
Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

Evaluation of serum hepcidin variation in patients with 

rheumatoid arthritis according to anemia profile and its 

correlation with disease activity

Evaluarea varia�iei hepcidinei serice la pacien�i cu poliartrit� reumatoid� în 

func�ie de prezen�a anemiei �i corela�ia sa cu activitatea bolii
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Abstract

Objective: The objectives of this study were: determination of serum hepcidin levels in patients with  
Rheumatoid arthritis (RA) with/without anemia and controls, and its correlation with disease activity and anemia  
parameters. Patients and Methods: 69 people were involved in our study: 54 patients and 15 healthy subjects  
(controls).  Laboratory evaluation of anemia, iron parameters, serum hepcidin levels and disease activity was  
carried out. RA patients were divided in two groups: anemic group and non-anemic group (NA), according to  
hemoglobin levels (Hb). Soluble transferrin receptor-ferritin index (sTfR-F index) was used to classify anemia  
types: anemia of chronic disease (ACD) and anemia of chronic disease + iron deficiency anemia (ACD+IDA).  
Disease activity was evaluated using the following parameters: erythrocyte sedimentation rate (ESR), C-reactive  
protein (CPR), and disease activity score (DAS28). Results: ACD and ACD+IDA groups had significantly higher  
serum hepcidin concentrations than controls (p<0.001, p<0.001), and NA group (p=0.006, p=0.002). No differ-
ence in hepcidin levels was observed between ACD and ADC+IDA groups (p=0.85) and between NA and con-
trols (p=0.66). ESR was significantly higher in ACD and ACD+IDA groups compared with NA group (p<0.001,  
p=0.002) and controls. (p<0.001, p<0.001).DAS 28 score was higher in anemic groups than NA group (ACD vs.  
NA, p=0.01), (ACD+IDA vs. NA, p=0.01) and no difference was observed between ACD and ACD+IDA In RA 
patients serum hepcidin concentration was significantly negatively correlated with hemoglobin (Hb) (r= -0.459,  
p<0.000)  and serum iron(  r=-0.357,  p<0.01)  and  positively  with  disease  activity  variables:  ESR (r=0.352,  
p<0.01) , CRP (r=0.369, p<0.01), DAS28 score (r=0.289, p<0.05).  Conclusion: Hepcidin increases in RA pa-
tients with anemia and its levels correlate with Hb, serum iron, and disease activity variables. 
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Rezumat

Obiectivul acestui studiu a fost determinarea hepcidinei serice în concordan�� cu profilul anemic la pa-
cien�ii cu poliartrit� reumatoid� (PR) �i evaluarea corela�iei acesteia cu reactan�ii de faz� acut� (viteza de sedi-
mentare a hematiilor (VSH), proteina C reactiv� (PCR) �i scorul de activitate al bolii (DAS28). Pacien�i �i meto-
de. Profilul anemic, reactan�ii de faz� acut� �i valorile hepcidinei serice au fost determinate la pacien�ii cu PR �i  
pentru lotul martor. DAS28 a fost calculat pentru to�i pacien�ii cu PR. Pacien�ii cu anemie care au avut valorile  
sTfR-F index < 1.5 au fost considera�i ca având anemie cronic� secundar� bolii(ACD), în timp ce pacien�ii care  
au avut sTfR (receptori solubili de transferina)/log feritina = (sTfR-F index)< 1.5 au fost clasifica�i ca având  
anemie cronic� secundar� bolii cu deficit de fier asociat (ACD+IDA). Rezultate La pacien�ii cu PR(n=54), valo-
rile hepcidinei serice s-au corelat pozitiv cu reactan�ii de faz� acut�: VSH, (r=0.352, p<0.01), CRP (r=0.369,  
p<0.01), scorul DAS28 (r=0.289, p<0.05), �i negativ cu hemoglobina (Hb) (r=-0.459, p<0.000) �i cu fierul seric  
(r=-0.357, p<0.01). Pacien�ii cu ACD �i ACD+IDA au prezentat valori semnificativ crescute comparativ cu pa-
cien�ii din grupul non-anemic �i lotul martor. Nu s-au observat diferen�e semnificativ statistic între grupul ACD  
�i ACD+IDA. Corela�ii semnificative s-au observat în grupul ACD+IDA între hepcidin� �i parametrii caracteris-
tici profilului anemic Hb (r= -0.51, p< 0.05), TfS (satura�ia transferinei) (r= -0.46, p< 0.05) �i fier (r= -0.43, p<  
0.05). Concluzii. Hepcidina cre�te la pacien�ii cu PR �i anemie, iar valorile serice ale acesteia se coreleaz� cu  
inflama�ia, activitatea bolii precum �i cu Hb �i fierul seric.

Cuvinte cheie: hepcidina, anemia secundar� bolilor cornice, anemie feripriv�, poliatrit� reumatoid�, DAS 28. 
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Introduction 

RA is a chronic systemic inflammatory 
disease  causing  tissue  inflammation  that  is 
mostly localized at the level of synovial joints. 
Anemia is a common morbidity in patients with 
RA (1). ACD and IDA are two most important 
types  of  anemia  and often occur  concurrently 
(2). ACD that develops in patients with RA is 
an immune-mediated process that involves cy-
tokine synthesis. Results of immune activation 
induce changes in: iron homeostasis, erythroid 
progenitor cell proliferation, erythropoietin pro-
duction, and life span of red cells (3). IDA in 
RA patients is attributed to iron deficiency, pos-
sibly caused by gastrointestinal bleeding associ-
ated with drug treatment or different malignan-
cies (4). Hepcidin is an iron regulatory protein 
mainly produced in the liver (5) as a precursor 
(pro-hepcidin)  (pre-prohepcidin)  composed  of 
84  amino  acids  (6).  The  biologically  active 
form (hepcidin 25) is secreted into plasma (7). 
At the present, two isoforms have been isolated, 
hepcidin 20 (in serum and urine) and hepcidin 

22 (in urine), but the biological significance of 
these two forms  remains unclear  (8).  Hepcidin 
acts by binding to the cellular iron exporter fer-
roportin inducing its internalization and degrada-
tion,  and resulting trapping of  iron in erythro-
cytes,  macrophages  and  hepatocytes  (9).  An-
emia, hypoxia and inflammation regulate hepcid-
in gene expression (10). The inflammatory cy-
tokine interleukin 6 (IL-6) directly regulates hep-
cidin expression through the induction and sub-
sequent  promoter  binding  of  signal  transducer 
and activator of transcription (STAT3) (11). Hep-
cidin is considered a type II acute phase protein 
(12) and there are data that suggest that hepcidin 
is the key mediator of anemia of inflammation 
(13).  ACD and  IDA are  frequently  associated 
with RA and, although similar, their pathogenic 
mechanism is different and sometime difficult to 
differentiate. Moreover, ACD may coexist with 
IDA (ACD+IDA)  in  patients  with  RA.  Bone 
marrow biopsy is considered the best method for 
diagnosing IDA in the presence of inflammation, 
but  has  the disadvantage  of  being an  invasive 
and expensive diagnostic tool. Ferritin is used as 
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a  marker  of  for  iron  deficiency  but  even  in-
creased or normal values do not exclude with 
certainty the  presence  of  iron  deficiency,  fer-
ritin  being  an  acute  phase  reactant  which  in-
creases  during  inflammatory  process  (14).  In 
both ACD and IDA, serum iron concentration 
and transferrin saturation are reduced, reflecting 
absolute  iron  deficiency in  IDA and hypofer-
remia secondary to iron incorporation in macro-
phages in ACD (15). Soluble transferin receptor 
(sTfR) is truncated form of the tissue transfer-
ring  receptor,  present  on  cells  that  need  iron 
(14) and most importantly,  the serum concen-
tration is not increased in inflammation or in-
fection, unlike ferritin(14).

Materials and Methods

Patients

69 subjects were enrolled in this  pro-
spective  study,  54  patients  with  RA  and  15 
healthy subjects (control group). All 54 patients 
met the revised criteria for RA diagnosis of the 
American College of Rheumatology (16),  and 
control subjects were recruited from the hospit-
al personnel, without any history of inflammat-
ory disease. Exclusion criteria were macrocyt-
osis,  blood transfusion  and  iron  supplementa-
tion in the last 3 month and recent acute blood 
loss. Moreover, patients were excluded if they 
had  any signs  or  symptoms of  renal,  hepatic, 
endocrine,  hematological,  lymphoproliferative 
or  malignant  disease.  Patients  with  acute  or 
chronic infections were also excluded. The ex-
clusion criteria for the control group were the 
same as those for the RA group. Clinical assess-
ments  included  demographic  data  like  age, 
gender  and  disease  duration.  Current  medica-
tion, including non-steroidal anti-inflammatory 
drugs,  steroids,  DMARDs  (disease  modifying 
drug  therapy)  and  biological  treatment  were 
documented. The study received all the neces-
sary  approvals  from the  Ethics  Committee  of 
the  University  Hospital  Cluj-Napoca,  and  all 
patients agreed with study participation.

Samples

Blood was collected between 7:00 and 
9:00AM on the day the clinical and joint exam-
inations  were  performed.  ESR  and  complete 
hemogram (cell  blood count,  CBC) were per-
formed within 2 hours after blood collection on 
anticoagulant. For the rest of the markers, blood 
was collected in BD vacuum tubes without anti-
coagulant.  Thirty  minutes  after  blood  collec-
tion, the tubes without anticoagulant were cent-
rifuged at 3,000 g for 10 minutes. Serum was 
stored at -80° C until serial testing.

Laboratory evaluation of anemia

Anemia  was  defined  according  to 
World Health Organization criteria from 1968. 
Male  patients  with  hemoglobin  (Hb)  <13g/dl 
and  female  patients  with  Hb<12  mg/dl  were 
considered  anemic  (17)  Complete  hemogram, 
including Hb and hematocrit (Ht) levels, plate-
let and leucocytes count were performed. Red 
cell  indices  such  as  MCV (mean  corpuscular 
volume),  mean  corpuscular  hemoglobin 
(MCH), mean corpuscular hemoglobin concen-
tration (MCHC) and red cell distribution width 
(RDW) ,were also carried outusing an Abacus 
junior  automatic  analyzer  (Diatron,  Austria). 
For all parameters in the complete hemogram, 
the inter-assay CV was a maximum of 2%. En-
zyme-  linked  immunosorbent  assay  (ELISA) 
was used for the quantitative serum determina-
tion  of  hepcidin  and  sTfR,  and  the  measure-
ments  were performed on Elisa Reader  230S, 
Organon  Teknika  (Boxtel,  The  Netherlands). 
Serum hepcidin concentrations were evaluated 
using  an  ELISA  commercial  kit  for  hepcidin 
(Uscn  Life  Science  Inc.Wuhan,  China).  The 
sensitivity of the method was 0.05 ng/ml, and 
the detection range was between 0.188 and 12 
ng/ml. Serum sTfR concentrations were estab-
lished  with  a  commercial  test  kit  from R&D 
Systems Inc (Minneapolis, USA). Method sens-
itivity was 0.5 nmol/l (intra-assay CV-5.86 , in-
ter-assay CV-5.83%). sTfR values were conver-
ted from nmol to mg/l using molecular weight 
of sTfR (18). As suggested by previous studies 

19



Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

the  ratio  of  sTfR to  log  ferritin(sTfR-Findex) 
(19),  was  used  to  diagnose  different  anaemic 
profiles in our patients (3,20,21). A cut-off of 
1.5  for  sTfR-Findex as  described  in  previous 
studies  (22-24)  was  considered  in  classifying 
our patients with anemia. Patients with sTfR- F 
index value <1.5 were classified as having ACD 
and those with sTfR –F index>1.5 were classified 
as ACD+IDA. Serum ferritin concentration was 
assessed  by  electrochemiluminescence  immun-
oassay (ECLIA) on an Elecsys 1010 automatic 
analyzer (Hoffman la Roche-Switzerland) using a 
commercial kit for ferritin from Roche Diagnostic 
(Mannheim, Germany).  Quantitative serum iron 
determination  was  measured  on  a  Cobas  Mira 
plus  automatic  analyzer  (Hoffman  La  Roche, 
Switzerland) using a colorimetric method (Ferroz-
ine, Chemelex, Barcelona, Spain) (intra-assay CV 
of 4%, inter-assay CV 6%). Quantitative nephelo-
metric  determination  of  transferrin  was  estab-
lished  using  the  Turbox  Transferrin  kit  (Orion 
Diagnostica, Finland) on a semi-automated ana-
lyser (Turbox plus, Orion Diagnostica, Finland). 
Total iron binding capacity (TIBC) and transferrin 
saturation (TfS) were calculated using the follow-
ing  formulas:  TIBC(µmol/l=25.1xTf(g/L)  (25) 
and TfS(%)=Fe(mg/L)x70.9/Tf(g/l) (26)

Anemic  patients  were  also  examined 
for gastrointestinal  blood loss  by testing fecal 
occult  blood (FOBT) using an immunological 
rapid  test  (Prevent  ID,  Preventis  GmbH-Ben-
sheim, Germany) which, according to the man-
ufacturer, detects hemoglobin and hemoglobin-
haptoglobin complex.

Acute phase reactants

ESR  was  effectuated  by  Westergreen 
technique and CRP was evaluated by a nephelo-
metric   metod on the Turbox plus  semi-auto-
mated analyzer (Orion Diagnostica Finland) us-
ing a  the Turbox CRP commercial kit (intra-as-
say CV 2.6% and inter-assay CV 6.8%) from 
Orion Diagnostic Finland.

DAS 28 score

DAS 28 score is used in clinical prac-
tice  and  medical  research  to  evaluate  disease 

activity.  28  specific  joints  that  are  most fre-
quently affected by the disease are evaluated by 
a specialist in joints examination. The number 
of  painful  and swollen joints,  patient’s global 
assessment of disease activity (visual analogue 
scale),  and  ESR or  CRP are  introduced  in  a 
mathematic formula for score calculation (27). 
In our study we used ESR for score calculation 
and the calculations were performed on a DAS 
score calculator used in medical practice. Joint 
examinations were performed on the day blood 
was collected, according to necessary standards.

Statistical analysis

The SPSS/IPC+ software package ver-
sion 16.0 (SPSS Inc Chicago, USA) was used 
for  statistical  interpretation and graphical  rep-
resentations.  Metric  data  were  summarized  as 
mean  ±standard  deviation  (SD)  whenever  the 
data  proved  to  be  normally  distributed.  The 
Shapiro-Wilk and Kolmogorov-Smirnov tests at 
the significance level of 5% were used to test 
the normality. Student’s t-test was used to com-
pare  the  means  of  the  two  groups  whenever 
data  proven  to  be  normally  distributed.  The 
means between more than two groups for nor-
mally  distributed  variables  were  tested  by 
ANOVA and the post-hoc Tukey test was ap-
plied to compare the two groups. Non-paramet-
ric tests (Mann-Whitney, Krusball-Wallis, Me-
dian test) were used to test the normality.

Results

Evaluation of anemia profile in RA patients

In  the  RA  group  (n=54),  43  women 
(79.7%)  and  11  men  (20.3%)  were  enrolled. 
The control group had a similar distribution, 13 
women (86.7%) and 2 men (13.3%). In the RA 
group, 38 patients (70.4%) had anemia (the an-
emic group) and the rest (29.6 %) did not (the 
non-anemic  group).  Patients  from the  anemic 
group with sTfR-F index <1.5 were sub-classi-
fied as the ACD group (n=19) and patients with 
sTfR-F index >1.5 (n=19) were classified as the 
ACD+IDA group. The ages of the patients were 
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58.26±14.24 for the anemic group, 52.25±15.96 
for  the  non-anemic  group,  and  57±14.64  for 
control. Disease duration for RA was not signi-
ficantly  different  between  the  RA subgroups: 

10.68±10.89  years  for  the  anemic 
group  and  9.37±5.40  years  for  the 
non-anemic  one  (p>0.05).  Table  1 
presents the laboratory parameters of 
the  study  population.  ACD  and 
ACD+IDA groups  had  significantly 
higher serum hepcidin concentrations 
than controls (p<0.001, p<0.001), and 
NA group  (p=0.006,  p=0.002).  No 
difference in hepcidin levels was ob-
served between ACD and ADC+IDA 
groups  (1.18±0.68vs  1.15±.051, 
p=0.85) and between NA and controls 
(0.60±0.48 vs 0.45±0.19, p=0.66).

Figure 1 displays the hepcid-
in levels in the study groups.

In  the  RA  group  (N=54) 
patients,  the  serum  hepcidin  con-
centration  correlated  significantly 
negatively with Hb (r=-0.459) and 
serum iron(r=-0.357,  p<0.01  (Fig-
ure2).

Even though ACD group had 
Hb levels higher than patients from 
ACD+IDA  group  (11.1±1.5 
vs10.2±1.6)  the  difference  was  not 
statistically  significant.  Red  cell  in-
dices (MCV, MCH, MCHC) were not 
different  between  ACD  and 
ACD+IDA  groups.  Ferritin  levels 
were significantly lower in ACD+IDA 
group when compared with NA group 
(52.5±3.2  vs.  134.5±130.5,  p<0.01) 
and  control  (52.5±3.2  vs. 
125.9±101.3,  p<0.01).  A significant 
difference in sTfR values and serum 
iron  levels  (Table  1)  between  the 
ACD and ACD+IDA groups was ob-
served as expected (Table 1).

Anemic profile, acute phase 

reactants  and  hepcidin  values  ac-

cording to the FOBT tests

Patients  from  the  RA  anemic  group 
(n=38)  were investigated  for  FOBT.  A total 
of 34 samples were collected: 25 patients had
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Figure 1. Hepcidin levels in the serum of RA patients (n=54) and 

healthy subjects (n=15).  The RA group was  subdivided into  three 
groups: ACD (n=19), ACD+IDA (n=19) and NA (n=16).

Figure 2. Hepcidin-Hb regression in patients with RA (n=54).
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negative FOBT results and 9 had positive tests. 
The anemia profile,  hepcidin levels and acute 
phase reactants are presented in Table 2.

Patients with positive FOBT had signi-
ficantly higher hepcidin values than those that 
were FOBT negative (1.51±0.34 vs. 0.99±0.59, 
p<0.01).A significant difference in serum iron 

(55.52±29.95 vs. 32.67±17.25, p=0.039), sTfR 
(2.56±1.03  vs.  3.48±1.15,  p=0.033)  and  TfS 
(11.43±5.75  vs.  7.07±3.92,  p=0.044)  was  ob-
served.  There was no difference between Hb, 
Ht  and  red  cell  indices  (MCV,  MCH, 
MCHC)  .between  patients  with  positive  and 
positive FOBT tests.

23

Table 2. Anaemic profile, acute phase reactants and hepcidin values in RA patients with 

positive and negative FOBT results

FOBT FOBT

negative positive
p-value

Hb (g/dl)
11.1 1.4 9.9 1.9
11.2 (7.5 - 12.9) 10.4 (6.5 - 11.9)

0.122

Ht (%) 30.9 3.4 28.2 4.5 0.109

MCV( fl) 73 (55 - 87) 75 (58 - 81) 0.906

MCH (pg)
25.8 3.1 25.1 3.7
25.7 (19.6 - 32.1) 24.7 (20.1 - 30.1)

0.667

MCHC (g/dl)
35.9 1.3 35.2 2.2
35.9 (33 - 38.4) 35.8 (31.1 - 37.8)

0.531

RDW % 15.8 2.4 16.4 2.1 0.369

Fe µg/dl
55.5 29.9 32.7 17.2

32 (10 - 66)
0.018

Ferritin ng/ml 105.2 88.8 142.7 217.7 0.627

sTfR mg/l 2.6 1.0 3.7 1.7 0.025

hepcidin ng/ml 1 0.6 1.5 0.3 0.007

ESR mm/h
48.6 23.9 52.3 38.9

46 (8 - 110)
0.769

CRP mg/l 37.8 22.8 57.8 61.4 0.365

Tf g/l 3.55 (2.4 - 4.6) 3.53 (1.9 - 4.6) 0.860

TfS %
11.4 5.7 7.1 3.9

6.46 (2.8 - 12.9)
0.033

TIBCµmol/l 89.1 (59.7 - 116.2) 88.6 (49.2 - 115.7) 0.860

Data are presented as mean, standard deviation (SD), and median (minimum - maximum), where the values were not normally dis-
tributed. The p values correspond to differences in the parameters between patients with positive and negative FOBT results.
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Inflammation  markers  (ESR,  CRP) 

and DAS 28 score in patients with RA

Acute phase reactants (ESR, CRP) and 
DAS 28 score were evaluated (Table 3).

A  positive  correlation  was  observed 
between hepcidin and parameters used for disease 
activity ESR (r=0.352,  p<0.01),  CRP (r=0.369, 
p<0.01) and DAS28 (r=0.289, p<0.05).

Discussion

In  2000,  a  novel  human  peptide  with 
antimicrobial activity named LEAP1 (liver ex-
pressed antimicrobial peptide) was isolated and 
characterized using a mass spectrometric assay 
(28). One year later, a group of independent sci-
entists reported the isolation of the same pep-
tide,  which  they  named hepcidin  (29).  In  the 
same year, results showing that hepcidin acts as 
a signaling molecule involved in the mainten-
ance of iron homeostasis were published (30). 

Since then, there has been a lot of interest re-
garding hepcidin involvement in iron metabol-
ism disorders and reliable assays measuring the 
peptide  in  body  fluids  have  been  developed. 
There are  only a  few published studies  using 
small  patient numbers that have explored pro-
hepcidin or hepcidin levels in individuals with 
inflammatory diseases and the results have been 
inconsistent. A study published in 2008 showed 
that serum pro-hepcidin levels in patients with 
RA  and  systemic  lupus  erythematosus  (SLE) 
did  not  correlate  with  disease  activity  scores, 
serum iron status  in the RA and SLE groups 
(31). Another study reported that pro-hepcidin 
concentration  was  correlated  with  CRP,  ESR 
and DAS score (32), results that are similar to 
ours. Although we observed in our study a cor-
relation  between  hepcidin  and  ferritin,  it  was 
not statistically significant as previous reported 
(33,  34).  Acute  inflammation  induced  by  a 
single turpentine injection elicits a two-fold re-
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Table 3. Acute inflammatory markers and DAS 28 score in the study group (n=69).

ESR (mm/h) CRP (mg/L) (DAS 28 score) Hepcidin (µg/L)

mean SD mean SD mean SD mean SD

RA 

group 

(n=54)

ACD

(n=19)
37 33.9 47.3 44.8 7 1.1 1.2           0.7

ACD+IDA

(n=19)
42 16.3 39.3 24.5 7 1.1 1.2 0.5

NA

(n=16)
23.1 18.8 24.8 13.2 5.1 2.0 0.6 0.5

Control (n=15) 11.3 7.9 8.7 3.8 - - 0.5 0.2

p-values

ACD vs. ACD+IDA 0.2 0.9 0.9 0.9
ACD vs. NA <0.001 0.1 0.01 0.006

ACD+IDA vs. NA 0.002 0.1 0.01 0.002

ACD vs. Control <0.001 <0.001 - <0.001

ACD+IDA vs. Control <0.001 <0.001 - <0.001

NA vs. Control 0.04 <0.001 - 0.7

Data  are presented as  mean  and standard deviation (SD).  The p values  correspond to  differences  in  the parameters 
between RA and control groups. 

Abbreviations: NA – non-anaemic group of RA patients, ESR - Erythrocyte Sedimentation Rate, CRP – C-Reactive
Protein, DAS 28 score - Disease Activity Score in 28 articulations.
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duction  in  serum  iron  levels  in  wild-type 
mice(35), but this effect is blunted in hepcidin 
deficient mice(10). These observations suggest 
that  hepcidin  plays  an  important  role  in  iron 
homeostasis  in  the  presence  of  inflammation. 
Our  patients  had  a  negative  iron  correlation 
with hepcidin levels, results that confirm previ-
ous  assertions.  Remarkably,  hepcidin  expres-
sion was not changed in NA group, suggesting 
that anemia is a stronger stimulus for hepcidin 
synthesis. One study reported that serum hep-
cidin  levels  in  patients  with  different  anemia 
profiles were statistically different from high to 
low: ACD, AcI> ACD/IDA (AcI= acute inflam-
mation  anemia,  ACD/IDA-anemia  of  chronic 
disease with concomitant iron deficiency (36). 
Although in our study patients from ACD group 
had  higher  serum  hepcidin  levels  than 
ACD+IDA group, the difference was not signi-
ficant.  Patients  with  gastrointestinal  occult 
bleeding had higher serum hepcidin levels than 
those without bleeding and also had a more act-
ive RA disease based on the DAS28 score and 
the correlations with acute phase reactants. Ac-
cording to the anemic profile, significant correl-
ations were observed between hepcidin and Hb 
and TfS in ACD+IDA patients. Any other cor-
relation between hepcidin and iron metabolism 
parameters  was  not  statistically  significant  in 
the ACD and ACD+IDA groups.  When com-
pared the results from different studies it is im-
portant to mention that our anemic groups were 
classified after  a cut-off  value of 1.5 was ap-
plied to the anemic RA patients using the sTfR-
F index. Hepcidin was not able to differentiate 
concomitant iron deficiency in our patients, as 
recently demonstrated by a study conducted on 
a larger study population (37).

Patients  with  positive  FOBT  results 
tend to develop a more active disease than those 
with  negative  results  (ESR:  52.33± 38.92  vs. 
48.60± 23.89;  CRP:  57.33± 61.44  vs.  37.76± 
22.77). This could explain the increased hepcid-
in values in patient with fecal occult bleeding 
than  those without  (1.51±0.35 vs.  0.99±0.59). 

Furthermore, this could be an argument that in 
the concomitant presence of anemia and inflam-
mation, inflammation controls hepcidin expres-
sion.  Hepcidin  levels  determined  by  various 
methods vary considerably, although the analyt-
ical variation is generally low and similar for all
methods (38).  Our patients had relatively low 
hepcidin levels compared to other studies, not 
only because of the test used, but also because 
of possible circadian variations in the hepcidin 
values (39); our biological samples were collec-
ted between 7:00 AM and 8:00 AM. Some of 
the difficulties in determining hepcidin concen-
trations  in  RA  patients  are  related  to  age-
matched  groups,  duration  of  the  disease  and 
treatment. In addition to the difficulties linked 
to a non-homogeneous study population, there 
are difficulties related to the tests used for hep-
cidin determination in clinical research because 
hepcidin has a tendency to form aggregates and 
adhere to surfaces (40). There are two most im-
portant limitations of this report: firstly the ab-
sence of bone marrow examination for diagnos-
is  of  iron  deficiency  and  secondly,  the  small 
number  of  subjects for  each study sub-group. 
Given the absence of a gold standard procedure, 
conventional tests were used for detecting iron 
deficiency in our patients. 

Conclusion

Serum hepcidin  levels  increase  in  pa-
tients with RA and anemia, and they correlate 
with Hb levels, serum iron and disease activity.
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