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Background
Anemia of chronic disease (ACD) and iron deficiency anemia (IDA) are the two most preva-
lent forms of anemia having interrelated characteristics. Hepcidin, a newly introduced 
biomarker for assessment of iron status, is a homeostatic regulator of iron metabolism. 
We investigated the role of hepcidin and other conventional iron parameters to assess 
iron status among children with ACD and IDA. We also identified children with ACD who 
developed iron deficiency (ID).

Methods
The study was undertaken in anemic children with 30 cases each of ACD and IDA along 
with 30 age and sex-matched controls. The ACD cases were subdivided into pure ACD 
and ACD with coexistent ID. All cases were subjected to following tests: complete blood 
count with peripheral smear, serum C-reactive protein, serum interleukin-6, iron studies, 
serum soluble transferrin receptor (sTfR), and serum hepcidin.

Results
The mean serum hepcidin concentration was significantly increased in pure ACD patients 
(143.85±42.76 ng/mL) as compared to those in IDA patients (6.01±2.83 ng/mL, P＜
0.001) and controls (24.96±9.09 ng/mL, P＜0.001). Also, compared to pure ACD pa-
tients [normal sTfR levels (＜3 μg/mL)], the serum hepcidin concentration was reduced 
significantly in ACD patients with ID [high sTfR levels (≥3 μg/mL)] with a mean of 
10.0±2.97 ng/mL.

Conclusion
Hepcidin measurement can provide a useful tool for differentiating ACD from IDA and 
also help to identify an iron deficiency in ACD patients. This might aid in the appropriate 
selection of therapy for these patients.
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INTRODUCTION

Anemia of chronic disease (ACD) and iron deficiency ane-
mia (IDA) are the two most common types of anemia 
worldwide. ACD is more prevalent among hospitalized 
patients. Both ACD and IDA are characterized by 
hypoferremia. The functional iron deficiency (ID) present 
in patients with ACD can be complicated by true ID. 
Differentiation between ACD and ACD with coexistent ID 
is important clinically because iron supplementation is bene-
ficial for ACD with coexistent ID while it may be deleterious 
for anemic patients with underlying infections [1]. However, 

in clinical practice, it is difficult to differentiate between 
ACD, IDA, and ACD with coexistent ID by routine conven-
tional laboratory tests. Serum ferritin, which has been used 
traditionally to diagnose iron deficiency as its concentration 
is proportional to iron stores, has no lower reference limit 
mentioned for diagnosing coexisting ID in ACD patients. 
Also, soluble transferrin receptor (sTfR) reflects iron stores 
proportional to the degree of iron demand by erythroblasts 
but has not been widely used in clinical practice [1]. Hence, 
there is a clear need for accurate, non-invasive, and less 
laborious biomarkers.

Hepcidin is the key regulator of systemic iron homeostasis. 
It is also a type II acute phase peptide encoded by the human 
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Table 1. Comparison of inflammatory markers and hematological parameters in pure ACD (A1), ACD with coexistent ID (A2), IDA, and controls.

Parameters
A1 

mean±SD (range) 
P A1 vs. controls

A2 
mean±SD (range) 
P A2 vs. controls 

IDA 
mean±SD (range) 
P IDA vs. controls

Controls 
mean±SD (range) 

P
A1 vs. A2

P
A1 vs. IDA

P
A2 vs. IDA

CRP (mg/L) 179.18±1.59
(14.6–690.60)

0.002

77.80±91.04
(13.2–340.6)

0.081

1.52±1.62
(0.06–5.60) 

0.571

1.07±1.32
(0.10–6.40)

0.117 0.002 0.083

IL-6 (ng/mL) 106.39±45.82
(54–210.00)
＜0.001

82.58±35.57
(50–180.4)
＜0.001

1.28±1.93
(0.0–8.9) 

0.546

0.68±1.96
(0.0–7.9)

0.074 ＜0.001 ＜0.001

Hb (g/dL) 8.58±1.81
(4.2–10.8)
＜0.001

9.29±1.47
(7.3–11.4)
＜0.001

8.87±1.69
(4.2–11.4) 
＜0.001

13.39±1.06
(12.1–17)

0.822 0.269 0.018

MCV (fl) 83.18±3.18
(58.9–83.5)
＜0.001

71.17±8.16
(60.5–80) 

0.002

63.44±6.99 
(52.2–77.9) 
＜0.001

83.18±3.18
(72.8–88.9)

1.000 0.020 0.058

MCH (pg) 27.01±1.44
(14.7–28.7)

0.002

21.88±3.47
(15.9–28.1) 

0.002

15.81±2.22
(15–29) 
＜0.001

27.01±1.44
(24–29)

1.000 ＜0.001 ＜0.001

MCHC (g/dL) 33.36±1.64
(23.5–33.4)
＜0.001

26.43±2.50 
(22.6–30.2) 
＜0.001

25.51±2.67
(23–33) 
＜0.001

33.36±1.64
(30–37)

0.112 0.001 0.886

RBC Count 
(×106/μL)

3.52±0.70
(2.45–4.47)
＜0.001

3.52±0.70
(2.59–4.73) 
＜0.001

3.55±1.03
(1.29–5.23) 
＜0.001

4.93±0.38
(4.15–5.53)

0.998 1.000 1.000

RDW (%) 14.51±1.25
(12.5–22.8)
＜0.001

16.97±2.03 
(13.5–19.6) 
＜0.001

22.58±3.70
(12.50–22.80) 

＜0.001

14.51±1.25
(12.40–17.60)

1.000 ＜0.001 ＜0.001

Abbreviations: ACD, anemia of chronic disease; CRP, C-reactive protein; Hb, hemoglobin; IDA, iron deficiency anemia; IL, interleukin; MCH, 
mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; MCV, mean cell volume; RBC, red blood cell; RDW, red cell distribution 
width; SD, standard deviation.

antimicrobial peptide (HAMP) gene [2]. It was discovered 
in 2000 by Krause et al. [3] and named hepcidin by Park 
et al. [4] in the same year. Hepcidin affects cellular iron 
homeostasis after binding to the iron export protein ferro-
portin, resulting in its degradation, thereby causing blockage 
of iron absorption from enterocytes and release of iron from 
monocytes/macrophages to circulation [5]. This effect is fur-
ther aggravated in inflammatory conditions by the stim-
ulation of hepcidin production by increased cytokines, prom-
inently interleukin (IL)-6 [6, 7]. Chronic hepcidin-mediated 
iron restriction underlies the pathogenesis of ACD. This study 
assessed the utility of hepcidin to detect iron status among 
ACD and IDA patients and to identify patients with ACD 
and coexistent ID.

MATERIALS AND METHODS

The study was conducted in the Department of Pathology, 
Lady Hardinge Medical College, and the Department of 
Paediatrics, Kalawati Saran Children Hospital, New Delhi. 
The study group comprised of children 6 months to 17 years 
of age diagnosed with anemia, based on World Health 
Organization (WHO) criterion (2001) [8]. 

Thirty cases of anemia of chronic disease with evidence 
of the chronic infection or autoimmune disease for more 

than one month and increased serum C-reactive protein 
level (CRP ＞10 mg/L) were included (Group A). None of 
these patients had received treatment with iron, blood trans-
fusions, or recombinant human erythropoietin for at least 
four months before study entry. 

Patients with ACD were further divided into two sub-
groups based on their sTfR levels. ACD with normal sTfR 
values (＜3 μg/mL) was defined as subgroup A1 (i.e., pure 
ACD patients) while ACD with high sTfR values (≥3 μg/mL) 
was grouped into subgroup A2 (i.e., patients with ACD and 
coexistent iron deficiency) [9, 10]. 

A similar number of cases of iron deficiency anemia with 
serum ferritin concentration less than 12 μg/dL (for children 
＜5 yr) and less than 15 μg/dL (for children ＞5 yr) were 
enrolled (Group B). Patients who had received blood trans-
fusions, were on hematinics, with any history suggestive 
of inflammatory conditions, or CRP level ＞10 mg/L were 
excluded.

Finally, 30 age and gender-matched controls were en-
rolled. Comparisons were made between four groups: pure 
ACD (subgroup A1), ACD with coexistent ID (subgroup A2), 
IDA, and controls. Overnight fasting blood samples were 
placed in ethylenediaminetetraacetic acid vials (2 mL) and 
iron-free plastic tubes (4–5 mL). Serum was separated and 
stored in aliquots at -70oC. Both cases and controls underwent 
the following tests: complete blood count with red cell indices 
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Table 2. Comparison of iron status parameters in Pure ACD (A1), ACD with coexistent ID (A2), IDA, and controls.

Parameters
A1 

mean±SD (range) 
P A1 vs. controls

A2 
mean±SD (range) 
P A2 vs. controls 

IDA 
mean±S.D. (range)
P IDA vs. controls

Controls 
mean±SD (range) 

P
A1 vs. A2

P 
A1 vs. IDA

P
A2 vs. IDA

S. Iron (μg/dL) 38.44±9.63 
(27.6–56.2) 
＜0.001 

39.29±13.08 
(27.9–76.7) 
＜0.001

35.37±10.17
(14.2–57.7) 
＜0.001

92.22±10.02
(62.5–119.4)

0.996 0.758 0.691

TIBC (μg/dL) 206.72±39.14 
(146.1–275.3) 

＜0.001

288.22±81.19 
(164.3–426.6) 

0.202

458.76±50.18
(405.0–653.4) 

＜0.001

344.90±35.91
(270.2–412.9)

0.034 ＜0.001 ＜0.001

Transferrin   
saturation (%)

18.84±3.63 
(11.8–24.7) 
＜0.001

14.04±3.51 
(8.2–19.5) 
＜0.001

7.85±2.64
(2.70–13.40) 

＜0.001

26.89±3.59
(22.30–39.20)

＜0.001 ＜0.001 ＜0.001

S. Ferritin  
(ng/mL)

358.77±177.13 
(169.9–792.8) 

＜0.001

73.31±44.66 
(22.3–139.5) 

1.000

3.11±2.95
(0–10.00) 
＜0.001 

68.83±35.10
(14.40–136.40)

＜0.001 ＜0.001 0.001

sTfR (μg/mL) 1.63±0.35 
(1.2–2.4) 

0.114

4.51±1.15 
(3.2–6.5) 
＜0.001

8.70±2.97
(3.3–15.0) 
＜0.001

1.38±0.33
(1.0–2.0)

＜0.001 ＜0.001 ＜0.001

Hepcidin 
(ng/mL)

143.85±42.76 
(90–219.6) 
＜0.001

10.0±2.97 
(4.2–14) 
＜0.001

6.01±2.83
(0–11) 
＜0.001

24.96±9.09
(14–50.5)

＜0.001 ＜0.001 0.005

Abbreviations: ACD, anemia of chronic disease; IDA, iron deficiency anemia; SD, standard deviation; sTfR, serum transferrin receptor; TIBC, 
total iron binding capacity.

using a Sysmex KX21 (Kobe, Japan) autoanalyser and periph-
eral smear, serum CRP by enzyme-linked immunosorbent 
assay (ELISA) (Calbiotech, CA) and serum IL-6 by ELISA 
(GENPROBE, France) along with iron studies (serum iron 
and total iron binding capacity [TIBC] by colorimetric meth-
od [Giesse Diagnostics, Italy] and serum ferritin by ELISA 
[Calbiotech, CA]). sTfR and serum hepcidin concentrations 
were measured using ELISA (DRG kits, Germany).

Statistical analysis was performed using SPSS Statistics 
for Windows, version 17.0. Continuous variables were pre-
sented as mean±SD, while categorical variables were pre-
sented as absolute numbers and percentage. Normally dis-
tributed continuous variables were compared using analysis 
of variance (ANOVA). Kruskal-Wallis tests were used to 
assess those variables that were not normally distributed 
and further comparisons were made by Mann-Whitney U 
tests. Categorical variables were analyzed by chi-square tests. 
Spearman’s Correlation was also used among various 
variables. For all statistical tests, P-values less than 0.05 
were taken to indicate a significant difference.

RESULTS

A total of 90 patients were included in our study. The 
mean ages of the pure ACD, ACD with coexistent ID, IDA, 
and control groups were 5.89±5.44, 6.54±4.31, 5.39±5.14 
and 7±4.04 years, respectively. Mean CRP level was sig-
nificantly higher in patients with pure ACD (213.23±204.06 
mg/L) compared to those in the controls (1.07±1.32 mg/L) 
(P＜0.001) and IDA patients (1.52±1.62 mg/L) (P＜0.001) 
(Table 1). However, CRP levels in pure ACD patients did 

not show a statistical difference from that in ACD patients 
with coexistent ID. Mean IL-6 levels were also higher in 
the pure ACD group (122.27±45.78 ng/L) compared to those 
in the IDA (1.28±1.93 ng/L) and control (0.68±1.96 ng/L) 
groups, a statistically significant difference (Table 1). ACD 
patients with coexistent ID had mean IL-6 levels of 
82.58±35.57 ng/L, which did not differ significantly com-
pared to that in patients with pure ACD (P=1.000). 

The hematological parameters and results of iron studies 
of healthy subjects and cases are shown in Tables 1 and 2. 
Hemoglobin (Hb), mean cell volume (MCV), mean cell hemo-
globin (MCH), mean cell hemoglobin concentration (MCHC), 
and red blood cell (RBC) count were significantly lower in 
the pure ACD, ACD with coexistent ID, and IDA group 
compared to those in controls (P＜0.001), while red cell 
distribution width (RDW) was increased compared to that 
in controls (P＜0.001). MCV, MCH, and MCHC were more 
significantly decreased in the IDA as compared to the pure 
ACD groups (P＜0.05). The RDW increased much more in 
the IDA patients as compared that in those with pure ACD 
and ACD with coexistent ID (P＜0.001) (Table 1). 

Serum iron concentrations were lower in the pure ACD, 
ACD with coexistent ID, and IDA groups compared to that 
in the control group (P＜0.001). Although the difference 
was greater in the IDA as compared to the pure ACD and 
ACD with coexistent ID groups, the difference was not stat-
istically significant (P=0.756 and 0.691, respectively). TIBC 
was significantly lower in the pure ACD group compared 
to that in the control group (P＜0.001), while it was sig-
nificantly higher in the IDA groups. Transferrin saturation 
(TS%) was lower in the pure ACD, ACD with coexistent 
ID, and IDA groups but the difference was greater in the 
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Fig. 1. Correlation between ferritin and hepcidin concentrations in the pure ACD and IDA groups.

Fig. 2. Correlation of IL-6 and serum hepcidin concentrations in 
patients with ACD.

IDA group compared to those in the pure ACD and ACD 
with coexistent ID groups (P＜0.001). The serum ferritin 
concentration was higher in the pure ACD and ACD with 
coexistent ID groups as compared to that in the IDA group 
(P＜0.001). The serum ferritin concentration was sig-
nificantly higher in the pure ACD group as compared to 
that in the ACD with coexistent ID groups (P＜0.001). In 
cases of ACD with coexistent ID, serum ferritin concen-
trations ranged from 22.3–139.5 ng/mL, which did not differ 
statistically from those of the controls (P=1.000) (Table 2).

The mean sTfR concentration in children with pure ACD 
was 1.63±0.35 μg/mL, significantly higher than that in the 
controls (1.38±0.33 μg/mL, P＜0.001). In IDA and ACD pa-
tients with coexistent ID, the mean sTfR concentrations were 
8.70±2.97 and 4.51±1.15 μg/mL, respectively, significantly 
higher than those in the controls (P＜0.001) and pure ACD 
patients (P＜0.001) (Table 2)

The serum hepcidin concentrations in the pure ACD group 
varied from 90–219.6 ng/mL with a mean value of 143.85± 

42.76 ng/mL. The mean hepcidin levels in the control group 
ranged from 14–50.5 ng/mL (mean 24.96±9.09 ng/mL), a 
statistically significant difference (P＜0.001). Serum hepci-
din levels in the IDA group ranged from 0–11 ng/mL with 
a mean value of 6.01±2.83 ng/mL, which was significantly 
lower than those of the control, pure ACD, and ACD with 
coexistent ID groups (P＜0.05) (Table 2). The mean hepcidin 
levels in the ACD with coexistent ID group was 10.0±2.97 
ng/mL, significantly different from those of the pure ACD 
patients (P＜0.001) (Table 2). All 12 patients with ACD 
and coexistent ID had significantly lower hepcidin levels 
compared to those in the controls (P＜0.001).

In the IDA group, hepcidin levels were positively corre-
lated with MCV (r=0.058, P=0.761) and serum iron concen-
tration (r=0.136, P=0.473), and negatively correlated with 
RDW (r=-0.056, P=0.770) and TIBC (r=-0.033, P=0.864). 
Similarly, in pure ACD patients, hepcidin levels were neg-
atively correlated with RDW (r=-0.056), serum iron concen-
tration (r=-0.223), and TIBC (r=-0.142), but the differences 
were not statistically significant.

Serum hepcidin levels were positively correlated with se-
rum ferritin levels in the pure ACD (r=0.415) and IDA 
(r=0.552) groups (Fig. 1) but the difference was statistically 
significant only in the IDA group (P=0.002). In the pure 
ACD group, hepcidin levels were negatively correlated with 
sTfR (P=0.06, r=0.451). In the IDA group, hepcidin levels 
were lower while sTfR was higher, but no significant correla-
tion between hepcidin and sTfR was observed (P=0.121). 
Serum hepcidin levels were also positively correlated with 
IL-6 concentration in the pure ACD group (P=0.156, r=0.349) 
(Fig. 2) but negatively correlated in the IDA group, although 
the association was not statistically significant (P=0.495, 
r=-0.13).

DISCUSSION

Hepcidin is a key regulator of systemic iron homeostasis. 
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Its expression is induced by inflammatory stimuli and sup-
pressed in iron deficiency. This study evaluated the useful-
ness of hepcidin assays for the assessment of iron status 
in patients with ACD and IDA. Hepcidin levels were sig-
nificantly higher in pure ACD and lower in IDA as compared 
to controls. Our results were in concordance with previous 
studies [11, 12]. However, Geerts et al. [13] did not observe 
a significant difference between two groups. The reason for 
this was not clear, although an assay-related problem or 
a study group comprising vulnerable geriatric patients could 
explain these results. Casals-Pascual et al. [14] found in-
creased levels of serum hepcidin in children infected with 
acute malaria and Hb of 7.0–9.9 g/dL. Children with Hb 
＜5.0 g/dL had reduced serum hepcidin levels compared 
to those in children with Hb ＞5.0 g/dL (P＜0.05). Malaria 
infection stimulates hepcidin, which is associated with a 
reduced reticulocyte response due to iron restriction in the 
developing erythroid precursors. However, hepcidin secre-
tion is blunted in severe malarial anemia due to ineffective 
erythropoietic response along with hypoxemia, which might 
have contributed to a further decrease in hepcidin concen-
tration.

Hepcidin levels were positively correlated with IL-6 levels 
in patients with pure ACD, thus proving the role of IL-6 
in the stimulation of hepcidin production. Nemeth et al. 
[6] found that chronic stimulation of the IL-6–hepcidin axis 
by inflammation is responsible for iron-restricted erythro-
poiesis. Similar findings were reported by Suega [15], who 
found that IL-6 could influence the development of anemia 
through hepcidin. 

In the present series, hepcidin levels were positively corre-
lated with serum ferritin concentrations and significantly 
negatively correlated with sTfR in both pure ACD and IDA 
patients. Also, hepcidin levels were negatively correlated 
with TIBC in both pure ACD and IDA patients. Choi et 
al. [16] observed a significant positive correlation between 
log hepcidin levels and log ferritin and a significant negative 
correlation between TIBC and sTfR in children with ID 
(P＜0.0001). Elgari et al. [17] reported a positive correlation 
between serum hepcidin and serum ferritin levels.

The detection of absolute iron deficiency in ACD patients 
is a clinical challenge since conventional iron status parame-
ters; e.g., TIBC and serum ferritin, are influenced by 
acute-phase responses. The TIBC in the ACD with coexistent 
IDA patients varied from 164.3–426.6 μg/dL, with 16.7% 
(3/18) of patients having overlapping values with those of 
the controls (270.2–412.9 μg/dL). The TIBC levels in patients 
with pure ACD (146.1–275.3 μg/dL) overlapped with those 
of controls in 50% (6/12) of cases. Similarly, the serum ferritin 
concentrations in ACD patients with coexistent IDA ranged 
from 22.3-139.5 ng/mL, which did not differ significantly 
from those of the controls (14.4–136.4 ng/mL, P=0.995). 
However, serum hepcidin concentrations in pure ACD pa-
tients ranged from 90-219.6 ng/mL and from 4.2–14 ng/mL 
in patients with ACD and coexistent IDA (controls, 14–50.5 
ng/mL). There was no overlap in the hepcidin levels in both 
ACD subgroups and controls, making it a more reliable mark-

er for diagnosing ID in ACD patients compared to TIBC 
and ferritin levels. Similar findings were observed by Theurl 
et al. [1] and van Santan et al. [12]. Hepcidin levels may, 
therefore, be more useful than the standard iron parameters 
in distinguishing patients with pure ACD from those with 
combined ACD and IDA. The detection of iron deficiency 
in patients with ACD is of clinical relevance; since IDA 
is treatable, diagnosis may preclude the need for further 
investigations into the cause of the anemia, and it may pre-
vent unnecessary prescription of iron supplementation.

sTfR reflects iron stores linearly to the degree of iron 
demand of erythroblasts, but inflammatory stimuli might 
suppress its concentrations by inhibiting erythropoietic ac-
tivity [18]. Therefore, hepcidin might be a better indicator 
of iron deficiency in ACD patients, which may help in per-
sonalizing iron therapy to avoid delays or unnecessary/ harm-
ful treatment [19]. Also, interventions targeting the hepcidin 
IL-6 pathway could offer novel therapeutic opportunities 
for iron disorders [5, 20, 21].

In conclusion, hepcidin is a promising tool to be included 
in the present battery of diagnostic tests for iron status. 
It has a definitive role in identifying an iron deficiency 
in ACD patients and in differentiating ACD from IDA 
patients. In addition, newer drugs that target the hepcidin 
ferroportin axis or cytokines which stimulate hepcidin tran-
scription might be useful for the treatment of anemia of 
chronic disease.
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