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Abstract

Background: Of the 6.2 million estimated deaths of children under 15 years of age globally, the death toll of children under 5
years of age accounted for 5.3 million. In Ethiopia, even though significant progress has been made, facility-based research shows
that the mortality rate of children under 5 is still high. In the country, particularly in the eastern part, evidence on trends in
under-five mortality and associated factors from population-based longitudinal data is limited. Objective: The objective of the
study was to assess under-five mortality focusing on the trends and associated factors based on 2008-2016 data in Kersa Health
and Demographic Surveillance Site, Eastern Ethiopia. The method: The study was based on 9 years of surveillance data. The
surveillance site was founded in 2007 with the aim of producing community-based health and demographic data in the eastern
Ethiopia. Data were collected from the surveillance site and analyzed with STATA version |5 (for factor analysis) and/or
Statistical Package for Social Sciences (SPSS) version 26 (for trend analysis) and Microsoft (MS) Excel software. The autor-
egressive integrated moving average (ARIMA) model and Mann—Kendall were used to analyze mortality trends. Multi-level
logistic regression was used to assess the associated factors. Result: There were a total of 18 759 newborns in the surveillance
sites, of which 1602 died of children under 5 years of age, and the total mortality rate for children under 5 years of age was 85
per 1000 live births. Trend analysis shows that the mortality rate of children under 5 has been steadily declining during the study
period. Multi-level logistic regression shows that the variance of the random component model related to the intercept term is
statistically significant, which means that there is a change in the mortality rate of children under 5 between the survey years,
which is explained by the random intercept term. Antenatal care visits by mothers (AOR = .61, 95% Cl = .49, .74), primary
education (AOR = .58, 95% CI = .49, .68), normal birth weight (AOR =.78, 95% CI = .64, .95), and having 2 or fewer total births
(AOR = .37, 95% CI = .22, .37) were all associated with child death. Conclusion: Despite the downward trend, the mortality
rate of children under 5 years old at the surveillance sites is high. Effective intervention measures should be implemented.
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termination, types of fuel used, and housing conditions were
linked with under 5 child mortalities.">7>!%1%15 However,
these studies were institutional-based cross-sectional and
used small and limited data. Due to this, the inference as-
sociated with the estimated parameters may be different from
the actual value, resulting in wrong generalization.

In addition, some articles emphasized specific diseases
related to child mortality and used simple statistical analysis
to show the trend and factors associated with mortality.
Additionally, studies’ aggregate analysis of the first 59
months of life is very limited in Ethiopia, especially since
most studies focus on Neonatal. Furthermore, much work
remains to be done in order to obtain an accurate figure of
childhood deaths in the country. This study aimed to show the
trend of under-five child mortality and common factors as-
sociated with mortality using community-based longitudinal
data.

Background

Child mortality is an important demographic, health, and
development issue for a number of reasons. Mortality is one
of the 3 measures (along with fertility and migration) that
determine population size and growth rate, the age-sex dis-
tribution, and the spatial spread of the population.'* It is an
essential indicator of development and crucial evidence of a
country’s value and priorities.”® According to the World
Health Organization (WHO) report of 2018, under-five
deaths accounted for 5.3 million of the estimated deaths of
6.2 million children and adolescents under the age of 15
years. The risk of a child dying before completing 5 years of
age is still highest in the WHO African regions (76 per 1000
live births), around 8 times higher than that in the European
region (9 per 1000 live births).> However, there was a decline
in the trend, which was 39 deaths per 1000 live births in 2018
compared to 93 deaths in 1990 and 76 per 1000 live births in
2000, a 59% and 49% decline, respectively. The total number
of under-five deaths dropped to 5.3 million in 2018 from 12.5
million in 1990. On average, 15 000 children died before age
5 every day in 2018, compared to 34 000 in 1990 and 27 000
in 2000. Sub-Saharan African countries remain the region
with the highest under-five mortality in the world. In 2018,
the region had an average under-five mortality rate of 78
deaths per 1000 live births. These indicate that 1 in 13
children died before they celebrated their fifth birthday.*

In Ethiopia, there has been a tremendous effort to reduce
child mortality that has brought remarkable progress in the
past 2 decades. However, under-five mortality is still high,
with 67 deaths per 1000 live births, meaning that 1 in 15
children in Ethiopia die before reaching age 5.*'' According
to various studies under 5, mortality is influenced and/or
determined by various social, economic, demographic, en-
vironmental, cultural, or behavioral factors. Some of these
factors influence under-five mortality directly, while others

affect it indirectly.”"!

A cross-sectional study found that mothers’ education,
wealth status, place of residence, religion, immunization, type
of birth, breastfeeding, housing, sanitation, and source of
drinking water were all linked to under-five child
mortality.'®'? In particular to Ethiopia, few of the studies
conducted examine factors associated with under-five mor-
tality in the country’s base health facilities which are not
representative of the under-five population of children aged
under 5years in the country. In addition, there is a limited
study, particularly in the Eastern part of the country, that as-
sesses the trends and risk factors associated with under-five
mortality based on the data of longitudinal. There are previous
studies that were conducted on the same surveillance site with
various years of data analysis.'**"*%*! But they focused on
neonatal mortality and the cause of death. In addition, they did
not indicate the trend of under-five mortalities in the area. Few
of them presented a trend of neonate death with data that
appeared to indicate an upward or downward trend over time,
which was frequently presented without a statistical analysis,
making it difficult for decision-makers to determine whether
these apparent trends were due to chance variation.'>="*!
Therefore, population-based longitudinal study is the
method of choice to discover factors associated with death in
Ethiopia. Therefore, this study aimed to assess the trends in
under-five childhood mortality and identify factors associated
with under-five mortality (U5SM).

Materials and Methods

Study Area and Period

Kersa Health and Demographic Surveillance Site (KHDSS) is
one of the districts in the eastern Hararghe zone that was
established in 2007. It is 44 km west of Harar and 531 km
from the capital, Addis Ababa. Kersa Health and Demo-
graphic Surveillance Site (KHDSS) is located in Kersa dis-
trict, East Hararghe Zone, Oromia region. It is located
between 41 0 40" 0" and 41 0 57' 30” (longitude) and 09 0 15
15" and 09 0 29" 15° (latitude). In 2007, the Central Bureau of
Statistics estimated that the total population of the region was
170 816. Of which 86 134 were males (50.4%) and 84 682
were females (49.4%); 11 384 (6.67%) of its population were
rural residents. The district has 7 health centers, 7 health
stations, and 8 private pharmacies in different locations in the
district (CSA, 2012). The study was conducted from February
20th to February 30th, 2020.

Study Design

Kersa HDSS uses an open cohort population-based longi-
tudinal surveillance design. It follows individuals in selected
sites longitudinally every 3 months up to 2012 and every 6
months since 2013. Death registration and verbal autopsy for
cause of death are taken for newborns <28 days, children’s 4
weeks to 15 years, and adults >15 years, adopted from the
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2007 standardized World Health Organization (WHO)
questionnaires. It covers all socio-economic, demographic,
and environmental conditions of subjects longitudinally
followed (individuals and household units).

Source and Study Population

The source population is all children under the age of 5
recorded in the KHDSS database from 2008 to 2016. The study
population was children under 5 years of age, selected from the
Kersa Health and Demographic Surveillance System database.

Inclusion and Exclusion Criteria

All children under the age of 5 years recorded in the
KHDSS database were included in the study. Children under
5 years of age with incomplete socio-demographic data were
excluded from the study sample size determination.

Data Extraction Method and Tools

First of all, the available data on the Kersa health and demo-
graphic surveillance system database was observed, and appro-
priate data was extracted from the KHDSS database and Open
Data Kit (ODK) by trained data collectors who have enough
knowledge and experience in operating computers using the
prepared data collection format from the already existing record.

Data Collection Procedure in the Surveillance Site

KHDSS covers 24 kebeles in Kersa District (the smallest
administrative unit in the country) and 12 kebeles in Harar
Town. The baseline information was assessed in 2007. There
are permanently employed data collectors in each kebele who
update the list of individuals living in the house during the 6-
monthly field visits. The data collected includes births,
deaths, and moving in or out every 6 months. Immunization,
human waste disposal, solid waste disposal, water supply,
housing conditions, reproductive health, nutrition, HIV/
AIDS, and health care seeking and use are assessed and
updated every year, and economic status is updated every 2
years. The death registration for the deceased, which includes
verbal autopsies for the cause of death, was taken from close
relatives, typically after the mourning period of 45 days. The
verbal autopsy questionnaire is based on the World Health
Organization (WHO) verbal autopsy form for neonates (less
than 28 days of age), children (4 weeks to 15 years of age),
and adults (15+ years of age). The verbal autopsies are done
by data collectors separately from the regular surveillance
data collection.® At the end of each data extraction day, the
principal researcher checks the completeness, clarity, and
consistency of the data extracted from each record.

Variables

Outcome Variables: Under-Five Child Mortality

Independent variables. Socio-economic characteristics such as
gender, mother’s education, religion, marital status, occupation,

antenatal care (ANC), vaccination, birth outcome, breast-
feeding, birth interval, parity, birth attendant, place of de-
livery, environmental factors, such as the source of drinking
water and the distance between the water source and the
house, whether the household has a separate kitchen and
window, the type of toilet, and whether it is shared, and the
materials the house is made of.

Operational definition. Under-five mortality—The death of
children before reaching the age of 5 years in the study
area.

Under 5 mortality rate(USMR)—is the rate calculated
as equal to the number of deaths of children under 5 in
calendar years between 2008 and 2016 divided by the
number of under-five children in the same years and
multiplied by 1000.

Water source—water utilized for drinking and for do-
mestic purposes such as preparing food, whether it is from a
protected or unprotected source.

Sanitation facilities—presence and utilization of facilities
such as latrines and types of latrines.

Normal birth weight—birth weight of equal to 2,500g

Big birth weight—birth weight of greater than 2,500g.

Low birth weight—birth weight of less than 2,500g

Data quality control. Data quality was ensured during data
extraction, recoding, and analysis. During the data ex-
traction period, adequate training and follow-up were
provided for all data extraction personnel. The principal
investigator worked closely with the data manager during
data extraction. At the end of each day, the extracted data
was reviewed and checked for completeness, accuracy, and
consistency by the investigator, and corrective discussions
were undertaken with all research team members. During
the data extraction, the principal researcher worked closely
with the data manager. At the end of each day, the in-
vestigator reviewed and checked the completeness, ac-
curacy, and consistency of the data extraction form and had
a corrective discussion with members of the research team.
Prior to further analysis, data were checked for incom-
pleteness and cleaned using statistical software (SPSS
version 26 and/or STATA version 15). The data was further
cleaned by visualizing and calculating frequencies and
sorting in STATA and/or SPSS. A correction was made
according to the original data.

Data Processing and Analysis

STATA version 15 (for analysis of associated factors) and/or
SPSS version 26 (for trend analysis) software were used to
edit, clean, and analyze the data. To look for outliers, con-
sistency, and missing values, a frequency distribution was
performed. The descriptive analyses used were proportion,
mean, and median. The mortality rate was calculated for the
entire study period. The Box—Jenkins method was used to
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analyze the trend of under 5 deaths, which is a time series.
The method follows iterative application of the model; (i)
identification (using plots of the data, autocorrelations, and
partial autocorrelations) to select a simple model; (ii) es-
timation (using maximum likelihood estimation (MLE) to
maximize the probability of obtaining the data that we have
observed); (iii)) model diagnostic checking (the fitted
model is checked for inadequacies by scatter plot of re-
siduals on the y axis and fitted values on the x axis to detect
non-linearity, unequal error variances, and outliers). Based
on the Box—Jenkins method, the ARIMA model is used to
predict the mortality trend of children under 5 years of age.
Autoregressive Integrated Moving Average (ARIMA) is a
time series method that fits specific statistical equations to
past data. The model is expressed as ARIMA (p, d, q) s,
where p means the order of auto-regression, d means the
degree of trend difference, and q means the order of
moving average. It requires a stable time series data set,
which means that the time series has no fluctuations or
periodicity over time. This means the ARIMA model is
applied to stationary data only (a dataset is stationary if it
has a constant mean, variance, and covariance over time).
Ifthe data is not stationary, then it is made so by the process
of differencing (the process of subtracting an observation
from the previous time step observation until the data is
stationary by the Augmented Dickey—Fuller test). Pa-
rameters of the ARIMA model (p, d, q) were estimated by
the ACF (autocorrelation function) graph and the PACF
(partial autocorrelation) graph. A simple line graph was
used to show the trend in under-five mortality. A Mann—
Kendall trend test was also employed to check the trend
significance as well as at what rate the trend changed over
the period. The factors associated with under-five mortality
were analyzed using multi-level modeling by considering
the nesting of the outcome variables (child mortality) with
the survey years. Individual-level covariates and survey
years were modeled to examine variations and predict
under-five child mortality.

For multi-level modeling in stata, 2 steps were fol-
lowed. First, an empty model was built by fitting without
factors to test the random variability in the intercept by
survey year. This is to check whether multi-level logistic
regression is an appropriate statistical model for the data.
Then, a full model was built to evaluate the impact of the
survey and the variables of interest simultaneously. In the
full model, the variables included were antenatal care
utilization, radio, television, type of drinking water source
(improved or unimproved), toilet type (improved or un-
improved), maternal age, maternal education, family size,
place of delivery, birth attendant, mother’s occupation, sex
of a child, pregnancy duration, and the presence of a
window in the house and residence. By extracting variables
with a P-value of <.25 from the binary logistic regression
model, the variables are included in the multivariate re-
gression. Variables with a P-value of .05 or lower in the

multivariable logistic regression model were considered
significantly and independently associated with under-five
mortality.

Result’s

Socio-Demographic and Economic Characteristics of
Children and Households

The total number of live births at the surveillance sites from
2008 to 2016 was 18 759, of which males accounted for 9574.
Of'the total number of births, 1602 children under the age of 5
died during this period.

The majority of children (94%) are rural residents. Of
the children’s caregivers or mother socio-demography,
most of them were Oromo in the ethnic group (98.4%),
illiterate in education status (78%), and Muslim in religion
(98.24%). About nine-tenths of mothers were married
(88%). There were 17 920 working mothers (95.73%), and
3064 (16.33%) mothers receiving antenatal care during
pregnancy. More than three-quarters of mothers give birth
at home with an unskilled attendant. Half of the mothers
gave birth during the term period, followed by post-term
8673 (46.23%). Regarding house conditions and sanitation
facilities, the house floor was made up of earth or mud
(17 836 [95%]), followed by cement (921 [5%]), and most
of them (10 749 [57%]) did not have a latrine and practiced
open field (Table 1).

Regarding the causes of death shown in Table 2, most of
the deaths of children under 5 at the surveillance site were due
to infectious diseases, with the highest proportion of diarrhea
(42.9%), followed by malnutrition.

According to the data, infant mortality accounted for more
than 62% of the 9 consecutive years of surveillance, with
neonatal mortality accounting for 38%.

Under-Five Child Mortality Trends in a
Surveillance Site.

The mortality rate was slightly declined in neonates and
infants at the 5% significance level of the Mann—Kendall
trend test (Sen’s slopeNMR = -1.034, PNMR = .179, Sen’s
slopeIMR = -1.46, PIMR = .348) and a steady decrement in
under-five children (Sen’s slopeUSDR = -3.55, PUSMR =
.006) during the 9 consecutive surveillance years in the study
area. Under-five deaths indicated a significant decreasing
trend during the study period. In general, the magnitude of
decline varies among the component rates that combine to
form the under-five mortality rate (Table 3).

In the surveillance site, the overall rate of under-five child
deaths is 85 per 1000 live births. Regarding the age distri-
bution of deaths in the surveillance sites during 9 consecutive
years, infant mortality was 55 deaths per 1000 live births and
neonatal mortality was 29 deaths per 1000 live births
(Supplementary, Figure 1).
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Table I. Background characteristics of children and mothers/caregivers in Kersa health and demographic surveillance, 2008-2016, Ethiopia,

2020.
Factors Category Frequency(n) Percent (%)
Sex of child Female 9185 48.97
Male 9574 51.03
Total 18 759 100
Residence Urban 1126 6.00
Rural 17 633 94.00
Total 18 759 100
Religion Muslim 18 429 98.24
Orthodox 312 1.70
Other believers 18 .06
Total 18 759 100
Ethnicity Oromo 18 459 98.40
Amhara 300 1.60
Total 18 759 100
Mother marital status Not married 2143 11.50
Married 16 317 87.80
Divorced 122 .70
Total 18 759 100
Birth weight Low birth weight 15 540 83
Normal birth weight 3190 17.01
Big birth weight 29 15
Total 18 759 100
Mother relation to head Head 323 1.72
First spouse of head 15773 84.08
Other 2663 14.2
Total 18 759 100
Age of mother at first birth <17 4815 25.67
18 — 24 13211 704
>25 733 3.9
Total 18 759 100
Total born >5 13471 71.81
3to4 2323 12.4
2 2965 15.8
Total 18 759 100
Types of fuel used Electricity/Kerosene 51 27
Charcoal/Firewood 14 235 759
Dung/straw 4473 238
Total 18 759 100
Type of material the roof made of Thatched/Leaf 801 4.3
Plastic sheet 123 0.7
Corrugated iron 17 795 94.9
Others 40 0.2
Total 18 759 100
Type of material the floor made of Earth/Mud 17 836 95.1
Cemented/Carpeted 921 4.9
Total 18 757 99.99
Type of material the wall made of Bamboo/Wood 961 5.1
Cement/Bricks/stone w 39 0.2
Truck with mud 17 759 94.7
Total 18 759 100
Does the house have window Yes 2857 15.23
No 15 902 84.8
Total 18 759 100

(continued)
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Table I. (continued)

Factors Category Frequency(n) Percent (%)
Does the house have separate sleeping room Yes 1960 10.45
No 16 799 89.6
Total 18 759 100
Household share latrine facilities Yes 2111 11.25
No 16 648 88.75
Total 18 759 100
Location of water source In compound 946 5
Outside of compound 17 813 95
Total 18 759 100
Type of water source the HHS use Protected 15 500 82.6
Unprotected 3259 17.4
Total 18 759 100

Table 2. Causes of death in children under the age of 5 in Kersa
health and demographic surveillance data analysis from 2008 to
2016, Ethiopia, 2020.

Causes Number (%) Percent (%)
Diarrhea 421 42.9
Malnourishment 188 19.1
Sudden death 126 12.8
Prematurity 63 6.4
Measles 54 55
Pneumonia 26 2.6
Pregnancy complication 23 23
TB 9 0.9
Accident 9 0.9
Malaria 5 0.5
Jaundice 5 0.5
Meningitis 4 04
Cancer 2 0.2
HIV AIDS | 0.1
Others I .1

Regarding sex-specific under-five mortality rates over a 9-
year period, a decreasing pattern was observed in both sexes.
A wide gap of mortality was observed in 2008 with a higher
male under-five mortality rate (Figure 1).

Model for Predicting Under-five Child Mortality in a
Surveillance Site

The under-five mortality rate from 2008 to 2016 was used to
fit the prediction model through Box—Jenkin’s methodology
of model identification, parameter estimation, and model
diagnosis. The Under 5 Mortality Rate (USMR) in the sur-
veillance site showed stationary based on an augmented-
Dickey—Fuller test with a stationary P-value of <.001 within a
95% confidence interval, indicating that there was no sig-
nificant change in trend (Supplementary, Figure 2). Conse-
quently, differencing was not considered, and a differencing
order (d) of 0 was employed. Six tentative models were
selected based on the autocorrelation function (ACF) and

Table 3. Mortality rates in neonates, infants, and under-five age children in Kersa health and demographic surveillance 2008-2016, Ethiopia,

2020.

Neonates Infants Under-five children’s
Year Live Birth Deaths Mortality Rate Deaths Mortality Rate Deaths Mortality Rate
2008 1471 36 24.47 68 46.23 68 46.23
2009 1618 60 37.08 102 63.04 110 36.41
2010 1881 68 36.15 126 66.99 166 34.64
2011 1487 41 27.57 16 78.00 210 34.35
2012 1700 50 2941 100 58.82 193 25.38
2013 2210 60 27.15 107 48.42 178 18.50
2014 2077 60 28.89 114 54.89 209 20.44
2015 2963 76 25.65 131 4421 263 22.71
2016 3043 9l 29.90 159 52.25 205 16.13
Sen’s slope —1.034 —1.46 —3.55
P-value 179 .348 .006
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Figure |. Distribution of sex-specific under-five mortality rates in Kersa HDSS, 2008-2016, Ethiopia, 2020.

Table 4. Estimated parameters of selected tentative models fit to the ARIMA model to predict under-five mortality rate in Kersa health and

demographic surveillance site 2008-2016, Ethiopia, 2020.

Proportion of death ARIMA (1,0,1) ARIMA (1,0,2) ARIMA (1,0,3) ARIMA (1,0,4) ARIMA (1,0,5) ARIMA (1,0,6)
Significant coefficient 2 | 4 5 5 |
Sigma? (volatility) 3.0l 1.47 119 2.12 —1.74 —1.37
Log-likelihood —270.46 —268.38 —265.79 —256.86 —256.72 —261.19
AlC 548.93 546.76 543.59 527.73 529.44 540.37
SBIC 559.62 560.12 559.63 546.43 550.83 564.43
=== Observed death
40.00 === Expected death from model
“=UCL
*LCL
0.00 — Forecast
&
=
% 20,00 g
> s
10.00 I,
.00
-10.00 C Z W e T ZEEOZ U OE T =T & .2- w ;g

Figure 2. The observed, expected, and predicted values of the ARIMA (1, 0, 4) model of under-five mortality with 95% confidence limits in

Kersa health and demographic surveillance, Ethiopia, 2020.

partial autocorrelation function (PACF) values of significant
lags, of which ARIMA (1, 0, 4) was fitted to the model for
prediction based on the parsimony criteria of model selection
having the smallest number of parameters to be estimated
with Akaike Information Criteria (AIC) 527.73 and Bayesian
Information Criteria (SBIC) 546.43. For the Box—Jenkin
method, for estimating trends, models with the most

significant coefficient, the lowest volatility, the highest log-
likelihood statistic, and the lowest AIC and SBIC are the
preferred models. (Table 4).

Based on the fitted model, the mortality rate is expected to
decline ahead of the surveillance year of 2016 with fewer
fluctuations in the trend. The prediction interval for the times
is wider, with a 95% confidence interval. This wide range of
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Table 5. Multi-level logistic regression on under-five mortality and associated factors in Kersa health and demographic surveillance site;

2008-2016, Ethiopia, 2020.

Full Model
Child Status

Variables Category Empty Model (95% ClI) Alive Died AOR (95% Cl)
Water sources Unimproved 2902 300

Improved 13 946 1302 .95 (.83, 1.09)
Presence of radio No 12 556 1252

Yes 4292 350 .86 (.75, .99)
Have toilet No toilet 9635 975

Has toilet 7213 627 .99 (.89, I.11)
Fuel type Solid biomass 16 799 1601

Non-solid biomass fuel 49 |
Window presence in the house No 14 220 1413

Yes 2628 189 .80 (.67, .95)
Presence of television No 15893 1553

Yes 955 49 91 (.63, 1.30)
Attending antenatal care No 14 060 1467

Yes 2788 135 61 (49, .74)
Place of delivery Home 13 135 1375

Health facility 3713 227 .90 (.59, 1.36)
Birth attendant Unskilled 13 197 1386

Skilled 3651 216 .73 (48, 1.12)
Pregnancy duration Preterm 232 124

Term 8820 637 A3 (.10, .16)

Post-term 7796 84l A5 (.12, .20)
Family size Two and/or less 2799 166 37 (.22, .37)

Three-four 1936 80 .28 (.31, .45)

More than 5 12 113 1356
Birth weight Low 13 810 1421

Normal 3015 175 .78 (.64, .95)

Big 23 6 5.16 (1.98, 13.47)
Education of mother No-education 13 050 1360

Elementary 3249 209 .58 (.49, .68)

Higher 549 33 .80 (.54, 1.18)
Age of mother <17 4254 452

18-24 11929 1094 .84 (.75, .95)

>24 665 56 .82 (.60, 1.10)
Occupation of mother Housewife 730 44

Has employed 16 081 1557 .66 (.48, .91)
Residency Rural 15 789 1545

Urban 1059 57 .89 (.64, 1.24)
Sex of child Female 8134 742 .93 (.84, 1.03)

Male 8714 860
Random intercept for survey .13 (.04, .40) .68 (.22, 2.07)

Intra-survey year correlation in %

3.72 (1.23, 10.75)

17.16 (6.39, 38.6)

predictions indicates the high uncertainty of the prediction

(Figure 2).

Factors Associated With Under-five Mortalities in

Surveillance Site

Our model adequacy test showed that multi-level logistic
regression was found to be the best fit for the data. The result

shows that the variance of the random component model
related to the intercept is statistically significant, implying the
presence of under-five child death variations among survey
years that are accounted for by a random intercept term. The
empty model shows that there is a change in the mortality rate
of children under 5 in the survey year, with a random intercept
of .13 and an intra-year coefficient of 3.7%. In a full model,
where the variables of interest were included, the random
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intercepts for the survey indicated significant differences
among survey years in the mortality of under-five children
with a .68 intercept and a 17.2% intra-survey year correlation
coefficient. Mothers who received antenatal care had a 39%
(AOR = .61, 95%CI = .49, .74) lower chance of under-five
death compared to mothers who did not receive antenatal
care. Those mothers who had a term delivery had an 87%
(AOR = .13, 95% CI = .10, .16) lower chance of their child’s
death compared to mothers with preterm birth. Similarly, the
under-five mortality in the surveillance site among house-
holds with windows in the house was 20% (AOR=1.19, 95%
CI=.988, 1.421) lower chance compared to a house that did
not have a window (Table 5).

Discussion

From 2008 to 2016, the under-five mortality rate at the Kersa
Health and Demographic Surveillance Site dropped signifi-
cantly, despite a slight decrease in neonatal and infant
mortality. The current finding is consistent with prior studies
conducted in similar areas (Kersa HDSS)'**'*? and other
previous studies conducted at national and community-based
levels that reported a similar trend of under-five children’s
deaths.'® However, these findings revealed lower infant and
neonate death rates than the study conducted in Uganda.'*
The decreasing trend in the mortality rate of USC (under 5
children) during the study period agrees with the national and
international decrement of under-five children dying. The
decreasing trend of under-five deaths during the study period
may be a consequence of an essential improvement in health
services, such as education on health problems and how to
prevent and control them, maternal and child health care,
including family planning, immunization against major in-
fectious diseases and current government policy priority areas
of child health (improvement in resource mobilization, scale-
up of high-impact interventions coordination and
partnership).

The forecast for the next 5 years from 2016 shows that
there is a certain downward trend in the mortality rate of
children under 5, but there is a certain degree of uncertainty.
Uncertainty in the prediction could be due to the inaccuracy
of data. Therefore, using recent and accurate data, such
predictions can be used for forecasting progress toward
sustainable development goals.

The finding shows the socio-demographic characteristics
of the mother’s association with under-five mortality in the
surveillance site. After controlling for other variables, the
mother’s educational status emerges as a strong predictor of
under-five mortality, which is consistent with other studies
conducted in southwest Ethiopia'® and the latest Ethiopian
demographic and health survey of 2016 analysis®® and
elsewhere.*****¢ The reason may be that educated mothers
are more capable of gaining health care access and receiving
antenatal care services because of their better income, higher
health literacy, and power to make healthier decisions on the

health for themselves and their children. Furthermore, edu-
cation can contribute to child survival by suspending early
marriage and motherhood as a result of the decreased total
number of children a woman has.'®

A strong association was shown between maternal
working and under-five deaths. Children of mothers working
were found to be significantly increasing odds of under-five
mortality. This is higher than the 2011 analysis of Ethiopian
demographic and health survey.!” This could be because of
increased family income, which enables parents to provide
their children with higher quality health care services and
improve mothers’ and thus child wellbeing.'®

In addition, this study revealed a significant relationship
between the mother’s gestational age and the under-five
mortality rate. Mothers who had a preterm pregnancy ex-
perienced much higher child deaths than those mothers who
had given birth at term. This finding is consistent with the
EDHS analyses of 2000, 2005, and 2011." 1t is also con-
sistent with previous research that has found a high risk of
mortality among children under the age of 5 whose mothers
gave birth prematurely.®®** This could be due to babies born
prematurely having more health problems at birth and later in
life than babies born later.” This may also be due to the
following reasons: increased mortality from sudden infant
death syndrome, prolonged impairment of pulmonary func-
tion, infections and respiratory conditions, early birth itself,
and increased susceptibility to various health conditions,
including behavioral disorders, neurological conditions,
impaired vision and hearing, and chronic illness.***°

The findings of the study confirmed that mothers who had
more than 5 total births experienced significantly higher child
mortality than those who had less than 2 total births. This
variable is, in 1 way or another, related to family planning that
affects family size. Family size is positively associated with
child mortality. This is comparable with the study conducted
in Nigeria.’! Different reasons are given for the rise in
mortality for mothers who have had many children. This may
be because of insufficient support and care for the child.?
However, the findings of this study are not in line with the
study conducted in the Afar region, which has shown family
sizes have a significant reduction in child mortality.*>

The risk of under-five deaths was higher among children
who lived in houses built with inadequate materials than in
those with standard and moderate housing materials (a house
built in the absence of windows and inadequate materials
from which the roof was built). The house built with moderate
housing materials (windows installed) reduced the risk of
dying more than a child in a house built with inadequate
materials. These finding gave credential to other studies
conducted in northern Ethiopia®*** Nigeria,*® and Pakistan®’
that established an association between ill health and poor
housing conditions because of inadequate building materials.
The standard quality of the materials with which the house is
built is entirely related to the durability of the materials the
house is built with and the health of the family living in it.*
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Poor housing conditions could lead to the formation of
damp in the house, which can result in the formation of molds
and different kinds of fungal pathogens that can cause dif-
ferent types of respiratory health problems such as asthma.>*
In addition, there are cracked buildings (walls); this provides
a favorable environment for the reproduction of various in-
sects such as cockroaches, mites, and arthropods, all of which
promote the pathogenesis of respiratory health problems.***®

The current study also revealed that house those who did
not have windows and shared latrine facilities had experi-
enced higher under-five deaths than those who had windows
and not shared latrine facilities, respectively. This may be due
to poor ventilation and poor sanitation which led to the death
of children from respiratory diseases and diarrheal diseases
respectively.”” However, the finding is slightly different from
the studies conducted in some else.”’-**

Strength and Limitations of the Study

This study had several strengths. First, it is representative
surveillance that uses a standardized method that yields a high
response rate. Second, the pooled method (large sample size)
maximized the study power and permitted valid general-
ization of the results to a population of similar characteristics.
Third, advanced statistical analysis was used to estimate the
outcome and factors associated with it. However, it faces a
number of limitations: First, some important predictors of
under-five deaths were not included in the analysis because of
imprecise measurement due to incomplete or mislabeled
variables, restricted variable data, inconsistent values, and
missing records of the predictors. Second, the analysis
considers under-five children who had vital information,
which might lead to an underestimation of mortality rates.
The effects of some associated factors may also be
underestimated.

Conclusion

During the study period, the mortality rate of children under 5
at the surveillance site dropped significantly. Mother’s edu-
cation, pregnancy duration, safe sanitation, birth weight, total
number of children born, and house material were all sig-
nificantly associated with under-five deaths in the surveil-
lance site. As a result, an intensified effort is required to
address the issue. In realization of this fact, we recommend
that efforts toward access to prenatal care and quality care
service throughout the pregnancy, childbirth, and postnatal
period should be ensured to reduce the incidence of low birth
weight and other pregnancy related complications. Improving
the literacy status of women is essential so that they can care
for their children for better health. Broad-scale public health
and educational efforts in various areas, especially on sani-
tation and family planning, will have a strong impact on child
health and survival. Strategies aimed at socio-economic
development may also impact child survival.
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