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Abstract

Background Iron deficiency anemia (IDA) is a common
complication of inflammatory bowel disease (IBD). In
clinical practice, many patients receive initial treatment
with iron tablets although intravenous (i.v.) iron supple-
mentation is often preferable.

Aim This study investigated whether systemic inflam-
mation at initiation of treatment (assessed by C-reactive
protein [CRP] and interleukin-6 [IL-6] measurements)
predicts response to iron therapy.
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Methods Data from a previously published phase III trial
were retrospectively analyzed after stratification of patients
according to baseline CRP (>4 vs. <4 mg/L) and IL-6 (>6
vs. <6 pg/mL) levels. The study population consisted of
patients with Crohn’s disease or ulcerative colitis and IDA
(Hb <110 g/l and TSAT <20 % or serum ferri-
tin < 100 ng/mL), randomized to either oral (ferrous sul-
fate) or i.v. iron (ferric carboxymaltose).

Results A total of 196 patients were evaluated (oral iron:
n = 60; i.v. iron: n = 136). Baseline CRP and IL-6 levels
were independent of patients’ initial Hb levels and iron
status (serum ferritin and TSAT; all p > 0.05). Among iron
tablet-treated patients, Hb increase was significantly smal-
ler in the high- versus low-CRP subgroup (1.1 vs. 2.0, 2.3
vs. 3.1, and 3.0 vs. 4.0 g/dL at weeks 2, 4, and 8, respec-
tively; all p < 0.05). Differences were less pronounced with
stratification according to baseline IL-6. Response to i.v.
iron was mainly independent of inflammation.
Conclusions Patients with high baseline CRP achieved a
lower Hb response with oral iron therapy. Our results
suggest that CRP may be useful to identify IBD patients
who can benefit from first-line treatment with i.v. iron to
improve their IDA.

Keywords Crohn’s disease - Ulcerative colitis -
Inflammatory bowel disease - C-reactive protein -
Iron deficiency - Iron therapy - Anemia

Introduction

Iron deficiency and iron deficiency anemia (IDA) are
common complications in inflammatory bowel disease
(IBD), IDA being a common cause of hospitalization and
increased morbidity in this population [1, 2]. Poor man-
agement of anemia can significantly affect the quality of
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life and lead to an increase in hospitalization rates and
associated medical costs [2, 3].

The two most common causes of anemia in IBD patients
are absolute iron deficiency and anemia of chronic disease
(ACD; also referred to as anemia of chronic inflammation)
[1, 3]. Most IBD patients become iron deficient at some
stages of the disease [3, 4]. Causes of iron deficiency in
IBD patients include intestinal bleeding, poor absorption of
iron by the diseased intestine, and/or self-imposed dietary
restrictions relating to gastrointestinal symptoms. ACD is
driven by the systemic immune response that accompanies
inflammatory disease such as IBD [5]. Cells of the immune
system release pro-inflammatory cytokines, predominantly
interleukin-6 (IL-6), which in turn up-regulate the expres-
sion of hepcidin, a key regulator of iron homeostasis.
Hepcidin expression results in a reduction in the uptake of
iron from the duodenum and a reduction in the ability of
the body to utilize sufficient iron for effective erythropoi-
esis—also called functional iron deficiency [5, 6].

C-reactive protein (CRP) is widely used as a routine
marker of chronic or acute inflammation [7]. Normal val-
ues for CRP range between 0.20 and 6.10 mg/L [8]. In
clinical practice, CRP levels >5 mg/L are usually consid-
ered elevated. Following an inflammatory stimulus, caus-
ing, for example, IL-6 expression which can directly
induce CRP expression in the liver, CRP levels rise rapidly
to peak levels of 350-400 mg/L. CRP is routinely mea-
sured in IBD patients and forms part of the recommended
diagnostic workup in patients with anemia (hemoglobin
[Hb] < 12 g/dL. in non-pregnant women, <13 g/dL in
men) [3, 9]. A recent study in patients with IBD has shown
a close correlation between CRP and hepcidin serum levels
[10].

In addition to Hb and CRP measurements, the workup for
IBD patients should include assessment of serum ferritin and
transferrin saturation (TSAT) to accurately diagnose iron
deficiency. Iron supplementation is recommended in all
types of IBD-associated anemia where iron deficiency is
present [2, 3, 9]. It has been proposed that chronic systemic
inflammation may reduce the absorption of iron from the gut
[11, 12]. In addition, gut luminal iron may induce oxidative
stress [13] and increase local disease activity in IBD [3, 14].
Nevertheless, in clinical practice a course of oral iron therapy
is often used as first-line treatment for anemic patients with
IBD.

This study aimed to investigate the effect of baseline
systemic inflammation (as assessed by CRP and IL-6) on
the treatment efficacy of iron supplementation comparing
tablets to intravenous injections. The correlation between
the degree of inflammation and response to oral or i.v.
iron therapy was retrospectively analyzed in an IBD
patient population from a previously reported phase III
clinical trial [15].
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Materials and Methods

Patient Population, Study Medication, and Study
Design

Data from a randomized, multicenter, controlled phase III
trial [15], which compared the efficacy and safety of i.v.
ferric carboxymaltose (FCM) with oral ferrous sulfate (FS)
in IBD patients, were retrospectively analyzed. The study
design has been reported previously [15]. The study pop-
ulation consisted of patients with either CD or UC, who
had iron deficiency anemia (defined by Hb < 11 g/dL and
TSAT < 20 % or serum ferritin < 100 ng/mL). Patients
were randomized in a 2:1 ratio to receive either i.v. iron
(FCM; max 1,000 mg iron per infusion at 1-week intervals
until the patients’ calculated total iron deficit was reached)
or oral iron (FS; 100 mg b.i.d. for 12 weeks) [15]. The
study was conducted in accordance with good clinical
practice guidelines and the Declaration of Helsinki, and
was approved by the ethics committee at each site.

The predictive value of baseline CRP in terms of Hb
response was assessed after retrospective stratification of
the study population into a “high-CRP” and a “low-CRP”
population. The median baseline CRP value of the study
population was applied as the cutoff value. This prospec-
tive statistical approach resulted in a cutoff at 4 mg/L (high
CRP: >4 mg/L; low CRP: <4 mg/L) and ensured an equal
number of patients in both groups. Similarly, the median
baseline IL-6 value of the study population (6 pg/mL) was
used for stratification into a “high-IL-6” (>6 pg/mL) and
“low-IL-6” (<6 pg/mL) group.

Laboratory Assessments/Outcome Measures Analyzed
for Correlation with Baseline Inflammatory Markers

Baseline measurements of CRP and IL-6 were available
[15]. Outcome measures included Hb and iron status
variables (serum ferritin and TSAT), with available
assessments at baseline and weeks 2, 4, 8, and 12 [15].

Statistical Analyses

All analyses presented are consistent with the statistical
methods used in the original clinical study report [15] and
based on the full analysis set population (FAS). Data from
all FAS patients with available baseline CRP were included
for analysis. A small number of patients (n = 11) only had
categorized CRP measurements that are available (e.g., <5,
<10 mg/mL). These values were rounded down to the next
integer. There was no imputation of missing data; analyses
are based on the observed data. Baseline characteristic
summary was described using counts for categorical vari-
ables and median and range for continuous variables.
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Correlations were estimated with Pearson’s product-
moment method. Group comparisons in Hb change from
baseline and Hb standardized area under the curve (AUC)
analysis were assessed using an analysis of covariance
(ANCOVA) model with CRP or IL-6 group (high vs. low)
as a factor and baseline Hb and gender as covariates.
Statistical presentation includes least-squares means (LS
means), standard errors (SE) split by baseline CRP or IL-6
(high vs. low) group, and associated level of significance.
Statistical significance was assumed to be at p < 0.05.
Summary and statistical analyses were performed using
SAS version 8 or later and R version 3.0.2.

Results
Patient Characteristics

All patients from the intention-to-treat population
(N = 196) were evaluated for this retrospective analysis.
Of these, 60 had received oral (CD: n = 16; UC: n = 44)
and 136 i.v. iron (CD: n = 40; UC: n = 96).

Mean baseline Hb and laboratory measures of inflam-
matory markers were similar between treatment groups
[15]. In the overall patient population, 46 % had a baseline
CRP level >5 mg/L. CRP and IL-6 values were slightly
higher in CD versus UC patients, but the differences were
statistically not significant (Table 1).

Inflammatory Markers in Relation to Baseline Hb
and Iron Status

A potential relation of baseline CRP and IL-6 values with
baseline Hb and iron status was investigated to assess
whether these markers would be independent. For both
markers, there was no significant relationship with baseline
Hb levels (CRP: R =0.0191, p =0.791; IL-6: R =
—0.0393, p = 0.590). In addition, both markers proved to
be independent of baseline TSAT (CRP: R = —0.0337,
p = 0.657; IL-6: R = 0.0708, p = 0.358) and serum fer-
ritin (CRP: R = 0.1313, p = 0.074; IL-6: R = 0.0443,
p = 0.554). Of note, baseline levels of CRP and IL-6

Table 1 Laboratory measures of inflammatory markers (full analysis
set; median [range])

CD ucC All patients
(n = 56) (n = 140) (n = 196)
CRP (mg/L) 7.4 [0.0-66.8] 3.5[0.0-71.4] 4.0 [0.0-71.4]

IL-6 (pg/mL) 6.6 [1.0-305.6] 5.8 [1.0-149.5] 6.0 [1.0-305.6]

CD Crohn’s disease, UC ulcerative colitis, CRP C-reactive protein,
IL-6 interleukin-6

strongly correlated with each other (R = 0.2442;

p = 0.0007).
Correlation of Baseline CRP Levels with Hb Response

Patients were stratified by baseline CRP levels into a “high-
CRP” (>4 mg/L; n = 96) and a “low-CRP” (<4 mg/L;
n = 100) group, and responsiveness to iron supplementation
(Hb change from baseline) was compared.

Among oral iron-treated patients, those with high baseline
CRP had a significantly smaller mean Hb increase than those
with low baseline CRP at follow-up visits on week 2, 4, and 8
(n = 60; Fig. 1a, p < 0.05). Also at week 12, Hb increment
tended to be smaller in the high- versus low-CRP group, but
the difference did not reach statistical significance. Sub-
population analysis showed a significantly smaller Hb
increase (p < 0.05) in the high- versus low-CRP group at
weeks 2, 4, and 8 among UC patients treated with oral iron
(n = 44; Fig. 1c). In CD patients who received oral iron
(n = 16), early Hb increase was significantly smaller in the
high-CRP group at week 2 (Fig. 1b, p < 0.05) and tended to
be smaller until week 8 compared to the low-CRP group.
Standardized AUC analysis confirmed a statistically signif-
icant difference between the CRP groups in oral iron-treated
patients (high vs. low CRP, LS means: 21.3 vs. 29.3;
p = 0.012). AUC was also statistically significantly differ-
ent in the subgroup of UC patients (high vs. low CRP, LS
means: 22.7 vs. 31.2; p = 0.031) but did not reach statistical
significance in CD patients despite a large numerical dif-
ference (high vs. low CRP, LS means: 18.3 vs. 25.6;
p = 0.250).

Among i.v. iron-treated patients, there were no signifi-
cant differences between the high- and low-CRP groups at
weeks 1, 4, and 12 (Fig. 1d-f). A significant difference was
observed in the overall population at week 8 only (Fig. 1d),
and analysis of subpopulations showed that this difference
was present in UC but not in CD patients (Fig. le, f). In
line with these results, standardized AUC showed no sta-
tistically significant differences between high- and low-
CRP groups in i.v. iron-treated patients (all patients, LS
means: 26.3 vs. 29.7, p = 0.105; CD patients: 24.0 vs.
25.9, p = 0.671; UC patients: 27.7 vs. 30.8, p = 0.189).

Correlation of Baseline IL-6 Levels with Response

Patients were stratified by baseline IL-6 levels into a “high-
IL-6” (>6 pg/mL; n = 95) and a “low-IL-6” (<6 pg/mL;
n = 95) groups, and responsiveness to iron supplementa-
tion (Hb change from baseline) was compared.

In oral iron-treated patients, a considerable trend toward
lower Hb response was observed in the high- versus low-
IL-6 groups, but differences did not quite reach the sta-
tistical significance (p < 0.07 at weeks 2 and 8; Fig. 2a),
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apart from early response in the CD subpopulation
(p < 0.05 at week 2; Fig. 2b). In i.v. iron-treated patients,
no significant differences between the high- and low-IL-6
groups were observed (overall population and CD/UC
subpopulations; Fig. 2d—f).

Discussion

This is the largest study showing an impact of systemic
inflammation on iron absorption in anemic IBD patients.
Initial Hb response to oral iron was significantly lower in
IBD patients with a high baseline CRP level (>4 mg/L),
compared to those with low baseline CRP—at least for the
first 2 months of treatment. Hb response to i.v. iron was
mainly independent of baseline CRP. The results of this
study suggest that patients with IBD and IDA, who have
elevated CRP at initiation of treatment, may benefit from
first-line treatment with i.v. iron to improve their IDA and
obtain a more rapid response.

Our current findings are in line with the established link
between inflammation and iron sequestration. In the
inflammatory state, increased hepcidin levels block duo-
denal iron absorption [16]. Hepcidin binds to the iron
exporter ferroportin located on the basolateral surface of
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gut enterocytes and causes its internalization and degra-
dation. In addition, high hepcidin levels also block the
release of ferritin-bound iron from cells of the reticuloen-
dothelial system (e.g., macrophages) [6, 17]. This hepcidin
block during inflammation leads to diminished amounts of
free iron available for erythropoiesis [5]. Recent data
suggest that there are also other pro-inflammatory path-
ways modulating duodenal iron absorption. In mice treated
with the inflammatory cytokine TNF-o, reduced iron
transport across the duodenal mucosa was shown [18, 19].
In patients with celiac disease, a correlation between iron
deficiency and increased expression of ferritin in entero-
cytes of the duodenum was observed, indicating a link
between iron absorption and local mucosal inflammation
[20].

Our results are supported by the findings of three other
studies. Significantly impaired oral iron absorption was
reported in pediatric patients (n = 19) with active (defined
by IL-6 > 5 pg/mL) versus inactive CD [11]. Serum iron
levels inversely correlated with baseline CRP. As the test
subjects were not anemic, only a single dose of oral iron
was administered. The study lacked longer follow-up with
prolonged iron administration and assessment of hemato-
logical response. Another study, a retrospective subanalysis
from a phase III trial, found that a high baseline hepcidin
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level (>20 ng/mL) could predict reduced responsiveness to
oral iron in anemic patients with chronic kidney disease
(n = 240) [21]. However, the potential of hepcidin as a
biomarker is limited, even though it is a more direct
measure of iron sequestration than the well-established but
unspecific inflammatory marker CRP. Hepcidin immuno-
assays may detect inactive forms as well as the biologically
active form, hepcidin-25, and measurements can vary up to
tenfold between different assays, making it difficult to
determine reference values [22]. Other analytical methods
utilizing mass spectrometry are not feasible for routine use
in a hospital or outpatient setting [23]. Lastly, a recently
presented investigation from our group has shown that IBD
patients with ACD respond differently to oral iron treat-
ment compared to those with IDA [12]. IBD patients with
ACD had impaired oral iron absorption which correlated
with disease activity and inflammatory markers but was
independent of disease location and type of IBD (UC or
CD).

Intravenous iron can for the most part overcome the
hepcidin block [24] and is therefore advisable in IBD
patients with pronounced disease activity [3, 9]. As shown
in our and one other study [25], responsiveness to i.v. iron
treatment appears to be independent of inflammatory status
in IBD patients. Moreover, i.v. iron has been shown to be at

least as effective as oral iron in randomized trials, deliv-
ering faster response rates and being better tolerated than
oral iron [3, 9, 15, 26-28].

CRP is a readily available laboratory value that is usu-
ally included in the routine assessment of IBD patients.
The cutoff level for stratification of patients into a high-
and a low-CRP subgroup was 4 mg/L, based on the median
CRP level in the evaluated population. This cutoff is very
close to the 5 mg/L cutoff which is commonly used in
clinical practice to identify the presence of inflammation.
Notably, the median baseline CRP indicates that almost
half of the patients had elevated levels of acute-phase
proteins. This should also be considered in the selection of
diagnostic markers for assessment of iron status. Ferritin is
an acute-phase protein and its serum levels are elevated
during inflammation, reflecting the inflammatory state
rather than iron stores. Not surprisingly, a trend toward a
positive correlation (p = 0.075) between baseline CRP and
serum ferritin levels was observed in the study.

The results of this study are indicative of a significant
biological effect of systemic inflammation on iron uptake,
but patient numbers were relatively small. In particular, the
small number of oral iron-treated CD patients did not allow
for meaningful subanalyses, although differences are likely
to be more pronounced in this subpopulation due to greater
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systemic inflammation compared to UC patients [7]. The
relevance of a single significant difference between the
high- and low-CRP groups among i.v. iron-treated patients
(at week 8) needs to be evaluated. It may reflect delayed
release of iron from reticuloendothelial stores in active
disease. We also investigated baseline IL-6 levels in our
study, and some significant differences between the high-
and low-IL-6 groups in terms of Hb response to oral iron
could be observed. However, the predictive power of IL-6
was weak compared to CRP. The measurement of evalu-
ated variables by local laboratories in this multicenter study
may have added some additional variability into the data.
Cytokines such as IL-6 are prone to degradation, and
proper handling and storage of the samples are critical for
the accuracy of the measurements. Published data suggest
that IL-6 levels may be more relevant in CD than those in
UC patients [29]. In future studies of this kind, measure-
ment of hepcidin levels would be useful and medium-term
follow-up of iron status establishes the mechanism of the
effect. Of note, the efficacy data presented here are not
confounded by compliance issues since adherence was
monitored in the trial and was excellent (99.2 %) [15].

In conclusion, assessment of inflammatory status in
terms of easily available CRP measurements could be
useful in identifying patients who may initially benefit
from first-line i.v. iron therapy. Based on the data from this
relatively small patient group, patients with high CRP
levels take longer to respond to oral iron but eventually
reach similar responses at 3 months. Although the
observed differences to the i.v. iron group are small, they
may be important in clinical practice, where response to
oral iron is often compromised by adherence problems. In
the clinical trial setting, patients are selected for their
willingness to participate and are more motivated to take
oral iron, despite gastrointestinal side effects associated
with this treatment. Overall, validation of the current
findings in a larger patient sample is needed, including the
investigation of potential differences in the predictive
power for CD and UC patients, before clinical recom-
mendations can be made.
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