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Abstract Systemic Lupus Erythematosus is an autoim-

mune disease with female preponderance. Anemia is found

in 50% of Systemic Lupus Erythematosus patients. This is

a cross sectional case control study with 30 female Sys-

temic Lupus Erythematosus patients having inflammation

associated anemia (Hemoglobin\ 10.0 gm/dl) and 30 age

matched controls with the aim to measure serum hepcidin

and ferritin levels, correlate and study their role as home-

ostatic regulators of iron metabolism and utility as markers.

Serum transferrin, ferritin, iron, total iron binding capacity,

hsCRP, liver enzymes and renal parameters were analyzed

by using automated analyser. Hepcidin levels were esti-

mated by Sandwich-ELISA method. There was significant

decrease in Iron (p\ 0.0001), Iron Binding capacity

(p\ 0.0001), Transferrin (p\ 0.0001) in patients, and a

significant increase in inflammatory markers: hs-CRP

(p\ 0.0001), ESR (p\ 0.0001) compared to controls.

Significant increase in both Hepcidin (p\ 0.0001) and

Ferritin (p\ 0.0001) was observed in patients with sig-

nificant positive correlation (r = 0.711) with each other.

Additionally, ferritin and hepcidin significantly positively

correlated with hs-CRP and ESR (r = 0.526, 0.735);

(r = 0.427, 0.742) respectively. Negative correlation with

hemoglobin, iron, total iron binding capacity and trans-

ferrin with hepcidin (r = - 0.80, - 0.307, - 0.553,

- 0.584) and ferritin (r = -0.722, - 0.22, - 0.654,

- 0.728) was observed respectively. On ROC analysis

both hepcidin and ferritin has sensitivity of 96.7%, speci-

ficity of 100% at cut-off values of 110 and 49 respectively.

AUC of hepcidin was 0.993 and ferritin was 0.978. We

have established a positive linear correlation between

Hepcidin and Ferritin levels in disease activity and the

changes correlated with the inflammatory state and anemia

in patients, making them important mediators and potential

markers of inflammation associated anemia.
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Introduction

Systemic Lupus Erythematosus (SLE) is a prototypic

autoimmune disease, affecting more than 300,000 in the

United States and millions worldwide. It is characterized

by a wide variety of clinical features and presence of

numerous auto-antibodies, circulating immune complexes

and widespread immunologically determined tissue dam-

age [1]. Studies of racial tendencies showed that SLE more

frequently affected non-Caucasian individuals such as

African Americans, Hispanics and Asians [2]. The Copcord

Bhigwan study, an ongoing, prospective population study

from Pune, India, found a crude incidence rate of 1 per

25,000 persons i.e. 4 per 100,000 population per year.

SLE shows female preponderance in 80–90% of cases,

with the median age of onset in Indian SLE being

24.5 years and the sex ratio (F:M) of 11:1 [3]. Of the two

major scoring systems (SLEDAI, BILAG) to evaluate

disease activity in SLE, the most commonly used is the

SLE Disease Activity Index (SLEDAI) which comprises a

list of 24 items, 16 clinical and 8 laboratory tests such as

urinalysis, blood complement levels, anti-DNA antibody
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levels, low platelets and low white blood cell counts.

A SLEDAI of 6 or more indicates an active disease

requiring therapy.

By incorporating haemocytopenias into the revised

American College of Rheumatology criteria for SLE, the

experts of the field have acknowledged that the ‘‘haema-

tologic system’’ is affected. Hematological manifestations

of SLE are diverse [4] and the most frequent hematological

manifestation is anemia, usually normochromic normo-

cytic, reflecting chronic illness. Anemia is found in about

50% of SLE patients. Although it was initially suspected

that anemia in SLE was a result of mainly antibody-in-

duced damage of erythrocytes, evidence to date indicates

that the causes of anemia in SLE vary and may be of

immune or non-immune pathogenesis. In 60–80% cases of

SLE, the cause of anemia is due to suppressed erythro-

poiesis from chronic inflammation [5]. Anemia of chronic

disease (ACD), also known as ‘‘anemia of inflammation’’

response is due to increasing inflammatory cytokines and

IL-6. A hallmark of ‘anemia of chronic disease’ is the

development of disturbances of iron homeostasis, with

increased uptake and retention of iron within cells of the

reticulo-endothelial system. This leads to a diversion of

iron from the circulation into storage sites of the reticulo-

endothelial system, subsequent limitation of the availabil-

ity of iron for erythroid progenitor cells and iron-restricted

erythropoiesis which leads to hypoferremia.

Ferritin is an iron-binding molecule that stores iron in a

biologically available form for vital cellular processes

while protecting proteins, lipids, and DNA from the

potential toxicity of this metal element. Ferritin is an acute-

phase reactant and also plays an important role in iron

storage and recycling. Two key factors that can regulate

ferritin expression are iron and proinflammatory cytokines.

Inflammation in SLE is likely to be a major driving force in

up-regulating ferritin expression. These proinflammatory

stimuli also induce the retention of iron in macrophages by

down-regulating the expression of ferroportin, thus block-

ing the release of iron from these cells leading to anemia

[6].

Hepcidin is a peptide hormone, also an acute phase

protein, produced by the liver and appears to be the master

regulator of iron homeostasis in humans and other mam-

mals. The connection between hepcidin and iron metabo-

lism was first made by Pigeon et al. [7] during studies of

the hepatic responses to iron overload. Hepcidin functions

is to regulate iron transport across the gut mucosa, thereby

preventing excess iron absorption and maintaining normal

iron levels within the body. Hepcidin also inhibits transport

of iron out of macrophages. In states of high hepcidin

levels, serum iron levels drops because iron is trapped

inside macrophages. Hepcidin expression is induced by

lipopolysaccharides (LPS) and IL-6 and is inhibited by

TNFa [8]. Inflammation-induced hepcidin increase causes

the hypoferremia that develops early during infections or

inflammatory diseases.

The primary pathological findings in patients with SLE

are those of inflammation, vasculitis, immune complex

deposition and vasculopathy. In response to the inflam-

matory stimulus, C-reactive protein (CRP), an inducible

protein is secreted which binds to pathogens and activates

the complement to enhance opsonisation and clearance,

even before the production of a specific IgM or IgG. CRP,

a member of the pentraxin family of proteins, is the pro-

totype of acute phase protein, secreted by the liver in

response to inflammatory cytokines and can increase up to

a 1000 fold in acute inflammations. Also CRP recognizes

altered self and foreign molecules based on pattern

recognition and is thought to act as a surveillance molecule

for altered self and certain pathogens. This recognition

provides early defense and leads to a proinflammatory

signal and activation of the humoural, adaptive immune

system. Hence measurement of CRP is used widely to

monitor various inflammatory states [9]. In a recent study

in hemophilic arthropathy patients with progressing joint

destruction, hsCRP, a marker of acute inflammation is

shown to be increased [10]. Erythrocyte sedimentation rate

(ESR) though nonspecific, is a surrogate marker of

inflammation and commonly used while CRP is a more

sensitive acute phase reactant.

Iron deficient anemia (IDA), secondary to nutritional

lack is common in Indian population, more so in women

and is also common in patients with SLE. Serum ferritin

provides an indirect estimate of body iron stores and is a

significant positive predictor for IDA while serum Iron and

RBC indices, mean corpuscular volume (MCV), mean

corpuscular hemoglobin concentration (MCHC) are not

dependable to assess anemia. Serum Ferritin may be nor-

mal or elevated in inflammation making it difficult to dif-

ferentiate between coexisting IDA from ACD. Hepcidin

levels may help identify iron deficiency and institute

therapy early.

The aim of present study is to measure the levels of

Hepcidin and Ferritin in patients with SLE having

inflammation associated anemia and to study their role as

homeostatic regulators of iron metabolism and mediators

of inflammation and correlate levels of hepcidin and fer-

ritin with hemoglobin, inflammatory, and iron markers.

Materials and Methods

A cross sectional case control study of 30 female SLE

patients presenting to the Department of Rheumatology,

Nizam’s Institute of Medical Sciences, Hyderabad. The

study was conducted in the Department of Biochemistry in
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collaboration with Department of Rheumatology, from

April 2014 and July 2015. The study was approved by the

hospital Institutional Ethical Committee (EC/NIMS/1396/

2013). Detailed history and clinical examination was per-

formed as per the devised study proforma.

Inclusion Criteria

1. All the female patients between the ages of 15 and

45 years, who were attending to our hospital, diag-

nosed as SLE according to Systemic Lupus Interna-

tional Collaborating Clinics (SLICC) Classification

2012 criteria with SLE Disease Activity Index

(SLEDAI) C 10.

2. Female SLE patients having ACD with Hemoglo-

bin\ 10 gm/dl. Subjects based on clinical and labo-

ratory findings were diagnosed as having anemia in

SLE patients by attending Rheumatologist.

Exclusion criteria Iron deficiency anemia (IDA) patients

with ferritin\ 20 ng/ml and TIBC[ 400 lg/dl were

excluded from the study. Female patients with active

infections, multiple blood transfusions, hemolytic anemia,

all inflammatory conditions other than SLE, chronic kidney

disease, pregnancy, and chronic liver disease were

excluded.

Controls Thirty controls, age matched females, were

recruited from among normal apparently healthy

population.

Inclusion criteria for controls Hemoglobin val-

ues[ 12.0 g/dL, ESR- within normal limits and

hsCRP\ 3.0 mg/l.

Exclusion criteria for controls Adults who did not

comply with the above, who had infections, blood trans-

fusions, hemolytic anemia or any other inflammatory

conditions, chronic kidney disease, pregnancy, chronic

liver disease were excluded from the control group.

Informed consent was obtained from all the study

participants.

Sample collection Peripheral venous blood samples

were collected in three tubes: tube without any anticoag-

ulant was used for serum tests: Iron profile (transferrin,

ferritin, iron, TIBC), hs-CRP, liver enzymes and renal

parameters which were analyzed immediately using auto-

mated analyser (Roche cobas c501, USA), while serum

samples for hepcidin estimation were stored at - 70 �C
until analysis and later estimated by Sandwich-ELISA

method (DRG Diagnostics, NJ, USA). Complete Blood

Picture (CBP) was done immediately from the tube con-

taining EDTA as anti-coagulant.ESR was estimated

immediately by using ESR tube containing sodium citrate

as anti-coagulant.

Statistical Analysis

The statistical analysis was done by Graph pad prism Version

6 andMedcalc-version 15.2.1 statistical software. In cases and

controls, normally distributed variables were analyzed by

independent t- test. Non-normally distributed variables were

analyzed by Mann–Whitney U test. Correlation between

variables was done by Spearman Rank correlation analysis.

Comparison of Area under Curve (AUC) in Receivers Oper-

ating Characteristics (ROC) curves was performed. A p value

of\ 0.05 was taken as statistically significant.

Results

The mean ± SD of age in the female patients and female

control subjects were 27 ± 9.5 and 29 ± 7.9 years

respectively with no significant difference between the

groups (Table 1). Out of 30 patients of SLE with ACD, 9

(30%) patients had thrombocytopenia, 7 (23.3%) patients

have leucopenia, and 3 (10%) patients have pancytopenia.

There is significant difference between the levels of

hemoglobin and erythrocytes in SLE patients and controls;

increase in the inflammatory markers hsCRP (p\ 0.0001),

ESR (p\ 0.0001) and significant decrease in Iron

(p\ 0.0001), TIBC (p\ 0.0001), Transferrin

(p\ 0.0001) in SLE patients as compared to controls

(Table 1). A significant increase in both Hepcidin

(p\ 0.0001) and Ferritin (p\ 0.0001) is observed in SLE

patients as compared to controls (Table 2, Fig. 1).

Ferritin, hsCRP and ESR were positively correlated

(r = 0.711, 0.526, 0.735) respectively; whereas Hb, iron,

TIBC and transferrin were negatively correlated (r = - 0.80,

- 0.307, - 0.553, - 0.584) respectively with hepcidin and

these relations were statistically significant (Table 3). Hep-

cidin, hs-CRP and ESRwere positively correlated (r = 0.711,

0.427, 0.742) respectively; whereas Hemoglobin, TIBC and

transferrin were negatively correlated (r = - 0.722,- 0.654,

- 0.728) respectively, with ferritin and thesewere statistically

significant; iron is negatively correlated (r = - 0.22) with

ferritin and not statistically significant (Table 4).

On ROC analysis both hepcidin and ferritin has sensi-

tivity of 96.7%, specificity of 100% at cut-off values of 110

and 49 respectively. AUC of hepcidin was 0.993 and fer-

ritin was 0.978 (Table 5, Fig. 2).

Discussion

One of the molecules that is upregulated in SLE is ferritin:

an acute phase protein that is produced in all tissues of

reticulo-endothelial system. Previously, Shoenfeld and his

408 Ind J Clin Biochem (Oct-Dec 2018) 33(4):406–413

123



coworkers provided evidence for hyperferritinemia in lupus

[11], where it was suggested to be a biomarker in lupus.

Our primary objective is to highlight the levels of two key

proteins: ferritin and hepcidin in SLE patients and corre-

lation of these proteins with each other, inflammatory

status and hemoglobin levels in patients of ACD in SLE.

In our study, the median ferritin level in SLE patients is

statistically significant (p\ 0.0001) compared to controls,

which is similar to a study done in population in western

India (JAPI) [12]. Likewise, in a Japanese population,

Nishiya et al. demonstrated elevated levels of serum fer-

ritin in SLE patients as compared to RA patients and also

reported that these increased levels are positively corre-

lated with SLEDAI and those with SLEDAI scores C 11

had significantly higher serum ferritin levels (p\ 0.001)

[13]. Similar studies in Turkish SLE patients [14] and a

cluster of Korean SLE patients [15] yielded a positive

correlation between SLEDAI and serum ferritin levels and

suggested the use of serum ferritin as a marker of disease

activity in SLE patients. There is increasing evidence that

circulating ferritin levels may not only reflect an acute

phase response but also may play a critical role in

inflammation.

Table 1 Demography and

comparison of iron profile,

hemoglobin, ESR and hsCRP in

controls and SLE patients

Variables Controls (n = 30)

Mean ± SD or median (IQR)

SLE patients (n = 30)

Mean ± SD or median (IQR)

p value

Age (mean ± SD, yrs) 29 ± 7.9 27 ± 9.5 0.34

Sex, N (%) F = 30 (100%) F = 30 (100%) –

Iron (lg/dl) 72.24 ± 26 51.3 ± 22.9 0.001a*

TIBC (lg/dl) 339.9 ± 53.4 238.3 ± 71.7 \ 0.0001a*

Transferrin (mg/dl) 287.5(243–321)# 195 (162.5–214) \ 0.0001b*

%TIBC (saturation) 21.2 ± 6.95 22 ± 10.3 0.72

Hemoglobin (%) 12.2 ± 0.2 8.3 ± 1.2 \ 0.0001a*

ESR (mm/h) 14.2 ± 4.3 95 ± 42.5 \ 0.0001a*

hsCRP (mg/L) 1.3 (0.4–3.1) 18.5 (6.5–18.5) \ 0.0001a*

Normally distributed data is expressed as Mean ± SD

p value was calculated between groups by : a unpaired student’s t test, b Mann–Whitney U test

*p\ 0.05-statistical significance
#Non-normally distributed data expressed as Median (25th–75th percentile, interquartile range)

Table 2 Comparison of

Ferritin and Hepcidin in

Controls and SLE patients

Variables Controls (n = 30)

Median (IQR)

SLE patients (n = 30)

Median (IQR)

p Value

Ferritin (ng/ml) 28.5 (14.4–45)# 380.5 (171.8–959)# \ 0.0001b*

Hepcidin (ng/ml) 98.5 (83.7–104)# 280 (213.8–622.5)# \ 0.0001b*

p value was calculated between groups by: a unpaired student’s t test, b Mann–Whitney U test
* p\ 0.05-statistical significance
#Non-normally distributed data expressed as Median (25–75th percentile, interquartile range)
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Fig. 1 Serum hepcidin and

ferritin in SLE patients and

controls. Significant increase in

hepcidin (p\ 0.0001) and

ferritin (p\ 0.0001) in SLE

pateints compared to controls
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ESR and hsCRP which are non-specific markers of

inflammation have shown a positive correlation with fer-

ritin in our study {hs-CRP (r = 0.427, p = 0.0007) and

ESR (r = 0.742, p =\0.0001)}. Mehmet and his col-

leagues have demonstrated that active SLE patients with

hsCRP[ 3.2 mg/l and ESR[ 20 mm/h, have significantly

higher ferritin levels [16]. Serum hsCRP and ferritin con-

centrations were increased in hemodialysis patients com-

pared to controls and is attributed to the fact that serum

ferritin being a potent acute phase reactant is usually

associated with elevation of CRP levels and inflammation

[17]. Taken together with the above mechanistic studies,

our findings suggest that inflammation in SLE is likely to

be a major driving force in up-regulating ferritin expres-

sion. A very recent study showed that serum hs-CRP and

IL-6 levels among active SLE were significantly higher

as compared with inactive SLE [18].

Hepcidin, an acute phase protein also increases several

folds during inflammation. Hepcidin is among the newer

proteins identified to be involved in iron hemostasis. It acts

as a systemic iron-regulatory hormone as it controls iron

transport from iron-exporting tissues into plasma. Lee and

his co-workers have noted that hepcidin transcription was

stimulated not only by IL-6 but also by IL-1a and IL-1b in

murine hepatocytes [19]. In human hepatocyte culture,

hepcidin is induced by IL-6, but not IL-1 or TNF-a, indi-
cating that hepcidin induction by inflammation is a type II

acute phase response [20, 21]. The increase in TNF-a and

IL-6 increases the hepatic secretion of hepcidin which

represses the ferroportin expression and this situation

stimulates iron retention in macrophages and prevents

direct absorption of iron into circulation [22]. It was

observed that, in decrease or absence of hepcidin, ferro-

portin was indicated to increase iron content by continu-

ously absorbing iron [20].

Mehmet and his colleagues also observed that SLE

patients have significant higher hepcidin levels, in active

SLE group (hs-CRP[ 3.2 mg/l, ESR[ 20 mm/h) [16]

similar to our study, corroborating the existence and

influence of an inflammatory event. Hepcidin is thus a type

II acute-phase protein that provides a molecular link

between inflammation, resulting anemia, and the regulation

of iron metabolism.

The present study showed, the levels of hepcidin in

patients with anemia of chronic disease with SLE were

found to be significantly high compared to healthy controls.

We found the significant negative correlation between

hemoglobin and hepcidin indicating active role of hepcidin

in anemia. Urinary hepcidin peptide assayed in patients

with anemia of inflammation due to chronic infections or

severe inflammatory diseases, showed as much as a

100-fold increase in hepcidin excretion, with smaller

increases in patients with less severe inflammatory disor-

ders [23]. Also, Hepcidin levels were significantly higher in

chronic disease anemia patients and reflected the

Table 3 Correlation of hepcidin with variables

Variables Hepcidin (ng/ml)

r-valuea p value

Hb (gm/dl) - 0.80 \ 0.0001*

Ferritin (ng/ml) 0.711 \ 0.0001*

hs –CRP (mg/l) 0.526 \ 0.0001*

ESR (mm/h) 0.735 \ 0.0001*

Iron (lg/dl) - 0.307 0.01*

TIBC (lg/dl) - 0.553 \ 0.0001*

%Saturation 0.0576 0.66

Transferrin (mg/dl) - 0.584 \ 0.0001*

a‘r’-value is calculated by spearman correlation test

* p-value\ 0.05 is consider as significant

Table 4 Correlation of ferritin with variables

Variables Ferritin (ng/ml)

r-valuea p value

Hb (gm/dl) - 0.722 \ 0.0001*

Hepcidin (ng/ml) 0.711 \ 0.0001*

hs-CRP (mg/L) 0.427 0.0007*

ESR (mm/h) 0.742 \ 0.0001*

Iron (lg/dl) - 0.220 0.09

%Saturation 0.195 0.13

TIBC (lg/dl) - 0.654 \ 0.0001*

Transferrin (mg/dl) - 0.728 \ 0.0001*

a‘r’-value is calculated by spearman correlation test

* p-value\ 0.05 is taken as significant

Table 5 ROC analysis for

ferritin and hepcidin
Hepcidin (ng/ml) Ferritin (ng/ml) TIBC (lg/dl) Transferrin (mg/dl)

Sensitivity 96.7% 96.7% 76.7% 82.8%

Specificity 100% 100% 93.3% 100%

Area under curve (AUC) 0.993 0.978 0.875 0.901

Cut-off point 110 49 282 225
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underlying inflammatory event brought about by the

increased IL-6 levels [8]. Though Roe and his colleagues

demonstrated that hepcidin has no role in iron hemostasis

in a study on healthy individuals [24], studies parallel to

those showed that prohepcidin and hepcidin could play a

central regulatory role in the hemostasis of iron in

inflammation [24]. Hence in the pathobiology of inflam-

mation and chronic disease anemia frequently encountered

in SLE, hepcidin and cytokines are proved to play an active

role together.

Thus, inflammation is well established to upregulate

hepcidin-mediated degradation of the iron transport chan-

nel, ferroportin, thereby sequestering iron in the form of

ferritin in the cells of reticuloendothelial system. This

results in the unavailability of iron for hemoglobin pro-

duction, which explains the anemia. Ferritin synthesis is

regulated by intracellular iron at both the transcriptional

and translational levels. When iron levels are low, ferritin

synthesis is reduced and vice versa. Inflammation causes

increase in intracellular iron, by iron sequestration leading

to increase ferritin synthesis and making less availability of

iron for hemoglobin production. In the present study, we

found a significant increase in ferritin levels in SLE

patients having ACD compared to healthy controls and a

significant negative correlation between ferritin and

hemoglobin levels. Significant correlation between hep-

cidin and ferritin in our study, confirmed that these 2

molecules are inter dependent: Hepcidin being the cause

and Ferritin being the effect, similar to a study conducted

by Mehmet et al. in 40 RA patients with anemia, who had

higher hepcidin and ferritin levels than those with IDA and

controls [22]. Ferritin level is the most frequently used

parameter used to distinguish between chronic disease

anemia and iron deficiency anemia as differential

diagnosis. Studies have also suggested the use of the ratio

of the the concentration of soluble transferring receptor to

the log of the ferritin levels to differentiate between IDA

coexisting with anemia of chronic disease [25]. In our

study we excluded IDA in SLE anemia patients accepting

ferritin\ 20 ng/ml and TIBC[ 400 lg/dl as cut off value.
Iron-deficiency anemia and ‘anemia of chronic disease’

both exhibit reduced serum iron but are very different

otherwise. Whereas anemia of chronic disease is marked by

elevated ferritin but reduced transferrin levels, iron defi-

ciency anemia exhibits the reverse profile. Indeed, the SLE

patients described in this study exhibit ‘anemia of chronic

disease’ rather than iron deficiency anemia.

In our study, we found significant lower levels of

transferrin and TIBC in SLE patients having ACD com-

pared to controls and a significant negative correlation was

found between ferritin and transferrin. A similar study

conducted in SLE patients, revealed elevated urine ferritin

and transferrin, which correlated with each other, as well as

with disease activity, inflammatory status and anemia while

serum transferrin levels were lower in active SLE patients

[26].

Transferrin was reported to be more useful than serum

iron and TIBC in determining ACD. In our study, on ROC

analysis, we found hepcidin and ferritin has AUC of 0.993

and 0.978 respectively, whereas transferrin and TIBC has

AUC of 0.901 and 0.875 respectively. The ROC curve

analysis indicated that the hepcidin and ferritin concen-

trations provided the highest diagnostic accuracy for dis-

criminating ACD individuals (Fig. 2). Serum transferrin

and TIBC were significantly poorer discriminators when

compared to hepcidin and/or ferritin,. At the cutoff value

for hepcidin (110 ng/ml) and ferritin (49 ng/ml) at which

diagnostic accuracy was highest, the sensitivity and
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Fig. 2 ROC curves for

hepcidin and ferritin. ROC

analysis of hepcidin and ferritin:

sensitivity is 96.7% and

specificity is 100% at cut-off

values of 110 and 49. AUC of

hepcidin is 0.993 and ferritin is

0.978
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specificity were 96.7% and 100% respectively. The serum

hepcidin may be of value for determining whether a low or

borderline low hemoglobin concentration is due to the

suppression of erythropoiesis by mediators of an inflam-

matory response as occurs in ACD. Further studies are

required to establish the use of serum hepcidin levels as an

early indicator of underlying anemia associated with

inflammation. Given that most SLE patients with anemia

have ‘anemia of chronic disease’ rather than iron-defi-

ciency anemia, it is important to manage this accordingly

in the clinics. Targeting the underlying inflammation rather

than treating it with iron supplements may be a more

fruitful approach in these patients.

Conclusion

We have established a positive linear correlation between

hepcidin and ferritin levels in SLE disease activity, thus

bolstering previous reports in other ethnic groups. Most

importantly, the changes in hepcidin and ferritin levels

correlated with the inflammatory state and anemia in SLE,

making them potential markers of disease activity. Taken

together, inflammation, elevated hepcidin, elevated ferritin,

and ‘‘anemia of chronic inflammation’’ may constitute an

ominous tetrad in SLE.
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