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Abstract
Background: In chronic diseases characterized by persistent inflammation, anemia of chronic disease (ACD) and iron deficiency 

anemia (IDA) are commonly encountered forms of anemia and can often co-occur. In such situations, the conventional iron status tests 
used for differential diagnosis are influenced by inflammation, reducing their diagnostic accuracy. The primary objective of this study 
was to assess the significance of hepcidin as a crucial diagnostic marker for ACD and to investigate the correlation between hepcidin 
and inflammation-related indicators. Furthermore, a significant secondary aim of this research was to ascertain the diagnostic role of 
novel biochemical markers, specifically soluble transferrin receptor (sTfR) and the derived sTfR/log ferritin index (sTfR-F index).

Methods and Results: This study was conducted at the Laboratory Service of the University Hospital Center «Mother Teresa» 
and included a cohort of 187 subjects, comprising 156 patients (83 females and 73 males) who were admitted to and received treatment 
at the Rheumatology and Cardiology Departments of the «Mother Teresa» University Hospital Center in Tirana. Additionally, 
31 individuals without anemia and inflammatory conditions were included as a control group. All subjects incorporated into the 
study were classified into five distinct groups based on a comprehensive analysis of their complete blood profiles, iron status, and 
inflammation-related biomarkers: IDA, ACD, ACD+IDA, patients without anemia, and the control group without anemia.

The comparison between groups showed that the mean values of pro-hepcidin, TNFα, IL6, Hs-PCR, and ferritin are significantly 
decreased in IDA vs. ACD, while sTFR and sTfR-F index are significantly increased. In comparing ACD vs. ACD+IDA groups, 
ferritin increased significantly in the ACD group, while sTFR and sTfR-F index decreased significantly in ACD, compared to the 
ACD+IDA group. The ROC curves analysis of the biochemical parameters selected for the comparison of ACD vs IDA showed that 
the pro-hepcidin test is a perfect test for the differential diagnosis of ACD vs. IDA. The suggested cut-off value for pro-hepcidin was 
≥153 ng/ml, yielding a sensitivity of 100% and a specificity of 100% for the diagnosis of ACD. As regards sTFR, the suggested cut-
off value for the diagnosis of IDA vs. ACD was  ≥ 4.9 µg/ml resulting in 84% sensitivity and 100% specificity. The sTfR-F index was 
also very useful for the diagnosis of IDA vs. ACD: for a cut-off value of ≥2.06, the sensitivity was 90% and the specificity was 96%. 
sTfR resulted in a good test for the diagnosis of ACD+IDA vs. ACD: the cut-off value was ≥ 3.7 µ/ml, the sensitivity was 92.3% and 
the specificity was 93.2%. Similarly, the parameter sTfR-F index resulted in a very good test for the diagnosis of ACD+IDA vs. ACD: 
for the suggested cut-off value of ≥2.3, the sensitivity was 92.3% and the specificity was 100%.

Conclusion: As a result of the study, it was found that the pro-hepcidin test was a highly accurate test for distinguishing 
between ACD and IDA. Meanwhile, sTfR and the sTfR-F index proved to be excellent indicators for the differential diagnosis of 
IDA in chronic inflammatory conditions.(International Journal of Biomedicine. 2024;14(1):45-51.)
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Abbreviations
ACD, anemia of chronic disease; IDA, iron deficiency 
anemia; CHF, chronic heart failure; RA, rheumatoid arthritis; 
TfR, transferrin receptor; sTfR, soluble TfR; TfS, transferrin 
saturation; sTfR-F index, sTfR/log ferritin index.

Introduction
Chronic infection, inflammation, and neoplastic 

pathology are commonly associated with anemia called 
“anemia of inflammation” or anemia of chronic disease 
(ACD). This form of anemia and iron deficiency anemia (IDA) 
are the most frequent forms of anemia encountered.(1,2) Various 
studies have reported the prevalence of ACD in chronic 
disease as 30%-70% in patients with rheumatoid arthritis 
(RA),(3,4) 28%-55% in patients with HIV infection (depending 
on the extent of the disease),(5) 30%-70% in patients with 
chronic liver disease(6) and 57% in patients with congestive 
heart failure.(7) In patients with malignant pathologies, the 
prevalence of anemia varies greatly depending on the stage of 
the disease and the therapy used. In most cases, the anemia of 
these pathologies has the characteristics of ACD.(8)

The pathophysiology of ACD during inflammation 
is intricately linked to the action of cytokines and 
reticuloendothelial system cells. These mechanisms result 
in various alterations, including the regulation of iron 
homeostasis, inhibition of erythroid precursor proliferation, 
attenuation of the erythropoietin response to anemia, and a 
reduction in the lifespan of erythrocytes. These modifications 
are predominantly mediated by hepcidin, recognized as the 
principal hormone governing iron balance.(9,10)

Inflammatory cytokines, particularly interleukin-6 (IL-
6), are pivotal in stimulating hepatocyte hepcidin production.
(11) Hepcidin functions by obstructing the functional activity 
of ferroportin, which serves as the primary conduit for iron 
export, leading to diminished absorption of dietary iron in 
enterocytes and reduced iron release into the bloodstream from 
splenic red pulp macrophages and hepatocytes. Consequently, 
this sequesters iron within the splenic red pulp macrophages, 
thereby decreasing iron availability for supporting 
erythropoiesis, even when iron stores are sufficient. This state 
is frequently referred to as «functional iron anemia.»(12)

As a distinctive feature of ACD, the serum typically 
displays normal or elevated ferritin levels, reflecting the 
accumulation and storage of iron within the reticuloendothelial 
system. Further elevations in ferritin levels occur due to 
immune activation.(13) The combination of reduced serum 
iron concentration and normal or elevated serum ferritin 
concentration is paramount in distinguishing ACD from IDA.(14)

In the context of chronic diseases, it is not uncommon 
to encounter not only ACD and IDA but also a mixed form 
of anemia known as ACD+IDA, particularly in cases of 
chronic inflammatory diseases that involve bleeding and/or 
malnutrition.(15,16)

The laboratory diagnosis of iron deficiency anemia 
in the presence of chronic inflammation poses significant 
challenges. This is because the acute phase of inflammation 

impacts transferrin saturation (TfS) and ferritin levels, making 
identifying an absolute iron deficiency quite challenging. 
Conversely, markers such as soluble transferrin receptor 
(sTfR), fragments generated through the proteolytic cleavage of 
the extracellular domain of transferrin receptor (TfR), directly 
reflect the functional iron status. Notably, sTfR is not influenced 
by acute inflammation, unlike ferritin, an acute-phase protein. 
Moreover, the sTfR/log ferritin index (sTfR-F index), calculated 
as the ratio of sTfR to the logarithm of ferritin, offers an even 
more accurate representation of the body’s iron status.(17-19)

The primary objective of this study was to assess the 
significance of hepcidin as a crucial diagnostic marker for 
ACD and to investigate the correlation between hepcidin and 
inflammation-related indicators. Furthermore, a significant 
secondary aim of this research was to ascertain the diagnostic 
role of novel biochemical markers, specifically sTfR and 
the derived sTfR-F index. These markers were particularly 
evaluated for their diagnostic utility in distinguishing IDA 
and, more notably, in the differential diagnosis of IDA in 
chronic inflammatory conditions.

Materials and Methods
This study included a cohort of 187 subjects, comprising 

156 patients (83 females and 73 males) who were admitted to 
and received treatment at the Rheumatology and Cardiology 
Departments of the «Mother Teresa» University Hospital 
Center in Tirana. Additionally, 31 individuals without anemia 
and inflammatory conditions were included as a control group. 
All patients were meticulously selected following a protocol 
that had obtained approval from the Biochemical-Clinical 
Laboratory Service in collaboration with the respective 
clinical departments.

Conforming to the guidelines set forth by the WHO, 
individuals were categorized as anemic if their hemoglobin 
levels fell below 12 g/dl for women and 13 g/dl for men. The 
subjects incorporated into the study underwent classification 
into five distinct groups based on a comprehensive analysis of 
their complete blood profiles, iron status, and inflammation-
related biomarkers:

1. Patients with IDA: These individuals exhibited 
diminished sideremia levels and ferritin concentrations below 
30 ng/ml.

2. Patients with ACD: This group presented reduced 
sideremia levels and manifested either elevated ferritin levels 
exceeding 100 ng/ml or ferritin levels ranging from 30 to 100 
ng/ml, coupled with an sTfR-F index <1.

3. Patients with ACD+IDA: These patients exhibited 
diminished sideremia, alongside ferritin levels ranging from 
30 ng/ml to 100 ng/ml, and notably, a sTfR-F index >2.

4. Patients suffering from RA or CHF without anemia: 
These subjects had been diagnosed with either RA or CHF, yet 
they did not present symptoms of anemia.

5. Control group without anemia: Comprising 
individuals who had undergone outpatient assessments, this 
group was characterized by the absence of anemia, as well 
as the presence of indicators denoting normal iron status and 
inflammation. 
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The prevalence of different forms of anemia in the patients 
with these chronic diseases included in the study was evaluated.

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, 
NY: IBM Corp).  Baseline characteristics were summarized as 
frequencies and percentages for categorical variables. Mean, 
standard deviation (SD), Median (Me), and 95% confidence 
interval (95% CI) were calculated. For comparisons between 
2 independent groups, Student’s t-test was applied. One-way 
ANOVA with the Tamhane post hoc test was used for multiple 
groups. Spearman’s rank correlation coefficient was calculated 
to measure the strength and direction of the relationship between 
two variables. A probability value of P<0.05 was considered 
statistically significant.

 Receiver Operating Characteristic (ROC) curves were 
employed to assess the sensitivity and specificity of selected 
laboratory parameters, namely hepcidin, sTfR, and the sTfR-F 
index, in the context of distinguishing between ACD and the 
IDA, as well as between ACD and ACD+IDA. Hepcidin was 
evaluated through the DRG Elisa prohormone hepcidin kit 
for the dosage of the prohormone hepcidin in serum, which 
correlates with the levels of hepcidin.

The sensitivity and specificity levels of each chosen 
laboratory parameter were meticulously documented. The Area 
Under the Curve (AUC) was calculated, serving as a metric to 
gauge the capacity of the respective laboratory parameter to 
accurately categorize patients with distinct forms of anemia. 
Various threshold values, or cut-offs, were identified for 
these laboratory parameters, and corresponding sensitivity 
and specificity values were reported for each cut-off. For the 
purposes of differential diagnosis, the most suitable cut-off 
values were determined based on clinical judgment. 

Results
The study’s findings revealed the presence of anemia in 

45.7% of patients with RA, with 45.4% attributed to ACD, 
29.5% to IDA, 20.4% to the mixed form ACD+IDA, and 
4.5% to other forms of anemia. In patients with CHF, anemia 
was detected in 50.7% of cases, with 64.9% of those cases 
corresponding to ACD, 16.2% to IDA, 10.8% to ACD+IDA, 
and 8.1% to other forms of anemia.

Table 1 presents the data on the ages, genders, and 
laboratory test results of 156 patients and 31 healthy individuals. 
Table 2 compares laboratory parameters between different 
groups in the study. The Tamhane t-test was used according to the 
ANOVA post hoc procedure to compare continuous parameters 
between groups with unequal variances. The comparison 
between groups showed that the mean values of pro-hepcidin, 
TNFα, IL6, Hs-PCR, and ferritin are significantly decreased in 
IDA vs. ACD, while sTfR and sTfR-F index are significantly 
increased (P<0.001 in all cases). In comparing ACD vs. 
ACD+IDA groups, ferritin increased significantly in the ACD 
group, while sTfR and sTfR-F index decreased significantly in 
ACD, compared to the ACD+IDA group (P<0.001 in all cases).

The above data for the parameters of blood iron, ferritin, 
transferrin, TfS, sTfR, sTfR-F index, pro-hepcidin, and IL-6 are 
presented visually below by Error Bars graphics presenting the 

average values of the corresponding laboratory parameter in a 
95% confidence interval (CI) for different groups of the study.

Table 1. 
Gender, age and laboratories tests of 156 patients and 31 healthy 
individuals

Variable
The study groups

IDA
 (n=19)

ACD 
(n=44)

ACD+IDA
(n=13)

PWA
(n=75)

CG
(n=31)

Male/
Female* 6/13 25/19 5/8 35/40 22/9

Age (years)^ 54.7±12.0 58.6±13.2 59.8±14.0 56.6±11.7 58.6±11.9
RBC (×106/µL) 4.3±0.3 4.0±0.6 4.1±0.4 4.6±0.5 4.9±0.4
Hb (g/dL) 10.2±1.4 11.2±1.4 11.3±1.3 13.8±1.3 14.4±1.3
HCT (%) 31.4±4.4 32.8±4.7 34.2±3.7 39.1±4.6 41.0±8.1
MCV (fL) 73.0±5.9 81.6±7.2 80.5±6.8 85.2±5.3 85.9±5.4
MCH (pg) 23.5±3.2 28.6±3.4 27.9±3.0 29.8±1.8 29.6±2.2
RET (/1000) 6.1±2.8 4.5±2.9 5.3±3.0 6.5±3.1 7.5±3.0
RDW (%) 16.2±1.6 14.0±1.1 15.2±1.4 13.9±1.7 14.1±1.3
Fe (µg/dL) 21.4±10.7 36.5±13.3 31.3±12.2 97.8±35.9 106.4±44.9
Ferritin (ng/mL) 17.6±12.4 270.7±211.2 55.5±19.4 132.4±82.7 140.9±83.4
Tf (mg/dL) 344.2±54.6 241.0±51.8 225.6±48.9 266.8±46.9 285.5±51.8
TFs (%) 3.5±2.8 8.2±5.7 7.0±5.0 21.3±14.2 26.0±9.6
sTfR (µg/mL) 7.9±4.0 2.2±1.1 7.0±2.8 2.1±1.0 2.1±0.9
sTfR-F index 7.8±4.9 0.9±0.5 4.2±1.9 1.1±0.6 1.1±0.5
TNFα (pg/dL) 5.9±1.6 13.9±4.7 12.9±6.7 6.1±1.7 5.6±1.9
Pro-hepcidin 
(ng/mL) 105.0±27.4 542.2±437.8 266.1±190.9 103.3±33.8 102.1±33.5

IL-6 (pg/mL) 3.8±1.0 16.8±10.0 11.2±6.1 3.9±1.4 3.4±1.2
Hs-PCR (mg/dL) 0.2±0.1 5.3±8.3 2.8±2.5 0.2±0.1 0.2±0.1
ESR (mm/hr) 20.3±15.8 43.1±12.0 38.1±5.2 17.5±14.8 10.2±5.0

*Gender presented as n/%; ^ Age and laboratories parameters presented 
as M ± SD; PWA- patients without anemia; CG -control group.

Table 2.
Laboratory parameters between different groups in the study. 

Factor
Compared groups in the study

IDA vs. 
ACD 

ACD vs.
ACD+IDA

IDA vs. 
PWA

IDA vs.
CG

ACD vs.
 PWA

ACD vs. 
CG

RBC (×106/µL) ↑ 0.038 NS ↓ <0.031 ↓ <0.001 ↓ <0.001 ↓ <0.001
MCV (fL) ↓ <0.001 NS ↓ <0.001 ↓ <0.001 NS ↓ 0.047
MCH (pg) ↓ <0.001 NS ↓ <0.001 ↓ <0.001 NS NS
RDW (%) ↑ <0.001 NS ↑ <0.001 ↑ <0.001 NS NS
Fe (µg/dL) ↓ <0.001 NS ↓ <0.001 ↓ <0.001↓ <0.001↓ <0.001
Ferr (ng/mL) ↓ <0.001 ↑<0.001 ↓ <0.001 ↓ <0.001 ↑ 0.001 ↑ 0.005
Tf (mg/dL) ↑ 0.001 NS ↑ <0.001 ↑ 0.006 NS ↓ 0.005
Tfs (%) ↓ 0.001 NS ↓ <0.001 ↓ <0.001↓ <0.001 ↓ <0.001
sTfR (µg/mL) ↑ <0.001 ↓ <0.001 ↑ <0.001 ↑ <0.001 NS NS
sTfR-F index ↑ <0.001 ↓ 0.001 ↑ <0.001 ↑ <0.001 NS NS
TNF-α (pg/mL) ↓ <0.001 NS NS NS ↑ <0.001 ↑ <0.001
Pro-Hep (ng/mL)↓ <0.001 ↑0.059 NS NS ↑ <0.001 ↑ <0.001
IL-6 (pg/mL ↓ <0.001 NS NS NS ↑ <0.001 ↑ <0.001
HsCRP (mg/dL) ↓ 0.002 NS NS NS ↑ 0.002 ↑ 0.002

↓-Significantly lower compared to the group being compared
↑-Significantly higher compared to the group being compared; 
PWA- patients without anemia; CG -control group.
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It can be clearly seen that for the ACD and ACD+IDA 
groups, the relationship between hepcidin and IL-6 is linear, 
while for the remaining groups it is not. The results of the linear 
regression confirm this: for patients with ACD, the increase in 
IL6 predicts the increase in pro-hepcidin for 91% of the cases. 
For patients with ACD+IDA, this reaches 98% (P<0.001).

The ROC curves analysis of the biochemical parameters 
selected for the comparison of ACD vs IDA showed that the 
pro-hepcidin test is a perfect test for the differential diagnosis 
of ACD vs. IDA. The suggested cut-off value for pro-hepcidin 
was ≥153 ng/ml, yielding a sensitivity of 100% (100% of 
those with ACD are correctly diagnosed and differentiated 
from those with IDA) and a specificity of 100% (all without 
ACD are correctly classified as without ACD). As regards 
sTFR, the suggested cut-off value for the diagnosis of IDA vs. 

ACD was  ≥ 4.9 µg/ml resulting in 84% sensitivity and 100% 
specificity. The sTfR-F index was also very useful for the 
diagnosis of IDA vs. ACD: for a cut-off value of ≥2.06, the 
sensitivity was 90% and the specificity was 96%. sTfR resulted 
in a good test for the diagnosis of ACD+IDA vs. ACD: the cut-
off value was ≥ 3.7 µ/ml, the sensitivity was 92.3% and the 
specificity was 93.2%. Similarly, the parameter sTfR-F index 
resulted in a very good test for the diagnosis of ACD+IDA vs. 
ACD: for the suggested cut-off value of ≥2.3, the sensitivity 
was 92.3% and the specificity was 100%.

Discussion
Anemia is a prominent symptom among hospitalized 

patients, and as discussed earlier, ACD and IDA are the most 

Graph 1. Me±95% CI values of blood iron. Graph 2. Me±95% CI values of ferritin. Graph 3. Me±95% CI values of transferrin. 

Graph 4. Me±95% CI values of TfS. Graph 6. Me±95% CI values of sTfR. Graph 6. Me±95% CI values of sTfR-F index.

Graph 8. Me±95% CI of pro-hepcidin.            Graph 8. Me±95% CI of IL-6. Graph 9. The relationship between pro-
hepcidin and IL-6.
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prevalent forms of anemia in this context, which is further 
validated by the findings of our study.

Primarily, the evaluation of chronic disease-related 
anemia involves an assessment of iron status to exclude the 
possibility of IDA. In our study, we observed a decrease in 
both iron and saturated transferrin levels in the serum in both 
ACD and IDA when compared to the control group. (Graphs 1 
and 2) This decline can be attributed to the complete absence 
of iron in IDA and iron sequestration within the splenic red 
pulp macrophages in ACD.(2,15,16,20)

Additionally, our study revealed that the levels of 
TfS in IDA patients are significantly lower than in ACD 
patients (P<0.001). This can be explained by the fact that 
concentrations of plasma iron transporter transferrin increase 
in IDA. However, other studies have also demonstrated that 
in ACD, the levels of transferrin, which acts as a negative 
antagonist of the acute phase, either remain normal or 
decrease due to the influence of inflammatory cytokines in 
this particular form of anemia.(1) When comparing TfS levels 
in ACD vs. ACD+IDA, the ANOVA test indicates that these 
differences are not statistically significant (P>0.05).

Retrospective studies(21) have previously shown that the 
transferrin concentration in IDA tends to be higher than in 
ACD, a finding that our study confirmed. However, it is worth 
noting that although the group of patients with ACD+IDA 
displayed variations in their transferrin concentrations, in 
comparison to the ACD group, most of these values still fell 
within the range of normal values when compared to those of 
healthy subjects (Table 1, Graph 3). Consequently, our results, 
consistent with the existing literature, lead us to conclude 
that the serum transferrin level does not provide a definitive 
indicator for detecting IDA in the presence of inflammation.                                                                                                       

Ferritin, being a crucial iron status indicator that signifies 
iron storage, presents a subject of debate when it comes to 
determining a cut-off value for defining depleted iron reserves.
(22,23) In various studies, this cut-off threshold varies, with some 
researchers adopting values as low as ≤12 ng/ml while others 
propose a higher threshold, such as ≤15 ng/ml. Additionally, 
due to ferritin’s responsiveness as an acute-phase protein, 
some experts recommend even higher values like 22 ng/ml 
or 30 ng/ml.

Must et al.(24) found that a ferritin level below 12 ng/ml 
exhibits an excellent specificity of 98% but a low sensitivity 
of 20% in diagnosing IDA. In contrast, a cut-off value of 30ng/
ml essentially transforms it into an almost flawless test for 
IDA diagnosis, boasting 100% sensitivity and 98% specificity. 
Other studies confirm this finding.

Patients who struggle with ACD while concurrently 
experiencing depleted iron reserves pose a particular challenge 
in the differential diagnosis of these two types of anemia. 
When we compared IDA to ACD and the control group, we 
observed that the serum ferritin concentration was significantly 
lower in IDA (P<0.001). Likewise, when comparing ACD to 
ACD+IDA and the control group, we noticed that the serum 
ferritin concentration was significantly higher in ACD than in 
ACD+IDA and the control group (P<0.001). In the case of 
patients with ACD, ferritin levels remain within the normal 
range or become elevated due to the influence of inflammation 

and the actions of inflammatory cytokines, which play a 
central role in the pathogenesis of ACD. Consequently, iron 
deposition and storage within the splenic red pulp macrophages 
are increased.(20,22) In the differential diagnosis between ACD 
and ACD+IDA, the cut-off value of ferritin for the diagnosis 
of IDA is calculated to be approximately 40-60 ng/dL.(23,25) 

Therefore, for ferritin values 30-100ng/dl, iron deficiency can 
neither be detected nor excluded based on the concentration of 
ferritin in the serum. 

Based on the limitations of the above tests, which 
are influenced by the acute phase of inflammation, as well 
as the fact that sTfR concentrations are not influenced by 
acute-phase reactions, we decided to study the role of this 
biomarker, compared to other biomarkers of iron status, both 
in diagnosing pure IDA and in detecting IDA in conditions of 
inflammation.(22,26)

The mean and standard deviation of sTfR were evaluated 
in all groups included in the study, such as IDA, ACD, 
ACD+IDA, and patients without anemia, and the control group 
(Graph 5). Our data show that the serum concentration of sTFR 
in IDA presents high values when we compare this group with 
ACD and the control group (P<0.001); and it presents values 
within the normal limits in ACD when we compare this group 
with the control group. The value of sTfR 4.9 µg/ml serves as 
a cut-off to make the differential diagnosis between IDA and 
ACD (sensitivity 84% and specificity 100%). Also, when we 
compare ACD with the mixed form of anemia, we notice that 
the concentrations of sTfR in the serum are significantly lower 
in ACD, and the sensitivity and specificity of this indicator go 
toward a perfect test. Thus, the sTfR value >3.7 µg/ml serves 
as a cut-off (sensitivity 92.3% and specificity 93.2%) to make 
the differential diagnosis between ACD and ACD+IDA. The 
superiority of this test over other parameters influenced by 
the acute phase of inflammation is also confirmed by other 
authors.(23,27,28)

Since sTfR evaluates only functional iron and ferritin 
stores iron, i.e., static iron, studies have recommended a new 
index that evaluates the entire iron kinetics and improves the 
diagnostic efficiency of ferritin. This index was evaluated in 
our study, and calculations were made to find its value. This 
parameter did not lose its significance in all possible study 
groups (IDA vs. ACD, IDA vs. the control group, ACD 
vs. ACD+IDA). Therefore, this index is a very important 
indicator not only in diagnosing IDA but also in discovering 
its existence in the conditions of inflammation. As such, it is 
also useful to determine the patients expected to benefit from 
supplemental iron. The value of sTfR-F index >2.06 is that 
it has a sensitivity of 90% and a specificity of 96% when 
IDA is compared with ACD. While comparing ACD+IDA 
vs. ACD for values of sTfR-F index >2.3, the sensitivity and 
specificity of this test go toward a perfect test (92.3% and 
100% respectively).

The scientific basis for the combined use of ferritin and 
sTfR is their different behavior toward reduced iron reserves. 
Serum ferritin concentrations are linearly related to reduced 
iron stores, but there is no cut-off concentration to indicate 
when a given patient’s iron stores are so depleted that iron 
availability has become a limiting factor for erythropoiesis. 
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The opposite is the case with sTfR, which at this point 
corresponds to the increased concentration in the serum. These 
studies have shown that the sTfR-F index is the most efficient 
parameter for diagnosing ACD+IDA vs. ACD.(23,28)

The role of hepcidin in iron metabolism has now been 
made very clear by many prestigious papers and is widely 
accepted.(29,30) The results of our study are in support of the 
great role of hepcidin in the control of iron metabolism by 
removing it from the circulation toward the RE block, a fact 
which we verify with the high levels of ferritin in the serum of 
patients with ACD, compared to the control group (P<0.001). 
The data of our study also confirm the strong relationship 
between hepcidin and mediators of inflammation, such as IL-6 
(Graph 9).  Our data confirm the value of the pro-hepcidin test 
for the differential diagnosis of ACD vs IDA. The suggested 
cut-off from the respective ROC curve is pro-hepcidin ≥153ng/
ml. For this given level, the sensitivity is 100% (100% of those 
with ACD are correctly diagnosed and differentiated from 
those with IDA), and the specificity is 100% (all without ACD 
are correctly classified as without ACD). 

In conclusion, in patients with ACD, the serum 
concentration of pro-hepcidin shows a notable and significant 
increase, compared to patients with IDA, individuals without 
anemia, and healthy controls. Hepcidin emerges as a highly 
accurate diagnostic tool for differentiating ACD and IDA. 
Moreover, a robust positive correlation exists between the 
serum concentration of pro-hepcidin and IL-6. Additionally, 
the parameters sTfR and sTfR-F index demonstrate their 
effectiveness as excellent diagnostic tests for IDA in chronic 
inflammation.
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