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Abstract: Background: Iron deficiency (ID) and anemia in patients with Inflammatory Bowel Disease
(IBD) are associated with a reduced quality of life. We assessed the prevalence of ID and anemia in
Dutch outpatients with IBD and compared routine ID(A) management among medical professionals
to the European Crohn’s and Colitis Organisation (ECCO) treatment guidelines. Methods: Between
January and November 2021, consecutive adult outpatients with IBD were included in this study
across 16 Dutch hospitals. Clinical and biochemical data were extracted from medical records.
Additionally, medical professionals filled out questionnaires regarding routine ID(A) management.
Results: In total, 2197 patients (1271 Crohn’s Disease, 849 Ulcerative Colitis, and 77 IBD-unclassified)
were included. Iron parameters were available in 59.3% of cases. The overall prevalence of anemia,
ID, and IDA was: 18.0%, 43.4%, and 12.2%, respectively. The prevalence of all three conditions did
not differ between IBD subtypes. ID(A) was observed more frequently in patients with biochemically
active IBD than in quiescent IBD (ID: 70.8% versus 23.9%; p < 0.001). Contrary to the guidelines,
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most respondents prescribed standard doses of intravenous or oral iron regardless of biochemical
parameters or inflammation. Lastly, 25% of respondents reported not treating non-anemic ID.
Conclusions: One in five patients with IBD suffers from anemia that—despite inconsistently measured
iron parameters—is primarily caused by ID. Most medical professionals treat IDA with oral iron or
standard doses of intravenous iron regardless of biochemical inflammation; however, non-anemic ID
is often overlooked. Raising awareness about the management of ID(A) is needed to optimize and
personalize routine care.

Keywords: anemia; iron deficiency; Inflammatory Bowel Disease

1. Introduction

Anemia is the most common systemic manifestation of Inflammatory Bowel Disease
(IBD): Crohn’s disease (CD), Ulcerative Colitis (UC), and IBD-unclassified (IBD-U). The re-
ported prevalence varies between 6% and 74% [1,2]. Patients with IBD are susceptible to ane-
mia due to chronic gastrointestinal blood loss, medication-induced myelosuppression, and
nutritional deficiencies caused by malnutrition or micronutrient malabsorption. Despite
the plethora of predisposing factors, the most common causes of anemia in IBD are absolute
iron deficiency (ID) and functional ID, which is characterized by inflammation-induced
myelosuppression and iron restriction within enterocytes, hepatocytes, and macrophages.
The reported prevalence of ID in IBD varies between 36% and 90% [1]. Data on the preva-
lence of ID and anemia, including risk factors, are inconsistent due to heterogeneous study
populations and ID(A) definitions.

Iron is essential for most physiological processes such as energy metabolism, oxygen
transport, immune system function, and neurotransmitter synthesis [3]. Consequently, ID
can cause various symptoms ranging from dry skin to depression or a significant decrease
in physical and cognitive performance [4,5]. Anemia is associated with a reduced quality
of life (QoL), worse disease outcomes, and increased healthcare costs in patients with
IBD [5–7]. Non-anemic ID is also associated with fatigue and decreased health-related QoL
that may be improved with iron therapy [6–10]. Therefore, the latest European Crohn’s and
Colitis Organisation (ECCO) guidelines emphasize the importance of regular screening
and prompt treatment of (iron-deficiency) anemia in patients with IBD [11].

Diagnosis of absolute and functional ID is challenging in patients with IBD [12–14].
Iron indices, such as ferritin or transferrin, can be difficult to interpret due to their dual role
as acute-phase reactants, i.e., ferritin increases and transferrin decreases during (systemic)
inflammation that could falsely indicate sufficient iron stores [15]. In addition, patients
with IBD often suffer from inflammation that can restrict enteral iron absorption and lead
to excess luminal iron that—according to data from animal studies—might exacerbate the
disease [16]. Despite a lack of consistent research on hepcidin (the systemic iron regulator),
iron absorption, and the effect of excess luminal iron in patients with IBD, the latest ECCO
guidelines suggest intravenous iron as the first-line treatment in active disease and oral
iron only in quiescent or mild disease [11]. ECCO guidelines were published in 2015, but
their clinical implementation has not yet been evaluated.

In this study, we evaluated the prevalence of anemia and ID in patients with IBD under
ambulatory care across 16 Dutch hospitals. In addition, we assessed routine ID(A) man-
agement among Dutch (trainee) gastroenterologists and IBD nurses. This study addresses
aspects of routine care that need optimization.

2. Materials and Methods
2.1. Study Design and Study Population

Between January and November 2021, we conducted a national cross-sectional study
across 16 general, teaching, and academic hospitals within the Netherlands. The study
has been reviewed and approved by the Medical Ethics Review Board at the University
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Medical Center Groningen (METc No. 2020/549) and local committees or review boards
at the participating centers. All consecutive outpatients with IBD were screened for in-
clusion during the study period. Patients were eligible for inclusion if they were at least
18 years old, had an established IBD diagnosis, and had a recent follow-up appointment
with available biochemical data. Hospitalized patients and patients with the following
documented comorbidities were excluded: portal hypertension, myelodysplastic syndrome,
hemoglobinopathies, autoimmune hemolytic anemia, end-stage renal disease (defined as
estimated Glomerular Filtration Rate <30 mL/min/1.732), and a history of malignancy
within the last five years except for cutaneous (non-melanoma) malignancies. Pregnant or
breastfeeding women were also excluded. Each participating hospital included consecutive
patients that met the in- and exclusion criteria with the aim to include 100 patients with
sufficient data on iron status but without exceeding 200 inclusions per hospital.

2.2. Data Collection

Demographic and clinical data (detailed in Table 1) and the following biochemical data
were extracted from medical records: hemoglobin (Hb), hematocrit (Ht), Mean Corpuscular
Volume (MCV), white blood cell count (WBC), platelets, C-reactive protein (CRP), lactate
dehydrogenase (LDH), reticulocytes, ferritin, serum iron, transferrin, total iron-binding
capacity (TIBC), transferrin saturation (Tsat), vitamin B12 and folic acid levels, as well
as fecal calprotectin (FCP). Clinical and biochemical data were extracted at inclusion:
biochemical data could not be older than eight weeks. In addition, biochemical data were
extracted retrospectively from a previous follow-up appointment, which depending on
the disease activity and follow-up frequency, varied from three to 12 months prior to
inclusion. If a patient was newly referred to the hospital, the data were extracted only at
inclusion. Finally, clinical data on iron therapy (i.e., dose and the route of administration),
including any phosphate measurements between the two follow-up appointments, were
also extracted from medical records.

Table 1. Study population characteristics.

IBD
(n = 2197)

CD
(n = 1271)

UC
(n = 926) p-Value Available

Data (n)

Gender: female (n, %) 1272 (57.9%) 780 (61.4%) 492 (53.1%) p < 0.001 2197
Age (years) 44.0 [31.0–57.0] 42.0 [29.0–55.0] 48.0 [33.0–61.0] p < 0.001 2196
Age at diagnosis p < 0.001 2142
<17 years old 285 (13.3%) 212 (17.1%) 73 (8.1%)
17–40 years old 1292 (60.3%) 777 (62.7%) 515 (57.0%)
>40 years old 565 (26.4%) 250 (20.2%) 315 (34.9%)
Disease location 1245
Terminal ileum 464 (37.3%)
Colon 260 (20.9%)
Ileocolon 521 (41.8%)
upper GI-involvement * 112 (9.8%) 1138
Disease behavior 1113
Inflammatory 652 (58.6%)
Stricturing 318 (28.6%)
Penetrating 143 (12.8%)
Perianal disease ** 284 (24.9%) 1142
Disease extension 885
Ulcerative proctitis 123 (13.9%)
Left-sided colitis 347 (39.2%)
Pancolitis 415 (46.9%)
Anemia (n, %) 393 (18.0%) 236 (18.7%) 157 (17.0%) NS 2186
Females 183 (14.5%) 124 (16.0%) 59 (12.0%) p < 0.05
Males 210 (22.8%) 112 (22.9%) 98 (22.8%) NS
Iron deficiency (n, %) 566 (43.4%) 333 (43.4%) 233 (43.5%) NS 1303
Females 396 (51.8%) 236 (49.8%) 160 (55.2%) NS
Males 170 (31.5%) 97 (33.1%) 73 (29.7%) NS
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Table 1. Cont.

IBD
(n = 2197)

CD
(n = 1271)

UC
(n = 926) p-Value Available

Data (n)

Iron-deficiency anemia (n, %) 159 (12.2%) 95 (12.4%) 64 (11.9%) NS 1303
Females 90 (11.8%) 59 (12.4%) 31 (10.7%) NS
Males 69 (12.8%) 36 (12.3%) 33 (13.4%) NS
Biochemical inflammation (n, %) 848 (39.8%) 526 (42.3%) 322 (36.3%) p < 0.01 2132
Females 521 (42.1%) 340 (44.7%) 181 (38.0%) p < 0.05
Males 327 (36.5%) 186 (38.5%) 141 (34.2%) NS
Iron deficiency 384 (70.8%) 223 (68.0%) 161 (75.2%) NS 1303
Anemia 201 (23.7%) 126 (24.0%) 75 (23.3%) NS 2186

Continuous variables are represented by the median value and an interquartile range [Quartile 1–Quartile 3].
IBD: Inflammatory Bowel Disease, CD: Crohn’s Disease, UC: includes patients with Ulcerative Colitis and IBD-
unclassified, GI: gastrointestinal tract. Anemia: hemoglobin < 7.5 mmol/L and <8.5 mmol/L for females and
males, respectively. Iron deficiency: primarily defined by ferritin < 30 µg/L (without biochemical inflammation) or
ferritin < 100µg/L (with biochemical inflammation) or, if ferritin is unavailable, by transferrin saturation < 20%
regardless of biochemical inflammation. Biochemical inflammation: defined by C-reactive protein > 5 mg/L
and/or fecal calprotectin >150 mg/kg, Iron-deficiency anemia: concurrent anemia and iron deficiency. NS:
statistically non-significant (p-value > 0.05). p-values in bold highlight statistical significance after adjustment
for multiple testing. *: upper GI-involvement (Montreal L4) is presented as a modifier, which includes isolated
upper GI-involvement and upper GI-involvement in addition to other disease locations. **: perianal disease (Mon-
treal p) is presented as a modifier—indicating solely perianal disease involvement separately from penetrating
disease behavior.

2.3. Study Definitions

CD was classified according to the Montreal classification: age at diagnosis (Mon-
treal A), disease location (Montreal L), perianal disease (Montreal p), and disease behavior
(Montreal B) [17,18]. UC and IBD-U were classified according to age at diagnosis (Mon-
treal A) and disease extension (Montreal E) [17,18]. Montreal classification was extracted
from medical records.

Anemia definition was based on the Dutch national reference values: Hb < 7.5 mmol/L
(<120.7 g/L) or <8.5 mmol/L (<137.0 g/L) for females and males, respectively [19]. Severe
anemia was defined as Hb <6.2 mmol/L for females and males. ID was defined as ferritin
<100 µg/L in patients with biochemical inflammation (defined as CRP > 5 mg/L and/or
FCP >150 mg/kg), or as ferritin <30 µg/L in patients without biochemical inflamma-
tion [11]. If ferritin values were unavailable, Tsat <20% was used regardless of biochemical
inflammation. Tsat values were extracted from medical records or were calculated as:
(serum iron concentration (µmol/L)/TIBC (µmol/L)) × 100 or (serum iron concentration
(µg/dL)/transferrin (mg/L)) × 71.24. Moreover, IDA was defined as concurrent ane-
mia and ID; functional iron deficiency (FID) was defined as Tsat <20% in combination
with ferritin > 100 µg/L in states of biochemical inflammation [11]. Lastly, vitamin B12
concentration < 150 pmol/L and folic acid concentration < 5 nmol/L were defined as
deficiencies [20,21].

2.4. Questionnaire for Medical Professionals

An anonymous questionnaire was drafted in Dutch and was sent to all medical profes-
sionals treating patients with IBD at the Department of Gastroenterology and Hepatology in
the participating hospitals. It included questions regarding respondents’ medical profession
(e.g., nurse practitioner, gastroenterologist trainee), workplace (e.g., academic hospital), the
number of weekly IBD outpatient consultations, and the type/frequency of ID(A) screening
in patients with active or quiescent IBD. In addition, questionnaires included questions
regarding the treatment of asymptomatic or symptomatic anemia and non-anemic ID. The
respondents were asked to indicate prescribed oral and intravenous iron dosages and
whether they prescribed a standard dosage or based it on a specific formula. Lastly, respon-
dents were asked whether they measured phosphate levels before and/or after intravenous
iron therapy.



J. Clin. Med. 2022, 11, 6843 5 of 16

2.5. Statistical Analysis

Data extracted at inclusion were used to analyze the prevalence of anemia, ID, and
IDA. Descriptive data are reported as mean values with Standard Deviation (±SD) or
median values with an interquartile range [IQR: Quartile 1–Quartile 3] for continuous
variables. Categorical variables are presented as a number (n) of the total available data
with corresponding percentages (%). Normality assessment was performed by visual
inspection of normal probability plots (Q-Q) and histograms. Prevalence of anemia and
ID are presented as absolute numbers (n) with corresponding percentages (%). Group
comparisons were analyzed using chi-square, Mann-Whitney U, unpaired t-test, or Kruskal
Wallis-test as appropriate.

In addition, univariable and multivariable binary logistic regression analyses were
performed to identify parameters independently associated with the prevalence of anemia,
ID, or IDA. Multivariable analyses were performed using backward stepwise selection
(Pout > 0.05), with the inclusion of all significantly (p < 0.05) associated variables from the
univariable analyses. Furthermore, we used data from the previous follow-up appointment
and the anonymous questionnaire to analyze the frequency of ID(A) treatment and the
type of iron therapy. The data are presented as a number (n) of the available data with
corresponding percentages (%). A two-tailed p-value < 0.05 was considered statistically
significant. The Benjamini-Hochberg procedure was used to adjust for multiple testing
with a 5% false discovery rate. Statistical analyses were performed using SPSS software
(version 25.0; IBM, Chicago, IL, USA). GraphPad Prism software (version 9.3.1; GraphPad
Software, San Diego, CA, USA) was used to generate donut charts. Missing data are
presented in Supplementary Tables S1 and S2.

3. Results
3.1. Study Population

In total, 2197 patients with IBD (CD: n = 1271, UC: n = 849, IBD-U: n = 77) were
included in the study. Patients were analyzed by stratifying them into CD and UC groups,
the latter included patients with UC and IBD-U. Table 1 presents the baseline demographic
and clinical characteristics of the study population. Patients with CD were primarily female
(61.4%) and significantly younger compared with patients in the UC group (p < 0.001).
Biochemical inflammation was more frequently observed in patients with CD than in
patients with UC (p < 0.01).

3.2. Prevalence of Anemia, Iron Deficiency, and Iron-Deficiency Anemia

The data on the prevalence of anemia, ID, and IDA in the study population are
presented in Table 1. In general, 18% of patients with IBD had anemia. Only 28 patients
(7.1% of patients with anemia) had severe anemia. There was no difference in anemia
prevalence between patients with CD and UC, but anemia was more prevalent in males
than females (22.8% vs. 14.5% for males and females, respectively; p < 0.001).

The etiology of anemia could not be classified in all patients: 59.3% of patients had
sufficient data on iron status and biochemical inflammation. ID was prevalent in 43.4%
of the study population without differences between patients with CD or UC (Table 1).
On the other hand, ID prevalence differed between males and females (31.5% vs. 51.8%;
p < 0.001), as well as patients with and without biochemical inflammation: 70.8% versus
23.9% in biochemically active or quiescent IBD, respectively (p < 0.001). In contrast, there
were no differences in IDA prevalence between patients with CD and UC or males and
females (Table 1).

3.3. Differences between Iron-Deficient and Iron-Sufficient Patients

Table 2 presents the differences between patients with and without ID. Median Hb,
Ht, and MCV levels were lower in the iron-deficient group (p < 0.001 for all). In addi-
tion, inflammatory parameters—FCP, CRP, WBC, and platelets—were higher in patients
with ID (p < 0.001 for all). No differences were observed in LDH, vitamin B12, or folic
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acid levels. Similar findings were observed between patients with and without anemia
(Supplementary Table S4). In short, patients with ID have significantly lower Hb and
higher inflammatory parameters compared with iron-sufficient patients.

Table 2. Differences between patients with Inflammatory Bowel Disease stratified by iron status.

Iron-Deficient (n = 566) Iron-Sufficient (n = 737) p-Value Missing Data (n, %)

Hemoglobin (mmol/L) 8.20 [7.70–8.80] 8.80 [8.20–9.40] p < 0.001 1 (0.1%)
Females 8.10 [7.50–8.50] 8.30 [7.90–8.80] p < 0.001
Males 8.70 [8.00–9.20] 9.30 [8.60–9.70] p < 0.001

Hematocrit (%) 0.41 [0.38–0.43] 0.43 [0.40–0.46] p < 0.001 129 (9.9%)
MCV (fL) 90.00 [86.00–93.00] 92.00 [89.00–96.00] p < 0.001 6 (0.5%)
WBC (×109/L) 7.50 [6.30–9.40] 6.80 [5.60–8.30] p < 0.001 18 (1.4%)
Platelets (×109/L) 310.00 [262.00–362.00] 267.00 [226.00–312.00] p < 0.001 19 (1.5%)
LDH (U/L) 187.00 [156.00–205.50] 177.00 [149.50–199.00] NS 1089 (83.6%)
CRP (mg/L) 3.80 [1.00–8.00] 2.00 [1.00–4.00] p < 0.001 20 (1.5%)
FCP (mg/kg) 291.00 [84.00–924.25] 55.00 [22.00–156.25] p < 0.001 573 (44.0%)
Ferritin (µg/L) 27.00 [16.00–52.50] 112.00 [66.00–178.00] p < 0.001 29 (2.2%)
Tsat (%) 17.00 [11.00–23.75] 27.00 [20.00–35.00] p < 0.001 891 (68.4%)
Iron (µmol/L) 11.25 [7.00–15.98] 16.70 [13.00–21.35] p < 0.001 830 (63.7%)
Transferrin (g/L) 2.80 [2.50–3.10] 2.40 [2.20–2.70] p < 0.001 930 (71.4%)
TIBC (µmol/L) 72.20 (± 11.27) 62.00 [57.00–68.00] p < 0.001 1088 (83.5%)
Folic acid (nmol/L) 13.00 [8.90–21.55] 15.20 [11.15–23.13] NS 1011 (77.6%)
Vitamin B12 (pmol/L) 336.00 [240.00–483.00] 344.00 [252.00–468.00] NS 753 (57.8%)

Continuous variables are represented by the mean value and (±Standard Deviation, SD) or by the median
value and an interquartile range [Quartile 1–Quartile 3], based on the normality of its distribution. MCV: Mean
Corpuscular Volume, CRP: C-reactive Protein, WBC: white blood cell count, Tsat: transferrin saturation, FCP: fecal
calprotectin. NS: statistically non-significant (p-value > 0.05). p-values in bold highlight statistical significance
after adjustment for multiple testing.

3.4. Risk Factors for Anemia and Iron Deficiency

Male gender and older age were independently associated with anemia, as depicted
in Table 3. In multivariable analyses, a two-fold increase in FCP [OR 1.18; 95% CI: 1.08–1.28;
p < 0.001] and platelets [OR 2.17; 95% CI: 1.25–3.79; p < 0.01] as well as lower ferritin and
MCV were associated with anemia. ID and IDA were also associated with a two-fold
increase in FCP and platelet levels, but in contrast to anemia, younger age and female
gender were associated with ID. Females were at least two times as likely to have ID
compared with males [OR 2.63; 95% CI: 1.84–3.75; p < 0.001]; however, IDA was not
related to age or gender (Table 3). In addition, the Montreal classification showed several
statistically significant results in univariable analyses, but the significance was not observed
in multivariable analyses (Supplementary Table S5). Stricturing disease (Montreal B2)
was associated with a higher anemia prevalence compared with inflammatory disease
phenotype (Montreal B1): OR 1.55 [1.12–2.16]; p < 0.01 (Supplementary Table S5). In short,
biochemical inflammation is a major risk factor for anemia and ID(A) in all patients with
IBD. However, older males are more likely to have anemia, while younger females are more
likely to have ID.

3.5. Iron Therapy in the Study Population

Compared to data at inclusion, iron parameters were measured less frequently at a
previous appointment (in 47% of patients compared with 59.3% of patients at inclusion);
the prevalence of all conditions was similar: ID 43.6%, IDA 6.9%, and anemia 18.6%. In
total, 38.5% of patients with ID and 51.9% with anemia had these conditions at inclusion
and a previous appointment regardless of iron therapy. Based on extracted retrospective
data, 204 patients received iron therapy within the last 12 months. The majority of patients
(55.9%) received intravenous iron, but only 5.8% of patients had their phosphate levels
measured after the treatment (Table 4). Almost all patients received 1000 mg of intravenous
iron, whereas oral iron dosage varied considerably (Figure 1).
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Table 3. Risk factors for anemia, iron deficiency, and iron-deficiency anemia in patients with Inflam-
matory Bowel Disease.

Anemia

Univariable OR (95% CI) p-Value Multivariable OR (95% CI) p-Value

Gender (male reference) 0.57 [0.46–0.71] p < 0.001 0.43 [0.28–0.66] p < 0.001
Age (years) 1.01 [1.00–1.02] p < 0.01 1.02 [1.01–1.04] p < 0.001
MCV (fL) 0.94 [0.92–0.96] p < 0.001 0.94 [0.91–0.97] p < 0.001
Log2 WBC (×109/L) 1.01 [0.80–1.28] NS
Log2 Platelets (×109/L) 2.12 [1.61–2.78] p < 0.001 2.17 [1.25–3.79] p < 0.01
Log2 Ferritin (µg/L) 0.74 [0.68–0.81] p < 0.001 0.75 [0.65–0.87] p < 0.001
Tsat (%) 0.92 [0.90–0.94] p < 0.001
Log2 CRP (mg/L) 1.23 [1.15–1.32] p < 0.001
Log2 FCP (mg/kg) 1.23 [1.15–1.32] p < 0.001 1.18 [1.08–1.28] p < 0.001

Iron Deficiency

Univariable OR (95% CI) p-Value Multivariable OR (95% CI) p-Value

Gender (male reference) 2.34 [1.86–2.94] p < 0.001 2.63 [1.84–3.75] p < 0.001
Age (years) 0.97 [0.97–0.98] p < 0.001 0.98 [0.97–0.99] p < 0.001
MCV (fL) 0.92 [0.90–0.93] p < 0.001 0.94 [0.91–0.97] p < 0.001
Log2 WBC (×109/L) 2.13 [1.67–2.72] p < 0.001
Log2 Platelets (×109/L) 3.79 [2.80–5.14] p < 0.001 1.85 [1.16–2.95] p < 0.01
Log2 CRP (mg/L) 1.31 [1.22–1.41] p < 0.001
Log2 FCP (mg/kg) 1.39 [1.30–1.49] p < 0.001 1.39 [1.29–1.50] p < 0.001

Iron-Deficiency Anemia

Univariable OR (95% CI) p-Value Multivariable OR (95% CI) p-Value

Gender (male reference) 0.91 [0.65–1.27] NS
Age (years) 1.00 [0.99–1.01] NS
MCV (fL) 0.85 [0.83–0.88] p < 0.001 0.87 [0.84–0.91] p < 0.001
Log2 WBC (×109/L) 1.49 [1.04–2.12] p < 0.05
Log2 Platelets (×109/L) 3.52 [2.30–5.40] p < 0.001
Log2 CRP (mg/L) 1.26 [1.15–1.39] p < 0.001
Log2 FCP (mg/kg) 1.37 [1.25–1.51] p < 0.001 1.35 [1.22–1.49] p < 0.001

Odds ratios (OR) are presented with a 95% confidence interval (95% CI). IBD: Inflammatory Bowel Disease, MCV:
Mean Corpuscular Volume, CRP: C-reactive Protein, WBC: white blood cell count, Tsat: transferrin saturation,
FCP: fecal calprotectin. NS: statistically non-significant (p-value > 0.05). The OR for variables expressed in
log2-scale represents an increase or decrease in the risk of the outcome when the value of a variable doubles.
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Table 4. Differences between patients with Inflammatory Bowel Disease who received iron therapy
and those who did not.

Received Iron
Therapy
(n = 204)

No Iron Therapy (n = 1778) p-Value Available Data (n, %)

Gender: female (n, %) 125 (61.3%) 1025 (57.6%) NS 1982 (100.0%)
Biochemical inflammation (n, %) 114 (59.1%) 657 (38.3%) p < 0.001 1908 (96.3%)
Anemia (n, %) 108 (54.3%) 254 (14.5%) p < 0.001 1949 (98.3%)
Iron-deficiency anemia (n, %) 71 (46.7%) 53 (6.9%) p < 0.001 915 (46.2%)
Iron deficiency (n, %) 120 (78.4%) 280 (36.7%) p < 0.001 916 (46.2%)
Functional iron deficiency (n, %) 8 (22.2%) 14 (14.3%) NS 134 (6.8%)
Folic acid deficiency (n, %) 1 (2.0%) 2 (0.9%) NS 263 (13.3%)
Vitamin B12 deficiency (n, %) 5 (7.6%) 22 (6.0%) NS 433 (21.8%)
Oral iron (n, %) 90 (44.1%) NA NA 204 (100.0%)
Intravenous iron (n, %) 104 (51.0%) NA NA 204 (100.0%)
Combined therapy (n, %) 10 (4.9%) NA NA 204 (100.0%)
Phosphate measurement * (n, %) 6 (5.8%) NA NA 114 (100.0%)

NA: not applicable, NS: non-significant. Biochemical inflammation: defined by C-reactive protein >5 mg/L
and/or fecal calprotectin >150 mg/kg; anemia: defined by hemoglobin <7.5 mmol/L or <8.5 mmol/L for females
and males, respectively; iron deficiency: defined primarily by ferritin <30 µg/L (without inflammation) or
<100 µg/L (with inflammation) or, if ferritin is unavailable, transferrin saturation <20% regardless of biochemical
inflammation. Iron-deficiency anemia: concurrent anemia and iron deficiency. Functional iron deficiency: defined
as ferritin >100µg/L with transferrin saturation <20% in the presence of biochemical inflammation. Folic acid
deficiency: folic acid level < 5 nmol/L; vitamin B12 deficiency: vitamin B12 level <150 pmol/L. Combined therapy:
treatment with oral and intravenous iron. p-values in bold highlight statistical significance after adjustment for
multiple testing. *: represents the number of patients who had their phosphate levels measured after therapy with
intravenous iron.

Table 4 presents the differences between patients who received iron therapy and
those who did not. Biochemical inflammation was more common in patients treated with
intravenous iron than oral iron (67.0% vs. 48.8%, respectively). Most treated patients had
IDA, but 34.5% (n = 37) of treated patients had anemia of a different etiology (e.g., FID) or
anemia that could not be classified due to missing data, i.e., iron indices or vitamin B12
levels. In contrast, 36.7% of patients with ID did not receive any iron therapy (Table 4).

3.6. Iron Deficiency and Anemia Management: Responses from Medical Professionals

The anonymous questionnaire was sent out to 112 medical professionals across 16 par-
ticipating hospitals: 69 (61.6%) respondents filled out the anonymous questionnaire. Re-
spondents’ professions and places of employment are represented in Figure 2. At least half
of the respondents reported using Hb, MCV, and ferritin to screen for anemia and iron
deficiency in patients with active or quiescent IBD, but a third of respondents reported
measuring ferritin only on indication (Figure 2). In patients with quiescent IBD, almost all
respondents (87%) reported screening once or twice annually, whereas in active disease
screening is done more frequently (Figure 2).

Figure 3 presents responses regarding the management of (a)symptomatic anemia and
non-anemic ID. Comparing treatment policies between physicians and nurse practitioners,
we observed only one statistically significant difference: 96.4% of physicians reported
always treating symptomatic anemia, whereas 38.5% of nurse practitioners reported treating
symptomatic anemia only if it is severe. Comparing treatment policies between academic
and non-academic hospitals, we observed no significant differences.
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Figure 2. Respondent data regarding profession, place of employment, and screening for anemia and
iron deficiency in patients with Inflammatory Bowel Disease. (A) Percentages indicating respondents’
profession. (B) Percentages indicating respondents’ place of employment. (C) Percentage of respon-
dents and the parameters used to screen for anemia and iron deficiency in patients with quiescent
Inflammatory Bowel Disease. (D) Percentage of respondents and the frequency of screening for
anemia and iron deficiency in patients with quiescent Inflammatory Bowel Disease. (E) Percentage
of respondents and the parameters used to screen for anemia and iron deficiency in patients with
active Inflammatory Bowel Disease. (F) Percentage of respondents and the frequency of screening
foranemia and iron deficiency in patients with active Inflammatory Bowel Disease. Hb: hemoglobin,
MCV: Mean Corpuscular Volume.
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Figure 3. Respondent data regarding the treatment of iron deficiency with or without anemia in
patients with Inflammatory Bowel Disease. (A) Percentage of respondents prescribing treatment
for asymptomatic anemia. (B) Percentage of respondents prescribing treatment for symptomatic
anemia. (C) Percentage of respondents prescribing treatment for iron deficiency without anemia.
(D) Percentage of respondents and their chosen therapy for iron-deficiency anemia in quiescent
IBD. (E) Percentage of respondents and their chosen therapy for iron-deficiency anemia in active
IBD. (F) Percentage of respondents and their chosen therapy for iron deficiency without anemia.
Hb: hemoglobin.

In cases of non-anemic ID, 22% of respondents reported prescribing treatment regard-
less of symptoms, while 25% of respondents did not treat it at all. In contrast to non-anemic
ID, most respondents (89.7%) reported treating symptomatic anemia regardless of severity.
Oral iron was the preferred treatment in quiescent IBD, whereas intravenous iron in active
IBD (Figure 3). Most respondents reported prescribing a standard dose of intravenous
iron: 1000 mg iron in 87.5% of cases. A third of respondents specified prescribing ferric
carboxymaltose, 3.6% specified prescribing 1000 mg of either ferric carboxymaltose or ferric
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derisomaltose, and the rest did not specify the formulation. For oral iron therapy, 74.6% of
respondents prescribed a standard dose, but the standard dose varied from 100–200 mg
once or thrice daily to 200 mg every other day, usually prescribed as ferrous fumarate.
Treatment did not differ between physicians, nurse practitioners, or the type of hospital.

Lastly, 78.8% of respondents reported not measuring phosphate before or after intra-
venous iron therapy (Supplementary Figure S1). A noteworthy difference was observed
between respondents from academic and non-academic hospitals regarding knowledge of
the guidelines and hypophosphatemia. More respondents from non-academic hospitals
(92.7%) than academic hospitals (56.0%) do not measure phosphate levels. In addition,
25% of respondents from non-academic hospitals were unaware of the ECCO guidelines
compared with 4% of respondents from academic hospitals. However, these differences
were not statistically significant after correction for multiple testing.

4. Discussion

Six years after the publication of ECCO guidelines on anemia management, we eval-
uated the prevalence of ID and anemia in outpatients with IBD as well as routine ID(A)
care across 16 Dutch hospitals. One in five outpatients with IBD had anemia, but medical
professionals did not always characterize it. Iron parameters were measured in 59% of
cases: almost half of the patients had absolute ID—the primary cause of anemia in this
population—however, a quarter of medical professionals reported not treating it. In con-
trast, most medical professionals treated (a)symptomatic anemia regardless of severity.
A common practice for treating ID(A) was a standard 1000 mg dose of intravenous iron
without monitoring for post-treatment hypophosphatemia. Contrary to the ECCO guide-
lines, oral iron therapy was frequently prescribed in biochemically active IBD and often in
quantities exceeding 100 mg of daily elemental iron. We observed a noteworthy difference
regarding a relative lack of knowledge of the guidelines and hypophosphatemia by medi-
cal professionals working at non-academic hospitals compared with academic hospitals.
Collectively, these data demonstrate that raising awareness about ID(A) diagnosis and
management is necessary to optimize and personalize routine care.

In this study, anemia was prevalent in 18% of outpatients with IBD. Our results are in
line with previous studies, which showed prevalence between 11.7% and 24.6% [7,22–29].
However, higher anemia prevalence (30–65%) was reported in hospitalized and recently
diagnosed patients or studies performed exclusively in tertiary care centers [30–33]. In
comparison, lower anemia prevalence has been observed in outpatients at primary care or
referral centers [23]. Our study focused on outpatients with established IBD and included
patients from various care centers, which might explain why the results are on the lower
end of the spectrum. In addition, we found no clear differences in ID(A) prevalence
between IBD subtypes except for higher anemia prevalence in stricturing CD compared
with inflammatory CD. Several studies also found higher anemia prevalence in patients
with stricturing and penetrating CD or E2–E3 ulcerative colitis [22,26,32,34]. Several
previous studies have reported a higher prevalence of anemia in patients with CD, but we
found no difference between patients with CD and UC. [24–27,31–33,35,36]. Even though
median CRP was slightly higher in patients with CD than UC, FCP levels did not differ
between patients, which might explain the lack of difference in anemia prevalence. On the
other hand, we found that males had anemia more frequently compared with females. In
this study, we defined anemia based on the Dutch national reference range, which classifies
male patients as anemic at a higher hemoglobin value compared with the World Health
Organization definition, which was used in other studies [37]. The association between the
male gender and anemia should be investigated further as some authors reported higher
prevalence in females, while other authors did not [22,25,26,32,36].

Furthermore, we found that ID was highly prevalent (43.4%) among outpatients with
IBD. These results are consistent with previous studies, which reported ID prevalence
between 26.5% and 62.5% [7,24,25,27–29]. The only studies reporting higher ID prevalence
(up to 90%) were published before 2006 [1]. The variance in reported ID prevalence could
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be explained by heterogeneous populations and differences in ID definitions. Our data
show that ID is more prevalent among females. Higher ID prevalence in women could be
attributed to menstrual blood loss in addition to gastrointestinal bleeding caused by IBD,
but it should not be normalized and left untreated since ID(A) has been associated with
lower (health-related) QoL [6–10]. In short, despite (inter-)national treatment guidelines,
the prevalence of ID in IBD—especially in female patients—has remained high over the
past decade.

Biochemical inflammation is a major risk factor for anemia and ID in patients with
IBD. Comparing iron-deficient and iron-sufficient patients, we observed statistically sig-
nificant differences in CRP, WBC, platelets, and FCP. These findings are consistent with
previous studies, which showed associations between anemia and elevated CRP, Erythro-
cyte Sedimentation Rate, or clinical disease scores, such as the Crohn’s Disease Activity
Index [25,32,33,36]. In addition, we found that anemia and ID were associated with a
twofold increase in FCP and platelets in multivariable analysis. Interestingly, reactive
thrombocytosis has been associated with both: (iron-deficiency) anemia and inflamma-
tion [38]. Thrombocytosis should not be overlooked in routine IBD care; however, whether
elevated platelets could indicate early iron deficiency in patients with IBD should be
evaluated further.

Moreover, our results indicate that current ID(A) management is suboptimal. Iron
parameters were not measured in approximately half of the cases, suggesting medical
professionals do not always characterize anemia. Our data show that (ID)A is usually
treated with a standard dose of intravenous iron, which might not always be enough to
replenish the total iron deficit. In 2013, Stein et al. looked at routine care for ID(A) in patients
with IBD across nine European countries and reported that 76% of gastroenterologists aimed
for Hb normalization, but only 23% sought to normalize ferritin concentrations [39]. In
contrast to the latest ECCO guidelines suggesting to treat IDA until iron stores are sufficient,
the primary treatment goal among medical professionals still seems to be the normalization
of Hb rather than iron stores, which is supported by our findings and a low percentage of
reported treatment of non-anemic ID.

Finally, intravenous iron therapy, especially ferric carboxymaltose, is associated with
post-treatment hypophosphatemia that can cause or exacerbate fatigue or even lead to
life-threatening complications such as heart arrhythmias [40]. In this study, a third of
respondents reported prescribing ferric carboxymaltose, but phosphate was measured only
in 5.8% of patients treated with intravenous iron. We also found that most patients received
daily oral iron—sometimes in doses exceeding 100 mg elemental iron—that is associated
with poorer fractional iron absorption due to temporary hepcidin increases, which is why
intermittent dosing is preferred [41,42]. Monitoring for post-treatment hypophosphatemia
is not a part of the ECCO guidelines, given that the prescribing information was updated
in 2020; however, scientific evidence suggests the need to include hypophosphatemia
management in the updated treatment guidelines [43]. In short, ID(A) diagnosis and
treatment should be improved in routine IBD care.

This is the first study evaluating and comparing routine ID(A) management according
to the latest ECCO guidelines. In addition, this study included a large number of outpatients
from various care centers across the country, which represents the Dutch IBD population
and the routine management by medical professionals. However, this study has several
limitations. Firstly, the cross-sectional nature of the study meant that we extracted data
from a specific time period and could have missed data on iron therapy, e.g., if a patient
received treatment just before or after the cross-sectional period, then we might have missed
the data and classified patients as untreated. Secondly, not all cases of anemia could be
characterized due to missing data (Supplementary Table S1); however, the missing data
illustrates issues in routine management. Lastly, we did not extract data on endoscopic
or clinical disease activity and IBD therapy, such as use of thiopurines, corticosteroids, or
biologicals, as well as a history of blood transfusions, use of erythropoietin-stimulating
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agents or proton-pump inhibitors. These data could have provided additional information
on associations between ID(A), disease activity, and IBD therapy.

Despite the limitations, this study shows that anemia and ID remain highly prevalent
in patients with IBD under ambulatory care. The prevalence has not changed considerably
over the years, even though (inter-)national guidelines have been established and reviewed
several times. The ECCO guidelines advise regular screening and prompt IDA treatment
to normalize not only Hb but also iron stores. This study shows that while IDA is treated,
the characterization of anemia and awareness of iron status optimization as a treatment
goal is lacking among Dutch medical professionals. It emphasizes the need to address
the common misconceptions regarding ID(A) treatment [44]. Finally, this study shows
that biochemical inflammation is a major risk factor for anemia and ID, but it is seldom
taken into consideration when prescribing iron therapy. Hence, raising awareness about
the management of ID(A) is necessary to optimize and personalize routine care.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm11226843/s1. All supplementary tables as referred
to in the manuscript (Supplementary Tables S1–S5) can be found in the separately uploaded doc-
ument entitled: ‘Supplementary Data Content 1’. All supplementary figures as referred to in the
manuscript (Supplementary Figure S1) can be found in the separately uploaded document entitled:
‘Supplementary Data Content 1’.

Author Contributions: R.L., A.E.v.d.M.-d.J. and G.D. conceptualized and designed the study. G.D.
and A.E.v.d.M.-d.J. were responsible for funding acquisition. R.L., G.D. and A.E.v.d.M.-d.J. managed
the project G.D., A.E.v.d.M.-d.J., R.W.F.t.S., G.T., J.K., B.J., M.K.V., L.V., R.L.W., S.v.d.M., T.E.H.R.,
Z.M., F.H., A.A.v.B., F.D.M.v.S. and A.C.d.V. provided resources at study sites, included subjects with
IBD, and helped with data extraction. R.L., M.B. and C.N.v.d.M. also helped with data extraction.
R.L. performed data analysis and data visualization under the supervision of G.D. and A.E.v.d.M.-d.J.
R.L. wrote the first draft of the manuscript. All authors read the manuscript and contributed to the
revisions for the final version to be submitted for publication. All authors have read and agreed to
the published version of the manuscript.

Funding: The research position of R.L. was supported with an unrestricted grant from Cablon Medi-
cal. The sponsoring bodies, except for collaborating authors, had no role in the conceptualization or
design of the study, including data collection, analysis, data interpretation, or writing the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Medical Ethics Review Board of the University Medical Center
Groningen (METc No. 2020/549 approved on 27 October 2020). The study protocol and procedure
has also been approved by the Central ethics Review Board non-WMO studies of the University
Medical Center Groningen (No. 202000715) and local committees at participating study sites.

Informed Consent Statement: The study has been carried out according to the ‘No Objection’
regulation, as approved by the review board and local committees at participating study sites.

Data Availability Statement: The datasets analyzed in this study are available from the correspond-
ing author upon reasonable request.

Acknowledgments: The authors would like to thank the Dutch research consortium Initiative on
Crohn’s and Colitis (ICC), patients, and medical professionals for a fruitful collaboration. The authors
would like to thank hematology specialist L.T. Vlasveld for his contribution to the study. The authors
would like to thank E.H.J. Savelkoul, S. van der Zwet, R.H. Creemers, M. Schouten, and M.F.E.
Ruiterkamp for their contribution to the study. The authors would also like to thank the following
medical professionals: M.R.K.L. Lie, N. Deprez, C.J. van der Woude, A.M.C. Witte, A.J.P. van Tilburg,
D. Leemreis-van Noord, P.P.J. van der Veek, H. van Soest, H. el Ghabzouri, K. Talhaoui, D.L. Schipper,
L. de Bie, P.W.J. Maljaars, D. van den Berg-Zuiddam, S. Gerretsen, R. Theeuwen, P. Voorneveld, S.E.
Korsse, M.I. de Graaf, W.A. van Dop, S.C. Numan-Ruberg, M.J. Romberg-Camps, L. Colautti-Duijsens,
F. Russ, V. Fraikin-Giepmans, I. Bronneberg, M.C. Visschedijk, E.A.M. Festen, H.M. van Dullemen,
R.K. Weersma, M. Heida, and J.A. Barentsen.

https://www.mdpi.com/article/10.3390/jcm11226843/s1


J. Clin. Med. 2022, 11, 6843 14 of 16

Conflicts of Interest: G.D. received research grants from Royal DSM and speaker’s fees from Janssen
Pharmaceuticals, Takeda, Pfizer, and Abbvie. A.E.v.d.M.-d.J. received unrestricted research grants
from Galapagos, Norgine, Vedanta and Nestle, including speaker’s fees from Galapagos, Tramedico,
Takeda, and Janssen Pharmaceuticals. R.L. has received travel expenses and speaker’s fees from
Cablon Medical. A.A.v.B. has received speaker’s fees and research grants from AbbVie, Arandal,
Arena, Celgene, Ferring, Janssen, MSD, Pfizer, Roche, Takeda, TEVA, ZonMW and Eurostars funding.
A.C.d.V. has received speaker’s fees and research grants from Janssen, Takeda, Abbvie and Tramedico.
R.L.W. has received speaker’s fees and research grants from Jansen, Pfizer, and Abbvie. T.E.H.R. has
received speaker’s fees from Takeda. F.D.M.v.S. has served on the advisory boards of Dr Falk, Takeda,
and Galapagos. F.H. has received speaker’s fees or served on advisory boards for Abbvie, Celgene,
Janssen-Cilag, MSD, Takeda, Celltrion, Teva, Sandoz and Dr Falk, and has received unrestricted
grants from Dr Falk, Janssen-Cilag, Abbvie. Z.M. has received unrestricted grants from Niels Stensen
Fellowship, MLDS, and Galapagos. All other authors have no conflicts of interest to declare.

References
1. Kulnigg, S.; Gasche, C. Systematic review: Managing anaemia in crohn’s disease. Aliment. Pharmacol. Ther. 2006, 24, 1507–1523.

[CrossRef]
2. Wilson, A.; Reyes, E.; Ofman, J. Prevalence and outcomes of anemia in inflammatory bowel disease: A systematic review of the

literature. Am. J. Med. 2004, 116 (Suppl. 7A), 44s–49s. [CrossRef] [PubMed]
3. Dev, S.; Babitt, J.L. Overview of iron metabolism in health and disease. Hemodial. Int. 2017, 21 (Suppl. 1), S6–S20. [CrossRef]
4. Dugan, C.; MacLean, B.; Cabolis, K.; Abeysiri, S.; Khong, A.; Sajic, M.; Richards, T.; Women’s Health research Collaborative. The

misogyny of iron deficiency. Anaesthesia 2021, 76 (Suppl. 4), 56–62. [CrossRef] [PubMed]
5. Gasche, C.; Lomer, M.C.E.; Cavill, I.; Weiss, G. Iron, anaemia, and inflammatory bowel diseases. Gut 2004, 53, 1190–1197.

[CrossRef]
6. Herrera-Deguise, C.; Casellas, F.; Robles, V.; Navarro, E.; Borruel, N. Iron deficiency in the absence of anemia impairs the

perception of health-related quality of life of patients with inflammatory bowel disease. Inflamm. Bowel Dis. 2016, 22, 1450–1455.
[CrossRef]

7. Alayón, C.G.; Crespo, C.P.; Pedrosa, S.M.; Benítez, J.M.; Flores, E.I.; Rodríguez, I.S.; Medina, R.M.; García-Sánchez, V. Prevalence
of iron deficiency without anaemia in inflammatory bowel disease and impact on health-related quality of life. Gastroenterol.
Hepatol. 2018, 41, 22–29.

8. Thuluvath, A.; Rayapati, D.; Limketkai, B.; Parian, A. Half of IBD patients without anemia have iron deficiency leading to similar
rates of fatigue as iron deficiency anemia: 599. Off. J. Am. Coll. Gastroenterol.|ACG 2018, 113, S343. [CrossRef]

9. Gisbert, J.P.; Bermejo, F.; Pajares, R.; Pérez-Calle, J.-L.; Rodríguez, M.; Algaba, A.; Mancenido, N.; De La Morena, F.; Carneros, J.A.;
McNicholl, A.G.; et al. Oral and intravenous iron treatment in inflammatory bowel disease: Hematological response and quality
of life improvement. Inflamm. Bowel Dis. 2009, 15, 1485–1491. [CrossRef] [PubMed]

10. García-López, S.; Bocos, J.M.; Gisbert, J.P.; Bajador, E.; Chaparro, M.; Castaño, C.; García-Erce, J.A.; Gomollón, F. High-dose
intravenous treatment in iron deficiency anaemia in inflammatory bowel disease: Early efficacy and impact on quality of life.
Blood Transfus. 2016, 14, 199–205.

11. Dignass, A.U.; Gasche, C.; Bettenworth, D.; Birgegård, G.; Danese, S.; Gisbert, J.P.; Gomollon, F.; Iqbal, T.; Katsanos, K.;
Koutroubakis, I.; et al. European consensus on the diagnosis and management of iron deficiency and anaemia in inflammatory
bowel diseases. J. Crohn’s Colitis 2015, 9, 211–222. [CrossRef]

12. Daude, S.; Remen, T.; Chateau, T.; Danese, S.; Gastin, I.; Baumann, C.; Gueant, J.L.; Peyrin-Biroulet, L. Comparative accuracy of
ferritin, transferrin saturation and soluble transferrin receptor for the diagnosis of iron deficiency in inflammatory bowel disease.
Aliment. Pharmacol. Ther. 2020, 51, 1087–1095. [CrossRef]

13. Garg, M.; Chand, S.; Weenink, P.; Wu, K.Y.; Cheng, R.K.Y. Letter: Assessing iron deficiency in patients with IBD-a step in the right
direction, but uncertainty remains. Aliment. Pharmacol. Ther. 2020, 52, 413–415. [CrossRef]

14. Cacoub, P.; Choukroun, G.; Cohen-Solal, A.; Luporsi, E.; Peyrin-Biroulet, L.; Peoc’h, K.; Andrieu, V.; Lasocki, S.; Puy, H.; Trochu,
J. Iron deficiency screening is a key issue in chronic inflammatory diseases: A call to action. J. Intern. Med. 2022, 292, 542–556.
[CrossRef] [PubMed]

15. Gulhar, R.; Ashraf, M.A.; Jialal, I. Physiology, acute phase reactants. In StatPearls. Treasure Island (FL): StatPearls Publishing
Copyright © 2021; StatPearls Publishing LLC: Treasure Island, FL, USA, 2021.

16. Mahalhal, A.; Burkitt, M.; Duckworth, C.; Hold, G.; Campbell, B.; Pritchard, D.; Probert, C. Long-term iron deficiency and dietary
iron excess exacerbate acute dextran sodium sulphate-induced colitis and are associated with significant dysbiosis. Int. J. Mol. Sci.
2021, 22, 3646. [CrossRef]

17. Silverberg, M.S.; Satsangi, J.; Ahmad, T.; Arnott, I.D.R.; Bernstein, C.N.; Brant, S.R.; Caprilli, R.; Colombel, J.-F.; Gasche, C.;
Geboes, K.; et al. Toward an integrated clinical, molecular and serological classification of inflammatory bowel disease: Report
of a working party of the 2005 montreal world congress of gastroenterology. Can. J. Gastroenterol. 2005, 19 (Suppl. A), 5a–36a.
[CrossRef] [PubMed]

http://doi.org/10.1111/j.1365-2036.2006.03146.x
http://doi.org/10.1016/j.amjmed.2003.12.011
http://www.ncbi.nlm.nih.gov/pubmed/15050885
http://doi.org/10.1111/hdi.12542
http://doi.org/10.1111/anae.15432
http://www.ncbi.nlm.nih.gov/pubmed/33682094
http://doi.org/10.1136/gut.2003.035758
http://doi.org/10.1097/MIB.0000000000000768
http://doi.org/10.14309/00000434-201810001-00599
http://doi.org/10.1002/ibd.20925
http://www.ncbi.nlm.nih.gov/pubmed/19408339
http://doi.org/10.1093/ecco-jcc/jju009
http://doi.org/10.1111/apt.15739
http://doi.org/10.1111/apt.15833
http://doi.org/10.1111/joim.13503
http://www.ncbi.nlm.nih.gov/pubmed/35466452
http://doi.org/10.3390/ijms22073646
http://doi.org/10.1155/2005/269076
http://www.ncbi.nlm.nih.gov/pubmed/16151544


J. Clin. Med. 2022, 11, 6843 15 of 16

18. Satsangi, J.; Silverberg, M.S.; Vermeire, S.; Colombel, J. The montreal classification of inflammatory bowel disease: Controversies,
consensus, and implications. Gut 2006, 55, 749–753. [CrossRef] [PubMed]

19. Hooijkaas, H.M.K.; Souverijn, J.H.M.; Smeets, L.C. Tax GHM Handboek Medische Laboratoriumdiagnostiek; Prelum Uitgevers:
Utrecht, The Netherlands, 2013.

20. Nederlands Huisartsen Genootschap. Laboratoriumdiagnostiek Vitamine B12-Deficiëntie (LESA). May 2018. Available online: https:
//www.nhg.org/themas/publicaties/laboratoriumdiagnostiek-vitamine-b12-volledige-tekst (accessed on 18 October 2022).

21. Nederlandse Vereniging voor Klinische Chemie en Laboratoriumgeneeskunde. Algemeen Overzicht Referentiewaarden.
11 October 2017. Available online: https://www.nvkc.nl/algemeen-overzicht-referentiewaarden (accessed on 18 October 2022).

22. Testa, A.; Rispo, A.; Romano, M.; Riegler, G.; Selvaggi, F.; Bottiglieri, E.; Martorano, M.; Rea, M.; Gravina, A.; Nardone, O.M.; et al.
The burden of anaemia in patients with inflammatory bowel diseases. Dig. Liver Dis. 2016, 48, 267–270. [CrossRef]

23. Voegtlin, M.; Vavricka, S.R.; Schoepfer, A.M.; Straumann, A.; Voegtlin, J.; Rogler, G.; Ballabeni, P.; Pittet, V.; Buser, A.; Fried, M.; et al.
Prevalence of anaemia in inflammatory bowel disease in Switzerland: A cross-sectional study in patients from private practices
and university hospitals. J. Crohn’s Colitis 2010, 4, 642–648. [CrossRef]

24. Bager, P.; Befrits, R.; Wikman, O.; Lindgren, S.; Moum, B.; Hjortswang, H.; Dahlerup, J.F. The prevalence of anemia and iron
deficiency in IBD outpatients in Scandinavia. Scand. J. Gastroenterol. 2011, 46, 304–309. [CrossRef]

25. Filmann, N.; Rey, J.; Schneeweiss, S.; Ardizzone, S.; Bager, P.; Bergamaschi, G.; Koutroubakis, I.; Lindgren, S.; Morena, F.D.L.;
Moum, B.; et al. Prevalence of anemia in inflammatory bowel diseases in european countries: A systematic review and individual
patient data meta-analysis. Inflamm. Bowel Dis. 2014, 20, 936–945. [CrossRef]

26. Eriksson, C.; Henriksson, I.; Brus, O.; Zhulina, Y.; Nyhlin, N.; Tysk, C.; Montgomery, S.; Halfvarson, J. Incidence, prevalence and clinical
outcome of anaemia in inflammatory bowel disease: A population-based cohort study. Aliment. Pharmacol. Ther. 2018, 48, 638–645.
[CrossRef]

27. Parra, R.S.; Feitosa, M.R.; Ferreira, S.D.C.; da Rocha, J.J.R.; Troncon, L.E.D.A.; Féres, O. Anemia and iron deficiency in inflammatory
bowel disease patients in a referral center in Brazil: Prevalence and risk factors. Arq. Gastroenterol. 2020, 57, 272–277. [CrossRef]

28. Peyrin-Biroulet, L.; Bouguen, G.; Laharie, D.; Pellet, G.; Savoye, G.; Gilletta, C.; Michiels, C.; Buisson, A.; Fumery, M.; Trochu,
J.-N.; et al. Iron deficiency in patients with inflammatory bowel diseases: A prospective multicenter cross-sectional study. Dig.
Dis. Sci. 2022, 67, 5637–5646. [CrossRef] [PubMed]

29. Bergamaschi, G.; Castiglione, F.; D’Incà, R.; Astegiano, M.; Fries, W.; Milla, M.; Ciacci, C.; Rizzello, F.; Saibeni, S.; Ciccocioppo, R.;
et al. Prevalence, pathogenesis and management of anemia in inflammatory bowel disease: An IG-IBD multicenter, prospective,
and observational study. Inflamm. Bowel Dis. 2022, izac054. [CrossRef] [PubMed]

30. Bergamaschi, G.; Di Sabatino, A.; Albertini, R.; Ardizzone, S.; Biancheri, P.; Bonetti, E.; Cassinotti, A.; Cazzola, P.; Markopoulos,
K.; Massari, A.; et al. Prevalence and pathogenesis of anemia in inflammatory bowel disease. Influence of anti-tumor necrosis
factor- treatment. Haematologica 2010, 95, 199–205. [CrossRef]

31. Høivik, M.L.; Reinisch, W.; Cvancarova, M.; Moum, B.; the IBSEN study group. Anaemia in inflammatory bowel disease:
A population-based 10-year follow-up. Aliment. Pharmacol. Ther. 2014, 39, 69–76. [CrossRef] [PubMed]

32. Lucendo, A.J.; Arias, Á.; Roncero, Ó.; Hervías, D.; Verdejo, C.; Naveas-Polo, C.; Bouhmidi, A.; Lorente, R.; Alcázar, L.M.; Salueña,
I.; et al. Anemia at the time of diagnosis of inflammatory bowel disease: Prevalence and associated factors in adolescent and
adult patients. Dig. Liver. Dis. 2017, 49, 405–411. [CrossRef]

33. Bengi, G.; Keyvan, H.; Durmaz, S.B.; Akpınar, H. Frequency, types, and treatment of anemia in Turkish patients with inflammatory
bowel disease. World J. Gastroenterol. 2018, 24, 4186–4196. [CrossRef]

34. Madanchi, M.; Fagagnini, S.; Fournier, N.; Biedermann, L.; Zeitz, J.; Battegay, E.; Zimmerli, L.; Vavricka, S.R.; Rogler, G.; Scharl,
M.; et al. The Relevance of Vitamin and Iron Deficiency in Patients with Inflammatory Bowel Diseases in Patients of the Swiss
IBD Cohort. Inflamm. Bowel Dis. 2018, 24, 1768–1779. [CrossRef] [PubMed]

35. Lupu, A.; Diculescu, M.; Diaconescu, R.; Tantau, M.; Tantau, A.; Visovan, I.; Gheorghe, C.; Lupei, C.; Gheorghe, L.; Cerban, R.; et al.
Prevalence of anemia and iron deficiency in romanian patients with inflammatory bowel disease: A prospective multicenter
study. J. Gastrointest. Liver Dis. 2015, 24, 15–20. [CrossRef] [PubMed]

36. Foteinogiannopoulou, K.; Karmiris, K.; Axiaris, G.; Velegraki, M.; Gklavas, A.; Kapizioni, C.; Karageorgos, C.; Kateri, C.;
Katsoula, A.; Kokkotis, G.; et al. The burden and management of anemia in Greek patients with inflammatory bowel disease:
A retrospective, multicenter, observational study. BMC Gastroenterol. 2021, 21, 269.

37. World Health Organization. Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment of Severity. Published
2011. Available online: https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?
ua=1 (accessed on 9 November 2022).

38. Rokkam, V.R.; Kotagiri, R. Secondary thrombocytosis. In StatPearls. Treasure Island (FL): StatPearls Publishing Copyright © 2022;
StatPearls Publishing LLC: Treasure Island, FL, USA, 2022.

39. Stein, J.; Bager, P.; Befrits, R.; Gasche, C.; Gudehus, M.; Lerebours, E.; Magro, F.; Mearin, F.; Mitchell, D.; Oldenburg, B.; et al.
Anaemia management in patients with inflammatory bowel disease: Routine practice across nine European countries. Eur. J.
Gastroenterol. Hepatol. 2013, 25, 1456–1463. [CrossRef]

40. Schaefer, B.; Tobiasch, M.; Wagner, S.; Glodny, B.; Tilg, H.; Wolf, M.; Zoller, H. Hypophosphatemia after intravenous iron therapy:
Comprehensive review of clinical findings and recommendations for management. Bone 2022, 154, 116202. [CrossRef] [PubMed]

http://doi.org/10.1136/gut.2005.082909
http://www.ncbi.nlm.nih.gov/pubmed/16698746
https://www.nhg.org/themas/publicaties/laboratoriumdiagnostiek-vitamine-b12-volledige-tekst
https://www.nhg.org/themas/publicaties/laboratoriumdiagnostiek-vitamine-b12-volledige-tekst
https://www.nvkc.nl/algemeen-overzicht-referentiewaarden
http://doi.org/10.1016/j.dld.2015.10.012
http://doi.org/10.1016/j.crohns.2010.07.008
http://doi.org/10.3109/00365521.2010.533382
http://doi.org/10.1097/01.MIB.0000442728.74340.fd
http://doi.org/10.1111/apt.14920
http://doi.org/10.1590/s0004-2803.202000000-51
http://doi.org/10.1007/s10620-022-07474-z
http://www.ncbi.nlm.nih.gov/pubmed/35384624
http://doi.org/10.1093/ibd/izac054
http://www.ncbi.nlm.nih.gov/pubmed/35366312
http://doi.org/10.3324/haematol.2009.009985
http://doi.org/10.1111/apt.12541
http://www.ncbi.nlm.nih.gov/pubmed/24172277
http://doi.org/10.1016/j.dld.2016.12.005
http://doi.org/10.3748/wjg.v24.i36.4186
http://doi.org/10.1093/ibd/izy054
http://www.ncbi.nlm.nih.gov/pubmed/29669023
http://doi.org/10.15403/jgld.2014.1121.lpu
http://www.ncbi.nlm.nih.gov/pubmed/25822429
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
http://doi.org/10.1097/MEG.0b013e328365ca7f
http://doi.org/10.1016/j.bone.2021.116202
http://www.ncbi.nlm.nih.gov/pubmed/34534708


J. Clin. Med. 2022, 11, 6843 16 of 16

41. Stoffel, N.U.; Zeder, C.; Brittenham, G.M.; Moretti, D.; Zimmermann, M.B. Iron absorption from supplements is greater with
alternate day than with consecutive day dosing in iron-deficient anemic women. Haematologica 2020, 105, 1232–1239. [CrossRef]

42. Stoffel, N.U.; Cercamondi, C.I.; Brittenham, G.; Zeder, C.; Geurts-Moespot, A.J.; Swinkels, D.W.; Moretti, D.; Zimmermann, M.B. Iron
absorption from oral iron supplements given on consecutive versus alternate days and as single morning doses versus twice-daily split
dosing in iron-depleted women: Two open-label, randomised controlled trials. Lancet Haematol. 2017, 4, e524–e533. [CrossRef]

43. Glaspy, J.A.; Wolf, M.; Strauss, W.E. Intravenous iron-induced hypophosphatemia: An emerging syndrome. Adv. Ther. 2021, 38,
3531–3549. [CrossRef]

44. Gisbert, J.P.; Gomollon, F. Common misconceptions in the diagnosis and management of anemia in inflammatory bowel disease.
Am. J. Gastroenterol. 2008, 103, 1299–1307. [CrossRef]

http://doi.org/10.3324/haematol.2019.220830
http://doi.org/10.1016/S2352-3026(17)30182-5
http://doi.org/10.1007/s12325-021-01770-2
http://doi.org/10.1111/j.1572-0241.2008.01846.x

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Data Collection 
	Study Definitions 
	Questionnaire for Medical Professionals 
	Statistical Analysis 

	Results 
	Study Population 
	Prevalence of Anemia, Iron Deficiency, and Iron-Deficiency Anemia 
	Differences between Iron-Deficient and Iron-Sufficient Patients 
	Risk Factors for Anemia and Iron Deficiency 
	Iron Therapy in the Study Population 
	Iron Deficiency and Anemia Management: Responses from Medical Professionals 

	Discussion 
	References

