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Abstract

Background. Iron deficiency anemia is a common health problem that affects children under the age of five. Children’s
cognitive performance is impaired by iron deficiency, which impacts their psychomotor development. Therefore, the
aim of this study was to determine the global prevalence and associated factors of iron deficiency and iron deficiency
anemia among under-5 children. Methods. Relevant publications published till March 30, 2021 were identified in
databases such as Medline/PubMed, Science Direct, Popline, EMBASE, African Journals Online, Scopus, and Google
Scholar. The STATA version || software was utilized for the analysis. To determine the level of heterogeneity, I?
test statistics were used. To detect publication bias, funnel plots analysis and the Egger weighted regression test
were used. Results. The global pooled prevalence of iron deficiency anemia and iron deficiency was 16.42% (95%
Cl: 10.82, 22.01) and 17.95% (95% Cl: 13.49, 22.41), respectively. Age less than 2years (OR=1.26; 95% CI: |.14,
1.38) and living in a large family size (OR=1.38; 95% CI: 1.18, 1.58) were associated with iron deficiency anemia.
Children born from anemic mother, low birth weight, and do not drink iron fortified milk (OR=1.20; 95% ClI: 1.05,
1.36), (OR=1.15; 95% CI: 1.01, 1.36) and (OR=1.28; 95% CI: 1.10, 1.46), respectively were associated factors of
iron deficiency in under-5 children. Conclusion. The prevalence of iron deficiency anemia and iron deficiency was
significant across the globe, particularly in Asia and Africa. Therefore, regular screening and treatment of iron
deficiency and iron deficiency anemia are required especially in high-risk children to reduce their complication.
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neurotransmitter action, and neuronal and glial energy
metabolism.?

Introduction

Anemia occurs when the number of red blood cells or
their capacity to carry oxygen is insufficient to meet the
body’s physiological demands. Its cause might be com-
plex and occur at the same time, but the most common
cause is a quantitative and qualitative deficiency of iron
in the diet.!

Iron is an essential nutrient for human growth at all
stages. It is especially important for children because it
has a significant impact on their development.” Iron is
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also crucial for the growth and development of the cen-
tral nervous system, especially during childhood. Iron is
required for brain growth, myelination, monoamine
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Iron deficiency (ID) is a global health problem that
can be defined as plasma ferritin <12 pg/L that has
not been adjusted for infection or inflammation. ID is
defined as a transferrin saturation (TS) <10% or
serum ferritin <15pg/L.* It has an impact on chil-
dren’s psychomotor development as well as their cog-
nitive abilities.® It is the most common micronutrient
shortage in young children around the world due to
their rapid growth and high iron requirements.
Globally ID affects around 2 billion people, primarily
pregnant women and under-5 children residing in
developing countries.’

IDA is regarded as the proxy indicator of ID because
it is believed that most of the ID is caused by poor nutri-
tional iron intake and low iron bioavailability.” After the
3 successive steps of iron deficiency, iron store deple-
tion, iron-deficient erythropoiesis, and finally end up
with iron-deficiency anemia (IDA). IDA is a micronutri-
ent deficiency that affects under-5 children in both
developed and developing countries.® IDA is confirmed
as anemia with ID.’

When the prevalence of IDA exceeds 5% of the pop-
ulation, it is considered a public health problem. Anemia
affects billions of people around the world, with young
children and pregnant women being particularly vulner-
able. IDA is responsible for half of the global prevalence
of anemia.'’ IDA, the most severe type of ID, is esti-
mated to affect 20% to 25% of pre-school children
worldwide, with the highest prevalence in South Asia
and Africa.!! In Europe, the incidence of IDA in toddlers
is lower than in Africa and Asia.'?

IDA in infancy has been linked to long-term poor
cognitive and behavioral performance in children.'?
The brain, central nervous system, and immunological
system of children under the age of 5 are all affected by
IDA.’ Low birth weight, frequent use of cow’s milk,
low consumption of iron-rich supplementary foods,
and low socioeconomic status are all thought to be risk
factors for IDA.'* Poor sanitation, joblessness, low
wages, poor housing, low education, living in rural
areas, drinking cow’s milk more frequently, and poor
health conditions, are all possible causes and associ-
ated factors for anemia in people of all ages, particu-
larly children under the age of 2.°

Despite there are plenty of awareness about the high
risk of children for ID, still they are disproportionately
affected by IDA. For early detection and prevention of
IDA and ID, risk factors should be recognized. Thus, the
goal of this study was to determine the global preva-
lence of ID and IDA, as well as their associated factors,
among under-5 children.

Methods

Context and Protocol Development of the
Review

The Preferred Reporting Items for Systematic Review
and Meta-Analysis protocol (PRISMA-P 2020
Guidelines)"® were used to conduct this systematic
review and meta-analysis (Supplemental Table S1). The
protocol was registered in PROSPERO with the
CRD42021267060 registration ID.

Eligibility Criteria
This systematic review and meta-analysis include stud-
ies that were published or accepted in a peer-reviewed
journal; data included articles that were conducted from
all ethnicities, socioeconomic and educational back-
grounds. Cross-sectional, case-control, and prospective
cohort studies that include the outcome of interest in
their reports were included in the study. All articles pub-
lished in English language before March 30, 2021, were
included. We excluded single case studies, qualitative
studies, and research reports that were not accessible or
were not in English.

Moreover, studies that did not look into the outcomes
or looked into other types of anemia that were not related
to iron consumption were excluded.

Outcome of Interest

The primary outcome of interest was to estimate the
global pooled prevalence of ID and IDA among under-5
children. The second outcome of the review was to iden-
tify factors linked to ID and IDA in children under the
age of 5. Hemoglobin (Hgb) <I11g/dL, ferritin
<12pg/L, and/or mean cell volume (MCV) <74fL
were used to define IDA, while ID was defined as, fer-
ritin <12 pg/L and/or MCV <74fL. In many previous
studies, the cutoff levels for Hb (11 g/dL) and for MCV
(74fL) were used.*'®!'7 To exclude out cases with a
probable rise in ferritin concentration due to infection,
C-reactive protein (CRP) concentration of <5mmol/L
was utilized as a criteria. A serum concentration of solu-
ble transferrin receptor (sTfR) more than 3.3 mg/L could
be utilized to detect latent ID. 8

Search Strategy

Data were collected by searching previously published
literature in databases such as PubMed, Science
Direct, Google Scholar, Scopus, African journals



Gedfie et al

Online, EMBASE, and Popline. There was no time
restriction while searching and all articles published up
to March 30, 2021, were included. Using Boolean opera-
tors like “OR” and “AND,” the search terms were uti-
lized independently and in combination. The searching
terms used in PubMed ((((iron deficiency anemia [Text
Word]) OR (hematological profile[Text Word])) OR
(hematological parameters[ Text Word]) OR (hematolog-
ical abnormalities|Text Word]) OR (iron status[Text
Word]) OR (iron deficiency [MeSH Terms]) OR
(hematological profilefMeSH Terms]) OR (hematologi-
cal parametersfMeSH Terms]) OR (hematological
abnormalities]MeSH Terms]) OR (iron deficiency ane-
mia [MeSH Terms]) AND (under-five children[Text
Word]) OR (children 6-59 months old[Text Word]) OR
(pre-school children[Text Word]). Additional publica-
tions were discovered through a manual search and refer-
ence lists cited in relevant articles.

Study Selection and Quality Assessment

EndNote X7 (Thomson Reuters, Universitaet-
Heidelberg, Germany) was used to collect and organize
the search results, as well as to remove duplicate arti-
cles. Two authors (SG* and SG) screened articles based
on their titles and abstracts. Similarly, 2 authors (SG*
and SG) independently assessed the methodological
quality of eligible articles using Joanna Briggs Institute
(JBI) critical appraisal tools.!” Discrepancies between
authors were resolved through discussion and the
involvement of the third author (MM). The tool consists
of different items for each study design types, to assess
the internal and external validity of studies. For analyti-
cal cross-sectional studies, the tools consist of 8 differ-
ent items, to include the study the percentage of the
overall “Yes” response should be greater than 50%. The
tool for case-control and prospective cohort studies con-
sists of 10 and 12 different items, respectively to assess
the internal and external validity of studies. To include
the study the percentage of the overall “Yes” response
should be greater than 50%.2%?! Any disagreement by 2
authors during quality appraisal were resolved through
discussion by the involvement of the third author.

Data Extraction

Studies that matched the eligibility criteria were sub-
jected to data extraction using a data extraction work-
sheet. Items extracted for analysis were: authors’ name,
year of publication, sample size, total number of cases,
study design, study setting, region (continent) where the

study was conducted, factors associated with IDA and ID
with their odds ratio, and the prevalence of ID and IDA.

Statistical Analysis

Data was extracted and entered into Microsoft Excel
before being exported to STATA version 11 for analysis.
The pooled effect size and confidence interval (CI) were
calculated using a random-effect model meta-analysis.
The degree of heterogeneity between the included stud-
ies was quantified using Higgin’s I? statistics.?> Low,
medium, and high heterogeneity are assumed to be rep-
resented by I? values of 25%, 50%, and 75%, respec-
tively. To resolve the source of high heterogeneity,
sub-group analysis by study setting and continent, as
well as sensitivity analysis were done. To detect publica-
tion bias, funnel plots analysis and the Egger weighted
regression test were used. In Egger’s test, a P-value of
<.05 was deemed evidence of statistically significant
publication bias.?? Trim and fill analysis was done for ID
since there was publication bias.

Results
Identified Studies

A total of 832 studies were identified through database
literature searching. After removing duplicates, we got a
total of 192 studies. Then 192 articles were screened.
Out of which, 151 studies were excluded by reading
their titles and 13 studies were excluded through reading
their full-text since the outcome of interest were not
reported. Finally, 28 full-text studies (24 studies report
IDA, 16 studies report ID, and 16 studies report factors
associated with IDA, and 10 studies report factors asso-
ciated with ID) were used for the final qualitative and
quantitative analysis (Figure 1).

Description of Identified Studies

In this study, 28 articles were included. Out of 28 arti-
cles, 13 were done in the Asian continent,>**3> 7 were
done in the African continent,’*** 3 in the North-
America continent,** 1 in South-America,*® and 4
were done in the European continent.*’>° The sample
size of included study varied from 233¢ to 71383
under-5 children. The included studies were conducted
on a total of 27,896 under-5 children, out of them 4581
had IDA. The minimum prevalence of IDA (1.1%) was
reported in North America* and the maximum preva-
lence of IDA (33.2%) was reported in Pakistan, Asia.>*
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l
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(n=192)
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!
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v

Full-text articles assessed
for eligibility (n=41)

v

Full-text articles excluded,
with reasons (n = 13)

v 8=studies did not report the
outcome variable

v" 5=due to method of
reporting for ID and IDA

synthesis (n=28)

Studies included in qualitative

prevalence

v

‘Included ‘ ‘Eligibility ‘ ‘ Screening ‘ ‘Identiﬁcation‘

synthesis (n=28 (24 for IDA
and 16 for ID)

Studies included in qualitative

Figure |. Flow chart to describe the selection of studies for the systematic review and meta-analysis on the prevalence and

associated factors of IDA and ID among under-5 children.

Four studies™*334¢ only report factors that are associated

with IDA and ID. The included articles’ detailed features
for meta-analysis were given in detail in Table 1. The
methodological quality included studies’ is provided in
Supplemental Table S2.

Prevalence of IDA and ID Among Under-5
Children

The global pooled prevalence of IDA among under-five
children was 16.42% (95% CI: 10.82, 22.01) and I of
99.5%, P<.001 (Figure 2). Since there was significant
heterogeneity, subgroup analysis was done by continent
and study setting, the result showed that the pooled
prevalence of IDA was 23.37% (95% CI: 12.88, 33.87)
in Asia and 16.40% (95% CI: 7.07, 25.73) in Africa.
Besides, the pooled prevalence of IDA was 12.91%
(95% CI: 4.95, 20.85) in community-based studies and
19.49% (95% CI: 10.68, 28.30) in hospital-based

studies, but still there was a significant heterogeneity
(Table 2).

Using a random-effects model, the global pooled
prevalence of ID among under-5 children was found to
be 17.95% (95% CI: 13.49, 22.41) and I value 0f 97.5%,
P<.001 (Figure 3). Since there was significant hetero-
geneity, subgroup analysis by continent showed that the
pooled prevalence of ID was high in Asia (20.33% (95%
CI: 8.77, 31.90)) and African continent (18.50% (95%
CI: 7.51, 29.50)). In addition, the pooled prevalence of
ID was 14.44% (95% CI: 9.63, 19.24) in community-
based studies and 20.73% (95% CI: 12.93, 28.52) in
hospital-based studies, but there was a significant het-
erogeneity (Table 2).

Publication Bias

The funnel plot and Egger’s statistics were used to
visually examine the included studies for potential



Gedfie et al 5
Table I. Characteristics of included studies in the meta-analysis.
Sample Number of

First author Study design Continent Study setting size cases IDA (%) ID (%)
Innis et al*® Cross-sectional ~ North America ~ Community-based 434 31 7.1 24.2
Kadivar et al*® Case-control Asia Hospital-based 583 101 17.3 19.7
Quaderi et al*? Cross-sectional Asia Hospital-based 331 60 18.1 —
Donahue Angel et al’’ Cross-sectional Africa Community-based 577 174 30.2 31.0
Chen et al®! Cross-sectional ~ Asia Community-based 509 21 4.1 10.0
Habib et al* Cross-sectional  Asia Community-based 7138 2370 332 —
Keikhaei et al?’ Cross-sectional ~ Asia Hospital-based 337 99 29.4 —
Kikafunda et al®® Cohort study Africa Hospital-based 23 5 217 —
Harvey-Leeson et al*® Cross-sectional Africa Hospital-based 372 38 10.2 12.1
Gupta et al** Cross-sectional North America Community-based 1156 13 1.1 7.2
Wirth et al?® Cross-sectional  Asia Community-based 1455 95 6.5 15.1
Bahizire et al*’ Cross-sectional ~ Africa Hospital-based 377 62 16.4 4.4
Uijterschout et al*’ Cross-sectional Europe Community-based 400 34 85 19.0
Vendt et al*® Cross-sectional Europe Hospital-based 171 17 9.9 14.0
Weiler et al* Cross-sectional North America Hospital-based 430 13 3.0 16.5
Wirth et al* Cross-sectional ~ Africa Community-based 839 32 38 52
Sirdah et al¥’ Cross-sectional ~ Asia Community-based 735 261 335 —
Kessy et al*! Cross-sectional Africa Hospital-based 303 84 28.1 40.9
Siti-Noor et al? Cross-sectional  Asia Hospital-based 490 155 31.6 38.9
Akodu et al® Cross-sectional ~ Africa Hospital-based 87 9 10.11 —
Halib et al*® Cross-sectional  Asia Community-based 249 20 77 12.6
Soh et al*’ Cross-sectional Europe Community-based 323 14 4.3 18.6
Faysal et al?* Cross-sectional  Asia Hospital-based 1595 798 50 —
Tympa-Psirropoulou et al®®  Cross-sectional Europe Hospital-based 938 75 7.99 —
Khan et al** Cross-sectional ~ Asia Community-based 2171 — — —
Bharati et al® Case-control Asia Community-based 35591 — — —
Ayoya et al* Cross-sectional South America Hospital-based 557 — — —
Joo et al®® Cohort Asia Hospital-based 1782 — — —

publication bias. As shown in Figures 4 and 5, the fun-
nel plot is asymmetric and shows an evidence of publi-
cation bias. The Egger weighted regression statistics
indicated that there was no publication bias for studies
included for IDA (P=.061), but for studies included
for ID indicated that an evidence of publication bias
(P=.001).

Trim and fill analysis. Trim and fill analysis was done to
overcome the influence of the small-study effect due to
the presence of publication bias. In the random-effect
model, 7 additional studies were added to estimate the
pooled prevalence of ID among under-5 children, which
was determined to be 9.73% (95% CI: 4.88-14.57).

Sensitivity Analysis

A random effect model was used to do a sensitivity anal-
ysis on the prevalence of IDA and ID among under-5
children. By removing each study in a stepwise manner,
the effect of each study on the pooled estimated preva-
lence of IDA and ID was evaluated. The findings
revealed that excluded studies had no significant effect

on the pooled prevalence of both IDA and ID among
children under the age of 5, with substantial heterogene-
ity between studies (Supplemental Tables S3 and S4).

Factors Associated with IDA and ID

The association between drinking cow’s milk frequently,
being a male child, age less than 2 years, and living in a
large family size IDA was carried out. In this meta-
analysis, to identify the associated factors, 5 articles were
used for drinking cow’s milk frequently,?0#1474950 5 for
being male child,>*?"3%3541 6 for age less than
2years,>3041424446 and 3 for living in large family
size.?>2048 Accordingly, children in the age group less
2years (OR=1.26; 95% CI: 1.14-1.38) and living in a
large family size (OR=1.38; 95% CI: 1.18-1.57) were
significantly associated with IDA (Figure 6).

To identify factors associated with ID, a total of 3
articles were used for children from anemic
mother,?”3%3* 6 for having low birth weight,?26.33,42.4648
and 2 for do not drink formula milk?**’ were used for
analysis. Children from anemic mother (OR=1.20;
95% CI: 1.05-1.36), having low birth weight
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Publication %
Author year ES (95% ClI) Weight
i
Innis SM et al, 1993 - : 7.14 (4.72,9.57) 4.24
Kadivar MR et al 2003 -IO- 17.32 (14.25, 20.40%.22
Quaderi HR et al 2016 -’I-O— 18.13 (13.98, 22.28%.18
Donahue Angel Metal 2010 : - 30.16 (26.41, 33.90%.20
Chen CM et al 2019 L d : 4.13(2.40,5.85) 4.26
Habib MA et al 2016 : L g 33.20 (32.11, 34.30%.27
Keikhaei B et al 2007 : — 29.38 (24.51, 34.24%.14
Kikafunda JK et al 2009 + 21.74 (4.88, 38.60) 3.08
Harvey-Leeson Setal 2016 - : 10.22 (7.14, 13.29) 4.22
Gupta PM et al 2016 * : 1.12(0.52,1.73) 4.27
Wirth JP et al 2018 *> : 6.53 (5.26,7.80) 4.27
Bahizire E et al 2017 —+— 16.45 (12.70, 20.19%.20
Uijterschout L et al 2014 - : 8.50 (5.77,11.23) 4.23
Vendt N et al 2007 - : 9.94 (5.46, 14.43) 4.16
Weiler HA et al, 2012 b d : 3.02(1.40,4.64) 4.26
Wirth JP et al 2016 - : 3.81(2.52,5.11) 4.27
Sirdah MM,et al 2014 | —— 35.51 (32.05, 38.97}.21
Kessy JP,et al 2019 : — 27.72 (22.68, 32.76%.13
Siti-Noor AS, et al 2006 | —— 31.63 (27.52, 35.75%.18
Akodu OS,et al 2016 —Oﬂl 10.34 (3.95, 16.74) 4.05
Halib H,et al 2017 - : 8.03 (4.66, 11.41) 4.21
Soh P,et al 2004 - : 4.33(2.11,6.56) 4.25
Faysal W,et al 2020 : - 50.03 (47.58, 52.49%.24
Tympa-Psirropoulou E, et 2005 > : 8.00 (6.26,9.73) 4.26
Overall (I-squared = 99.5%, p = 0.000) ¢ 16.42 (10.82, 22.01)100.00
NOTE: Weights are from random effects analysis E
[
a 510

Figure 2. Forest plot displaying the pooled prevalence of IDA among under-5 children.

(OR=1.15; 95% CI: 1.01-1.30), and do not drink for-
mula milk (OR=1.28; 95% CI: 1.10-1.46) were sig-
nificantly associated with ID (Figure 7).

Discussion

The goal of this study was to look at the findings of exist-
ing research to determine the global pooled prevalence of

IDA and ID, as well as their associated factors. The
global pooled prevalence of IDA among under-five chil-
dren was 16.42% (95% CI: 10.82, 22.01). When the
prevalence of anemia was greater than 40%, 20%, or 5%,
according to WHO categories, it was classed as severe,
moderate, or mild anemia.®' As a result, the current
study’s IDA level was classed as a moderate public health
problem among under-5 children.
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Table 2. Subgroup analysis on the prevalence of IDA and ID by continent and study setting among under-5 children.
IDA sub-group analysis
Continent/region Prevalence (95% CI) 12 (%) P-value
North America 4.18 (0.99-7.38) 90.3 =.001
Asia 23.37 (12.88-33.87) 99.3 =.001
Africa 16.40 (7.07-25.73) 98.0 =.001
Europe 7.39 (5.10-9.67) 68.4 =.001
Study setting
Community-based 12.91 (4.95-20.87) 99.7 =.001
Hospital-based 19.49 (10.68-28.30) 99.0 =.001
ID sub-group analysis
North America 15.84 (5.52-26.16) 97.3 =.001
Asia 20.33 (8.77-31.90) 97.8 =.001
Africa 18.50 (7.51-29.50) 98.7 =.001
Europe 16.59 (14.18-19.00) 46.4 .133
Study setting
Community-based 14.44 (9.63-19.24) 96.5 =.001
Hospital-based 20.73 (12.93-28.52) 97.8 =.001

The findings of the current study was comparable
with a systematic review and meta-analysis studies con-
ducted in Iran 18.2%° and Brazil 20.9%.%> However, the
findings was lower than the study conducted in Brazil
40.2%.% The reason might be due to the present study
that was conducted across the globe, which includes
studies conducted in developed countries, where IDA
was not a threat. Where as in Brazil there might be
increased poverty in some parts of the country which
resulted in malnutrition.>*

Sub-group analysis was done on the prevalence of
IDA among under-5 children based on the continent of a
study conducted. Accordingly, the prevalence of IDA
was relatively high in Asia (23.37% (95% CI: 12.88,
33.87)) and Africa (16.40% (95% CI: 7.07, 25.73))
when compared with studies conducted in North
America (4.18% (95% CI: 0.99, 7.38)), and Europe
(7.39% (95% CI: 5.10, 9.67)). The difference in the
pooled estimate of IDA in Asia and Africa with Europe
and North America might be due to the difference in
socio-economic status between the study subjects, ways
of life, and geographical difference between the study
subjects. Besides, people living in developing region
were vulnerable for nutrient deficiency and infection.>
Sub-group analysis based on study setting showed that
12.91% (95% CI: 4.95, 20.87) in the community-based
and 19.49% (95% CI: 10.68, 28.30) in the hospital-
based studies. There was no significant difference
between the 2 settings. Even though the difference was
not significant, the subgroup pooled estimate in the hos-
pital setting is higher than that of the community-based
setting. The reason might be individuals in the hospital

might suffering from a certain type of disease and they
might in need of immediate treatment.

The global pooled prevalence of ID among under-5
children was 17.95% (95% CI: 13.49, 22.41) according
to this study. The findings of this systematic review
and meta-analysis was comparable with a national esti-
mate conducted in Kuwait 17%.%° However, the find-
ing is higher than a national estimate conducted in
North America 2.9%.%” Hemoglobinopathies, chronic
renal disease, and gastrointestinal bleeding accounted
for a greater share of anemia burden in high-income
countries than ID.%” The findings was lower than a sys-
tematic review and meta-analysis conducted in Iran
27.7%,°” WHO’s reports of ID in Africa 62.3%, and in
Southeast Asia 53.8%.%! This could be due to the rea-
son that the current study covers the whole world and
the result may be affected with extremely low preva-
lence reported from developed countries. The variation
might be due to the difference in socio-economic sta-
tus, ways of life, density of parasitic infection, and the
feeding practice.®

Sub-group analysis on the prevalence of ID among
under-5 children based on continent of a study conducted
showed that 15.84% (95% CI: 5.52, 26.16) in North
America, 20.33% (95% CI: 8.77, 31.90) in Asia, 18.50%
(95% CI: 7.51, 29.50) in Africa, and 16.59% (95% CI:
14.18, 19.00) were in Europe. There is no significant dif-
ference between the study continents. Besides sub-group
analysis based on study setting also showed that 14.44%
(95% CI: 9.63, 19.24) in the community-based and
20.73% (95% CI: 12.93, 28.52) in the hospital-based.
Even though the difference was no significant, the pooled
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Publication %
Author year ES (95% Cl) Weight
|
Innis SM et al, 1993 : — 24.20 (20.17, 28.23)6.19
Kadivar MR et al 2003 -%0— 19.70 (16.47, 22.93)6.30
Donahue Angel M et #2010 E - 31.00 (27.23, 34.77)6.23
Chen CM et al 2014 - : 10.00 (7.39, 12.61) 6.38
1
Harvey-Leeson S et al2016 - : 12.10 (8.79, 15.41) 6.29
1
Gupta PM et al 2016 *> : 7.20(5.71,8.69) 6.47
Wirth JP et al 2018 +E 15.10 (13.26, 16.94)6.45
Bahizire E et al 2017 - E 4.40(1.87,6.93) 6.38
Uijterschout L etal 2014 —:0— 19.00 (15.16, 22.84)6.22
Vendt N et al 2007 —Oﬂl- 14.00 (8.79, 19.21) 5.99
1
Weiler HA et al, 2012 —0:— 16.50 (12.99, 20.01)6.26
I
Wirth JP et al 2016 *> : 5.20 (3.69, 6.71) 6.47
Kessy JP,et al 2019 E —&— 40.90 (35.36, 46.44)5.92
Siti-Noor AS,et al 2006 E —&—  39.00 (34.68, 43.32)6.14
Halib H,et al 2017 —O—E 12.90 (8.74, 17.06) 6.17
Soh Pet al 2004 —IO— 18.90 (14.63, 23.17)6.15
|
Overall (l-squared = 97.5%, p = 0.000) <> 17.95 (13.49, 22.41)100.00
I
NOTE: Weights are from random effects analysis :
I —
a 5 10

Figure 3. Forest plot displaying prevalence of ID among under-5 children.

estimate of ID in the hospital setting was higher than that
of community based, this might be due to the reason that
individuals visiting the hospital might be relatively in
need of treatment and suffering from a certain types of
diseases.”’

In this study, children under the age of 2 were 1.26
times more likely to acquire IDA (OR=1.26; 95% CI:
1.14, 1.38). This could be attributed to a higher need for
iron in this age group as a result of rapid growth and

development combined with a lack of iron intake.*°
Furthermore, because their immune is not well devel-
oped at this age, kids are at a significant risk of infec-
tion.>® Similarly, children who lived in large families
were 1.38 times more likely to have IDA than children
who lived in small families (OR=1.38; 95%: 1.18,
1.57). This finding was supported with a systematic
review and meta-analysis conducted on Brazilian chil-
dren>* and WHO reports for risk factors of under-5
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Figure 4. Funnel plot of studies included on the prevalence
of ID among under-5 children.

of IDA among under-5 children.
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Figure 6. Forest plot showing factors associated with IDA among under-5 children.
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Figure 7. Forest plot showing factors associated with ID among under-5 children.

IDA 2! If food production and family size do not increase
with the same rate, it will result with poverty and end up
with food insecurity with in the household. Large fami-
lies have a negative influence on household food secu-
rity, especially when it comes to nutrient-dense foods.

Children who had low birth weight were 1.15 times
more likely to develop ID than those having normal
birth weight (OR=1.15; 95% CI: 1.01, 1.30). This
finding is supported by a study conducted in Estonia.*®
The majority of children born small for gestational age
(SGA) catch up in weight and length within the first
2 years of life. As a result, the increased demand for
iron during this period of rapid growth may result in
ID.%! Children born from anemic mother were 1.20
times more likely to develop ID than their counter-
parts (OR=1.20; 95% CI: 1.05, 1.36). This finding

was supported by a study conducted in Pakistan.?°
Hemoglobin, iron, and ferritin concentrations in the
cord blood of anemic mothers were significantly
lower, and there were linear connections between
maternal hemoglobin and ferritin levels.®? This might
be due to anemia in mother’s results in low reserves of
iron in the infants.®® Similarly, children who did not
drink iron-fortified milk were 1.28 times more likely
to develop ID than their counterparts (OR=1.28; 95%
CI: 1.10, 1.46). This finding is supported by studies
conducted in Singapore?® and New Zealand.* Cow’s
milk is lower in iron, produces little blood loss in the
intestines, and makes iron absorption more difficult.
As aresult, it was well understood that cow’s milk was
the primary dietary risk factor for ID in children under
the age of 5.%
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Strengths and Limitations

An exhaustive search using different database and
searching strategies were the strength of this study. The
limitations of this study were, only including studies
published in English language, and excluding others.
Even though we performed subgroup and sensitivity
analysis heterogeneity was still observed in all analysis.
Due to the small number of papers published in some
regions, the results for this region may be slightly biased.

Conclusion

This study found that the pooled prevalence of IDA and
ID among under-5 children was found to be moderate,
especially in developing countries. It is concluded that
IDA and ID are a moderate public health problem in
children under-5 years of age. Children less than 2 years
old and those who are living in a large family size were
at risk of developing IDA. Whereas children born from
anemic mother, having low birth weight, and those don’t
drink iron fortified milk were at higher risk of develop-
ing ID than their counter parts. To lower the risk of pre-
term and low birth weight, starting iron supplementation
before or as soon as possible after pregnancy is advis-
able. Therefore, it needs a continuous screening pro-
gram for ID and IDA for early detection and treatment.
Supplementation and food fortification programs, as
well as feeding a diverse diet and counseling parents on
family planning, are all strongly advised to reduce
under-5 ID and IDA.
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