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Abstract 

Background  Rheumatoid arthritis (RA) is a chronic systemic autoimmune inflammatory disorder characterized 
by synovial inflammation that leads to joint damage, bony erosions, and related deformities. Between 30 and 70% 
of RA patients will experience anemia. Early detection of anemia is of great importance. This study aimed to evaluate 
the serum level of hepcidin (HEP) in RA patients and to assess its relation to disease activity and anemia. The cur-
rent cross-sectional study included 44 cases with RA in addition to 44 healthy controls. The disease activity in the RA 
patient was assessed by using the disease activity score (DAS) 28 score-CRP. The serum levels of HEP and ferritin were 
assessed in both groups using enzyme-linked immunosorbent assay (ELISA) technique.

Results  Hepcidin level in the RA group was statistically significantly higher as compared to the control group 
(p = 0.001). The prevalence of Anemia of chronic disease (ACD) was 40.9%, and iron deficiency anemia (IDA) 
was 27.3% which accounted for 68.2% of the total anemia cases. The HEP level was statistically significantly higher 
in the RA patients with ACD than those without anemia (P = 0.028), RA patients with IDA (P < 0.001), and control 
group (P < 0.001). There was a statistically significant positive correlation between HEP level and serum ferritin level 
(p = 0.005). HEP level was significantly and inversely correlated with hemoglobin (Hb) in patients with ACD. Serum HEP 
level is higher in RA patients with high disease activity than those with moderate activity, low activity, and patients 
in remission (p = 0.380). However, the difference was not statistically significant. The best cutoff point of HEP level 
to identify RA patients from healthy controls was > 355.5 Pg/ml. This point showed moderate sensitivity (70.5%) 
with moderate specificity (63.6%) with a statistically significant value.

Conclusions  We found the anemia, and particularly ACD, is more common in RA patients. In RA patients with ACD, 
serum HEP levels were considerably higher. Although serum HEP showed no diagnostic significance when it came 
to evaluating disease activity, it could be a dependable non-invasive biomarker for the diagnosis of various forms 
of anemia in RA patients.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune disorder 
that causes progressive inflammation in the synovial tis-
sue and destruction of joints [1].

A portion of RA patients also experience extra-articu-
lar symptoms and consequences, including lung disease, 
osteoporosis, and anemia, in addition to joint damage 
[1]. Anemia affects 30–70% of RA patients. Anemia may 
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predict radiographic progression in RA, and RA patients 
with anemia had a more severe course and physical dis-
ability [2, 3].

Diagnosing RA anemia early on is essential. However, 
iron deficiency anemia (IDA) and anemia of chronic dis-
ease (ACD), which are the most prevalent causes of RA, 
can coexist, making the differential diagnosis challeng-
ing. [4].

Hepcidin (HEP) is an antimicrobial liver-derived pep-
tide. This type-II acute-phase protein is produced by 
inflammatory cytokines, particularly IL-6 [5].

During inflammation, anemia, and hypoxia, HEP 
expression increases [6]. HEP binds to ferroportin and 
degrades it, making it an inflammatory mediator and 
negative iron regulator [7]. HEP is also a key mediator of 
ACD due to its association with inflammatory cytokines 
and iron metabolism [8].

Hepcidin is not routinely tested for RA, but it can 
assess disease activity and diagnose anemia [9]. Nonethe-
less, there was no correlation between serum HEP levels 
and ACD or RA activity in certain investigations [10, 11].

Consequently, there was a contradictory relationship 
between HEP and RA. For this reason, the current study 
was conducted to evaluate the serum level of HEP in RA 
patients and to assess its relation to disease activity and 
anemia.

Patients and methods
Study design and participants
This is a cross-sectional study that was conducted for 
1 year. An equal number of age- and sex-matched healthy 
control volunteers and 44 RA patients were chosen selec-
tively in this study.

Eligibility criteria
Rheumatoid arthritis patients who will participate in the 
study should fulfill American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) 
2010 criteria for diagnosis of RA [12].

The group of RA patients will then be subdivided 
according to the laboratory results according to ane-
mic or not and type of anemia (ACD or iron deficiency 
anemia).

Assessment of serum level of HEP was conducted by 
using an ELISA Kit (Catalogue No.: EH3221) (Wuhan 
Fine Biotech Co., Ltd.). Assessment of serum level of fer-
ritin was conducted by using of ferritin ELISA Kit (Cat-
alogue No.: FR248T) (The Calbiotech, Inc. (CBI)). Both 
were conducted according to the manufacturers’ guide-
lines. The study is conducted in accordance with Helsinki 
Standards as revised in 2013 [13] and after approval of 
the local research ethical committee. Informed verbal 

consent will be obtained from each participant sharing in 
the study.

Exclusion criteria
The cases with the following criteria were excluded: asso-
ciated anemia due to other causes (e.g., renal disease, 
liver disease especially viral hepatitis, heart failure, and 
autoimmune diseases other than RA) from past history 
and examination when needed, pregnancy, malnutri-
tion, hematological diseases like thalassemia and sickle 
cell anemia, medication consumption for anemia, except 
folic acid in methotrexate or sulfasalazine therapy, malig-
nancy, and acute and chronic infections.

Sociodemographic and clinical assessment
A thorough medical history, physical examination, and 
local examination were administered to all individu-
als aged 18 or more who were considered for the study. 
Disease activity was assessed using disease activity score 
(DAS) 28-CRP. The DAS28 consists of a 28 tender joint 
count (range 0–28), and a 28 swollen joint count (range 
0–28), in addition to measurement of the CRP and 
Patient Global Assessment (PGA). Score interpretation 
is as follows: > 5.1 suggests high disease activity, > 3.2–5.1 
suggests moderate disease activity, 2.6–3.2 suggests mild 
disease activity, and < 2.6 suggests disease remission [14].

Laboratory assessment
All subjects had their venous blood drawn first thing in 
the morning following a night of fasting to get the follow-
ing readings: complete blood count (CBC) [15], eryth-
rocyte sedimentation rate (ESR) [16], C-reactive protein 
(CRP) [17], rheumatoid factor (RF) by ELISA technique 
[18], anti-cyclic citrullinated peptide (anti- CCP) [19], 
liver function tests (including serum aspartate transami-
nase [AST], alanine transaminase [ALT], and serum bili-
rubin) [20], and kidney functions tests (serum creatinine) 
[20].

The group of RA patients was subdivided according to 
the laboratory results whether anemic or not and type of 
anemia (ACD or IDA) according to ferritin level. Patients 
were considered anemic if their hemoglobin (Hb) 
was ≤ 11.5 g/dL for women and ≤ 13.5 g/dL for men [21].

Sample size
Based on data from the literature [10], considering the 
level of significance of 5%, and power of study of 80%, 
and based on data from the literature, the sample size 
can be calculated using the following formula: Sample 
size = [(Z1-α/2)2.SD2]/d2, where Z1-α/2 = is the standard 
normal variate, at 5% type 1 error, it is 1.96; SD is stand-
ard deviation of variable; and d is absolute error or preci-
sion. So, sample size = [(1.96)2.(684.97)2]/(202.4)2 = 43.9. 
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Based on the above formula, the sample size required for 
the study is 44 in each group.

Statistical analysis
Study data were analyzed using Statistical Package for 
Social Sciences (SPSS) version 25 for Windows (IBM, 
SPSS Inc, Chicago, IL, USA). Categorical data were 
expressed in number and percent. The Chi-Square test 
(Monte-Carlo test) made the comparison between two 
or more groups with categorical data. The quantitative 
data were tested whether normally distributed or not by 
using the Kolmogorov–Smirnov test and were expressed 
as median ± SD if parametric or median (range) if non-
parametric. Three groups were compared using quanti-
tative variables that followed a normal distribution using 
the one-way ANOVA test. In the case of abnormally dis-
tributed data, the Kruskal–Wallis test was applied. Post 
hoc Tukey or Bonferroni tests were conducted instead of 
ANOVA and the Kruskal–Wallis test, respectively. Cor-
relation of numeric data was done by Pearson’s or Spear-
man correlation (r). The receiver operator characteristic 

(ROC) curve was used to detect the best cutoff point of 
the quantitative variable in differentiating two classes 
of binary categorical outcomes. The dependent and 
independent risk variables were examined using uni-
variate and multivariate logistic regression analysis. P 
values < 0.05 are considered significant.

This study followed STROBE guidelines [22].

Results
In this study, 44 individuals with RA and 44 healthy 
controls (matched for age and sex) were included. RA 
patients were on one or more drugs. Twenty-three were 
using methotrexate and hydroxychloroquine, 4 were 
using leflunomide, 11 were using anti-TNF, 3 were using 
salazopyrin and 3 were on baricitinib. Table 1 shows the 
sociodemographic data of RA patients and controls.

The laboratory analysis in the two study groups is 
shown in Table  2; RBC (red blood cell) count, MCV 
(mean corpuscular volume), MCHC (mean corpuscular 
hemoglobin concentration), and platelets (PLTs) count 
were statistically significantly lower in the RA cases 

Table 1  Sociodemographic data of RA patients and controls

t = independent samples t-test

χ2 = Chi-square test

p Value: significant if ≤ 0.05

p Value: highly significant if ≤ 0.001

RA cases (N = 44) Controls (N = 44) Test of significance

Age (years) 44.70 ± 7.77 43.95 ± 7.93 t = 0.448
p = 0.655

Gender Male 17 38.6% 18 40.9% χ2 = 0.047
P = 0.828Female 27 61.4% 26 59.1%

Residence Urban 27 61.4% 24 54.5% χ2 = 0.420
P = 0.517Rural 17 38.6% 20 45.5%

Smoking 16 36.4% 18 40.9% χ2 = 0.192
P = 0.661

Occupation Housewives 18 40.9% 14 31.8% χ2 = 0.847
P = 0.618Manual work 13 29.5% 14 31.8%

Office work 13 29.5% 16 36.4%

Disease duration (years) 10 (2 − 20)

Duration of morning stiffness (minutes) (minutes) 62 (11 − 149)

Number of tender joints 5 (1–10)

Number of swollen joints 2 (0–7)

Extra-articular manifestations Number (Percent)
Gastritis 26 (59.1%)

Rheumatoid nodules 24 (54.5%)

Cutaneous vasculitis 13 (29.5%)

Pleurisy 12 (27.3%)

Interstitial lung disease (ILD) 11 (25%)

Carpel tunnel syndrome 11 (25%)

Raynaud’s phenomenon 8 (18.2%)

Sicca symptoms 7 (15.9%)
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compared to the control group (P < 0.001, 0.002, < 0.001 
and < 0.001 respectively). On the other hand, RDW (red 
cell distribution width), AST, ESR, and CRP were sta-
tistically significantly higher in the RA cases than in 
the control group (P < 0.001 < 0.024, < 0.001, and < 0.001 
respectively). Rheumatoid factor was positive in 77.3% 
of the cases in the RA group, while it was positive in 
18.3% in the control group, with a high statistically sig-
nificant difference between the two groups (p < 0.001). 
Anti-cyclic citrullinated peptides (CCP) antibodies 
were positive in 90.9% of the RA cases, while it was 
negative in all the cases in the control group, with a 
high statistically significant difference between the 
two groups (p < 0.001). The mean HEP level in the RA 
group was 409.51 ± 136.19 pg/ml which was statistically 
significantly higher as compared to the control group 
(337.16 ± 41.79 pg/ml) (p = 0.001).

In the RA group, there were 14 non-anemic patients 
(31.8%), 18 patients had ACD (40.9%), and 12 patients 
had IDA (27.3%). The mean DAS-28 (CRP) score in 
the RA cases was 4.08 ± 1.095. According to this score, 
there were 6 cases (13.6%) in remission, 6 cases (13.6%) 

with low disease activity, 22 cases (50%) with moderate 
activity, and 10 cases (22.7%) were highly active.

There was a statistically significant positive correlation 
between HEP level and serum ferritin level (r = 0.476, 
p = 0.005). Other clinical and laboratory variables did not 
show any significant correlation with serum HEP levels in 
RA patients (Table 3).

There was no statistically significant difference in HEP 
level in the cases with RA between male and female 
patients. Similarly, no statistically significant difference 
was found between RA patients with positive or nega-
tive RF and positive or negative Anti- CCP antibodies 
(Table 4).

Serum HEP level is higher in RA patients with high dis-
ease activity than those with moderate activity, low activ-
ity, and patients in remission. However, the difference 
was not statistically significant (p = 0.380) (Table 5).

The HEP level was statistically significantly higher in 
the RA patients with ACD (493.94 ± 105.72  pg/ml) than 
those without anemia (413.29 ± 106.27 pg/ml) (P = 0.028), 
RA patients with IDA (277.17 ± 105.34 pg/ml) (P < 0.001), 
and control group (337.16 ± 41.79 pg/ml) (P < 0.001). The 

Table 2  Laboratory analysis in RA patients and control

RBCs Red blood cells, MCV Mean corpuscular volume, MCHC Mean corpuscular hemoglobin concentration, RDW Red cell distribution width, WBCs White blood cells, 
PLTs Platelets, ALT Alanine transaminase, AST Aspartate aminotransferase, ESR Erythrocyte sedimentation rate, CRP C-reactive protein

t independent samples t-test, Z Mann–Whitney test, χ2 Chi-square test
* statistically significant (p ≤ 0.05)
** highly statistically significant (p ≤ 0.001)

RA cases (N = 44) Controls (N = 44) p Value Test of significance

Hemoglobin (gm/dl) (mean ± SD) 11.55 ± 1.91 13.63 ± 1.57  < 0.001** t =  − 5.580

RBCs (106/ml) (mean ± SD) 3.96 ± 0.51 4.27 ± 0.43 0.002* t =  − 3.120

MCV (fl/cell) (mean ± SD) 81.23 ± 7.28 88.09 ± 3.95  < 0.001** t =  − 5.495

MCHC (gm/dl) (mean ± SD) 27.38 ± 4.86 32.11 ± 1.79  < 0.001** t =  − 6.602

RDW (%) (mean ± SD) 14.64 ± 2.49 12.27 ± 1.13  < 0.001** t = 5.739

WBCs (103/ml) (mean ± SD) 8.28 ± 2.74 7.77 ± 2.10 0.333 t = 0.975

PLTs (103/ml) [median (range)]/µl) 227 (88–374) 323 (135–495)  < 0.001** z =  − 3.756

Ferritin (ng/mL) [median (range)] 48.8 (5.3–106.7) 55 (9.6–124) 0.499 z =  − 0.676

Serum creatinine (mg/dl) (mean ± SD) 0.99 ± 0.22 1 ± 0.26 0.825 t =  − 0.222

Serum bilirubin (mg/dl) [median (range)] 0.715 (0.38–0.98) 0.7 (0.25–1.09) 0.809 z =  − 0.242

ALT (Iu/L) (mean ± SD) 32.68 ± 7.83 30.93 ± 7.13 0.276 t = 1.096

AST (Iu/L) (mean ± SD) 36.73 ± 7.58 32.95 ± 7.85 0.024* t = 2.293

ESR (mm/h) [median (range)] 33 (8–124) 12 (5–17)  < 0.001** z =  − 5.772

CRP (mg/dl) [median (range)] 14 (3–26) 7 (1–12)  < 0.001** z =  − 5.564

Hepcidin level (Pg/ml) 409.51 ± 136.19 337.16 ± 41.79 0.001* t = 3.352

Rheumatoid factor

  Positive 34 (77.3%) 8 (18.2%)  < 0.001** χ2 = 30.791

  Negative 10 (22.7%) 36 (81.8%)  < 0.001**

Anti-cyclic citrullinated peptides (CCP) antibodies

  Positive 40 (90.9%) 0 (0%)  < 0.001** χ2 = 76.813

  Negative 4 (9.1%) 44 (100%)  < 0.001**
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HEP level was statistically significantly higher in RA 
patients without anemia (413.29 ± 106.27 pg/ml) as com-
pared to both RA patients with IDA (277.17 ± 105.34 pg/
ml) (P < 0.001) and control group (337.16 ± 41.79  pg/
ml) (P = 0.013). The level of HEP in the control group 

(337.16 ± 41.79 pg/ml) was higher as compared to the RA 
patients with IDA (277.17 ± 105.34 pg/ml), but it did not 
reach a statistically significant value (P = 0.104) (Table 5).

Table  6 shows that the best cutoff point of HEP level 
to identify RA patients from healthy controls was > 355.5 
Pg/ml. This point showed moderate sensitivity (70.5%) 
with moderate specificity (63.6%) with a statistically sig-
nificant value (p < 0.001*) and AUC (0.700) (Fig. 1).

Discussion
In our study, we combined the evidence of HEP status 
in RA with the correlation between serum HEP level 
and RA activity as well as anemia. Several studies have 
investigated this relationship; however, the results were 
inconsistent with controversial results. In order to bet-
ter understand the relationship between disease activity, 
anemia, and HEP serum levels in RA patients, the pre-
sent study set out to do just that.

The current study included 44 cases with RA in addi-
tion to 44 age and sex-matched subjects as a control 
group. In the RA group, there were 14 NA patients 
(31.8%), 18 patients had ACD (40.9%) and 12 patients had 
IDA (27.3%).

This result agreed with that of Kadu et al.  [23] who 
included 60 patients with RA; anemia was present in 60% 
(36/60) of patients, ACD in 55.5% (20/60) and IDA in 
44.4% (16/60).

The current results also came in agreement with Borah 
and Iqbal  [24] which included 31 patients with RA. Ane-
mia was observed in 20 patients (64.5%). Out of the 20 
anemic patients, 12 patients (60%) were found to be hav-
ing ACD and 8 patients (40%) were found to be having 
IDA.

In the current study, ACD was observed in 60% 
(18/30) of anemic patients. This supports Borah and 

Table 3  Correlation of hepcidin level with clinical and laboratory 
data in RA group

DAS Disease activity score, RBCs Red blood cells, MCV Mean corpuscular volume, 
WBCs White blood cells, PLTs Platelets, ALT Alanine transaminase, AST Aspartate 
aminotransferase, ESR Erythrocyte sedimentation rate, CRP C-reactive protein, rs 
Spearman’s correlation, p probability
* statistically significant (p = 0.05). Ferritin is statistically significant with hepcidin

Variables Hepcidin

Rs P

Age (years) 0.021 0.893

Disease duration (years) 0.173 0.261

Duration of morning stiffness (minutes) 0.112 0.469

Tender joint count  − 0.127 0.412

Swollen joint count  − 0.048 0.758

ESR (mm/h)  − 0.001 0.996

CRP (mg/dl)  − 0.054 0.729

Patient Global Assessment (PGA) 0.087 0.576

DAS-28 (CRP)  − 0.038 0.807

HGB (gm/dl)  − 0.182 0.237

MCV (fl/cell)  − 0.032 0.837

MCHC (gm/dl)  − 0.111 0.743

RDW (%) 0.189 0.651

Ferritin (ng/mL) 0.476 0.005*
RBCs (106/ml) 0.095 0.541

WBCs (103/ml)  − 0.005 0.973

Platelets (103/ml) 0.250 0.102

Creatinine (mg/dl) 0.145 0.349

Serum bilirubin (mg/dl) 0.080 0.607

ALT (IU/L) 0.175 0.255

AST (IU/L) 0.171 0.267

Table 4  Comparison of hepcidin level in RA patients according to gender, RF, and anti-CCP antibodies

p probability

Continuous data are expressed as mean ± SD

t independent samples t-test

Variables Hepcidin level (Pg/ml) p Value Test of significance

Gender
  Males (n = 17) 360.35 ± 140.99 0.058 t =  − 1.946

  Females (n = 27) 439.89 ± 126.12

Rheumatoid factor
  Positive (n = 34) 417.70 ± 120.71 0.825 t = 0.233

  Negative (n = 10) 406.65 ± 142.01

Anti-cyclic citrullinated peptides (CCP) antibodies 0.479 t = 0.714

  Positive (n = 15) 429.67 ± 114.10

  Negative (n = 29) 398.55 ± 147.08
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Iqbal [24] and Sabău et  al.’s [25] findings that ACD is 
present in 60% and 52.6% of anemic RA patients, since 
ACD is the most common anemia in RA.

While comparing the RA group to the control group, 
we found that the RA group had a mean HEP level that 
was statistically significantly higher.

This finding is consistent with the meta-analysis of 
eleven trials that found significantly higher serum HEP 
levels in RA patients, which included 664 RA patients 
and 319 healthy controls [9].

The latest results matched Stefanova et  al.’s [26] 114 
RA patients and 42 healthy controls. RA patients had 
higher pro-hepcidin levels than healthy controls.

The results also supported Dagli et al.’s [27] study that 
indicated RA patients had greater serum pro-hepcidin 
and HEP levels than healthy controls.

Abdel-Khalek et  al. [28] found that anemic RA 
patients had higher serum HEP than controls. HEP lev-
els may rise due to high IL-6 levels, which induce HEP 
and cause RA.

However, the current results differed from Teke et  al. 
[29] which included 15 RA patients and 31 controls. They 
found no significant difference in HEP levels between 
groups.

The current results contradict Jayaranee et al. [11], who 
collected blood from 20 healthy and 60 RA patients. HEP 
levels were not statistically different between cases and 
controls.

Despite inflammation, hypoxia may explain the latter 
studies’ lack of significant difference from control groups. 
Method of test, circadian variations in HEP values, and 
individual variations due to age, disease duration, and 
treatment may affect results. Clinical research HEP tests 
are also difficult because HEP aggregates and sticks to 
surfaces [30].

In the current study, the HEP level was statistically 
significantly higher in the RA patients with ACD than 
those without anemia, RA patients with IDA, and control 
group.

This supported Khalaf et al.’s [31] finding that ACD had 
the highest serum HEP level compared to ACD/IDA, 
IDA non-anemic (NA), and control, which was statisti-
cally significant.

Table 5  Comparison of hepcidin level according to disease activity by DAS-28 (CRP) and according to anemia

p probability, KW Kruskal–Wallis test

Disease activity Remission (N = 6) Low activity (N = 6) Moderate activity (N = 22) High activity (N = 10) Test of significance

Hepcidin level (Pg/ml) 392.17 ± 117.05 407.41 ± 122.50 417 ± 112.89 418.50 ± 196.40 KW = 1.179
P = 0.380

Type of anemia RA (non-anemic)
(N = 14)

RA (ACD)
(N = 18)

RA (IDA)
(N = 12)

Control
(N = 44)

Test of Significance

Hepcidin level (Pg/ml) 413.29 ± 106.27
A

493.94 ± 105.72
B

277.17 ± 105.34
C

337.16 ± 41.79
C

KW = 23.740

Table 6  Predictive value of hepcidin level in differentiating RA 
patients from controls

PPV Positive predictive value, NPV Negative predictive value
* statistically significant (p ≤ 0.05)

Diagnostic criteria Hepcidin 
level (Pg/
ml)

AUC​ 0.700

Cut off point  > 355.5

P 0.001*

Sensitivity 70.5%

Specificity 63.6%

PPV 68.4%

NPV 72.2%

Accuracy 65.7%

Fig. 1  ROC curve of Hepcidin level (Pg/ml) in differentiating RA 
patients from controls
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RA patients had high HEP levels, higher in the ACD 
subgroup than in the ACD + IDA subgroup and higher 
than in controls, according to Abdel-Khalek et al. [28].

Van Santen et al. [32] found that the IDA RA group had 
the lowest HEP median level, which suppresses HEP and 
induces gut iron absorption, making it a potential bio-
marker for iron deficiency in inflammatory conditions.

Although there is no correlation between anemia and 
serum pro-hepcidin, there is a correlation between the 
major disease process and its activity as revealed by Kim 
et  al. [33]. The concentration of pro-hepcidin was not 
different in patients with ACD compared to those with-
out. The fact that serum pro-hepcidin may not provide 
an accurate picture of iron status in a diseased human 
population may account for this. Another theory is that 
RA’s inflammatory response causes an overproduction 
of HEP, which, if expressed at an unhealthy level, could 
disrupt the body’s usual physiological response to iron 
metabolism.

The present investigation confirms previous findings 
that serum HEP level is a strong predictor of Hb level. 
Consistent with the findings of Sabău et al. [30], we found 
that in ACD patients, there was a strong inverse relation-
ship between HEP concentration and Hb.

Demirag et  al. [34] included 40 RA patients, 19 of 
whom had anemia and 21 of whom did not, in line with 
our findings. Only 10 out of 19 patients with anemia had 
iron deficiency as the cause of their condition. Compared 
to other groups, the authors found that the RA group 
with non-IDA had higher serum HEP [34].

According to research conducted by Swellam et al. [35], 
there is a strong correlation between HEP and laboratory 
anemia profiles. This suggests that HEP binds to ferro-
protein, which in turn decreases intestinal iron absorp-
tion and prevents iron mobilization from macrophages 
and hepatocytes. As a result, low serum iron levels and 
anemia are caused by decreased iron reutilization [35].

Inflammation-induced HEP production may be bal-
anced by iron deficiency in these patients. In that case, 
low CRP and low HEP indicate iron deficiency, high CRP 
and high HEP indicate inflammation, and high CRP and 
low HEP indicate both [36].

The current study differed from Sahebari et  al. [10], 
which enrolled 80 RA patients (36 with ACD and 44 
without ACD). They found no significant difference in 
median (interquartile range) HEP levels between RA with 
and without ACD (1207 [985.2] vs. 923.8 [677.3] ng/mL; 
P = 0.57) [10].

The variations in the results could be due to different 
distribution and prevalence of anemia in the included 
studies [10, 30].

A statistically significant positive correlation was 
found between HEP and serum ferritin in this study. 

Other RA patients’ clinical and laboratory variables did 
not correlate with serum HEP.

Khalaf et al. [31] found high correlations between fer-
ritin, hs-CRP, DAS28, and ESR with HEP (P < 0.001), 
while Hb, serum iron, and TIBC were negatively cor-
related (P values of 0.016, 0.022, and < 0.001).

High-activity RA patients had higher serum HEP lev-
els than moderate-activity, low-activity, and remission 
patients in this study. The difference was not statisti-
cally significant.

Within the same line, the current study agreed 
with Sahebari et al.  [10] that showed that HEP level 
is higher in RA patients with high disease activity 
(DAS28-ESR > 5.1) than in those inactive to moderately 
active (DAS28-ESR > 5.1). Active RA and inactive to 
moderately active RA groups did not differ significantly 
[10].

Chen et al. [9] found that serum HEP positively corre-
lated with RA disease activity measured by RF, DAS28, 
and ESR, but the current results disagreed.

Further, Emerah et al. [37] found a correlation between 
prohepcidin, RF, CRP, ESR, and DAS28 in Egypt. The 
HEP of active RA patients was significantly higher than 
that of inactive-to-moderate patients [37].

Results may vary because people from different regions 
have different genetics, physical conditions, and environ-
mental factors. HEP levels can also be affected by ELISA 
kits, anemia criteria, and disease activity.

Hepcidin, ferritin, and haptoglobin are produced in 
the liver as acute-phase reactants, and their expression 
is dependent on interleukin-6 (IL-6) signaling. Tocili-
zumab is a humanized monoclonal antibody that inhib-
its IL-6 binding to its receptor. The interrelationships of 
interleukin (IL)-6 receptor inhibition with iron metabo-
lism markers including hepcidin have been determined 
in patients with RA and hepcidin levels fell alongside 
increases in hemoglobin after treatment with tocilizumab 
[38].

Similarly, Song et  al. [39] noted that hepcidin-medi-
ated iron metabolism may contribute to the pathogen-
esis of RA-related anemia. Moreover, tocilizumab was 
more effective than TNF-α inhibitors for improving ane-
mia and normalizing iron metabolism in RA patients by 
inhibiting hepcidin production [39].

In the current study, the best cutoff point of HEP level 
to identify RA from healthy control was > 355.5 Pg/ml. 
This point showed moderate sensitivity (70.5%) with 
moderate specificity (63.6%) with a statistically signifi-
cant value (p < 0.001) and AUC (0.700).

No previous studies have reported the diagnostic cutoff 
point of HEP in the diagnosis of RA. It could provide a 
simple test for early detection of RA, but its validation is 
still needed for further studies.
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Limitations
The current study has some limitations such as the small 
sample size of the included cases. Also, the cases were 
recruited from a single center that could not reflect the 
effect of the geographic factors on the results.

At last, the cross-sectional nature of the study did not 
give a conclusion on the effect of treatment on anemia 
and its relation to the marker level.

Conclusion
Anemia, particularly ACD and IDA, is highly prevalent 
in rheumatoid arthritis. In patients with RA, serum HEP 
may be a useful non-invasive biomarker for the diagnosis 
of various forms of anemia. However, the marker has no 
significant correlation with RA disease activity.

Recommendations
Further prospective interventional studies should be con-
ducted to determine the effect of therapy on anemia in 
cases with RA and determine the value of hepcidin in the 
assessment of anemia response for treatment. Moreover, 
further studies should be performed to validate the use of 
HEP as a diagnostic biomarker of anemia in other rheu-
matological diseases. Further studies are necessary to 
explain how HEP is directly involved in RA pathogenesis. 
In addition, future studies to determine serum levels of 
HEP at different time points during the clinical course of 
RA patients will be needed to confirm our results.
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