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Abstract

Inflammatory bowel disease (IBD) incidence is widely increasing in pediatric populations in the past decade. This systematic
review and meta-analysis was conducted according to the widely accepted Preferred Reporting Items for Systematic Review and
Meta-analyses statement (PRISMA). On 20th November 2019, we searched for relevant articles in six electronic databases. Papers
reporting iron deficiency anemia (IDA) in IBD patients, published articles after 2015 were only included. After screening 723 papers,
we found 10 eligible studies with a male prevalence of 50%. The prevalence of IDA in IBA patients ranged from 8% to 52%. Moreover,
treatment with iron supplementation showed good efficacy for the correction of IDA. Noteworthy, IDA in IBD is not rare. Therefore,

more care should be devoted to diagnosis and treatment of IDA in IBD patients.
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Introduction

Inflammatory bowel diseases (IBD) comprise a major health care problem among clinicians especially pediatric populations. Recent
years have witnessed a remarkable increase in IBD incidence. IBD patients incidence were tripled in 2003 compared to 1987 in Finland
[1]. Furthermore, the incidence of Crohn’s disease (CD) had increased by 0.5 from 1990 to 1998 in France [2]. Scotland as well had a sig-
nificant rise of IBD patients and the increased rate estimated by 3/100000 from 1996 to 2008 [3].

Despite the multifactorial etiologies of IBD, genetic predisposition comprises the major role in IBD development [4]. Infections, diet
and food allergy and helminths are known risk factors for IBD development [5]. Recently, Shaw,, et al. indicated that the use of antibiotics
in the first year of life was associated with a 2.9 risk of IBD affection derived from the loss of potentially protective flora from the frequent
use of antibiotics [6]. Moreover, the meta-analysis of Barclay., et al. demonstrated that absence of breastfeeding is associated with an in-

crease in the incidence of IBD [7].
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IBD commonly presents with manifestations such as abdominal pain, diarrhea, rectal bleeding, weight loss, fever, and vomiting [8].
However, patients may be presented to extra-intestinal manifestations prior to IBD diagnosis such as musculoskeletal, dermatologic, oral,
hepatobiliary and ophthalmic manifestations [9]. IBD patients are at greater risk of anemia development due to the continuous loss of
blood [10]. The most common types of anemia in IBD patients were iron deficiency anemia (IDA), anemia of chronic disease or a combina-
tion of them [10]. The prevalence of IDA in IBD was 38%, out of the 76% were CD [11]. We aimed to conduct a systematic review of the

recent publications regarding IDA in IBD patients.

Methods
Search strategy and study selection

This systematic review and meta-analysis was conducted according to the widely accepted Preferred Reporting Items for Systematic
Review and Meta-analyses statement (PRISMA) [12]. On 20™ November 2019, we searched for relevant articles in six electronic databases
including PubMed, Institute of Science Index (ISI), Scopus, System for Information on Grey Literature in Europe (SIGLE), Virtual Health
Library (VHL) and Google Scholar using the following search term: “Inflammatory Bowel Diseases” AND “Anemia OR Iron-Deficiency”. We
conducted a manual search of references from the included articles by searching the primary studies that had cited our included papers

and scanning references of the relevant papers in PubMed and Google Scholar to avoid missing any relevant publications [13].

We included all relevant original articles which reported iron deficiency anemia in pediatric inflammatory bowel diseases. There
were no restrictions on study design, race, sex, ethnicity, place, language or date of publication. Papers were excluded if one of the fol-
lowing exclusion criteria was met: i) published before 2015 ii) in vitro and animal studies, iii) data duplication, overlapping or unreliably
extracted or incomplete data, iv) abstract only articles, reviews, thesis, books, conference papers, and articles without available full texts
(conferences, editorials, author response, letters, and comments). Initial title and abstract screening was done by at least four indepen-
dent reviewers and checked by a fifth reviewer to ensure accuracy. Four independent reviewers screened full texts of eligible articles for

inclusion in the meta-analysis. Controversies arising during the process were resolved by discussion and consensus.

Data extraction

Two authors developed a data extraction sheet using Microsoft Excel by performing a pilot extraction of random studies. The extrac-
tion sheet was divided into three parts. The first part included study characteristics (study design, sample size, age of patients and gen-
der), the second part included the outcome of interest and the third part included the risk of bias for each included study. Four reviewers
independently extracted data from the included studies using the excel sheet. Before the initiation of analysis, data rechecking was carried
out by at least four different authors. All disagreements and discrepancies were resolved by discussion and consultation with a senior

reviewer when necessary.

Quality assessment

Four independent reviewers evaluated the risk of bias in the included studies. National Institutes of Health (NIH) quality assessment
tool was used to determine the quality of each included study [14]. Quality assessment of each study was obtained through a scoring sys-
tem including 14 questions. The criterion was judged as following; a score of 13 to 14 was good, 9 to 12 was fair, and studies scoring below

9 are considered of poor quality for cohort studies [15]. Any discrepancy between the reviewers was solved by consensus

Results

Characteristics of included studies
Our search yielded 723 records after excluding of 198 duplicates via endnote software. Of these 208 reports were included for full-

text screening after exclusion of 515 reports which resulted in the inclusion of 9 eligible studies. Another paper was included after doing

manual searches. In total, we have included 10 studies for our systematic review (Figure 1).
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Figure 1: PRISMA flow chart showing the process of the review.

There were 8 cohort studies (6 retrospective and 2 prospective) and 2 cross-sectional studies. The total sample size was 3133 and
ranged from 16 to 2424 with a male prevalence of 50%. Follow up duration was reported in 2 studies. Quality assessment for all included

papers was of fair criterion (Table 1).

Prevalence of IDA in IBD

Seven studies reported the prevalence of IDA in IBD (Table 2). The prevalence ranges between 8% to 52% of patients. Martinelli., et
al. indicated that 6.6% had IDA and 26.6% had a combination of IBD and anemia of chronic disease [16]. Miller, et al. reported that the
prevalence of IDA in CD was higher than patients with UC with a percentage of 9% and 7%, respectively [17]. Moreover, 52% of IBD pa-
tients had IDA (ferritin < 15 pg/L or sTfR > 8.3 mg/L) [18]. Aljomah,, et al revealed that 29% of patients had IDA with or without anemia
of chronic disease [19]. 36.6% of IBD patients experienced IDA reported by Venturieri., et al [20]. The prevalence of IDA in Carvalho., et al.
study was 43.5% [21]. 44% had IDA demonstrated by Carman., et al [22].
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. Type of | Sample Follow up Quality
Author ID Country | Study design IBD size Age (mean (SD)) | Males(n) duration |assessment
uc 28
Martinelli/2016 Italy Cross-sectional CDh 20 12.6 (3.5) 27 NR Fair
IBD-U 2
R i ucC 886 413
Miller/2019 USA etrospective 1-21% 2 years Fair
cohort CD 1560 805
ucC 11
R .
Stein/2019 USA etrospective |1y 53 14.5 (3.6) 32 NR Fair
cohort
IBD-U 8
uc 19
Syed/2017 Georgia | Cross-sectional 5-19* 36 NR Fair
CD 43
p .
Azevedo/2017 Portugal rospective CcD 19 15.5# 9 18 months Fair
cohort
uc 49
R .
Aljomah/2018 USA etrospective |y 92 1-18* 86 NR Fair
cohort
IC 12
Ret ti ucC 4
Venturieri/2019 Brazil strospective 6.6 (5.4) 10 NR Fair
cohort CD 12
Ret ti uc 20
Carvalho/2017 Portugal strospective 13.3 NR NR Fair
cohort CD 49
P ti uc 26
Carman/2018 | Australia | o Pectve 144 64 NR Fair
cohort CD 75
uc 10
i CD 2 3
Danko,/2016 ysa | Retrospective 15.4 NR Fair
cohort CD 122 74
IC 11 7

Table 1: Characteristics and findings of included studies.
UC: Ulcerative Colitis; CD: Crohn Disease; IBD-U: Inflammatory Bowel Disease Unclassified;
IC: Intermediate Colitis; *: Range; #: Median; NR: Not Reported.

Treatment of IDA in IBD

Seven studies reported the treatment of IDA. Treatment of IDA in IBD by iron sucrose was associated with significant improvement in
the levels of hemoglobin, mean corpuscular volume, total iron-binding capacity, serum iron, transferrin saturation and ferritin [23]. After
the application of intravenous iron treatment as a therapeutic agent for IDA, significant improvement of serum ferritin, transferrin satu-
ration and serum iron were noticed among IBD patients [24]. [ron therapy had decreased the prevalence of IDA with or without anemia
of chronic disease [19]. Treatment of IDA with Noripurum resulted in significant improvement of Hb, serum iron and ferritin [20]. Ferric
carboxymaltose was associated with a decrease in the prevalence of IDA [22]. Intravenous iron treatment had significantly reduced IDA
after 1 year of follow up [21]. After application of intravenous Iron Sucrose as a treatment of IDA a significant increase was noted in Hb

levels and serum ferritin [25].
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Author ID Main findings

The prevalence of iron deficiency anemia was higher in IBD patients rather than celiac disease group and
healthy controls.

Martinelli/2016
artinelli/ IBD with PCDAI/PUCAI=30 had significantly higher levels of serum hepcidin compared to PCDAI/PUCAI<30,

celiac disease group and healthy controls.

Miller/2019 IDA was higher in CD compared to UC.

Patients treated with iron sucrose have significant improvement in the levels of hemoglobin, mean corpuscular

Stein/2019 volume, total iron-binding capacity, serum iron, transferrin saturation, and ferritin after a 4-month duration of
treatment with Intravenous Iron Sucrose.

Syed/2017 o IDA ;.)revalerllce was 5.2% .

CHr was significantly associated with some inflammatory biomarkers.
Azevedo/2017 Treatment with intravenous iron indicated a significant improvement of serum ferritin, transferrin saturation,

and serum iron.

29% of IBD patients have IDA or IDA and anemia of chronic disease.
Significant decrease of IDA after iron therapy.

36.6% IBD patients suffers from IDA.

Aljomah/2018

Venturieri/2019
enturieri/ Significant improvement in the levels of Hb, serum iron and ferritin after treatment of Noripurum EVVR.
Carvalho/2017 The preval'en.c? of IDA in IBD patients was 43%
Iron treatment had decreases significantly the prevalence of IDA after 1 year of follow up.
The prevalence of IDA was 44%.
Carman/2018 . . .
Treatment of IDA by Ferric carboxymaltose resulted in the decline of the prevalence of IDA by 64%
Danko/2016 Treatment of IDA by intravenous iron sucrose resulted in a significant increase in Hb levels and serum ferritin.

Table 2: Findings of each study.
IBD: Inflammatory Bowel Disease; sTfR: Soluble Transferrin Receptor; PCDAI: Paediatric Crohn’s Disease Activity Index; PUCAI:
Pediatric Ulcerative Colitis Activity Index; IDA: Iron Deficiency Anemia; CD: Crohn Disease; UC: Ulcerative Colitis; CHr:
Hemoglobin Content of Reticulocytes; Hb: Hemoglobin.

Discussion

IBD patients usually have micronutrients deficiency [26]. The multifactorial theory of this deficiency hardens it is treatment strategies.

IDA is considered one of the most common types of anemia associated with IBD in addition to anemia of chronic diseases.

The associated IDA in IBD patients was built upon several hypotheses. IBD diseases are associated with bleeding of the bowel which
results in frequent blood loss [27]. The intestinal mucosal damage plays also an important role in decreasing the absorption of food con-
tents [28]. Moreover, adequate supplementation of food was decreased in IBD patients due to the associated anorexia [29]. Additionally,

the immunosuppressive drugs prescribed for IBD patients may result in iron malabsorption [30].

The diagnosis of IDA should be considered based upon several clinical and laboratory parameters. Signs and symptoms such as Koil-
onychia, increase cardiac output, tachycardia, loss of appetite, pica, irritability, and lead intoxication can help in the diagnosis of IDA [31].
Akin to that, a complete blood picture comprises a key role in the diagnosis of IDA. Microcytic hypochromic anemia, anisocytosis, low

serum iron, ferritin, transferrin saturation, and high total iron-binding capacity are the main clues in diagnosis of IDA [31].

The wide variability of IDA prevalence was reported among different pediatric clinical studies. Our updated study that included pub-
lished studies after 2015 indicated that the prevalence of IDA in pediatric IBD patients ranges from 8% to 52%. The highest prevalence of
IDA in our study was reported by Syed., et al. [18] and the lowest prevalence was found in Martinelli,, et al [16]. However, the prevalence
of IDA was higher in the study of Goodhand., et al. which recruited different age groups of IBD patients with a prevalence of 64%. More-
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over, IDA constitutes the major part of anemia among the pediatric, adolescents and adults IBD patients with a prevalence of 88%, 83%,
and 55%, of all anemia types respectively [32]. Moreover, the published systematic review in 2004 by Wilson,, et al. indicated that the
prevalence of IDA among IBD patients ranged from 9 - 74% [33]. The difference in the prevalence of IDA in IBD patients originates from
the different types of IBD patients among each published study where CD had more prevalence of IDA rather than UC [17]. Furthermore,
the different socioeconomic levels of the reported populations can play an important role in determining the prevalence of IDA and the
management strategy as well [34]. Moreover, the prevalence of preterm in the recruited populations can affect the prevalence of IDA

where the prevalence was higher among preterm infants compared to term infants [35].

Treatment of IDA in IBD patients based commonly iron supplementation and treatment of IBD. Oral iron therapy showed good efficacy
in treating iron deficiency in IBD patients [36]. Moreover, intravenous iron treatment demonstrated a good therapeutic option for the
treatment of IBD especially in patients with marked anorexia in addition to critically ill patients that require rapid iron correction. Intra-
venous iron treatment revealed a remarkable increase in serum ferritin, transferrin saturation and serum iron [24]. Despite the election
of rapid therapeutic response, 18% of patients experienced adverse reactions such as hypotension, hypertension, pain at the peripheral

intravenous site, bradycardia and chills, however not any of these adverse reactions were life-threatening [23].

Conclusion

IDA is a common finding in patients with IBD. Frequent examination and monitoring of high-risk patients for developing iron defi-

ciency anemia is important. Moreover, iron replacement therapy should be considered for correction of IDA.
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