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Abstract

Introduction: Anemia is a public health problem mainly affecting young children aged less than 5 years old globally. The aim of
the present study was to assess the pooled prevalence of anemia and its determinants in “children aged 6-23 months” in Ethiopia.
Methods: “EMBASE”, “Web of Science”, “Medline”, “Scopus”, “PubMed”, and “Google Scholar” electronic databases were
utilized to search published articles on this topic. Results: The estimated pooled prevalence of anemia in “children aged 6-23
months” was 58.78% (95%CI: 52.13, 65.43). Subgroup analysis showed that the pooled prevalence of anemia was 54.63%
(95%CI: 47.41,61.86) among regional-based studies, 68.15% (95%CI: 61.57, 74.73) among national-based studies, 58.25%
(95%CI: 51.40,65.10) for articles published 2015-2019, 59.33% (95%CI: 48.71, 69.94) for articles published 2020-2021, 62.93%
(95%CI: 54.00,71.86) for sample size >600, and 54.43% (95%CI: 48.03, 60.82) for sample size <600. Poor dietary diversity
(AOR=2.81, 95%CI: 2.51, 3.11), having history of diarrhea over the last two weeks (AOR=3.97, 95%CI: 2.39, 5.56) and
household food insecurity (AOR=2.72, 95%CI: 2.34, 3.10) were determinants of anemia. Conclusion: The pooled prevalence of
anemia in “children aged 6-23 months” was high. Dietary diversity status, history of diarrhea over the last two weeks, and
household food insecurity were determinants of anemia. Health education program should be provided.
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1. Introduction

Anemia is hemoglobin concentration under a specified cut-
off point. The cut-off point depends on smoking habit, age,
gender, and physiological status as per “world health organi-
zation” (WHO, 2008). Anemia in children aged below five is
when the hemoglobin concentration is less than 110g/L at sea
level [1]. The clinical manifestation of anemia in children in-
clude pale skin, sore or swollen tongue, enlarged spleen, lack
of energy, irritability, fatigue, fast heartbeat, and wanting to
eat odd substances like dirt or ice [2]. Although the cause of

anemia is dependent on the type of anemia, the most common
causes include; inherited diseases, nutritional deficiencies, au-
toimmune diseases, infections bleeding, certain cancerous
conditions and bleeding [3]. The risk factors of anemia for
children include diet low in iron, living in poverty or immi-
grating from developing countries, premature or low birth
weight, early use of cow’s milk, blood loss, long-term ill-
nesses and family history of an inherited type of anemia [4].
From the study done in Ethiopia: maternal anemia, poor
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wealth status, increased fertility, and childhood malnutrition
were also considered risk factors among preschool children
[5].

Anemia is a public health problem mainly affecting young
children aged less than 5 years old globally. According to the
WHO (2022) estimates that worldwide 42% of children less
than 5 years were anemic [6]. The prevalence of anemia
among children aged 6-59 months was 39.8%, which is equiv-
alent to two hundred sixty nine million children in the year
2019 [7]. The prevalence of anemia was 29.73% in children
aged 6-23 months from Huaihua [8], 32.93% among preschool
children from Caribbean and Latin America [9], 55.32% in
children aged 6-59 months from low- and middle-income
countries [10], and 11.8% in children aged 6 months from Bei-
jing [11]. WHO (2019) estimated that the prevalence of ane-
mia was 60.2% in Africa among children under five years [7].
The prevalence of anemia was 78.4% in children’s under five
years old in Ghana [12]. The prevalence of anemia was 65.7%
in children aged 6-23 months in Wolaita zone, southern Ethi-
opia [13], 41.1% in under 5 years old children’s in Guguftu
health center, south Wollo, Ethiopia [14], 52% in children
aged 6-23 months in Damot, Ethiopia [15], and 41.7% in un-
der 5 years old children’s attending Hawassa University Re-
ferral and Teaching Hospital, Ethiopia [16].

The complication of anemia depends on its cause, but the
most common complications are joint pain, bone marrow fail-
ure, problems with development, and leukemia or other can-
cers [4]. Anemia, being a serious public health problem, is also
a high risk for child mortality. Anemia may have a negative
consequence on the economy and national development and
the entire population [1]. Anemia have a negative conse-
quence on the child’s cognitive and motor development [7].

A study reported in 2013 involving 187 countries world-
wide showed that anemia accounted for 65.5 million years of
life living with disability in 1990, 11.2% of worldwide years
of life living with disability from all causes, and in 2010 the
value increased to 68.4 million years of life living with disa-
bility’s, 8.8% of worldwide years of life living with disability
from all causes [17]. In India, the estimated yearly cost of iron
deficiency anemia amount to intangible cost among children
aged 6-59 month was 8.3 million daily-adjusted life years and
a loss of 24,001 USD this is equivalent to 1.3% of gross do-
mestic product, which was reported on 2015 [18]. Conse-
quently, Sickle cell anemia, 8.4% of children died from Chi-
cago clinic with a 5-year period [19]. In 2017, 25% of under
five years children died in Rio De Janerio [20].

In less developed countries, anemia is accountable for sig-
nificant mortality and morbidity [21]. In Nigeria, the 2011
study report shows that there was high level of mortality rate
among under five children [22]. In Sub-Saharan Africa (SSA),
the severity of anemia in children aged 6-59 months persists
to be a serious public health problem from 2021 [23] to 2022
[24]. Since early 1960s in south Ghana, anemia has resulted
about 58.1% deaths in children beyond the neonatal period
[25]. In 2011, due to sickle cell anemia, 7.3% of children less

than 5 years died in Tanzania [26]. A study done in northwest
part of Ethiopia in 2017 shows that anemia remains a public
health problem [27].

Incorporation of micronutrient powder into young child and
infant feeding interventions is a viable strategy for improving
children’s intake of micronutrients and decreasing risk of ane-
mia [28]. The control interventions of prenatal anemia are
found to lessen the risk of moderate/severe anemia [29]. A
study done in China demonstrated a duration of ying yang bao
consumption was positively correlated with hemoglobin lev-
els. Home food fortification with ying yang bao is effective
and feasible for nutrition promotion in young child and infant
in high-risk regions [30].

2. Methods

2.1. Research Questions

1) What is the pooled prevalence of anemia in children
aged 6-23 months in Ethiopia?

2) What are the determinants of anemia in children aged 6-
23 months in Ethiopia?

2.2. Study Setting

The present study was done by reviewing relevant studies
done in Ethiopia. Ethiopia is located in the Horn of Africa.
The capital city of Ethiopia is Addis Ababa [31].

2.3. Search Strategies

Various electronic databases were utilized to search pub-
lished articles on this topic. For instances “EMBASE”, “Web
of Science”, “PubMed”, “Scopus”, and “Google Scholar”.
Published articles up to the date of November 05/2022 were
included in the search. We have utilized the Boolean operators
“AND” and “OR” to integrate the search terms. For PubMed
database, these search terms were used; ("anaemia" [All Fields]
OR "anemia" [MeSH Terms] OR "anemia" [All Fields] OR
"anaemias" [All Fields] OR "anemias" [All Fields] ) AND ("6-
23" [All Fields] AND ("month" [All Fields] OR "months" [All
Fields] ) AND ("child" [MeSH Terms] OR "child" [All Fields]
OR "children" [All Fields] OR "child s" [All Fields] OR "chil-
dren s" [All Fields] OR "childrens" [All Fields] OR "childs"
[All Fields] )) AND ("ethiopia" [MeSH Terms] OR "ethiopia"
[All Fields] OR "ethiopia s" [All Fields] ). Furthermore, a
manual search was also performed for additional articles pub-
lished on this topic.

2.4. Eligibility Criteria

Inclusion criteria:

1) Study setting: all relevant studies done in Ethiopia.
2) Study subjects: “children aged 623 months”.

3) Publication status: published articles.


http://www.sciencepg.com/journal/rs

Rehabilitation Science

http://www.sciencepg.com/journal/rs

4) Language: English language.

5) Study design: cross-sectional studies.

6) Publication date: articles published up to November
05/2022.

7) Methodological quality: by using a “modified Newcas-
tle-Ottawa Scale” (NOS) quality assessment criteria for
cross-sectional studies, all articles with >5 out of 10 were
included into this study.

Exclusion criteria: articles which were not fully accessible

and did not clearly define the outcome variable were excluded.

2.5. Outcome of Interest

The outcome of interest in this study was anemia among
children aged 6-23 months. Hemoglobin concentration was
used to determine anemia status of the participants by obtain-
ing finger-prick blood samples. Hemoglobin level was ad-
justed for altitude using the United Nations International Chil-
dren's Emergency Fund (UNICEF)/WHO guideline. Hemo-
globin concentration < 11.0 g/dl was regarded as anemic.
Whereas, hemoglobin concentrations of > 11.0 g/dl was re-
garded as normal [32, 33].

The main outcome was the prevalence of anemia as demon-
strated in the articles used. The outcome is reported as per-
centage of anemia or the number of anemia cases (n)/ total
number of “children aged 6-23 months” (N). Both parameters
were compulsory to calculate the pooled prevalence of anemia
in the present meta-analysis. The pooled prevalence of anemia
was calculated by dividing the number of “children aged 6-23
months” who have anemia with the total number of children
aged 6-23 months of sample size multiplied by a hundred
(100).

2.6. Data Extraction

Thomson Reuters EndNote version 8 was used to collect the
results of searched articles, after the export of retrieved arti-
cles from all databases. We have used a Microsoft excel to
extract the data from the nominated articles by using the stand-
ardized data extraction format prepared. During this, the in-
clusion criteria was utilized carefully. For data extraction the
information used were author names, prevalence, year of arti-
cle publication, study region, sample size, and predictors. The
two authors (LTG* and ADW) have checked and screened the
articles depending on titles and abstracts of all probable arti-
cles to be encompassed in the present study. Furthermore, the
two authors (LTG* and ADW) have evaluated the articles
methodological quality by using the modified NOS critical ap-
praisal tool for cross-sectional studies [34] independently.

2.7. Quality Assessment

Only cross-sectional studies were encompassed in the pre-
sent study. The quality of the included articles was assessed
using the NOS quality assessment criteria for cross-sectional

studies [34, 35]. All articles with >5 out of 10 quality assess-
ment scores were regarded as a high-quality score [36]. NOS
quality assessment scores of articles comprised into the pre-
sent study are provided as (supplementary 1 file). A methodo-
logical quality score has been displayed for each article (Table

1.

2.8. Statistical Analysis

For analysis STATA version 11 statistical software was
used of present systematic and meta-analysis. The pooled
prevalence was estimated by using a random effects model.
Cochran’s Q chi-square statistics and I statistics were used to
check a heterogeneity among the studies [37]. In the present
study, heterogeneity was interpreted as no heterogeneity if 12
value is 0%, low heterogeneity if I value is 25% to 50%, mod-
erate heterogeneity if I2 value is 50% to 75%, and high heter-
ogeneity if I? value is >75% [38]. To compare an overall esti-
mate across groups and check whether the grouping supports
explain some of the observed between a study heterogeneity,
a subgroup analysis was used. The publication bias was eval-
uated visually by using a funnel plot, and objectively by using
Begg's test and Egger’s test [39]. The trim-and-fill analysis
was used to account for any publication bias. Region, publica-
tion year, and sample size categories were used for subgroup
analysis. The pooled prevalence of anemia and pooled effect
for determinants with 95%CI was presented by using a forest
plot figure. Lastly, p < 0.05 was considered statistically signif-
icant for all analyses.

2.9. Reporting the Results

The present study was done on the prevalence of anemia
and its determinants in children aged 6—23 months in Ethiopia.
The “Preferred Reporting Items for Systematic reviews and
Meta-Analyses” (PRISMA) 2020 flowchart diagram, and
PRISMA 2020 checklist [40] were used for the present sys-
tematic review and meta-analysis. PRISMA 2020 checklist is
provided as (supplementary 2 file).

2.10. Ethical Approval and Consent to
Participate

Since the study is a systematic review and meta-analysis,
ethical approval is not applicable. This is because there was
no data collected from the people for the purpose of this study,
rather the study was completed by reviewing the articles pub-
lished on the topic of the study. Informed Consent is not ap-
plicable.

3. Result

3.1. Search Results

Various electronic databases were used to search all related
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articles conducted in Ethiopia. A total of 3090 articles were criteria and involved in this study (Figure 1).

obtained. Out of this, only 10 articles were fit the eligibilit

y

o Articles identified through Articles identified with manual
:.E database search (n=3082) search (n=8)
& |
: l
U
-
[
Total studies (n=3090)
Studies excluded due to duplications
(n=1231)
£
.5 Total articles screened (n=1859)
Articles excluded by Title (n=1341)
Articles excluded by reading Abstract (n=501)
_% Articles selected for full text assess-
=1
=
= t (n=1
éﬂ ment (n=17) Articles Excluded with Reasons;
=
Reason 1: Full-text not accessible (n=4)
Reason 2: Qutcome of interest not defined (n=3)
o
9
E The articles selected for systematic
]
K review and meta-analysis (n=10)

Figure 1. PRISMA flowchart diagram of the study selection for systematic review on prevalence of anemia and its determinants. Note: (Figure
1) was Adapted from “Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021; 372: n71. https://doi.org/10.1136/bmj.n71.” [40].

3.2. Characteristics of the Included Studies

10 cross sectional studies were comprised in the present study. 2554 was the largest sample size and 216 was the smallest
sample size. The largest prevalence was 72.3% and the smallest prevalence of anemia 44.4% (Table 1).

Table 1. Characteristics of the Studies included in the present Systematic Review and Meta-analysis.

Re-
Publica- Dat. llec- Dat llec- li
Author .u tea Region .a A cotiec .a g co.ec Study design Samp. ne sponse
tion year tion method tion period technique rate
Interviewer community- .
Al h . May - Multi-
emayehu et 2019 SNNPR  administered ay -June based cross- ult 'stage 99.7%
al. [13] . . 2016 . sampling
questionnaire sectional study
Gebrehaweria 2020 National Extracted January to  population- stratified two- -

Sam-
ple
size

990

2554

Preva-
lence of
Anemia

65.7%

72.3%

Quality

score

8
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Re- Sam- Preva-
Publica- Data collec- Data collec- li li
Author .ub rea Region .a a cotiec .a 8 co. ec Study design Samp. ng sponse ple lence of Quality
tion year tion method tion period technique . . score
rate size  Anemia
and Lemma from the June 2016  based cross- stage cluster
[41] EDHS 2016 sectional sur-  sampling
vey
Malako et al Interviewer In April Community A multistage
2019  SNNPR administered P Cross-sectional MBS 9578% 477 52% 8
[15] . . 2017 sampling
questionnaire survey
Sorsa ot al Interviewer January 1- A community- ?:;ét‘;:lag;’ d
’ 2021 Oromia administered July 31, based cross- . - 917  44.4% 7
[42] . . . systematic
questionnaire 2019 sectional study .
sampling
. Interviewer Institution Systematic
Wol t al. . March t
[ 4;)] die cta 2015 Amhara administered Mzrc ) 001 4 based cross- random sam- 97% 347 66.6% 9
questionnaire Ys sectional study pling
Interviewer February 1 A community-
Mollactal 5120 Amhara administered toMarch2, basedcross- ST 92000 531 475% 9
[44] ) - A pling
questionnaire 2018 sectional study
Heinrichs et Extracted EZS:?;?:S: ? s:)riilzuﬁzd,
L [45] 2021 National ~from the - vional r ‘f t ) £ L 93% 1290 T1% 9
al. EDHS 2005 sectional su cluster sa
vey pling design
Malako et al Interviewer March to A community- Multistage
" 2018 SNNPR administered . based cross- : g 92.91% 485  52.6% 9
[46] . . April 2017 . sampling
questionnaire sectional study
January to
. Interviewer February A community- .
R L. . 1 -
obactal. )56 Oromia i ministered  2014and  based cross-  SPICTANT geo0t 216 537% 9
[47] & Tigray . . . dom
questionnaire  July to Au-  sectional study
gust 2014
Heinrichs et Extracted E::;l(}a(gzrs: ?v:ct)ra;ttlaﬁedy
al. [45] 2021 National from the - sectional sur-  cluster fam- 93% 1,290 61% 9
' EDHS 2005 . .
vey pling design

Note: SNNPR, Southern Nations, Nationalities and Peoples; EDHS, Ethiopian demographic and health survey.

prevalence of anemia. It was estimated to be 58.78% (95%CTI:
52.13,65.43). The significance level of heterogeneity was (I?
=97.7%: p=0.000) (Figure 2).

3.3. Prevalence of Anemia

The random effect model was used to estimate the pooled
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Study %

D ES (95% CI) Weight

1
1

Alemayehu etal. (2019) | - 65.70 (62.74, 68.66) 10.16
1
1

Gebrehaweria and Lemma (2020) : #7230 (7056, 74.04) 10.30
1
1

Malako et al. (2019) —— 52.00 (47.52, 56.48) 9.91
1
1
1

Sorsaetal. (2021) - N 44.40 (41.18, 47.62) 10.13
1
1

Woldie etal. (2015) | —%—  66.60(61.64,7156) 9.81
1
1
1

Molla etal. (2020) - 47.50 (43.25, 51.75) 9.95
1
1

Heinrichs et al. (2021) ! - 71.00 (68.52, 73.48) 1023
1
1
1

Malako et al. (2018) —_—, 52.60 (48.16, 57.04) 9.91
1
1

Roba etal. (2016) —— 53.70 (47.05, 60.35) 9.40
1
1
|

Heinrichs et al. (2021) (e ol 61.00 (58.34, 63.66) 10.20
1

Overall (I-squared = 97.7%, p = 0.000) @ 58.78 (52.13, 65.43) 100.00
Y
1
1

NOTE: Weights are from random effects analysis :
1

T T
74 0 74

Figure 2. Forest plot of the pooled prevalence of anemia.

3.4. Subgroup Analysis

3.4.1. Subgroup Analysis by Region
The pooled prevalence of anemia was (54.63%, 95%CI [47.41,61.86]; 1’=95.3%, p=0.000) among regional based studies.

Whereas, among the national based studies, the pooled prevalence of anemia was (68.15%, 95%CI [61.57, 74.73]; ’=96.0%,
p=0.000) (Figure 3).

Study %

D ES (95% CI) Weight
.
1

Regional |
|

Alemayehu et al. (2019) | 6570(6274,68.66) 1016
|

Malako et al. (2019) - 52.00 (47.52, 56.48) 991
|

Sorsa etal. (2021) - : 44.40 (41.18, 47.62) 10.13
)

Woldie ot al. (2015) = 6660(6164,7159) 981
1

Molla et al. (2020) —— 1 47.50 (43.25, 51.75) 9.95
.

Malako etal. (2018) - 5260 (48.16, 57.04) 991
|

Roba etal. (2016) —— 5370 (47.05, 60.35) 9.40
j

Subtotal (I-squared = 95.3%, p = 0.000) O 54.63 (47.41, 61.86) 69.27
{
|
|
1

National |
1

Gebrehaweria and Lemma (2020) : 4 7230 (70.56, 74.04) 10.30
\

Heinrichs et al. (2021) 1 - 71.00 (68.52, 73.48) 10.23
|

Heinrichs et al. (2021) e 61,00 (58.34, 63.66) 1020
1

Subtotal (I-squared = 96.0%, p = 0.000) h O 68.15 (61.57, 74.73) 3073
1
|
|

Overall (I-squared = 97.7%, p = 0.000) <> 56.78 (52.13, 65.43) 100.00
|
|

NOTE: Weights are from random effects analysis H
.

T T

-74.7 0 74.7

Figure 3. Subgroup analysis by region on the pooled prevalence of anemia.
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3.4.2. Subgroup Analysis by Year of Publication

The pooled prevalence of anemia was (58.25%, 95%CI
[51.40,65.10]; I’=91.6%, p=0.000) for articles published

Study

2015-2019

Alemayehu et al. (2019)
Malako et al. (2019)
Woldie et al. (2015)
Malako et al. (2018)
Roba et al. (2016)

Subtotal (I-squared = 91.6%, p = 0.000)

2020-2021

Gebrehaweria and Lemma (2020)
Sorsa etal. (2021)

Molla et al. (2020)

Heinrichs et al. (2021)

Heinrichs et al. (2021)

Subtotal (I-squared = 98.8%, p = 0.000)

Overall (I-squared = 97.7%, p = 0.000)

NOTE: Weights are from random effects analysis

2015-2019. Whereas, for articles published 2020-2021, the
pooled prevalence anemia was (59.33%, 95%CI [48.71,
69.94]; 1>=98.8%, p=0.000) (Figure 4).

%

ES (95% Cl) Weight
y
1
|
| =  65.70(62.74,68.66) 10.16
—— E 52.00 (47.52, 56.48) 9.91
| —%—  66.60 (61.64, 71.56) 9.81
—— E 52.60 (48.16, 57.04) 9.91
— 53.70 (47.05, 60.35) 9.40
<> 58.25 (51.40, 65.10) 49.19
1
1
1
1
I
! & 72.30 (70.56, 74.04) 10.30
- X 44.40 (41.18, 47.62) 10.13
—— E 47.50 (43.25, 51.75) 9.95
| - 71.00 (68.52, 73.48) 10.23
1
ha 61.00 (58.34, 63.66) 10.20
<> 59.33 (48.71, 69.94) 50.81
I
<> 58.78 (52.13, 65.43) 100.00
1
1
1
1

I
74

0

Figure 4. Subgroup analysis by articles publication year on the pooled prevalence of anemia.

3.4.3. Subgroup Analysis by Sample Size

The pooled prevalence of anemia was (62.93%, 95%CI
[54.00,71.86]; 1>=98.4%, p=0.000) for sample size >600.
Whereas, for sample size <600, the pooled prevalence of
anemia was (54.43%, 95%CI [48.03, 60.82]; 1°=88.5%,
p=0.000).

3.5. Publication Bias and Heterogeneity

According to the I statistics, there was a significant heter-
ogeneity among the included studies (I*> = 97.7%, p=0.000)
(Figure 2). The funnel plot displays the asymmetrical distri-
bution of the included articles, and this suggests that there was
publication bias. As the p-value is > 0.05 (0.210), there is no
statistical evidence of publication bias using the Begg's test.

Furthermore, As the p-value is <0.05 (0.029), there is statisti-
cal evidence of publication bias using the Egger’s test.

3.6. Trim and Fill Analysis

The publication bias was evidenced by visual funnel plot
asymmetry and statistical significance of Egger’s Test. How-
ever, the subsequent trim-and-fill analysis showed that no
trimming was performed, and the data were unchanged.

3.7. Sensitivity Analysis

The Sensitivity analysis for the present meta-analysis was
performed by using the random effects model. The result in-
dicated that there was no single study that influence the prev-
alence of anemia.
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3.8. Determinants of Anemia

3.8.1. Dietary Diversity Status

Children exposed to poor dietary diversity were 2.81 times more likely anemic [AOR=2.81, 95%CI: 2.51, 3.11, 1>=0.0%, p-
value=0.514] as compared to their counterparts who were exposed to a good dietary diversity (Figure 5).

Study %
D OR (95% Cl) Weight
1
1
'
Malako et al. (2019) —_ 2.95 (2.38, 3.52) 27.39
1
1
'
'
Woldie et al. (2015) —— 3.20 (2.30, 4.10) 11.05
'
'
1
|
Molla et al. (2020) - 2.50 (1.97, 3.03) 31.46
'
1
1
'
Malako et al. (2018) — 2.86 (2.32, 3.40) 30.10
I
1
Overall (I-squared = 0.0%, p = 0.514) 2.81(2.51,3.11) 100.00
'
1
1
'
'
NOTE: Weights are from random effects analysis :
!
T T

T
o 1 10

Figure 5. The pooled effect of dietary diversity on anemia among children aged 6-23 months in Ethiopia.

3.8.2. History of Diarrhea over the Last Two Weeks 95%CTI: 2.39,5.56, 1’=81.2%, p-value=0.021] as compared to
children who had no history of diarrhea over the last two

Children who had history of diarrhea over the last two :
weeks (Figure 6).

weeks were 3.97 times more likely anemic [AOR=3.97,

Study %

D OR (95% CI) Weight

Sorsa et al. (2021) 3.27(2.73, 3.80) 56.60
Woldie et al. (2015) 4.90 (3.62, 6.18) 43.40
Overall (l-squared = 81.2%, p = 0.021) 3.97 (2.39, 5.56) 100.00

NOTE: Weights are from random effects analysis

T T T
01 1 10

Figure 6. The pooled effect of history of diarrhea over the last two weeks on anemia.
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3.8.3. Household Food Insecurity

Children who were exposed to household food insecurity

Study

Molla et al. (2020)

Malako et al. (2018)

Overall (l-squared = 0.0%, p = 0.919)

NOTE: Weights are from random effects analysis

were 2.72 times more likely anemic [AOR=2.72, 95%CI: 2.34,
3.10, I=0.0%, p-value=0.919] as compared to children who
were exposed to food security (Figure 7).

OR (95% Cl) Weight
.
1
1
1
1
- 2.70(2.17,3.23) 52.02
1
1
1
1
1
—;0— 2.74(2.19, 3.29) 47.98
1
1
1
< } 2.72(2.34,3.10) 100.00
1
1
1
1
1
1
1
1
1
1
L

T
10

Figure 7. The pooled effect of household food insecurity on anemia.

4. Discussion

Anemia among children is a serious problem which remains
a burden globally. Furthermore, its impact is significantly in-
creasing in developing countries like SSA. This study was
proposed to determine the pooled prevalence of anemia and
determinants in “children aged 6-23 months” in Ethiopia. The
pooled prevalence of anemia was 58.78% (95%CI:
52.13,65.43) in this study. This finding was lower than the
study report from 32 SSA countries which reported the prev-
alence of anemia of children aged 6-23 months in SSA as 76.6%
[24]. This might be because of the study report from 32 SSA
countries utilized the demographic health survey of those
countries.

The present study finding was higher than the studies done
in Huaihua, Hunan Province, China (29.73%) [8]. The varia-
tion could be due that the difference in a study setting (insti-
tutional based), and sociodemographic characteristics of the
study participants. The present study finding was also higher
than the study done in Qiannan area of Guizhou province,
China (47.59%) [48]. The variation could be the difference in
the population characteristics and the specified anemia type
assessed in this study. The present study finding was also

higher than the study conducted in Madura rural, Indonesia
(46.7%) [49].

The present study finding was also higher than the three
years (2016-2018) report of prevalence of anemia in 6-23
months old infants and young children in China (27.0%) [50].
The present study finding was also higher than another com-
munity-based, cross-sectional survey done in Pinghu, a newly
developing city in Zhejiang Province, China (36.6%) [51].
The present study finding was also higher than a study con-
ducted at Karangklesem village, south Purwokerto (35.07%)
[52]. This could be due to the difference in sociodemographic
characteristics of the participants. However, the present study
finding was consistent with the study done in Huzhu County,
China, which revealed prevalence of anemia in children aged
6-23 months, 59.1% [53].

The subgroup analysis of this study revealed that there was
a difference of the pooled prevalence of anemia with region,
publication year and sample size categories. The pooled prev-
alence of anemia was (54.63%, 95%CI [47.41,61.86];
1’=95.3%, p=0.000) among regional based studies. Whereas,
among the national based studies, the pooled prevalence of
anemia was (68.15%, 95%Cl [61.57, 74.73]; 1*=96.0%,
p=0.000). The pooled prevalence of anemia was (58.25%,
95%CI [51.40,65.10]; 1>=91.6%, p=0.000) for articles pub-
lished 2015-2019. Whereas, for articles published 2020-2021,
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the pooled prevalence of anemia was (59.33%, 95%CI [48.71,
69.94]; I’=98.8%, p=0.000). The pooled prevalence of anemia
was (62.93%, 95%CI [54.00,71.86]; 1>=98.4%, p=0.000) for
sample size >600. Whereas, for sample size <600, the pooled
prevalence of anemia was (54.43%, 95%CI [48.03, 60.82];
1>=88.5%, p=0.000).

Regarding the determinants of anemia, children exposed to
poor dietary diversity were 2.81 times more likely anemic
[AOR=2.81, 95%CI: 2.51,3.11, I>=0.0%, p-value=0.514] as
compared to their counterparts who were exposed to a good
dietary diversity. Children who had history of diarrhea over
the last two weeks were 3.97 times more likely anemic
[AOR=3.97, 95%CI: 2.39,5.56, I’=81.2%, p-value=0.021] as
compared to children who had no history of diarrhea over the
last two weeks. This was consistent with a study done in Huai-
hua, Hunan Province, China (29.73%) [8]. Children who were
exposed to household food insecurity were 2.72 times more
likely anemic [AOR=2.72, 95%CI: 2.34,3.10, 1>=0.0%, p-
value=0.919] as compared to children who were exposed to
food secure.

5. Limitations of the Study

Despite the topic is interesting, critical and time-based
study, there was a scarcity of articles published on this topic.
Furthermore, some of the determinants of anemia were not
consistently measured. Therefore, it was difficult to include
them to estimate their pooled effects on this outcome of inter-
est.

6. Conclusion

The present study displayed that the pooled prevalence of
anemia among “children aged 6-23 months” was high. Dietary
diversity status, history of diarrhea over the last two weeks
and household food insecurity status were statistically signif-
icant determinants of anemia.

The findings of present study would enhance the improve-
ment of this problems. It will encourage the development of
different guidelines and strategies to abate this serious burden.
Therefore, various concerned bodies such as stakeholders,
healthcare providers, healthcare institutions, policy makers
and implementers, government and non-governmental origi-
nations would get this essential information to emphasize this
critical problem. Lastly, the authors suggest that any con-
cerned body should promote mothers of “children aged 6-23
months” to alert them about risk factors of anemia.

Abbreviations
AOR Adjusted Odds Ratio
CI Confidence Interval
EDHS Ethiopian Demographic and Health Survey
NOS Newcastle-Ottawa Scale

10

PRISMA  Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

SNNPR Southern Nations, Nationalities and Peoples

SSA Sub-Saharan Africa

UNICEF  United Nations International Children's
Emergency Fund

WHO World Health Organization

Author Contributions

Lidiya Tekle Gebreyohannes: Conceptualization, Data
curation, Formal Analysis, Investigation, Methodology, Re-
sources, Software, Validation, Visualization, Writing — origi-
nal draft, Writing — review & editing

Addisu Dabi Wake: Conceptualization, Data curation,
Formal Analysis, Investigation, Methodology, Software, Val-
idation, Visualization, Writing — original draft, Writing — re-
view & editing

Data Availability Statement

The datasets used and analyzed during the present study are
available from the corresponding author on reasonable request.

Conflicts of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

References

[1] WHO (2008), Anaemia.

https://www.who.int/data/nutrition/nlis/info/anaemia

Accessed 2 Nov 2022.

[2] Iron-Deficiency Anemia in Children.
https://www.nationwidechildrens.org/conditions/health-1i-
brary/iron-deficiency-anemia-in-children
Accessed 7 Nov 2022.

[3] Anemia in Children | Boston Children’s Hospital.
https://www.childrenshospital.org/conditions/anemia
Accessed 7 Nov 2022.

[4] Articles. Cedars-Sinai.
https://www.cedars-sinai.org/health-library/diseases-and-con-
ditions---pediatrics/a/anemia-in-children.html Accessed 7 Nov
2022.

[5] Endris BS, Dinant G-J, Gebreyesus SH, Spigt M. Risk factors
of anemia among preschool children in Ethiopia: a Bayesian
geo-statistical model. BMC Nutrition. 2022; 8: 2.

[6] WHO (2022), Anaemia.

https://www.who.int/health-topics/anaemia
Accessed 1 Nov 2022.


http://www.sciencepg.com/journal/rs

Rehabilitation Science

http://www.sciencepg.com/journal/rs

[7]

[12]

[14]

[17]

[19]

WHO Global Anaemia estimates, 2021 Edition.
https://www.who.int/data/gho/data/themes/topics/anae-
mia_in_women_and_children Accessed 31 Oct 2022.

Huang Z, Jiang F, Li J, Jiang D, Xiao T, Zeng J. Prevalence
and risk factors of anemia among children aged 6-23 months
in Huaihua, Hunan Province. BMC Public Health. 2018; 18:
1267.

Iglesias Vazquez L, Valera E, Villalobos M, Tous M, Arija V.
Prevalence of Anemia in Children from Latin America and the
Caribbean and Effectiveness of Nutritional Interventions: Sys-
tematic Review and Meta—Analysis. Nutrients. 2019; 11: 183.

Yang F, Liu X, Zha P. Trends in Socioeconomic Inequalities
and Prevalence of Anemia Among Children and Nonpregnant
Women in Low- and Middle-Income Countries. JAMA Net-
work Open. 2018; 1: ¢182899.

Li Q, Liang F, Liang W, Shi W, Han Y. Prevalence of Anemia
and Its Associated Risk Factors Among 6-Months-Old Infants
in Beijing. Frontiers in Pediatrics. 2019; 7.

Ewusie JE, Ahiadeke C, Beyene J, Hamid JS. Prevalence of
anemia among under-5 children in the Ghanaian population:
estimates from the Ghana demographic and health survey.
BMC Public Health. 2014; 14: 626.

Alemayehu M, Meskele M, Alemayehu B, Yakob B. Preva-
lence and correlates of anemia among children aged 6-23
months in Wolaita Zone, Southern Ethiopia. PLOS ONE. 2019;
14: €0206268.

Gebreweld A, Ali N, Ali R, Fisha T. Prevalence of anemia and
its associated factors among children under five years of age
attending at Guguftu health center, South Wollo, Northeast
Ethiopia. PLOS ONE. 2019; 14: €0218961.

Malako BG, Asamoah BO, Tadesse M, Hussen R, Gebre MT.
Stunting and anemia among children 6-23 months old in
Damot Sore district, Southern Ethiopia. BMC Nutrition. 2019;
5:3.

Gebereselassie Y, BirhanSelassie M, Menjetta T, Alemu J,
Tsegaye A. Magnitude, Severity, and Associated Factors of
Anemia among Under-Five Children Attending Hawassa Uni-
versity Teaching and Referral Hospital, Hawassa, Southern
Ethiopia, 2016. Anemia. 2020; 2020: €7580104.

Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N,
Lozano R, et al. A systematic analysis of global anemia burden
from 1990 to 2010. Blood. 2014; 123: 615-24.

Plessow R, Arora NK, Brunner B, Tzogiou C, Eichler K, Briig-
ger U, et al. Social Costs of Iron Deficiency Anemia in 6-59-

Month-Old Children in India. PLOS ONE. 2015; 10: e0136581.

Seeler RA. Deaths in Children with Sickle Cell Anemia: A
Clinical Analysis of 19 Fatal instances in Chicago. Clin Pediatr
(Phila). 1972; 11: 634-7.

Lobo CL de C, Nascimento EM do, Jesus LIC de, Freitas TG
de, Lugon JR, Ballas SK. Mortality in children, adolescents and
adults with sickle cell anemia in Rio de Janeiro, Brazil. Hema-
tol, Transfus Cell Ther. 2018; 40: 37-42.

11

(23]

[24]

(23]

[26]

(27]

(28]

[29]

(30]

(31]
(32]

[33]

[34]

Tolentino K, Friedman JF. An update on anemia in less devel-
oped countries. Am J Trop Med Hyg. 2007; 77: 44-51.

Muoneke VU, Ibekwe RC, Nebe-Agumadu HU, Ibe BC. Factors
associated with mortality in under-five children with severe ane-
mia in Ebonyi, Nigeria. Indian Pediatr. 2012; 49: 119-23.

Tesema GA, Worku MG, Tessema ZT, Teshale AB, Alem AZ,
Yeshaw Y, et al. Prevalence and determinants of severity levels
of anemia among children aged 6-59 months in sub-Saharan
Africa: A multilevel ordinal logistic regression analysis. PLoS
ONE. 2021; 16.

Seifu BL, Tesema GA. Individual-and community-level factors
associated with anemia among children aged 6-23 months in
sub-Saharan Africa: evidence from 32 sub-Saharan African
countries. Archives of Public Health. 2022; 80: 183.

Commey JO, Dekyem P. Childhood deaths from anaemia in
Accra, Ghana. West Afr J Med. 1995; 14: 101-4.

Makani J, Cox SE, Soka D, Komba AN, Oruo J, Mwamtemi H,
et al. Mortality in Sickle Cell Anemia in Africa: A Prospective
Cohort Study in Tanzania. PLOS ONE. 2011; 6: e14699.

Feleke BE, Derbie A, Zenebe Y, Mekonnen D, Hailu T, Tulu
B, et al. Burden and determinant factors of anemia among ele-
mentary school children in northwest Ethiopia: a comparative
cross sectional study. African Journal of Infectious Diseases.
2018; 12: 1-6.

Locks LM, Reerink I, Tucker Brown A, Gnegne S, Rama-
lanjaona N, Nanama S, et al. The Impact of Integrated Infant
and Young Child Feeding and Micronutrient Powder Interven-
tion on Feeding Practices and Anemia in Children Aged 6-23
Months in Madagascar. Nutrients. 2017; 9: 581.

Wilunda C, Tanaka S, Esamai F, Kawakami K. Prenatal anemia
control and anemia in children aged 6-23 months in sub-Sa-
haran Africa: Maternal & Child Nutrition. 2017; 13: e12375.

Huo J, Sun J, Fang Z, Chang S, Zhao L, Fu P, et al. Effect of
Home-Based Complementary Food Fortification on Preva-
lence of Anemia Among Infants and Young Children Aged 6
to 23 Months in Poor Rural Regions of China. Food Nutr Bull.
2015; 36: 405-14.

Wikipedia. Ethiopia. Wikipedia. 2021.

WHO (World Health Organization), Hemoglobin Concentra-
tions for the Diagnosis of Anemia and Assessment of Severity:
Vitamin and Mineral Nutrition Information System WHO,
WHO, Geneva, Switzerland, 2011,
http://www.who.int/vmnis/indicators/haemoglobin.pdf

Iron deficiency anemia assessment, prevention, and control: A
guide for program managers. UNICEF, UNU, WHO, 2001
(WHO/NHD/01.2). Available at
http://www.who.int/reproductive-health/docs/anaemia.pdf ac-
cessed by Feb 2016.

Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi
G, Rapi S, et al. Panethnic Differences in Blood Pressure in
Europe: A Systematic Review and Meta-Analysis. PLoS ONE.
2016; 11: e0147601.


http://www.sciencepg.com/journal/rs

Rehabilitation Science

http://www.sciencepg.com/journal/rs

[35]

[36]

[42]

GA Wells, B Shea, D O’Connell, J Peterson, V Welch, M
Losos, et al. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomized Studies in Meta-Analyses, Ot-
tawa Hospital Research Institute, Ottawa, Canada.
http://www.ohri.ca/programs/clinical epidemiology/ox-
ford.asp Accessed 21 May 2021.

Yazew KG, Walle TA, Azagew AW. Prevalence of anti-dia-
betic medication adherence and determinant factors in Ethiopia:
A systemic review and meta-analysis, 2019. International Jour-
nal of Africa Nursing Sciences. 2019; 11: 100167.

Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, Bo-
tella J. Assessing heterogeneity in meta-analysis: Q statistic or
I2 index? Psychological Methods. 2006; 11: 193-206.

Higgins JP, Green S. Cochrane Handbook for Systematic Re-
views of Interventions : Cochrane Book Series. 2008.: 187-241.

Egger M, Davey-Smith G, Altman D., Systematic reviews in
health care: meta-analysis in context. 2. ed., [Nachdr.]. London:
BMJ Books; 2009.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021; n71.

Gebrehaweria Gebremeskel M, Lemma Tirore L. Factors As-
sociated with Anemia Among Children 6-23 Months of Age in
Ethiopia: A Multilevel Analysis of Data from the 2016 Ethio-
pia Demographic and Health Survey. Pediatric Health Med
Ther. 2020; 11: 347-57.

Sorsa A, Habtamu A, Kaso M. Prevalence and Predictors of
Anemia Among Children Aged 6-23 Months in Dodota District,
Southeast Ethiopia: A Community-Based Cross-Sectional
Study. Pediatric Health Med Ther. 2021; 12: 177-87.

Woldie H, Kebede Y, Tariku A. Factors Associated with Ane-
mia among Children Aged 6-23 Months Attending Growth
Monitoring at Tsitsika Health Center, Wag-Himra Zone,
Northeast Ethiopia. Journal of Nutrition and Metabolism. 2015;
2015: €928632.

Molla A, Egata G, Mesfin F, Arega M, Getacher L. Prevalence
of Anemia and Associated Factors among Infants and Young
Children Aged 6-23 Months in Debre Berhan Town, North
Shewa, Ethiopia. Journal of Nutrition and Metabolism. 2020;
2020: 2956129.

12

[45]

[46]

[47]

[48]

[49]

[50]

[51]

(52]

(53]

Heinrichs H, Endris BS, Dejene T, Dinant G-J, Spigt M. Anae-
mia and its determinants among young children aged 6-23
months in Ethiopia (2005-2016). Matern Child Nutr. 2021; 17:
¢13082.

Malako BG, Teshome MS, Belachew T. Anemia and associ-
ated factors among children aged 6-23 months in Damot Sore
District, Wolaita Zone, South Ethiopia. BMC Hematology.
2018; 18: 14.

Roba KT, O’Connor TP, Belachew T, O’Brien NM. Anemia
and undernutrition among children aged 6-23 months in two
agroecological zones of rural Ethiopia. Pediatric Health Med
Ther. 2016; 7: 131-40.

Yu C, Ban W, Xie L. Prevalence and influence factors of iron
deficiency anemia among 6 — 23 months old children in Qi-
annan area of Guizhou province. zgggws. 2018; 34: 1-1.

Muslihah N, Wiluyjeng CS, Kusuma TS. Household Food Inse-
curity, Inappropriate Complementary Feeding, and Associated
with High Stunting and Anemia Among Children Aged 6-23
Months, in Madura Rural, Indonesia. Current Developments in
Nutrition. 2022; 6 Supplement 1: 933.

Liu J, Huo J, Liu Z, Sun J, Huang J. Prevalence and Temporal
Trend (2016-2018) of Anaemia among 6—23-Month-Old In-
fants and Young Children in China. International Journal of
Environmental Research and Public Health. 2021; 18: 2041.

Hu S, Tan H, Peng A, Jiang H, Wu J, Guo S, et al. Disparity of
anemia prevalence and associated factors among rural to urban
migrant and the local children under two years old: a popula-
tion based cross-sectional study in Pinghu, China. BMC Public
Health. 2014; 14: 601.

Adriyani FHN, Hikmanti A. Correlations of Anemia, Stunting,
and Sociodemographic Characteristics and Energy Among
Children Aged 6-23 Months at Karangklesem Village, South
Purwokerto. Atlantis Press; 2020. p. 196-203.

Huang Y, Wang L, Huo J, Wu Q, Wang W, Chang S, et al.
Prevalence and causes of anaemia in children aged 6-23
months in rural Qinghai, China: findings from a cross-sectional
study. BMJ Open. 2019; 9: ¢031021.


http://www.sciencepg.com/journal/rs

