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ABSTRACT

Objective The aim of this study was to explore
spatiotemporal distribution of under-five mortality in
Ethiopia using data from four (2000, 2005, 2011 and 2016)
consecutive demographic and health surveys.

Methods A total of 41498 children were included

from four consecutive Ethiopian Demographic and

Health Surveys. The geospatial analysis was conducted
by using ArcGIS V.10.7 and saTScan V.9.6. Thus, spatial
autocorrelation, hotspot analysis, spatial interpolation and
spatial scan statistics were carried out for each survey
separately to show the temporal pattern of geographically
risk areas of under-five mortality in Ethiopia. Finally, the
most under-five mortality rate (USMR) risk areas in each
survey period were mapped.

Results Under-five mortality was spatially clustered

in Ethiopia (Moran’s Index: 0.046-0.096, p<0.01). The
Benishangul-Gumuz region was consistently at a higher
risk in the last two decades. Additional hotspot areas
were detected at Afar and Amhara (in 2000, 2005, 2016),
at Gambala (in 2011) and the South Nation Nationality
and People’s (SNNP) Region (in 2016). Moreover, 160
primary clusters were identified. Of these, 85 clusters
(log-likelihood ratio (LLR)=13.10, p<0.01) were from
Benishangul-Gumuz and Amhara regions (in 2000); 67
clusters (LLR=12.93, p<0.01) were from Afar and Amhara
regions (in 2005); 4 clusters (LLR=10.54, p<0.01) were
from Benishangul-Gumuz region (in 2011); and another

4 clusters (LLR=11.85, p<0.01) were from Afar region (in
2016).

Conclusion High-risk areas were detected mainly in
the Benishangul-Gumuz and Afar regions. As a result,
designing under-five population targeted intervention
programmes in those high-risk geographical regions was
vital to reduce under-five mortality in Ethiopia.

INTRODUCTION

Although there has been a substantial reduc-
tion in the underfive mortality rate (UbMR),
in 2018, more than 15000 children died
before celebrating their fifth birthday. Glob-
ally, the UBMR is 39 deaths per 1000 live
births but there is a stark difference between

What is known about the subject?

» The under-five mortality was a major public health
problem in Ethiopia. In previous studies, the prev-
alence of under-five mortality and socioeconomic
and sociodemographic factors that affect under-five
mortality were assessed.

What this study adds?

» The under-five mortality had spatial dependency
over the last 20 years in Ethiopia. The hotspot (high
risk) areas were mainly detected in Benishagul-
Gumuz across four surveys. Besides, Amhara, Afar,
Gambela and South Nation Nationality and People’s
Region were at higher risk of under-five mortality.

developing and advanced countries. The
sub-Saharan Africa and central and southern
Asia accounted for more than 80% of the
5.3 million under-five deaths in 2018. Current
evidence shows that Saharan countries have
a very high USMR (ie, 78 deaths per 1000
live births). This is 1 child in 13 dies after
surviving the first month before his or her
fifth birthday. This is 16 times higher than the
average ratio of 1 in 199 in high-income coun-
tries." * Ethiopia is among the five countries
which account half of all global underfive
deaths in 2018,2 with the USMR of 67 deaths
per 1000 live births.” Despite progressive and
consistent health intervention, UbMR shows
the highest trend in Ethiopia.*™®

In the Sustainable Development Goal 3
(SDG 3), the targets for neonatal mortality and
UBMR are specified to be less than 12/1000
live births and 25/1000 live births, respec-
tively.7 Furthermore, the target was extended
to the elimination of preventable child deaths
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Figure 1 Map of Ethiopia where the four surveys were
conducted. (Source: Shapefile from Central Statistical
Agency, Ethiopia, 2013.)

between birth and age 5 by 2030. Thus, the SDG frame-
work requires giving attention to subgroups that may be
missed from traditional measurement systems.

Previously, different studies were conducted on under-
five mortality in Ethiopia.lo_20 However, these studies
mainly focused on assessing the factors associated with
under-5 mortality without statistically investigating its
spatiotemporal distribution. Thus, there is a literature
gap on the spatial pattern and spatiotemporal distribu-
tion of underfive mortality across regions in Ethiopia.

Spatiotemporal distribution analysis is key for under-
standing the geographical risk areas of underfive
mortality by showing the specific location of the risk areas
over time. The basic assumption of spatial analysis goes
to Tobler’s first law which focuses on the notion that near
things are more related than distant ones.*' Toblers first
law states that “everything is related to everything else,
but near things are more related than distant things”.
This concept is considered as the core of spatial auto-
correlation statistics (for analysing correlation relative
to distance or connectivity relationships). Moreover, it
is central to every spatial analytical techniques as well as
analytical conceptions of geographic space.”

Consequently, the evidence that under-5 mortality
might be concentrated in an area over time is vital to
assess the public health impact of maternal and child
health intervention programmes applied so far. Besides,
it will provide input for future health planning by iden-
tifying high priority areas. Therefore, the objective of
this study was to assess the spatiotemporal distribution
of under-5 mortality and whether the distribution has
changed significantly overtime in Ethiopia by using data
from four consecutive large national surveys.

METHODS

Patient and public involvement

This study used a publicly available dataset (Ethiopian
Demographic and Health Survey (EDHS) 2016); there-
fore, there were no patients or members of the public
directly involved.

Study design and setting

The data from four consecutive EDHS (2000, 2005,
2011 and 2016) were used for this study. The surveys
were conducted at 5-year interval cross sectionally at the
national level. Ethiopia is an East African country that is
located at the horn of Africa (figure 1). The country is
administratively subdivided into nine regional states such
as Afar, Amhara, South Nation Nationality and People’s
(SNNP) Region, Benishangul-Gumuz, Gambela, Harari,
Oromia, Somalia, Tigray and two city administrations
(Addis Ababa and Dire Dawa).

Data source and sampling

Each Demographic and Health Survey adopted a two-
stage stratified sampling technique based on the popu-
lation and housing census sampling frame designed to
collect data at the national, zonal, state and rural-urban
levels during previous censuses.” In the first stage, clus-
ters or enumeration areas (EAs) were selected with prob-
ability proportional to population size. A total of 540, 540,
624 and 645 EAs (clusters) were selected in 2000, 2005,
2011 and 2016, respectively. The second stage involved
the systematic sampling of households in each selected
cluster. Thus, total samples of 14642, 14645, 17817 and
18008 households were selected in 2000, 2005, 2011
and 2016 surveys, respectively. In all surveys, a repro-
ductive age (15-49) women were interviewed about the
survival status of their children. As a result, data on the
sex, month and year of birth, number of births, current
age (if the child is alive) and age at death (if the child
is dead) were collected. For the current study, a total of
41498 children were extracted from four surveys and
included in the analysis (table 1). Additional informa-
tion about the sample selection and data structure can be
obtained from each EDHS reports available on https://

Table 1 The total number of study participants and the
year of the survey

Year of survey

Regions 2000 2005 2011 2016  Total

Tigray 1248 958 986 990 4182
Afar 715 574 942 1074 3305
Ambhara 1770 1437 1035 938 5180
Oromia 2420 1897 1357 1547 7221
Somali 771 661 825 1513 3770
Benishangul-Gumuz 875 684 813 875 3247
SNNP 1759 1719 1274 1275 6027
Gambela 647 511 670 704 2532
Hareri 614 509 547 583 2253
Addis Ababa 542 381 329 430 1682
Dire Dawa 623 406 533 537 2099
Total 11984 9737 9311 10466 41498

*South nation nationality and people’s region
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Figure 2 Spatial distribution of under-five mortality in Ethiopia: 2000 (A), 2005 (B), 2011 (C) and 2016 (D) .

dhsprogram.com/. The EDHS sample weights were
applied during analysis.

The georeferenced data were also taken from selected
EAs in each survey. For the current study, the survey data-
sets and location data were accessed through the web
page of the international DHS Programme after justi-
fying the purpose of accessing data and after being an
authorised user.

Spatial analysis

ArcGIS V.10.1 was used for spatial analysis. The spatial
autocorrelation (Global Moran’s I) statistic measure was
used to evaluate whether the under-five mortality patterns
are dispersed, clustered or randomly distributed in the
study area. Moran’s I is a spatial statistics used to measure
spatial autocorrelation by taking the entire dataset and
produce a single output value that ranges from -1 to +1.
A positive value for Moran’s Index indicates a clustered
pattern of the under-five mortality, while a negative value
for Moran’s Index indicates a dispersed pattern and
under-five mortality is distributed randomly if I value is

zero.? %

Gettis-OrdGi* statistics was conducted to detect further
the local level risk areas of USMRs in Ethiopia during
different periods. In this analysis, Z-score and p value
were computed to determine the statistical significance
of clustering.” If the Z-score falls outside the range, the
observed spatial pattern is probably too unusual to be
the result of random chance, and the p value would be
small to reflect this. In this case, figuring out what might
be causing a statistically significant spatial pattern in the
data is considered. Statistical output with high Gi* indi-
cates ‘hotspot’ (high-risk areas) of UbMR, whereas low
Gi* shows a ‘cold spot’ (low-risk areas) of UbMR in Ethi-
opia.23 2420

The unsampled areas of Ethiopia were also predicted
by using data from sampled locations through the spatial
interpolation technique.”” Of different interpolation
techniques, the Ordinary Kriging spatial interpolation
method was used to predict and produce smooth surfaces
of USMR risk areas.

Furthermore, to detect the local specific risk areas
(clusters) of USMR, spatial scan statistics (the method
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Figure 3 Spatial autocorrelation of under-five mortality in Ethiopia: 2000 (A), 2005 (B), 2011 (C) and 2016 (D).

widely recommended to detect local clusters because of
its higher power than other available spatial statistical
methods) was used.”® Therefore, spatial scan statistical
analysis was employed to test for the presence of statisti-
cally significant spatial hotspots/clusters of USMR using
Kuldorff’s saTScan V.9.6 software.* It was used to classify
statistically important under-five mortality hotspot areas.
The spatial scan method uses a circular window that
moves across the map and at each position; the radius
of the circular window varies repeatedly from 0 up to a

Table 2 Spatial autocorrelation analysis of under-five
mortality in Ethiopia: 2000, 2005, 2011 and 2016

EDHS study Observed Expected

year Moran’s| Moran’sl Z-score P value
2000 0.046 -0.002 3.85 <0.01
2005 0.047 -0.002 2.96 <0.01
2011 0.090 —-0.003 5.45 <0.01
2016 0.096 -0.002 6.79 <0.01

The table shows that when the observed value is greater than the
expected value and the p value <0.05, it is statistically significant.
EDHS, Ethiopian Demographic and Health Survey.

set maximum radius of 50 which restricts the maximum
size of the window from exceeding 50% of the total study
population. In this study, under-five children who died
were taken as cases, whereas those who were alive were
taken as controls to fit the Bernoulli model. The numbers
of cases in each location have binomial distribution and a
maximum spatial cluster size of <50% of the population
was used as an upper limit.

RESULT

Spatial distribution of under-five mortality

The proportion of underfive mortality varied across
regions in all surveys. The highest UbMR was observed
in Benishangul-Gumuz region throughout the surveys.
In 2000 survey, the highest UbSMRs (260-420 deaths per
1000 live births) were observed in Benishangul-Gumuz,
Afar Amhara, Tigray and Gambela regions (figure 2A).
The U5MR which ranges from 240 to 440 deaths per
1000 live births occurred again in Benishangul-Gumuz,
Afar, Tigray, Amhara and Oromia regions in 2005
(figure 2B). Furthermore, in 2011 and 2016, the highest
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Figure 4 Hotspot analysis of under-five mortality in Ethiopia: 2000 (A), 2005 (B), 2011 (C) and 2016 (D).

UBMR occurred in Benishangul-Gumuz, Afar, southeast
Ambhara and SNNP Region (figure 2C,D).

The spatial clustering of under-five mortality

Results of the Global Moran’s I show a statistically signifi-
cant positive spatial autocorrelation of UsMRs in Ethiopia
in all surveys. Based on 2000 and 2005 surveys, results
showed that UbMRs had statistically significant positive
spatial autocorrelation (MI=0.05, p=0.00and MI=0.05,
p=0.00, respectively). The Z-score of 3.9 and 3.0, respec-
tively, also indicated a clustered pattern (figure 3A,B,
table 2). Whereas, in 2011 and 2016, the results indicate a
statistically significant relatively strong spatial autocorre-
lation of overall USMRs in Ethiopia (MI=0.09, p=0.00 and
MI=0.096,p=0.00, respectively). Besides, the Z-scores of
5.45 and 6.49, respectively, also indicated a clustered
pattern (figure 3C,D, table 2).

Hotspot analysis

Figure 4 shows the hotspot areas of under-five mortality
in Ethiopia over the last two decades. The spatial clus-
tering of under-five mortality was consistently observed at
the Benishangul-Gumuz region in all surveys (figure 4).

Moreover, Amhara and Afar regions in 2000 and 2005;
Afar, Gambela, SNNP and Oromia in 2011; Afar, south-
east Amhara and SNNP regions in 2016 were high-risk
areas of under-five mortality.

Spatial scan analysis
Overall, a total of 160 most likely (primary) clusters
were detected across four surveys. Of these, 85 signifi-
cant primary clusters were identified in 2000. The spatial
scanning window for these clusters was located in south-
east Amhara and the southern part of the Afar region. It
was centred at 10.927588 N, 40.208008 E with a radius of
224.45km, arelative risk (RR) of 1.36 and a log-likelihood
ratio (LLR) of 13.10 at p value <0.01 (table 3, figure 5A).
It showed that the children within the spatial window had
a 1.36 times higher risk of death before Hyears of age as
compared with children outside the spatial window.
Whereas, in 2005, a spatial scan statistics detected a total
of 67 primary clusters. The spatial window was located in
the southern Amhara and eastern part of Benishangul-
Gumuzregion. It was centred at 10.754969 N, 37.924294 E
with a radius of 192.84km, an RR of 1.56 and LLLR=13.93,

Liyew AM, et al. BMJ Paediatrics Open 2021;5:¢001047. doi:10.1136/bmjpo-2021-001047 5



Table 3 Most likely clusters of under-five mortality in Ethiopia: 2000, 2005, 2011 and 2016

Enumeration areas P
Years Clusters (clusters) detected Coordinates/radius Population Cases RR LLR value
2000 1~ 66, 68, 67, 73, 69, 70, 71, 72, 74, 159, 150, 82, 75, 151, 113, 123, 112, 10.927588 N, 1985 322 1.36 13.10 <0.01

156, 77, 76, 152, 114, 78, 119, 122, 80, 111, 64, 110, 79, 124,108, 125, 40.208008
155, 60, 59, 58, 61, 115, 107, 120, 103, 127, 81, 118, 116,109, 62, 57,  E/224.45km
56, 65, 55, 54, 52, 106, 117, 53, 157, 104, 51, 126, 196, 102, 121, 41,

105, 130, 68, 43, 247, 195, 212, 39, 194, 136, 42, 83, 214, 245, 40,

221, 48, 98, 129, 540

2005 17 182, 461, 415, 99, 338, 307, 396, 354, 304, 231, 351, 1, 364, 244,322, 10.754969 N, 1267 160 1.56 12.93 <0.01
479, 463, 511, 264, 447, 211, 97, 115, 212, 27, 17, 418, 149,125, 15, 24, 37.924294
156, 350, 296, 214, 98, 74, 326, 181, 192, 427, 152,215, 239, 458, 75, E/192.84km
270, 349, 110, 288, 187, 483, 218, 11, 22, 225,
262, 289, 157, 102, 93, 190, 159, 347, 402, 250, 535

2011 1* 100, 625, 276, 6 10.205226 N, 79 19 3.29 10.54 0.01
34.769722
E/19.42km

2016 1" 235, 585, 127, 362 13.750028 N, 112 23 3.17 11.85 <0.01
39.991261
E/16.33km

*Primary clusters.
LLR, log-likelihood ratio; RR, relative risk.
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p value<0.01 (table 3, figure 5B). The children within
this spatial window had a 1.56 times higher risk of death
before celebrating their fifth birthday as compared with
children outside the spatial window.

Furthermore, a total of eight (four in each survey)
primary clusters were identified in the 2011 and 2016
surveys. The spatial window for the 2011 survey was
shifted to the Benishangul-Gumuz region which is
centred at 10.205226 N, 34.769722 E with a radius of
19.42km, RR of 3.29, LLR of 10.54 at p value<0.01
(table 3, figure 5C). The risk of death before 5years of
age among the children within this spatial window was
3.29 times higher as compared with children outside the
spatial window. Whereas the spatial scanning window
for 2016 was detected in the southern Afar region which
is centred at 13.750028 N, 39.991261 E with a radius of
16.33km, the RR of 3.17, LLR of 11.85 at p value <0.01
(table 3, figure 5D). Children within this spatial window
had a 3.17 times higher risk of death before 5years
of age as compared with children outside the spatial
window.

Spatial interpolation

In 2000 and 2005, the Afar (Eastern part), Tigray (north)
and Oromia (west) regions were predicted as a more
risky area of under-five mortality as compared with other
regions (figure 6A,B). Whereas in 2011 and 2016, the
risk was shifted to Afar, Gambela, Somali, SNNP and
Benishangul-Gumuz regions (figure 6C,D).

DISCUSSION

Under-five mortality is a health indicator and a critical
measure of human development.”’ Its disparities within
developing countries account for roughly half of the
global gap between developed and developing countries.
Thus, the evidence showed that within-country inequities
deserve as much consideration as do inequalities between
the world’s developing and developed regions.” Thus,
the current study identified the geographic variations of
risk areas of under-five mortality which could provide an
insight for policy makers.
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The spatial autocorrelation analysis resultindicated that
UBMR had a spatial dependency in 2000, 2005, 2011 and
2016 (Moran’s I: 0.046, 0.047; 0.09 and 0.096, respectively
atpvalue 0.01). This resultis supported by the findings in
Nigeria® ** and Bangladesh.”* The spatial heterogeneity
of under-five mortality clustering was detected mainly in
Benishangul and Afar regions. These might be due to
difficulty to access the health services in remote areas,
shortage of safe and adequate drinking water supply, low
altitude (lowland) and endemicity of malaria.® % As it
was indicated in the hotspot analysis result (figure 3), the
spatial clustering of under-five mortality was more or less
consistently observed in the Benishangul-Gumuz region
during four surveys. The possible justification could be a
high multidimensional child deprivation index (MCD)
where 89% of children are deprived in three to six dimen-
sions in the Benishangul-Gumuz region. Deprivation in
sanitation and housing are the largest contributors to the
MCD index where Benishangul-Gumuz ranks among the
most deprived regions in those two dimensions which
may affect child survival.”’” This might be because the
majority of population in Benishangul-Gumuz region
lives in the remote area. Consequently, there might be
poor maternal and child health service utilisation which
could lead to child deprivation in different aspects.”®
Furthermore, the evidence on the determinants of child
mortality in Benishangul-Gumuz indicated that the
economic inequality and education is related to under-
five mortality.”

Identifying the most likely clusters was very vital espe-
cially in resource-limited areas to prioritise risk areas for
intervention. Hence, the spatial scan statistical analysis
method performs very well in detecting local clusters and
has higher power than other available methods.”® As a
result, a total of 160 most likely (primary) clusters were
detected across four surveys in spatial scan analysis. These
clusters were primarily from Afar, Benishangul-Gumuz
and Ambhara regions (figure 5).

These findings have valuable policy implications for
intervention and programme design. The hot spot areas
of under-five mortality can be detected at local admin-
istrative levels. Generally, these findings are supremely
important for the Ministry of Health and Regional
Health Bearus to give attention to those hot spot areas to
have good progress towards achieving sustainable devel-
opment goal target for under-five mortality.

As a strength, the study used data from a nationally
representative large dataset, which results in adequate
statistical power. Besides, the sampling weight was
applied to produce reliable estimates. However, it has the
following limitations. First, the location data values were
shifted 1-2 km for urban and 5 km for rural areas for data
confidentiality issues. This may affect the exact location
of cases. Second, spatial modelling was not conducted
to identify the spatial determinants in those risk areas.
Finally, the variation of the population in each year could
introduce bias during assessment of the spatiotemporal
distribution of under-five mortality.

CONCLUSION
Underfive mortality remains a public health problem
and had spatial dependency over the last 20 years in
Ethiopia. The hotspot (high risk) areas were detected in
Benishagul-Gumuz across four surveys. Besides, Amhara,
Afar, Gambela and SNNP regions were at higher risk of
under-five mortality. As it was indicated by spatial scan
statistics findings, most likely clusters were again detected
in Afar, Amhara and Benishangul-Gumuz regions.
Therefore, public health intervention activities
designed in a targeted approach to impact high-risk
populations as well as geographic regions were vital to
narrow the USMR in Ethiopia.
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