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Multilevel Modelling of Under-Five Time to Death, and Risk Factors

Under-five mortality is a leading indicator of child health and overall development of a country. Sub-
Saharan Africa remains the region with the highest under-5 mortality rate in the world, with 1 child in 13
dying before his or her fifth birthday. Half of all under-five deaths in 2019 occurred in just five countries:
Nigeria, India, Pakistan, the Democratic Republic of the Congo, and Ethiopia. In Ethiopia, as the 2016
Ethiopia Demographic and Health Survey (EDHS) report showed that the under-five mortality declined
from 166 deaths per 1,000 live births in 2000 to 67 deaths per 1,000 live births in 2019 mini EDHS report
(60% decreasing rate). However, there are regional disparities problems on under-five children mortality in
Ethiopia. Thus, the major purpose of this study was to model the multilevel effects of U5 child time to death,
and to determine the risk factors for child’s death based on the last full report (2016 EDHS). The data were
analysed using descriptive statistics, stratified Cox proportional hazards regression and multilevel parametric
survival models. In the study, 635 (6.1%) U5 deaths have observed from 10,331 children. And, the overall
probability of survival was 0.93. Results obtained by fitting both stratified Cox proportional hazards regression
and lognormal parametric fixed-effect models: sex of child, type of birth, birth order, size (weight) of child at
birth, months of breastfeeding, number of U5 and five children, family size, wealth index, frequency of listening
radio, place of delivery place of residence, and geographical region were found to be significant factors for U5
children death or estimated mean survival time. Furthermore a high risk death of U5 children was found to be
associated with male children, twined children, < 6 months breastfeeding children, few number of children in
the home, children from small family size, children average weight below, children from poor families, private
health sectors delivered children, children from mothers didn’t not listen radio, children from rural areas,
children from Afar, Somali and Harari regional states. In the lognormal parametric random effects model,
1.7 and 0.9 estimated variations were observed among regional and household cluster levels on U5 children
mean survival times. The researchers recommended that governments, and other concerned bodies should give
special supports for mothers whose children are at high risk of death.

Key words: Ethiopia Demographic and Health Survey (EDHS), Under-five Children, Under-five mortality,
Mixed-effects Model, logistic regression analysis, Cox regression.

Introduction. Under-five mortality is a leading
indicator of child health and overall development
of a country, as it reflects the social, economic, and
environmental conditions in which children and
othersin society live, including their healthcare. Since
1990, the global under-5 mortality rate has dropped
by 59%, from 93 deaths per 1,000 live births in 1990
to 38 in 2019. This is equivalent to 1 in 11 children
dying before reaching age 5 in 1990, compared to 1 in
271in 2019. According to Target 3.2 of SDGs, by 2030,
end preventable deaths of new-borns and children
under 5 years of age, with all countries aiming to
reduce ... under-5 mortality to at least as low as 25 per
1,000 live births. Although the world as a whole has
been accelerating progress in reducing the under-5
mortality rate, the difference exists in under-5
mortality across regions and countries. Sub-Saharan
Africa remains the region with the highest under-5
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mortality rate in the world, with 1 child in 13 dying
before his or her fifth birthday. Half of all under-five
deaths in 2019 occurred in just five countries: Nigeria,
India, Pakistan, the Democratic Republic of the
Congo, and Ethiopia [1-4].

In Ethiopia, as the 2016 Ethiopia Demographic
and Health Survey report showed that the under-
five mortality declined from 166 deaths per 1,000
live births in 2000 to 67 deaths per 1,000 live births
in 2016. This represents a 60% decrease in under-five
mortality for 16 years. However, there are regional
disparities problems on under-five children mortality
in Ethiopia. And the mortality rates among children
under age five have been interpreted as there were
seven regions have observed that their children
death rates were above the average rate (84 deaths
per 1,000 live births). These top 7 regions are Afar,
Benishangul-Gumuz, Somali, Dire Dawa, Gambela,
SNNP, and Amhara have recorded 125 deaths, 98
deaths, 94 deaths, 93 deaths, 88 deaths in each, and
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85 deaths per 1,000 live births, respectively. But, the
lowest death rate has been observed in Addis Ababa
City; it was 39 deaths per 1,000 live births [4]. In
addition to this report, other studies have also shown
that there was a regional variation in under-five
mortality in Ethiopia [5-7].

And, different studies have shown that the
regional difference in child mortality may be due to
differences in socioeconomic composition [8], health-
seeking behavior regarding child immunizations, and
maternal and child health care utilization [9]. Indeed,
the incorporation of community-level factors in the
analysis of child mortality provides an opportunity
to identify the health risks associated with particular
social structures and community ecologies, which is a
key policy tool for the development of public health
interventions [10; 11]. And, regional disparities in
under-five child mortalities were associated with
factors at the community level that distinguish these
regions from each other. The availability of services
and social amenities in communities, or the lack of
infrastructure, may positively or negatively influence
the health of the residents of communities. Some of
these factors include differences in community-level
development, population density, the prevalence of
poverty, and availability of maternal and child health
care services. These are often interrelated aspects of
the regional environment that are important for child
health and well-being, and may also be relevant in
exacerbating or mitigating inequities in resources and
population health outcomes across regions [12; 13].

And also under-five mortality was significantly
influenced by breastfeeding status, ownership of
toilet facilities, the level of education of the mother,
residential area, and place of delivery of the child; rural
mothers and children are particularly at disadvantage
with regards to basic health and socio-economic
services based on logistic regression analysis and Cox
regression. And, birth interval with previous child and
mother standard of a living index is the vital factor
associated with child mortality. The cross-tabulation
analysis shown that birth interval with previous child

and mother standard of living index was the vital
factor associated with child mortality [14; 15].

The previous two studies used the 2016 Ethiopia
Demographic and Health Survey data for under-
five children mortality findings using multi-level
logistic regression model, and Cox-Frailty model [5;
7]. In the studies, the researchers considered only a
few explanatory variables and they studied only the
regional effect for U5 children death. But in our study,
we have included more than 20 explanatory variables
and we have used the multilevel parametric survival
models to observe the random effects between regional
and household levels on the under-five children
mean survival time. Thus, our study aimed to model
the multilevel effects of under-five children time to
death, and to determine the risk factors for children
mortality based on 2016 Ethiopia Demography and
Health Survey.

Materials and methods. Data and Study
Population. The data for this study were taken from
the 2016 Ethiopian Demographic and Health Survey.
More detailed information on DHS survey design
and child mortality data has been summarized by
CSA and ICF [4]. A two-stage sampling method was
used. In the first stage, 645 enumeration areas (202
in urban areas and 443 in rural areas) were selected
with probability proportional to the enumeration
area size and with independent selection in each
sampling stratum. A household listing operation was
carried out in all the selected enumeration areas from
September to December 2015. In the second stage of
selection, a fixed number of 28 households per cluster
were selected with an equal probability systematic
selection from the newly created household listing,
Finally, 10 331 samples of under-five children were
analysed in the study.

Variables in the study. Outcome Variable: The
outcome variable is the age of the under-five child or
it is a survival time measured in months from birth to
death/censor that occurred in the study. Explanatory
Variables: All the explanatory variables were listed in
Table 1 below.

Table 1
All variables related to under-five children death
No. Variables No. Variables
1 Sex of child 12 Family size
2 Number of 5 & under 5 children 13 Relationship to household
3 Type of birth 14 Occupation in the last 12 months
4 Birth order 15 Cooking fuel
5 Size of a child at birth 16 Frequency of listening to a radio
6 Months of breastfeeding 17 Wealth index
7 Under-five child type 18 Place of delivery
8 Mother’s age 19 Source of drinking water
9 Current Marital status 20 Toilet facility
10 Mothers’ education levels 21 Place of residence
11 Fathers’ education levels 22 Region
ISSN 2519-1853 CTATUCTUKA YKPAIHU, 2021, Ne 1 35
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Statistical analysis. The data were analysed
using descriptive statistics, Kaplan — Meier survival
curves, Cox proportional hazards regression model,
and multilevel mixed-effects parametric models. And,
the SPSS 25 and Stata 14 software versions were used
to analyse the outputs.

The Cox proportional hazard regression model
was used for analysing survival data, in particular
for checking the existing association between child
mortality and lifetime variables found to have a
significant association with child mortality. The Cox
model used in the study has the following form:

hi() = hy(0)-exp(B X, + B, X, + B, X, +---+ﬂpo), (1
where hl, (t) is death hazard for the i-th child at time
Lohy (1) 1s the baseline hazard at time ¢ for X = 0, g is
the vector of unknown coefficients for p independent
variables, and exp(f,) is the hazard ratio [16; 17].
The multilevel mixed-effects parametric survival
models contain both fixed effect and random-intercept
effects. The observations in the same cluster are
correlated because they share common cluster-level
random effects. In our study, we have used a three-
level random-intercept effect model with households
nested within regions. The two often-used models
for adjusting survivor functions for the effects of

covariates are the accelerated failure time model and
the proportional hazards model. In this model, the
covariates have a multiplicative effect on the hazard
function for some baseline hazard function #,(¢), and
it is assumed to be parametric. Thus, the mixed-effects
model based on the PH model was written as follow:

h(tijk) = ho (0 exp(xg/kﬂ +U, + Vj(i))a (2)
where i =1, 2... n sampled under-five children on j =
=1, 2... m, households nested within £ =1, 2, ..., 11
regions in Ethiopia. The 1xp row vector x,, contains
the covariates for the fixed effects, with regression
coefficients (fixed effects) B. The two random effects
U, (region level) and V,, (household level) were used
to represent the random intercept effect and random
coeflicients effect. These random effects u, and v,
were realized from multivariate normal distributions
with mean 0, and variances matrixes X, respectively.
In formula 1 above, there is no random effect then X
and X are large and they are scalar while in formula
2 above there is random effect so x8 and x are small
and they are matrix/vector. The five commonly
known parametric survival regression models are
exponential, gamma, log-logistic, lognormal, and
Weibull [18] were listed in Table 2.

Table 2
Baseline Hazard distribution for parametric models
Model £ S(t) Parameterization Parameter
Exponential Aexp(—At) exp(—At) A =exp(xf) Y
Weibull YA exp(—At") exp(—At") A =exp(xf) Ay
/11 /yt] ly-1 1
Log-logistic —_ — A =exp(-xf3) Ay
i+ f 1+ (A0)"7
1 -1y g [ 1- (p{—log(’ Ul }
Log- 1 ex log(?) — =Py H,c
0g-norma to_m p[zaz g()—u :| o u=xp

Results and discussion

Descriptive  statistics. The cross-tabulation
statistics of the variable selected for the study was
reported in Table 3. From the total of 10,331 under-
five children, 635 (6.1%) deaths had occurred in
the study. The male child had the highest death rate
(7.1%) as compared with the female child (5.2%),
and the sex of a child is significantly associated with
U5 children’s death (p = 0.000). Multiple births child
recorded the highest percentage of death (21.4%) as
compared with singleton birth (5.7%), and there is a
significant association (p = 0.000). As compared to the
birth orders of the children, the birth order 7 and above
group had the highest death rate (7%), but there is no
significant difference (p = 0.112). As compared to the
weight of children at birth, less than the average weight
group had the highest death rate (7.5%) while the
average weight and above the average weight groups
had 5.2% and 6.2% of deaths, and there is a significant

difference (p = 0.000).The highest death rate (11.9%)
had occurred due to the children had been fed below six
months as compared with children who had been fed for
six and above months. When we compared the number
of U5 and five children in the home, the number of one
and fewer children had the highest death rate (11.2%)
and only 3.1% of deaths were from two and above
numbers children, and there is a significant association
(p = 0.000). The majority of children (6.8%) death
occurred due to the mothers’ age at birth was > 35years.
Of the total live births, 6.2% and 5.8% of under-five
children death had occurred from married and another
marital status of mothers, respectively. Among higher
education level of mothers, from a total of 369 children
born 7.3% died before celebrating their fifth birthday
which was the highest death proportion compared to
other education levels. From fathers’ education levels,
the majority of the children’s death (6.5%) came from
non-educated fathers. However, the survival status of

36

ISSN 2519-1853 CTATUCTUKA YKPAIHU, 2021, Ne 1



AEMOTIPA®IYHA CTATUCTUKA

the child is not significantly associated with the mother’s
age, mother’s marital status, mother’s education level,
and father’s education level (p = 0.105, p = 0.788,
p = 0.594, &p = 0.216), respectively. As compared to
the mother’s family sizes, the highest proportion of
death (12%) was observed in 1-3 family size, and there
is a significant difference (p = 0.000). In the mothers’
relationship to the household categories, the majority
of the children’s death (6.8%) was because mothers had
neither head nor wife relationship in the houses. It was
also found that 6.3% and 5.9% of children deaths were
recorded among working and not working mothers’
occupations in the last 12 months of the survey. About
6.3% of under-five deaths attributed to mothers cooking
fuels was wood, whereas only 4.4% of the children who
died were from mothers cooking fuel was electricity.
Nevertheless, the survival status of the child is not
significantly associated with the mother’s relationship
to the household, mother’s occupation, and mother’s
cooking fuel type (p = 0.659, p = 0.351, & p = 0.244),
respectively. Among mothers’ wealth index statuses, the
poor wealth index mothers had the highest child death
(7.1%), and there is a significant association (p = 0.000).
Private health sectors born children had the highest

death rate (7%) as compared with public health sectors
and home-born children (4.4%) and (4.2%), respectively,
and mother’s place of delivery is significantly associated
with U5 children death (p = 0.000). Mothers who used
unprotected drinking water had counted the highest
children death (7.1%) as compared with mothers who
used the protected one (5.5%), and there is a significant
difference (p = 0.001). Mothers who used neither
flush nor pit toilet facilities had the highest children
death (7%) as compared with mothers who used flush
toilet facility (3.5%) and mothers who used pit toilet
facility (5.5%), and there is a significant association
(p=0.000). Mothers’ not listening radio had the highest
U5 children death rate as compared with those listening
radio, and there is a significant difference between them
(p=0.017). Also, the maximum percentage of under-five
death (6.7%) reported in the rural area born children as
compared with urban area born children, and there is a
significant difference (p=0.000). Likewise, the minimum
death rate was observed at Addis Ababa city which was
estimated to be 3.2% and the maximum death rate was
observed at the Afar region which was estimated to be
8.8%, and mother’s region type is significantly associated
with U5 children death (p = 0.000).

Table 3
Cross tabulation statistics of under-five children covariates
No. Covariate Category Total Death, %
Alive 9696 DF &
1 |Survival Status of the children Death 635 6.1 p-value
Total 10 331 6.1
Male 5316 71 1&
2 f chil
Sex of child Female 5015 5.2 0.000*
, Single 10060 5.7 1 &
T f birth
3 |Type of birt Multiple 271 2.4 0.000*
1st 2062 6.6
) 2nd or 3rd 3253 5.4 3&
4 |Birth ord
e order 4th to 6th 3304 6.1 0.112
7th & above 1712 7
< Average 2922 7.5
5 |Size (weight) of a child at birth Average 4304 5.2 0%6%*
> Average 3105 6.2
) < 6 months 1600 11.9 1 &
6 |Months of breastfeeding = 6 months 8731 = 0.000*
) < Two children 3867 11.2 1 &
7 |Number of 5 & under 5 children > Two children 6464 31 0.000*
15-24 2465 6.5
8 |Mother’s age 25-34 5377 5.7 021(815
> 35 2489 6.8
, ) Married 9903 6.2 1 &
9 |Mother’s marital status Others 408 =3 0.788
No education 6651 6.3
) Primary 2599 5.7 3&
10 |Mothers’ level
0 others’ education levels Secondary 719 =9 0594
Higher 369 7.3
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Table 3. Continuation

No education 4872 6.5
. Primar 3158 6
11 |Fathers’ education levels Secon daZV 977 48 0:.32%6
Higher 744 6.3
1to3 1192 12
12 |Family size 4106 5173 5.9 e
>7 3966 4.7
Head 1739 6
13 |Relationship to household Wife 7701 6.1 0?6%9
Other 891 6.8
) Working 4217 5.9 1&
14 |Respondent’s occupation ] 0.351
Not working 6114 6.3
Electricity 478 4.4
15 |Cooking fuel Wood 8258 6.3 0?2(554
Others 1595 6
Poor 5609 71
16 |[Wealth index Middle 1438 56 N
Rich 3284 4.8
Public sector 2956 4.4
17 |Place of delivery Private sector 7042 7 020(()%*
Home 333 4.2
o Protected 6103 5.5 1&
18 |Source of drinking water 0.001*
Unprotected 4228 71
Flush toilet 404 3.5
19 |Toilet facility Pit latrine 5164 5.5 2 &
No facility 4763 7 0.000°
Not listening 7868 6.5
20 |Frequency of listening to a radio|  Less than once a week 1241 5.4 O%f‘%*
At least once a week 1222 4.6
) Urban 1892 3.5 1&
21 |Place of residence Rural 9439 67 0.000*
Addis Ababa city 442 3.2
Afar 1025 8.8
Ambhara 960 5.1
Benishangul 862 7.4
. Dire Dawa 530 5.8 10 &
22 |Region Gambela 675 6.5 0.000*
Harari 393 6.9
Oromia 1544 5.6
SNNPR 1242 5.7
Somali 1440 7.2
Tigray 1018 4
* Covariate is associated with U5 children death at a 5% level of significance
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Kaplan — Meier survival estimate curves. Figure
1 showsthat the Kaplan — Meier survival estimate curve
of U5 children and the overall probability of survival
is 0.93 with 55.4 months of estimated mean survival
time for under-five children based on 2016 Ethiopia
Demography and Health Survey. Table 4 shows the

1.00

Kaplan — Meier survival estimations of U5 children
by regions. In which, children from Addis Ababa city
had the highest probability of survival (0.965), and
children from Afar and Benishangul-Gumuz regional
states had the lowest probabilities of survival (0.878)
and (0.91) as compared with other regional states.

Kaplan-Meier survival estimate

0.75
A

o
-
o

0 2

0 40
Age of Child (Months)

60

Figure 1. The Kaplan — Meier survival estimate curve of U5 children

Table 4

The Kaplan-Meier survival estimations of U5 children by regions

Region Probability of survival Region Probability of survival
Addis Ababa city 0.965 Benishangul 0.924
Ambhara 0.941 Gambela 0.923
Tigray 0.939 Somali 0.917
SNNPR 0.934 Benishangul 0.910
Dire Dawa 0.933 Afar 0.878
Oromia 0.932
Stratified @ Cox  Proportional = Hazards significant factors for the death of under-five children

Regression Model. Table 5 shown that birth type
of the child, family size, wealth index, frequency of
listening radio, place of delivery, place of residence,
and geographical region covariates are found to be

in stratified Cox proportional hazards regression
model at 5% level of significance. In the table 5 and
lower “ref:” means reference values by categories in
table 3.

Table 5

Results from Stratified Cox proportional hazards regression model

Factor HR p-value 95% CI (HR)
1. Type of birth (ref: Single): Multiple 5.5 0.000* 4.153 7.350
2. Child birth size (ref: < average): Average 0.86 0.121 0.706 1041
> Average 1.01 0.952 0.820 1.235
3. Age of mother (ref: 15-24): 25-34 1.2 0.121 0.957 1457
>35 1.2 0.281 0.891 1.486
4. Family size (ref: 1to 3): 4 to 6 0.7 0.0267 0.616 0.969
=7 0.69 0.008* 0.525 0.906
5. Wealth index (ref: Poor): Middle 0.77 0.059 0.593 1010
Rich 0.68 0.003* 0535 | 0877
6. Listening radio (ref: No listening): Once a week 0.80 0.087 0.620 1.033
At least once a week 0.70 0.012* 0.532 0.926
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Table 5. Continuation

7. Place of delivery (ref: Public sector): Private sector 1.6 0.000* 1.302 2.039
Home 093 0.816 0527 | 1.656

8. Source of water (ref: Protected): Unprotected 1.1 0.378 0.909 1.286
9. Place of residence (ref: Urban): Rural 1.5 0.013* 1.090 2.086
10. Region (ref: Addis Ababa city): Afar 2.0 0.030* 1.068 3.722
Ambhara 0.96 0.895 0.503 1.821

Oromia 1.4 0.283 0.757 2.598

Somali 1.9 0.032* 1.058 3.626

Benishangul 1.7 0.090 0.917 3.260

SNNPR 1.2 0.497 0.666 2.309

Gambela 1.3 0.371 0.704 2.561

Harari 2.0 0.033* 1.058 3.810

Tigray 0.98 0.975 0.518 1.891

Dire Dawa 1.7 0.125 0.866 3.239

Mixed-effects parametric regression models
comparison. The fixed and random effects of Weibull,
exponential, log-normal, and log-logistic parametric
regression models are fitted for the mean survival
time of under-five children. Based on the AIC criteria

comparison, the lognormal mixed-effects model is
found the best model to fit the data with minimum
AIC value (4302.8) and 2LogL value (-2135.2) are
presented in Table 6.

Table 6
Multilevel mixed-effects parametric survival models comparison
No. Models Log-likelihood values AIC values
1 Lognormal -2135.2 4318.4
2 Loglogistic -2141.2 4330.3
3 Gamma -2160.3 4368.6
4 Weibull -3737.8 7523.6
5 Exponential -3900.7 7847.4

Lognormal parametric fixed effect model: In
this model, covariate like sex of a child, number of 5
and U5 children, type of birth, size of a child, months
of breastfeeding, family size, listening radio, place

of residence, and place of delivery are found to be
significant factors for the mean survival time (or time
ratio) under-five children at 5% level of significance
in Table 7.

Table 7

The fitted mixed-effects lognormal parametric model results

Covariate

1. Sex of child (ref: Male): Female
2. Type of birth (ref: Single): Multiple
3. Number of 5 &US5 children (ref: <Two): >Three

4. Child size at birth (ref: < average): Average
>Average

5. Months of breastfeeding (ref: <6): >6 months

6. Family size (ref: 1 to 3): 4 to 6
=7

7. Wealth index (ref: Poor): Middle
Rich

B

Fixed effect

1.8
-9.9
7.8
1.1
-0.1
8.1
1.6
2.2
1.3
1.1

Time
Ratio

6.0
0.0001
2440.6

3.0

0.9
3294.5

5.0

9.0

3.7

3.0

SE

0.43
0.99
0.56
0.52
0.56
0.53
0.66
0.78
0.72
0.70

p-value

0.000*
0.000*
0.000*
0.031*
0.925
0.000*
0.018*
0.005*
0.078
0.110

0.91
-11.9
6.60
0.11
-1.04
7.09
0.27
0.65
—-0.14
—-0.25

95% CI (B)

2.59
-7.99
8.77
2.15
1.14
9.16
2.85
3.69
2.67
2.49
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Table 7. Continuation

8. Listening radio (ref: No listening): Once a week 1.3 3.7 0.68 0.067 | -0.09 | 2.59
At least once a week | 47 5.5 072 | 0.021* | 025 | 3.07

9. Place of delivery (ref: Public sector): Private sector -18 0.2 0.59 0.002* | -3.01 | ~0.66
Home -0.98 0.4 1.4 0.496 -382 | 1.85

10. Drinking water (ref: Protected): Unprotected -0.52 0.6 0.47 0.275 —1.45 | 0.42
11. Toilet facility (ref: Flush toilet): Toilet latrine -18 0.2 1.4 0.224 —4.55 | 1.07
No facility 1.7 0.2 15 | 0246 |-458| 117
12. Place of residence (ref: Urban): Rural -33 0.04 0.87 0.000* | -5.02 | —-1.60
Constant 11.9 147266.6 1.8 0.000 8.28 15.5

/logs 2.33 10.3 0.04 0.000 2.25 2.41

Random-intercept effects
Region: variance (cons) 1.7 0.98 0.57 5.29
Region > household: variance (cons) 0.9 32 0.001 | 891.5
LR test vs. Lognormal model: chi-square value = 20.4 p-value = 0.000

Discussions. Stratified Cox Proportional
Hazards Regression Model Result. In this study,
the twined (multiple birth type) children had more
than 5 times higher risk of death as compared with
single birth type children. Likewise, several previous
studies showed that there was a significant difference
in the risk of death between the birth type of the
children [5; 7; 18—22]. Unlike this result, a study from
Nigeria shown that the odds of dying for single birth
children were 1.87 times great as compared with the
multiple births [23].

Children from family sizes of 4-6 members and
> 6 members had 0.77 and 0.69 times the low risk of
dying as compared with children from family sizes
of 1-3 members, respectively. This result consistent
with another study finding[18]. Unlike this result,
many studies’ findings show that there were inverse
relationships between under-five mortality and
family size [20; 24].

Children from rich wealth index mothers had a
0.68 times lower risk of dying before the age of five
as compared with those poor mothers. This result
agrees with different studies [25; 31]. The results
implicated that the richest mothers or households
had a better housing condition, better nutrition, and
they can afford better medical attention and care thus
significantly enhancing the survival probability of
their children

Children who were delivered in private health
sectors had 1.6 times high likelihood of dying before
celebrating their 5th year of birth than children
who were been delivered in public health sectors.
This finding supports another study finding [26].
But, there was no statistically significant difference
between home-born children and children born in the
public health sector. This finding inconsistent with
many different studies’ findings [27-30].

Children from mothers’ listened to the radio for
at least once a week had 0.7 times less likely to die
as compared with children from mothers who were
not listening to the radio. Their death rates were
decreased by 30%.This result agrees with a study
from Kazakhstan shown that child death was more
likely associated with mothers not listening to the
radio [31]. But, this result showed the existence
of inconsistency in the distribution of under-five
mortalities with a study from West African countries
using pooled data shown that children whose mothers
listen to the radio at least once a week have higher
risks of mortality [32].

The likelihood of under-five mortality was 1.5
times high among children residing in rural areas as
compared with their urban counterparts. This result
concurs with many previous studies’ findings [5;
14; 22; 29-34]. Unlike these findings, other studies
showed that there was no significant statistical risk
difference between urban and rural children [6; 18].

Based on regions, our finding showed that under-
five children who came from Afar, Somali, and Harari
regions were significantly associated with the highest
likelihood of dying as compared with children from
Addis Ababa city. This high risk might be attributed
because of social improvement in the community,
population density, and regional economic resources
as different findings showed [7; 30; 33; 35].

Log-normal Parametric Mixed Effects Model
Result. In our study, the estimated mean survival
time or time to death (time ratio = 6) for females was
6 times longer than males. This result consistent with
different previous studies [5; 29; 36].

The estimated mean time to death (time
ratio = 0.001) for multiple birth children was too
lower than that of single birth children. This result
agrees with different previous studies [5; 7; 21; 22].
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The estimated mean time to death (time
ratio = 2,441) for children whose mothers had more
number of U5 and five children (> 3) was too longer
than children whose mothers had a few numbers
of U5 and five children (< 2) in a home. This result
contradicts the previous studies [22; 33].

The estimated mean time to death (time
ratio = 3) for children whose weight at birth equal
to the average size was 3 times longer than children
whose weight at birth below the average size. This
result consistent with the previous study [7]. But, the
results contradict another previous study [33].

The estimated mean time to death (time
ratio = 3,295) for children who were breastfed for > 6
months was too long than that of only < 6 months
duration. This result supports different previous
studies [6; 15; 20; 36].

Children from a large number of family size (> 7)
and 4—6 family members had longer estimated mean
survival times (time ratios =9 & 5) as compared with
children from small family size (1-3). Contrarily,
previous studies showed that the number of family
members increased the risk of under-five children
death [20; 22].

Children from mothers who had experienced
listening radio at least once a week had a longer
estimated mean survival time (time ratio=5.5) as
compared with children whose mothers’ not listening
to the radio. This result agrees with a study from
Kazakhstan shown that child death was more likely
associated with mothers not listening to the radio
[31]. Whereas, this result contradicts another study
from West African countries using pooled data shown
that children whose mothers listen to the radio at
least once a week have higher risks of mortality [32].

Children who were delivered in private health
sectors had lower estimated mean survival time
(time ratio = 0.2) as compared with children who
were delivered in public health sectors. This result
consistent with a previous study in Ethiopia [26].
But in this study, children were delivered in the home
hadn’t significant difference with delivered in public
health sectors on their estimated mean survival times.
This result does not agree with a previous study in
Nigeria [30].

Children born in arural area had a lower estimated
mean time to death (time ratio = 0.04) as compared
with children born in an urban area. Likewise, several
studies showed that children born from mothers who
resided in rural were more likely to die than mothers
who resided in urban [5; 14; 22; 30-34]. Unlike
these findings, other studies investigated that there
was no significant statistical risk difference between
urban and rural children [6; 20]. All these significant
differences findings may indicate that the rural area
implied unequal access to basic health services,
health extension programs, and expansion of health
institutions in the rural areas. Besides, it may have

not an improvement of other socio-demographic-
characteristics and infrastructure in the rural areas of
the country.

In the random-intercept effect model, we have
considered regional and household cluster variations
on the mean survival time of under-five children;
there were 11 regions and 448 household clusters
in 2016 Ethiopia Demography and Health Survey.
The estimated variances are 1.7 and 0.9 with p-value
=0.000 which are significantly different from zero,
respectively. Thus, we have enough evidence for
the existence of unobserved heterogeneities among
regional and household cluster levels on the mean
survival time of under-five children in Ethiopia. And,
they provided that there are unobserved regional
and household-related characteristics that may be
causes of under-five child mortality. This regional
level variation agrees with two studies conducted in
Ethiopia. The first one used the gamma frailty model
that shows the variance of the frailty term (regional
frailty) with a variation of 0.145 [5], and the second
one applied a multilevel logistic regression model
shown that the regional level variation of the under-
five children mortality was 0.218 [7]. And, another
study from Nigeria used a multilevel Cox proportional
hazard regression model that shown there were
regional variations in under-five children mortality
considering community-level variables [23; 29; 30].

Conclusions and recommendations

Conclusions. In the study, 635 (6.1%) under-
five children deaths had occurred. And, the overall
probability of survival is 0.93 with 55.4 months of
estimated mean survival time for under-five children
based on 2016 Ethiopia Demography and Health
Survey. U5 children from Afar and Benishangul-
Gumuz regions have fewer probabilities of survival
than children from Addis Ababa city. Based on the
stratified Cox proportional hazards regression and
lognormal parametric fixed-effect models, covariates
of the sex of a child, birth type of child, type of birth,
size of a child, months of breastfeeding, number
of U5 and five children, family size, wealth index,
frequency of listening radio, place of delivery place
of residence, and geographical region were found
to be significant factors for the death of under-five
children in Ethiopia. In these models results, there is
a high risk of death (or short estimated mean survival
time) for male children, twined children, children
who have breastfed for only <6 months duration,
children whose mothers had few numbers of U5
and five children, children from small family size,
children whose weight at birth below average size,
children from poor wealth index families, children
were delivered in private health sectors, children
from mothers didn’t listen to the radio, children from
mothers resided in rural areas, children from mothers
lived in Afar, Somali and Harari regional states. In the
random-intercept effect model, 1.7 and 0.9 estimated
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variations are found among regions and household
clusters in the mean survival times of under-five
children in Ethiopia. Unobserved heterogeneities
problems are found among regional states and
household clusters, and those may be other causes of
under-five children mortality in Ethiopia. And, we
suggested that the 2021 Ethiopia Demographic and
Health Survey and further research will include more
related regional and community based characteristics
associated with under-five children mortality in their
proposed studies.

Recommendations. Therefore, the researchers
recommended the following points to reduce under-
five children death in Ethiopia. Federal and regional
governments, non-governmental organizations, and
other concerned bodies should give special support
to mothers whose children are at high risk of death.
Female type children and multiple born children
need professional care and special attention from
their parents. Mothers have to develop the culture
of breastfeeding of children for more than 6 months
duration. Improvement in maternal health care
service will be appropriate to control less size of child
at birth. Improving mothers to follow mass media

(like listening radio). Poor wealth index mothers
will improve their life by inquiring about supports.
Parents from rural areas will need more awareness to
give care to their children. And, Afar, Somali, Harari,
and Benishangul-Gumuz regional governments will
construct more health care facilities in their areas.
And, multilevel models are an appropriate method
that investigates the effects of demographic, socio-
economic, and environmental factors on under-five
child mortality and to take into account its variations
among regional states.

Implication of the study. The study implies that
federal and regional governments should take remedial
measures on public health policy, design strategies
to improve facilities and awareness of stakeholders
living in their regions toward those major factors
affecting under-five child mortality (or time to death)
and contributing to its variations among regional
states and household clusters to reduce under-five
child mortality in the country.
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BaraTtopiBHeBe moaesnioBaHHA CMEPTHOCTI AiTen BiKOM A0 5 pokiB
Ta akTopu PU3UKY

CMepTHICTb y Billi /IO IT'SAITH POKIiB € OJJHUM i3 OCHOBHUX TTOKAa3HUKIB JIUTSUOI CMEPTHOCTI Ta iH/IMKATOPIB
3araJbHOTO PO3BUTKY KpaiHu. AMpHKaHCHKUI perioH Ha miBAeHb Bif Caxapy 3ajMNIa€ThCA PETiIOHOM i3 Haii-
BUIIIUM PiBHEM CMEPTHOCTI HaceJICHHS BIKOM /IO TT'ITH POKIB y CBIiTi: TYT OjiHa iuThHA 3 13 BMUpae, He 105KUB-
I 10 WATUpivyHoro Biky. ¥ 2019 p. mosoBuHA BCix cMepTell y Billi /10 1151 TU POKIB TIPUTIAia Ha I'STh KPaiH:
Hirepito, Tupito, ITakucran, [lemokparuuny Pecry6uiky Kounro ta Ediorito. 3a ganumu 3Bity “/lemorpacdiute
Ta MeauuHe oOcreskenHst Eiormniil”, y kpali cMepTHICTD y Billi /1o 11'siT poKiB Biiasia 3 166 Bumaznkis wa 1000
sxuBoHapokeHux y 2000 p. 1o 67 #Ha 1000 sxuBoHapokenux y 2016 p. (TeMI CKOPOUEHHST CTAHOBUTH OJIU3HKO
60%). B Edioriii, sik i y 6ararbox kpainax, iCHyOTb Ipo6JIieMH, TIOB'sI3aHi 3 PEriOHAIbHUMU BiZIMIHHOCTSIME Y
CMEPTHOCTI JIiTell BIKOM JI0 IT'sITU POKiB. TOMY FOJIOBHOK METOIO IIbOTO JIOCIPKEHHS € HaraTopiBHEBE MOJIEJHO-
BaHHA e(DEKTiB TPUBATIOCTI JKUTTS JIiTEI MOJIOIIE ITSITH POKIB i BUBHAYCHHS (haKTOPIiB PU3UKY IUTAYOI CMEPTi
Ha 6asi qanux 3Bity “/lemorpadiute ta Mmequte obcreskernst Ediomnii ” 3a 2016 pik.

[lns anasnisy JaHnxX BUKOPUCTOBYBAJIACHh OMMCOBA CTATUCTUKA, cTpaTU(diKoBaHa perpeciitia Moziesb mpo-
nopuiiiaux pusukiB Kokca i 6araTopiBHeBi mapaMeTpuuHi MOJeNi BUKUBAHHS. Y JTOCIKEHHI PO3TJISTHYTO
635 (6,1%) BumaAKiB cMepTi [iTell BIKOM [0 II'SITU POKiB, 3arajibHa MMOBIPHICTh BUKUBAHHS JOPIBHIOBATA
0,93. Illsx0oM crijibHOTO 3acTOCyBaHHSA cTpaThdhikoBaHOI perpeciiiHoi Mojiesti mponopIliiiHux pusukiB Kokca
i JIOTHOPMAJIBHUX TTAPAMETPUYHUX MOziesiel 3 (hikcoBaHUM eeKTOM BUSABIEHO, IO 3HAUYNTUMU (hpaKkTOpamu,
BiJl IKMX 3aJI€5KATh CMEPTD JIiTel BIKOM JI0 IT'SITH POKIB i cepe/id O4iKyBaHa TPUBAJIICTh BUKUBAHHS, € CTaTh
JIATUHE, TUIT BariTHOCTI (OHOTLIIIHA, GATaTOTLII/{HA), Y€PrOBICTh HAPOKEHHST; pO3MIp (Bara) JUTHHU IPU Ha-
POJIKEHHI, KIJIbKICTb MiCATIiB TPY/THOTO BUTOJIOBYBAaHHS, KiJIbKICTH [IiTEH 10 T ATH POKIB y CiM’i, po3Mip ciMi,
piBeHb MaTepiaibHOT 3a06€31EeYeHOCT], YaCTOTa CIIyXaHHST PAJIio, MiCIle HAPO/KEHHSI 1 Micile IPOKUBAHHSI, a Ta-
KO reorpadiuauii perion. KpiM Toro, 0yJio BUSIBJIEHO, [0 BUIIIUN PUSUK CMEPTI JiTell BIKOM JI0 IT'SITU POKiB
XapaKTePHHUIT 32 TAKUX [ePeIyMOB: JIiTH Y0JI0BIUOi CTaTi; GIU3HIOKI; iTH 3 TPYIHUM BUTOIOBYBAaHHSIM JI0 IIIEC-
TU MiCS11iB BKJIOYHO; MaJia KiJIbKiCTb JliTeil Y ciM'T; 1iTh 3 HEBEJIUKOI CiM'T; 1iTH 3 Baroio, HUK4e CepeiHbOol; JIiTH
3 GijiHUX ciMell; iTH, HapO/PKEHI Y 3aKJIalaX MPUBATHOTO CEKTOPY CHCTEMU OXOPOHU 3[[0POB’ST; iTH, MaTepi
SKUX He CJyXaIH Pajlio; IiTH 3 CibChbKOI MiciieBOCTI, /iTh 3 perioniB Adap, Comasni ta Xapapi. 3rigHo 3 Jor-
HOPMAJIbHOIO TIAPAMETPUIHOIO MOJIEJIIII0 BUTIAJIKOBUX epeKTiB, ouikyBaHi Bapiatii 1,7 i 1,9 ns nokasnuka ce-
PEIHBOrO OUiKYBAHOTO Yacy BUKMBAHHS (TPUBATIOCTI KUTTS BiJl MOMEHTY HAPOJUKEHHS ) JiTEl BIKOM JI0 T ATH
POKIB CIIOCTEPITATINCH Y PETIOHAILHOMY KJIacTepPi Ta KJACTepi IOMOTOCHOIAPCTB. 3TiTHO 3 PEKOMEHIAIISIMH,
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chopMyIbOBAHUMHU 32 PE3YJIbTaTaMU JIOCJIPKEHHS, YPA/IN Ta iHIII BiJIIOBiIaTbHI OPTaHU MAlOTh HaJaBaTH
CIIeIiaJIbHY MiITPUMKY TUM MaTepsM, JiTH SKUX 3a3HAI0Th BUCOKOTO PU3UKY CMEPTI.

Key words: /lemozpagpiune ma meduune obcmexcenns Egpionii (EDHS), dimu éixom 0o n’smu poxis,
cmepmuicms Yy 6iyi 00 n'smu poxie, Modeivb 3i IMIUAHUMU epermamu, LOZICIMUYHULL peepecilinull anais,
peepecis Kokca.
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