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Abstract

Background Children are among the most vulnerable groups for Helicobacter pylori (H. pylori) infection, which

was linked with an increased risk of anemia. H. pylori infection may cause the development of anemia through affect-
ing the absorption of different micronutrients and increasing hepcidin production from hepatocytes. This study
aimed to assess the effect of H. pylori infection on the occurrence of anemia in children.

Methodology Previously published articles were systematically searched on major databases including Science
Direct, PubMed, Embase, Scopus, Cochrane Library, and Science Citation Index using search terms. The search results
were imported into EndNote X9 to organize and remove duplicates. Then, relevant data was extracted and analyzed
using STATA version 16.0. The pooled odds ratio (OR) was calculated to evaluate the associations of H. pylori infection
with Anemia. Moreover, pooled standardized mean difference (SMD) of Hemoglobin (Hgb) and Serum ferritin (SF)
levels between cases and controls were calculated for group comparisons.

Results A total of nine published articles were included in this study. The result showed that H. pylori-infected chil-
dren had 2.68 times more risk of developing anemia compared to H. pylori-negative children (OR: 2.68:95% Cl:1.44—
4.99, p=0.002). Subgroup analyses based on study design showed an increased significant association between H.
pylori infection and anemia among case-control studies (OR:3.792:95%Cl;1.767,8.142, p=0.001). Subgroup analyses
based on the H. pylori detection method indicated an increased significant association between H. pylori infection
and anemia when the stool antigen test method was used (OR:3.801,95%Cl:1.090,13.250, p=0.036). Moreover, there
was a significant decrement of Hgb and SF levels in the H. pylori positive group compared to the negative group
with SMD of -0.54(95%Cl: -0.65,-0.42, p < 0.001) and —0.49(95% Cl: -0.91, -0.08, p < 0.020), respectively.

Conclusions This study revealed that children with H. pylori infection are at a higher risk of developing anemia

as compared to non-infected children. Moreover, the observed decrease in Hgb and SF levels in infected children sug-
gests that H. pylori may contribute to the development of anemia. Future research need to focus on the mechanisms
by which H. pylori infection contributes to anemia, as well as the potential benefits of targeted interventions in reduc-
ing both H. pylori prevalence and anemia rates in children.

Keywords Helicobacter pylori, H. Pylori, Anemia, Hemoglobin, Ferritin, Children, Meta-analysis

*Correspondence:

Muluken Walle

muluken.walle23@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-10427-8&domain=pdf

Walle et al. BMC Infectious Diseases (2025) 25:23

Introduction

Helicobacter pylori (H.pylori) is a Gram-negative, spi-
ral-shaped, microaerophilic pathogenic bacterium that
causes inflammation of the stomach lining [1]. It plays a
major role in chronic gastritis [2] and peptic ulcer disease
[3]. H. pylori affects 44.3% of world’s population with the
range of 34.7% in developed countries to 50.8% in devel-
oping countries [4], which varies according to location
and sanitation standards [5]. It is acquired during early
childhood and remains asymptomatic in most infected
individuals. The routes of transmission include person-
to-person through oral-oral (kissing, mouth feeding) or
fecal-oral route, consumption of contaminated water, and
vertical transmission through breastfeeding [6].

H. pylori infection has been linked with the develop-
ment of anemia in children [7]. Childhood anemia is a
condition where a child has an insufficient hemoglobin
(Hgb) level to provide adequate oxygen to the body tis-
sues. World Health Organization (WHO) suggests Hgb
cut-off values for diagnosing anemia at sea level as <10.5
g/dL in children aged 6-23 months, < 11 g/dL in children
aged 24-59 months, and <11.5 g/dL in children aged
5-11 years [8]. It has been hypothesized that H. pylori
infection can cause the development of different kinds
of anemia including, iron deficiency anemia (IDA) [9],
pernicious anemia [10], anemia of chronic disease (ACD)
[11, 12].

Iron deficiency anemia is a type of anemia due to
depressed levels of total body iron [13]. Serum ferritin
(SF) level was confirmed to be a good marker of total
body iron stores and IDA [14]. H.pylori infection might
cause IDA through different mechanisms, including
affecting dietary iron absorption [9], causing blood loss
[15], influencing iron transporter molecules [16], and
competing with the host [17]. Most dietary irons are in
non-hemic ferric form, and an increased gastric acid level
is needed to reduce into ferrous form for absorption [18].
However, chronic H. pylori infection frequently results
in atrophic gastritis, which leads to reduced gastric acid
secretion [17, 19], and ultimately results in impaired
iron absorption [9]. In addition, H. pylori induces hem-
orrhagic gastritis and active bleeding peptic ulcers [15,
20] which results in blood loss and anemia [18]. Further-
more, H.pylori infection may influence the expression of
iron transport regulators in the gastric mucosa [21] as
some signals from H. pylori might influence the secretion
of lactoferrin, an iron-binding glycoprotein, in the gastric
mucosa [16]. Lastly, H. pylori may cause IDA through
competing with the host in the gastric mucosa [16, 21].
The bacteria require continuous supplementation of
nutrients for their growth [22]. As a result, it could com-
pete with its host to uptake iron available in the microen-
vironment of the stomach lumen [17, 23].
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H. pylori infection is implicated in pernicious ane-
mia, which is characterized by low serum vitamin B12,
important for red blood cell (RBC) production [10]. Gas-
tric parietal cells are important to secrete intrinsic fac-
tors that aid vitamin B12 absorption by a mechanism of
molecular mimicry [24]. The infection causes chronic
gastritis that may proceed to atrophic gastritis and achlo-
rhydria [25]. This could stimulate an autoimmune pro-
cess against the gastric parietal cells which results in a
reduced availability of intrinsic factors for vitamin B12
absorption and transport [25, 26] and then eventually
progresses to vitamin B12 deficiency and pernicious ane-
mia [24].

The proposed mechanism to explain H. pylori-associ-
ated ACD is increased hepcidin production from hepato-
cytes due to H. pylori residing in the gastric mucosa [21,
27]. Hepcidin acts as an acute-phase reactant in response
to the inflammation produced in the gastric mucosa
[11]. The production of hepcidin increases from hepato-
cytes in response to interleukin-6 production in H. pylori
gastritis [21]. Hepcidin binds to and induces degrada-
tion of cell-surface ferroportin, the main cells capable of
releasing iron into plasma, on macrophages and jejunal
enterocytes. This inhibits iron release from macrophages
and enterocytes which decreases iron transport across a
membrane [28]. In general, several studies indicated an
association between H. pylori infection and anemia in
children. However, reports from different areas are not
consistent and remain unclear [29]. Therefore, the cur-
rent study was conducted to investigate the effect of H.
pylori infection, if any, on the occurrence of anemia in
children.

Methodology

Study design and protocol registration

A Preferred Reporting Items for Systematic Review and
Meta-Analysis protocol (PRISMA) 2020 guideline was
used to conduct this systematic review and meta-analy-
sis. The protocol of the study has been registered in the
Prospective Register of Systematic Reviews (PROSPERO)
with the registration number CRD42024535879. The
study analyzed findings from published articles to inves-
tigate the effect of H. pylori infection on the occurrence
of anemia among children globally.

Eligibility criteria
Studies that met the following criteria were included in
this study.

Study design
All published observational studies with cohort, case-
control, and cross-sectional study designs; that evaluated
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the relationship between H. pylori infection and Anemia
(any type of anemia) in children.

Study area
Studies that were conducted in any geographic region of
the world.

Language and time restrictions

Studies that were written in the English language and
published online in peer-reviewed journals up to Novem-
ber 10, 2023.

Study participants
Human studies that were carried out on children with H.
pylori infection, regardless of gender.

Target data
Studies that presented data regarding the association
between H. pylori infection and anemia among children
were included.

On the other hand, the following studies were excluded
after a thorough screening of the abstracts and the full
texts.

* Studies with insufficient or ambiguous data for
meta-analysis or difficult data to extract.
* Animal, non-human, and non-children studies.

Scopus = 146

Embase=124

PubMed =231

Science direct= 109
Cochrane Library=162
Science Citation Index=187

=
g
g
2
=
=
Q
o
Pt

Records screened using
title/abstract= 363
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* Studies with low methodological quality.

* Reviews, case reports, poster presentations, and let-
ters to the editor.

* Articles published other than English language.

* Studies that did not enable to calculation of odds
ratio (OR) from 2 by 2 tables.

Information sources and search strategy

Relevant articles for this systematic review and meta-
analysis were identified through comprehensive elec-
tronic searching of major databases including Scopus,
Embase, PubMed, Science Direct, Cochrane Library, and
Science Citation Index. The following MeSH terms were
used to search: Helicobacter pylori, H. pylori, iron defi-
ciency, anemia, Hemoglobin, and Ferritin. During the
literature search, the results were limited by study popu-
lation, language, and availability of full text. Additional
relevant studies were retrieved through reference prob-
ing of identified articles. This was done by two independ-
ent reviewers (MW and FQG), with the involvement of the
third reviewer (MA) in cases of disputes.

Study selection and quality assessment

The search results were imported into EndNote X9
(Thomson Reuters, Toronto, Canada) to organize
and remove duplicate articles. The title/abstract of

Records identified from database = 959

Duplicates removed
=596

Articles excluded after reading

titles/abstracts =331

Articles excluded after reading full text =23

e Review articles=4
¢ Inadequate information=15
e Letter to the editor: 2

e Case reports=2

o
g

g

[

5

& Full text articles assed

for eligibility =32

)

o

=

E’ Studies included in final analysis (n=9)

Fig. 1 PRISMA flow chart to describe the selection of included studies for the systematic review and meta-analysis on the association of H.pylori

infection with the risk of anemia in children
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retrieved articles were screened for eligibility, and then
the methodological quality of each article which was
considered to appear pertinent for inclusion was evalu-
ated in detail using the Newcastle Ottawa Scale (NOS)
critical appraisal tool. The tool awards a score range of
0-9 points for 8 items under three categories (selec-
tion, comparability, and exposure or outcomes). Each
done item within the selection and outcome catego-
ries has a maximum score of 1 point while a maximum
of 2 points can be given for the item under compara-
bility. A value of 0 was assigned for each item that is
not clearly stated in the method part. To evaluate the
quality of case-control studies, the tool awards a point
score range of 0—4 for selection of the cases and con-
trols, 0—2 for comparability of the cases and controls,
and 0-3 for identification of the exposure. Likewise,
cohort and cross-sectional studies are evaluated using
three sections including, selection (0—4 points), com-
parability (0-2 points), and outcome (0-3 points).
Studies with a total score of 0-3 points, 4-5 points,
and 6-9 points are considered poor, fair, and high
quality, respectively. Therefore, studies with an overall
NOS score greater than 3 according to the number of
done items in the three sections were included in the
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quantitative meta-analysis. The title/abstract screening
and quality assessment were performed by two inde-
pendent reviewers (MS and AT), and any disagreement
was resolved through discussion and/or with the con-
sultation of a third review author (FG).

Outcomes of interest

The main outcome of interest in this systematic review
and meta-analysis was the associations of H. pylori
infection with the occurrence of Anemia among chil-
dren using OR as an effect measure. The secondary
outcome was the comparison of Hgb and SF values
between H. pylori-positive and H. pylori-negative
children in the form of standardized mean difference
(SMD).

Data extraction

Data including, first author name, study design, publica-
tion year, country, number of H. pylori-infected partici-
pants, number of non-infected participants, number of
anemic participants, number of non-anemic participants,
and H. pylori diagnostics method were extracted from

Study %

D OR (95% CI) Weight
i

Choe et al (2000) —_— 249(1.11,5.55) 13.02
I
I

Baysoy et al (2004) —+—: 0.75(0.25,2.24) 10.96
1
I

Siioglu et al (2007) e 6.44 (2.13,19.46) 10.90
I
)

Muhsen et al (2010) —:-*— 3.15(1.02,9.79) 10.71
I
I

Shak et al (2011) - * 0.75(0.07,8.09) 4.84
I

Taye et (2015) —+—i 163(1.19,2.23) 15.95
I

Elnemr et al (2016) —— 2.25(0.91,5.55) 12.31
I
I

Hammoodi et al (2019) : +* 6.68 (0.77,57.70) 5.54
I
I

Abdelaziz etal (2021) | 6.90 (4.83,9.84) 15.77
I

Overall (I-squared = 82.6%, p = 0.000) @ 2.68 (1.44,4.99) 100.00
i
| =1: 7= =

NOTE: Weights are from random effects analysis : Test of OR=1: 2 3.11 p 0.002
1

I I

A 1

60

Fig. 2 Forest plot of included studies; pooled effect size (OR) estimates of H.pylori infection for the development of anemia in pediatric patients
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the included studies using Microsoft excel format. More-
over, Hgb and SF levels between H. pylori infected and
H. pylori negative children were extracted, if reported in
the same study. Additionally, the specific type of anemia
according to the individual study report was extracted
(when available). Two independent reviewers (MS and
MA) were responsible for data extraction, any disagree-
ments were resolved through negotiation/involving a
third reviewer (MW).

Statistical analysis

Relevant data were extracted using Microsoft Excel and
analyzed using STATA version 16.0 (StataCorp Corpora-
tion, College Station, TX, USA). The analysis was per-
formed by MW and FG together. Pooled OR with its 95%
confidence interval (CI) was calculated to evaluate the
associations of H. pylori infection with the occurrence of
Anemia. Moreover, the pooled SMD analyses were used to
compare Hgb and SF levels between the case and control
groups. A random-effects model was employed to estimate
the pooled effect size for all analyses. Subgroup analysis
was conducted to explore the potential source of hetero-
geneity between the included studies. The logarithm of OR
(log OR), and standard error (Se log OR) were calculated
from the corresponding effect measure. All analyses with
p<0.05 were considered as statistically significant.
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Results

Study selection

Initially, a total of 959 search results were identi-
fied from different databases including, Scopus (146),
Embase (124), PubMed (231), Science Direct (109),
Cochrane Library (162), and Science Citation Index
(187). Of the total, 950 studies were excluded through
duplicate identification (596), title/abstract screen-
ing (331), and after full-text reviewing (23). Finally,
nine studies that satisfied the eligibility criteria were
included in this meta-analysis. The flowchart represents
the search and selection strategy for the study (Fig. 1).

Study characteristics

A total of 2,805 participants, including 942 H. pylori-
infected and 1,863 H. pylorii-negative children from
nine studies were included in the analysis. The sample
size ranged from 7 to 430 in the H. pylori-infected group
and 24 to 900 in the H. pylori-negative group. Regarding
the study area, among the nine included studies in this
review, two studies were conducted in Turkey [3, 30], two
studies in Egypt [31, 32], and the remaining five studies
were conducted in South Korea [7], Israel [33], Haiti [34],
Ethiopia [35], and Iraq [36]. Based on the study design of
the included studies, three were case-control, three were

Study %

ID OR (95% ClI) Weight
T

Prospective i

Choe et al (2000) —*:— 249 (1.11,5.55) 13.02

Muhsen et al (2010) ———— 3.15(1.02,9.79) 10.71

Taye et (2015) —_ i 1.63(1.19,2.23) 15.95

Subtotal (I-squared = 0.0%, p = 0.375) <>: 1.79 (1.35,2.37) 39.68
i

Cross-sectional E

Baysoy et al (2004) —_—— 0.75(0.25,2.24) 10.96

Shak et al (2011) : 0.75(0.07,8.09) 4.84

Abdelaziz etal (2021) | = 6.90 (4.83,9.84) 15.77

Subtotal (I-squared = 88.3%, p = 0.000) =—=—] ! 1.83 (0.29, 11.47) 31.57

Case-control
Stioglu et al (2007)
Elnemr et al (2016)

6.4 (2.13, 19.46) 10.90
2.25(0.91,5.55) 12.31

Hammoodi et al (2019)
Subtotal (I-squared = 17.7%, p = 0.297)

Overall (I-squared = 82.6%, p = 0.000)

6.68 (0.77, 57.70) 5.54
3.79 (1.77,8.14) 2875

2,68 (1.44,4.99) 100.00

NOTE: Weights are from random effects analysis
T

A 1

Fig. 3 Forest plot of included studies; sub-group analysis pooled effect size (OR) estimates of H.pylori infection for development of anemia

among children stratified by study design



Walle et al. BMC Infectious Diseases (2025) 25:23

cross-sectional, and the remaining three had prospec-
tive study designs. Four of the included articles reported
information related to Hgb and SF levels with mean+ SD
for both case and control groups (Table 1).

The association between H. Pylori infection

and the occurrence of anemia in children

A total of nine studies were included in this meta-
analysis to assess the associations of H. pylori infec-
tion with the occurrence of Anemia in children by
calculating the odds of participants with anemia in the
H. pylori-infected group compared with the controls,
using a random-effect model. The overall pooled OR
showed that the risk of anemia occurrence among H.
pylori-infected children was 2.68 times higher than
among H. pylori-negative children (2.68:95% CI;1.44—
4.99, p=0.002) (Fig. 2).

Subgroup analyses

A random effect model was applied because of the signif-
icant heterogeneity between studies (I>=82.6%). In our
pursuit to identify sources of heterogeneity among the
studies, we conducted subgroup analysis which involved
categorizing studies based on study design and H. pylori
detection method. Subgroup analysis by study design
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showed that there was a significant association between
H. pylori infection, type of anemia, and occurrence of
anemia in case-control and prospective studies with a
pooled OR of 3.792 [95%CI;1.767,8.142, p=0.001] and
1.787[95%CI;1.346,2.371, p<0.001], respectively. How-
ever, there was no significant association in cross-sec-
tional studies with a pooled OR of 1.828 [95% CI;0.291,
11.472, p=0.520] (Fig. 3).

A subgroup analysis by laboratory detection method
of H. pylori infection showed that the pooled odds of
H. pylori infection for the occurrence of anemia among
children were significant when H. pylori was detected
using ELISA [2.692:95%CI;1.399,5.18, p=0.003] and
Stool antigen [3.801:95% CI;1.090, 13.250, p=0.036].
On the other hand, there was no significant asso-
ciation when H. pylori was detected using Histologic
[2.196:95%CL; 0.267-18.078, p=0.465] and Serologic
methods [1.960:95%CI; 0.843, 4.555, p=0.118] (Fig. 4). A
subgroup analysis based on the type of anemia showed
that there was a significant effect of H. pylori infection
on the occurrence of anemia in children. The pooled OR
of H. pylori infection for the development of Anemia
was 2.663[95% CIL:1.117-6.345, p=0.027] and the odds
of IDA occurrence in children was 2.658 [95% CI:1.005—
7.031, p=0.049] (Fig. 5).

Study %

D OR (95% Cl)  Weight
ELISA i

Choe et al (2000) —a— 2.49 (1.11, 5.55) 13.02

Muhsen et al (2010) —— 3.15(1.02, 9.79) 10.71

Subtotal (I-squared = 0.0%, p = 0.733)
Histology

Baysoy et al (2004)
Stoglu et al (2007)

Serology

—_—

2.69 (1.40, 5.18) 23.72

0.75 (0.25, 2.24) 10.96
6.44 (2.13, 19.46)10.90
2.20 (0.27, 18.08)21.86

Shak et al (2011)
Elnemr et al (2016) b
Subtotal (I-squared =0.0%, p = 0.397) b

Stool antigen
Taye et (2015)

—_—
Subtotal (I-squared = 86.4%, p = 0.007)-<:7r>
1
1
1
H
1
+
S

0.75 (0.07, 8.09) 4.84
2.25(0.91, 5.55) 12.31
1.96 (0.84, 4.55) 17.15

Hammoodi et al (2019)
Abdelaziz et al (2021)
Subtotal (l-squared =94.5%, p = 0.000)

Overall (I-squared = 82.6%, p = 0.000)

NOTE: Weights are from random effects analysig
T

6.68 (0.77, 57.70)5.54
6.90 (4.83,9.84) 15.77
3.80 (1.09, 13.25)37.26

1
1
:
1
- 1.63 (1.19, 2.23) 15.95
1
1
1

2.68 (1.44, 4.99) 100.00

A 1

60

Fig. 4 Forest plot of included studies; sub-group analysis pooled effect size (OR) estimates of H. pylori infection for development of anemia

among children stratified by H.pylori detection method
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%

Author year OR (95% ClI) Weight

1
IDA i
Choe et al 2000 — 2.49 (1.11, 5.55) 13.02
Baysoy et al 2004 —+—i 0.75 (0.25, 2.24) 10.96
Stioglu et al 2007 —E—*— 6.44 (2.13, 19.46) 10.90
Hammoodi et al 2019 ——5—0—) 6.68 (0.77, 57.70) 5.54
Subtotal (I-squared = 63.7%, p = 0.041) <> 2.66 (1.00, 7.03) 40.41

|
Anemia 1
Muhsen et al 2010 —:*— 3.15(1.02, 9.79) 10.71
Shak et al 2011 - : 0.75 (0.07, 8.09) 4.84
Taye et 2015 i 1.63 (1.19, 2.23) 15.95
Elnemr et al 2016 T 2.25(0.91, 5.55) 12.31
Abdelaziz et al 2021 i - 6.90 (4.83, 9.84) 16.77
Subtotal (I-squared = 89.3%, p = 0.000) <> 2.66 (1.12, 6.35) 59.59

|
Overall (I-squared = 82.6%, p = 0.000) <> 2.68 (1.44, 4.99) 100.00

I
NOTE: Weights are from random effects analysis E

T T

A 1

Fig. 5 Forest plot of included studies; sub-group analysis pooled effect size

among children stratified by type of anemia

Comparisons of hemoglobin and serum ferritin levels
between H. Pylori-infected and H. Pylori-negative children
We performed a random-effect model for pooled
SMD analysis of Hgb and SF levels between H. pylori-
positive compared to H. pylori-negative groups in the
included four studies. In the pooled analysis, a signifi-
cant decrease in Hgb and SF levels was observed in the
H. pylori-positive groups compared to H. pylori-nega-
tive children. The overall pooled SMD of Hgb between
H. pylori positive and negative groups was —0.54[95%
CI: —0.65, —0.42, p <0.001] (Fig. 6). Similarly, the overall
pooled SMD of SF between H. pylori-infected and con-
trol groups in children was —0.49[95% CI: —0.91, —0.08,
p<0.020] (Fig. 7).

Publication bias

The funnel plot was used to assess the presence of pub-
lication bias for the analysis of pooled OR estimates of
H.pylori infection for the development of anemia in chil-
dren.The graph appears a symmetrical funnel which indi-
cates the absence of publication bias of included studies
(Fig. 8).

(OR) estimates of H. pylori infection for development of anemia

Discussion

H. pylori infection is one of the most widespread chronic
bacterial infections that causes chronic gastritis and
severe gastroduodenal pathologies. This infection is
usually transmitted in childhood and persists for life if
untreated [5]. H. pylori infection has been linked with
the occurrence of Anemia, which can be the result of
nutritional, environmental, social, and infectious etiolo-
gies [34]. Several mechanisms have been proposed for
the development of anemia in H. pylori infection. The
most plausible mechanisms are malabsorption of iron [9]
and vitamin B12 [10] which are important for RBC pro-
duction and increased hepcidin production from hepat-
ocytes due to H. pylori residing in the gastric mucosa
[21, 27]. It was concluded that H. pylori is a highly sus-
pected cause of IDA due to its iron-deficient state [31].
Children are more likely to develop IDA from H. pylori
infection as they may have diminished iron stores due to
dietary deficiency [37].

The current results from a meta-analysis of nine epi-
demiological studies revealed an association between
H. pylori infection and Anemia (OR, 2.68:95% CI;1.44—
4.99, p=0.002). This finding could supported by a study
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Fig. 6 A forest plot showing SMD of the Hemoglobin level between H.pylori positive and H.pylori negative control in pediatric patients

by Muhsen et al. (2010) that noted H. pylori eradica-
tion therapy would reduce the burden of anemia [33]. A
meta-analysis by Qu et al., 2010 [38] which included all
age groups and genders suggests an association between
H. pylori infection and IDA with the pooled OR of 2.22
(95% CI:1.52-3.24, P<0.0001). They also revealed a
significant association between H. pylori and IDA in
children and adolescents from a subgroup analysis for
different age groups. The pooled OR of children younger
than 11 years was 4.76 (95% CI: 1.73-13.08) while the
pooled OR in Adolescents was 2.85 (95% CI: 1.68—4.31).
The results of the meta-analysis by Muhsen et al., 2008
[39] also revealed an increased risk for IDA; pooled OR
2.8 (95% CI: 1.9-4.2) among H. pylori-infected subjects.
Furthermore, a meta-analysis by Azami et al., 2016 [40]
found a statistically significant relationship between H.
pylori and IDA in pregnant women with an estimated
OR 1.82 (CI: 95%, 1.43-2.30). The possible reason for the
observed minor difference in the strength of association
could be the unmeasured confounding variable (e.g.,
socioeconomic status, bacterial load, location, or inher-
ited disease) [34].

A subgroup analysis by laboratory detection method of
H. pylori infection showed H. pylori infection has a sig-
nificant role in the occurrence of anemia among pediat-
rics when H. pylori was detected using ELISA and Stool
antigen methods. Whereas, there were no significant
associations when H. pylori was detected using Histology
and Serologic methods. Different diagnostic methods for
H. pylori contribute to the variation of the pooled esti-
mates because of their different sensitivities. The pooled
OR value increased with the sensitivity of the diagnos-
tic method [38]. A subgroup analysis based on the type
of anemia indicated that there was a significant effect of
H. pylori infection on the occurrence of IDA and anemia
in children with the pooled OR of 2.658 [95%CI:1.005—
7.031] and 2.663 [95%CI:1.117-6.345], respectively. Simi-
larly, Hudak et al. on their meta-analysis study showed
that there was an increased likelihood of IDA; pooled
OR 1.72 [95% CI 1.23-2.42] and anemia; pooled OR 1.15
[95%CI 1.00-1.32] in H. pylori-infected individuals com-
pared to uninfected persons [41].

The findings of this meta-analysis indicate a signifi-
cant association between H. pylori infection and reduced
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levels of Hgb and SFE. The overall pooled SMD of —0.54
[95% CL —0.65, —0.42, p<0.001] and —0.49 [95%CL:
—0.91, —0.08, p <0.020] for Hgb and SF, respectively. This
highlights that individuals infected with H. pylori exhibit
lower levels of these critical hematological parameters
compared to their H. pylori-negative counterparts. Simi-
lar findings were reported by Azami et al., 2016 [40] that
investigated the relationship of H. pylori with Hgb and SF
levels among pregnant women and found H. Pylori sig-
nificantly reduces these two variables (P<0.05). These
was also supported by previous reports that revealed a
significantly higher response to iron therapy and a rise
of Hgb after the eradication of H. pylori compared to
their response before eradication [22, 42]. Furthermore,
a meta-analysis by Hudak et al. showed an increased fer-
ritin but not Hgb following anti-H. pylori eradication
therapy plus iron therapy as compared with iron ther-
apy alone [41]. The reduction in SF levels is indicative of
depleted iron stores, which is consistent with the patho-
physiology of H. pylori-related anemia [43].

Strengths and limitations of the study

In this review, a comprehensive search was done on dif-
ferent databases using different search strategies. The
study included all relevant articles done around the
globe. Furthermore, the review was done following the
protocol of the PRISMA guideline and the NOS tool
was used to appraise the methodological quality of the
included studies. However, some limitations remain in
this study. This study included articles that were pub-
lished in English languages. Even though subgroup analy-
sis was performed high heterogeneity was still observed.
Most of the included studies are from developing county,
which may influence the representativeness of the pooled
estimate. Moreover, other iron-related tests are required
for the confirmation of iron deficiency and different types
of anemia.

Conclusions and recommendations

In conclusion, this study indicates that children with
H. pylori infection are at a higher risk of developing
anemia as compared to non-infected children. More-
over, the observed decrease in Hgb and SF levels in
infected children suggests that H. pylori may contrib-
ute to the development of anemia through impaired
iron absorption or chronic inflammation. These find-
ings underscore the importance of screening for H.
pylori in pediatric population, particularly in those
presenting with symptoms of anemia. Early diagnosis
and treatment of H. pylori infection could play a cru-
cial role in preventing anemia and improving over-
all health outcomes in affected children. Moreover,
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parents are recommended to keep the hygiene of their
children to prevent the diseases and adopt treatment
measures based on clinician orders for children with H.
pylori infection. Future research need to focus on the
mechanisms by which H. pylori infection contributes
to anemia, as well as the potential benefits of targeted
interventions in reducing both H. pylori prevalence and
anemia rates in children.
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