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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.
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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 
others in 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 
27 in 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 

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
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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:

,)...exp()()( 3322110 ppi XXXXthth  
(1)

where )(thi  is death hazard for the i-th child at time 
t, )(0 th  is the baseline hazard at time t for X = 0, β is 
the vector of unknown coefficients for p independent 
variables, and )exp( 1β  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 )(0 th , and 
it is assumed to be parametric. Thus, the mixed-effects 
model based on the PH model was written as follow:

,)exp()()( )(0 ijiijkijk VUxthth              
  (2)

where i =1, 2… n sampled under-five children on j = 
=1, 2… m

k
 households nested within k = 1, 2, ..., 11 

regions in Ethiopia. The 1xp row vector x
ijk

 contains 
the covariates for the fixed effects, with regression 
coefficients (fixed effects) β. The two random effects 
U

k
 (region level) and V

j(k)
 (household level) were used 

to represent the random intercept effect and random 
coefficients effect. These random effects u

k
 and v

j(k)
 

were realized from multivariate normal distributions 
with mean 0, and variances matrixes Σ, respectively. 
In formula 1 above, there is no random effect then βX 
and X are large and they are scalar while in formula 
2 above there is random effect so xβ 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

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 
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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, %

DF &
p-value1 Survival Status of the children 

Alive 9696
Death 635 6.1
Total 10 331 6.1

2 Sex of child 
Male 5316 7.1 1 &

0.000*Female 5015 5.2

3 Type of birth
Single 10060 5.7 1 &

0.000*Multiple 271 21.4

4 Birth order

1st 2062 6.6

3 &
0.112

2nd or 3rd 3253 5.4
4th to 6th 3304 6.1

7th & above 1712 7

5 Size (weight) of a child at birth
< Average 2922 7.5

2 &
0.000*Average 4304 5.2

> Average 3105 6.2

6 Months of breastfeeding
< 6 months 1600 11.9 1 &

0.000*≥ 6 months 8731 5.1

7 Number of 5 & under 5 children
< Two children 3867 11.2 1 &

0.000*≥ Two children 6464 3.1

8 Mother’s age
15–24 2465 6.5

2 &
0.10525–34 5377 5.7

≥ 35 2489 6.8

9 Mother’s marital status 
Married 9903 6.2 1 &

0.788Others 428 5.8

10 Mothers’ education levels

No education 6651 6.3

3 &
0.594

Primary 2599 5.7
Secondary 712 5.9

Higher 369 7.3
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11 Fathers’ education levels

No education 4872 6.5
3 &

0.216
Primary 3158 6

Secondary 977 4.8
Higher 744 6.3

12 Family size

1 to 3 1192 12
2 &

0.000*4 to 6 5173 5.9

≥ 7 3966 4.7

13 Relationship to household

Head 1739 6
2 &

0.659Wife 7701 6.1

Other 891 6.8

14 Respondent’s occupation
Working 4217 5.9 1 &

0.351Not working 6114 6.3

15 Cooking fuel

Electricity 478 4.4
2 &

0.244Wood 8258 6.3

Others 1595 6

16 Wealth index

Poor 5609 7.1
2 &

0.000*Middle 1438 5.6

Rich 3284 4.8

17 Place of delivery

Public sector 2956 4.4
2 &

0.000*Private sector 7042 7

Home 333 4.2

18 Source of drinking water
Protected 6103 5.5 1 &

0.001*Unprotected 4228 7.1

19 Toilet facility

Flush toilet 404 3.5

2 &
0.000*

Pit latrine 5164 5.5

No facility 4763 7

20 Frequency of listening to a radio

Not listening 7868 6.5
2 &

0.017*Less than once a week 1241 5.4

At least once a week 1222 4.6

21 Place of residence
Urban 1892 3.5 1 &

0.000*Rural 8439 6.7

22 Region

Addis Ababa city 442 3.2

10 &
0.000*

Afar 1025 8.8

Amhara 960 5.1

Benishangul 862 7.4
Dire Dawa 530 5.8
Gambela 675 6.5

Harari 593 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

Table 3. Continuation
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Kaplan – Meier survival estimate curves. Figure 
1 shows that 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 

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.

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
Amhara 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 
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 

significant factors for the death of under-five children 
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 
             > Average

0.86 0.121 0.706 1.041

1.01 0.952 0.820 1.235

3. Age of mother (ref: 15–24): 25–34 
≥ 35

1.2 0.121 0.957 1.457

1.2 0.281 0.891 1.486

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

0.77 0.026* 0.616 0.969

0.69 0.008* 0.525 0.906

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

0.77 0.059 0.593 1.010
0.68 0.003* 0.535 0.877

6. Listening radio (ref: No listening): Once a week 
                                                  At least once a week

0.80 0.087 0.620 1.033

0.70 0.012* 0.532 0.926
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7. Place of delivery (ref: Public sector): Private sector
                                                                   Home

1.6 0.000* 1.302 2.039

0.93 0.816 0.527 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

               Amhara 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

Table 5. Continuation

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 B Time
Ratio SE р-value 95% CI (B)

Fixed effect

1. Sex of child (ref: Male): Female 1.8 6.0 0.43 0.000* 0.91 2.59

2. Type of birth (ref: Single): Multiple –9.9 0.0001 0.99 0.000* –11.9 –7.99

3. Number of 5 &U5 children (ref: ≤Two): ≥Three 7.8 2440.6 0.56 0.000* 6.60 8.77

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

1.1 3.0 0.52 0.031* 0.11 2.15

–0.1 0.9 0.56 0.925 –1.04 1.14

5. Months of breastfeeding (ref: ≤6): >6 months 8.1 3294.5 0.53 0.000* 7.09 9.16

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

1.6 5.0 0.66 0.018* 0.27 2.85

2.2 9.0 0.78 0.005* 0.65 3.69

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

1.3 3.7 0.72 0.078 –0.14 2.67

1.1 3.0 0.70 0.110 –0.25 2.49
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8. Listening radio (ref: No listening): Once a week
                                                   At least once a week

1.3 3.7 0.68 0.067 –0.09 2.59

1.7 5.5 0.72 0.021* 0.25 3.07

9. Place of delivery (ref: Public sector): Private sector
                                                                 Home

–1.8 0.2 0.59 0.002* –3.01 –0.66

–0.98 0.4 1.4 0.496 –3.82 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
                                                             No facility

–1.8 0.2 1.4 0.224 –4.55 1.07

–1.7 0.2 1.5 0.246 –4.58 1.17

12. Place of residence (ref: Urban): Rural –3.3 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 3.2 0.001 891.5

LR test vs. Lognormal model: chi-square value = 20.4 p-value = 0.000

Table 7. Continuation

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 a rural 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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Багаторівневе моделювання смертності дітей віком до 5 років                     
та фактори ризику

Смертність у віці до п’яти років є одним із основних показників дитячої смертності та  індикаторів 
загального розвитку країни. Африканський регіон на південь від Сахари залишається регіоном із най-
вищим рівнем смертності населення віком до п’яти років у світі: тут одна дитина з 13 вмирає, не дожив-
ши до п’ятирічного віку. У 2019 р. половина всіх смертей у віці до пя’ти років припала на п’ять країн: 
Нігерію, Індію, Пакистан, Демократичну Республіку Конго та Ефіопію. За даними звіту “Демографічне 
та медичне обстеження Ефіопії”, у країні смертність у віці до п’яти років впала з 166 випадків на 1000 
живонароджених у 2000 р. до 67 на 1000 живонароджених у 2016 р. (темп скорочення становить близько 
60%). В Ефіопії, як і у багатьох країнах, існують проблеми, пов’язані з регіональними відмінностями у 
смертності дітей віком до п’яти років. Тому головною метою цього дослідження є багаторівневе моделю-
вання ефектів тривалості життя дітей молодше п’яти років і визначення факторів ризику дитячої смерті 
на базі даних  звіту “Демографічне та медичне обстеження Ефіопії ” за 2016 рік. 

Для аналізу даних використовувалась описова статистика, стратифікована регресійна модель про-
порційних ризиків Кокса і багаторівневі параметричні моделі виживання. У дослідженні розглянуто 
635 (6,1%) випадків смерті дітей віком до п’яти років, загальна ймовірність виживання дорівнювала 
0,93. Шляхом спільного застосування стратифікованої регресійної моделі пропорційних ризиків Кокса 
і логнормальних параметричних моделей з фіксованим ефектом виявлено, що значущими факторами, 
від яких залежать смерть дітей віком до п’яти років і середня очікувана тривалість виживання, є стать 
дитини, тип вагітності (одноплідна, багатоплідна), черговість народження; розмір (вага) дитини при на-
родженні, кількість місяців грудного вигодовування, кількість дітей до п’яти років у сім’ї, розмір сім’ї, 
рівень матеріальної забезпеченості, частота слухання радіо, місце народження і місце проживання, а та-
кож географічний регіон. Крім того, було виявлено, що вищий ризик смерті дітей віком до п’яти років 
характерний за таких передумов: діти чоловічої статі; близнюки; діти з грудним вигодовуванням до шес-
ти місяців включно; мала кількість дітей у сім’ї; діти з невеликої сім’ї; діти з вагою, нижче середньої; діти 
з бідних сімей; діти, народжені у закладах приватного сектору системи охорони здоров’я; діти, матері 
яких не слухали радіо; діти з сільської місцевості, діти з регіонів Афар, Сомалі та Харарі. Згідно з лог-
нормальною параметричною моделлю випадкових ефектів, очікувані варіації 1,7 і 1,9 для показника се-
реднього очікуваного часу виживання (тривалості життя від моменту народження) дітей віком до п’яти 
років спостерігались у регіональному кластері та кластері домогосподарств. Згідно з рекомендаціями, 
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сформульованими за результатами дослідження, уряди та інші відповідальні органи мають надавати 
спеціальну підтримку тим матерям, діти яких зазнають високого ризику смерті.    

Key words: Демографічне та медичне обстеження Ефіопії (EDHS), діти віком до п’яти років, 
смертність у віці до п’яти років, модель зі змішаними ефектами, логістичний регресійний аналіз, 
регресія Кокса.
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