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Abstract

Background and Aims: We sought to correlate hepcidin levels in inflammatory bowel disease [IBD]
children with disease activity, inflammatory markers, and iron load test [ILT] and to compare IBD
patients with coeliac and healthy patients.

Methods: Between December 2012 and June 2013, 145 subjects [50 IBD patients, 45 coeliac
patients and 50 healthy controls] were included in the study. All patients underwent the
following examinations: blood count, iron status, erythropoiesis parameters, serum hepcidin,
C-reactive protein [CRP], and erythrocyte sedimentation rate [ESR]. In order to evaluate the
efficacy of iron absorption, ILT was performed in IBD patients. Disease activity indexes and IBD
duration, localisation, and therapy were also evaluated, and a faecal sample for calprotectin
collected.

Results: Serum hepcidin was significantly higher in IBD patients with active disease compared
with both coeliac and healthy patients [p = 0.005, p = 0.003 respectively]. In a multivariate logistic
regression model, having a Paediatric Crohn’s Disease Activity Index [PCDAI] / Paediatric Ulcerative
Colitis Activity Index [PUCAI] > 30 resulted in the only variable independently associated with a
positive serum hepcidin (odds ratio [OR] = 6.87; 95% confidence interval [CI] 1.4-33, p = 0.01]].
Patients with iron malabsorption [IM] showed higher values of ESR, CRP, and hepcidin [p = 0.02,
p = 0.001, and p = 0.06, respectively]. Eight out of 12 [66.7%] children with IM showed an active
disease compared with 6/31 [19.3%] children with normal ILT [p = 0.01]. Hepcidin levels correlated
negatively with ILT [r =-0.451, p = 0.002], and positively with ferritin and CRP [r = 0.442, p = 0.0001;
r=0.243, p = 0.009, respectively]

Conclusions: Our study demonstrates that serum hepcidin is increased in IBD children with active
disease and it is responsible for IM.
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1. Introduction

Anaemia is the most frequent extra-intestinal manifestation of
inflammatory bowel disease [IBD], with a great impact on the
patient’s quality of life."> The prevalence of anaemia in IBD varies
between 15% and 75%, depending on the definition and the sub-
group of examined patients.>* The main types of anaemia in IBD
are iron deficiency anaemia [IDA], anaemia of inflammatory aetiol-
ogy, anaemia of chronic disease [ACD], and combined IDA + ACD.**
IDA is mainly the result of the chronic blood loss from the gastro-
intestinal [GI] tract, due to prolonged inflammation of the small
and large intestine epithelium. On the other hand inflammation,
through an inflammatory cytokines-mediated mechanism, leads to
a decreased iron level in the circulation and thus to a limited avail-
ability of iron for erythroid cells.® Hepcidin, a 25 amino-acid peptide
mainly secreted by hepatocytes, controls the amount of iron entering
the blood circulation by binding and downregulating ferroportin, a
plasma membrane transporter that pumps iron out of phagocytes
and duodenal enterocytes. The hepcidin expression is regulated
transcriptionally in response to changing serum iron levels. Elevated
serum iron promotes hepcidin expression, leading to downregula-
tion of ferroportin and decreased entry of iron into the circulation.
Conversely, low serum iron leads to reduced hepcidin expression,
elevated ferroportin, and increased movement of iron into the cir-
culation.”® In addition to iron status, inflammatory cytokines can
also influence transcription of the hepcidin gene. Interleukin-6 [IL-
6] has been shown to increase hepcidin expression in vitro and in
vivo, and IL-6 induced hepcidin upregulation has been proposed to
play an important role in the pathogenesis of ACD.”" The role of
hepcidin in the mechanisms of anaemia in paediatric IBD is limited
and shows conflicting results. Increased urine'' or serum'? hepcidin
has been reported in two studies, correlating with the rise of IL-6
levels, ferritin, and disease activity. Conversely, Arnold et al. found
significantly decreased hepcidin levels in IBD patients compared
with healthy controls.'> Hepcidin precursor, pro-hepcidin, has also
been evaluated in three different studies in IBD patients, with vari-
able results.'>'*1315 Conflicting results may suggest that hepcidin in
human IBD is likely to be influenced by various factors such as age,
type of disease, and disease activity.

The primary aim of this study was to correlate hepcidin serum
levels in patients affected by paediatric IBD with disease activity,
inflammatory markers, and iron absorption. The secondary aims
were to compare serum hepcidin levels of IBD patients with a group
of coeliac and healthy patients, and to establish which iron param-
eter better correlates with hepcidin.

2. Materials and Methods
2.1. Study population

We conducted a comparative, cross-sectional, single-centre study
in paediatric patients with a diagnosis of IBD. Children and ado-
lescents aged from 2 to 18 years with a diagnosis of IBD were
prospectively enrolled between December 2012 and June 2013
at the Department of Translational Medical Science, Section of
Paediatrics, University of Naples ‘Federico II’, Italy. The diagno-
sis of IBD was established on the basis of clinical, endoscopic,
radiological, and histological criteria according to the Porto cri-
teria.'® During the same study period, we also recruited a group
of children who were referred to our centre with suspected coe-
liac disease due to pathological serum levels of anti-tissue trans-
glutaminase [tTG] [> 7U/ml] and/or positive anti-endomysium
[EMA] antibodies. Only patients with a confirmed diagnosis of

coeliac disease or potential coeliac disease [positive serology and
normal duodenal architecture] were finally included in the study.
In addition, we enrolled a group of healthy children referred to
our primary care centre for routine well-child visits. Exclusion cri-
teria from the study were: age < 2 years or > 18 years; patients
with suspected coeliac disease without confirmation of diagnosis;
the presence of other comorbidities; patients having iron supple-
mentation during the month preceding the enrolment; and inabil-
ity or unwillingness to give informed consent. At the time of the
enrolment, all patients underwent the following examinations: full
blood count, reticulocytes, serum iron, ferritin, transferrin, soluble
transferrin receptor [STfR], total iron-binding capacity [TIBC],
transferrin saturation [Tsat], and inflammatory indexes (C-reactive
protein [CRP], erythrocyte sedimentation rate [ESR]). In addition,
blood samples from all enrolled patients were also obtained for
hepcidin 25 isoform analysis. After being centrifuged, the serum
of all patients was stored at -80°C in aliquots in order to avoid
multiple-frozen thaw. Once collected, all samples were sent to the
Section of Internal Medicine, Department of Medicine, University
of Verona for the analysis. Hepcidin 25 isoform was measured
through a validated mass spectrometry-based assay, as previ-
ously described.'” Synthetic hepcidin 25 [Peptides International,
Louisville, KY] was used for external calibration and a synthetic
hepcidin analogue [Hepcidin 24, Peptides International] as an
internal standard. The lower sensitivity limit of the assay was
0.55nM. All samples were measured in duplicate.'® For the IBD
group, type of IBD, anatomical distribution of disease, symptoms,
disease activity, and treatments, including surgery, were recorded.
For the purpose of this manuscript, disease location was described
according to the Paris classification."” Disease activity was scored
by the Paediatric Crohn’s Disease Activity Index [PCDAI] or the
Paediatric Ulcerative Colitis Activity Index [PUCAI] for CD and
UC, respectively.?%2! In addition, a stool sample for faecal cal-
protectin determination was also obtained. For the coeliac group,
tTG, EMA, and duodenal histology [according to Marsh grading]
were also evaluated.

2.2. Differential diagnosis of anaemia

Anaemia was defined on the basis of World Health Organization
Criteria 2 in boys aged > 15 years, as Hb < 13 g/dl; in non-pregnant
girls aged > 15 years, as Hb < 12 g/dl; in children aged 5-11 years,
as Hb < 11.5¢/dl; and in children aged < 5 years, as Hb < 11g/dl.
Iron deficiency was defined as a ferritin < 12ng/ml in children aged
< § years, or ferritin < 15ng/ml in children aged > 5 years, when the
corresponding CRP was < 1 mg/dl and Tsat < 20%.%? In the presence
of biochemical evidence of inflammation, the diagnostic criteria for
ACD were a serum ferritin > 100 ng/ml and TfS < 20%, whereas if
the serum ferritin level was < 100ng /ml, a combination of true iron
deficiency and ACD was diagnosed.?

2.3. Iron absorption in IBD patients

In order to evaluate the efficacy of iron absorption, an iron load
test [ILT] was performed in children affected by IBD. We used a
previously described protocol.?* After an overnight fast and base-
line serum iron determination, ferrous sulphate [dosed as 1mg/kg
elemental iron with a 60-mg maximum| was administered orally as
a liquid preparation, followed by determination of serum iron after
2h. The change in iron levels between the baseline and the 2-h period
(A[Fe]2hr) was calculated. Iron malabsorption [IM] was defined
using the normative data, when the increase of serum iron after 2h
from the ILT was lower than the fifth percentile.?*
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2.4. Ethical approval

All parents or guardians signed a consent form indicating their aware-
ness of the investigative nature of the study and possible risks. When
appropriate, we also obtained children’s assent. The study was approved
by the Institutional Review Board of University of Naples Federico II.

2.5. Statistical analysis

Variables were screened for their distribution, and appropriate paramet-
ric or non-parametric tests were adopted as necessary. Student’s t-test,
the ANOVA test, and the Mann-Whitney test for continuous variables,
and the chi-square and Fisher’s exact tests for categorical variables, were
used where appropriate. Multivariate conditional logistic regression
analysis was used to explore the odds associated with a positive serum
hepcidin and a pathological ILT. Serum hepcidin and ILT were used as
dependent variables, and the effect of all the parameters was analysed by

Table 1. Demographic and clinical characteristics of enrolled patients.

a stepwise procedure. Serum hepcidin was considered positive for val-
ues higher than the measurable cut-off [0.55 nM]. Correlations between
serum hepcidin and A[Fe|2hr with continuous variables were evaluated
through linear regression and expressed by Pearson’s correlation coef-
ficient. Variables not normally distributed [serum hepcidin and ferritin]
were log-transformed before performing the correlations. Statistical sig-
nificance was predetermined as p < 0.05. Percentages were rounded to
the nearest whole numbers. SPSS version 15 was used for all statistical
analyses. The sample size of 50 children in each group was estimated
with a 90% power to detect a difference of at least 20% between the
three groups, with an alpha of 0.05.

3. Results

Initially, 150 subjects were enrolled between December 2012 and June
2013, comprising 50 IBD patients (UC: 28; CD: 20; IBD-unclassified

Characteristics [n, %] IBD patients Coeliac patients Healthy controls P
N =50 N=45 N =50

Age, years [range] 12.6+3.5 [4-18] 8+3.2 [2-14] 11.1+4.2[3.2-18] 0.01

Gender [n, %]

Male 27 [54] 20 [44.4] 25 [50] 0.6

Coeliac disease diagnosis [7, %] NA

Coeliac disease - 38 [84.4] -

Potential coeliac disease - 7 [15.6] -

(TG . 110.8+87.6 [3.4-200] .

EMA positive - 41 [91.1] -

Marsh grading [1, %] - -

T1 . 3[6.6] .

T2 - 0

T3a - 0

T3b . 12 [26.6] .

T3c - 21 [46.6] -

IBD type [, %] NA

uc 28 [56] . .

CD 20 [40] - -

IBD-U 2 [4] - .

IBD disease location [, %] - - NA

ucC

Proctosigmoiditis [E1] 9(32] - -

Left-sided colitis [E2] 2 (8] - -

Extensive colitis [E3] 6 [21] - -

Pancolitis [E4] 11[39] . .

CD - -

Ileum only [L1] 11[5] - -

Colon only [L2] 5125] - -

Ileum and colon [L3] 14 [70] - -

Upper gastrointestinal tract [L4a] 2 [10] - -

IBD disease activity indexes NA

PUCAIL 13.8+16.4 [0-47.5] - -

PCDAI 11.8+14.4 [0-60] . .

IBD therapy [#, %] NA

Steroids 10 [20] - -

Enteral nutrition 3 (6] - -

Azathioprine 11 [22] - -

Methotrexate 11[2] - -

Biologicals 2 4] - -

Mesalazine 31 [62] - -

All continuous variables values are expressed as means = standard deviation [range].

CD, Crohn’s disease; EMA, anti-endomysium; tTg, anti-tissue transglutaminase; IBD, inflammatory bowel disease; UC, ulcerative colitis; IBD-U, inflammatory
bowel disease unclassified; PCDAI, Paediatric Crohn’s Disease Activity Index; PUCAI, Paediatric Ulcerative Colitis Activity Index; NA, not applicable.
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Table 2. Laboratory parameters of enrolled patients.

Parameters IBD patients [z = 50] Coeliac patients [12 = 45] Healthy controls [7 = 50] p*

Hb, g/dl 12.2x1.7 [8.3-14.9] 12.1=1[9.1-14.6] 12.8x1[11-16] 0.04
MCV, fl 78.6 8.1 [60-94] 78.5+5.3[60.3-91] 82.5+4.1[74-92] 0.002
Serum iron, pg/dl 56.6+32.5 [13-148] 60.4+33.4 [19-176] 80.7+26.9 [28-138] 0.001
Ferritin, ng/ml 45.8+36.8 [6-217] 33.8+30.5 [6-157] 56.8+31 [10-179] 0.0 001
Transferrin, g/l 2.5+0.6 [1.3-4.3] 2.7+0.3 [2.1-3.4] 1.4+0.3 8 [0.7-2.6] 0.02
ST{R, mg/dl 1.9+1.2[0.8-8.5] 1.7+0.4 [1.1-2.8] 1.4+0.3 [0.4-2.6] 0.02
Tsat, % 16.1+9.8 [3-41] 15=8.6 [5-42] 21.4:8.3 [6-44] 0.01
TIBC, pg/dl 315.5+77.7 [139-460] 365.1+72.8 [236-576] 350.8+43.8 [268-450] 0.3
Reticulocytes, % 3.8+3.6 [0.6-9] 4.0+3.3 [1-4] 3.2+3.4[0.6-9] 0.01
Serum hepcidin, nM 4.3:8.3[0.55-49.2] 2.1+3.1[0.55-15.5] 2:2.6[0.55-11.3] 0.06
ESR, mm 12.2+11.8 [1-46] 9.5+6.1 [2-23] 6.2+3.9 [1-17] 0.03
CRP, mg/dl 1.4+3.1[0.33-18.6] 0.35+0.04 [0.33-0.4] 0.36+0.2 [0.33-2] 0.0 001

All values are expressed as means = standard deviation [range].

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, haemoglobin; MCV. mean corpuscolate volume; STfR, soluble transferrin receptor; TIBC,

total iron binding capacity; TSat, transferrin saturation.
* ANOVA test.

Table 3. Serum hepcidin levels in different groups of patients.

Groups [7] Serum hepcidin* P

IBD with PCDAI/PUCAI > 30 [11] 9.4+15.8[0.55-49.2] 0.02
IBD with PCDAI/PUCAI < 30 [39] 2.8+3.7[0.55-19.2]
IBD type 0.1

UC [28] 3.3+6.2[0.55-28.5]
CD [20] 5.7+10.9 [0.55-49.2]
IBD-U [2] 1.8+1.7 [0.55-3]

IBD with PCDAI/PUCAI > 30 [11]
Coeliac patients [45]

IBD with PCDAI/PUCAI > 30 [11]
Healthy controls [50]

Coeliac patients [45] 2.1+3.1]0.55-15.5] 0.9
Healthy controls [50] 2.1+2.6 [0.55-11.3]

Coeliac disease group 0.3
Coeliac disease [38] 1.9+3.0[0.55-15.5]
Potential coeliac disease [7] 3.1+£3.3[0.55-8.3]

Patients with anaemia

[
[
[
9.4+15.8[0.55-49.2]  0.005
2.1+3.1[0.55-15.5]
9.4+15.8[0.55-49.2]  0.003
[
[
[

2.1£2.6 [0.55-11.3]

IDA [8] 0.55 [0.55] 0.001
ACD [2] 25.1+34 [1-49.2]

ACD [2] 25.1+34 [1-49.2] 0.001
IDA + ACD [12] 1.924.3[0.55-15]

IDA [8] 0.55 [0.55] 0.06
IDA + ACD [12] 1.9:4.3[0.55-15]

*Values are expressed as means = standard deviation [range].

ACD, anaemia of chronic disease; CD, Crohn’s disease; IDA, iron deficiency
anaemia; IBD, inflammatory bowel disease; IBD-U: inflammatory bowel dis-
ease unclassified; PCDAI Paediatric Crohn’s Disease Activity Index; PUCAI,
Pediatric Ulcerative Colitis Activity Index; UC, ulcerative colitis.

[IBD-U]: 2; mean age = standard deviation [SD:] 12.6 +3.5; range 4
to 18 years; M/F: 27/23), 50 children with a suspicion of coeliac dis-
ease, and 50 healthy controls [mean age = SD: 11.1+4.2 years; range
3.2 to 18 years; M/F: 25/25]. Among the coeliac disease group, §
patients [10%] were subsequently excluded from the study for non-
confirmed positive coeliac serology and therefore only 45 coeliac
patients were included in the study [mean age + SD: 8+3.2 years;
range 2 to 14 years; M/F: 20/25]. Of these 45 children, 38 [84.4%]
were affected by coeliac disease and 7 [15.6%] by potential coeliac
disease. The baseline and laboratory characteristics of all subjects
included in the study are described in Table 1 and Table 2.

3.1. Prevalence of anaemia among different

study groups

The prevalence of anaemia in IBD patients was significantly higher
compared with both the coeliac group and the healthy controls (17/50
[34% versus 5/45 [11.1%]; OR = 4.1; 95% CI 1.3 to 12.3, p = 0.01;
17/50 [34%] versus 0/50 [0%]; p = 0.001; OR 2.5; 95% CI 1.9 t0 2.3,
respectively]. In detail, 3 out of 17 IBD patients [17.6%] were affected
by IDA, 2/17 [11.7%] by ACD, and in 12 out of 17 [70.5%] IBD chil-
dren a combination of IDA and ACD was identified. All five anaemic
coeliac patients were affected by IDA. In addition, an iron deficiency
status without anaemia was found in 1/50 [2%] IBD patients, 7/45
[14%] coeliac patients, and 2/50 [4%] healthy controls [p = 0.03].

3.2. Serum hepcidin among different groups

Serum hepcidin was significantly higher in IBD patients with a
PCDAI/PUCAI > 30 compared with patients with PCDAI/PUCAI
< 30, coeliac patients, and healthy controls [p = 0.02, p = 0.005,
p = 0.003, respectively] [Table 3]. In IBD patients with PCDAI/
PUCAI < 30, serum hepcidin values were higher than in coeliac
or in healthy children, but statistical significance was not reached
[p = 0.3, p = 0.2, respectively]. No difference was observed when
comparing coeliac patients with healthy controls [p = 0.9] [Table 3].
In addition, serum hepcidin was significantly higher in patients with
ACD compared with children with IDA and ACD + IDA [p = 0.001,
p = 0.001, respectively]. Patients with ACD + IDA showed higher
values of serum hepcidin compared with patients with IDA, with a
trend toward statistical significance [p = 0.06] [Table 3]. In detail,
none of the patients with pure IDA showed hepcidin values higher
than the lower limit of the assay [0.55 nM], whereas 7 out of 12
[58.3%] patients with combined IDA and ACD showed values >
0.55nM. Both of the two patients [100%] with pure ACD showed
values higher than the cut-off.

3.2.1. Multivariate analysis

In a multivariate logistic regression model, serum hepcidin was con-
sidered positive for values > 0.55nM. Having a PCDAI/PUCAI > 30
resulted in the only variable independently associated with a positive
serum hepcidin (9/11 [81.8%] patients with a PCDAI/PUCALI > 30
versus 53/134 [39.5%] of the remaining patients; OR = 6.87; 95%
CI 1.4-33, p = 0.01). None of the other variables was associated
with positive serum hepcidin.
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3.3. Iron absorption in IBD patients

Off 50 IBD patients, 43 [86%] performed the ILT. Twelve of the
43 [27.9%] patients showed a pathological ILT. Iron absorp-
tion was not associated with patient age or gender [p = 0.6 and
p = 0.3, respectively] [Table 4]. Specific type of IBD and duration
and extension of disease did not associate with the IM [p = 0.1,
p=0.1,and p = 0.7, respectively]. Patients with IM showed signifi-
cant higher values of ESR and CRP compared with patients with
normal iron absorption [p = 0.02 and p = 0.001, respectively].
Active disease was more frequent in children with a pathological
ILT when compared with children with normal iron absorption
(8/12 [66.7%] versus 6/31 [19.3%] [p = 0.01]. In particular, a
PUCAI/PCDAI = 30 was more common in children with patho-
logical ILT when compared with children with normal ILT (5/12
[41.6%] versus 1/31 [1.3%]; p = 0.004). Mean PUCAI and PCDAI
are shown in Table 4. In addition, IBD children with abnormal
ILT were significantly more often taking immunosuppressive
therapy (9/12 [75%] versus 11/31 [35.5%]; p = 0.03). Baseline
serum iron, haemoglobin, transferrin, and Tsat values were signifi-
cantly lower in patients with IM [p = 0.001, p = 0.005, p = 0.04,
and p = 0.003, respectively] [Table 4]. Although baseline ferritin
and faecal calprotectin were found to be higher in patients with
IM, these differences were not statistically significant [p = 0.2
and p = 0.6, respectively] [Table 4]. Serum hepcidin was higher in
patients with pathological ILT, with a trend toward statistical sig-
nificance [p = 0.06] [Table 4]. In a multivariate logistic regression
model, being affected by active IBD resulted in the only variable

independently associated with a pathological ILT [OR = 15.4;
95% CI 1.4-160.2, p = 0.007].

3.4. Correlations of serum hepcidin and A[Fe]2hr

In order to determine correlations, we included all the patients
[ = 145] in the analysis, except for A[Fe]2hr, PUCAI, PCDALI, cal-
protectin, and tTg, which were determined only in IBD patients or
in coeliac patients. Log-tranformed hepcidin levels correlated nega-
tively with A[Fe]2hr [r = -0.451, p = 0.002] [Figure 1A], and posi-
tively with log-transformed ferritin and CRP [r = 0.442,p = 0.0 001;
r = 0.243, p = 0.009, respectively] [Figure 1B and C]. An inverse
relationship was found with serum transferrin [r = -0.249, p = 0.0035,
respectively] [Figure 1D]. A direct correlation with a trend toward
statistical significance was found between log-transformed hepcidin
and ESR [r = 0.158, p = 0.09]. No specific correlation was found
comparing log-transformed hepcidin with age, duration of IBD,
serum iron, STfR, TIBC, or reticulocytes. Among coeliac patients,
no significant correlation was identified between log-transformed
hepcidin levels and tTG titres [r = -0.201, p = 0.2]. A[Fe]2hr was
found to be inversely correlated with log-transformed ferritin and
CRP [r = -0.588, p = 0.0001; r = -0.585, p = 0.0001, respectively]
[Figure 2A and B]. A direct correlation was found between A[Fe]2hr
and transferrin [r = 0.613, p = 0.0001] [Figure 2C]. An inverse cor-
relation with a trend toward statistical significance was found with
ESR, PUCALI, and faecal calprotectin [r =-0.296,p = 0.07; r =-0.292,
p =0.06; 1 =-0.325, p = 0.08, respectively]. None of the other vari-
ables correlated with A[Fe]2hr.

Table 4. Characteristics associated with iron malabsorption in IBD children.

Characteristics Pathological ILT [7 = 12] Normal ILT [7 = 31] P
Mean age [years, range] 12.9+3.6 [2-18] 12.3+3.5 [2-18] 0.6
Gender [n, %] 0.3
Male 4[33.3] 17 [54.8]

Duration of disease [months] 25.5+29.6 [0-82] 43.8+36.3 [1-113] 0.1
IBD type [#, %] 0.1
CD 6 [50] 10 [32.3]

ucC 5141.7] 20 [64.5]

IBD-U 11[8.3] 1[3.2]

Active disease [1,%] 8 [66.7] 6 [19.4] 0.01
PCDAI/PUCAI = 30 [, %] 5[41.7] 11[3.2] 0.004
Disease activity indexes

PCDAI 17.1+17.4 [0-47.5] 3.7+4.6 [0-10] 0.03
PUCAIL 25.8+15.3 [0-40] 7.5+5.1[0-35] 0.002
Immunosuppressants [7,%] 9 [75] 11 [35.5] 0.03
Laboratory parameters

Haemoglobin, g/dl 11.3+1.5 [9.1-14.5] 12.8+1.5[8.3-14.9] 0.005
Pre-load sideraemia, pg/dl 29.7+14.4 [13-52] 71.6+31[18-148] 0.001
Ferritin, ng/ml 46.8+28 [6-99] 36.7+23.9 [10-115] 0.2
Serum hepcidin, nM 4.8+7.8[0.55-28.5] 2.7+£3.9[0.55-19.2] 0.06
Transferrin, g/l 2.3+0.8 [1.3-4.3] 2.7+0.4 [1.6-3.6] 0.04
Tsat, % 9.9+5.7 [4-21] 19.8+9.5 [3-41] 0.003
STIR, mg/dl 1.8+0.5[0.8-2.4] 1.9+1.5[0.9-8.5] 0.8
TIBC, pg/dl 32151 [220-370] 327.6+78.2 [139-460] 0.8
Reticulocytes, % 2.6+3[0.8-9] 4.6+3.910.6-9] 0.1
CRP, mg/dl 1.7 [0.2-5.1] 0.4 [0-2.6] 0.001
ESR, mm 16.7+11.4 [5-35] 8.4+9.6 [1-46] 0.02
Calprotectin, pg/g 316 [25-485] 234.1 [30-493] 0.6

All continuous variables values are expressed as means = standard deviation [range].

CD, Crohn’s disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IBD, inflammatory bowel disease; IBD-U, inflammatory bowel disease un-
classified; PCDALI, Paediatric Crohn’s Disease Activity Index; PUCAI, Paediatric Ulcerative Colitis Activity Index; STfR, soluble transferrin receptor; TIBC, total

iron binding capacity; Tsat, transferrin saturation; UC, ulcerative colitis.
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Figure 1. Correlations between log-transformed serum hepcidin and A[Fel2hr [r=-0.451, p=0.002] in inflammatory bowel disease [IBD patients]. [A] Correlations
between log-transformed serum hepcidin and log-transformed ferritin [r = 0.442, p= 0.0 001]. [B] C-reactive protein [CRP] [r = 0.243, p=0.009] and [C] transferrin

[r=-0.249, p=0.005], [D] in all the enrolled patients.

4. Discussion

To the best of our knowledge, this is the first paediatric study evalu-
ating iron absorption and serum hepcidin levels in IBD paediatric
patients. Our data show that IBD children with active disease tend
to have impaired iron absorption, driven through the hepcidin path-
way. Indeed, serum hepcidin levels were significantly higher in IBD
patients with moderate to severe activity as compared with all other
groups, including patients with mild activity or in remission, coeliac
patients, and healthy controls. In addition, a significant inverse cor-
relation was found between hepcidin levels and iron absorption. Our
results are in agreement with the paper from Semrin and colleagues,
the only paediatric study investigating the relationship between iron
absorption and hepcidin.!! The authors, using urinary hepcidin as a
proxy for serum hepcidin, enrolled 19 paediatric patients with CD
and found that hepcidin was increased in those with active disease
and inversely correlated with iron absorption.!

Anaemia is a relevant problem frequently occurring during
IBD management. Despite its relative high prevalence, costs, and
impact on patient quality of life, it is rarely considered and ade-
quately treated.>?2¢ In our study population, the prevalence of
anaemia among IBD patients was 34%. It is well known that the
origin of IBD-related anaemia is usually multifactorial.?® Not sur-
prisingly, the majority of the anaemic patients in our study popula-
tion showed a combined IDA and ACD [70.5%]. This finding once

more highlights the difficulties in the therapeutic management of
IBD-related anaemia. Indeed, in those cases with a mixed patho-
genesis, the clinician usually faces the dilemma whether or not to
use oral iron. As previously reported, the treatment with oral iron
has significant limitations in IBD, being less efficacious than the
intravenous route.?” In addition, absorption of iron from the GI
tract is limited, and unabsorbed iron is exposed to the intestinal
surface. Iron mucosal harm has been described in IBD.?® Studies in
animal models of colitis indicate that luminal iron may exacerbate
disease activity.?>** In a more recent study, iron supplementation
affected microbiota and increased faecal calprotectin.’' Taking
into account this possible warning, the recently published ECCO
guidelines state that the intravenous route should be preferred in
those patients with suspected ACD.? It is therefore important to
detect ACD in order to avoid an unnecessary and possibly harmful
oral iron therapy.

The development of ACD is influenced by numerous factors,
among which hepcidin is now considered the leading actor. Indeed,
the decrease in ferroportin expression, which results from elevated
hepcidin levels, would block entry of iron into the circulation, with
consequent erythropoiesis impairment. Furthermore, since intestinal
absorption of iron is inhibited by downregulation of ferroportin
on enterocytes, the anaemia would be resistant to oral iron sup-
plementation.”® Therefore, serum hepcidin may represent an useful
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Figure 2. Correlations between A[Fel2hr and log-transformed ferritin
[r=-0.588, p = 0.0 001]. [A] C-reactive protein [CRP] [r = -0.585, p = 0.0 001]
and [B] transferrin [r = 0.613, p= 0.0 001], [C] in inflammatory bowel disease
[IBD] patients.

surrogate marker to distinguish patients with impaired iron absorp-
tion in whom intravenous iron could be used as first-line option.
To date, no paediatric study has evaluated serum hepcidin sensitiv-
ity and specificity in IBD-related anaemia. As previously reported
in adult populations, the low specificity together with the lack of
standardisation should be considered the main limitations of this
marker.!”3 Although strongly limited by the small sample of anae-
mic patients, our data suggest that patients with pure IDA have
undetectable hepcidin levels. This finding, if confirmed by larger

series, may at least allow hepcidin use in the differential diagnosis
of pure IDA from ACD. On the other hand, hepcidin’s role in the
diagnosis of combined IDA and ACD is still questionable and needs
to be addressed by further studies.

Based on a recent paper published by Wang and colleagues, hepcidin
may also act beyond the simple role of iron regulator.®® The authors,
inhibiting hepcidin expression in a mouse model of colitis, not only
corrected IBD-related anaemia but also reduced colonic inflammatory
cytokine expression.*® This finding suggests that hepcidin may be some
way involved in perpetuating inflammation, representing a new potential
IBD therapeutic target. Our study does not provide information about
hepcidin’s role in the inflammatory process. Nevertheless, IBD children
with pathological ILT showed higher values of disease activity indexes
and acute phase reactants and were more often under immunosuppres-
sive therapy, indicating the more severe phenotype of disease. In addi-
tion, the positive correlations of hepcidin with ESR and CRP, confirming
that inflammation plays a major role in hepcidin induction, may also
indicate that hepcidin could be directly implicated in the IBD inflam-
matory cascade. Anyhow, targeted studies are still necessary to confirm
hepcidin’s role in the pathogenesis of IBD’s inflammatory course.

Our study was also meant to find out which iron parameters
better correlate with hepcidin levels, and serum ferritin was found
to be the most strictly correlated. This finding is in agreement with
previous literature,'”** and once more demonstrates that ferritin is
the primary biochemical marker correlated to hepcidin concentra-
tion. However, 58.3% of patients, with a diagnosis of combined IDA
+ ACD and normal ferritin values, showed an increased hepcidin,
demonstrating that the ferritin value is not sufficient in the differen-
tial diagnosis of IBD-related anaemia.

This study has some limitations. First of all, intestinal iron
absorption was simply determined using the ILT based on the incre-
ment of iron level 2h after administrating an iron load, and this
constitutes a methodological limitation. However, studies using dual
stable iron isotope techniques, which are considered the gold stand-
ard for iron absorption determination, have shown a similar inverse
correlation between serum hepcidin and iron absorption in healthy
controls.’*% In addition, ILT has already been correlated with uri-
nary hepcidin in IBD.!" Finally, due to the earlier diagnosis, coeliac
children were not age-matched with IBD and healthy controls and
this may have influenced differences in hepcidin levels.

4.1. Conclusion

In conclusion, this comparative, cross-sectional study demonstrates
that serum hepcidin is increased in IBD children with active disease
and plays an important role in the process of iron malabsorption.
ACD is significantly prevalent in paediatric IBD and should be taken
in consideration before starting oral iron therapy. If confirmed by
further studies, the negative correlation between hepcidin levels and
iron malabsorption during the ILT may have important practical
implications for a tailored management of anaemia in children with
IBD-associated IDA. Indeed, serum hepcidin may serve as a useful,
sensitive, surrogate marker to distinguish patients with impaired
iron absorption in whom intravenous iron could be used as first-line
option, avoiding the waste of time with a futile and possibly harmful
cycle of oral iron. Further studies are needed to better elucidate the
role of hepcidin in both iron metabolism and inflammation in IBD, in
order to design new therapeutic strategies for ACD in paediatric IBD.
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