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Abstract

Background: Despite the remarkable decrease in infant mortality rate in most countries, the rate of decline is slow
and it remains unacceptably high in Sub-Saharan Africa. The progress in infant mortality in Ethiopia is far below the
rate needed to achieve the Sustainable Development Goal. Understanding the residential inequality and
spatiotemporal clusters of infant mortality is essential to prioritize areas and guide public health interventions.
Therefore, this study aimed to investigate the residential inequality and spatial patterns of infant mortality in Ethiopia.

Methods: A secondary data analysis was done based on the Ethiopian demographic and health surveys conducted in
2000, 2005, 2011, and 2016. A total weighted sample of 46,317 live births was included for the final analysis. The
residential inequality was assessed by calculating the risk difference in infant mortality rates between urban and rural
live births and presented using a forest plot. For the spatial patterns of infant mortality, the SaTScan version 9.6 and
ArcGlIS version 10.6 statistical software were used to identify the spatial patterns of infant mortality.

Results: The study revealed that the infant mortality rate significantly declined from 96.9 per 1000 live births [95% Cl
93.6, 104.2] in 2000 to 48.0 per 1000 live births [95% Cl 44.2, 52.2] in 2016 with an annual rate of reduction of 3.2%. The
infant mortality rate has substantial residential inequality over time, which is concentrated in the rural area. The spatial
distribution of infant mortality was significantly clustered at the national level in survey periods (global Moran’s |, 0.04—
0.081, p value < 0.05). In 2000, the most likely clusters were found in east Afar and at the border areas of south Amhara
and north Oromia regions (LLR = 7.61, p value < 0.05); in 2005, at the border areas of Southern Nations Nationalities
and People and in the entire Amhara region (LLR = 10.78, p value< 0.05); in 2011, at Southern Nations Nationalities and
People and Gambella regions (LLR = 6.63, p value< 0.05); and in 2016, at east Oromia and northeast Somali regions
(LLR = 838, p value < 0.05).

Conclusion: In this study, though infant mortality has shown remarkable reduction, infant mortality remains a major
health care concern and had significant spatial variation across regions. Besides, the study found that infant mortality
was highly concentrated in rural areas. Identifying the hotspot areas of infant mortality would help in designing
effective interventions to reduce the incidence of infant mortality in these areas. Therefore, the findings highlighted
that public health interventions should target rural areas and identified hotspot areas to reduce the incidence of infant
mortality.
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Background

Globally, 7.2 million children died during the first year of
birth, accounting for 73% under-five mortality [1]. Nearly
80% of infant mortality is caused by preventable causes [2,
3]. Since 1990, the global child mortality rate has decreased
from 65 per 1000 live births to 29 per 1000 live births in
2017 [4]. Despite the dramatic decrease in the worldwide
infant mortality rate, low-income countries continue to
share the largest burden of infant mortality [4, 5].

Infant mortality is a major global public health concern
especially in Sub-Saharan Africa (SSA) [6-8]. It is consid-
ered an important national indicator of health because it
is particularly sensitive to the socio-economic develop-
ment and basic living conditions of the country [9]. How-
ever, remarkable progress has been made by many
countries to achieve the Millennium Development Goal 4
(MDG 4) to reduce child mortality by two thirds between
the years 1990 and 2015 [10]; half of the world’s nations
are still behind their targets [11]. In Ethiopia, the infant
mortality rate has declined from 123 in 1990 to 48 in 2015
with a huge residential and regional disparity [12]. The
rate of reduction was below the MDG-4 target of 67% re-
duction [13, 14]. It is highly concentrated in rural resi-
dents and emerging regions of Ethiopia (Beneshangul
Gumuz, Afar, Gambela, and Somali regions) [12, 15].

Previous literatures documented that advanced mater-
nal age, maternal education, wealth status, antenatal care
(ANC) utilization, parity, birth order, place of delivery,
vaccination, and residence were significant predictors of
infant mortality [16—20]. Besides, a spatial study done in
South Africa showed that infant mortality had a spatial
variation across the country and the hotspot areas of in-
fant mortality were detected in socially and economically
marginalized populations [17].

Though there are studies reported on the prevalence
and associated factors of infant mortality in Ethiopia, as
to our search of the literature, there is limited evidence
on the residential inequality and spatial patterns of in-
fant mortality in Ethiopia. Investigating the residential
inequality and spatial patterns of infant mortality is cru-
cial in evaluating the effectiveness and impact of imple-
mented public health programs. Moreover, identifying
the hotspot areas of infant mortality would help public
health planners, policymakers, programmers, and part-
ners to design effective strategies and interventions to
reduce infant mortality. Therefore, this study aimed to
investigate the residential inequality and spatial patterns
of infant mortality in Ethiopia.

Methods

Data source and sampling procedure

A secondary data analysis was done based on the four con-
secutive Ethiopian Demographic and Health Surveys
(EDHSs) conducted in 2000, 2005, 2011, and 2016. These
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EDHSs are nationally representative surveys conducted in
Ethiopia every 5-year interval to generate updated health and
health-related indicators. The EDHSs were done on the na-
tionally representative sample at the regional level as well by
rural and urban areas. The enumeration areas (EAs) were se-
lected with probability proportional to the population size of
the strata, and standard questionnaires were used to collect
the data. Ethiopia is located in the Horn of Africa, and it has
nine regions and two city administrations. More than 80% of
the country’s total population lives in the regional states of
Amhara, Oromia, and Southern Nations Nationalities and
Peoples Region (SNNPR) [21]. An EA is a geographic area
that covers an average of 181 (104—324) households. The
sampling frame contains information about the EA location,
type of residence (urban or rural), and the estimated number
of residential households. In all EDHSs, a two-stage stratified
cluster sampling technique was employed to select the study
participants using the 1994 Population and Housing Census
(PHC) for EDHS 2000 and 2005, and the 2007 PHC for
EDHS 2011 and 2016 as a sampling frame. In the first stage,
539 EAs for EDHS 2000, 540 EAs for EDHS 2005, 624 EAs
for EDHS 2011, and 645 EAs for EDHS 2016 were selected.
At the second stage, on average, 28 to 32 households per
cluster were systematically selected. A total weighted sample
of 46,317 (12,260 in EDHS 2000, 11,163 in EDHS 2005, 11,
872 in EDHS 2011, and 11,022 in EDHS 2016) infants were
included for analysis. The detailed sampling procedure was
presented in the full EDHS report [14, 22-24].

Study variables

Outcome variables

The outcome was infant death, which is the death of a
live-born infant in the first year of life. In this analysis, it
was recorded as a binary variable. Death of an infant
within the first year of age was coded as 1, and 0 if the
child was alive at the time of the survey.

Data collection procedure

The EDHS data was accessed from the DHS program’s of-
ficial database (www.measuredhs.com) through an online
request. The raw data was collected in all parts of the
country using a structured and pre-tested questionnaire
[14, 22—-24]. We used the Kids Record (KR) dataset. The
geographic coordinate data (longitude and latitude) were
taken at the cluster level/enumeration area level.

Data management and analysis

The data were weighted using sampling weight, primary
sampling unit, and strata before any statistical analysis
to restore the representativeness of the survey and to get
reliable statistical estimates. Descriptive and summary
statistics were done using the STATA version 14
software.
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Table 1 Percentage distribution of characteristics of respondents in 2000, 2005, 2011, and 2016 Ethiopian Demographic and Health

Surveys
Variables EDHS 2000 (%) (N = 12, EDHS 2005 (%) (N = 11, EDHS 2011 (%) (N = 11, EDHS 2016 (%) (N = 11,
260) 163) 872) 022)
Region
Tigray 788 (64) 698 (6.3) 753 (6.3) 716 (6.5)
Afar 126 (1.0) 107 (1.0) 121 (1.0) 114 (1.0)
Amhara 3202 (26.1) 2621 (23.5) 2656 (22.4) 2072 (18.8)
Oromia 4999 (40.8) 4411 (39.5) 5014 (42.2) 4851 (44.0)
Somali 142 (1.2) 477 (4.3) 364 (3.1) 507 (4.6)
Benishangul 124 (1.0) 105 (0.9) 140 (1.2) 122 (1.1)
SNNPRs 2602 (21.2) 2500 (22.4) 2494 (21.0) 2296 (20.8)
Gambella 29 (0.2 31(03) 40 (0.3) 27 (0.2)
Harari 25(0.2) 22 (0.2) 29 (0.2) 26 (0.2)
Addis Ababa 182 (1.5) 153 (14) 221 (19 244 (2.2)
Dire Dawa 40 (0.3) 37(03) 39(0.3) 47 (04)
Place of residence
Urban 1276 (10.4) 815 (7.3) 1528 (12.9) 1215 (11.0)
Rural 10,984 (89.6) 10,348 (92.7) 10,344 (87.1) 9807 (89.0)
Religion
Orthodox 6042 (49.3) 4674 (41.9) 4519 (38.1) 3772 (34.2)
Catholic 81(0.7) 121 (1.1) 108 (0.9) 103 (0.9)
Protestant 1959 (16.0) 2217 (19.9) 2758 (23.2) 2329 (21.1)
Muslim 3713 (30.3) 3875 (34.7) 4214 (35.5) 4561 (41.4)
Traditional 465 (3.8) 275 (2.5) 271 (2.3) 257 (2.3)
Age of women (in years)
15-19 557 (4.6) 575 (5.2) 492 (4.1) 378 (34)
20-24 2750 (224) 2243 (20.1) 2360 (19.9) 2068 (18.8)
25-29 3297 (26.9) 3171 (284) 3798 (32.0) 3353 (304)
30-34 2433 (19.8) 2301 (20.6) 2344 (19.7) 2489 (22.6)
35-39 1839 (15.0) 1718 (15.4) 1822 (15.4) 1772 (16.1)
40-44 991 (8.1) 787 (7.1) 785 (6.6) 723 (6.6)
45-49 393 32) 367 (3.3) 272 (23) 239 (2.2)
Maternal education
No education 10,062 (82.1) 8838 (79.2) 8227 (69.3) 7284 (66.1)
Primary 1597 (13.0) 1855 (16.6) 3211 (27.1) 2950 (26.8)
Secondary 573 (4.7) 427 (3.8) 266 (2.2) 514 (4.7)
Higher 28 (0.2) 43 (04) 168 (1.4) 274 (2.5)
Height/age
Normal 7644 (62.4) 9149 (82.0) 6893 (58.1) 6624 (60.1)
Moderately stunted 2292 (18.7) 980 (8.8) 2258 (19.0) 1802 (16.4)
Severely stunted 2324 (19.0) 1034 (9.2) 2721 (22.9) 2596 (23.6)
Weight/age
Normal 7937 (64.7) 9487 (85.0) 7288 (61.4) 6998 (63.5)
Moderately 2837 (23.1) 1192 (10.7) 2615 (22.0) 2146 (19.5)

underweight

Severely underweight 1486 (12.2) 484 (4.3) 1969 (16.6) 1879 (17.0)
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Table 1 Percentage distribution of characteristics of respondents in 2000, 2005, 2011, and 2016 Ethiopian Demographic and Health

Surveys (Continued)

Variables EDHS 2000 (%) (N = 12, EDHS 2005 (%) (N = 11, EDHS 2011 (%) (N = 11, EDHS 2016 (%) (N = 11,
260) 163) 872) 022)
Weight/height
Normal 11,091 (90.5) 10,701 (95.7) 9896 (83.4) 8931 (81.0)
Moderately wasted 1025 (8.3) 368 (3.3) 758 (64) 686 (6.2)
Severely wasted 144 (1.2) 94 (0.8) 1218 (10.3) 1406 (12.8)
Media exposure
No 8932 (72.9) 7017 (62.9) 6988 (58.9) 7375 (66.9)
Yes 3328 (27.1) 4146 (37.1) 4884 (41.1) 3647 (33.1)
Preceding birth interval
<24 months 1950 (15.9) 2246 (20.1) 1963 (16.5) 1942 (17.6)
= 24 months 10,310 (84.1) 8917 (79.9) 9909 (83.5) 9080 (824)
Parity
Less than 4 6821 (55.6) 6139 (55.0) 6893 (58.1) 6270 (56.9)
5 up to 8 births 4291 (35.0) 4027 (36.1) 4039 (34.0) 3999 (36.3)
Greater than 8 births 1148 (94) 997 (8.9) 940 (7.9) 753 (6.8)

Residential inequality

The urban-rural difference in infant mortality across re-
gions over time was assessed using a forest plot. In the for-
est plot, a risk difference (RD) with a 95% confidence
interval (CI) was reported to declare the presence of signifi-
cant residential inequality in infant mortality rate across re-
gions. An RD greater than O showed that the infant
mortality rate is highest in rural areas whereas the risk dif-
ference less than 0 indicates the infant mortality rate is
higher in urban areas. A risk difference of 0 indicates there
is no difference in infant mortality across the residence.

Spatial analysis

For the spatial analysis, the ArcGIS version 10.6 and
Kuldorff’s Spatial Scan Statistical analysis (SaTScan) ver-
sion 9.6 statistical software were used to identify the hot-
spot areas of infant mortality.

The spatial autocorrelation (Global Moran’s I) statistic
was done to assess whether the spatial distribution of in-
fant mortality was dispersed, clustered, or randomly dis-
tributed in the study area [25]. Moran’s I is a spatial
statistic used to measure spatial autocorrelation by tak-
ing the entire dataset and produce a single output value
that ranges from — 1 to + 1. Moran’s I values close to - 1
indicate infant mortality dispersed, whereas Moran’s I
values close to +1 indicate infant mortality clustered,
and disease distributed randomly if the I value is zero.

In SaTScan analysis, the Bernoulli-based model was
employed to identify statistically significant spatial clus-
ters of infant mortality using Kuldorff's SaTScan version
9.6 software. The SaTScan uses a circular scanning win-
dow that moves across the study area. A child who died
during the first year of life was taken as a case, and

children who were alive were taken as controls to fit the
Bernoulli model. The numbers of cases in each location
had Bernoulli distribution, and the model required the
cases, controls, and geographic coordinates data. The de-
fault maximum spatial cluster size of <50% of the popu-
lation was used, as an upper limit, which allowed both
small and large clusters to be detected and ignored clus-
ters that contained more than the maximum limit.

For each potential cluster, a likelihood ratio test
statistic and the p value were used to determine if
the number of observed infant mortality cases within
the potential cluster was significantly higher than ex-
pected or not. The scanning window with maximum
likelihood was the most likely performing cluster,
and the p value was assigned to each cluster using
Monte Carlo hypothesis testing by comparing the
rank of the maximum likelihood from the real data
with the maximum likelihood from the random data-
sets. Based on the log-likelihood ratio (LLR) values,
the spatial window that has the largest LLR value is
considered as primary clusters (more likely clusters),
and the remaining significant clusters are considered
as secondary clusters. The primary and secondary
clusters were identified and assigned p values and
ranked based on their likelihood ratio test, based on
999 Monte Carlo replications [26].

The spatial interpolation was employed to predict
infant mortality on the unsampled areas in the
country based on the sampled EA values. There are
various deterministic and geostatistical interpolation
methods. Among all of the methods, ordinary Kri-
ging and empirical Bayesian Kriging are considered
the best methods since it incorporates the spatial
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Region Rural Urban RD (95% CI)
2000 -
Tigmy 2485 T0ET * 13.92 (13.93, 14.03)
Atar 12221 2333 | . 39.47 (39.31, 39.64)
Amrara 14226 %604 * 4279 4875, 4324)
Oromia 102,11 105.14 * 297 (294, 3.00)
Somal 2791 3922 * 42.70 (4862, 48.78)
Benishangul Gumez111.11 96.49 * 14.62 (14.41, 13.83)
SNNERS %61 6548 * 30.62 (30.58, 30.66)
Gamiaila 111.11 100 ., 11.11 (10.87, 11.35)
Haras 125 125 | 0.00 (0.2, 0.28)
Dire Dawa 2333 €25 ’ 20283 (20.67, 21.00)
Overall infant moaality rate | 2038 (20.38, 20.39)
2005 :
Tigray 13.49 * 939 (9.36,9.42)
Atar 3191 * 4501 (4486, 45.16)
Ambara 73 * 37.39 (37.37. 37.40)
Oromia 2075 { ] 10.67 (10.65, 10.69)
Soma 3133 * 97.71 (97.62, 97.79)
Benishangu 3003 * 136.36 (136.06, 136.66)
SNNERS 12.18 * 20.33 (20.30, 20.35)
Gambeila 3704 ® 29630 (295.76, 296.83)
Harm 7143 | * 5357 (5331, 53.84)
Acdis ADIDS 1361 ¢ 153.06 (152.76, 153.36)
Dire Dawa 4762 Y 1482 (14.73, 15.03)
Ovormil infant morality @i I! 24,60 (24.58, 24 61)
2011 !
Tiaay 5772 44864 * 13.08 (13.04, 13.12)
Atar 2696 €061 * 26.35 (26.23, 26.47)
Ambara 6165 5691 * 474(4.72.477)
Oromia 5721 4612 * 11.68 (11.66, 11.71)
Somal TES2 4621 * 30.11 (30.06, 30.17)
Benishangul Gumu27563 50 * 2563 (2552, 25.74)
SNNERS 7426 €632 * 7.94 (7.90,7.58)
Gamieila 100 E6E7 . 3333 (33.13,3354)
Haras 100 5556 1. 44.44 (44.23_44.66)
Dire Dawa 5556 4762 ) 7.94 (7.20, 2.08)
Overall infant moaality rate I 11.20 (1118, 11.21)
1
2016
Tigray 3518 247 * 26.70 (26.68, 26.72)
Atar 7252 5556 * 17.36 (17.24, 17.48)
Amrara =0 4525 * 475(8.72.477)
Oromia 20 4903 * 31.12 (31.09, 31.16)
Somai €089 4932 * 11.51 (11.45, 11.56)
Benishangul Gumuz125 53.1 * 71.90 (7167, 72.13)
SNNERS 51.11 1642 ] 3463 (3461, 34.65)
Gamdaila 100 625 L] 37.50 (37.72. 37.28)
Hamd 125 100 " * 66.18 (65.92, 66.43)
Dire Dawa 20 €0 . 34,55 (34.41, 34.68)
Overail infant moaality rmte P 25.14 (25.13, 25.16)
1
Overall infant modality rte 1 21.25 (21.25, 21.26)
1
| |
297 [} 297
Fig. 1 Forest plot of urban-rural risk difference of infant mortality across regions in Ethiopia over time

autocorrelation and it statistically optimizes the
weight [27]. The ordinary Kriging spatial
interpolation method was used for predictions of
infant mortality in unobserved areas of Ethiopia
since it had the smallest root mean square error
(RMSE) and residual.

Ethical approval and consent to participate

This study was a secondary data analysis of existing publicly
available EDHS data. Permission for data access was ob-
tained from measure demographic and health survey
through an online request from http://www.
measuredhsprogram.com. The geographic coordinate data
were obtained by explaining the purpose of using GPS data,
and we receive approval from the Measure DHS program.

Results

Descriptive results

A total of 46,317 infants were included in this study.
From 2000 to 2011, the percentage of urban residents
rose from 10.4 to 12.9%, and the percentage of women
who did not obtain formal education declined from 82.1
to 66.1% from 2000 to 2016. Besides, the proportion of
media exposure showed a small rise in the four EDHS
surveys, from 27.1% in 2000 to 33.1% in 2016. The pro-
portion of children born to Orthodox Christian followers
declined from 49.3% in 2000 to 34.2% in 2016, while the
number of children born to Muslim religious followers
rose from 30.3% in 2000 to 41.4% in 2016. Regarding
maternal age, there is a slight decrement in the percent-
age of infants born to mothers aged 15-19 years in the
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last 16 years (from 4.6 to 3.4%). According to child nutri-
tional status, the percentage of severely stunted and
underweight infants increased from 19 to 23.6% and
12.2 to 17% in the last 16 years, respectively. Whereas,
the percentage of severely wasted infants decreased from
8.3 to 6.2% from 2000 to 2016. Over the last 16 years,

the percentage of the optimal birth interval (> 24
months) decreased from 84.1 to 82.4% (Table 1). The
overall infant mortality rate significantly decreased from
96.9 per 1000 live births [95% CI 93.6, 104.2] in 2000 to
48 per 1000 live births [95% CI 44.2, 52.2] in 2016, with
an annual reduction rate (ARR) of 3.2%.

Table 2 Spatial scan statistical analysis of hotspot areas of infant mortality in Ethiopia, 2000

Cluster Enumeration area (cluster) identified

Coordinate/radius Population Case RR LLR p

value
1(8) 37,50, 49, 35, 34, 33, 36, 38 (13.228089 N, 174 4 224 761 <
39.395499 E)/45.01 km 0.01
24 121, 196, 195, 157 (9.764568 N, 39.076488 103 23 235 733 <
£)/52.22 km 0.05
3(12) 51,54,52,55, 53,56, 57 81,61, 60, 59, 58 (11.644629 N, 204 36 186 636 0627
41494678 E)/49.58 km
4 (25) 427,431,435, 436, 438, 437, 439, 443, 440, 423, 447, 441, 450, 452,442, 434,  (9.294072 N, 42.169897 342 16 048 598 0.757
422, 448, 449, 453, 444, 451, 445, 432, 426 E)/7.91 km
5(22) 270, 271, 234, 233, 266, 243, 231, 232, 230, 350, 268, 378, 276, 349,347,379, (3.781487 N, 39.231315 531 30 0.57 582 081

382, 267, 348, 346, 228, 345

E)/310.10km
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Fig. 3 The SaTScan analysis of infant mortality in Ethiopia in 2005

Table 3 Spatial scan statistical analysis of hotspot areas of infant mortality in Ethiopia, 2005

Cluster Enumeration area (cluster) identified Coordinate/radius Population Case RR LLR p
value
1(72) 338,99, 461, 307, 182, 415, 396, 304, 354, 351, 479, 264, 17, 27, 149, 231, 211, (10.829534 N, 1348 142 155 10.78 0.007

74,511, 1, 244, 364, 115, 181, 350, 322, 97, 463, 418, 152, 326, 447, 214, 212, 38.136563 E)/
98, 24, 192, 458, 125, 288, 156, 15, 187, 215, 270, 296, 110, 225, 427, 483, 262, ~ 191.38km
239, 75,102, 218, 349, 22, 402, 96, 250, 29, 159, 101, 278, 145, 11, 128, 190, 56,

516, 289, 157

2 (10) 184, 266, 474, 355, 507, 299, 421, 533, 336, 387 (7.138868 N, 245 36 206 800 004
36.215549 £)/73.74
km

32 290, 33 (8668135 N, 72 13 253 464 0846
40.349713 £)/34.77
km

4 (1) 394 (9.062726 N, 27 7 357 438 0.908
36.087008 E)/0 km

5() 416,449 (3.976226 N, 43 9 288 407 095

41801891 £)/36.02
km




Tesema and Teshale Tropical Medicine and Health (2021) 49:8

Page 8 of 15

-

Oromia

Southern Na eoples

I L l

Spatial Scan statistical analysis of infant mortality i n Ethiopia, 2011

Legend

SatScan result
LLR

I 462
. | 594
. 614
B s63

l | Kilometers

0 180 360 720
Fig. 4 The SaTScan analysis of infant mortality in Ethiopia in 2011

1.080

1.440

Residential inequality in infant mortality rate

The infant mortality rate has shown significant residen-
tial inequality. The residential inequality in infant mor-
tality rate slightly increased from 20.38 per 1000 live
births in 2000 to 21.25 per 1000 live births in 2016. In
EDHS 2000, overall, there was a statistically significant

residential difference in IMR (RD = 20.10, 95% CI 20.08,
20.11) with the highest residential inequality observed in
the Somali region which was (RD = 48.69, 95% CI 48.61,
48.77) followed by the Amhara region (RD = 46.82, 95%
CI 46.77, 46.87). In EDHS 2005, overall, there was a sta-
tistically significant residential inequality in IMR (RD =

Table 4 Spatial scan statistical analysis of hotspot areas of infant mortality in Ethiopia, 2011

Cluster Enumeration area (cluster) identified

Coordinate/ Population Case RR LLR p

radius value
1(55) 4009, 457, 207, 243, 315, 389, 364, 477, 559, 327, 639, 631, 223, 368, 511, 404, (7001534 N, 1160 101 149 663 <
160, 107, 545, 520, 125, 30, 598, 135, 354, 259, 277, 390,283, 105, 586, 610, 642,  35.851801 E)/ 0.01
580, 239, 267, 405, 301, 427, 552, 530, 342,475, 396, 375, 395, 252, 273, 339, 206, 205.31 km
242,116, 357,130, 383, 434
2 (5 6, 625, 276, 100, 157 (10274364 N, 129 19 243 6.14 <
34932796 E)/23.02 0.05
km
3(2 604,512 (12721978 N, 47 10 350 595 0463
42.213619 E)/80.78
km
4(7) 90, 18, 484, 43, 398, 439, 635 (10.553829 N, 125 17 224 463 0878

37.591523 E)/64.57
km
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24.60, 95% CI 24.59, 24.61) with the highest urban-rural
inequality observed in the Gambella region (RD =
296.29, 95% CI 295.75, 296.83) while the lowest was ob-
served in the Oromia region (RD = 10.66, 95% CI 10.64,
10.68). In EDHS 2011, there was a statistically sig-
nificant residential difference in infant mortality
rate (RD = 11.20, 95% CI 11.18, 11.21) with the
highest residential inequality in infant mortality

observed in Harari regions (RD = 44.44, 95% CI
44.23, 44.65) while the lowest risk difference in the
Ambhara region (RD = 4.72, 95% CI 4.71, 4.74). In
EDHS 2016, there was a substantial residential in-
equality in the infant mortality rate in Ethiopia (RD
= 25.15, 95% CI 25.14, 25.16) with the highest resi-
dential inequality observed in the Benishangul
Gumuz region (Fig. 1).

Table 5 Spatial scan statistical analysis of hotspot areas of infant mortality in Ethiopia, 2016

Cluster Enumeration area (cluster) identified Coordinate/radius Population Case RR LLR p
value
1(38) 458, 553,588, 521, 214, 497, 251, 573, 239, 116, 95, 22, 198, 171,568, 33, 277, (8222771 N, 926 72 521 838 <
527,64, 439,57, 210, 8, 186, 543, 490, 566, 492, 92, 436, 1, 454, 212, 622, 501, 43571949 B)/ 0.01
68, 513, 483, 580, 194 197.67 km
202 337,376 (6.189488 N, 58 10 349 579 052
35.212510 E)/80.81
km
3(6) 75, 596, 632, 440, 4, 178 (11.382125 N, 131 16 248 528 072
41702094 E)/76.61
km
4 (5) 510, 267,572, 10, 423 (10.160658 N, 69 10 559 502 0798

38.634847 E)/49.89
km
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Spatial patterns of infant mortality

The spatial patterns of infant mortality were found
non-random at all the study periods (global Moran’s I
value of 0.061 (p < 0.05) in EDHS 2000, 0.062 (p <
0.0001) in EDHS 2005, 0.081 (p < 0.01) in EDHS
2011, and global Moran’s 0.08 (p < 0.05) in EDHS
2016), indicating that there was a significant cluster-
ing of infant mortality in Ethiopia.

In the spatial scan statistical analysis, a total of 162 sig-
nificant clusters (12 clusters in 2000, 82 clusters in 2005,
60 clusters in 2011, and 38 clusters in 2016) were identi-
fied in all four surveys. Of the total significant clusters,
143 clusters were primary clusters and 19 clusters were
secondary clusters. In 2000, the most likely clusters of
infant mortality were found at the border areas of north
Oromia and Ambhara, and east Afar regions of Ethiopia.
The cluster’ spatial window was centered at 13.228089
N, 39.395499 E with a 45.01-km radius, and LLR of 7.61,
at p <0.05. Infants within the spatial window were 2.24
times (RR = 2.24) more likely to die than infants outside
the spatial window (Fig. 2 and Table 2). In 2005, the
most likely clusters of infant mortality were located in

the entire Amhara and north Oromia regions of the
country. The cluster’s spatial window was centered at
10.829534 N, 38.136563 E with a 191.38-km radius, with
a RR of 1.55 and LLR of 10.78, at p < 0.01. Infants within
the spatial window were 1.55 times (RR = 1.55) more
likely to die than infants outside the spatial window (Fig.
3 and Table 3). In 2011, the most likely clusters of infant
mortality were identified in the entire Gambella and
Southern Nations Nationalities and Peoples regions of
Ethiopia. The cluster’s spatial window was centered at
7.001534 N, 35.851801 E with a 205.31-km radius and
LLR of 6.63, at p <0.01. Infants within the spatial win-
dow were 1.49 times (RR = 1.49) more likely to die than
infants outside the spatial window (Fig. 4 and Table 4).
In 2016, the most likely clusters were detected in
the east Oromia and southeast Somali regions of
Ethiopia. The cluster’s spatial window was centered
at 8.222771 N, 43.571949 E with a 197.67-km ra-
dius and LLR of 8.38, at p <0.01. Infants within the
spatial window were 5.21 times (RR = 5.21) more
likely to die than infants outside the spatial widow
(Fig. 5 and Table 5).
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Kriging interpolation of infant mortality

In the four EDHS surveys, the ordinary Kriging
interpolation technique consistently identified more
risky areas of infant mortality in the east Gambella,
northeast SNNPRs, border regions of Oromia and Am-
hara regions, east Afar, and northeast Somali regions of
Ethiopia. However, the northwest Tigray, south SNNP
Rs, south Oromia, southwest Somali, and north Afar re-
gions were identified as the predicted less risky areas of
infant mortality (Figs. 6, 7, 8, and 9).

Discussion

Infant mortality is the most sensitive health indicator
that reflects the quality of the health care delivery system
and socio-economic progress of the country on the
health front [28]. This study found that infant mortality
has shown substantial decreases over time in Ethiopia. It
is consistent with the study reported in Sub-Saharan Af-
rica (SSA) [21]. This could be attributed to the decrease
in the incidence of childhood infectious diseases such as
pneumonia, malaria, diarrheal diseases, and sepsis due to
integrated management of childhood illness [29], and

improved treatment modalities [30]. Another reason
might be due to the reduction in poverty, child nutrition
practice such as the improved implementation of early
breastfeeding and complementary feeding programs, and
an increased proportion of health facility delivery that
could reduce the incidence of neonatal infections, and
complications of labor might contribute for the reduc-
tion in infant mortality in Ethiopia [25, 31].

Also, in Ethiopia, the proportion of infants vacci-
nated for basic childhood vaccines increased over
time, and this could decrease the incidence of
vaccine-preventable diseases of pneumonia, diph-
theria, hepatitis, tetanus, meningitis, polio, diarrhea,
and influenza; this might be a possible explanation
for the decrease in infant mortality [27, 32]. Also,
the establishment of health extension workers
(HEWSs) to provide preventive and curative services
such as basic childhood vaccines, ANC service and
treatment for infectious diseases like malaria [26],
and improved universal health insurance coverage
[33] contributes to the substantial reduction in in-
fant mortality [34].
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Fig. 8 The Kriging interpolation of infant mortality in Ethiopia 2011
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In Ethiopia, there is substantial residential inequality
in infant mortality. This is in line with studies reported
in Nigeria [35, 36], Indonesia [37], and Greece [38]. This
could be attributed to the disparity in maternal and child
health care availability and accessibility and health-
seeking behavior across residence [39]. Relatively, urban
residents are more aware of maternal and child health
services, and the health facilities are easily reachable
[40]. Besides, the residential disparity is attributable to
the fact that health facilities including private clinics and
hospitals are mostly situated in urban areas. The resi-
dential inequality significantly increased from 2011 to
2016, this could be due to the increased number of EAs
selected in 2016 including the most remote areas such
as Somali and Afar regions as these areas were not sam-
pled in 2011 due to security problems. Besides, in the
Somali region, in 18 of the 65 selected EAs, listed house-
holds were not interviewed for various reasons, such as
drought and security problems, and 10 of the 65 selected
EAs were not listed due to security reasons [41]. There-
fore, the data for the Somali region may not be represen-
tative of the region as a whole; this could be the possible
justification for this difference.

The spatial patterns of infant mortality were non-
random in Ethiopia in all the surveys. In 2000, signifi-
cant clusters of infant mortality were found in east Afar

and at the border areas of Amhara and Oromia regions.
This might be due to the limited accessibility of maternal
and child health care services such as ANC, health facility
delivery, PNC, and childhood vaccinations in the border
areas of the country [42]. In 2005, the purely significant clus-
ters of infant mortality were detected in the entire Amhara
and north SNNP regions of Ethiopia. The possible explan-
ation might be due to the burden of child malnutrition such
as stunting, wasting, and underweight in the Amhara region
that was relatively high, as child malnutrition is strongly as-
sociated with maternal mortality [43—45]. In 2011, significant
clusters of infant mortality were found in the Gambella and
SNNP regions of Ethiopia. This might be due to the reason
that the border areas are more of pastoralist areas where
people did not have permanent residence; due to this, rela-
tive health facilities are not accessible and available in these
areas. In 2016, significant clusters of infant mortality were
identified in the east Oromia and northeast Somali regions.
It could be due to these areas are the hotspot areas of com-
mon childhood infectious diseases and outbreaks such as
diarrheal diseases, measles, pneumonia, and malaria that are
assumed to be the leading causes of infant mortality [46].
Despite maternal health service utilization has im-
proved over time, many studies demonstrate the
presence of significant inequalities based on urban/
rural, education, socio-economic, and regional
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differences [47]. The spatial disparity could be due to
unequal access to health care, the disparity in education
and economic factors, and environmental factors across
the area [48]. This implies that identifying clusters with
high infant mortality is important for prioritizing areas for
analysis of cause and planning of remedial actions.

This study had several strengths. First, the study was based on
nationally representative large datasets since the DHS statisticians
used a standardized tool to collect the data and took samples by
stratifying the country into strata to get a representative sample.
Second, the estimates of the study were done after the data were
weighted for the probability sampling and non-response, to make
it representative at national and regjonal levels: therefore, it can be
generalized to birth from reproductive-age women in Ethiopia.
Third, the use of GIS and SaTScan statistical tests helped to detect
similar and statistically significant hotspot areas of infant mortality
practice across the surveys and to design effective public health
programs.

The limitations are the SaTScan detect only circular
clusters, and irregularly shaped clusters were not de-
tected. Furthermore, the EDHS survey did not incorpor-
ate community-level variables like community norm,
culture, and beliefs, and medical factors; rather, it relied
on mothers or caregivers report and might have the

possibility of social desirability and recall bias since in-
fant mortality is not socially acceptable though CSA
claims that strong effort was made to minimize it mainly
through extensive training of data collectors and recruit-
ing experienced data collectors and supervisors that
might underestimate our finding.

Conclusion

The infant mortality rate has shown a dramatic decrease
over the last 16 years in Ethiopia was varied across the
residence. This highlights the need to give special at-
tention to rural communities to narrow the urban-
rural difference. The spatial distribution of infant
mortality was non-random in Ethiopia over the four
surveys, and GIS and SaTScan identified significant
hotspot areas of infant mortality such as east Oromia
and northeast Somali regions. It could help the pol-
icymakers and health planners to focus on identified
hotspot areas for designing intervention programs
working on reducing malnutrition, increases in vac-
cination, vitamin A, family planning, management of
childhood illness, and water and sanitation as these
are the main contributors to the improvements in
child survival.
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