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Abstract
Background of the study: Under-five mortality is the likelihood for a child born alive to die
between birth and fifth birth day. Mortality under the age of five has been the main problem in
public health policies especially in rural parts of Ethiopia.
Objective: The objective of this study was to assess the risk factors of under-five mortality in
Ethiopia using the 2011 EDHS data.
Results: Information from 8,668 women included in the study show that 64.5% of the women
never experienced under-five deaths of their children. Among four possible count models
considered, the ZINB regression model was selected as the most appropriate model.
Conclusion: The study revealed that mother’s age first birth, breastfeeding status, wealth index,
whether the mother is currently working, region and mother’s level of education had statistically
significant association with the number of under-five deaths in rural parts of Ethiopia.
Keyword: Mortality, under-five mortality, rural, Ethiopia
1. Introduction
Under-five mortality is defined as the likelihood for a child born alive to die between birth and
fifth birth day. Mortality under the age of five has been the main target of public health policies
and is a common indicator of mortality levels, especially in developing countries [8]. It is also
viewed as an indicator of the level of development, health and socioeconomic status of the
population.
Sub-Saharan Africa still has the world's highest rate of child mortality, despite reducing the
number of under-five deaths by 48% since 1990. Sub-Saharan Africa is the region most affected
and accounts for more than one-third of deaths of children under the age of five. In 2013, about
half of global under-five deaths occurred in sub-Saharan Africa and 32 percent in South Asia.
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Around half of under-five deaths occurred in just five countries: India (21%), Nigeria (13%),
Pakistan (6%), Democratic Republic of the Congo (5%) and China (4%) [20].
Under-five death is showing a declining trend over the last decades. Numbers of under-five death
rates were 166 per 1000 live births in 2000 and 88 per 1000 live births in 2011. According to the
report by [6] the level of under-five mortality in rural parts of Ethiopia is 114 deaths per 1000
live births. However, the rate is still very high and requires intervention.
2. Methods
2.1 Source of the data
The source of the data for this study was the 2011 Ethiopia Demographic and Health Survey.
2.2 Variables in the study
The dependent variable for this study is the number of deaths of under- five deaths per mother.
Based on the [15] determinants of under-five mortality for developing countries, the main
predictors explored for under-five mortality are mother’s age at firth birth, whether a mother is
currently breastfeeding, mother’s marital status, mother’s level of education, whether a mother is
currently working, region, household’s wealth index, Source of drinking water and Toilet
facility.
2.3 Methods of data analysis
In this study, the variable of interest is a count variable. When the response or dependent variable
is a count, it is appropriate to use count regression model.
Poisson regression model
Poisson regression analysis is a technique which allows to model dependent variables that
describe count data [3]. According to [19], the apparent simplicity of Poisson comes with the
variance and mean of the count variable are assumed to be equal and the occurrences of the event
are assumed to be independent of each other.
The Poisson regression model is given by

P(Yi=yi,µ) =

e−μi μi yi
yi !

, µi>0, i=1,2,….n and yi = 0, 1, 2, …
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where, yi denotes the value of an event count outcome variable occurring in a given time or
exposure periods with mean parameter µi.
In PRM, let μi as the expected number of under five-child death from the ith mother and the total
number children ever born from the ith mother is Ni. Thus the distribution of Yi can be written as:
𝐘𝐘𝐢𝐢~𝐩𝐩𝐩𝐩𝐢𝐢𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 (𝐍𝐍𝐢𝐢𝛍𝛍𝐢𝐢)

Where, 𝐍𝐍𝐢𝐢 is the total fertility rate of ith mother

The logarithm of the children ever born is introduced in the regression model as an offset
variable [9].
Negative binomial regression model
This model is used when count data are over-dispersed (i.e when the variance exceeds the mean).

Over-disprsion, caused by heterogeneity or an excess number of zeros (or both) to some degree
is inherent to most Poisson data. [11] used negative binomial regression to model over dispersed
Poisson data.. The NB regression model is
P(yi ; µi, α, ) =

with mean and variance are given by

Γ�yi +1�α�
�1
yi !Γ�1�α�

−1

1

+ αμi � α �1 + �
αμ
i

−yi

,

yi ≥ 0 and α >0.

E(Yi)=𝜇𝜇𝑖𝑖 =exp(𝑥𝑥𝑖𝑖 𝑇𝑇 𝛽𝛽) and Var(Yi)=𝜇𝜇𝑖𝑖 (1+α𝜇𝜇𝑖𝑖 )

where, α shows the level of overdispersion and Γ(.) is the gamma function.

Zero- inflated Poisson regression model

The Zero-inflated Poisson regression study the relationship between dependent and independent
variable(s) when there are many zeros value in the dependent variable.
The ZIP regression model is [14],
ωi + (1 − ωi )e−μi , yi = 0
e−μi μi yi
P(yi ) = �
(1 − ωi )
, yi = 1, 2, … , 0 ≤ ωi ≤ 1
yi !

where, Yi~ZIP (μi , ωi ).

Zero-inflated negative binomial regression model
Zero-Inflated Negative Binomial regression is used in troubleshooting over-dispersion due to
excessive zero values in the response variable. [10] used the zero-inflated negative binomial
3

regression to model over-dispersed data with an excess of zeros. This regression model was
given by
−1

yi = 0
⎧ωi + (1 − ωi )(1 + αμi ) α ,
P(yi |ω , α, μ) =
−1
Γ�yi + 1�α�
1 −yi
⎨ (1 − ωi )
(1 + αμi ) α �1 +
� , yi > 0
αμi
yi ! Γ�1�α�
⎩

where, µi is the mean of the underlying negative binomial distribution, α >0 is the over

dispersion parameter and is assumed not to depend on covariates and 0 ≤ 𝜔𝜔𝑖𝑖 ≤1. Also the

parameters 𝜇𝜇𝑖𝑖 and 𝜔𝜔𝑖𝑖 depend on vectors of covariates 𝑥𝑥𝑖𝑖 and 𝑧𝑧𝑖𝑖, respectively.
Goodness of fit tests
The overall test statistic for likelihood ratio test was used.

The Vuong test is a non-nested test that is based on a comparison of the predicted probabilities of
two models that do not nest [21]. Another selecting an appropriate models are Akaike
information criteria [2] and Baysians information criteria [18] abbreviated by AIC and BIC,
respectively.
3. Result
Information on the number of deaths of under-five children obtained from a total of 8,668
women in the rural parts of Ethiopia was studied. Among the 8,668 women, considered, 5,180
children died before the age of five. As shown in the summary Table 1, ZINB model has the
smallest AIC and BIC and maximum log-likelihood, ZINB model is the most appropriate and
preferred model among the four models. By using Vuong test and figure 1 also confirms that the
ZINB model is the most appropriate model among four models considered.
The results in Table 2 shows that the expected number of under-five deaths for women from
Amhara region was 1.15 times the expected number of under-five deaths for women in the
Tigray holding all other variables in the model constant. Similarly, the expected number of
under-five deaths increased by a factor of 1.17 for women living in Oromiya compared to
women in Tigray. In addition, the expected number of under-five mortality for women from
Benshangul-gumuz, SNNP and Gambella had increased by a factor of 1.45, 1.36 and 1.33 as
compared to the expected number of under-five mortality in Tigray region, respectively.
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Based on table 2, the expected number of under-five deaths for women decreased by a factor of
0.64 in the age group 15-19, decreased by a factor of 0.50 in the age group 20 and above
compared to those in the age group less than 15.

The finding of this study also revealed that the expected number of under-five mortality for
mothers with primary education decreased by a factor of 0.64 as compared to those with no
education. In addition, the expected number of under-five mortality for mothers with secondary
and higher level of education decreased by a factor of 0.38 and 0.19 as compared to those with
no education, respectively.

In this study, the factor whether mother is currently breastfeeding has a significant effect on the
number of under-five deaths. The estimated number of under-five mortality for mothers who
were breastfeeding is about 0.78 times lower than that for mothers who were not breastfeeding.
In addition, mothers work status had a significant association with the number of under- five
deaths. The expected number of under- five deaths increased by a factor of 1.09 for working
mothers as compared to that for non-working mothers.
According to the findings of this study, the expected number of under-five deaths for women in
the medium and rich households was 0.92 and 0.91 times the expected number of under-five
deaths for women in the poor households, respectively, while holding all other variables in the
model constant. As shown in Table 2, mother’s marital status has a significant effect on the
probability of being an excess zero. The odds of being in the zero groups are increased by a
factor of 2.82 for unmarried mothers as compared to married mothers controlling for other
variables in the model.

4. Discussion
This study was carried out to identify the risk factors of under-five mortality in rural areas of
Ethiopia based on EDHS 2011 data. As the results revealed, the number of under-five mortality in
rural Ethiopia has a wide variation among regions. This result is consistent with the findings by [7].

In this study, mothers’ education was found to be an important socio-economic predictor of the
number of under-five mortality in rural Ethiopia. Under-five mortality decreased with increased
5

level of mother’s education. This result is consistent with the findings by [24], [5], [1], [12-13]
and [17].
The current study revealed that those children whose mother’s age at first birth was below
15 years had the higher risk of dying relative to children whose mothers’ age was 15 and above.
A similar study in Kenya by [7] also found that mothers’ age at first birth has a significant effect
on infant and child mortality showing that a child born to a younger mother experienced the
highest risk of dying. These findings are consistent with the findings of [1] and [17].
According to the results, mother’s current breastfeeding status was a significant determinant of
under-five mortality showing that children born to non-breastfeeding mother experience higher
risk of mortality than children born to breastfeeding mothers. This result is consistent with the
findings by [16-17].

The findings suggested that under-five child mortality risk is higher for children of poor mothers
compared to children of medium and rich mothers. This finding is consistent with [16], [7], [22]
and [5].

The study indicated that children born from working mothers have higher risk of mortality than
non-working mothers. This finding is consistent with [5].
The results of ZINB indicated that marital status has a significant factor on the odds of being in
the always zero group. The odds of being in the always zero group for unmarried mothers were
higher than unmarried mothers.
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Conclusion

The main objective of the study was to identify some of the factors that influence the number of
infant and child mortality at rural levels. The study was based on secondary data obtained from
the central statistical agency of Ethiopia. The study revealed that mother’s age at first birth,
whether a mother is currently breastfeeding, wealth index, whether a mother is currently
working, region and mother’s level of education had statistically significant effect on the number
of under-five deaths in rural parts of Ethiopia.
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Limitations
The data used in this study are from the EDHS 2016. Thus, the results may not necessarily
reflect the current situation of Ethiopia and Child above the age of five are not considered in this
study.
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Appendices
Figure 1 residual plots for estimated models
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Table 1 Fit statistic of count regression models
criteria

Poisson

NB

ZIP

ZINB

Log-likelihood

-8412.6821

-8238.5233

-8253.059

-8227.931

-2LL

16,825.3648

16,477.0466

16,506.118

16,455.862

AIC

16865.36

16519.05

16548.12

16499.86

BIC

17006.71

16667.46

16696.53

16655.35

Likelihood

561.03

405.93

424.52 (0.000)

403.19 (0.000)

ratio test

(0.000)

(0.000)

Model

Vuong Statistic(V)

Preferred model

ZIP VS Poisson

8.16

ZIP

ZINB VS NB

2.46

ZINB

Table 2 Estimated coefficients of ZINB regression model
variables
Region,Tigray(ref.)
Affar
Amhara
Oromiya

Coef.
0.0416065
0.1411311
0.1569805

Std. Err.

z

P>|z|

[95% CI]

0.0724009
0.0690014
0.0657261

0.57
2.05
2.39

0.566 -.1002966 .1835095
0.041 .0058908 .2763715
0.017 .0281598 .2858012
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Somali
Benshangul- Gumuz
SNNP
Gambela
Harari
Dire Dawa
Mother level of education,
no education(ref.)
primary
secondary
higher
Wealth index, poor(ref.)
medium
rich
Mother age at the first
birth,<15(ref.)
15-19
20 and above
Currently breastfeeding,
no(ref.)
yes
Current mother working,
no(ref.)
yes
_cons
log(children ever born)
inflate
Marital status,
married(ref.)
Unmarried
_cons
/lnalpha
alpha

0.0403798
0.3706548
0.3081286
0.2633426
-0.0685959
0.1177358

0.0779589
0.0706173
0.065627
0.0806256
0.0986595
0.092601

0.52
5.25
4.7
3.27
-0.7
1.27

0.604
0.000
0.000
0.001
0.487
0.204

-.1124168 .1931763
.2322474 .5090622
.179502 .4367552
.1053194 .4213659
-.261965 .1247732
-.0637588 .2992305

-0.4637706
-0.9691338
-1.6755

0.0458781
0.3312863
0.7211637

-10.11
-2.93
-2.32

0.000 -.55369 -.3738512
0.003 -1.618443 -.3198247
0.02 -3.088955 -.2620451

-0.0869593
-0.0910793

0.0434646
0.0423884

-2.00
-2.15

0.045 -.1721482 -.0017703
0.032 -.174159 -.0079995

-0.4489802
-0.6945656

0.0492739
0.0542082

-9.11
-12.81

0.000 -.5455553 -.352405
0.000 -.8008118 -.5883194

-0.2534029

0.0347195

-7.3

0.000 -.3214518 -.185354

0.0755776
-0.4335085
1.000

0.0364916
0.0812158

2.07
-5.34

0.038 .0040554 .1470999
0.000 -.5926885 -.2743285

1.03762
-1.959543
-1.274886
0.2794629

0.2837085
0.3535019
0.2225431
0.0621925

3.66
-5.54
-5.73

0.000 .4815612 1.593678
0.000 -2.652394 -1.266692
0.000 -1.711062 -.8387092
.1806738 .4322681

ref. = reference category of the variable.
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Figures

Figure 1
Residual plots for estimated models

