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Background: Anemia is disproportionately borne among children in the African regions
including Ethiopia. In Ethiopia, there is limited information on the prevalence and factors
associated with anemia among children aged 6-23 months. Therefore, the aim of this study
was to identify individual- and community-level factors associated with anemia among
children 6-23 months of age.

Methods: The data were obtained from the 2016 Ethiopia Demographic and Health Survey,
conducted from January to June 2016. A sample of 2554 children aged 6-23 months was
included. Data were analyzed using STATA version 14. A multilevel ordinal logistic regres-
sion model was fitted and an adjusted odds ratio with a 95% confidence interval was
obtained.

Results: The prevalence of anemia among children 6-23 months of age was 72.3%; 27.5%
mild, 41% moderate, and 3.8% severe anemia. child age 18-23 months (AOR: 0.76; 95%CI:
0.61-0.93), female sex (AOR: 0.84; 95%CI: 0.72—0.98), maternal anemia (AOR: 1.53; 95%
CI: 1.28-1.82), exclusive breastfeeding (AOR: 0.73; 95%CI: 0.54-0.98), child fever (AOR:
1.41; 95%CI: 1.03—1.93), underweight children (AOR: 1.42; 95%CI: 1.17-1.73) and expo-
sure to either newspaper, radio or television (AOR: 0.78; 95%CI: 0.61-0.99) were the
individual-level factors associated with anemia. High community-poverty (AOR: 1.30;
95%CI: 1.01-1.67), living in the regions of Somali (AOR: 2.08; 95%CI: 1.31-3.29),
Ambhara (AOR: 0.65; 95%CI: 0.45-0.94), Benishangul (AOR: 0.39; 95%CI: 0.25- 0.61)
and Harari (AOR: 1.97; 95%CI: 1.18-3.31) were the community-level factors associated
with anemia.

Conclusion: This study showed that childhood anemia is affected both by the individual-
and community-level factors. The strategies of promoting exclusive breastfeeding, addres-
sing maternal anemia, child fever, giving special attention for underweight children, and
targeting regions identified to have a high risk of anemia should be strengthened to reduce
childhood anemia.

Keywords: anemia, individual- and community-level factors, feeding practices, ordinal
logistic regression

Introduction

Anemia in children 6-23 months of age is defined as hemoglobin (Hb) concentra-
tion in the blood below 11 g/dL." It is further classified as mild (10.0 g/dL <Hb
<10.9 g/dL), moderate (7.0 g/dL <Hb <9.9 g/dL) and severe (Hb <7.0 g/dL) based
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on the concentrations of hemoglobin in the blood.'
Anemia is said to be a severe public health problem
when its prevalence is 40% or more, a moderate public
health problem when its prevalence is between 20% and
40% and a mild public health problem when its prevalence
is between 5% and 20% in any group.” Although biochem-
ical and hematological tests exist, hemoglobin concentra-
tion in the blood is the most reliable indicator of anemia at
the population level.® This later method was used to assess
anemia among children aged 6-23 months in the 2016
Ethiopia Demographic and Health Survey (EDHS).*

Globally, anemia affects around 42.6% of children
under-five years old.” African countries have the highest
prevalence (62.3%) followed by South-East Asia (53.8%)
and Eastern Mediterranean region (48.6%).” Furthermore,
it affects about two-fifths of children under-five years old
in Sub-Saharan African countries.®

According to the respective Ethiopia Demographic and
Health Survey reports, anemia prevalence among children
6-59 months of age increased from 44% in 2011 to 57% in
2016.*" Similarly, its prevalence among children 6-23
months of age was 60.9% and 72.3% in 2011 and 2016,
respectively.*” This indicates that anemia is a severe pub-
lic health problem in this age category that increased by
11.4% within a five-year period, during which the govern-
ment of Ethiopia undertook efforts such as vitamin “A”
supplementation, deworming, and use of fortified foods to
reduce anemia through national nutrition programs.®

Iron deficiency is the most common cause of anemia
during the first two years of life.> This is due to dietary
inadequacies during this critical period, when children
switch from a predominantly milk-based diet to a diet
based on solid foods, and require more iron for growth.
In addition, other factors such as infections (malaria, hel-
minthic infections, intestinal worms, and diarrheal disease)
genetic conditions, social and demographic factors such as
a mother’s education, wealth index, and family size, can
affect various medical conditions in children.”"" The
situation is also complicated not only from events in child-
hood, but also from maternal iron.'?

Anemia is an indicator of poor nutrition and health
with major consequences of socioeconomic development
of a population.'® Children younger than two years of age
with severe anemia are at increased risk of mortality and
even mild forms, which might be corrected, cause perma-
nent cognitive damage by decreasing attention span and

shortening of memory.'*

In Ethiopia, prior studies have conducted on factors
associated with anemia among children 6-59 months of
0ld."”>'7 However, there is limited information on the
prevalence and factors associated with anemia among
children aged 623 months.

This study also planned to use an ordinal multilevel
analysis technique which leads to correct estimation of
parameters and standard errors.'® Using multilevel analy-
sis technique, community-level effects can be identified
from individual-level effects.'®!”*° Furthermore, the
effect of anemia differs depending on its severity levels
(no anemia, mild, moderate, and severe), since it is an
ordinal variable. However, this approach has rarely been
used in Ethiopia to identify factors associated with anemia
among children.

Finally, this study aims to reveal and affirm many of
the risk factors of anemia among children 6-23 months
of age.

Materials and Methods

Data Source

Data were extracted from the nationally representative
2016 EDHS. The 2016 EDHS is the fourth survey imple-
mented by the Central Statistical Agency (CSA) in colla-
boration with the Ministry of Health under the technical
assistance of Inner City Fund (ICF) thorough the DHS
Program. The data were downloaded from the DHS pro-
gram website, https://dhsprogram.com/, after obtaining

permission. To register and get permission to use the
EDHS data, the title and concept note of the thesis propo-
sal was sent through the DHS website. Then an authoriza-
tion letter was obtained from ICF international permission
to use the EDHS data. Accessed data were used for this
study only and the EDHS dataset was not shared with a
third party without direct registration.

Study Design and Sample Size

A population-based cross-sectional survey was used to
collect the 2016 EDHS data. The 2016 EDHS was used
a stratified
Stratification was achieved by separating each region into

two-stage  cluster sampling design.
urban and rural areas, yielding 21 sampling strata. In the
first stage, 645 enumeration areas (EAs) or clusters were
selected. Among the selected 645 EAs, 202 were in urban
and 443 in rural areas. In the second stage, households
were the sampling units and a fixed number of 28 house-

holds per each EA were selected. From the total of 10,641
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children under-five years old, 3105 were children 6-23
months of age. Data on hemoglobin level from the survey
were available for 2554 children.

Anemia Testing

Information on child anemia was obtained by collecting
blood specimens from all children age 6—59 months after
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 age 6—11 months) and collected in a
microcuvette. The Central Statistical Agency (CSA)
recruited and trained 72 individuals on how to collect
biomarker data (testing for anemia by measuring hemo-
globin levels). Hemoglobin analysis was carried out on-
site using a battery-operated portable HemoCueanalyser
and results were provided verbally and in writing. Details
on sampling technique, sample size, data collection tools,
data quality control and ethical concerns are available in
the 2016 EDHS report.*

Study Variables

All the variables of this study were selected from peer-
reviewed literature and questionnaires from the 2016
EDHS. These variables were coded and categorized
based on the Demographic and Health Survey (DHS-7)
recode manual.?' Anemia status was considered as the
outcome variable of this study. Anemia severity among
children 6-23 months of age is divided in to four cate-
gories based on hemoglobin level cutoff points of the
World Health Organization.'

Category 1: non-anemia (Hb >11 g/dL).

Category 2: mild anemia (10.0 g/dL <Hb <10.9 g/dL)

Category 3: moderate anemia (7.0 g/dL <Hb < 9.9
g/dL)

Category 4: severe anemia (Hb <7.0 g/dL).

The individual-level variables were: sex, age, birth
weight, religion, number of children under-five years old,
symptoms of acute respiratory infection, child fever and
diarrhea, maternal age and anemia, educational and
employment status, child vaccination status and media
exposure, stunting wasting and underweight.

Anthropometrics

Stunting was defined as height or length for age (HFA) <-2
SD (standard deviation), wasting as weight-for-height
(WFH) <-2 SD and underweight as weight-for-age
(WFA) <-2 SD.*

Variables Related to Dietary Diversity

and Meal Frequency

The variables related to dietary diversity and meal fre-
quency were: beans (peas, lentils, nuts, and others), grains
(bread, pasta, and noodles, or made into ready-to-eat
breakfast cereals), tubers (potatoes, cassava, and carrots),
vegetables (any dark green leafy vegetables), fruits (man-
goes, papayas, other vitamin A fruits), meat, egg, dietary
products (cheese, yogurt, other milk products), breastfeed-
ing status, exclusive breastfeeding and minimum meal
frequency (children who received solid, semi-solid or
soft foods at least twice per day)

The community-level variables that directly measure the
community characteristics in the 2016 EDHS were the place
of residence (rural or urban) and region (either of the nine
regions or the two administrative cities). We created also
other additional variables by aggregating the individual-
level’s characteristics within their respective clusters. These
variables were: community-poverty, community women-
education and community women-unemployment.

Community-poverty: the proportion of women who
reside in poor or poorest households within the cluster.
The aggregate of the poorest or poor individuals can show
the overall poverty of the cluster. For this proportion, the
median value was calculated as summary statistics and
categorized as “High” or “Low” based on this national
median value.

Community-women education: Proportion of mothers
who attend primary, secondary and higher education within
the cluster. The median value was calculated as summary
statistics that represent the educational status of women in the
cluster and was categorized as “High” or “Low” based on the
national median value.

Community-women unemployment status: Proportion
of mothers who were not employed within the cluster in the
past 12 months. It was categorized as high if clusters had
more than or equal to the national median proportion of
unemployed mothers or low otherwise.

Methods of Data Analysis

Before doing any analysis, weighting and normalization
were done for the sample in order to ensure the represen-
tativeness of the sample to different regions and place of
residence. Data were analyzed by STATA version 14 and a
multilevel ordinal logistic regression model was fitted.
Frequencies, percentages, bar graph and pie charts were
used to describe categorical variables. The effect of each
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predictor variable on the outcome variable was checked at
a significance level of p<0.25 independently.?* Variables
that are statistically significant at the bivariate multilevel
logistic regression analysis were considered as candidates
for multivariable analysis. Finally, multivariable analysis
was performed to estimate adjusted odds ratios with 95%
CI at a significance level of p<0.05.

Assuming varying intercepts across communities (clus-
ters) but fixed coefficients, four models were developed.
The first one was the null model which is fitted without
independent variables; this was used to determine the
variance in anemia status between the clusters in the
sample. Whereas, model one was adjusted for individual-
level factors and used to examine their contribution to the
variation of anemia status. Model two was adjusted for
community-level factors and was used for examining
whether the community-level variables explain between-
cluster variation on childhood anemia. Model three was
developed by combining both the individual- and commu-
nity-level variables.

Null model: for individual i in community (cluster) j,
the model can be represented as:

Yi=vo+UW +6Ej .o vr ..

Where: Yjis anemia status of i”child in the /" cluster

... null model"®

Yoo 1S the intercept; that is the probability of having
anemia in the absence of explanatory variables; Uiis com-
munity-level effect; €is error at individual level

€ ~ logistic (0, I°/) ... ... ... ... 23

uY =~ N (0, quo)

Multilevel (Three-level) Ordinal Logistic
Regression Model
This model was derived by mixing both individual- and

community-level factors simultaneously.

Piike/y _ Pyic = e~ (X + Uy + Us)

Pji- is a cumulative probability of being at

Log

[IPR L)

c”’ cate-
gory of anemia for j”individual in cluster.

7.- 1s a model threshold or intercept for ¢ — 1 level of
anemia and it is a fixed parameter.

It represents the cumulative logits of being at or below
¢ — 1 level of anemia when the covariates and random
effects equal to zero. It is strictly increasing (ie y1 < y2
< <Yel)

¢ — number of categories of anemia which equals to 4.

is a coefficient (fixed effect of explanatory variable).

th

X;- is a covariate vector for j”individual in i cluster.

Ui-is level-2 (cluster) random effect

Random Effects
Both individual and community (cluster) random effect
variances were expressed in terms of variance proportional
change (VPC).

VPC, is a proportion of total variation on anemia
attributable to community random effect.

It is given as:

VPC, = Gzlw /o2 oy + Ty Where 4 s indivi-
dual-level variance which equals to 3.29.

6?,- is cluster (level-2) random effect variance =

Ethical Considerations

The Ethiopia Health Research Committee said that ethical
approval was not necessary in this study considering the
fact that the study used data from a research study already
approved by an ethical research committee. The relevant
data (children recode) on anemia status of children 6-23
months of age was extracted from the EDHS 2016. This
was done after being registered and sending the concept
note of this study through website in order to get permis-
sion from ICF international to access and use the dataset.
After obtaining permission (author letter is already
obtained), the dataset was downloaded from the website
at http://www.DHSprogram.com. In addition, this health

survey dataset with all identifier information removed was
used for analysis purposes only. Details on the ethical
concerns are available in the 2016 EDHS report.*

Results
Individual-level Characteristics of
Respondents

Sociodemographic and Socioeconomic
Characteristics of Respondents

The prevalence of anemia was 72.3%; 27.5% mild, 41%
moderate and 3.8% severe with median hemoglobin con-
centration of 10.1 (IQR: 9.1-11). More than half (53%) of
the children were female. The mean £SD for the age of
children was 13+4 months. About 40.8% of children had
average birth weight and 84.7% of households had less
than three children under-five years old. Fifteen percent of
children were not vaccinated, over half were incompletely
vaccinated and 32% were fully vaccinated. Nearly a quar-
ter (24.8%) and 20% of children had symptoms of acute
respiratory infection and fever, respectively two weeks
prior to the survey. Most of the respondents were
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Muslims (41%) followed by Orthodox Christians (33.7%).
About three-fifths (61.3%) of mothers had no education,
three-quarters (74.5%) were unemployed during the 12
months prior to the survey, and eight in ten had never
been exposed to newspaper, radio, or television. More
than one-third (33%), 14% and 21% of children were
stunted, wasted, and underweight, respectively (Table 1).
One-third of mothers (30%) were in the age category of
25-29 years. Only 1.5% and 6% of mothers were in the
age category of 4549 and 15-19, respectively (Figure 1).

Feeding Practice Characteristics of
Children

About 87% of children were currently breastfeeding,
nearly 2% never breastfed and 11% ever breastfed. Nine
out of ten (91.7%) children had no exclusive breastfeed-
ing. Above half (55.4%) of children consumed grains,
23% consumed tubers, and 13% consumed fruits. Twenty
percent of children consumed beans, 26% consumed diet-
ary products, 6% consumed meat, 17.3% consumed egg,
and 13.4% consumed vegetables. Over half (65.2%) of the
children ate at least twice per day (Table 2).

Community-level Characteristics of Study

Subjects

About nine out of ten (89%) of the respondents were rural
area residents. Most of the respondents were from Oromia
(43.9%) followed by SNNP (21%), and Amhara (19%)
region. Above half (54%) of the respondents were living
in communities with a high proportion of female unem-
ployment. Above half (54.7%) of the mothers were living
in communities with a low poverty status and over half of
them (53%) were from communities with a high propor-
tion of educated women (Table 3).

Individual- and Community-level Factors

Associated with Anemia

Table 4 presents factors associated with anemia among
children 6-23 months. The same odds ratio was used and
interpreted comparing higher vs lower level of anemia
(severe vs moderate and below, moderate and severe vs
mild and below, mild and above vs no anemia).

Female children were 16% less likely to be at higher levels
of anemia compared to male. Children in the age group of
18-23 months were 24% less likely to be at higher levels of
anemia compared to children in the age group of 6-11 months.

Table | Individual-level Characteristics of Children in Ethiopia: A
Multilevel Analysis of Data from the 2016 Ethiopia Demographic

and Health Survey (n=2554)

Pediatric Health, Medicine and Therapeutics 2020:1 |

Variables Frequency Percentage
(Weighted) (%)
Child sex
Male 1192 47
Female 1362 53
Child age
611 923 36
12-17 985 385
18-23 646 25
Birth weight
Average 1043 40.8
Larger than average 793 31
Smaller than average 718 28
Number of children <5in
household
<3 2164 84.7
34 371 14
25 19 0.74
Religion
Orthodox 862 337
Protestant 563 22
Muslim 1046 41
Other 83 33
Maternal employment
status
No 1904 745
Yes 650 25.5
Maternal educational level
No education 1566 61.3
Primary 797 31.20
Secondary 128 5.2
Higher 63 25
Media exposure
None 2062 80.72
Exposed to either newspaper, | 478 18.71
radio or TV
Exposed to all media 14 0.56
Vaccination status
No 395 15.5
Incomplete 1331 52
Full 828 32
Maternal anemia
No 1777 70
Yes 749 30
(Continued)
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Table | (Continued).

Variables Frequency Percentage
(Weighted) (%)
Diarrhea
No 2039 80
Yes 515 20
Fever
No 2034 79.64
Yes 520 20.36
Symptoms of acute
respiratory infection
No 1920 75.19
Yes 634 24.81
Child stunting
No 1710 67
Yes 844 33
Child wasting
No 2196 86
Yes 358 14
Child Underweight
No 2019 79
Yes 535 21

Underweight children had 40% higher odds of having worse
anemia than children who were not underweight. Children of
mothers (caretakers) who watch TV or listen radio at least once
aweek had 22% lesser odds of being at higher levels of anemia
compared to their counter parts. Children of mothers (care-
takers) who used all media (TV, radio, and newspaper) at least
once a week had 69% lower odds of being at higher level of
anemia compared to their counterparts. Children of mothers

who had anemia had a 1.53 times greater odds of being at

35.00%
30.00%
2 25.00% -

30%

higher levels of anemia compared to the children of mothers
who had no anemia (Table 4).

The odds of having higher levels of anemia were 2.08,
1.97, and 2.3 times greater for children from Somali,
Harari, and Dire Dawa regions compared to the children
from the Tigray region. Children living in Amhara,
Benishangul, and SNNPS had 35%, 61%, and 38% lesser
odds of higher levels of anemia compared to children
living in the Tigray region. Children from communities
with high poverty had 1.3 times greater odds of higher
levels of anemia compared to children from communities
with low poverty (Table 4).

Random Effect Estimates of Individual-
and Community-level Factors

Random Effects

Four random intercept models were fitted (model 1, 2, 3,
and 4).

Model 1 (Null model): This model showed 18%
(VPC,=18%) of the total variation in anemia was due to
unobserved community-level factors. This quantity of
VPC, was suggestive of using a multilevel model rather
than a single level model (Table 4). Models 2 and 3 are
adjusted for individual- and community-level variables,

respectively.

Model 4 (Final Model): Adjusted for
Individual- and Community-level Factors

Together

This model showed that 5.73% (VPC,-5.73) of the unex-
plained variation in anemia could be attributable to unob-
served community-level factors alone (Table 5).

22.30%

20.00%
15.00%

9
=
Q
=
=2
2
&= 10.00%
5.00% -

6. 00% I I

15-19 20-24

0.00%

25-29

13.20%
5.10%
50%
|| s

30-34  35-39 40-44 45-49

Mother's age category (years)

Figure | Characteristics of mothers (caretakers) by age in Ethiopia: A multilevel analysis of data from the 2016 Ethiopia Demographic and Health Survey (n=2554).
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Table 2 Feeding Practice Characteristics of Children in Ethiopia:

Table 3 Community-Level Characteristics of 6—23 Months Old

A Multilevel Analysis of Data from the 2016 Ethiopia  Children in Ethiopia: A Multilevel Analysis of Data from the 2016
Demographic and Health Survey (n=2554) Ethiopia Demographic and Health Survey (n=2554)
Variables Frequency Percentage Variables Frequency Percentage
(Weighted) (Weighted) (%)
Child breastfeeding status Region
Still breastfeeding 2214 87 Tigray 196 7.66
Never breastfed 49 1.92 Afar 25 0.97
Ever breastfed, but not 291 Il Ambhara 48| 18.84
currently Oromia 1120 43.85
- ) SNNP 530 20.76
Exclusive breastfeeding Benishangul Gumuz 2% Lol
No 2228 7167 Gambela 6 0.24
Yes 202 833 Somali 99 387
Grains Harari 5 0.21
Not consumed 1138 44.59 Addis Ababa 57 2.23
Consumed 1415 55.41 Dire Dawa 9 0.36
Tubers Place of residence
Not consumed 1965 76.96 Rural 2266 89
Consumed 588 23.04 Urban 288 I
Fruits Community-women
Not consumed 2222 87 education
Consumed 331 13 Low 1200 47
High 1354 53
Beans
Not consumed 2035 79.70 Community-women
Consumed 518 20.30 unemployment
Low 1169 46
Dietary products High 1385 54
Not consumed 1884 74
Consumed 670 26 Community-poverty
Low 1398 54.7
Meat High 1156 45.25
Not consumed 2401 94.03
Consumed 152 5.97 Abbreviation: SNNP, Southern Nations and Peoples of Ethiopia.
Egg . S .
Not consumed 2013 8274 This shows that multicollinearity might not be a problem.
Consumed 44) 17.26 Interaction effect was examined by fitting regression mod-
els that contained cross-product terms, which yield no
Vegetables L . )
Not consumed 2711 8657 significant (p>0.05) interaction effect. Model accuracy
Consumed 343 13.43 was checked by the area under the curve. The receiver
operating characteristics (ROC) curve provides a measure
Minimum meal frequency - oD
per day of the model’s ability to discriminate between those sub-
Less than twice 864 34.77 jects who experience the outcome of interest vs those who
At least twice 1620 65.23 do not.?” The area under the ROC of this model was

Model Diagnostics and Adequacy Checking
Multicollinearity was checked using variation inflation
factor (VIF) at cutoff point of 10.%° It was checked for
the independent variables in the final model and the VIF
was found to range from 1.2 to 4.2 with mean VIF of 2.1.

0.7069,; which means the ROC curve accuracy for out-
come variable (anemia) was 70.7% (Figure 2).

Discussion

The aim of this study was to identify individual- and
community-level factors associated with anemia among
children aged 6-23 months by employing multilevel

Pediatric Health, Medicine and Therapeutics 2020:1 |
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Table 4 Individual- and Community-Level Factors Associated with Anemia Among Children 6—23 Months of Age in Ethiopia: A
Multilevel Analysis of Data from the 2016 Ethiopia Demographic and Health Survey (n=2554)

Variables Anemia Level AOR (95%ClI)
Frequency (%)
No Mild Moderate Severe

Sex

Male 321 (26.9) 300 (25) 522 (43.8) 48.8 (4.1) |

Female 385.6 (28) 401.5 (29.5) 526.5 (38.6) 48.6 (3.57) 0.84 (0.72-0.98)*
Child age

611 208.8 (22.6) 265 (28.75) 413 (44.8) 35 (3.8) |

12-17 276 (28) 267.8 (27) 390 (39.6) 51 (5.2) 0.98 (0.82—1.17)

18-23 222 (34) 168 (26) 245 (38) 10.9 (1.69) 0.76 (0.61-0.93)**
Child underweight

No 594 (29) 556.8 (27.6) 809.8 (40) 58 (2.88) |

Yes 112 (20.99) 144 (26.97) 239 (44.7) 39 (7.4) 1.42 (1.17-1.73)**%*
Media exposure

None 539.8 (26) 568.86 (27.6) 859 (41.7) 94 (4.6) |

Exposed to either newspaper, radio, or TV 157 (32.87) 129.77 (27.2) 188 (39.4) 3 (0.6) 0.78 (0.61-0.99)*

Exposed to all media 9.85 (68.5) 2.5 (17) 1.6 (1) 0.44 (3) 0.31 (0.12-0.79)*
Child fever

No 591 (29) 549 (27) 815.5 (40) 78.2 (3.8) |

Yes 115.7 (22.3) 152 (29.2) 233.18 (44.8) 19 3.7) I.41%* (1.03-1.93)
Exclusive breastfeeding

No 617 (27.7) 600 (27) 921 (41.4) 88 (4) |

Yes 65.78 (32.5) 48.9 (24) 8l (40.3) 6.2 (3.1) 0.73* (0.54-0.98)
Maternal anemia

No 561 (31.6) 491 (27.6) 673 (37.9) 51 (2.88) |

Yes 140.5 (18.75) 204.5 (27.29) 358.16 (47.79) 46 (6.17) 1.53 (1.28-1.82)***
Community-poverty

Low 449 (32.11) 406.6 (29) 519 (37) 23.76 (1.7) |

high 257.6 (22) 294.5 (25.5) 529.7 (45.8) 73.7 (6.4) 1.3 (1.01-1.67)*
Region

Tigray 48.2 (24.65) 62 (31.7) 80.9 (41) 4 (2.22) |

Afar 2.5 (10.2) 6.4 (26.9) 14.6 (59.3) 1.1 (4.5) 1.27 (0.79-2.03)

Amhara 163 (33.97) 146 (30.4) 146.6 (30.5) 24. 8(5) 0.65 (0.45-0.94)*

Oromia 251 (22.4) 311 (27.8) 516 (46) 42 (3.7) 0.97 (0.65—1.45)

Somalia 8.7 (8.8) 17.8 (17) 62.4 (63) 9.9 (10) 2.08 (1.31-3.29)**

Benishangul Gumuz 10.38 (40) 7.6 (29.5) 7.47 (28.9) 0.39 (1.5) 0.39 (0.25-0.6 1 )***

SNNP 197 (37) 133 (25) 187 (35.3) 12.8 2.4) 0.62 (0.40-0.96)*

Gambela 1.8 (28.6) 1.47 (23.8) 2.87 (46) 0.09 (1.5) 0.95 (0.58-1.55)

Harari 0.93 (17.8) 1.13 (21.6) 2.8 (55.7) 0.36 (6.9) 1.97 (1.18-3.31)*

Addis Ababa 21.5 (37.68) 12 (21.4) 22.5 (39.5) 0.83 (1.5) 1.36 (0.81-2.28)

Dire Dawa 1.5 (16.3) 1.66 (18) 5.2 (55.8) 0.91 (9.9) 2.30 (1.33-3.97)

Notes: *p-value<0.05; **p-value<0.01; ***p-value <0.001, |-reference category.
Abbreviations: AOR, adjusted odds ratio; SNNPR, Southern Nations, Nationalities and Peoples Region.

ordinal logistic regression analysis. Therefore, anemia supported by the observed heterogeneity in odds of anemia
among children aged 623 months was determined both  between clusters (communities). Child sex, age, under-

by individual- and community-level factors. This was weight, media exposure, maternal anemia, exclusive
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Table 5 Random Intercept Variances of Two-level Mixed Effect
Models

Random Effects Model | Model 5
Variance (6% ) 0.72% 0.2%
VPC, (%) 18 5.73

Notes: ¢°U° is community random intercept variances. *p-value <0.001. Hint:
models 2 and 3 are not presented.
Abbreviation: VPC ), variance partition coefficient for cluster.

breastfeeding and fever were individual-level variables
that remained significant in the final model, while region
and community-poverty were community-level variables
found to be significant in the final model.

Female children were less likely to be at higher levels
of anemia compared to male. This finding is similar with a
study reported in Ethiopia.”***° The possible explanation
for this discrepancy could be due to some inherited causes
of anemia are X-linked (eg, G6PD deficiency and X-linked
sideroblastic anemia) and occur most commonly in
males.*

Child age was negatively associated with anemia.
Children 6-11 and 12-17 months old had a higher odds
of anemia compared to children 18-23 months old. This
result is in line with a study done in Ethiopia.?® This might
be due to low consumption of dietary diversity as verified
by this study (Table 3) which shows low prevalence of
meat, beans, eggs consumption although there was no
association with anemia. In addition, complementary
foods introduced at the age of six months are often initially

0.50 0.75 1.00
| | |

0.25
|

0.00

rejected by the infant, thereby exacerbating the risk of
anemia.

This study also revealed that being underweight was
positively associated with anemia. The association
between this anthropometric indices and anemia has been
observed in other studies.'”*' The possible explanation
could be that being underweight and anemic are all caused
by a similar pathway that is: feeding children fewer than
four times a day and low dietary diversity as indicted by
the result of this study (Table 3). Another explanation
could be nutritional inadequacies may impair immunity
with a repeated infection which, in turn, depletes iron
stores. This is supported by the findings of this study,
which show that child fever is significantly associated
with anemia.

Children of mothers (caretakers) who are exposed to
newspaper, radio, or TV at least once a week had lower
odds of being at higher levels of anemia compared to their
counterparts. To the authors’ knowledge, this is a new
finding. The possible explanation could be that media is
the main source of information and awareness creation
regarding cause of anemia and how to feed children to
reduce this.

Children who had exclusive breastfeeding were less
likely to have anemia than children who had no exclusive
breastfeeding. This finding is in line with a study done in
Ethiopia.”® This is due to exclusive breastfeeding in the
first six months of life, which reduces exposure to envir-
onmental disease-causing pathogens.>? In addition, the

T T
0.00 0.25

T T T
0.50 0.75 1.00

1 - Specificity

Area under ROC curve = 0.7069

Figure 2 Receiver Operating Characteristics curve for anemia among children 6-23 months of age in Ethiopia: A multilevel analysis of data from the 2016 Ethiopia

Demographic and Health Survey (n=2554).
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presence of lactoferrin and alpha-lacto-albumin in human
milk contribute to the defense of breastfed infants against
pathogenic bacteria and viruses since they have antimicro-
bial properties.*?

The odds of anemia were higher for children from
anemic mothers than non-anemic mothers. This is sup-
ported by a study conducted by Prieto-Patron et al.'? The
reasons may be that mothers and children share common
home environments, socioeconomic and dietary condi-
tions. Moreover, maternal anemia is associated with low
birth weight; even children born with adequate weight
have reduced iron reserves when their mothers are
anemic.**

The presence of fever in the last two weeks prior to the
survey was found to be a significant determinant of ane-
mia. This finding confirms the findings from Indonesia and
Burma.*>*® This could explain as fever is a symptom of
acute febrile illness such as malaria; which might cause
red blood cell destruction. Inflammation also decreases red
blood cell production.>” Another explanation could be that
sick children are known to have poorer appetites.

Region was found to be significantly associated with
anemia. This finding is supported by other studies from
Ghana and E‘[hiopia.9’16 Children from Somali, Dire Dawa,
and Harari regions had higher levels of anemia than chil-
dren from Tigray. This could be because of differences in
living standards, socioeconomic status, and cultural norms
regarding feeding habits among regions. People living in
Somalia make their living from livestock production and
the main daily meal is milk. A previous study documented
that milk reduces the bioavailability of iron which leads to
anemia.”® The result in this study (Table 3) also supports
this finding in that these children had low consumption of
meat, eggs, vegetables and fruits, although there was no
association with anemia, these groups are iron sources.

Another finding of this study was the significant asso-
ciation of community-poverty status and anemia among
children. Children who live in communities with high
poverty status had higher odds of anemia than others.
This significant association might be due to less access
to health care, fewer job opportunities, and lack of other
social services within the community, which resulted in
lower-income.

The strategies of promoting exclusive breastfeeding,
addressing maternal anemia, child fever, giving special
attention to underweight children, and targeting regions
identified to have a high risk, should be strengthened to
reduce childhood anemia.

Limitations

The limitations of this study include: not controlling pos-
sible child-related explanatory variables such as parasitic
infection and chronic illness were not included in the
analysis because these variables are not in the EDHS
data. The data based on self-reporting are limited by recall
and misclassification biases, and only children living at the
time of the survey were included. In addition, the commu-
nity variability in the combined model is 6.95%. This
indicates that there are still other variables that are not
controlled.

Conclusion

Individual-level factors such as lower child age, female
sex, child underweight, exposed to newspaper, radio, or
TV, no exclusive breastfeeding, child fever, and maternal
anemia; community-level factors such as region and com-
munity-poverty were identified as factors associated with
anemia in children.

The strategies of promoting exclusive breastfeeding,
addressing maternal anemia, child fever, giving special
attention for underweight children, and targeting regions
identified to have a high risk, should be strengthened to
reduce childhood anemia.
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