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Introduction

Under-5 mortality (U5M) rates refer to the probability of a 
child born in a specific year or period dying before reaching 
5 years of age expressed per 1000 live births.1 According to a 
2019 report, 5.8 million children died worldwide in their first 
5 years.2 Even if it decreased by more than half since 1990, 
still it is unacceptably large.3 In sub-Saharan Africa and 
southern Asia, the U5M rate remains high.4 Most of these 
deaths are due to stoppable or curable health problems, such 
as malaria, diarrhea, and pneumonia, which affect under-5 
children.5 Reducing child mortality is recognized as a sus-
tainable development goal of a united nation, and the third 
global child target for 2030 calls for ending under-5 children 
deaths and reducing U5M to a minimum of 25 per 1000 live 
births in each country.6

Most of the sub-Saharan African countries have practiced 
methods that cause most rapid decreases in child mortality 
rate.7 However, there exist greater disparity, and a large num-
ber of child deaths remain among different nations. It remains 
one of the biggest public health problems in the region.4,7 All 
top 10 nations that had U5M rates over 90 per 1000 live 
births are in sub-Saharan Africa. These nations conjointly 
account for around 60% of the entire under-5 deaths. Most of 
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the causes are infectious diseases and malnutrition that can 
be treated and/or avoided.4,6

Ethiopia is one of the five countries that partake half of all 
under-5 deaths in 2018.6 The 2016 Ethiopian Demographic 
and Health Survey (EDHS) reported that the country’s U5M 
rates are 67 children per 1000 live births.8 Children’s mortal-
ity is still high due to prevalent diseases such as fever, diar-
rhea, cough, malaria, and measles.9 Nationwide studies have 
been conducted to estimate the prevalence of associated risk 
factors of under-5 deaths in Ethiopia.9,10 Different studies 
and reports suggested that there is a decline in U5M in 
Ethiopia although there are disparities among regions.6,11,12

In Ethiopia, recent studies10 have sought to identify the 
risk factors of U5M using statistical models. However, these 
studies feature methodological shortcomings. First, the stud-
ies used an inappropriate model to the data used. The sam-
ples underlying the Demographic and Health Survey (DHS) 
dataset are complex because stratified multistage cluster 
sampling was used. It led households in the target population 
to have unequal probabilities of being selected.8 Second, 
ignoring sampling weights leads to erroneous parameter 
estimates.13

The objective of this study is to identify correlates and 
trends of U5M in Ethiopia using 2000–2016 EDHS data by 
answering the following research questions:1 What is the 
trend of U5M from 2000 to 2016 EDHS?2 What are the cor-
relates that contribute to U5M in Ethiopia? First, the study 
examines whether there is a significant U5M intra-class cor-
relation (ICC) in the clusters. If the existence of time and 
regional dependency is observed, the subsequent objective 
will be to explore important implications to targeting policy 
for better interventions and to identify variables that might 
account for the mortality using a multilevel logistic regres-
sion model. Furthermore, the study would be the first ever to 
identify determinants of child mortality in Ethiopia.

The remainder of the article is organized as follows. The 
data source, sample size and design, some basic statistical 
analysis, and estimation methods and inferences are intro-
duced in section “Methods.” The results from applying the 
proposed models to the study data are discussed in section 
“Results.” Finally, the main discussion and conclusion of the 
study are given in sections “Discussion” and “Conclusion,” 
respectively.

Methods

Source of data and study design

The source of data for this study was taken from EDHS con-
ducted by Central Statistics Agency (CSA), which was con-
ducted across the country and available in the Monitoring 
and Evaluation to Assess and Use Results Demographic and 
Health Surveys (MEASURE DHS) database at https://
dhsprogram.com/data/available-datasets.cfm. EDHS granted 
permission to access data through the project title “Trend and 
Correlates of Under-Five mortality.” The DHS is a periodic 

cross-sectional survey administered at the household level, 
funded by United States Agency for International 
Development (USAID) in many middle- and low-income 
countries. The first Ethiopian DHS (EDHS) was conducted 
in 2000 and then subsequently in 2005, 2011, and 2016.

Child mortality is one of the sections that have been cov-
ered in each subsequent year in the nine regions and two 
administrative regions both at rural and at urban levels. The 
EDHS data of 2000, 2005, 2011, and 2016 included a sample 
of approximately 10,873, 9861, 11,654, and 10,641 under-5 
children, respectively, which were used in this study.8,14–16

Inclusion and exclusion criteria.  All of the under-5 children 
whose household response was full were eligible for the 
study. On the contrary, those whose household response was 
not full were excluded from the study and counted as miss-
ing data in the analysis process.

Data weight

The sampling weights account for the selection probabilities 
of children at two stratified sampling stages. The design 
weights are then adjusted for non-response at each level to 
calculate the final survey weights for children.17

Bias reduction method.  Including survey weights of different 
levels without scaling produces biased parameter estimates. 
The survey weight scaling techniques are considered to be a 
bias minimization technique.18 The scaling technique which 
minimizes bias of estimates is given below:
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where wjk  and wijk  are the final survey weights of house-
holds and children, respectively.

Variables in the Study

Dependent variable.  In this study, the dependent variable is 
coded as 1 if the child died before reaching 5 years of age 
and 0 if the child is alive. Therefore, the ith child is repre-
sented by a random variable Yi , with two possible values 
coded as 1 and 0. Hence, the response variable for the ith 
child is measured as a dichotomous variable.

Independent variables.  Factors that are used as prognostica-
tors of U5M included in this study were selected based on 
the three-level weighted logistic regression model in the 
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univariable analysis at 25% level of significance. These 
variables are mother’s education level (no education, pri-
mary, secondary, or higher), wealth index (poor, middle, 
rich), sex of household head (male, female), residence 
(urban, rural), preceding birth interval (<24, 24–47, ⩾47), 
mother’s age at first birth (<15, 15–25, ⩾25), birth order 
(⩽3, >3), place of delivery (not health institution, health 
institution), sex of a child (male, female), plurality (single, 
multiple), and weight of child at birth (small, average, 
large). Survey time was used as a moderator variable.

Statistical analysis

Multilevel logistic regression model.  Since our dependent vari-
able is dichotomous, logistic regression is the popular model 
to analyze datasets.19 This model assumes that all children 
are independent in the sense that any variable explaining the 
dependent variable has the same effect in all clusters. Gener-
ally, children are nested within households, and households 
are nested within the cluster and there is a lack of independ-
ence across levels of nested data as they are sharing the com-
mon characteristics. To overcome these problems, multilevel 
logistic regression model is an appropriate model. A multi-
level logistic regression model can be used to analyze nested 
sources of variability in hierarchical data, taking account of 
the variability associated with each level of the hierarchy.19 
There is an individual factor that contributed to U5M as well. 
The variations among individuals, households, and clusters 
have different structures.20

Consider a binary response variable y Bernoulli pijk ijk~ ( ), 
then the logit link function is
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where pijk  symbolizes the probability of death for the ith 
child in the jth household of kth cluster. Vectors xijk, x jk, and 
xk  denote the child-level, household-level, and cluster-level 
predictor variables, respectively. In addition, ββ1 ,ββ2 , and ββ3  
represent the vectors of regression parameters for the child-
level, household-level, and cluster-level predictor variables, 
respectively. Furthermore,  j k( )

( )2  denotes the random effect for 
the jth household in the kth cluster and k

( )3  denotes the ran-
dom effect for the kth cluster. We assume that  j k hhN( )

( ) ~ ( , )2 20 σ  
and k clusterN( ) ~ ( , )3 20 σ  are independent.21 To estimate the 
variance of random effect, ICC was used. The ICC, which 
indicates the proportion of variance, for three-level binary 
data can be defined for each level separately:22
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Parametric estimation.  Parametric estimation in multilevel 
logistic regression is not direct like an ordinary regression 
model. To estimate unknown parameters, standard errors (SE), 
and confidence interval (CI), the pseudo-maximum likelihood 
estimation for generalized linear mixed models with two or 
more levels using adaptive quadrature is implemented in 
GLLAMM,22 which is one of the Stata packages.23

Results

The U5M rate refers to the chance of dying before age 5 years 
per 1000 live births. Based on the survey of 2000, 2005, 
2011, and 2016 EDHS, it was found that the U5M proportion 
displays a decline in the study periods. The trend in U5M 
rates in Ethiopia for 2000–2016 EDHS data indicates the 
average mortality in the preceding 5 years of the survey year. 
The results of the data depict that U5M is declining over the 
past decades. The mortality declined from 166 deaths per 
1000 live birth in 2000 to 67 deaths per 1000 live births in 
2016. This is equivalent to a 60% decline between 2000 and 
2016 (Figure 1).

Correlates of U5M in Ethiopia

For multivariable three-level logistic regression model, we 
included sex of a child, preceding birth interval, birth order, 
place of delivery, weight of child at birth, and plurality as 
first-level variables; mother’s education level, wealth index, 
mother’s age at first birth, and sex of household head as sec-
ond-level variables; and residence and survey time as third-
level variables. Sex of child, preceding birth interval, weight 
of child at birth, plurality, mother’s education level, sex of 
household head, and residence were found to be significant 
for the main effect without interaction. Including the signifi-
cant correlates in the main effect without interaction birth 
order and mother’s age at first birth were found to be signifi-
cant for the main effect with interaction (Table 1).

The odds of U5M of females were 0.56 times (odds ratio 
(OR) = 0.56, p < 0.01) less than the odds of male children. 
The odds of U5M for multiple births were 8.96 times 
(OR = 8.96, p < 0.01) greater than the odds of single births. 
The odds of U5M for mother’s education level with primary 
and secondary or higher education were 0.33 and 0.29 times 
(OR = 0.33, p < 0.01 and OR = 0.29, p < 0.01) less than the 
odds of mothers with no education level, respectively. The 
odds of U5M for female household were 0.44 times 
(OR = 0.44, p < 0.01) less than that for male household head. 
The odds of U5M among children with rural residence were 
2.81 times (OR = 2.81, p < 0.01) greater than among children 
with urban residence. The rest of the correlates including 
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birth order, place of delivery, wealth index, and mother’s age 
at first birth did not show any significant association with 
U5M as we observed from the main effect without interac-
tion (Table 1).

The odds of U5M for children living in rural areas were 
2.82 times (OR = 2.82, p < 0.01) greater than among children 
living in an urban area in 2000 EDHS. The mortality for 
female children was 44% (OR = 0.56, p = 0.048) times less 
than for male children in 2000 EDHS. The mortality for mul-
tiple births was 8.96 times (OR = 8.96, p < 0.01) greater than 
for single birth in 2000 EDHS.

The variances of the random effects are 0.16 for the clus-
ter and 1.47 for the household. Estimated ICC for cluster 
level and household level is 0.032 and 0.298, respectively 
(Table 1).

The predicted probability of child mortality of those 
who lived in a poor household is 0.117, 0.096, 0.085, and 
0.071 in 2000, 2005, 2011, and 2016 EDHS, respectively. 
Similarly, the probability of child mortality of those who 
lived in a middle household is 0.171, 0.110, 0.076, and 
0.060 in 2000, 2005, 2011, and 2016 EDHS, respectively. A 
child who lived in a rural area in 2000, 2005, 2011, and 
2016 had a 0.141, 0.094, 0.081, and 0.070 predicted prob-
ability of dying. The predicted probability of U5M for 
mothers with primary education levels in 2000, 2005, 2011, 
and 2016 is 0.123, 0.07, 0.069, and 0.055, respectively. A 
child whose preceding birth interval was less than 24 
months had a 0.235, 0.174, 0.143, and 0.107 predicted 
probability of dying in 2000, 2005, 2011, and 2016, respec-
tively. Similarly, a child whose preceding birth interval was 
47 months or more had a predicted probability of dying of 

0.085, 0.047, 0.047, and 0.041 in 2000, 2005, 2011, and 
2016, respectively (Table 2).

Discussion

U5M is still a major public health problem in sub-Saharan 
African countries.10,21 Nowadays, improving the health sta-
tus of children and increasing child health care are low in 
less-resourced countries including Ethiopia.24 Therefore, the 
study aims to identify correlates and trends of U5M in 
Ethiopia using four-time EDHS data. It is more relevant if 
the trend of U5M can be studied by considering several sur-
veys over time. This is very important in saving more chil-
dren’s lives and reducing the gap between developed and 
limited resource setting countries regarding U5M.

In Ethiopia, there have been substantial improvements in 
saving children’s lives after the implementation of health 
interventions since 1960.25 Our study result also indicates 
that the mortality rate has declined from 166 deaths per 1000 
live birth in 2000 to 67 deaths per 1000 live births in 2016. 
The result is similar to the study done in Ethiopia.10 The 
analysis revealed that a child who is living in rural area faced 
a higher risk of mortality than a child residing in urban area. 
This result is supported by the study based on 2011 and 2016 
EDHS, in which they showed that the highest percentage of 
death was recorded in rural areas.26–28

According to the result, multiple births significantly affect 
under-5 children. Children born with multiple births had a 
higher risk of dying than those with single births through the 
study periods. The result was in line with the study done in 
Ethiopia,28–33 in which the odds of U5M were five times 

Figure 1.  Trend in under-5 mortality rate in Ethiopia, 1997–2013.
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higher among children born with multiple births compared to 
single birth. Based on the result, sex of a child is also one of 
the correlates of U5M. The risk of death of a female child is 
different from that of a male child. Male children had a 
higher risk of dying than female children. This result is simi-
lar to a study done by Fikru et  al.10 and Zewudie et  al.28 
However, it contradicted the study conducted in rural set-
tings of Ethiopia.34

Similarly, the odds of an under-5 child dying before 5 years 
of age in the case of having a primary and secondary or higher 
educated mother were reduced compared to a child having no 
educated mother. The result is supported by Zewudie et al.28 
The finding of the study showed that the odds of dying before 
5 years of age were reduced for mothers with age at first birth 
⩾25 compared to mothers age at first birth <15 years. 
Therefore, it is better to have a child at ⩾24 years of age.

Table 1.  Odd ratios for correlates of U5M: Main effect without interaction and interaction with time.

Variables+ Main effect only Main effects and interaction with time

  OR OR 2005 2011 2016

Individual-level variables
Intercept 0.01*** 0.01***  
Sex of child
  Female 0.58** 0.56** 0.63 1.51 1.77
Preceding birth interval
  24–47 0.48*** 0.61* 0.49 1.12 1.15
  ⩾47 0.26*** 0.64 0.14** 0.23** 1.06
Birth order
  BORD >3 0.82 0.53* 2.31* 1.79 1.74
Place of delivery
  Health institution 1.78 3.31* 0.74 1.05 0.21*
Weight of child at birth
  Average 1.04 1.52 0.69 0.58 0.66
  Large 1.82** 1.99* 0.47 1.51 0.85
Plurality
  Multiple 3.16*** 8.96*** 0.47 0.21** 0.06**
Household-level variables
  Mother’s education level
    Primary 0.67* 0.33*** 3.73*** 3.82*** 3.03**
    Secondary or higher 0.29*** 0.29*** 2.52* 0.09 4.17**
  Wealth index
    Middle 0.97 1.21 0.39** 0.49** 0.85
    Rich 0.70 1.16 0.19*** 0.66* 0.56*
  Mother’s age at first birth
    15–25 1.37 1.82** 1.54 0.29*** 0.39**
    ⩾25 1.44 4.49*** 0.52 0.04*** 0.11**
  Sex of household head
    Female 2.79** 0.44*** 17.33*** 1.57 2.37**
Community-level variables
  Residence
    Rural 1.88** 2.81** 0.21*** 0.27** 0.93
  Years of survey (time)
    EDHS 2005 0.43*** 4.11*  
    EDHS 2011 0.43*** 2.99  
    EDHS 2016 0.22*** 0.51  
Log likelihood −27,817.90 −27,298.96
σcluster

2 0.17 ICC(cluster) 0.033 σcluster
2 0.16 ICC(cluster) 0.032

σhh
2 1.53 ICC(HH) 0.306 σhh

2 1.47 ICC(HH) 0.298

OR: odds ratio; EDHS: Ethiopian Demographic and Health Survey; ICC: intra-class correlation; HH: household; BORD: birth order.
+Reference categories of individual-level variables: male, <24, ⩽3, small, single.
+reference categories of household-level variables: no education, poor, <15, male.
+Reference categories of community-level variable: urban, years of survey: EDHS 2000.
*p < 0.05 **p < 0.01 ***p < 0.001 (two-tailed test).
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In general, the factors related to child mortality vary 
across time. Understanding both the changing nature of the 
factors and the changing magnitude of their relationships can 
help to explain some of the decreases in child mortality rates. 
The observed significant decrease in U5M is encouraging. 
This suggests that the country is gradually reaching one of 
the Sustainable Development Goals (SDG), which is to min-
imize the child mortality rate below 25 per 1000 live births 
by 2030.35

Strengths and weakness of the article

The strength of this study was the incorporation of four times 
repeated cross-sectional surveys conducted at the national level 
to see the trend and determinant factors of U5M. This could 
increase the generalization of the study findings to the whole 
region of Ethiopia. Almost all of the studies conducted on U5M 
in Ethiopia did not include the effect of clusters, which accounts 
for the heterogeneity;10,36,37 rather, they relied on regions,20 
which is not large enough to account for disparities.38 This 
study is not free from limitations since some important varia-
bles were not included and was only limited to the variables 
mentioned in the methodological part. Furthermore, some 
variables with a large number of missing observations were 
omitted. In addition, the cross-sectional survey is not free from 
bias as it was collected once per 5 years. Furthermore, power 
analysis for sample size calculation was not done. These in turn 
might affect our conclusions.

Conclusion

Child mortality varied across time in Ethiopia. Understanding 
both the time-varying nature of the correlates and changes 
in the type of their associations can help to explain some of 
the decreases in child mortality rates. Sex of child and 
weight of the child at birth showed significant association 
with child mortality without interaction effect. On the other 
hand, birth order, place of delivery, plurality, wealth index, 
and mother’s age at first birth are significant correlates 
associated with U5M. Direction and/or presence of a rela-
tionship between these correlates and child mortality sig-
nificantly interacted with time. Therefore, to mitigate the 
burden of U5M, the concerned body should provide aware-
ness to the community.
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    ⩾47 0.085 0.046 0.046 0.041
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