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Abstract

Background: Anemia is considered the most common systemic complication of inflammatory bowel disease (IBD). We
aimed to provide all available evidence regarding the safety and efficacy of therapy existing today to correct anemia in IBD.

Methods: Systematic review and meta-analysis of randomized controlled trials that compared any treatment for anemia in
patients with IBD. We searched electronic databases, conference proceedings and clinical trials registries. Two reviewers
independently extracted data from included trials. The primary outcome was the effect of treatment for anemia in IBD on
the hemoglobin (Hb) response, defined as rate of patients who achieved an increase of 2 g/dl in Hb concentration at the
end of the follow-up. Secondary outcomes included disease severity scores, iron indices, Hb levels, inflammatory markers,
adverse effects, and mortality. Dichotomous data were analysed by calculating the relative risk (RR) for each trial with the
uncertainty in each result being expressed using 95% confidence intervals (Cl). A fixed effect model was used, except in the
event of significant heterogeneity between the trials (P<<0.10, I>>40%), in which we used a random effects model.

Results: Nine trials fulfilled the inclusion criteria, to a total of 973 patients. We were able to perform meta-analysis for
intravenous (IV) versus oral iron and for ESAs versus placebo. IV iron was associated with a higher rate of achieving Hb
response in comparison to oral iron; RR 1.25 (95% ClI 1.04-1.51, 1> = 2%, 4 trials), CRP levels and disease activity indexes were
not significantly affected by IV iron. IV iron was associated with a decrease in adverse events that required discontinuation
of intervention and without an increase in serious adverse.

Discussion: Treatment for anemia in IBD should include IV iron and not oral iron replacement, due to improved Hb
response, no added toxicity and no negative effect on disease activity.
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intravenous (IV) iron preparations, erythropoiesis stimulating
agents (ESA) supplemented with iron, and red blood cell
transfusions.

We therefore performed this systematic review and meta-
analysis assembling the current data from randomized controlled
trials in order to provide the highest quality of evidence regarding
the safety and efficacy of therapy existing today to correct anemia

Introduction

Anemia is considered the most common systemic complication
of inflammatory bowel disease (IBD) [1,2]. It negatively affects
quality of life (QOL), cognitive function, functional status [3,4],
and is a co-morbid condition that is associated with other diseases
(e.g. transfusion- associated hepatitis C) or even death [3].

Prevalence of anemia in IBD patients varies from as low as 6%
[6] and as high as 74% [7] in different cohorts.

Anemia in IBD has multiple causes with iron deficiency anemia,
anemia of chronic disease and a combination of both [2], being
the most prevalent [8]. Almost every anemic patient with IBD
demonstrates some degree of iron deficiency, and the prevalence
varies between 36% and 90% [9]. Other less common causes for
anemia in IBD include megaloblastic anemia with a prevalence up
to 26.6% [10], of Crohn’s disease patients, drugs as sulfasalazine
[11], purine antagonists [12], Interleukin-10 antagonists [13] and
autoimmune hemolytic anemia [14]. Several review studies have
addressed the epidemiologic, ectiologic, or therapeutic aspects
anemia in IBD [15-17].

Due to the diversity of etiologies for anemia, several treatment
options were studied. Treatment options contain oral and
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in IBD.

Methods

Systematic review and meta-analysis of randomized controlled
trials.

Study Selection

We included all randomized controlled trials comparing any
treatment for anemia in patients with IBD. Anemia was defined in
cach trial by the authors. All available therapies were included
with any comparison between oral or IV iron preparations, ESAs,
red blood cell transfusions and placebo. We included trials
regardless of publication status (published, conference proceedings,
or unpublished), trial years, and language.
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Data sources

We searched MEDLINE (1/1966 to 1/2013), the Cochrane
Central Register of Controlled Trials (CENTRAL) (The Cochrane
Library, Issue 3 of March, 2013 and NLM gateway. We also
searched conference proceedings of the American Society of
Gastroenterology, from 2007 onwards. We also searched clinical
trials databases for ongoing and unpublished trials: http://www.
controlled-trials.com, http://www.clinicaltrials.gov/ct and http://
clinicaltrials.ncinih.gov. The references of all identified studies
were inspected for more trials. The terms “inflammatory bowel
disease OR Crohn’s disease OR ulcerative colitis,” were searched
as both medical subjects heading terms (MeSH) and as text words
and crossed with “iron” (MeSH and a text word) and specific iron
preparations; “erythropoietin stimulating agents” and specific
ESA preparations and “anemia”. The result was limited to
randomized controlled trials using a highly sensitive filter [18]. We
did not identify any controlled trial of red blood cell transfusions or
vitamins supplementation.

Data Extraction and Quality Assessment

Two reviewers independently extracted data from included
trials. In case of disagreement between the 2 reviewers, a third
reviewer extracted the data and results were attained by consensus.
We contacted the investigators of included trials for missing data.

We assessed trials for methodological quality and examined the
following domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data reporting, selective
outcome reporting. We graded each domain as low risk for bias,
unclear risk -lack of information or uncertainty over the potential
for bias, or high risk for bias according to the criteria specified in
the Cochrane Handbook version 5.1.0 (Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updated March
2011] [18,19].

Definition of Outcomes

The primary outcome we extracted was the effect of treatment
for anemia in IBD on the hemoglobin response, which was defined
as the rate of patients who achieved an increase of 2 g/dl in
hemoglobin (Hb) concentration at the end of the follow-up.
Secondary outcomes included disease severity scores (Inflamma-
tory Bowel Disease Questionnaire (IBDQ) scores [20], The
Harvey-Bradshaw Simple Index scores (HBSI) [21], Crohn’s
Disease Activity Index (CDAI) diary card [22] and UC [23]); iron
indices (ferritin concentration and transferrin saturation (T'SAT),
Hb levels or absolute change in Hb level at the end of follow-up;
red blood cell transfusion requirements, inflammatory markers
(CRP levels); number of patients with treatment failure; adverse
effects (AEs) (severe AEs, AEs leading to discontinuation and by
involved organ), QOL scores, and mortality.

Data Synthesis and Analysis

Dichotomous data were analysed by calculating the relative risk
(RR) for each trial with the uncertainty in each result being
expressed using 95% confidence intervals (CI).We obtained mean
and SD values for continuous variables. When mean or SD values
were not available, we calculated them by using data obtained
from figures or by recalculating them from other effect estimates
and dispersion measures [18] (In one trial [24], we were unable to
determine SD for HB and ferritin levels from publication and
authors, therefore data from similar trial [25] was used instead as
their methodology and setting were close [26]). For continuous
variables we calculated weighted mean difference (WMD) for
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variables that were reported on the same scale. WMD represents
the weighted combination of absolute differences between the
mean values in the two groups in a clinical trial. For continuous
data reported in different scales (for example different disease
activity scales) we used the standardized mean difference (SMD).
Alternatively, to allow pooling of results from patients with CD
and UC, disease activity scores were calculated as actual score
divided by maximum score. Heterogeneity (degree of difference
between the results of different trials) was assessed by calculating
Chi-square and I? tests of heterogeneity. A fixed effect model was
used throughout the review, except in the event of significant
heterogeneity between the trials (P<<0.10, 1>40%), in which we
used a random effects model. Data from cross-over trials was used
only if reported at the time of the first cross-over and separately for
cach arm of intervention. We conducted several comparisons and
results were pooled and stratified by intervention type: oral versus
IV iron, subcutaneous ESAs versus placebo, different oral
preparations, different IV iron preparations and IV iron versus
placebo. Due to the paucity of data we were unable to further
stratify results by type of iron and ESAs preparation, age or gender
and underlying IBD.

Results

The literature search identified 48 publications; of them, 9 were
potentially eligible publications on anemia therapy in patients with
IBD. Nine trials [24,25,27-33] performed between 1996 and 2013
fulfilled the inclusion criteria (studies flow chart, figure 1). Four
trials compared oral to IV iron, 1 trial compared two oral iron
preparations, 1 trial compared two IV iron preparations and 1
trial compared IV iron to placebo; 2 trials compared ESAs to
placebo. We were able to perform meta-analysis for IV versus oral
iron and for ESAs versus placebo, and results are presented
separately. A total of 973 patients were recruited, of them 395
(40.5%) suffering from Crohn’s disease and 578 (59.5%) from
ulcerative colitis. Most patients were young adults (median age
ranged from 26-46) and females (60.8%). All trials included
patients with anemia, although the definition of anemia varied
considerably between the trials (Table 1). Concurrent medication
at enrolment included 5- aminosalysilic compounds (used by 53%
of patients), systemic steroids (24.2%), azathioprine or 6 mercap-
topurine (14.3%) and anti TNFs (4.5%). Disease severity indexes
at enrolment varied considerably between studies (median CAI
between 1-11, median HBSI 2—4, median CDAI 84281, Table 1).

Risk of bias assessment

Figure 2 summaries results for risk of bias. Allocation generation
was adequate (low risk for bias) in 6 trials; allocation concealment
was adequate in 5. One trial was double blinded [30]. In 5 trials,
the primary outcome was analysed by intention to treat.

IV versus oral iron

Planned total IV iron dosages ranged between 1,000 mg to
2,000 mg. Reported administered dosages ranged from 980 mg to
1,700 mg. Patients were followed up between 6-20 weeks, without
reported losses to follow up. All patients suffered from anemia at
enrolment, however, due to different inclusion criteria, in the trial
by Erichsen et al. [28] patients had a higher baseline Hb level and
a higher TSAT. Ferritin levels were remarkably low at enrolment
(median values ranged from 5.0 to 19 pg/L). Patients in studies by
Erichsen et al. [28] and Lindgren et al. [24] had more quiescent
disease at enrolment in comparison to studies by Schroder et al.
[33] and Kulnigg et al. [25] as presented by higher CAI, CDAI
and HBSI scores (Table 1).
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PRISMA 2009 Flow Diagram
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Figure 1. PRISMA flow diagram.
doi:10.1371/journal.pone.0075540.g001

Primary Outcome. [V iron was associated with a higher rate
of achieving a 2 g/dl increase in Hb concentration in comparison
to oral iron; RR 1.25 (95% CI 1.04-1.51, I2=2%, 4 trials,
Figure 3), and a risk difference of 0.13 (number needed to treat
7.69). A sensitivity analysis according to methodological quality
excluding the one trial with unclear risk for bias [28] showed
similar results (RR 1.21 95% CI 1.01-1.46, ’=0%, 3 trials).

Iron indices. [Ferritin levels were significantly elevated with
IV iron treatment in comparison to oral iron preparation by a
WMD of 107.5 ng/mL (95% CI 24.7-190.2, I = 99%, random
effects model), however, the trials were significantly heterogeneous
with no single study accounting for it. TSAT was not significantly
affected with either intervention achieving an absolute decrease of
WMD 0.91% (95% CI —7.87-6.05, I?=97%, random effects
model) with IV iron. The IV route was associated with a greater
improvement in the Hb level than the oral route, WMD in Hb of
0.2 g/L (95% CI 0.02-0.39, I? = 95%, random effects model).
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Clinical parameters. CRP levels were not significantly
affected by IV iron (WMD 0.35 mg/l, 95% CI-1.51-2.42,
I?=75%, random effects model). Disease activity indexes were
also not significantly affected by IV iron (for UC, CAI score,
WMD of 0.45 points, 95% CI 0.82-1.71, I?=88%, random
effects model; for CD, combined score of CDAI and Harvey-
Bradshaw Simple Index score WMD 0.95 95% CI —2.51-4.4,
I =0%). There were no data in the trials regarding QOL scores
or all-cause mortality.

Adverse events. All studies reported on the presence or
absence of AEs. Safety data from Kulnigg-Dabsch et al. [31] was
added to the analysis to assess IV iron preparations as a group.
There was no increase in serious AEs (defined as anaphylaxis,
adverse events requiring hospitalization, and adverse events
regarded by authors as serious) with IV iron (RR1.03 95% CI
0.4-2.6. 1’=41%, figure 4a); IV iron was associated with a
decrease in AEs that required discontinuation of intervention (RR
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Figure 2. Risk of bias assessment.
doi:10.1371/journal.pone.0075540.g002

0.13, 95% CI 0.05-0.38, I*=0%, figure 4b); decrease in
gastrointestinal AEs (abdominal pain, diarrhea, vomiting, flatu-
lence and bleeding) (RR 0.25, 95% CI 0.06-0.95, 1>=61%,
random effects model); However, there was an increase in non-
serious transfusion reaction (rash, urticaria, rigors, tachycardia,

peripheral edema) (RR 3.07, 95% CI 1.23-7.6, I> = 30%).

IV FCM versus IV iron sucrose

One trial [29] compared FCM directly to iron sucrose. Follow
up time was 12 weeks. FCM was associated with a higher rate of
achieving a 2 g/dl increase in Hb concentration in comparison to
iron sucrose by a RR of 1.65 (95% CI 1.11-2.38). Improvement in
QOL scores and disease severity scores were not different between
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Figure 3. IV iron versus PO iron, Hb response at end of follow-up.
doi:10.1371/journal.pone.0075540.g003
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Figure 4. A IV iron versus PO iron, serious AEs; b AEs requiring discontinuation.

doi:10.1371/journal.pone.0075540.g004

the study arms. The occurrence of serious AEs was not different
between interventions.

IV FCM versus placebo

One study [31] compared FCM to placebo. There were no
data regarding Hb response. Iron indices (ferritin, TSAT) and
Hb level improved significantly with FCM but not with placebo.
QOL and disease severity scores improvement and the
occurrence of serious AEs were similarly improved with both
interventions without statistically significant advantage in either
treatment.

Oral iron sulphate versus oral iron-polymaltose complex

One trial [27] compared between two oral iron preparations.
There were no data regarding Hb response. CRP levels
significantly decreased with iron sulphate WMD —5.0 mg/L
(95% CI —6.22-3.78). Iron sulphate was also associated with
improved iron indices (ferritin levels increased by WMD 12, 95%
CI 10.45-13.55; TSAT increased by WMD 5.3% 95% CI 4.15—
6.45). In addition, Hb levels increased by a WMD of 0.8 g/L, 95%
CI 0.62-0.98). A non-statistically significant increase in gastroin-
testinal AEs and AEs requiring discontinuation of intervention
occurred with iron sulphate.

ESAs therapy - ESAs versus placebo

ESAs were studied in 2 trials versus placebo [30,32]. Both trials
used epoetin alfa supplemented with IV iron replacement therapy
in the intervention arm. Follow-up duration ranged between 12—
16 weeks. Planned administered epoetin alfa dose was between
3,200-12.600 IUs (Table 1).

Primary Outcome. ESA administration was associated with
a non-significant increase in the rate of achieving a 2 g/dl increase
in HB levels, RR 1.99 (95% CI 0.56-7.14, I?=87%, random
effects model).

Secondary Outcomes. No data were available for clinical
outcomes for these trials.

PLOS ONE | www.plosone.org

Iron indices and Hb level. Hb levels increased with ESA by
a WMD of 2.32 g/L (95% CI 1.33-3.32, 1*=63%). Iron indices
were not reported.

Adverse events. Gasche et al. [30] reported an increased rate

of transfusion reactions to ESAs, although it was statistically
insignificant, RR 3.21 (95% CI 0.54-19.11).

Discussion

In this systematic review and meta-analysis we examined the
current evidence for the treatment of anemia in IBD patients. We
conducted several comparisons, the important one being the
comparison of IV iron to oral iron. The important findings of our
meta-analysis include the better Hb response achieved with IV
iron preparations compared to oral iron, with an acceptable safety
profile and higher rates of adherence or reduced discontinuation
of intervention in the IV iron arm.

We also showed a significant increase in ferritin level and Hb
value (as a continuous variable) with IV iron therapy. Moreover,
disease activity indexes were not negatively influenced by IV iron.
CRP values and QOL scores were unaffected by either
preparations (although reporting methods and measurement scales
varied considerably between studies). There were not enough data
to consider further analyses of Hb response according to disease
type, presence of any anemia or iron deficiency anemia at
enrollment, type of iron preparation and methodological sensitiv-
ity analyses.

As for the optimal IV iron preparation, the comparison of IV
versus oral iron included 3 trials of iron sucrose and one of FCM,
all showing similar results. Only one trial compared between iron
sucrose and FCM [29] and FCM proved to be more efficacious
than iron sucrose in achieving hemoglobin response. FCM is more
convenient to patients because which usually requires only one to
two infusions (up to 1 g per dose), while iron sucrose usually
requires five to 10 infusions to reach total dose because 200 mg is
considered the well tolerated individual dose. In a previous meta-
analysis, FCM was demonstrated to be superior to iron sucrose

December 2013 | Volume 8 | Issue 12 | e75540



and oral iron in achieving an increased HB level with a similar rate
of serious AEs and mortality [34]

We also showed a trend towards a better Hb response with the
use of ESA (supplemented by IV iron), without the occurrence of
serious adverse events. This is probably since the anemia in IBD is
multi-factorial, and anemia of chronic disease is one of the
mechanisms. ESA has been shown to be efficient in achieving
hemoglobin response in other situations of anemia of chronic
disease as chronic kidney disease and cancer related anemia
[35,36].

Although the studies had very different interventions, inclusion
and exclusion criteria and follow-up time, the clinical outcomes
(Hb response, disease severity scores and AEs) had low heteroge-
neity across all analyses, supporting the robustness of our findings.
We did encounter high heterogeneity when we pooled iron indices
results, probably due to the different baseline iron measurements
across the studies.

Prior reviews had examined therapy for anemia in IBD patients.
In 2006, a systematic review by Kulnigg and Gasche [15]
examined all available trials present. The authors examined both
observational and interventional studies and also animal models.
The authors concluded that disease activity may determine the
severity of anemia in CD, and the role of iron supplementation (IV
and oral) should be further explored in clinical trials. Recently, a
meta-analysis by Lee et al. [37] had examined the role iron
therapy for IBD, by comparing oral to IV therapy and concluded,
similarly to our findings, that IV iron is superior to oral therapy in
achieving an increase in Hb value and reduced risk of
discontinuation. Our review adds to the Lee review, by showing
both an increase in the rate of patients achieving a hemoglobin
response and in the Hb value, thus analyzing the primary outcome
of Hb response as a clinical event, rather by using Hb value as a
continuous variable. In addition we included more trials, with
triple the number of patients, and included comparisons of all
interventions for anemia available for analysis (c.g. inclusion of
ESAs and comparison of different oral and iron preparations.

The advantages of IV iron over oral therapy have been
demonstrated previously in other clinical settings. IV iron was
proven to be superior to oral iron replacement in achieving Hb
response, in patients suffering from chronic kidney disease and
especially when on dialysis [38]. IV iron added to ESA resulted in
an increase in Hb response and a reduction in the need for red
blood cell transfusions in patients with chemotherapy-induced
anemia [39]. IV iron therapy was also associated with improved
quality of life parameters, reduction in hospitalizations, and
increased exercise performance in patients with symptomatic
chronic heart failure [40]. No increased risk of serious adverse
events was found in these meta-analyses. ESAs have also been
shown to be effective in improving Hb levels and quality of life in
several chronic conditions (dialysis [35], chronic heart failure [36],
cancer [41], rheumatoid arthritis [42]), although an increased risk
for thromboembolism and mortality was found in some studies
[43].

In 2007, an international working party developed guidelines
for evaluation and treatment of anemia and iron deficiency in IBD
patients [44]. The working party agreed upon 16 guidelines
regarding diagnostic measures to screen for iron- and other
anemia-related deficiencies regarding the triggers for medical
intervention, treatment goals, and appropriate therapies. Each
guideline was graded on the category of the evidence supporting it
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[45]. Evidence for treatment with iron supplements for iron
deficient and anemic patients, and with ESA for ACD was graded
as grade A and grade B recommendations, respectively. The
preferred route of iron supplementation in IBD according to these
guidelines is IV (Grade A). For ESA, treatment should be
combined with IV iron supplementation (grade A) [46,47]. Our
results are in agreement with these 2007 guidelines. Our findings
strengthen the recommendation of IV iron as the preferred route
according to the better hemoglobin response achieved. Although
we did not prove a change in QOL and disease severity score with
the use of IV iron, and we lacked data regarding QOL in other
interventions, there is some evidence that all iron interventions
decrease the disease severity score.

The strengths of this review are its comprehensiveness,
meaning, the inclusion of all available studies and interventions,
inclusion of unpublished trials, the use of a dichotomous variable
for Hb response (rate of patients who achieved it) rather than a
continuous variable review (which may be more convenient to
treating physicians than laboratory values) and solid statistical
analysis. Our review has several limitations. First, clinical data was
sparse and was presented by authors in different measuring scales,
severity indexes and statistical methods. Second, the trials had
different follow-up duration ranging from 2 to 20 weeks, however
most trials that examined IV iron followed their patients for a
similar amount of time (12-20 weeks). Third, Hb values for the
definition of anemia (or inclusion criteria) and for the primary
outcome of Hb response varied between studies. Fourth, the
protocols used for interventions (although similar) did differ
between trials. The actual amount of elemental iron delivered
for the patients due to the different administration schedules and
the bioavailability of the different compounds may also play a role
in determining the actual Hb response.

Implications for practice and research: Treatment for anemia in
IBD should include iron. The preferable route according to
current evidence is IV and not oral iron replacement, due to
improved hemoglobin response, no added toxicity and no negative
effect on disease activity. ESA therapy may also be used in order to
treat the anemia of chronic disease that usually accompanies iron
deficiency in IBD. As for the optimal IV iron type and schedule —
future trials should further explore the most efficacious adminis-
tration schedule and dosages by directly comparing between the
different iron compounds and schedules. In order to define the
role of ESA, future trials should compare IV iron to IV iron with
the addition of ESA.

Supporting Information

Checklist S1 PRISMA Checklist.
(DOC)

Acknowledgments

We thank Dr. Kulnigg-Dabsch, Dr. Gasche and colleagues, who responded
to our letters and supplied additional data regarding their trials.

Author Contributions

Conceived and designed the experiments: TA AB TS LL AGG. Performed
the experiments: TA AB T'S LL. AGG. Analyzed the data: TA AB TS LL
AGG. Contributed reagents/materials/analysis tools: TA AB TS LL
AGG. Wrote the paper: TA AB TS LL AGG.

2. Gasche C, Lomer MC, Cavill I, Weiss G (2004) Iron, anaemia, and
inflammatory bowel diseases. Gut 53: 1190-1197.

December 2013 | Volume 8 | Issue 12 | e75540



20.

21.

23.

24.

. Ohira Y, Edgerton VR, Gardner GW, Senewiratne B, Barnard RJ, et al. (1979)

Work capacity, heart rate and blood lactate responses to iron treatment.
Br J Haematol 41: 365-372.

. Wells CW, Lewis S, Barton JR, Corbett S (2006) Effects of changes in

hemoglobin level on quality of life and cognitive function in inflammatory bowel
disease patients. Inflamm Bowel Dis 12: 123-130.

. Cucino C, Sonnenberg A (2001) Cause of death in patients with inflammatory

bowel disease. Inflamm Bowel Dis 7: 250-255.

. Ebinger M, Leidl R, Thomas S, Von Tirpitz C, Reinshagen M, et al. (2004) Coost

of outpatient care in patients with inflammatory bowel disease in a German
University Hospital. ] Gastroenterol Hepatol 19: 192-199.

. Werlin SL, Grand R] (1977) Severe colitis in children and adolescents: diagnosis.

Course, and treatment. Gastroenterology 73: 828-832.

. Gasche C, Reinisch W, Lochs H, Parsaci B, Bakos S, et al. (1994) Anemia in

Crohn’s disease. Importance of inadequate erythropoietin production and iron
deficiency. Dig Dis Sci 39: 1930-1934.

. Horina JH, Petritsch W, Schmid CR, Reicht G, Wenzl H, et al. (1993)

Treatment of anemia in inflammatory bowel disease with recombinant human
erythropoietin: results in three patients. Gastroenterology 104: 1828-1831.

. Hoffbrand AV, Stewart JS, Booth CC, Mollin DL (1968) Folate deficiency in

Crohn’s disease: incidence, pathogenesis, and treatment. Br Med J 2: 71-75.

. Taffet SL, Das KM (1983) Sulfasalazine. Adverse effects and desensitization. Dig

Dis Sci 28: 833-842.

. Lamers CB, Griffioen G, van Hogezand RA, Veenendaal RA (1999)

Azathioprine: an update on clinical efficacy and safety in inflammatory bowel
disease. Scand J Gastroenterol Suppl 230: 111-115.

. Fedorak RN, Gangl A, Elson CO, Rutgeerts P, Schreiber S, et al. (2000)

Recombinant human interleukin 10 in the treatment of patients with mild to
moderately active Crohn’s disease. The Interleukin 10 Inflammatory Bowel
Disease Cooperative Study Group. Gastroenterology 119: 1473-1482.

. Giannadaki E, Potamianos S, Roussomoustakaki M, Kyriakou D, Fragkiadakis

N, et al. (1997) Autoimmune hemolytic anemia and positive Coombs test
associated with ulcerative colitis. Am J Gastroenterol 92: 1872-1874.

. Kulnigg S, Gasche C (2006) Systematic review: managing anaemia in Crohn’s

disease. Aliment Pharmacol Ther 24: 1507-1523.

. Wilson A, Reyes E, Ofman J (2004) Prevalence and outcomes of anemia in

inflammatory bowel disease: a systematic review of the literature. Am J Med 116
Suppl 7A: 44S-49S.

. Gasche C (2000) Anemia in IBD: the overlooked villain. Inflamm Bowel Dis 6:

142—-150; discussion 151.

. Higgins JPT GS, eds. (2011) Cochrane handbook for systematic reviews of

interventions: version 5.1.0. Cochrane Collaboration.

Schulz KF, Chalmers I, Hayes R]J, Altman DG (1995) Empirical evidence of
bias. Dimensions of methodological quality associated with estimates of
treatment effects in controlled trials. JAMA 273: 408-412.

Irvine EJ, Feagan B, Rochon J, Archambault A, Fedorak RN, et al. (1994)
Quality of life: a valid and reliable measure of therapeutic efficacy in the
treatment of inflammatory bowel disease. Canadian Crohn’s Relapse Prevention
Trial Study Group. Gastroenterology 106: 287-296.

Harvey RF, Bradshaw JM (1980) A simple index of Crohn’s-disease activity.
Lancet 1: 514.

. Best WR, Becktel JM, Singleton JW, Kern F, Jr. (1976) Development of a

Crohn’s disease activity index. National Cooperative Crohn’s Disease Study.
Gastroenterology 70: 439-444.

Walmsley RS, Ayres RC, Pounder RE, Allan RN (1998) A simple clinical colitis
activity index. Gut 43: 29-32.

Lindgren S, Wikman O, Befrits R, Blom H, Eriksson A, et al. (2009) Intravenous
iron sucrose is superior to oral iron sulphate for correcting anaemia and
restoring iron stores in IBD patients: A randomized, controlled, evaluator-blind,
multicentre study. Scand J Gastroenterol 44: 838-845.

. Kulnigg S, Stoinov S, Simanenkov V, Dudar LV, Karnafel W, et al. (2008) A

novel intravenous iron formulation for treatment of anemia in inflammatory
bowel disease: the ferric carboxymaltose (FERINJECT) randomized controlled
trial. Am ] Gastroenterol 103: 1182-1192.

. Wiebe N, Vandermeer B, Platt RW, Klassen TP, Moher D, et al. (2006) A

systematic review identifies a lack of standardization in methods for handling
missing variance data. ] Clin Epidemiol 59: 342-353.

. Erichsen K, Ulvik RJ, Grimstad T, Berstad A, Berge RK, et al. (2005) Effects of

ferrous sulphate and non-ionic iron-polymaltose complex on markers of

PLOS ONE | www.plosone.org

29.

30.

31.

32.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

Treatment of Anemia in Inflammatory Bowel Disease

oxidative tissue damage in patients with inflammatory bowel disease. Aliment

Pharmacol Ther 22: 831-838.

. Erichsen K, Ulvik RJ, Nysaeter G, Johansen J, Ostborg J, et al. (2005) Oral

ferrous fumarate or intravenous iron sucrose for patients with inflammatory
bowel disease. Scand J Gastroenterol 40: 1058-1065.

Evstatiev R, Marteau P, Igbal T, Khalif IL, Stein J, et al. (2011) FERGIcor, a
randomized controlled trial on ferric carboxymaltose for iron deficiency anemia
in inflammatory bowel disease. Gastroenterology 141: 846-853 ¢841-842.
Gasche C, Dejaco C, Waldhoer T, Tillinger W, Reinisch W, et al. (1997)
Intravenous iron and erythropoietin for anemia associated with Crohn disease. A
randomized, controlled trial. Ann Intern Med 126: 782-787.

Kulnigg-Dabsch S, Schmid W, Howaldt S, Stein J, Mickisch O, et al. (2013) Iron
Deficiency Generates Secondary Thrombocytosis and Platelet Activation in
IBD: the Randomized, Controlled ThromboVIT Trial. Inflamm Bowel Dis.
Schreiber S, Howaldt S, Schnoor M, Nikolaus S, Bauditz J, et al. (1996)
Recombinant erythropoietin for the treatment of anemia in inflammatory bowel
disease. N Engl J Med 334: 619-623.

Schroder O, Mickisch O, Seidler U, de Weerth A, Dignass AU, et al. (2005)
Intravenous iron sucrose versus oral iron supplementation for the treatment of
iron deficiency anemia in patients with inflammatory bowel discase—a
randomized, controlled, open-label, multicenter study. Am J Gastroenterol
100: 2503-2509.

Moore RA, Gaskell H, Rose P, Allan J (2011) Meta-analysis of efficacy and
safety of intravenous ferric carboxymaltose (Ferinject) from clinical trial reports
and published trial data. BMC Blood Disord 11: 4.

5. Johansen KL, Finkelstein FO, Revicki DA, Gitlin M, Evans C, et al. (2010)

Systematic review and meta-analysis of exercise tolerance and physical
functioning in dialysis patients treated with erythropoiesis-stimulating agents.
Am ] Kidney Dis 55: 535-548.

Kotecha D, Ngo K, Walters JA, Manzano L, Palazzuoli A, et al. (2011)
Erythropoietin as a treatment of anemia in heart failure: systematic review of
randomized trials. Am Heart J 161: 822-831 ¢822.

Lee TW, Kolber MR, Fedorak RN, van Zanten SV (2012) Iron replacement
therapy in inflammatory bowel disease patients with iron deficiency anemia: a
systematic review and meta-analysis. ] Crohns Colitis 6: 267-275.

Rozen-Zvi B, Gafter-Gvili A, Paul M, Leibovici L, Shpilberg O, et al. (2008)
Intravenous versus oral iron supplementation for the treatment of anemia in
CKD: systematic review and meta-analysis. Am J Kidney Dis 52: 897-906.
Gafter-Gvili A, Rozen-Zvi B, Vidal L, Leibovici L, Vansteenkiste J, et al. (2013)
Intravenous iron supplementation for the treatment of chemotherapy-induced
anaemia - systematic review and meta-analysis of randomised controlled trials.
Acta Oncol 52: 18-29.

Avni T, Leibovici L, Gafter-Gvili A (2012) Iron supplementation for the
treatment of chronic heart failure and iron deficiency: systematic review and
meta-analysis. Eur J Heart Fail 14: 423-429.

Tonia T, Mettler A, Robert N, Schwarzer G, Seidenfeld J, et al. (2012)
Erythropoietin or darbepoetin for patients with cancer. Cochrane Database Syst
Rev 12: CD003407.

Marti-Carvajal AJ, Agreda-Perez LH, Sola I, Simancas-Racines D (2013)
Erythropoiesis-stimulating agents for anemia in rheumatoid arthritis. Cochrane
Database Syst Rev 2: CD000332.

Bennett CL, Silver SM, Djulbegovic B, Samaras AT, Blau CA, et al. (2008)
Venous thromboembolism and mortality associated with recombinant erythro-
poietin and darbepoetin administration for the treatment of cancer-associated
anemia. JAMA 299: 914-924.

Gasche C, Berstad A, Befrits R, Beglinger C, Dignass A, et al. (2007) Guidelines
on the diagnosis and management of iron deficiency and anemia in
inflammatory bowel diseases. Inflamm Bowel Dis 13: 1545-1553.

. Eccles M, Clapp Z, Grimshaw J, Adams PC, Higgins B, et al. (1996) North of

England evidence based guidelines development project: methods of guideline
development. BMJ 312: 760-762.

Biancone L, Pavia M, Del Vecchio Blanco G, D’Inca R, Castiglione F, et al.
(2001) Hepatitis B and C virus infection in Crohn’s disease. Inflamm Bowel Dis
7: 287-294.

Pizzi T, Weston CM, Goldfarb NI, Moretti D, Cobb N, et al. (2006) Impact of
chronic conditions on quality of life in patients with inflammatory bowel disease.
Inflamm Bowel Dis 12: 47-52.

December 2013 | Volume 8 | Issue 12 | e75540



