the

prevalence of anemia and stunting, and anemia and wasting. While improved wa-

ter sources significantly lower the prevalence of simultaneous occurrences of anemia

and stunting, and anemia and wasting, improved toilet facility does not. Thus, im-

proving toilet facilities would not simultaneously lower the risk of both ailments.

The place of settlement is not significant for anemia and stunting. However, it is

different for anemia and wasting. Surprisingly, the prevalence of the co-occurrence

of anemia and wasting among children living in the urban region is significantly

higher compared with children living in the rural region. While mass media usage

could significantly lower the prevalence of co-occurrence of anemia and wasting, it

is not significant for anemia and stunting. Thus, improvement in mass media us-

age is not sufficient to lower the risk of co-occurrence of anemia and stunting. The

prevalence of anemia and wasting among under-five children with diarrhea or fever

is significantly higher compared with those without diarrhea or fever, and thus, they

are more at risk. Moreover, the prevalence of anemia and stunting among under-five

children with fever is significantly higher compared with under-five children without

fever.

The co-occurrence of anemia and stunting, and anemia and wasting are signifi-

cantly more prevalent with an increase in the number of under-five children in the

household. Similarly, the prevalence of the co-occurrence of these ailments is signifi-

cantly higher among children with higher birth order and lower among children with

lower birth order. Thus, a higher number of under-five children in the household and

higher birth order are determinants of the co-occurrence of these ailments. While

the time of preceding birth above 25 months significantly lowers the prevalence of

anemia and stunting, preceding birth above 61 months lowers the prevalence of ane-

mia and wasting. That is, increasing birth interval is a crucial decision to reduce the

prevalence of these ailments, and thus, reduce the risk. The frequency of antenatal

care utilization is not significant, consequently, the prevalence of the co-occurrence

of these ailments will be unable to be significantly diminished by merely increasing

the number of antenatal care visits. A similar result is found for postnatal care

utilization and child being breastfed. The prevalence of the co-occurrence of anemia

and stunting, and anemia and wasting are significantly lower among children whose

parents use a modern type of contraceptive compared with children whose parents

do not use contraceptives.

Furthermore, the prevalence of both anemia and stunting, and anemia and wasting

is significantly lower among vaccinated under-five children and whose mothers had

been working since the past year compared with their counterparts. Thus, increasing

the number of vaccinated children would significantly lower the risk of co-occurrence

of these ailments. Unexpectedly, the prevalence of anemia and stunting, and ane-

mia and wasting significantly increases among under-five children whose parents are

married/cohabited couples, divorced, separated, or spouse diseased compared with

their counterpart, which is no union. Co-occurrence of anemia and wasting is sig-

nificantly less prevalent among under-five children with a birth weight greater than



Egbon et al. Page 16 of 24

2.5kg compared with children whose birth weight is less than 2.5kg. A similar result

is obtained for the prevalence of anemia and stunting, except that the prevalence

among under-five children with birth weight above 4.5 is not significantly different

from the prevalence among under-five children below 2.5kg. This is expected since

lower birth weight and overweight are serious health problems among young chil-

dren. Thus, children with birth weights between 2.5 and 4.5 are at lower risk of the

co-occurrence of these ailments.

Table 3: The Joint analysis of anemia and stunting, and anemia and wasting. Factors

with non-inclusion of zero in the 95% credible interval are considered significant risk

factors to the prevalence of both ailments.
Variables Mean 2.5% 97.5% Mean 2.5% 97.5%

Anemia & Stunting Anemia & wasting

Gender

Female Reference
Male -0.055 -0.082 -0.028 -0.068 -0.092 -0.045
Maternal Education level

No formal education Reference
Primary 0.06 0.024 0.096 0.062 0.031 0.093
Secondary 0.141 0.066 0.217 0.117 0.051 0.183
Higher 0.196 0.091 0.301 0.191 0.099 0.282
Wealth Quantile

Poorest Reference
Poorer 0.13 0.088 0.172 0.125 0.089 0.162
Middle 0.25 0.204 0.296 0.228 0.188 0.268
Rich 0.253 0.203 0.303 0.244 0.201 0.288
Richest 0.31 0.238 0.382 0.312 0.25 0.375
Water source

Unimproved Reference
Improved 0.061 0.094 0.028 0.059 0.088 0.031
Toilet Facility

Unimproved Reference
Improved -0.005 -0.052 0.043 -0.008 -0.049 0.033
Settlement

Rural Reference
Urban -0.067 -0.134 0.001 -0.095 -0.154 -0.036
Mass Media usage

No Reference
Yes 0.026 -0.008 0.061 0.032 0.002 0.061
Child Had Diarrhea in the last 2 weeks

No Reference
Yes -0.036 -0.079 0.007 -0.067 -0.105 -0.03
Child Had Fever in the last 2 weeks

No
Yes -0.103 -0.147 -0.058 -0.134 -0.173 -0.095
Child Had Cough in the last 2 weeks

No Reference
Yes 0.023 -0.019 0.065 0.02 -0.016 0.057
Number of Children under 5

1 Reference
2–3 -0.091 -0.133 -0.049 -0.086 -0.123 -0.05
4+ -0.135 -0.237 -0.033 -0.154 -0.243 -0.065
Birth Order

1 0.098 0.045 0.151 0.061 0.015 0.107
2–4 Reference
5+ -0.089 -0.129 -0.048 -0.081 -0.116 -0.046
Time in months of preceding Birth

less than 25 Reference
25–60 0.074 0.037 0.112 0.023 -0.01 0.055
61+ 0.117 0.056 0.178 0.059 0.006 0.112
Frequency of Antenatal Visit

1 -0.023 -0.065 0.019 0.003 -0.033 0.04
2–3
4+ 0.012 -0.134 0.158 -0.071 -0.198 0.056
Contraceptive Used

None Reference
Traditional 0.058 -0.104 0.22 0.132 -0.009 0.272
Modern 0.157 0.121 0.193 0.141 0.109 0.172
Child being Breastfed
No Reference
Yes 0.011 -0.023 0.044 0.027 -0.002 0.056
Child was Vaccinated

No Reference
Yes 0.061 0.032 0.09 0.056 0.031 0.081
Postnatal Visit

No Reference
Yes -0.058 -0.125 0.009 -0.014 -0.072 0.044
Mother works in the last 1 year

No Reference
Yes 0.075 0.043 0.107 0.072 0.044 0.1
Marital status

Never married Reference
Married/leaving together -0.269 -0.326 -0.211 -0.259 -0.309 -0.21
Separated/Divorced/Spouse diseased -0.29 -0.37 -0.21 -0.264 -0.333 -0.195
Birth weight

less than 2.5 Reference
2.5-4.5 0.056 0 0.111 0.093 0.045 0.141
4.5+ 0.104 -0.047 0.255 0.181 0.05 0.312
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Turning attention to the non-linear effects, Figure 4 presents the effect of child

and maternal age on the joint prevalence of anemia and stunting, and anemia and

wasting. The middle black line represents the posterior mean, and the red lines

indicate the 95% credible interval. For emphasis, it is important to note that an

increase in posterior estimates implies decreased prevalence, while a decrease in

posterior estimates indicates increased prevalence.

Figure 4a presents the effect of child’s age on the prevalence of anemia and stunt-

ing. The curve is overshadowed by the shape of the child’s age on the risk of anemia.

However, it has a longer downward duration from age 6. The prevalence of anemia

and stunting increased almost at a constant rate from 6 months to 20 months and

gradually decreases in a sinusoidal form until a child attains 59 months. A simi-

lar pattern is also found for anemia and wasting (Figure 4c). It indicates that the

severity of the simultaneous impact of anemia and stunting, and anemia and wast-

ing in the well-being of children diminishes as they get older. Results also revealed

a more influence of anemia in the health status of children compared with stunting

and wasting. Figure 4b & c present the effect of maternal age on the prevalence

of anemia and stunting, and anemia and wasting. In Figure 4b, as the maternal

age increases, the prevalence of anemia and stunting increases, and thus, the risk

increases. A similar pattern is found for the joint prevalence of anemia and wasting.
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(a) (b)

(c) (d)

Figure 4: Nonlinear effect of child and maternal age on the prevalence of anemia

and stunting (a & b), and anemia and wasting (c & d). A curve with a positive

gradient indicates decreased prevalence, while a negative gradient indicates in-

creased prevalence.

Figure 5 presents the smoothed spatial effect of the co-occurrence of anemia and

stunting (Figure 5a) and anemia and wasting (Figure 5b) across Ethiopia. The

orange and red-colored regions indicate high prevalent regions. That is, children

residing in these regions are at severe risk of the co-occurrence of these ailments.

From Figure 5a, the Northern Gambela, Western Oromia, Northeast Benishangul-

gumuz, Central and Northern Amhara, Southern Afar, and parts of Somali are the

high burden region in the joint prevalence of anemia and stunting. A similar spatial

pattern is found for anemia and wasting in Ethiopia.
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(a)

(b)

Figure 5: Spatial effect on the joint prevalence of anemia and stunting (a), and

anemia and wasting (b). The red spot indicates the region with a high prevalence

of both ailments.

Discussion

This study examined the association between anemia and malnutrition to ascer-

tain significance in the co-occurrence of both ailments among under-five children in

Ethiopia. A Chi-squared test of association and an unconditional exact test were

first adopted to check for association in the occurrence of these ailments among

under-five children. The result indicated a significant association across age-group

of 20 months intervals. Thus, this study adopted a Bayesian hierarchical mixed effect

model to account for the uncertainty in the joint occurrence of anemia and mal-

nutrition among under-five children in Ethiopia. The spatial pattern was modeled

with a stochastic partial differential equation which allows continuous interpolation

of the quantified prevalence over the whole country. In this sense, it facilitates the

spatial localization of hotspots of anemia and malnutrition. In addition to the joint

analysis, this study conducted a univariate analysis of anemia and malnutrition.

The results from the joint analysis indicate the resultant impact of both ailments

on the well-being of under-five children. It could be garnered from the result that

factors that significantly increase the risk of anemia and malnutrition in a separate

analysis are with certainty significant risk factors in the joint analysis. However,

this is not the case when the risk factors are significant in either anemia or mal-
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nutrition. From the joint analysis, the main determinants of the co-occurrence are

gender, maternal education, wealth quantile, water source, place of settlement, mass

media, diarrhea and fever in the last two weeks, number of children under five, birth

order, preceding birth, contraceptive used, vaccination, mother work in the past one

year, marital status, and birth weight. Results also indicate a spatial disparity in

the prevalence of the co-occurrence of both ailments. Higher prevalence was found

among children below 20 months and younger maternal age.

Findings revealed a higher prevalence of the co-occurrence of anemia and stunt-

ing and anemia and wasting among male children compared with female children.

This finding is consistent with existing literature, [34, 35]. This finding may sug-

gest that male children are more vulnerable to health inequalities and could be

more pronounced at the early stages after birth. This study found disparities in

the prevalence of anemia and stunting and wasting across maternal education lev-

els. The lower the maternal education, the higher the prevalence. This is expected

as educated mothers are likely to seek experts on child well-being and have more

understanding of child nutrition. This finding is in agreement with [36] and [37].

This finding indicates that maternal education is a key risk factor for projecting

the co-occurrence of anemia and malnutrition among under-five children. Another

key determinant factor is the wealth inequalities among Ethiopian households. The

prevalence of the co-occurrence of anemia and malnutrition is high among the lower

wealth quantile households. This finding is consistent with [38] and [39]. It is ex-

pected as children in households with low wealth quantile are faced with limited

resources and lack access to nutritious diets. Moreover, the trend of wealth inequal-

ities in Ethiopia is rising, [40], and might lead to an increase in the prevalence of

anemia among under-five children in Ethiopia. Thus, household resource allocation

and household diversification of business activities could help to measure up to

the needs of under-five children, thereby reducing the risk of the co-occurrence of

anemia and malnutrition.

The finding showed that unimproved household water source is a key factor to

predict co-occurrence of anemia and malnutrition. There is a higher likelihood of

the co-occurrence of anemia and malnutrition among households with unimproved

water sources compared with the households with improved water sources. This

finding agrees with [41] and [42]. Policies that strengthen access to improved water

could lower the risk of the co-occurrence of anemia and stunting among under-

five children. Unexpectedly, the finding indicates that the place of settlement is

not sufficient to determine the risk of co-occurrence of anemia and stunting, but

anemia and wasting. This followed from the single analysis, where urban settlement

is a determining factor of increased risk of wasting in Ethiopia. This finding could be

influenced by the heterogeneity among households in the urban region, as more rural

occupants migrate to urban regions in search of greener pasture. A similar pattern

is found for mass media usage. While mass media is not a determining factor for

the co-occurrence of anemia and stunting, it significantly lowers the prevalence of

anemia and wasting among households. Thus, policies that ensure enlightenment

through mass media should be strengthened.

The finding showed that fever and diarrhea is a determining factor for predicting

the prevalence of co-occurrence of anemia and malnutrition. It indicates a high
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prevalence of anemia and stunting and wasting among under-five children with fever.

However, it only indicates a high prevalence of anemia and wasting among under-five

children with diarrhea. These findings are consistent in a single analysis of anemia,

[43] and malnutrition, [44]. Thus, the co-occurrence of anemia and malnutrition is

most likely expected among children suffering from fever and diarrhea. Policies that

straighten access to an improved water source, exclusive breastfeeding, improved

sanitation, and health education, [45] could improve the health status of children

suffering diarrhea and fever, therefore reducing the risk of anemia and malnutrition.

This study also found that a higher number of under-five children in households

and higher birth positions are key determinants to the prevalence of anemia and

malnutrition. On one hand, the risk of the co-occurrence of both ailments increases

as the number of household under-five children and the birth position increases. This

could be linked to shared household limited resources among under-five children. On

the other hand, an increase in the duration of preceding birth lowers the risk of co-

occurrence. Thus, effective planned birth control could lower the number of under-

five in households and consequently lower the birth order and increase birth spacing.

This finding is in line with the results found in literature, [46]. Surprisingly, findings

indicate that the frequency of antenatal care visits and postnatal care utilization

does not lower the prevalence of the co-occurrence of anemia and malnutrition.

Thus, there is a need for improvement of health care facilities, train and retrain

qualified health practitioners. In this manner, the healthcare system could have a

positive impact on the well-being of under-five children in Ethiopia.

Findings indicate a lower prevalence of the co-occurrence of anemia and malnutri-

tion for birth weight within 2.5kg and 4.5kg. Thus, children born with birth weight

within the interval (2.5, 4.5)kg are at lower risk of co-occurrence of anemia and

malnutrition compared with birth weights within the interval (0.5, 2.5)kg. More-

over, the prevalence is lower among children with birth weight within the interval

(4.5, 6.5)kg. This finding is consistent with the result found in Cuba, [47]. Another

significant finding is the use of contraceptives. It shows that the use of modern con-

traceptives lowers the prevalence of the co-occurrence of anemia and malnutrition

compared with no use. This could be linked to the effectiveness of modern contra-

ceptives for birth control. It lowers unintended gestation and indirectly reduces the

number of households under-five children, and increases birth spacing. However, it

could also be associated with birth weights since studies have shown a strong asso-

ciation of unplanned pregnancies to low birth weight, [48]. As expected, vaccination

significantly lowers the co-occurrence of anemia and malnutrition in Ethiopia. Thus,

infant vaccination policies should be further strengthened. Finding also indicates

that maternal employment lowers the risk of co-occurrences of these ailments. How-

ever, the result could be otherwise for infants, [49] since mothers would spend fewer

quality times with their children. Unexpectedly, findings indicate that marriage,

cohabitation, separation, and spouse diseased increases the risk of co-occurrence

of anemia and malnutrition. Thus, there is a need for further investigation since

studies have shown a positive relationship between marriage and the well-being and

development of children, [50].

Furthermore, this study found that the prevalence of anemia and stunting first

increases in the first twenty months after birth, and consequently, the risk increases.
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Moreover, the prevalence lowers gradually from 20 months until 59 months. This

finding is consistent with the literature, [51]. For anemia and stunting, this find-

ing suggests a wide food coverage, supplementation, and fortification for children

within the first twenty months after birth and within the first ten months for the

co-occurrence of anemia and wasting. The prevalence of anemia and malnutrition

reduces as the mother gets older and garnered experience. Thus, this finding sug-

gests parental support to young mothers for the well-being and development of their

children. In this manner, the risk of these ailments can be contained.

This study found a geographical disparity in the prevalence of anemia and mal-

nutrition in Ethiopia. The finding identified northeast Ethiopia and sub-regions in

the South as the regions with a severe burden of the co-occurrence of anemia and

malnutrition. These regions include Northern Gambela, Western Oromia, North-

east Benishangul-gumuz, Central and Northern Amhara, Southern Afar, and parts

of Somali. These maps are vital since they indicate the regions with the possibility

of fighting anemia and malnutrition simultaneously and the locations where this is

unlikely realistic. In this way, programs and policies will not miss the opportunity

of simultaneous intervention.

Conclusion

This study adopted a Bayesian hierarchical mixed model, using a stochastic partial

differential equation to estimate the spatial pattern of the co-occurrence of anemia

and malnutrition. It was aimed to determine the key risk factors predicting the

co-occurrence of anemia and malnutrition among under-five children in Ethiopia.

This study found the common risk factors increasing the risk of the co-occurrence of

anemia and malnutrition, which includes gender, maternal educational level, family

wealth index, number of under-five children, birth order, time of preceding birth,

contraceptive used, vaccination, birth weight of children, child’s age and mother’s

age. Additionally, this study found spatial disparity placing children residing in

Northern Gambela, Western Oromia, Northeast Benishangul-gumuz, Central and

Northern Amhara, Southern Afar, and parts of Somali regions at higher risk. These

findings could be utilized by policymakers and intervention programs to simulta-

neously tackle and contain the prevalence of both ailments. For instance, giving a

basic education program that enlightens mothers on the benefits of modern types of

contraceptives, appropriate birth spacing, infant vaccination, and educating moth-

ers or caregivers on better parental attitude. In this way, anemia and malnutrition

can be simultaneously contained in the identified high prevalent parts of Ethiopia.

For cost-effective intervention, policies and programs that improve individual-level

risk factors of parents and caregivers are a more promising approach to tackle high

prevalent regions than the ones on the children and should be considered as an

utmost priority in the country.
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