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ABSTRACT

Objectives Anaemia is a global public health problem
with major health and socioeconomic consequences.
Though childhood anaemia is a major public health
problem in Ethiopia, there is limited evidence on the
spatio-temporal variability of childhood anaemia over
time in the country. Therefore, this study aimed to assess
the spatio-temporal distribution and associated factors of
childhood anaemia using the Ethiopian Demographic and
Health Survey (EDHS) data from 2005 to 2016.

Design Survey-based cross-sectional study design was
employed for the EDHS.

Setting Data were collected in all nine regions and two
city administrations of Ethiopia in 2005, 2011 and 2016.
Participants The source population for this study was
all children in Ethiopia aged 6-59 months. A total of 21
302 children aged 6—-59 months were included in this
study.

Outcome measure The outcome variable was child
anaemia status.

Results The prevalence of anaemia declined from 53.9%
in 2005 to 44.6% in 2011, but it showed an increase in
2016 to 57.6%. The spatial analysis revealed that the
spatial distribution of anaemia varied across the regions.
The spatial scan statistics analysis indicated a total of
22 clusters (relative risk (RR)=1.5, p<0.01) in 2005,

180 clusters (RR=1.4, p<0.01) in 2011 and 219 clusters
(RR=1.4, p<0. 0.01) in 2016, significant primary clusters
were identified. The child’s age, mother’s age, maternal
anaemia status, wealth index, birth order, fever, stunting,
wasting status and region were significant predictors of
childhood anaemia.

Gonclusions In this study, childhood anaemia remains a
public health problem. The spatial distribution of childhood
anaemia varied significantly across the country. Individual-
level and community-level factors were associated with
childhood anaemia. Therefore, in regions with a high risk
of childhood anaemia, individual-level and community-
level factors should be intensified by allocating additional
resources and providing appropriate and tailored
strategies.

,' Araya Mesfin Nigatu,? Zeleke Abebaw Mekonnen © ,

Strengths and limitations of this study

» This study applied different methods to analyse spa-
tial patterns and trends, and used multilevel logistic
regression models, accounting for the nested nature
of Ethiopian Demographic and Health Survey (EDHS)
data.

» The study was based on three consecutive EDHS
datasets representing the whole country of Ethiopia.

» The cross-sectional nature of the data prevents cau-
sality from being inferred between the independent
and dependent variables.

» Respondents in areas without coordinates (longitude
and latitude) were excluded from the spatial anal-
ysis, which could affect the generalisability of the
findings.

BACKGROUND
Anaemia is a condition characterised by a low
level of haemoglobin in the blood."! Over 273
million children aged under 5 years suffer
from anaemia worldwide.® Sub-Saharan
Africa is one of the most affected regions,
accounting for 53.8% of childhood anaemia.”
The WHO had developed a classification
system to facilitate international compar-
isons of anaemia as a public health crisis.
The problem is considered severe if anaemia
prevalence is 240%, moderate from 20% to
39.9%, and mild from 5% to 19.9%.° The
high prevalence of anaemia and its conse-
quences for child health, especially on their
growth and development, have made it an
important public health problem. Anaemia
also increases the risk of mortality and
morbidity that come from other diseases.*’
Anaemia is a public health problem that
affects populations in both industrialised and
non-industrialised countries which touches
all segments of the population. Itis frequently
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observed among children and pregnant women who are
the most vulnerable group because their iron require-
ments are higher than any other group.’ Anaemia is
defined as a haemoglobin level below 11g/dl for children
aged 6-59 months. Childhood anaemia is mainly caused
by dietary iron deficiency; folate, vitamin B,, and vitamin
A deficiencies; chronic inflammation; parasitic infec-
tions; nutritional deficiencies; haemoglobinopathies and
inherited disorders.*”

A report from the WHO in 2015 regarding global
anaemia prevalence, using data from 2011, has shown
that prevalence in Africa, southeast Asia, America and the
European regions was 62.3%, 53.8%, 23.3% and 22.9%,
respectively.” In sub-Saharan Africa, anaemia is a signifi-
cant public health problem associated with an increased
risk of death and impaired cognitive development.®

Various studies showed that the prevalence of anaemia
among children aged 6-59 months was high and a severe
public health problem. Evidence from various studies
indicated that age of the mother, residence, maternal
education status,” an introduction of complementary
foods, poor breastfeeding practice, poor utilisation of
folic acid by mothers," maternal anaemia,® unemploy-
ment of the parent, presence of sickle haemoglobin,
household wealth index and sex of the child were asso-
ciated with childhood anaemia."" Few studies have been
done on factors associated with anaemia in Ethiopia, to
date; the risk areas (hot spot) of anaemia among children
are not identified. Thus, this study aimed to assess the
spatio-temporal patterns of anaemia among children aged
under 5 years in Ethiopia over the last 15 years to evaluate
whether there have been improvements in anaemia risk
areas following intervention programmes in between the
survey periods in Ethiopia. Geographical differences in
the causes of anaemia can be partially explained by large-
scale variability in environmental drivers, particularly
nutritional and infectious causes.'” The risk of malaria is
known to be associated with elevation and land surface
temperature.”” Environmental drivers of anaemia tend
to show a high degree of spatial dependency. Therefore,
detecting the geographical variation of anaemia during
childhood is important to prioritise and design targeted
intervention programmes to reduce anaemia especially
in those areas with a consistently higher risk of anaemia
over time. Therefore, this study attempts to fill the gap by
investigating the spatio-temporal distribution of anaemia
and its associated factors using multilevel model analysis
in Ethiopia using the Ethiopian Demographic and Health
Survey (EDHS) data between 2005 and 2016.

METHODS AND MATERIALS

Study design, setting and period

A cross-sectional survey data from three consecutive
EDHS (2005, 2011 and 2016) were used for this study.
The surveys were conducted at b-year interval at the
national level. Ethiopia is situated in the Horn of Africa
(3°-14° N and 33°-48° E). Administratively, the country

is divided into nine regions (Afar; Amhara; Benishangul-
Gumuz; Gambela; Harari; Oromia; Somali; Southern
Nations, Nationalities, and People’s Region (SNNPR);
and Tigray) and two city administrations (Addis Ababa
and Dire Dawa). Each region is subdivided into zones,
districts, towns and kebeles (the smallest administrative
units).

Source and study population

All children aged 6-59 months in Ethiopia were the source
population for this study, whereas all children aged 6-59
months in the selected enumeration areas within 5 years
before the survey were the study population.

Sample size and sampling technique

For the current study, a total of 21 302 children aged 6-59
months were extracted from three surveys and included
in the analysis. Children’s record datasets were used for
this analysis. The survey covered all nine regions and the
two city administrations of Ethiopia. Participants were
selected based on a stratified two-stage cluster sampling
technique in each survey year. After excluding clusters
with zero coordinates and missing information, a total of
503 clusters in 2005, 569 clusters in 2011 and 615 clus-
ters in 2016 were used for analysis. The detailed sampling
procedure was available in each survey year report.'*'°

Data collection tools and procedures

The data for this analysis were extracted from Demo-
graphic and Health Survey (DHS) programme website (
www.measuredhsprogram.com) after obtaining the neces-
sary permissions for the download and further analyses.
Similarly, spatial location data (latitude and longitudinal)
were extracted from the DHS website. After extraction,
the missing values for the significant independent vari-
ables were excluded and the analysis was undertaken
using a complete dataset. Blood specimens for anaemia
testing were collected from all children aged 6-59 months
for whom consent was obtained from their parents or
other adults responsible for them. Blood samples were
drawn from a drop of blood taken from a finger prick
or a heel prick in the case of children aged 6-11 months
and collected in a microcuvette. Haemoglobin analysis
was carried out on-site using a battery-operated portable
HemoCue analyser.

Key variables and measurements

Dependent variable

The study variables were grouped into dependent and
independent variables. The dependent variable is child-
hood anaemia status, categorised as ‘anaemic or not
anaemic’. Children whose haemoglobin level was less
than 11 g/dL were considered anaemic and not anaemic
otherwise.

Independent variables

Sociodemographic variables (religion, age of mother,
marital status, educational status, husband education,
wealth index, mother’s working status, numbers of
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under-5 children), maternal and child-related variables
(child’s sex, child’s age, birth size, birth order, maternal
body mass index, maternal anaemia status, breast feeding,
fever, diarrhoea, vitamin supplement, stunting status and
wasting status), and community-level variables (residence,
region, community women education and community
women poverty).

We created community women education and commu-
nity women poverty variables by aggregating the indi-
vidual characteristics within their clusters. The aggregates
were computed using the median values of the propor-
tions of women in each category of a given variable. We
categorised the aggregate values of a cluster into groups
based on national median values, since all aggregates
were not normally distributed.

Community women education was defined as the
proportion of women who attended primary, secondary
and higher education within the cluster. The aggregate
of individual primary, secondary, and higher educa-
tional attainment can show the overall educational and
academic status of women within the cluster. They were
categorised into two categories: a proportion of women
with higher education within the cluster and a proportion
of women with lower education based on the national
median value.

Community women poverty status was defined as the
proportion of poor and poorest mothers within the
cluster. For each cluster, the proportion of poor and
poorest was aggregated and shows overall poverty status
within the cluster. It was categorised into two categories
based on the national median value as higher proportion
of poor/poorest mothers and lower proportion of poor/
poorest mothers within a cluster.

Data management and analysis

The data were cleaned using STATA V.14.1 software and
Microsoft Excel. The data were weighted using sampling
weight, primary sampling unit, and strata before any
statistical analysis to restore the representativeness of
the survey and take into account the sampling design to
obtain reliable statistical estimates.

Spatial analysis
For the spatial analysis, ArcGIS V.10.7 software and
SaTScan V.9.6 software were used.

The spatial scan statistics use a circular scanning window
that moves across the study area to identify a significant
spatial clustering of childhood anaemia.

Spatial autocorrelation analysis

The spatial autocorrelation (Global Moran’s I) statistic
measures whether childhood anaemia patterns were
dispersed, clustered or randomly distributed in the study
area. Moran’s I is a spatial statistic used to measure spatial
autocorrelation by taking the entire dataset and produce
a single output value that ranges from -1 to +1. Moran’s
I values close to -1 indicate the spatial distribution of
anaemia was dispersed, whereas Moran’s I values close

to +1 indicate the spatial distribution of anaemia was clus-
tered, and an I value of 0 means anaemia is distributed
randomly. Anselin’s Local Moran’s I identifies high—high
clusters, low-low clusters and spatial outliers (high-low
and low-high).

Hot spot analysis (Getis-Ord Gi* statistic)

Local Moran’s I, Getis-Ord Gi* statistic, was computed to
measure how spatial autocorrelation of anaemia among
children aged under 5 years varies across the regions. In
this analysis, Z-score and p value were computed to deter-
mine the statistical significance of the clustering. Statis-
tical output with high GI* indicates ‘hot spot’ (high-risk
areas) of childhood anaemia, whereas low GI* shows a
‘cold spot’ (low-risk areas) of anaemia in Ethiopia.

Spatial interpolation

The unsampled areas of Ethiopia were also predicted by
using data from sampled locations through the spatial
interpolation technique. There are various deterministic
and geostatistical interpolation methods. Among all of
the methods, ordinary Kriging and empirical Bayesian
Kriging are considered the best methods since they
incorporate spatial autocorrelation and statistically opti-
mise the weight. Ordinary Kriging spatial interpolation
method was used for this study for predictions of child-
hood anaemia in unobserved areas of Ethiopia since it
had low mean square error and residual as compared
with the other interpolation techniques.

Spatial scan statistics analysis

Spatial scan statistics analysis was employed to iden-
tify most likely (primary) and secondary spatial clusters
of childhood anaemia. This method is widely recom-
mended as it is very important in detecting local clusters
and has higher power than other available spatial statis-
tics methods. Bernoulli-based model was employed to
test for statistically significant spatial clusters of anaemia
using Kulldorff’s SaTScan V.9.6 software. Children aged
under 5 years with anaemia were taken as cases, and
those who are not anaemic as controls to fit the Bernoulli
model. The default maximum spatial cluster size of <50%
of the population was used. The scanning window with
maximum likelihood was the most likely cluster, and the p
value was assigned to each cluster based on Monte Carlo
hypothesis testing.'”

Associated factors of anaemia

Four models were constructed for multilevel logistic
regression analysis using ‘melogit’ STATA command. The
first model (a random intercept model) was a null model
without predictors to determine the extent of cluster
variations in anaemia. The second model (model I) was
adjusted with individual-level variables. The third model
(model II) was adjusted for community-level variables,
while the fourth model (model IIT) was fitted with both
individual-level and community-level variables simultane-
ously. For model comparison, we used log-likelihood ratio
(LLR) and deviance.
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Intraclass correlation (ICC), median OR (MOR) and
proportional change in variance (PCV) were computed
to measure the variation between clusters. The ICC quan-
tifies the degree of heterogeneity of childhood anaemia
between clusters (the proportion of the total observed
individual variation in anaemia that is attributable to
between-cluster variations) calculated as:

9 9 . . .
1CC = (6;1702)’18 where, 6> is the community-level vari-
b

ance and o7 indicates individual-level variance. The indi-
vidual variance (o?) is equal to n2/3.

MOR is quantifying the variation of the OR between
the cluster at high risk of anaemia and cluster at lower
risk when randomly picking out two clusters.

MOR = 0-95%sqrt(6))19 where, 6° indicates the cluster-
level variance.

PCV is the proportion of the total observed indi-
vidual variation of childhood anaemia that is attribut-
able to between-cluster variations. In the multivariable
multilevel logistic regression analysis, variables with a
p value of <0.05 were considered as statistically signifi-
cant. Adjusted OR (AOR) with its corresponding 95%
CI was determined to identify factors associated with
anaemia. Multicollinearity was checked using the vari-
ance inflation factor (VIF), which indicates that there is
no multicollinearity because all variables have VIF less
than 10%. The final model was the best fitted model
since it had the highest log-likelihood and the lowest
deviance value.

Patient and public involvement
This study did not involve patients and the public.

RESULTS

Descriptive characteristics of the study population

A total of 21 302 children with known haemoglobin
levels (3868 in 2005, 8958 in 2011 and 8476 in 2016)
were included in this study. The prevalence of anaemia
for the three consecutive surveys was 53.9%, 44.6%, and
57.6% in 2005, 2011, and 2016 EDHS data, respectively.
The majority of the participants were in the age group
of 36-47 (23.7%), 36-47 (24.4%), and 48-59 (22.9%)
in EDHS 2005, 2011, and 2016 surveys, respectively. The
mean age of children was 32.6+15.6 SD, 32.6+15.4 SD,
and 31.7+15.6 SD in 2005, 2011, and 2016, respectively.
Among the three surveys, male participants were higher
in 2011 and 2016 compared with the 2005 EDHS. The
majority of children were from rural settings in three
surveys. The educational status of women was 78.6%,
70.1%, and 67.1% were unable to read and write in 2005,
2011, and 2016 survey years, respectively. Children from
poor and middle class wealth index families were more
anaemic than children from rich families across the three
EDHS survey years (table 1). In this study, the trends
in the childhood anaemia rate fluctuate across regions
(figure 1).

Community-level characteristics of the study population
This study revealed that there was a significant regional
variation of childhood anaemia, with 83.3%, 75.5%,
74.5%, and 68.8% in Somali, Afar, Dire Dawa and Harari,
respectively. However, Amhara and Benishangul-Gumuz
regions were relatively low compared with other regions.
Also, childhood anaemia varies by place of residence.
Children residing in communities with low women
poverty level had a lower per cent of anaemia (51.2%)
than those in high community poverty level (62.5%).
Children from communities with low women education
(59.5%) were more anaemic than children who resided
from communities with high women education (53.6%)
(table 2).

Spatio-temporal distribution of anaemia among children aged
6-59 months in Ethiopia

The spatial distribution of childhood anaemia varied
across regions in all surveys. The spatial autocorrelation
analysis result indicated that childhood anaemia had
spatial dependency in 2005, 2011 and 2016 (Moran’s I:
0.176, 0.18 and 0.09, respectively, at p<0.01).

Hot spot analysis of the three surveys
The spatial distribution of childhood anaemia in Ethiopia
was differentin all the three survey periods. In EDHS 2005,
a high proportion of childhood anaemia was detected in
Dire Dawa, Harari, Eastern Oromia, Benishangul-Gumuz
in Metekel zone, Gambela, Southern and Eastern Tigray,
and Somali regions, mainly Liben, Afdar, and Fafna
zone which were hot spot areas within 95% confidence
level. On the other hand, Gamo Gofa, Wolayita, Hadiya,
Southern Omo, and Segen zone of SNNPR, Addis Ababa,
Central Oromia, Jima, and North Shewa zone were cold
spot areas. In EDHS 2011, a highly significant clustering
of childhood anaemia was detected in Somali, Dire Dawa,
Harari, Afar, Gambela, Benishangul-Gumz, Eastern
Oromia, Bale, and Arsi zone which were the hot spot
areas within 95% level of confidence. Central Tigray, East
and West Gojam, North Gondar, central part of Oromia,
Addis Ababa and SNNPR were areas identified with the
low percentage of childhood anaemia in the 2011 EDHS.
In 2016 EDHS sampled data, hot spot (high risk)
regions for childhood anaemia were Somali, Dire Dawa,
Harari, Gambela, and eastern and southern parts of
Oromia. However, Amhara, Benishangul-Gumuz and
SNNPR were identified as cold spot (low risk) regions for
childhood anaemia within a 95% CI (figure 2).

Spatial interpolation

Based on 2005 EDHS sampled data, the geostatistical
analysis predicts that the highest prevalence of child-
hood anaemia (65.75%-88.89%) was detected in East
Oromia, Ilubabur, Arsi, some parts of Benishangul-
Gumuz, Agnuak zone in Gambela, North Shewa Amhara
region, South and Central Tigray, Afar in zone 2, some
parts of Dire Dawa and Somali. In EDHS 2011 geostatis-
tical analysis, a high percentage of anaemia was detected
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2005 (N=3868) 2011 (N=8958) 2016 (N=8476)
Variables frequency (%) frequency (%) frequency (%)

Male 1931 (49.9) 4500 (51.4) 4395 (51.9)

Age of child in months

12-23 842 (21.76) 1804 (20.14) 1902 (22.4)

36-47 919 (23.7) 2184 (24.4) 1832 (21.6)

Mean+SD 32.6+15.6 32.6+15.4 31.7+15.6

Urban 244 (6.3) 1047 (11.7) 857 (10.1)

Religion

Muslim 1276 (33.0) 3108 (34.7) 3432 (40.5)

Others 133 (3.0) 283 (3.2) 258 (3.0)

15-29 1930 (49.9) 4908 (54.9) 4356 (51.4)

40-49 464 (12.0) 828 (9.1) 785 (9.3)

No education 3042 (78.6) 6285 (70.1) 5685 (67.1)

Secondary 136 (3.5) 168 (1.9) 346 (4.1)

Marital status

Married 3704 (95.7) 8425 (94.0) 8129 (95.9)

Divorced 78 (2.0) 306 (3.4) 210 (2.5)

No education 2235 (58.0) 4532 (50.9) 4,33 (51.1)

Secondary 362 (9.0) 412 (4.6) 572 (6.8)

Wealth index

Middle 854 (22.1) 1873 (20.9) 1821 (21.5)

Women working status

Continued

(3]
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Table 1 Continued

2005 (N=3868)

2011 (N=8958) 2016 (N=8476)

Variables frequency (%) frequency (%) frequency (%)
Working 1027 (26. 5) 3165 (35.3) 2336 (27.6)
Total 3868 (100) 8958 (100) 8476 (100)

EDHS, Ethiopian Demographic and Health Survey.

in Afar, most parts of Somali, Oromia in East Harerge and
Borena, some parts of Dire Dawa and the Meketel zone
in Benishangul-Gumuz. In 2016 EDHS, most of Somali,
some parts of Gambela, Guji and some parts of Borena,
East Shewa, East Harerge and Arsi in Oromia, and parts
of Dire Dawa were highly prevalent areas of childhood
anaemia (figure 3).

Spatial scan statistics

In 2005 EDHS, a total of three significant (one most
likely/primary and two secondary) clusters were identi-
fied in spatial scan analysis. The primary cluster spatial
window was located in Somali. It was centred at (9.018373
N, 43.110635 E) with a radius of 97.93 km, a relative risk
(RR) of 1.5, an LLR of 20.03, at p<0.01. It showed that
children within the spatial window were 1.5 times more
likely to have a higher risk of anaemia than the children
outside the spatial window areas. The secondary cluster
scanning window was located in the southern part of
Somali region. It was centred at (3.998656 N, 41.240691
E) with a radius of 92.08 km, an RR of 1.7 at p<0.01. It
showed that children within the spatial window had a 1.7

72%
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Figure 1 Trends in anaemia over time across the regions in
Ethiopia, EDHS 2005-2016. EDHS, Ethiopian Demographic
and Health Survey; SNNPR. Southern Nations, Nationalities,
and People’s Region.

times higher risk of anaemia than children outside the
window.

In 2011 EDHS, 10 clusters were identified and 5 of
them were significant clusters at p<0.05. A total of 180
locations/spots with a total sampled population of 2478
were found in the primary cluster spatial window with a
significant p<0.01. The primary cluster spatial window
was located mainly in Somali, Afar, Eastern Oromia,
Dire Dawa and Harari. It was centred at (8.975207 N,
43.790264 E) with a radius of 540.29 km, an RR of 1.4,
an LLR of 127.79 at p<0.01. It showed that children
within the spatial window were 1.4 times more likely to
be at a higher risk of anaemia than the children outside
the spatial window areas. The secondary cluster spatial
window was located mainly in Afar region. It was centred
at (12.758587 N, 40.175990 E) with a radius of 39.58 km,
an RR of 1.7, an LLR of 21.5 at p<0.01.

In 2016 EDHS, seven clusters (one most likely cluster)
were located in Somali, Afar, Eastern Oromia, Dire Dawa
and Harari. It was centred at (7.650693 N, 47.007920
E) with a radius 912.19 km, an RR of 1.4 and an LLR of
182.86 at p<0.01. It showed that children within the spatial
window had a 1.4 times higher risk of anaemia than those
outside the window. Secondary cluster spatial window
was located in Gambela. It was centred at (8.195862 N,
34.289837 E) with a radius of 29.01 km, an LLR of 18.80
at p<0.01 (figure 4).

Multilevel analysis

The ICC in the null model indicated that 19% of the total
variability for childhood anaemia was due to differences
between clusters. The remaining unexplained 81% were
attributable to individual differences. The median OR
for anaemia was 2.3 in the null model, indicating vari-
ation between clusters. If we randomly select children
from two different clusters, children at the cluster with
a higher risk of anaemia had 2.3 times higher odds of
experiencing anaemia than children at the cluster with
a lower risk of anaemia. A bivariable analysis was done
to identify variables for multivariable multilevel logistic
analysis. A variable with a p value of <0.25 was considered
for multivariable logistic regression analysis.

Individual-level predictors for anaemia

In multivariable multilevel mixed-effect logistic regres-
sion analysis, child’s age, wealth index, mother’s age,
maternal anaemia status, birth order, fever, stunting and
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Community-level factors Not anaemic (%) Anaemic (%) Total (100%)

Urban 435 (50.6) 424 (49.4) 857

Region

Afar 21 (25.3) 62 (74.5) 83

Oromia 1273 (34.2) 2446 (65.8) 3719

Benishangul-Gumuz 51 (56.6) 39 (43.4) 20

Gambela 8 (42.1) 11 (57.9) 19

Addis Ababa 82 (50.9) 79 (49.1) 161

Community women education

High 1315 (46.4) 1520 (53.6) 2837

Low 1815 (48.8) 1905 (51.2) 3719

EDHS, Ethiopian Demographic and Health Survey; SNNPR, Southern Nations, Nationalities, and People’s Region.

wasting status were significant predictors of childhood = months (AOR=0.23, 95% CI=0.19 to 0.29), and between

anaemia. 48 and 59 months (AOR=0.15, 95% CI=0.12 to 0.19) were
Children aged between 12 and 23 months (AOR=0.66, less likely to develop anaemia compared with children

95% CI=0.53 to 0.81), between 24 and 35 months  aged between 6 and 11 months.

(AOR=0.35, 95% CI=0.28 to 0.43), between 36 and 47

Hotspot and coldspot analysis of childhood anaemia in Ethiopia,2011

- T
wﬁ\h‘ﬂk\/

Source: Shape file Ethiopia central statistical agency (CSA),2013 Source: Shape file Ethiopia central statistical agency (CSA),2013
Hotspot and coldspot analysis of childhood anaemia in Ethiopia, 2016

o &5 130 260 Mites <
[

Shape file Ethiopia central statistical agency (CSA),2013

Figure 2 Hot spot and cold spot analysis of anaemia in Ethiopia, EDHS 2005-2016. EDHS, Ethiopian Demographic and Health
Survey.
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Spatial interpolation of od anaemia in Ethiopia, 2005
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Figure 3 Ordinary Kriging interpolation of anaemia in Ethiopia,

EDHS 2005-2016. CSA, Central Statistical Agency; EDHS,

Ethiopian Demographic and Health Survey; SNNPR, Southern Nations, Nationalities, and People’s Region.

The likelihood of developing anaemia for those chil-
dren with the family wealth index of middle and rich
was lower by 21% (AOR=0.79, 95% CI=0.67 to 0.94) and
23% (AOR=0.77, 95% CI=0.65 to 0.91), respectively, as
compared with children with low wealth index. Children
whose mothers’ ages were between 40 and 49 years had
25% decreased odds of developing childhood anaemia
compared with those aged 15-29 years (AOR=0.75, 95%
CI=0.59 to 0.95).

The odds of experiencing anaemia for birth orders
fourth, fifth, sixth and above sixth were 1.22 times

(AOR=1.22, 95% CI=1.01 to 1.47) and 1.35 times
(AOR=1.35, 95% CI=1.08 to 1.67) higher, respectively,
as compared with first order. The odds of developing
anaemia of children born from a mother with a history
of anaemia were 1.39 higher than those born from a
mother without a history of anaemia. Children who had
fever were 39% (AOR=1.39, 95% CI: 1.24 to 1.58) more
likely to develop anaemia than their counterparts. Chil-
dren with moderate and severe stunting status were 35%
(AOR=1.35, 95% CI: 1.17 to 1.54) and 96% (AOR=1.95,
95% CI: 1.68 to 2.28) more likely to develop anaemia,

Cluster analysis of childhood anaemia in Ethiopia, 2005
Legend
most likely cluster

055110 220 Miles -/
HH Source: shape file from Ethiopian CSA,2013

Cluster is of chi

Cluster analysis of childhood anaemia in Ethiopia, 2011
Legend

most likely cluster
1

[
3

Source: shape file from Ethiopian CSA,2013

iain iopia, 2016

wﬁs,p
¥
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S

0 55110 220 Miles
=

Source: shape file from Ethiopian CSA,2013

Legend
most likely cluster

Figure 4 Spatial scan statistics analysis of anaemia in Ethiopia, EDHS, 2005-2016. CSA, Central Statistical Agency; EDHS,
Ethiopian Demographic and Health Survey; SNNPR, Southern Nations, Nationalities, and People’s Region.
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respectively, compared with those with no stunting status.
Similarly, children who had severe wasting status were
51% more (AOR=1.51, 95% CI: 1.07 to 2.12) likely to
develop anaemia compared with those children who had
no wasting status.

Community-level predictors for anaemia

The multivariable multilevel logistic regression analysis
for regions was significantly associated with community-
level factors for childhood anaemia.

Odds of children who live in Somali were 5.65 times
(AOR=5.65, 95% CI: 3.92 to 8.16), in Dire Dawa 3.45
times (AOR=3.45, 95% CI: 2.27 to 5.26), in Afar 3 times
(AOR=3.00, 95% CI: 2.09 to 4.34), and in Oromia 2.34
times (AOR=2.34, 95% CI: 1.73 to 3.18) more likely to
develop childhood anaemia compared with those in
Ambhara region. Similarly, the odds of developing anaemia
in Addis Ababa were 2 times (AOR=2.00, 95% CI: 1.40 to
3.16), in Gambela 1.94 times (AOR=1.94, 95% CI: 1.32 to
2.84) and in Tigray 1.46 times (AOR=1.46, 95% CI: 1.08
to 1.98) more likely as compared with those in Amhara
region. Benishangul-Gumuz and SNNPR had not signifi-
cantly different prevalence of anaemia from the refer-
ence region Amhara (table 3).

DISCUSSION

This study tried to identify spatio-temporal distribution
and predictors of childhood anaemia across the regions
in Ethiopia. The 2005, 2011 and 2016 EDHS data were
used for this analysis. The anaemia trend over these years
decreased from 2005 to 2011, while the rate significantly
increased from 2011 to 2016. The study revealed that
57.56% (confidence level: 0.56% to 0.59%) of children
were anaemic in 2016. This finding is in line with a study
done in Gondar, Northwest Ethiopia (58.6%),% higher
than the study done in Cape Verde, West Africa (51.8%)%
and Southern Ethiopia.”* Among children aged 6-59
months, anaemia is still considered as a significant public
health problem in Ethiopia, and consequently because of
various factors. Childhood anaemia in this study was influ-
enced by background characteristics such as child’s age,
mother’s age, region, wealth status and maternal-related
factors.

The spatial analysis found that the spatial pattern of
childhood anaemia across the country was substantially
varied. The spatial autocorrelation analysis result indi-
cated that childhood anaemia had spatial dependency in
2005, 2011 and 2016 (Moran’s I: 0.176, 0.18, and 0.09,
respectively, at p<0.01). These findings are in line with
studies done in Nigeria, Malawi, Tanzania and Uganda."" **

Scan statistics analysis showed that Eastern Somali
and the southern part of Somali region were primary
(most likely) and secondary clusters in 2005, respec-
tively. Whereas in 2011, the spatial window was located
in Somali, Afar, Eastern Oromia, Dire Dawa and Harari
region. It was centred at (8.975207 N, 43.790264 E) with
a radius of 540.29 km with a significant p value. Similarly,

spatial statistics scan analysis showed that Somali, Afar,
Eastern Oromia, Dire Dawa and Harari regions were
hot spot areas in the 2016 EDHS. In addition, this study
revealed that eastern parts of the country had similar
spatio-temporal trend over the study periods.

The spatial analysis indicated the hot spot areas of
anaemia were situated in the east, northeast and western
parts, whereas the central, southern and northwest parts
were cold spot areas of Ethiopia. The observed variability
of childhood anaemia might be attributed to the regional
differences in economy, healthcare facility and food
availability.**

This study indicated that children aged 12-59 months
were less affected by childhood anaemia. This finding
was consistent with studies conducted in Ethiopia and
Togo.” **" This could be explained by the fact that chil-
dren who are getting older receive a richer and complete
diet, with a sufficient intake of iron which could prevent
the occurrence of iron-deficiency anaemia. The finding
of this study indicated that children whose mother’s
age was between 40 and 49 years were less anaemic as
compared with those whose mother’s age was 15-29 years.
This finding was consistent with other studies conducted
in sub-Saharan Africa and Ghana.®**

Women in the age group of 15-29 years consist of
adolescent population group who are more at risk of
anaemia. They are vulnerable to malnutrition because
they are growing faster than at any time after their first
year of life which contributes to the intergenerational
cycle of malnutrition. Iron deficiency is one of the most
common forms of malnutrition among Ethiopian adoles-
cent girls that resultin iron-deficiency anaemia. A growing
adolescent mother’s and her baby’s bodies may compete
for nutrients, raising the infant’s risk of having low birth
weight; thus, the lack of nutrients might lead to anaemia.

Children from households of middle and rich wealth
indices were less affected by childhood anaemia as
compared with children from a poor household. This
finding is in line with studies in Nigeria and Northern
Ethiopia."' * This is due to the reason that children
from poor households are less likely to get iron-rich
foods like animal foods and vitamin-rich foods espe-
cially vitamins A and C which are very important for
iron absorption.

Maternal anaemia was highly associated with the occur-
rence of childhood anaemia. This finding was in line with
studies done in South Africa, Haiti and India.***? This
might be explained that mothers and children share a
common home environment, socioeconomic and dietary
conditions, and maternal and child anaemia may reflect
the common household nutritional status, and poor
maternal iron intake during pregnancy reduces breast
milk, which might be the possible reason.

The findings from this study dataset indicated that
the incidence of fever had an impact on childhood
anaemia. This is in line with studies done in Ghana and
South Ethiopia Wolayita.?* > This could be attributed to
the infectious cause of childhood fever, mainly malaria,
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||

Model | Model Il Model Ill
Variables Null model AOR (95% CI) AOR (95% CI) AOR (95% CI)

Age of child in months

12-23 - 0.66 (0.54 to 0.82)* - 0.66 (0.53 to 0.81)*

36-47 - 0.23 (0.18 to 0.28)* - 0.23 (0.19 to 0.29)*

Religion

Muslim - 2.07 (1.77 to 2.47)™ - 1.21 (0.97 to 1.46)

Others - 1.55 (1.07 to 2.32)* - 1.44 (0.96 to 2.13)

Poor - 1 - 1

Rich - 0.72 (0.63 to 0.85)™ - 0.77 (0.65 to 0.91)*

Small - 1 - 1

Large - 0.94 (0.81 to 1.08) - 0.96 (0.84 to 1.10)

1st - 1 - 1

4th-5th - 1.17 (0.97 to 1.40) - 1.22 (1.01 to 1.47)*

No of children under 5

>3 - 1.22 (1.1 to 1.4)* - 1.09 (0.94 to 1.27)

Not anaemic - 1 - 1

Maternal BMI

<18.5 kg/m? - 1.12 (0.97 to 1.26) - 1.05 (0.92 to 1.19)

Not working - 1 - 1

Women age

30-39

0.91 (0.71 to 1.06) 0.90 (0.78 to 1.04)

Breast feeding

Continued

-
o
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|I

Model | Model I Model Ili
Variables Null model AOR (95% Cl) AOR (95% ClI) AOR (95% Cl)
Yes - 0.92 (0.81 to 1.04) - 0.98 (0.87 to 1.12)

No - 1 -

Diarrhoea in last 2 weeks

Yes - 0.88((0.73, 1.04) - 0.90 (0.76 to 1.07)

No - 1 - 1

Stunting status

Moderate stunting

1.27 (1.10 to 1.46)*

1.35 (1.17 to 1.54)*

Wasting status

Moderate wasting - 1.27 (1.11 to 1.45)

0.98 (0.80 to 1.19)

Community/cluster-level factors

Ambhara - - 1 1

Afar - - 3.90 (2.84t0 5.35)*  3.00 (2.09 to 4.34)**

Somali - - 6.34 (4.65 to 8.63) 5.65 (3.92 to 8.16)™

SNNPR - - 1.33 (1.00 to 1.76) 1.30 (0.94 to 1.80)

Harari - - 3.08 (2.15t0 4.43)*  2.98 (1.99 to 4.46)*

Dire Dawa - - 3.92 (2.671t05.77)*  3.45 (2.27 to 5.26)"

Urban - - 1 1

Community women education

High - - 1.07 (0.90 to 1.26) 1.13 (0.94 to 1.34)

Low - - 1 1

Model comparison and random effect

Log-likelihood -4981.63 -4513.17 -4836.83 —-4436.60

Continued

—
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Table 3 Continued

Model | Model Il Model 11l
Variables Null model AOR (95% CI) AOR (95% CI) AOR (95% CI)
MOR 2.30 1.72 1.42 1.38
PCV (%) Reference 41.20 60.10 62.59

1: reference group; p=0.05-0.01*; p<0.01**.

AOR, adjusted OR; BMI, body mass index; EDHS, Ethiopian Demographic and Health Survey; ICC, intraclass correlation; MOR, median OR;
PCV, proportional change in variance; SNNPR, Southern Nations, Nationalities, and People’s Region.

tuberculosis, and leishmaniasis which cause anaemia by
destructing red blood cells or other related mechanisms.

The nutritional and stunting status of children had
a significant association with childhood anaemia. This
finding is in line with previous studies conducted in
South Africa,” Bangladesh® ** and Ethiopia.*® 57 This
might be explained by the fact that children suffering
from nutritional deficiency were more likely to have weak
immune systems, making them vulnerable to various
illnesses and unhealthiness such as parasitic infections or
chronic inflammation; many of these conditions reduce
the haemoglobin level in the blood leading to increased
childhood anaemia.”

Furthermore, severely wasted children were more
likely to be anaemic than their counterpart. This finding
is consistent with previous studies.” ** This is due to the
fact that malnutrition leads to both macronutrient and
micronutrient deficiencies, such as protein, iron and
vitamin A, which are responsible for iron-deficiency
anaemia. Children in the birth order of fourth up to
fifth and sixth and greater than sixth had higher odds
of being anaemic than those in the first order. This
finding was similar to studies done in India.®*' This
could be due to the distribution of scarce resources
within the family and related to the maternal exhaus-
tion of micronutrient feeding practices.

In the multilevel analysis, different individual and
community factors were significantly associated with
anaemia. Among the community-level variables, it was
found that the odds of anaemia among children who lived
in Somali, Dire Dawa, Afar and Gambela were higher
than those in the Amhara region. This might be due to
the fact that regional variation in the nutrient intake
can cause significant health disparity, and this variability
may be mediated by factors such as food availability, food
customs and culture.

The potential strength of our study is the use of
different methodologies for spatial pattern, trends,
and a multilevel regression model because of nested or
cluster samples to show the effect of individual predic-
tors and community-level variables on the outcome
variable. The study was based on a large dataset repre-
senting the whole country of Ethiopia and was weighted
to make it nationally representative and adjusted for
the design to get a reliable estimate. However, there
were some limitations to this study. The cross-sectional
nature of the data prevents causality from being inferred

between the independent and dependent variables.
Also, respondents’ data that did not have files for coor-
dinates (longitude and latitude) were excluded from
the spatial analysis which could affect the overall result
and the generalisability of the findings.

CONCLUSION

Though declining prevalence of childhood anaemia
was observed from 2005 to 2011, it increased from 2011
to 2016 survey. Besides, it was spatially clustered across
regions in Ethiopia. The most prominent risk areas of
anaemia were detected in Afar, Somali, Dire Dawa and
Oromia regions more or less consistently over the last 15
years. Child’s age, mother’s age, wealth index, maternal
anaemia, fever, birth order, stunting, wasting and region
were significant predictors among children aged 6-59
months. Therefore, public health intervention actions
intended as a targeted approach to bear high-risk popula-
tions as well as geographical regions were vital to reduce
childhood anaemia in Ethiopia.
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