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Iron deficiency anemia (IDA) represents the most common
extra-intestinal complication in patients with chronic inflam-
matory bowel diseases (IBD) [1, 2]. Iron deficiency (ID),
even without anemia, negatively impacts on patients’ quality
of life, and is associated with the development of various
comorbidities and an increased risk of hospitalization [3].
Thus, timely correction of ID, before anemia develops, is a
major goal in IBD patients.

Historically, oral iron salts (typically ferrous sulfate) have
been generally considered the standard first-line therapy for
IDA, especially when anemia is mild and/or paucisympto-
matic. The recommended daily dose for adults with ID is
100 to 200 mg of elemental iron. Although oral iron salts
are safe, relatively inexpensive and widely accessible, their
use is associated with several gastrointestinal adverse effects
(AEs), such as nausea, constipation, diarrhea, and abdominal
pain that can arise in up to 30-70% of patients [4]. Such
AEs are particularly relevant in IBD patients, as they already
have a damaged intestinal mucosa [5] and lead to premature
discontinuation of oral iron in more than half of the subjects
[6]. This compromises efficacy, since only a small amount
(10-20%) of traditional oral iron formulations is absorbed in
the duodenum, and consequently a prolonged intake (at least
3-6 months) is needed to normalize hematopoietic status
and replenish iron stores, which in turn is essential to pre-
vent short-term recurrence of ID/IDA. As a matter of fact, a
number of reasons may argue against the use of oral iron in
IBD. First, non-absorbed iron (near 80% of ingested doses)
may further damage the intestinal mucosa through a direct
toxic effect due to the production of reactive oxygen species
[ROS] [7]. The residual iron has also been demonstrated to
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be able to modify the gut microbiome, thereby promoting
local inflammation [8, 9]. Moreover, recent experiments in
anemic mice have shown that a 2-week treatment with low
doses of ferrous sulfate induced an increased expression of
several inflammatory markers, including C-reactive protein
and Interleukin-6 [10]. Local and systemic inflammation
may further hamper intestinal iron absorption via the up-
regulation of hepcidin, the key regulator of iron homeostasis
[11-13]. Indeed, some studies have reported a worsening
of disease activity scores in IBD patients treated with oral
iron [5].

In recent years, iron replacement therapy has been rev-
olutionized by the introduction of novel intravenous (IV)
iron preparations (e.g., ferric carboxymaltose) [14]. These
“third-generation” formulations allow the rapid correction
of ID with few administrations (e.g., just one or two infu-
sions 1-week apart) and have a reassuring safety profile [14].
However, at least for the moment, they can be administered
only in hospital setting, causing patients’ discomfort and
loss of working days. Of note, despite optimal correction of
ID, anemia tends to recur in more than 50% of IBD patients
within 10-12 months [15], resulting in the need of repeated
infusions. While the long-term safety of repeated high-dose
IV iron infusions in terms of susceptibility to infections or
ROS generation remains to be fully evaluated, this approach
has become increasingly popular and implemented in clini-
cal guidelines [16].

Nevertheless, the development of newer oral iron prep-
arations designed to increase absorption and decrease
gastrointestinal AEs has led to reconsider the use of oral
iron in IBD patients. One of these innovative prepara-
tions is “sucrosomial” iron (SI), which is a source of fer-
ric pyrophosphate protected by a phospholipid bilayer
membrane plus a sucrester matrix [17]. Based on in vitro
experiments, it has been postulated that SI absorption
takes place through a yet not fully elucidated mechanism
based on the formation of vesicle-like structures able to
bypass the conventional iron absorption pathway mediated
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by divalent metal transporter-1 (DMT-1) [18]. Moreover,
SI administration in a mouse model of IDA did not induce
hepcidin increase or any inflammatory response [10].

In this issue of Internal and Emergency Medicine,
Abbati and co-workers investigated the effects of low-dose
SI (30 mg/day for 12 weeks) in 30 uncomplicated IBD
patients with mild anemia and ID (Hb levels 11.0-11.9 g/
dl in females and 11.0-12.5 g/dl in males; transferrin satu-
ration <20%) [19]. At the end of treatment, patients had
a mean Hb increase of 0.7 g/dl, while in about 30% the
mean Hb increase was>1 g/dl. Although the hematologi-
cal response was mild, it was statistically significant and
could be considered relevant in view of the low dose and
the very low frequency of gastrointestinal AEs. Indeed,
more than 80% of patients completed the scheduled treat-
ment. SI treatment was also associated with a significant
increase of transferrin saturation (from 11 to 17%). While
this study is limited by the small sample size, the results
are in accordance with other published case series [17].
Besides SI, other novel oral compounds (e.g. ferric maltol)
have been proven effective in IBD patients unresponsive
or intolerant to traditional oral iron salts [3, 20]. The use
of the latter compounds is also under critical revaluation,
in light of the impressive advance in our knowledge of
pathophysiology of iron deficiency [14]. Indeed, recent
elegant studies in non-anemic ID women have shown that
low doses of ferrous sulfate given on alternate days were
as effective as the classical daily schedule and much better
tolerated [21] [22]. While daily iron doses increased hep-
cidin for up to 24 h[21], the alternate day regimen allowed
sufficient time for hepcidin return to baseline, hence opti-
mizing fractional iron absorption and reducing gastroin-
testinal exposure to unabsorbed iron, ultimately leading to
improved tolerance [22].

In summary, iron replacement therapy with oral com-
pounds is facing a new era after decades of stagnation.
Regarding IBD, larger trials, including patients with
clinical features less selected as compared to the trial by
Abbati et al., are needed to clarify whether or not new
preparations and regimens will be actually viable alter-
native to current protocols. If the benefits suggested by
the study of Abbati et al. will be confirmed, the future
approach to mild IDA could change in several areas
beyond gastroenterology.

Compliance with ethical standards

Conflict of interest FB and GM declare that they have no conflict of
interest. DG declares fees for participation in advisory boards for La
Jolla Pharmaceutical, Silence Therapeutics, and Novartis, and has re-
ceived lecture fees from Vifor Fresenius Medical Pharma.

@ Springer

Statement of human and animal rights This article does not contain
any studies with human participants or animals performed by any of
the authors.

Informed consent None.

References

1. Di Sabatino A, Biancheri P, Rovedatti L, Macdonald TT,
Corazza GR (2012) Recent advances in understanding ulcera-
tive colitis. Intern Emerg Med 7(2):103-111. https://doi.
org/10.1007/s11739-011-0719-z

2. Di Sabatino A, Rovedatti L, Vidali F, Macdonald TT, Corazza
GR (2013) Recent advances in understanding Crohn’s disease.
Intern Emerg Med 8(2):101-113. https://doi.org/10.1007/s1173
9-011-0599-2

3. Bou-Fakhredin R, Halawi R, Roumi J, Taher A (2017) Insights
into the diagnosis and management of iron deficiency in inflam-
matory bowel disease. Expert Rev Hematol 10(9):801-808.
https://doi.org/10.1080/17474086.2017.1355233

4. Tolkien Z, Stecher L, Mander AP, Pereira DI, Powell JJ (2015)
Ferrous sulfate supplementation causes significant gastroin-
testinal side-effects in adults: a systematic review and meta-
analysis. PLoS ONE 10(2):e0117383. https://doi.org/10.1371/
journal.pone.0117383

5. SteinJ, Aksan A, Farrag K, Dignass A, Radeke HH (2017) Man-
agement of inflammatory bowel disease-related anemia and iron
deficiency with specific reference to the role of intravenous iron
in current practice. Expert Opin Pharmacother 18(16):1721-
1737. https://doi.org/10.1080/14656566.2017.1391790

6. Rampton DS, Goodhand JR, Joshi NM, Karim AB, Koodun Y,
Barakat FM, Macken L, Ward DG, Igbal TH, Epstein J, Fell
JM, Sanderson IR (2017) Oral Iron Treatment Response and
Predictors in Anaemic Adolescents and Adults with IBD: A
Prospective Controlled Open-Label Trial. J Crohns Colitis
11(6):706-715. https://doi.org/10.1093/ecco-jcc/jjw208

7. Toblli JE, Cao G, Olivieri L, Angerosa M (2008) Compara-
tive study of gastrointestinal tract and liver toxicity of ferrous
sulfate, iron amino chelate and iron polymaltose complex
in normal rats. Pharmacology 82(2):127-137. https://doi.
org/10.1159/000142728

8. Kortman GA, Raffatellu M, Swinkels DW, Tjalsma H (2014)
Nutritional iron turned inside out: intestinal stress from a gut
microbial perspective. FEMS Microbiol Rev 38(6):1202-1234.
https://doi.org/10.1111/1574-6976.12086

9. Jaeggi T, Kortman GA, Moretti D, Chassard C, Holding P, Dostal
A, Boekhorst J, Timmerman HM, Swinkels DW, Tjalsma H,
Njenga J, Mwangi A, Kvalsvig J, Lacroix C, Zimmermann MB
(2015) Iron fortification adversely affects the gut microbiome,
increases pathogen abundance and induces intestinal inflammation
in Kenyan infants. Gut 64(5):731-742. https://doi.org/10.1136/
gutjnl-2014-307720

10. Asperti M, Gryzik M, Brilli E, Castagna A, Corbella M, Got-
tardo R, Girelli D, Tarantino G, Arosio P, Poli M (2018)
Sucrosomial((R)) Iron Supplementation in Mice: Effects on
Blood Parameters, Hepcidin, and Inflammation. Nutrients 10 (10).
doi:10.3390/nu10101349

11. Martinelli M, Strisciuglio C, Alessandrella A, Rossi F, Auricchio
R, Campostrini N, Girelli D, Nobili B, Staiano A, Perrotta S,
Miele E (2016) Serum Hepcidin and Iron Absorption in Paediatric
Inflammatory Bowel Disease. J Crohns Colitis 10(5):566-574.
https://doi.org/10.1093/ecco-jcc/jjv242


https://doi.org/10.1007/s11739-011-0719-z
https://doi.org/10.1007/s11739-011-0719-z
https://doi.org/10.1007/s11739-011-0599-2
https://doi.org/10.1007/s11739-011-0599-2
https://doi.org/10.1080/17474086.2017.1355233
https://doi.org/10.1371/journal.pone.0117383
https://doi.org/10.1371/journal.pone.0117383
https://doi.org/10.1080/14656566.2017.1391790
https://doi.org/10.1093/ecco-jcc/jjw208
https://doi.org/10.1159/000142728
https://doi.org/10.1159/000142728
https://doi.org/10.1111/1574-6976.12086
https://doi.org/10.1136/gutjnl-2014-307720
https://doi.org/10.1136/gutjnl-2014-307720
https://doi.org/10.1093/ecco-jcc/jjv242

Internal and Emergency Medicine (2019) 14:349-351

351

12.

13.

14.

15.

16.

18.

Girelli D, Nemeth E, Swinkels DW (2016) Hepcidin in the diag-
nosis of iron disorders. Blood 127(23):2809-2813. https://doi.
org/10.1182/blood-2015-12-639112

Camaschella C, Strati P (2010) Recent advances in iron metabo-
lism and related disorders. Intern Emerg Med 5(5):393—400. https
://doi.org/10.1007/s11739-010-0387-4

Girelli D, Ugolini S, Busti F, Marchi G, Castagna A (2018) Mod-
ern iron replacement therapy: clinical and pathophysiological
insights. Int J Hematol 107(1):16-30. https://doi.org/10.1007/
s12185-017-2373-3

Kulnigg S, Teischinger L, Dejaco C, Waldhor T, Gasche C (2009)
Rapid recurrence of IBD-associated anemia and iron deficiency
after intravenous iron sucrose and erythropoietin treatment. Am
J Gastroenterol 104(6):1460-1467. https://doi.org/10.1038/
2jg.2009.114

Dignass AU, Gasche C, Bettenworth D, Birgegard G, Danese S,
Gisbert JP, Gomollon F, Igbal T, Katsanos K, Koutroubakis I,
Magro F, Savoye G, Stein J, Vavricka S, Cs European, Colitis O
(2015) European consensus on the diagnosis and management
of iron deficiency and anaemia in inflammatory bowel diseases.
J Crohns Colitis 9(3):211-222. https://doi.org/10.1093/ecco-jcc/
jjuo09

. Gomez-Ramirez S, Brilli E, Tarantino G, Munoz M (2018)

Sucrosomial((R)) Iron: A New Generation Iron for Improving Oral
Supplementation. Pharmaceuticals (Basel) 11 (4). doi:10.3390/
ph11040097

Fabiano A, Brilli E, Fogli S, Beconcini D, Carpi S, Tarantino
G, Zambito Y (2018) Sucrosomial(R) iron absorption studied by
in vitro and ex-vivo models. Eur J Pharm Sci 111:425-431. https
://doi.org/10.1016/j.ejps.2017.10.021

19.

20.

21.

22.

Abbati G, Incerti F, Boarini C, Pileri F, Bocchi D, Ventura P,
Buzzetti E, Pietrangelo A (2018) Safety and efficacy of sucroso-
mial iron in inflammatory bowel disease patients with iron defi-
ciency anemia. Intern Emerg Med. https://doi.org/10.1007/s1173
9-018-1993-9

Gasche C, Ahmad T, Tulassay Z, Baumgart DC, Bokemeyer B,
Buning C, Howaldt S, Stallmach A, Group AS (2015) Ferric
maltol is effective in correcting iron deficiency anemia in patients
with inflammatory bowel disease: results from a phase-3 clini-
cal trial program. Inflamm Bowel Dis 21(3):579-588. https://doi.
0rg/10.1097/MIB.00000000000003 14

Moretti D, Goede JS, Zeder C, Jiskra M, Chatzinakou V, Tjalsma
H, Melse-Boonstra A, Brittenham G, Swinkels DW, Zimmer-
mann MB (2015) Oral iron supplements increase hepcidin and
decrease iron absorption from daily or twice-daily doses in iron-
depleted young women. Blood 126(17):1981-1989. https://doi.
org/10.1182/blood-2015-05-642223

Stoffel NU, Cercamondi CI, Brittenham G, Zeder C, Geurts-Moe-
spot AJ, Swinkels DW, Moretti D, Zimmermann MB (2017) Iron
absorption from oral iron supplements given on consecutive ver-
sus alternate days and as single morning doses versus twice-daily
split dosing in iron-depleted women: two open-label, randomised
controlled trials. Lancet Haematol 4(11):e524—e533. https://doi.
org/10.1016/S2352-3026(17)30182-5

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1182/blood-2015-12-639112
https://doi.org/10.1182/blood-2015-12-639112
https://doi.org/10.1007/s11739-010-0387-4
https://doi.org/10.1007/s11739-010-0387-4
https://doi.org/10.1007/s12185-017-2373-3
https://doi.org/10.1007/s12185-017-2373-3
https://doi.org/10.1038/ajg.2009.114
https://doi.org/10.1038/ajg.2009.114
https://doi.org/10.1093/ecco-jcc/jju009
https://doi.org/10.1093/ecco-jcc/jju009
https://doi.org/10.1016/j.ejps.2017.10.021
https://doi.org/10.1016/j.ejps.2017.10.021
https://doi.org/10.1007/s11739-018-1993-9
https://doi.org/10.1007/s11739-018-1993-9
https://doi.org/10.1097/MIB.0000000000000314
https://doi.org/10.1097/MIB.0000000000000314
https://doi.org/10.1182/blood-2015-05-642223
https://doi.org/10.1182/blood-2015-05-642223
https://doi.org/10.1016/S2352-3026(17)30182-5
https://doi.org/10.1016/S2352-3026(17)30182-5

	Iron replacement in inflammatory bowel diseases: an evolving scenario
	References




