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A B S T R AC T

Objectives 
Iron deficiency (ID) in children with inflammatory bowel disease (IBD) is either 
an absolute (depleted iron stores) or a functional deficiency (caused by chronic 
inflammation). Differentiating between these two types of ID is important 
because they require a different therapeutic approach. Zinc protoporphyrin 
(ZPP) and red blood cell distribution width (RDW) are parameters of functional 
ID. Studies using these parameters to differentiate are non-existent. We aimed 
to evaluate the prevalence of and risk factors for absolute and functional ID in 
paediatric IBD patients while using ZPP and RDW. 

Methods 
We evaluated the iron status and medical charts of 59 paediatric IBD patients 
in a secondary hospital in the Netherlands. Absolute ID was defined as serum 
ferritin <15μg/l in the absence of infection and/or acute inflammation (C-reactive 
protein <10mg/l). Iron deficiency anaemia (IDA) was defined as absolute ID in 
combination with anaemia. Functional ID, in patients without absolute ID, was 
defined as ZPP >70µmol/mol haem and/or a RDW >14%. Anaemia of chronic 
disease (ACD) was defined as functional ID in combination with anaemia. 

Results 
Absolute and functional ID were found in 19/59 (32.2%) and 32/40 (80%) patients, 
respectively. The prevalence of IDA and ACD was 27.1% (16/59) and 20% (8/40), 
respectively. Multivariate analyses showed that absolute ID and IDA were both 
associated with a more recent IBD-diagnosis (both p-value <0.05). 

Conclusions 
Absolute and functional ID are very common in paediatric IBD patients, and this 
differentiation is important because of therapeutic consequences. Furthermore, 
absolute ID and IDA are associated with a more recent IBD-diagnosis. 
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I N T R O D U C T I O N 

Iron deficiency (ID) in children with inflammatory bowel disease (IBD) is either an 
absolute or a functional deficiency.1,2 Absolute ID and functional ID represent two 
different types of impaired iron homeostasis. Absolute ID refers to depleted iron 
stores due to insufficient dietary iron intake, malabsorption of iron and/or chronic 
blood loss from the gastrointestinal tract. Iron deficiency anaemia (IDA) occurs 
when iron stores are fully depleted and iron supply is insufficient for haemoglobin 
(Hb) synthesis.1,3,4 Serum ferritin (SF) is an indirect estimate of body iron stores 
and the most specific biomarker of absolute ID. However, the acute-phase 
response induced by infection and/or acute inflammation can elevate ferritin 
levels independent of iron stores, which may obscure absolute ID in IBD patients.5 
Some studies have therefore used higher cut-off levels for SF in the presence of 
infection/inflammation, although these are not evidence-based.6 

In case of functional ID, inflammatory mediators (e.g. interleukin-6) induce 
changes in iron homeostasis by upregulating hepcidin expression. Hepcidin 
is a 25-amino-acid peptide hormone, primarily synthesized by hepatocytes, 
that reduces iron efflux from the enterocytes and macrophages, and hereby 
causing an increased uptake and retention of iron in storage sites of the 
reticuloendothelial system. Subsequently, there is limited iron available for 
the erythropoiesis (iron-restricted erythropoiesis).1,2 This can ultimately lead to 
anaemia of chronic disease (ACD), which is common in patients with chronic 
inflammation.7 Diagnosing functional ID by measuring hepcidin levels, however, 
is expensive and not available in most hospitals. Zinc protoporphyrin (ZPP) is 
an alternative biomarker of iron-restricted erythropoiesis that is easily available 
in hospitals.8,9 In functional ID, ZPP is increased as zinc replaces the missing 
iron during formation of the protoporphyrin IX ring in haem.10-13 Red blood cell 
distribution width (RDW) is another suitable biomarker of functional ID since it is 
an index of anisocytosis (variation in red blood cell size).5 Increased RDW levels 
are commonly found in children with iron deficiency.14-20 Both ZPP10 and RDW14,21,22 
are reported not to be influenced by acute infections or inflammation. There are 
no studies available using these parameters to assess the iron status of paediatric 
IBD patients. 

Studies regarding iron deficiency (without anaemia) in children with IBD 
per se are scarce, whereas information about the exact type of ID is lacking. 
Nevertheless, the differentiation between absolute and functional ID is highly 
important, because the effect of iron replacement therapy depends on the type 
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of ID. Patients with absolute ID might benefit from iron replacement therapy, 
whereas in functional ID, underlying inflammation should be treated before 
considering iron supplementation. Furthermore, high iron doses can potentially 
increase intestinal inflammation23,24, so adequate assessment of the iron status is 
important to determine the course of treatment. 

The aim of this study was to determine the prevalence of and possible risk factors 
for absolute and functional ID in Dutch paediatric IBD patients while using ZPP 
and RDW as biomarkers of iron-restricted erythropoiesis. 

M E T H O D S

This is a prospective observational study that was performed in children who 
were treated for IBD in the Juliana Children’s Hospital/Haga Teaching Hospital 
(JCH) during the period of October 2014 to March 2015. JCH is a large secondary 
hospital in The Hague that serves as one of the paediatric referral hospitals for 
children with IBD in the Southwestern region of the Netherlands. The study was 
approved by the Medical Ethical Review Board of South-West Holland. 

Study population
Patients were identified through hospital records. Children aged 1-18 years 
were eligible for the study if they were diagnosed with IBD according to the 
Porto-criteria.25 Exclusion criteria were congenital malformations, known 
haemoglobinopathies and oncologic diseases. 
The following patients were registered but not included in the analyses: patients 
with a C-reactive protein (CRP) level >10mg/l, patients who had received 
iron replacement therapy within the last three months and/or an erythrocyte 
transfusion within the last six months. 

Data collection
According to local health care standards, all children with IBD frequently visit our 
outpatient clinic. During these visits, venous blood samples are regularly taken to 
evaluate disease activity, iron status and the presence of anaemia. The first blood 
sample taken during the study period was used for analysis.

The following data were obtained from medical records: demographic data 
(i.e. gender, age, ethnicity and socioeconomic status), disease type (Crohn’s 
Disease (CD), ulcerative colitis (UC) or IBD-unclassified (IBD-U)), disease activity 
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score and treatment details. If both parents were born in a Western country (i.e. 
Europe, the United States and Oceania), patients were classified as ‘Caucasian’. 
Socioeconomic status (SES) was determined by postal code. SES-scores are 
available for each of the four-digit postal code areas in the Netherlands with a 
lower score representing a lower socioeconomic status.26 Disease duration was 
defined as the time between diagnosis and the date the blood sample was taken. 
Disease activity was assessed using the Paediatric Crohn’s Disease Activity Index 
(PCDAI) for patients who were diagnosed with CD27,28 and the Paediatric Ulcerative 
Colitis Activity Index (PUCAI) for those who were diagnosed with UC or IBD-U29. 
Remission was defined as a PCDAI-score or a PUCAI-score <10, according to 
international guidelines.27-29

Biochemical analysis
Blood samples were analysed for a complete blood cell count (CBC), including Hb, 
mean corpuscular volume (MCV), reticulocytes and RDW, and for SF, CRP and ZPP. 
CBC was determined using a Sysmex XE-2100 automated haematology analyser 
(Sysmex Corporation, Kobe, Japan). Measurements of SF concentrations and CRP 
levels were performed using a Clinical Chemistry and Immunochemistry Analyser 
(COBAS 8000, Roche Diagnostics, Mannheim, Germany). ZPP was measured using 
a haematofluorometer (ZP Haematofluorometer Model 206, AVIV Biomedical 
Company, Lakewood, NJ, USA). 
 
Definitions
Anaemia was defined as a Hb level >2 standard deviations (SD) below the mean 
of similarly aged children, according to criteria of the World Health Organization 
(WHO).30 Absolute ID was defined as SF <15 μg/L in the absence of infection and/
or acute inflammation (defined as CRP <10 mg/l).30 IDA was defined as absolute 
ID in combination with anaemia.30 Subsequently, functional ID was determined in 
patients without absolute ID. This was done to prevent diagnosing functional ID 
in patients with depleted iron stores (absolute ID) that have led to signs of iron-
restricted erythropoiesis. Functional ID was defined as ZPP >70 µmol/mol haem30 
and/or a RDW >14%31,32. ACD was defined as functional ID in combination with 
anaemia.6 

Statistical analysis
Statistical Package for the Social Sciences (SPSS; version 17.0; SPSS Inc., Chicago, 
IL, USA) was used for all statistical analyses. Firstly, univariate analyses were 
performed for comparison between groups (with and without absolute and 
functional ID), using the Student’s T-test or Mann-Whitney U test for continuous 
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variables (depending on the distribution) and the Chi-square test for categorical 
variables. Subsequently, logistic regression analyses were performed to 
determine the variables associated with absolute and functional ID (with and 
without anaemia), while using a backward Wald method. All variables with 
a p-value <0.100 in the univariate analyses were combined in the regression 
analyses. We report several iron status parameters in the different groups, but 
chose not to include them in our logistic regression analyses. Instead of possible 
risk factors, these parameters should be seen as inert consequences of changes in 
iron homeostasis. Finally, we constructed receiver operating characteristic (ROC) 
curves to determine a cut-off level for both disease activity scores to identify 
children who are most at risk for absolute ID requiring iron replacement therapy. 
Statistical significance was defined as a p-value <0.05. 

R E S U LT S

Study population
During the study period, 83 patients with IBD were identified of whom 59 patients 
were included in the study. The majority of the patients was diagnosed with CD 
(71.2%). Males predominated in the study population (62.7%) and the median 
(25th and 75th percentile) age was 15.1 years (13.1 – 16.4 years). The median 
disease duration was 1.8 years (0.5 – 3.1 years). Most patients were in clinical 
remission based on their disease activity score (Table 1). Additional demographic 
and clinical characteristics of the study population are shown in Table 1.

7Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
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Table 1 Characteristics of the study population (n=59)

Median (25th and 75th percentile) or number (%)

Demographics

Age (years) 15.1 [13.1;16.4]

Male (n) 37 (62.7)

Non-Caucasian (n) 33 (55.9)

SES-score 0.22 [-1.63;1.00]

History

Diagnosis

Crohn's disease (n) 42 (71.2)

Ulcerative colitis (n) 14 (23.7)

IBD - unclassified (n) 3 (5.1)

Treatment

IBD related surgery (n) 8 (13.6)

Iron therapy >3 months ago (n) 15 (25.4)

Erythrocyte transfusion >6 months ago (n) 5 (8.5)

Current status

Disease duration (years) 1.8 [0.5;3.1]

Medication1 

5-ASA (n) 23 (39.0)

Corticosteroids2 (n) 6 (10.2)

Azathioprine / 6-MP (n) 33 (55.9)

Anti-TNFα3 (n) 9 (15.3)

Crohn's disease (n=42)

PCDAI-score 0 [0.0;5.0]

< 10: clinical remission (n) 35/42 (83.3)

10 - 30: mild to moderate disease activity (n) 6/42 (14.3)

> 30: severe disease activity (n) 1/42 (2.4)

Ulcerative colitis/IBD-U (n=17)

PUCAI-score 0.0 [0.0;10.0]

< 10: remission (n) 12/17 (70.6)

10 - 34: mild disease activity (n) 4/17 (23.5)

35 - 64: moderate disease activity (n) 1/17 (5.9)

≥ 65: severe disease activity (n) 0/17 (0.0)

Data are expressed as medians (with 25th and 75th percentiles) or numbers (with percentage). 1Some children used 

more than one medicine and therefore the percentages do not add up to a 100%. 2Corticosteroids denotes treatment 

with either prednison (n=5) or budesonide (n=1). 3Anti-TNFα denotes treatment with either infliximab or adalimumab. 

Abbreviations: 'SES' - socioeconomic status, IBD' - inflammatory bowel disease, 'ASA' - aminosalicylates, '6-MP' - 

mercaptopurine, 'PCDAI' - Paediatric Crohn's Disease Activity Index, 'PUCAI' - Paediatric Ulcerative Colitis Activity Index.
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Iron status and anaemia
Figure 1 shows the prevalence of absolute and functional ID including the co-
existence of anaemia (IDA and ACD) in our study population. 

Figure 1 Prevalence of iron deficiency and anemia in pediatric IBD patients

Data are expressed as numbers (with percentage). *Functional ID was determined in patients without absolute ID 

(n=40) to prevent labelling patients as having functional ID in case depleted iron stores have led to signs of iron-

restricted erythropoiesis. Abbreviations: ID, iron deficiency; IDA, iron deficiency anaemia; ACD, anaemia of chronic 

disease. 

Risk factors
Univariate analyses showed that patients with absolute ID were less frequently 
male, had significantly higher PCDAI-scores and a shorter disease duration than 
patients without absolute ID. Reticulocytes and MCV values were found to be 
lower in patients with absolute ID, whereas ZPP and RDW levels were significantly 
higher than in patients without absolute ID (Table 2). Logistic regression analysis 
with absolute ID as dependent variable and sex, disease duration and ‘no 
remission’ as independent variables, showed that absolute ID was associated with 
a shorter disease duration (p=0.045). 

Functional ID*

32 patients
(80.0%)

No absolute ID
40 patients

(67.8%)

Analyzed
59 patients

(100%)

Absolute ID
19 patients

(32.2%)

ACD
8 patients

(25.0%)

No ACD
24 patients

(75.0%)

No functional ID
8 patients

(20.0%)

IDA
16 patients

(84.2%)

No IDA
3 patients

(15.8%)
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Univariate analyses regarding IDA showed that these patients had a significantly 

Univariate analyses regarding IDA showed that these patients had a significantly 
shorter disease duration than patients without IDA (Table 2). Logistic regression 
analysis with IDA as dependent variable and sex, disease duration and ‘no 
remission’ as independent variables, showed that IDA was also associated with a 
shorter disease duration (p=0.017).

Table 2 Univariate analyses of iron status: absolute ID and IDA

No absolute ID 

(n=40)

Absolute ID 

(n=19)

p-value No IDA 

(n=43)

IDA 

(n=16)

p-value

Demographics

Age (years) 15.2 [12.6;16.2] 14.8 [13.3;16.7] NS 15.3 [12.9;16.4] 14.8 [13.4;16.4] NS

Male (n) 29 (72.5%) 8 (42.1%) 0.024* 30 (69.8%) 7 (43.8%) 0.066

Non-Caucasian (n) 22 (55.0%) 11 (57.9%) NS 23 (53.5%) 6 (37.5%) NS

SES-score 0.25 [-1.69;1.00] 0.20 [-1.40;0.98] NS 0.22 [-1.71;1.00] 0.23 [-1.14;1.08] NS

Diagnosis

Crohn's disease (n) 29 (72.5%) 13 (68.4%) NS 31 (72.1%) 11 (68.8%) NS

Ulcerative colitis (n) 8 (20.0%) 6 (31.6%) NS 9 (20.9%) 5 (31.2%) NS

IBD - unclassified (n) 3 (7.5%) 0 (0.0%) NS 3 (7.0%) 0 (0.0%) NS

Disease duration (years) 2.2 [0.9;4.0] 0.8 [0.2;2.2] 0.012* 2.3 [0.9;4.1] 0.6 [0.2;1.9] 0.003*

Medication causing anaemia1 (n) 36 (90.0%) 17 (89.5%) NS 38 (88.4%) 15 (93.8%) NS

Disease activity score

PCDAI 0 [0;2.5] 5 [0;10] 0.032* 0 [0;5.0] 2.5 [0;10] NS

PUCAI 0 [0;10] 5 [0;27.5] NS 0 [0;8.8] 10 [0;35] NS

≥ 10: no remission2 (n) 6 (15.0%) 7 (36.8%) 0.059 7 (16.3%) 6 (37.5%) 0.080

Iron status parameters

MCV (fL) 87.5 [83.3;90.0] 78.0 [72.0;81.0] 0.000* 88.0 [83.0;90.0] 77.0 [71.3;80.5] 0.000*

ZPP (µmol/mol haem) 76.3 [65.0;95.0] 160.0 [130.0;245.0] 0.000* 80.0 [65.0;97.5] 165.0 [136.9;260.0] 0.000*

RDW (%) 13.5 [12.8;14.3] 15.3 [14.3;18.2] 0.000* 13.5 [12.8;14.3] 16.0 [14.7;18.7] 0.000*

Reticulocytes (‰) 10.0 [8.0;11.0] 7.0 [5.8;10.0] 0.004* 10.0 [8.0;11.0] 7.0 [5.0;10.0] 0.001*

Data are expressed as medians (with 25th and 75th percentiles) or numbers (with percentage). *Statistically 

significant (p-value < 0.05). 1Medication causing anaemia denotes treatment with aminosalicylates, azathioprine, 

mercaptopurine and/or anti-TNFα (infliximab or adalimumab). 2This cut-off for ‘no remission' is applicable to all IBD 

patients. Abbreviations: 'ID' - iron deficiency, 'IDA' - iron deficiency anaemia, 'SES' - socioeconomic status, 'IBD' - 

inflammatory bowel disease, 'PCDAI' - Paediatric Crohn's Disease Activity Index, 'PUCAI' - Paediatric Ulcerative Colitis 

Activity Index, 'MCV' - mean corpuscular volume, 'ZPP' - zinc protoporphyrin, 'RDW' - red blood cell distribution 

width, ‘NS’ - non-significant .
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Patients with functional ID had higher reticulocytes than patients without 
functional ID (Table 3). Logistic regression analysis of functional ID and ACD 
did not show any significant associations (data not shown). Furthermore, there 
was no difference in disease duration or disease activity between patients with 
functional ID and patients with both functional ID and anaemia (ACD) (data not 
shown). 
 

Table 3 Univariate analyses of iron status: functional ID and ACD

No functional ID 

(n=8)

Functional ID 

(n=32)

p-value No ACD 

(n=32)

ACD 

(n=8)

p-value

Demographics

Age (years) 15.8 [13.9;16.4] 14.9 [11.7;16.2] NS 15.1 [12.6;16.2] 15.3 [12.3;16.3] NS

Male (n) 6 (75.0%) 23 (71.9%) NS 24 (75.0%) 5 (62.5%) NS

Non-Caucasian (n) 4 (50.0%) 18 (56.3%) NS 18 (56.3%) 4 (50.0%) NS

SES-score 0.61 [-0.09;0.97] - 0.69 [-2.38;1.00] NS 0.32 [-1.69;1.02] 0.19 [-1.92;0.51] NS

Diagnosis

Crohn's disease (n) 8 (100.0%) 21 (65.6%) 0.040* 21 (65.6%) 8 (100.0%) 0.051

Ulcerative colitis (n) 0 (0.0%) 8 (25.0%) 0.095 8 (25.0%) 0 (0.0%) NS

IBD - unclassified (n) 0 (0.0%) 3 (9.4%) NS 3 (9.4%) 0 (0.0%) NS

Disease duration (years) 2.2 [1.5;4.9] 2.2 [0.6;3.9] NS 2.4 [1.1;4.8] 0.9 [0.3;2.2] 0.097

Medication causing anaemia1 (n) 6 (75.0%) 30 (93.8%) 0.028* 30 (93.8%) 6 (75.0%) NS

Disease activity score

PCDAI 0 [0;11.3] 0 [0;2.5] NS 0 [0;1.3] 2.5 [0;4.4] NS

PUCAI - 0 [0;10] - 0 [0;10] - -

≥ 10: no remission2 (n) 2 (25.0%) 4 (12.5%) NS 5 (15.6%) 1 (12.5%) NS

Iron status parameters

MCV (fL) 88.5 [88.0;96.5] 86.5 [83.0;90.0] 0.090 87.5 [83.3;90.0] 87.5 [83.3;94.8] NS

ZPP (µmol/mol haem) 60.0 [44.4;65.0] 85.0 [72.5;101.9] 0.000* 73.8 [62.5;89.4] 100.0 [78.1;126.3] 0.017*

RDW (%) 12.8 [12.2;13.3] 13.8 [13.0;14.5] 0.006* 13.3 [12.8;14.0] 14.8 [14.2;15.2] 0.004*

Reticulocytes (‰) 7.5 [6.8;8.8] 10.0 [8.0;11.5] 0.018* 9.0 [8.0;11.0] 10.5 [9.8;18.0] NS

Data are expressed as medians (with 25th and 75th percentiles) or numbers (with percentage). *Statistically 

significant (p-value < 0.05). 1Medication causing anaemia denotes treatment with aminosalicylates, azathioprine, 

mercaptopurine and/or anti-TNFα (infliximab or adalimumab). 2This cut-off for ‘no remission' is applicable to all IBD 

patients. Abbreviations: 'ID' - iron deficiency, 'ACD' - anaemia of chronic disease, 'SES' - socioeconomic status, 'IBD' - 

inflammatory bowel disease, 'PCDAI' - Paediatric Crohn's Disease Activity Index, 'PUCAI' - Paediatric Ulcerative Colitis 

Activity Index, 'MCV' - mean corpuscular volume, 'ZPP' - zinc protoporphyrin, 'RDW' - red blood cell distribution 

width, ‘NS’ - non-significant. 
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IBD patients at risk for absolute ID 
The area under the curve (AUC)-ROC for PCDAI-score and absolute ID was 0.691 
(95% confidence interval (CI) 0.512-0.870, p=0.050). In patients with a PCDAI score 
>1.25, the odds were higher of having absolute ID (OR 4.3, 95% CI 1.05-17.42, 
p=0.043) than in patients with a PCDAI score ≤1.25. The AUC-ROC for PUCAI score 
and absolute ID was 0.629 (95% CI 0.323-0.935, p=0.393). 

D I S C U S S I O N

This is the first observational study that evaluates the iron status (with and 
without anaemia) of paediatric IBD patients while differentiating between 
absolute and functional ID. We showed that both types of ID were highly 
prevalent in our Dutch study population. Furthermore, we found that absolute 
ID and IDA were both associated with a shorter disease duration. Disease activity, 
defined as an elevated PCDAI or PUCAI-score, was not significantly associated 
with the presence of iron deficiency. 

Iron status: prevalence of absolute and functional ID
We found that both absolute and functional ID were highly prevalent in our study 
population (32.2% and 80.0%, respectively). To our knowledge, only one other 
study reports on prevalence rates of absolute ID in paediatric IBD patients.33 In 
that retrospective study, the prevalence of absolute ID, which was measured at 
three different time points (i.e. at diagnosis, one and two years after diagnosis), 
varied from 69 to 95%.33 The lower prevalence of absolute ID in our study as 
compared to the aforementioned study could be explained by our lower cut-off 
level for SF (15 vs. 30 µg/l) to define absolute ID. To our knowledge, we are the first 
to report on the prevalence of functional ID (without anaemia) in paediatric IBD 
patients, which limits comparison of prevalence rates of functional ID. 
 
Anaemia: prevalence of IDA and ACD 
The presence of anaemia is frequently reported in paediatric IBD patients, 
although only three studies report on the co-existence of anaemia and ID while 
differentiating between IDA and ACD.34-36 These studies used different parameters 
and cut-off levels to define both types of anaemia, which explains the wide 
variation in the observed prevalence rates. 

7 Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
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Firstly, Goodhand et al. examined 59 IBD patients of whom 41 (70%) were 
anaemic according to WHO criteria.34 In 36 of these 41 patients (88%), the 
anaemia was caused by absolute ID. Absolute ID was defined as a ferritin <30µg/L 
when the corresponding CRP was <10mg/L or a ferritin <100µg/L when CRP 
was >10mg/L and/or a transferrin saturation <16%. Since their cut-off level for 
SF was higher than in our study, it is understandable that more children were 
diagnosed with IDA. Furthermore, since Goodhand et al. recruited patients in 
a tertiary centre, it is likely that they have included patients with more severe 
disease activity and therefore found a higher prevalence of IDA than we did in 
our patients from a non-tertiary hospital. ACD, diagnosed in 3 (7%) patients, was 
defined as the presence of anaemia and the absence of absolute ID. They do not 
report on the haematological parameters reflecting iron-restricted erythropoiesis 
we used in our study to define ACD. 

The second study by Revel-Vilk et al. showed that anaemia was present in 41% 
of their paediatric IBD patients of whom 42% were classified as having IDA and 
58% as having ACD.35 In this study, IDA was defined as anaemia with a low SF (<23 
µg/l for males, <6 µg/l for females) and a MCV <77 fl. Subsequently, patients with 
anaemia but without iron deficiency were classified as having ACD. Revel-Vilk et 
al. did not take into account the fact that ferritin is an acute-phase protein and 
that ferritin levels may therefore be falsely elevated in case of acute infection/
inflammation. Consequently, patients may have been falsely classified as not 
having iron deficiency. This might explain the lower prevalence of IDA reported by 
Revel-Vilk et al. than the IDA prevalence we found.

In the last study, Tsitsika et al. included 33 paediatric IBD patients of whom 20 
(61%) were anaemic. Of these 20 anaemic patients, 9 (45%) were labelled as 
having IDA and 11 (55%) as having ACD.36 The authors state that the definitions of 
IDA and ACD were based on ferritin levels, MCV and soluble transferrin receptor 
(sTfR). However, they do not report details on which specific parameters and 
which cut-off levels were used to determine either IDA or ACD. sTfR could be 
another alternative for functional ID (and ACD), although its use, like in the case 
of hepcidin, is limited due to its costs and unavailability in many laboratories.2 As 
mentioned before, the use of different definitions for IDA and ACD in our study 
and the two aforementioned studies hampers adequate comparison of study 
results. 
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Risk factors for absolute ID (and IDA) 
We found that patients with absolute ID or IDA had a significant shorter disease 
duration than patients without absolute ID or IDA. A possible explanation 
for this association is that patients with a shorter disease duration might not 
have received optimal treatment yet and therefore have more disease activity. 
Increased disease activity is associated with insufficient dietary (iron) intake, 
intestinal malabsorption and chronic blood loss from the gastrointestinal 
tract.37,38 This contributes to the development of absolute ID and subsequently 
IDA. Moreover, increased disease activity could also lead to the production of 
inflammatory mediators which may result in the development of functional ID 
and subsequently ACD. However, we did not find an association between iron 
status (with or without anaemia) and disease activity. We defined disease activity 
by using scores developed for clinical use. Only a small number of patients was 
classified as not being in remission (20.3%). We assume that if less patients were 
in remission, an association between iron status and disease activity could have 
been established. 

The PCDAI-score was significantly higher in children with absolute ID. However, 
we chose not to include this score in our multivariate analysis, since this score 
only applies to patients with CD and the median and percentiles were all in the 
range of ‘remission’. 

Differentiating between absolute and functional ID
When looking at the iron status of paediatric IBD patients, it is crucial to 
differentiate between absolute and functional ID because of therapeutic 
consequences. Absolute ID, reflecting depleted iron stores, should be treated 
with iron replacement therapy. Patients with functional ID, however, should not 
initially start with iron treatment, because (oral) iron is poorly absorbed and may 
subsequently lead to extensive gastrointestinal symptoms. Furthermore, oral iron 
possibly leads to disease exacerbation through the generation of reactive oxygen 
species.39 Finally, it is important to realize that in patients with functional ID, iron 
is not available for erythropoiesis although iron stores might not be depleted. 
Although 51 (86%) patients in our population had signs of iron deficiency (both 
types), only 19 (37%) patients with absolute ID will benefit from iron replacement 
therapy. 

We defined absolute ID by using serum ferritin as the most suitable biomarker 
of depleted iron stores.5 Several studies in IBD patients have used the guideline 
of Gasche et al. that describes two different cut-off levels for SF to define iron 
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deficiency, depending on the presence of an elevated serum CRP (SF of 30 
vs. 100µg/l).40 Unfortunately, these cut-off levels are not evidence-based.6,40 
We therefore decided to use the WHO criteria for absolute ID30 and excluded 
10 patients with elevated CRP levels. Unfortunately, there are currently no 
acceptable alternatives (gold standard remains an iron staining in bone marrow) 
for diagnosing absolute ID in IBD patients with active disease and elevated CRP 
levels. Our 10 patients with elevated CRP levels all had elevated ZPP and/or RDW 
levels (data not shown) and therefore should be diagnosed with functional ID 
when following our definitions. However, since an absolute ID is not excluded 
in these patients, we cannot determine whether there is only functional ID. In 
the presence of infection and/or inflammation, ferritin concentrations might 
be increased despite depleted iron stores and subsequent iron-restricted 
erythropoiesis. It is therefore not possible to use ZPP and RDW as parameters to 
define the exact type of ID in active paediatric IBD patients with elevated CRP 
levels. 

We used ZPP and RDW to define functional ID in our patients. As mentioned 
before, there are no studies that primarily investigated functional ID (without 
anaemia) in paediatric IBD patients. However, there are several studies regarding 
ACD being the final result of functional ID.7,34-36,41 In none of these studies, ZPP or 
RDW was used to define ACD. However, ZPP and red blood cell indices have been 
frequently reported as parameters reflecting iron-restricted erythropoiesis.8,9,42 
Besides this, we also chose ZPP and RDW because these parameters are known 
not to be influenced by acute infection or inflammation.10,14,22 Although knowing 
the presence of a functional ID in patients does not have immediate therapeutic 
consequences regarding iron replacement therapy, clinicians should consider 
it as a warning sign for the possible development of anaemia. An advantage 
of ZPP and RDW is that they are inexpensive and easily accessible parameters 
of functional ID. Other parameters used to describe anaemia due to iron-
restricted erythropoiesis are often expensive, not easily accessible, like hepcidin, 
whereas specific cut-off levels for children (with IBD) are often not available.6,43 
Summarizing, despite limited data on ZPP and RDW in the evaluation of the iron 
status of IBD patients, we suggest that ZPP and RDW, next to SF, should also be 
analysed when looking at the iron status. 

Strength and limitations of the study
The strength of our study is that we differentiated between absolute and 
functional ID, while we also adjusted for the presence of acute infection/
inflammation. Limitations of our study include the relatively small number of 
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patients and the fact that the majority of the patients was diagnosed with Crohn’s 
disease. Both aspects may impair the generalization of our study results to the 
overall paediatric IBD population. 

Furthermore, the cross-sectional design of the study makes it difficult to fully 
interpret the iron status. All our patients with absolute ID also had signs of 
iron-restricted erythropoiesis (data not shown). In these patients, iron-restricted 
erythropoiesis is either due to severely depleted iron stores (absolute ID) or the 
combination of absolute and functional ID. 

Moreover, we hypothesized that disease activity might be associated with 
more iron deficiency, but we were not able to confirm this association. The 
use of disease activity scores (i.e. PCDAI and PUCAI-score) may not have been 
discriminative enough. Faecal calprotectin levels might be more accurate in 
assessing disease activity in paediatric IBD patients, especially in patients with CD. 
Further studies should therefore focus on repeated measurements of iron status 
and other indicators of disease activity such as faecal calprotectin. 
 

7 Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
and red blood cell distribution width



151

C
H

A
PT

ER
 7

CO N C LU S I O N 

In this study we demonstrated that the prevalence of absolute and functional 
ID in Dutch paediatric IBD patients is high. Furthermore, we have shown that 
absolute ID and IDA were both associated with a shorter disease duration. 
Attempts should be made to differentiate between absolute and functional ID, 
since these conditions require a different therapeutic approach. In addition, one 
should take into account that different available iron status parameters reflect 
different aspects of iron metabolism and that the presence of infection and/or 
inflammation could affect some of these parameters. Firstly, absolute ID should 
be diagnosed by using serum ferritin in the absence of signs of acute infection/
inflammation (i.e. a low serum CRP). Regarding diagnosing functional ID, we 
suggest that the use of ZPP and RDW can be helpful to evaluate iron-restricted 
erythropoiesis. In summary, determining iron status in paediatric IBD patients 
is challenging and more studies are necessary to further evaluate the clinical 
outcomes of the presence of absolute and functional ID in these patients. 

7Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
and red blood cell distribution width



152

C
H

A
PT

ER
 7

R E F E R E N C E  L I S T

1  Camaschella C. Iron-deficiency anemia. N Engl J Med 2015 May 7;372:1832-43.

2  Kaitha S, Bashir M, Ali T. Iron deficiency anemia in inflammatory bowel disease. World J Gastrointest Pathophysiol 

2015 Aug 15;6:62-72.

3  Gasche C, Lomer MC, Cavill I et al. Iron, anaemia, and inflammatory bowel diseases. Gut 2004 Aug;53:1190-7.

4  Kulnigg S, Gasche C. Systematic review: managing anaemia in Crohn's disease. Aliment Pharmacol Ther 2006 

Dec;24:1507-23.

5  Oustamanolakis P, Koutroubakis IE, Kouroumalis EA. Diagnosing anemia in inflammatory bowel disease: beyond 

the established markers. J Crohns Colitis 2011 Oct;5:381-91.

6  Dignass AU, Gasche C, Bettenworth D et al. European consensus on the diagnosis and management of iron 

deficiency and anaemia in inflammatory bowel diseases. J Crohns Colitis 2015 Mar;9:211-22.

7  Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med 2005 Mar 10;352:1011-23.

8  Hastka J, Lasserre JJ, Schwarzbeck A et al. Central role of zinc protoporphyrin in staging iron deficiency. Clin 

Chem 1994 May;40:768-73.

9  Labbe RF, Rettmer RL. Zinc protoporphyrin: a product of iron-deficient erythropoiesis. Semin Hematol 1989 

Jan;26:40-6.

10  Hastka J, Lasserre JJ, Schwarzbeck A et al. Zinc protoporphyrin in anemia of chronic disorders. Blood 1993 Mar 

1;81:1200-4.

11  Hastka J, Lasserre JJ, Schwarzbeck A et al. Laboratory tests of iron status: correlation or common sense? Clin 

Chem 1996 May;42:718-24.

12  Labbe RF, Vreman HJ, Stevenson DK. Zinc protoporphyrin: A metabolite with a mission. Clin Chem 1999 

Dec;45:2060-72.

13  Metzgeroth G, Adelberger V, Dorn-Beineke A et al. Soluble transferrin receptor and zinc protoporphyrin--

competitors or efficient partners? Eur J Haematol 2005 Oct;75:309-17.

14  Akkermans MD, Uijterschout L, Vloemans J et al. Red blood cell distribution width and the platelet count in iron 

deficient children aged 0.5-3 years. 2015. 

15  Aulakh R, Sohi I, Singh T et al. Red cell distribution width (RDW) in the diagnosis of iron deficiency with 

microcytic hypochromic anemia. Indian J Pediatr 2009 Mar;76:265-8.

16  Choi YS, Reid T. Anemia and red cell distribution width at the 12-month well-baby examination. South Med J 

1998 Apr;91:372-4.

17  Hinchliffe RF, Bellamy GJ, Finn A et al. Utility of red cell distribution width in screening for iron deficiency. Arch 

Dis Child 2013 Jul;98:545-7.

18  Kim SK, Cheong WS, Jun YH et al. Red blood cell indices and iron status according to feeding practices in infants 

and young children. Acta Paediatr 1996 Feb;85:139-44.

19  Sazawal S, Dhingra U, Dhingra P et al. Efficiency of red cell distribution width in identification of children aged 

1-3 years with iron deficiency anemia against traditional hematological markers. BMC Pediatr 2014;14:8.

20  Urkin J, Adam D, Weitzman D et al. Indices of iron deficiency and anaemia in Bedouin and Jewish toddlers in 

southern Israel. Acta Paediatr 2007 Jun;96:857-60.

7 Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
and red blood cell distribution width



153

C
H

A
PT

ER
 7

21  Brito A, Hertrampf E, Olivares M. Iron status biomarkers and C-reactive protein in children aged 19 to 72 months 

in Chile. Food Nutr Bull 2013 Mar;34:14-20.

22  Sipahi T, Koksal T, Tavil B et al. The effects of acute infection on hematological parameters. Pediatr Hematol Oncol 

2004 Sep;21:513-20.

23  Jaeggi T, Kortman GAM, Moretti D et al. Iron fortification adversely affects the gut microbiome, increases 

pathogen abundance and induces intestinal inflammation in Kenyan infants. Gut 2015 May;64:731-42.

24  Zimmermann MB, Chassard C, Rohner F et al. The effects of iron fortification on the gut microbiota in African 

children: a randomized controlled trial in Cote d'Ivoire. Am J Clin Nutr 2010 Dec;92:1406-15.

25  Levine A, Koletzko S, Turner D et al. ESPGHAN revised porto criteria for the diagnosis of inflammatory bowel 

disease in children and adolescents. J Pediatr Gastroenterol Nutr 2014 Jun;58:795-806.

26  Knol F. Statusontwikkeling van wijken in Nederland 1998-2010. 2012 Nov 26. 

27  Hyams J, Markowitz J, Otley A et al. Evaluation of the pediatric crohn disease activity index: a prospective 

multicenter experience. J Pediatr Gastroenterol Nutr 2005 Oct;41:416-21.

28  Hyams JS, Ferry GD, Mandel FS et al. Development and validation of a pediatric Crohn's disease activity index. J 

Pediatr Gastroenterol Nutr 1991 May;12:439-47.

29  Turner D, Otley AR, Mack D et al. Development, validation, and evaluation of a pediatric ulcerative colitis activity 

index: a prospective multicenter study. Gastroenterology 2007 Aug;133:423-32.

30  World Health Organization (WHO). Iron Deficiency Anaemia. Assessment, Prevention, and Control. A guide for 

programme managers. 2001 Jan 1. Report No.: WHO/NHD/01.3.

31  Oustamanolakis P, Koutroubakis IE, Messaritakis I et al. Measurement of reticulocyte and red blood cell indices in 

the evaluation of anemia in inflammatory bowel disease. J Crohns Colitis 2011 Aug;5:295-300.

32  Salvagno G, Sanchis-Gomar F, Picanza A et al. Red blood cell distribution width: A simple parameter with 

multiple clinical applications. Crit Rev Clin Lab Sci 2014 Dec 23;1-20.

33  Wiskin AE, Fleming BJ, Wootton SA et al. Anaemia and iron deficiency in children with inflammatory bowel 

disease. J Crohns Colitis 2012 Jul;6:687-91.

34  Goodhand JR, Kamperidis N, Rao A et al. Prevalence and management of anemia in children, adolescents, and 

adults with inflammatory bowel disease. Inflamm Bowel Dis 2012 Mar;18:513-9.

35  Revel-Vilk S, Tamary H, Broide E et al. Serum transferrin receptor in children and adolescents with inflammatory 

bowel disease. Eur J Pediatr 2000 Aug;159:585-9.

36  Tsitsika A, Stamoulakatou A, Kafritsa Y et al. Erythropoietin levels in children and adolescents with inflammatory 

bowel disease. J Pediatr Hematol Oncol 2005 Feb;27:93-6.

37  Oliva MM, Lake AM. Nutritional considerations and management of the child with inflammatory bowel disease. 

Nutrition 1996 Mar;12:151-8.

38  Thomas AG, Taylor F, Miller V. Dietary intake and nutritional treatment in childhood Crohn's disease. J Pediatr 

Gastroenterol Nutr 1993 Jul;17:75-81.

39  Erichsen K, Hausken T, Ulvik RJ et al. Ferrous fumarate deteriorated plasma antioxidant status in patients with 

Crohn disease. Scand J Gastroenterol 2003 May;38:543-8.

40  Gasche C, Berstad A, Befrits R et al. Guidelines on the diagnosis and management of iron deficiency and anemia 

in inflammatory bowel diseases. Inflamm Bowel Dis 2007 Dec;13:1545-53.

7Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
and red blood cell distribution width



154

C
H

A
PT

ER
 7

41  Pels LPM, Van de Vijver E, Waalkens HJ et al. Slow hematological recovery in children with IBD-associated anemia 

in cases of "expectant management". J Pediatr Gastroenterol Nutr 2010 Dec;51:708-13.

42  Thomas C, Thomas L. Biochemical markers and hematologic indices in the diagnosis of functional iron 

deficiency. Clin Chem 2002 Jul;48:1066-76.

43  Thomas C, Kirschbaum A, Boehm D et al. The diagnostic plot: a concept for identifying different states of iron 

deficiency and monitoring the response to epoetin therapy. Med Oncol 2006;23:23-36.

7 Iron deficiency in inflammatory bowel disease: the use of zincprotoporphyrin 
and red blood cell distribution width




