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A B S T R AC T 

Low iron stores in children, absolute iron deficiency (AID), can lead to impaired 
neurodevelopment and requires iron therapy. In the presence of infection/
inflammation, like in cystic fibrosis (CF), serum ferritin (SF) is not a reliable 
biomarker for AID. Red blood cell distribution width (RDW) is a promising 
alternative reported not to be influenced by infection in healthy children. 
Currently, there are no data on the diagnostic capacity of RDW to detect AID  
in paediatric CF patients. 
This was a prospective observational study that investigated iron status 
biomarkers in 53 Dutch paediatric CF patients. AID was defined using World 
Health Organization criteria for SF in stable patients (no recent pulmonary 
exacerbation) and CRP ≤10mg/l. 
Patients with AID had higher RDW levels than patients without AID (p=0.019). 
An RDW ≥13.2% showed the following test statistics: sensitivity 100%; 
specificity 39.4%; positive predictive value 20%; negative predictive value 100%. 
Furthermore, we found a correlation between RDW and CRP in the total group 
that originated from the stable patients (r=0.308; p=0.042). 
In conclusion, the diagnostic capacity of RDW for detecting AID in paediatric CF 
patients seems limited because RDW levels might also be influenced by chronic 
infection/inflammation in these patients. 

3 Red blood cell distribution width is not a reliable 
biomarker for low iron stores in children with cystic 
fibrosis
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3 Red blood cell distribution width is not a reliable biomarker for low iron stores 
in children with cystic fibrosis

I N T R O D U C T I O N

Cystic fibrosis (CF) is a chronic multi-organ disease caused by a mutation in  
the cystic fibrosis transmembrane conductance regulator (CFTR) protein leading 
to a defective chloride channel in epithelial cells.1 CF is frequently accompanied 
by iron deficiency (ID).2 ID in paediatric CF patients can lead to impaired 
neurodevelopment.3-5 In adult CF patients, ID is associated with increased severity 
of suppurative lung disease.6 Therefore, early detection and treatment  
of ID in paediatric CF patients is highly important. 

ID can be classified as absolute or functional.7 Absolute ID (AID) in CF patients 
has been attributed to a combination of factors leading to low iron stores, e.g. 
insufficient dietary iron intake, malabsorption of iron secondary to pancreas 
insufficiency, or iron loss in sputum or in the gastro-intestinal tract.8,9 AID should 
be treated with iron replacement therapy. In contrast, the preferred therapy for 
CF patients with functional ID (FID) is treating the underlying airway infection/
inflammation that causes iron-restricted erythropoiesis10 rather than supplying 
iron11. 

In paediatric CF patients, ID is primarily caused by an absolute deficiency.12 AID  
is usually defined according to criteria of the World Health Organization (WHO)  
by using serum ferritin (SF) as the primary indicator of stored iron.13 However,  
the frequent existence of infection/inflammation in CF patients disqualifies SF as  
a reliable biomarker for AID in these patients. The red blood cell distribution width 
(RDW), an index in the variation in red blood cell size (anisocytosis), is a promising 
alternative14-17 that is not influenced by infection in healthy young children18,19. 
Currently, there are no data available on RDW values in children with CF, although 
it is part of routine red blood cell measurements in laboratories using automated 
haematology analyzers, and therefore easily available as a screening tool for AID. 

The aim of this study was (1) to investigate the diagnostic capacity of RDW  
for detecting AID in paediatric CF patients and (2) to evaluate whether RDW  
is influenced by infection/inflammation in these patients. 

MATERIALS AND METHODS

A prospective observational study was conducted in the Netherlands in 2012- 
2013 to analyze several iron status indicators in children with CF.8 All paediatric  
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CF patients treated at the Juliana Children’s Hospital/Haga Teaching Hospital (JCH) 
(n=53) in The Hague were asked to participate in the study. Written informed 
consent for every participating patient was obtained. The study  
was approved by the Medical Ethics Committee of South-West Holland. 

Data collection
According to local health care standards, once yearly, a comprehensive assessment 
in paediatric CF patients is performed, including pulmonary function test, bacterial 
sputum culture or throat swab, and blood sampling (including iron status). Details 
regarding data collection and definitions, for example, of pulmonary function and 
pancreas insufficiency, were previously published.8  

Biochemical analyses and definitions
RDW was determined by using a Sysmex XE-2100 automated haematology analyzer 
(Sysmex Corporation, Kobe, Japan). More details regarding biochemical analyses 
of several iron status parameters were previously published.8 To prevent falsely 
elevated and/or normal SF levels in case of an infection, only ‘stable’ children and 
children with a C-reactive protein (CRP) ≤10mg/l participated in our analyses 
regarding the diagnostic capacity of RDW to detect AID. ‘Stable’ children (in 
contrast to ‘acute’) were defined as children without a pulmonary exacerbation in 
the preceding month characterized as clinical deterioration and/or a decrease in 
pulmonary function requiring antibiotic treatment. Subsequently, AID was defined 
as SF <12µg/l in children <5 years of age or SF <15µg/l in children ≥5 years of age, 
according to WHO guidelines.13 Anaemia was defined as a haemoglobin (Hb) >2 
standard deviations below the mean of similarly aged children.13 Iron deficiency 
anaemia (IDA) was defined as AID in combination with anaemia. 

Statistical analysis
The statistical analyses were performed using Statistical Package for the Social 
Sciences (version 21.0; SPSS Inc., Chicago, IL, USA). Univariate analyses were 
performed using a Student’s t-test for normally distributed continuous variables, 
and a chi-square test for dichotomous variables, for comparison of groups  
(i.e. with and without AID). In case of a non-normal distribution, we used  
Mann-Whitney tests. To investigate the diagnostic capacity of RDW to detect AID 
in children with CF, we constructed a receiver operating characteristic (ROC) curve. 
Finally, to investigate whether RDW was influenced by infection/inflammation in 
this population, we calculated Pearson’s correlation coefficients between RDW and 
CRP. Statistical significance was defined as a p-value <0.05.
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RESULTS

Study population and iron status
All 53 paediatric CF patients from the JCH participated in this study. None of them 
used iron supplementation at the time of the study. For the analyses regarding 
the diagnostic capacity of RDW to detect AID, 15 patients were excluded (missing 
SF level (n=4); elevated CRP level and/or being an ‘acute’ patient (n=11)). In the 
remaining 38 children, AID and IDA were present in 5 (13.2%) and 2 (5.3%) children, 
respectively. 

Absolute iron deficiency (and anaemia)
The AID patients had significantly higher RDW levels than the non iron-deficient 
patients (median of 13.6% vs. 13.0%, p=0.019). Demographic, clinical and other 
laboratory characteristics did not differ significantly between the patients with 
and without AID (Table 1). 

Table 1 Characteristics of patients with and without absolute iron deficiency

No AID (n=33) AID (n=5) p-value

Demographic data    

Male sex (n) 20 (60.6%) 3 (60.0%) 0.979

Age (years) 9.0 ± 4.8 11.3 ± 4.1 0.320

Clinical condition    

BMI (Z-score) 0.18 ± 0.89 0.10 ± 0.89 0.847

Iron intake (mg/day) 7.2 ± 3.9 10.6 ± 5.9 0.245

FEV1 (% predicted) 99.0 ± 15.2 102.6 ± 13.6 0.628

PA colonization (n) 3 (9.1%) 1 (20.0%) 0.459

Pancreas insufficiency (n) 32 (97.0%) 5 (100.0%) 0.693

Laboratory data    

Hb1 (g/l) 132.0 (124.0 - 138.5) 140.1 (111.1 - 143.3) 0.880

MCV (fl) 82.5 ± 3.6 80.2 ± 5.2 0.219

RDW1 (%) 13.0 (12.7 - 13.6) 13.6 (13.4 - 15.1) 0.019*

SF1 (µg/l) 25.0 (19.5 - 33.0) 9.0 (7.5 - 12.5) <0.001*

Reticulocytes1 (‰) 8.0 (6.0 - 9.0) 8.0 (5.5 - 10.5) 0.932

Data are expressed as numbers (with percentage) or means (with standard deviation), unless otherwise noted. 

1No normal distribution and therefore we report the median with 25th and 75th percentiles. *Statistically significant 

with p-value <0.05. Abbreviations: AID, absolute iron deficiency; BMI, body mass index; FEV1, forced expiratory 

volume in one second; PA, Pseudomonas aeruginosa; Hb, haemoglobin; MCV, mean corpuscular volume; RDW, red 

blood cell distribution width; SF, serum ferritin.

3 Red blood cell distribution width is not a reliable biomarker for low iron stores 
in children with cystic fibrosis



71

C
H

A
PT

ER
 3

The IDA patients had significantly higher RDW levels than the patients without 
IDA (median of 15.1% vs. 13.1%, p=0.006) (Table 2).   

Table 2 Laboratory characteristics of paediatric CF patients with and without IDA

No IDA (n=36) IDA (n=2) p-value

Hba (g/l) 133.7 (124.4 – 140.1) 111.1 (111.1 – 111.1) 0.003*

MCV (fl) 82.6 ± 3.5 74.5 ± 0.7 0.003*

RDWa (%) 13.1 (12.7 – 13.6) 15.1 (14.5 – 15.7) 0.006*

Reticulocytesa (‰) 8.0 (6.0 – 9.0) 6.0 (5.0 – 7.0) 0.211

SFa (µg/l) 24.5 (17.3 – 31.8) 9.0 (9.0 – 9.0) 0.011*

Serum iron (µmol/l) 14.6 ± 4.8 10.0 ± 2.9 0.189

Data are expressed as means (with standard deviation), unless otherwise noted. aNo normal distribution and 

therefore we report the median with 25th and 75th percentiles. *Statistically significant with p-value <0.05. 

Abbreviations: CF, cystic fibrosis; IDA, iron deficiency anaemia; Hb, haemoglobin; MCV, mean corpuscular volume; RD, 

red blood cell distribution width; SF, serum ferritin.

There was a trend of higher RDW levels in case the iron stores were more depleted 
(i.e. lower SF levels) leading to IDA (p=0.076) (Figure 1). 

Figure 1 RDW values in different situations with regards to iron status

This box plot illustrates the median and minimum and maximum values for RDW in three different situations regarding iron 

status: normal iron status (left), AID without anaemia (middle) and IDA (AID with anaemia, right) in paediatric CF patients.

Abbreviations: RDW, red blood cell distribution width; AID, absolute iron deficiency; IDA, iron deficiency anaemia; CF, cystic 

fibrosis. 
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RDW cut-off for detecting AID (and anaemia)
The AUC-ROC for AID was 0.821 (95% confidence interval (CI) 0.663-0.980, 
p=0.022). The best cut-off for RDW to detect AID was 13.2% showing a sensitivity 
of 100%, a specificity of 39.4%, a positive predictive value of 20%, and a negative 
predictive value of 100%. The AUC-ROC for IDA was 0.986 (95% CI 0.000-1.000, 
p=0.022). The low prevalence of IDA made it impossible to calculate a RDW cut-off 
for detecting IDA. 

RDW and infection/inflammation 
In the total study population (n=53), there was a statistically significant 
correlation between RDW and CRP (r=0.279, p=0.043). In contrast, the RDW levels 
of the patients with and without an elevated CRP level (defined as CRP >10mg/l) 
did not differ significantly (13.6 vs. 13.2%, p=0.241). The RDW levels of ‘stable’ 
(n=44) versus ‘acute’ (n=9) patients also did not differ significantly (13.3 vs. 13.0%, 
p=0.272). Furthermore, we found a statistically significant correlation between 
RDW and CRP in the ‘stable’ patients (r=0.308, p=0.042) but not in the ‘acute’ 
patients. 

D I S C U S S I O N 

This is the first study to report on RDW levels as a possible indicator of AID in 
paediatric CF patients, while using WHO criteria for AID, and taking into account 
the presence of infection/inflammation. 

RDW and AID (anaemia)
The diagnostic capacity of RDW to detect AID (and IDA) in our study population 
of paediatric CF patients seems limited despite the positive association between 
RDW and AID. In studies with non-CF patients and healthy children, higher 
RDW cut-off levels (13.9-15.0%) with corresponding diagnostic capacities for 
detecting AID have been reported.18,20,21 These differences can be explained by 
different study populations and different definitions of AID that have been used. 
Furthermore, one should realize that RDW varies between different analyzers 
used for red cell analysis. Reference limits for RDW are instrument specific and not 
automatically interchangeable between different laboratories.22 

3 Red blood cell distribution width is not a reliable biomarker for low iron stores 
in children with cystic fibrosis
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RDW and infection/inflammation
We found a positive correlation between RDW and CRP in our (stable) paediatric 
CF patients, although we did not observe a difference in RDW between our 
‘stable’ and ‘acute’ patients. Only three previous studies investigated the influence 
of an infection on RDW levels in children. In two studies, RDW did not correlate 
with CRP in healthy young children.18,19 In the third study, RDW did not change 
significantly during an acute infection in 0.5-12 year old children. Acute infections 
in healthy children or acute exacerbations in paediatric CF patients apparently 
do not affect RDW levels, but chronic infections/inflammation leading to FID in 
‘stable’ CF patients might. 

Limitations and future studies
Increased RDW levels mirror the presence of anisocytosis, which may be 
attributable to the presence of small (as in ID or an increased reticulocyte 
count) and large erythrocytes (as in folate or vitamin B12 deficiency), or both.22 
RDW is therefore not a specific biomarker for AID and this can explain our 
observed limited diagnostic capacity of RDW for AID. Reticulocyte counts were 
in the normal range in all our patients. Unfortunately, we do not have data on 
the folate or vitamin B12 status of our patients. Furthermore, the presence of 
chronic infections/inflammation in our patients can also lead to an increase 
in RDW because of ‘iron-restricted erythropoiesis’ leading to FID. This possible 
association between RDW and chronic infections/inflammation should be further 
investigated while using more sensitive biomarkers of infection/inflammation 
than CRP. 

CO N C LU S I O N S

The diagnostic capacity of RDW for detecting low iron stores in paediatric 
CF patients seems limited because several other clinical conditions such as 
macrocytosis and probably chronic inflammation also influence RDW levels. 
Therefore, we do not recommend RDW as a reliable indicator of low iron stores  
in paediatric CF patients. 

Red blood cell distribution width is not a reliable biomarker for low iron stores 
in children with cystic fibrosis 3
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