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Abstract
Inflammatory bowel disease (IBD) is a group of chronic re-
lapsing inflammatory disorders affecting the large and small
intestine, with a rising worldwide incidence and prevalence.
Anaemia is the most common extraintestinal manifestation
of IBD, correlating with disease activity, and tending to re-
lapse even after successful therapy. Iron deficiency is the
most common cause; however, it often manifests in combi-
nation with anaemia of inflammation. As such, multiple pa-
rameters are used for the diagnosis of iron deficiency anae-
mia in IBD. Timely recognition and selection of appropriate
therapy leads to an improvement in the quality of life and
prevention of potential sequelae. Oral iron can be effective
under specific circumstances; however, as luminal iron
changes microbiota and bacterial metabolism, oral adminis-
tration should be avoided. Intravenous iron is preferred as it
bypasses the sites of inflammation. Nevertheless, the optimi-
zation of IBD treatment should occur simultaneously, as this
improves both patient condition and response to iron ther-
apy. Herein, we discuss the screening, diagnosis, selection of
therapy, and follow-up for iron deficiency anaemia in IBD.

© 2019 S. Karger AG, Basel

Introduction

Inflammatory bowel disease (IBD) is a group of chron-
ic relapsing inflammatory disorders affecting the large
and small intestine, eventually leading to mucosal ulcer-
ation and bleeding. The exact aetiology is unclear; how-
ever, the pathogenesis is multifactorial, involving genetic
susceptibility, immunity, environment, and intestinal
microbiota. It has a rising worldwide incidence and prev-
alence, with the highest rates in westernized nations [1].

IBD is associated with multiple extraintestinal mani-
festations, involving the musculoskeletal, dermatologic,
hepatopancreatobiliary, ocular, renal, and even pulmo-
nary systems. However, the most common complication
of IBD is anaemia. A recent systematic review by Filmann
et al. [2] reported an overall prevalence of about 24% in
IBD. Prevalence is higher in Crohn’s disease as compared
to ulcerative colitis, and over half of all anaemia cases in
IBD are due to iron deficiency.

Multiple factors in IBD contribute to iron deficiency:
intestinal blood loss, diminished dietary iron intake, as
well as duodenal disease involvement or surgical removal
of the duodenum causing diminished iron absorption.
Iron stores are then depleted, leading to the development
of iron deficiency anaemia (IDA).

However, chronic inflammation also leads to anaemia
of inflammation (AI), the second most common cause of
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anaemia in IBD. Inflammatory cytokines increase the pro-
duction of liver hepcidin, which blocks ferroportin-1 and
prevents iron release from enterocytes, macrophages, and
hepatocytes. Despite adequate iron stores, iron is seques-
tered from erythropoiesis and anaemia develops [3, 4].

Anaemia is linked to disease activity, as active disease
exacerbates the factors that lead to IDA as well as Al Of-
ten, the anaemia present in IBD is mixed, with features of
both IDA and AI [5].

Diagnosis of IDA in IBD

The European Crohn’s and Colitis Organization
(ECCO) recommends anaemia screening for patients in
remission or mild disease every 6 to 12 months. For out-
patients with active disease, screening should be every 3
months [5]. Screening should include a complete blood
count, serum ferritin, and C-reactive protein (CRP). In
addition, serum vitamin B;, and folic acid should be mea-
sured at least once a year for patients at risk for these de-
ficiencies (small bowel disease or resection) and more fre-
quently in patients with extensive small bowel resection,
ileal pouch surgery, or extensive ileal involvement.

Anaemia diagnosis in IBD follows the recommenda-
tions of the World Health Organization (WHO): in adult
males, this is a haemoglobin (Hb) of <13.0 g/dL, <12.0 g/
dL in adult nonpregnant women, and <11.0 g/dL in preg-
nant women [6]. However, multiple factors such as age,
ethnicity, smoking habit, or altitude can alter these thresh-
olds [7, 8].

In addition to the aforementioned screening parame-
ters, the basic workup for diagnosed anaemia should in-
clude reticulocyte count, serum ferritin, and transferrin
saturation (TfS) [5]. There is currently no standard clini-
cal test which can clearly distinguish iron deficiency when
inflammation is present [3], and often a combination of
parameters may be necessary for the management of IDA
in IBD. While bone marrow smears may directly diag-
nose IDA, this method is invasive and is only considered
when other parameters are in conflict and therapy re-
mains ineffective. In over 25 years of clinical practice,
however, we have never had to resort to this.

IDA is typically characterized as microcytic and hypo-
chromic anaemia; however, early IDA can appear normo-
cytic. The presence of concomitant normocytic (AI) or
macrocytic (vitamin By, deficiency, folate deficiency,
thiopurine therapy) anaemia can mask the presence of
IDA. For a mixed aetiology, a high red cell distribution
width can help identify the presence of concomitant iron
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deficiency [9]. Thalassemia can also present as microcyt-
ic hypochromic anaemia and should be considered in en-
demic populations. Reticulocyte counts can be low to
normal, depending on how impaired erythropoiesis is
due to iron deficiency. Reticulocyte Hb content reflects
the availability of iron for erythropoiesis and is reduced
in IDA and IDA with Al It is, however, not widely avail-
able [3]. Platelet and leukocyte counts help rule out pan-
cytopenia [5].

Ferritin is low in IDA but may increase during inflam-
mation. A serum ferritin of <30 pg/L is generally indica-
tive of IDA. However, if inflammation is present (elevat-
ed CRP, erythrocyte sedimentation rate, or leukocyte
counts; diarrhoea; haematochezia; or endoscopic inflam-
mation), the limit is raised to 100 pg/L. The cut-off for TfS
is set at <16% for iron deficiency. However, Al may also
present with a low TfS [3, 5]. The presence of inflamma-
tion can also be detected using inflammatory cytokines
such as interleukin-6. Hepcidin is decreased in response
to iron deficiency; however, it is increased in response to
inflammation.

Soluble transferrin receptor (sTfR) is another param-
eter that increases during iron deficiency. While the con-
centration of sTfR is mostly unaffected by inflammation,
there is no consensus on the appropriate limits and no
standard test. If available, an elevated sTfR or sTfR/log
ferritin index >2 points to concomitant IDA [3]. A sum-
mary of diagnostic parameters can be found in Table 1.

Treatment of IDA in IBD

Once IDA has been diagnosed, prompt and appropri-
ate therapy is imperative. Quality of life greatly improves
with correction of anaemia [10-12]. Furthermore, iron is
also vital for many cellular processes beyond oxygen
transport, and iron deficiency can be symptomatic even
without manifest anaemia [13-16].

The goal of iron therapy is complete normalization of
Hb and restoration of iron stores. The duration until this
is achieved can vary, depending on the severity of anae-
mia. However, Hb should increase by at least 2 g/dL with-
in 4 weeks of treatment [5, 17]. Appropriate IBD manage-
ment should be undertaken simultaneously, to prevent
further iron losses and alleviate concomitant AI. A sim-
plified management scheme can be found in Figure 1.

Oral Iron
In our view, it is best to avoid oral iron therapy in IBD
to relieve the intestinal site of inflammation from poten-
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Screening: Hb >12 g/dL @,
CBC, ferritin, CRP 212 g/dL &
¢ Ferritin <30 pg/L
Diagnosed anaemia ¢
Hb <12 g/dL @, Symptomatic
<13 g/dLa therapy

Non-IDA excluded

v

Assess and optimize |
IBD therapy

Ferritin <30 pg/L | Ferritin <100 pg/L
CRP <0.5mg/dL | CRP >0.5 mg/dL

(see Table 1)

IDA IDA with Al
: Recurrence
Intravenous iron
(see Table 2)
Check response Yes Fogllow—utﬁ:: ¢
Hb +2 g/dL within »| €EVery = monthstor
4 weeks |
CBC, ferritin, TfS, CRP
No Stable
Y A
Assess and optimize IBD therapy Annual
Consider ESA + IV screening

Fig. 1. Simplified management scheme for iron deficiency anaemia
(IDA) in patients with inflammatory bowel disease (IBD). Al,
anaemia of inflammation; CBC, complete blood count; CRP, C-
reactive protein; ESA, erythropoiesis-stimulating agents; Hb, hae-
moglobin; IV, intravenous; TfS, transferrin saturation.

tial harm and reduce the risk of triggering a flare. Oral
iron alters the microbiota profile and metabolism, which
likely influences the underlying intestinal disease [18,
19]. In animal models of colitis, oral iron exacerbates
colitis and promotes carcinogenesis [20, 21]. Further-
more, inflammation greatly diminishes the efficacy of
oral iron. Duodenal disease involvement directly im-
pairs iron absorption, and elevated circulating hepcidin
blocks the release of iron taken up by enterocytes into
circulation. Gastrointestinal side effects (abdominal
pain, nausea, diarrhoea) further limit tolerability [22,
23].

If oral iron must be used, it should be limited to IBD
patients with mild anaemia (Hb >11.0 g/dL), with no ac-
tive disease and no prior intolerance to oral iron [5]. The
ECCO recommends a dose no higher than 100 mg ele-
mental iron per day [5]. However, lower doses (15-30
mg) have been effective in other patient populations [24,

32 Acta Haematol 2019;142:30-36
DOI: 10.1159/000496728

Table 1. Distinguishing iron deficiency anaemia (IDA), anaemia
of inflammation (AI), and combined anaemia (AI + IDA)

Parameters IDA Al Al + IDA
Red cell indices
MCV/MCHC 1 ltoe ltoe
Reticulocyte count ! ! !
RDW T —tol <tol
Iron indices
Ferritin, pg/L <30 >100 30-100
Transferrin 1 ltoe otol
TfS <16% <20% <16-20%
sTfR 1 - otol
sTfR/log ferritin >2 <1 1-2
Hepcidin 1 7 lto <
Inflammatory parameters
CRP - otol otol
Interleukin-6 o 1 T
ESR, leukocyte counts, clinical

symptoms o T T

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
MCHC, mean corpuscular haemoglobin concentration; MCV,
mean corpuscular volume; RDW, red cell distribution width; sT{R,
soluble transferrin receptor; TfS, transferrin saturation.

25]. Studies in iron-deficient women show that frequent
daily dosing reduces iron absorption and that alternate-
day single doses are more effective [26, 27]. There are also
newer formulations of oral iron with ferric iron, such as
ferric maltol, that were effective in patients with IBD who
could not tolerate the standard ferrous formulations [28].
Hb should increase by at least 2 g/dL within 4 weeks of
treatment to be considered effective. If this is not the case,
a shift to intravenous iron may be necessary.

Intravenous Iron

In IBD patients with moderate to severe anaemia, or
with active disease, or where oral iron is not tolerated or
ineffective, intravenous (IV) iron is the therapy of choice
[5]. IV iron bypasses the inflammation-induced blockade
of intestinal iron absorption and allows for faster iron re-
pletion. A meta-analysis on studies comparing IV iron
and oraliron in IBD found that IV iron was more effective
at raising Hb and had a lower rate of treatment discon-
tinuation due to adverse events or intolerance [29]. The
main disadvantage is the higher cost of medication and
the necessity for administration by a health professional.
However, a study by Stein et al. [30] based in Germany
found that patient outcome was better with IV iron, with
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Table 2. Simple scheme for estimation of iron need

Table 3. Intravenous iron preparations

Severity of iron Hb, g/dL BW <70kg BW =70 kg

deficiency

No anaemia Normal 500 mg 1,000 mg

Mild to moderate ~ 10-12 (women) 1,000 mg 1,500 mg
anaemia 10-13 (men)

Severe anaemia 7-10 1,500 mg 2,000 mg

Critical anaemia <7 2,000 mg 2,500 mg

BW, body weight; Hb, haemoglobin.

fewer hospitalizations and an overall lower total health
care cost as compared to oral iron. The immediate costs
of IV iron may thus be offset by the long-term costs of
ineffective oral iron therapy.

In the past, severe reactions were reported in response
to high-molecular weight iron dextran. These reactions
are rare with formulations in current use; a retrospective
study in the US found 0.24 anaphylactic reactions per
1,000 infusions in IBD [31]. Death and other severe long-
term sequelae are very rare, at about one for every five
million doses [32].

Calculation of the appropriate dose was classically per-
formed using the Ganzoni formula [33]. However, this
formula is impractical and can underestimate iron re-
quirements [34, 35]. A simple dosing scheme proposed by
our group is recommended by the ECCO, as it had better
efficacy and compliance compared to Ganzoni-based
dosing (Table 2) [5, 10].

IV iron formulations are available in low- or high-mo-
lecular weight formulations (Table 3). The advantage of
the high-molecular weight formulations is that larger
doses can be administered in one session, whereas low-
molecular weight formulations would require more ses-
sions and increase associated administration cost.

While the risk for a severe reaction to IV iron is low, it
should only be administered by trained staff at a facility
equipped for resuscitation. The European Medicines
Agency no longer requires a test dose and instead recom-
mends close monitoring for at least 30 min following in-
fusion for all IV iron formulations [36].

Hb should increase by 2 g/dL within 4 weeks of iron
replacement. Ferritin is highly elevated in the first couple
of weeks after iron infusion and is only reliable 8 to 12
weeks after the end of treatment. A TS >50% is indicative
of iron overload and treatment regimen should be modi-
fied accordingly [37]. Depending on the initial severity
and underlying cause, Hb correction may take up to 3

Iron Deficiency Anaemia in IBD

Formulation Dose per session

Low dose

Iron gluconate 62.5-125 mg/100 mL 0.9% NaCl for 20
mintolh

100-200 mg/100 mL 0.9% NaCl over 30

min minimum

Iron sucrose

High dose

Ferric carboxymaltose 500 mg/100 mL 0.9% NaCl

1,000 mg/250 mL 0.9% NaCl
Administered over 15 min

1,000 mg/500 mL 0.9% NaCl over 4-6 h
500 mg/250 mL 0.9% NaCl over 30 min
1,000 mg/500 mL 0.9% NaCl over 1 h
510 mg IV at 30 mg/s or infusion over
15 min

Iron dextran
Iron isomaltoside 1000

Ferumoxytol

months and even longer to replace iron stores. Patients
with posttreatment ferritin levels <100 ug/L are more
likely to recur within the first 4 months, 100-400 pg/L
within the next year, and >400 pg/L after 2 years [38].
Thus, it could be beneficial to aim for a higher ferritin
level for iron therapy when using IV iron [5].

Patients not responding to IV iron may have concom-
itant AT and may be considered for treatment with eryth-
ropoiesis-stimulating agents (ESA). However, optimiza-
tion of IBD should precede ESA use as appropriate ther-
apy can improve response to IV iron. Furthermore, other
potential causes of anaemia should be re-evaluated. If
ESA are necessary, they should only be used in combina-
tion with IV iron and only to a maximum of 12 g/dL Hb
(5].

Blood transfusions should only be used in patients
who are critically anaemic (<7 g/dL Hb) and haemody-
namically unstable or have concomitant coronary heart
disease or chronic pulmonary disease [5, 39]. Transfu-
sions are a temporary solution, and iron replacement is
still needed to replete iron stores.

Follow-Up

Anaemia can recur within the first 10 months after
completion of treatment, even if iron was administered
intravenously [38, 40]. Thus, patients should be moni-
tored every 3 months in the first year after treatment, and
every 6 to 12 months in the years thereafter. Parameters
to be monitored include Hb, ferritin, TfS, and CRP [5]. If
Hb drops below the limits for anaemia, or serum ferritin
drops below 100 pg/L, treatment should be re-initiated
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[5]. Persistent IDA or rapid recurrence of IDA despite ap-
propriate therapy could be a sign of ongoing disease activ-
ity, which should be appropriately managed. In premeno-
pausal women with IBD, menstrual blood loss should also
be considered.

Iron Deficiency without Anaemia

While there is a consensus for prompt treatment of
IDA in IBD, there are no definitive recommendations for
the treatment of iron deficiency without manifest anae-
mia (IDWA). In IDWA, iron stores are reduced as indi-
cated by a ferritin <30 pg/L, or 30-100 ug/L if inflamma-
tion is present. Likewise, TfS may be <16%. Red cell indi-
ces may be altered: red cell distribution width increased,
reticulocyte counts decreased, and MCH at the lower lim-
it of normal. However, Hb remains within normal limits.

Despite Hb being within normal limits, patients with
IDWA can suffer from a reduced quality of life [16].
Symptoms such as chronic fatigue, restless legs syndrome,
or impaired cognitive function can improve upon iron
therapy [13-15].

In one retrospective study on IBD patients withIDWA,
only a fourth of patients recovered within the following
year. Recovery was more common in patients who were
male or had a ferritin of 30-100 pug/L. The remainder con-
tinued to have IDWA or progressed fully into anaemia
[41]. Thus, these patients should also be monitored close-
ly for developing anaemia or symptoms that may impact
quality of life such as fatigue [16]. The decision to treat
IDWA should be decided on a patient-to-patient basis.
For IV iron, a single dose of iron as recommended in Ta-
ble 2 may be used [5].

Iron Deficiency, an Accomplice in Other IBD
Sequelae?

Iron is a vital element involved in gas exchange, mito-
chondrial function, DNA repair, free radical production
in immunity, and a host of other cellular functions [4].
Chronic IDA also means chronic hypoxia, which in com-
bination could elicit a maladaptive response in the con-
text of chronic inflammation.

Iron deficiency is known to be associated with throm-
bocytosis, which is perhaps an evolutionary response to
compensate for blood loss [42]. Thrombocytosis is also a
feature of IBD, occurring in response to inflammation.
However, iron therapy in patients with IBD reduces plate-
let number as well as platelet activity, indicating that iron
deficiency itself is a contributor [43].
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In cancer patients, where thrombotic events are a sig-
nificant cause of morbidity and mortality, high platelet
counts are a risk factor for venous thromboembolism [44].
Likewise, IBD patients are at considerable risk for throm-
botic events, and risk increases when disease activity is
highest [45]. Anaemia also correlates with disease activity,
so both IDA and inflammation may be playing contribu-
tory roles in the pathogenesis of thrombotic events in IBD.

In our research, we have discovered that IDA alone can
increase both arterial [46] and venous thrombotic tenden-
cy in animal models. Animal models of IBD are more sus-
ceptible to thrombosis, and haematologic examination of
these models also show significant anaemia [47, 48]. The
increased thrombotic tendency in IBD may be the com-
bined effect of both inflammation and iron deficiency.

Intestinal hypoxia is a feature of chronic inflamma-
tion. Oxygen consumption increases due to increased
metabolic activity and immune cell activity, while intes-
tinal perfusion is decreased. An adequate response to
these changes promotes a return to normal intestinal ho-
moeostasis [49]. Central to the regulation of this process
is hypoxia-inducible factor-2a, which we have found to
also be involved in IDA-associated thrombocytosis [50].
IDA in IBD could thus contribute not only to increased
thrombotic tendency, but also to dysregulation of intesti-
nal homoeostasis.

Conclusion

Anaemia is the most common extraintestinal manifes-
tation of IBD, and its major cause is iron deficiency. While
appropriate disease management will prevent further iron
loss, appropriate iron replacement therapy is needed to re-
store normal function. Careful monitoring for recurrence
is necessary. The benefits of iron therapy may extend be-
yond reversal of anaemia, potentially influencing throm-
botic tendency as well as the course of the disease itself.
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