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Background: hepcidin (HCN) is a key regulatory protein of iron homeostasis. Heart failure (HF) get increased 
incidence, and the prevalence rate reaches about 1.5% of the US population. Chronic HF and iron deficiency 
are the commonest disorders universally. Current evidence has confirmed that they are related. This present 
study targeted to evaluate the association of HCN with heart failure patients and anemia Methodology: This 
study is a case-control, involving 80 patients with HF and 80 healthy subjects. All subjects underwent 
echocardiography (LVEF %), biochemical and hematological assays including ferritin, HCN, and iron status 
parameters (serum iron, TIBC, TSAT%, MCV, MCHC, HCT, and Hb). All variables were matched between 
the two study groups. Results: A highly significant difference was observed between the groups in the mean 
HCN and EF% levels (P<0.0001). A non-significant difference in HF patients between non-anemic and anemic 
patients regarding HCN was detected. HCN show highly significant differences among classes (P<0.001). HCN 
and ferritin significantly correlated with LVEF% Conclusion: the HCN levels were significantly reduced in 
cases with advanced HF. HCN and ferritin serum levels revealed a highly significant correlation with the levels 
of LVEF%. 
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Hepcidin (HCN) is a hepatic hormone analogous to 
ferritin, discovered first as an antimicrobial 
polypeptide, but later research exposed its key 
regulatory role in iron homeostasis [1, 2]. Other body 
cells are also expressed HCN including the 
cardiocytes, but, at lower levels [3]. HCN is a 
homeostatic key regulatory protein of iron absorption 
by enhancing iron uptake from the intestinal mucosa 
and macrophages along with the secretion of hepatic 
stores of iron [4].  HCN can regulate intestinal iron 
absorption through a mechanism of HCN-ferroportin 
interaction. Moreover, HCN promotes ferroportin 
degradation, thereby decreasing bone marrow iron 
and reducing circulatory iron concentrations [5]. 

In recent years, cardiovascular diseases (CVD) 
have gained increasing attention globally, as it was 
responsible for cumulative deaths in patients with very 
complex pathogenesis [6-9]. Hence, finding out new 

factors for clarifying the etiopathophysiology of CVD 
and eventually discovering new therapies for CVD are 
desirable. About 1/5th deaths in the US died from 
heart disease in 2020 [10], and the prevalence rate of 
heart failure (HF) is 1.5% of the total population [11]. 

Chronic HF and iron deficiency are the 
commonest disorders universally. Current studies 
have confirmed that they are related. In addition, 
interventional trials have proved the advantages of 
the administration of iron supplements in HF [12]. 
Upregulation of liver HCN has been shown to play 
a major role in the pathophysiology of anemia and 
iron deficiency, which are linked to many illnesses. 
The limited and conflicting available data on the 
specific iron status in HF is alarming. As well, the 
series of processes in iron status taking place in the 
classical history of heart failure and the mechanisms 
causing iron deficiency in HF remain unexplored. 
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Because there have been a few clinical studies 
examining the link between HCN and iron status in 
patients with HF and anemia, this study was 
intended. 

This study was a case-control, carried out at Al-
Hussein Teaching Hospital during a period from 20 
February 2021 to 16 April 2022. The study was 
conducted on 160 individuals (aged 20-75yrs), 95 
were males. 80 patients were diagnosed with heart 
failure (based on echocardiographic findings) and 
80 as a control group. All patients were examined 
and classified for four NYHA classes of HF [13]. 
Individuals with a history of diabetes mellitus, renal 
disease, stroke, thyroid disease, malignancy, 
smokers, autoimmune disease, and pregnancy. 

The biochemical analyses of Hepcidin were achieved 
by “Hepcidin ELISA kit Elabscience Biotechnology 
Incor-USA”, normal serum levels of HCN is 27.6-61.4 
(ng/ml). For the measurement of other blood parameters 
including “[hematocrit (HCT), hemoglobin (Hb), mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin concentration (MCHC), and mean 
corpuscular hemoglobin (MCH)]”, Hematology analyzer 
(Abbott, USA) was used. The hematological evaluation of 
iron and ferritin was performed by Iron and Ferritin 
ELISA kits, Shenzhen New Industries, China-Maglumi. 
The total iron binding capacity (TIBC) was estimated 
using a “TIBC kit from Biolabo-SAS”. Anemic patients 
were diagnosed if hemoglobin levels Hb<13g/dl in males 
and Hb <12g/dl in females) according to the WHO 
criteria. Transferrin saturation (TSAT %) estimation was 
measured as “serum iron value/serum TIBC value ×100”. 

All participants underwent an echocardiographic 

study using “The vivid E9 ultrasound machine, GE 
Healthcare USA”. Two separate specialists 
echocardiographer, who were blind to the study 
protocol, examined the participants and the “left 
ventricular ejection fraction (LVEF %)” assessed to 
measure and evaluate the class and degree of HF 
according to NYHA classification. Those with 
LVEF ≤50% are labeled as heart failure cases [14]. 

Measures are presented as means±SD. Statistical 
analysis was done using the available statistical soft ware 
(SPSS/25, USA). Variations between the study groups 

were evaluated with the χ2 test for categorical variables. 

Variations in continuous variables were evaluated with 
unpaired Student-T and ANOVA tests. The correlations 
among variables of interest were verified by linear 
regression analysess. A P-value below 0.05 was 
statistically significant. 

All participants provided informed permission in 
advance for their involvement, and the ethics 
committee at the health institution permitted the 
study protocol. 

Table 1 demonstrates the characteristics of the two 
studied groups. The mean ages and BMI of the control 
and patients were comparable. A highly significant 
difference was detected between the HF patients and the 
controls in the mean HCN and EF% levels (P<0.0001). 
There were substantial differences in the levels of TIBC 
between control and patients (P<0.05); whereas there 
were non-significant changes regarding ferritin, iron, as 
well as TSAT% (P>0.05). Highly significant differences 
were found between HF cases and controls in the MCV 
and MCH (P<0.001). While, no significant differences 
were present concerning Hb, HCT, and MCHC. 

Parameter Control Patient p-value 

Age (yrs) 60.42± 8.01 62.51±9.12 P>0.05 

Sex 
Males 47 (58.75%) 48 (60%) 

P >0.05 
Females 33 (41.25% ) 32 (40%) 

Body mass index Kg/m² 26.61±3.4 25.49±3.01 P>0.05 

EF% 66.79 ±7.3 37.55±9.5 P<0.0001 

Ferritin µg /dl 102.0005 ± 56.56 96.14±66.2 P>0.05 

S. Iron µg /dl 85.46±41.07 83.24 ± 39.48 P>0.05 

TIBC µg /dl 317.402 ± 58.24 347.11±67.9 P<0.05 

TSAT% 47.73 ±15.1 43.28 ± 7.5 P>0.05 

HB g/dl 12.09 ± 1.9 12.47±1.7 P>0.05 

MCV fL 81.98±17.5 96.54±12.7 P<0.0001 

MCH pg 25.57 ± 3.9 28.402±2.6 P<0.0001 

MCHC g/dl 30.92 ± 4.1 29.65 ± 3.5 P>0.05 

HCT g/dl 38.69 ± 8.1 39.27±8.8 P>0.05 

Hepcidin ng/ml 44.61 ± 9.7 70.83±28.2 P<0.0001 

“EF=ejection fraction, TIBC=Total iron binding capacity, TSAT=Transferrin saturation, Hb= 



Hemoglobin, MCV= Mean cell volume, MCH= mean corpuscular hemoglobin, MCHC= Mean 
corpuscular hemoglobin concentration, HCT= hematocrit” 

Table 2 exposed a non-significant difference in 

heart failure patients between the non-anemic and 
anemic patients regarding Hepcidin, MCV, and 
MCHC (P>0.05), while other parameters (ferritin, 
Iron, TIBC, and Hb) were highly significant differ 
(P<0.001). 

Iron deficiency 
patients 

Hepcidin ng/ml Ferritin µg/dl Iron µg/dl TIBC µg/dl Hb g/dl MCHC g/dl MCV fL 

Non-anemic 72.4 ± 31.1 129.3±60.1 106.4±35.7 318.9±54.6 13.6±0.9 29.9± 3.7 93.2±12.8 

Anemic 76.9 ± 23.5 55.2±45.9 53.94±20.6 387.4 ±64.6 10.84±1.4 30.03±3.3 99.9±10.9 

P-value P>0.05 P<0.001 P<0.001 P<0.001 P<0.001 P>0.05 P>0.05 

“TIBC=total iron binding capacity, Hb=Hemoglobin, MCV=Mean cell volume, MCHC=Mean 
corpuscular hemoglobin concentration” 

ANOVA test was used to compare the result of 
the four classes of heart failure regarding HCN, 

hematological, and iron status parameters (Table 3). 
The Hepcidin show highly significant differences 
among classes (P<0.001). Serum values of ferritin 
and iron, Hb, TIBC, MCHC, and MCV results 
demonstrated that only TIBC showed significant 
differences among classes (P<0.05), while other 
parameters were not significantly differing (P>0.05). 

Parameters Class I Class II Class III Class IV P-value 

Hepcidin ng/ml 88.5±23.3 68.9±22.6 54.04 ±20.8 30.2±5.9 P<0.001 

Ferritin  µg/dl 111.1±69.5 88.3±75.2 87.9±53.1 102.05±21.3 P>0.05 

Iron µg/dl 96.2±43.1 74.2±41.6 66.4±26.7 94.05±2.7 P>0.05 

TIBC µg/dl 329.5±58.3 380.1±56.9 377.6±60.9 290.3± 97.9 P<0.05 

Hb g/dl 12.7±2.1 12.6±1.2 11.9±1.6 12.52±0.7 P>0.05 

MCHC g/dl 30.1±3.9 30.4±3.7 29.5± 3.3 29±0.6 P>0.05 

MCV fl 96.2±14.9 92.6±10.0 97.3±8.3 98.97±7.5 P>0.05 

“Post Hoc comparisons” between each pair of 
heart failure classes (according to NYHA 
classification) regarding Hepcidin, hematological, 
and iron parameters were shown in Table 4. The 
Hepcidin revealed significant differences between 
(class I vis III and IV) and (class II vis IV). While 
there were non-significant differences between 

other pairs of classes. There were no significant 
differences between (classes I vis II, III, IV), 
(classes II vis III and IV), and (class III vis IV) 
regarding ferritin, Iron, Hb, MCHC, and MCV. 
TIBC reveals significant differences only between 
classes II vis IV and III vis class IV, while other 
classes did not significantly differ. 

Parameters Class I vis II Class I vis III Class I vis IV Class II vis III Class II vis IV Class III vis IV 

Hepcidin ng/ml N/S S S N/S S N/S 

Ferritin  µg/dl N/S N/S N/S N/S N/S N/S 

Iron µg/dl N/S N/S N/S N/S N/S N/S 

TIBC µg/dl N/S N/S N/S N/S S S 

HB g/dl N/S N/S N/S N/S N/S N/S 

MCHC g/dl N/S N/S N/S N/S N/S N/S 

MCV fL N/S N/S N/S N/S N/S N/S 

Table 6 shows the correlation between HCN and 

ferritin with the EF%, which shows a significant 
positive correlation between them among patients 
with heart failure. 





Variables r Significance 

Ferritin 0.168 P<0.001 

Hepcidin 0.473 P<0.001 

The objective of this cross-sectional study was to 
evaluate the association between HCN and iron status 
among anemic patients with HF. The main findings 
of this study were: highly significant elevation of serum 
HCN levels among the patients compared to the 
controls, highly significant reduction of the HCN 
levels with the worsening of heart failure, and finally 
highly significant correlation of both HCN and ferritin 
serum levels with the mean levels of LVEF%. 

The association between HCN and CVD has been 
previously inspected [15]. HCN is primarily 
recognized as a key regulatory protein of iron 
metabolism, and knowing the ways HCN body 
changes facilitate understanding the mechanisms 
leading to iron derangement that characterizes HF 
patients. In the presence of HCN, ferroportin is 
degraded and cellular iron is blocked from leaving the 
cells. Thus, leads to reduced iron absorption by the 
duodenum with the retaining of iron in the 
reticuloendothelial system. Hence decreasing both 
iron accessibility to target tissues and serum iron levels 
[16]. Nevertheless, the physiological role of HCN is 
larger than orchestrating homeostasis of iron but, is 
also the regulator of effective iron-replete 
erythropoiesis, and has antimicrobial activity [16, 17]. 

Our findings of (i) highly significant elevated 
serum HCN levels among the HF patients 
compared to the controls and (ii) non-significant 
differences in HF patients between the non-anemic 
and anemic patients regarding HCN and variable 
iron status parameters are fascinating in the context 
of preceding studies. In a study involving about 100 
patients with LVEF of <40%, there were certainly 
no major variations between HCN concentrations 
in cases with HF and anemia compared to HF with 
normal HCT. Researchers examining analogous 
associations between HF and HCN have found 
equivocal results [18, 19]. Divakaran et al. found no 
differences between HF subjects with and without 
anemia in serum or urine hepcidin (97 patients in 
total) [18], while in Matsumoto et al. study, 36-HF 
subjects with anemia had decreased plasma HCN 
compared with 25 healthy controls [19]. 

These biological behaviors of HCN among HF 
patients may be beneficial. A reduction in intestinal 
iron absorption and/or iron sequestration reduces the 
labile iron pool and diminishes the unfavorable 
impacts of excess serum iron. Alternatively, 
suppressing innate immunity may inhibit the progress 
of inflammation. As free radicals and inflammation 

are crucial pathways underlying cardiovascular 
damage, hepcidin upregulation may provide an 
adaptive response to prevent their progression [20]. 
The regulatory mechanism of liver HCN expression is 
very multifaceted and certainly not so far entirely 
agreed upon, thus, the role of other factors, not 
considered here, may also be desired. 

Remarkably, our data appear to be somewhat 
conflicting, as in cases with HF, circulatory HCN was 
linked to the presence of neither anemia nor HCT levels 
(irrespective of whether these tests were done 
individually in NYHA HF-classes: I, II, III, or IV). 
Concordant to these conclusions were the results 
described by Ewa A. et al. [18, 20]. However, these 
results appear to be contrasting with the prevalent pieces 
of literature [4] and merit to be discussed. 

In line with previous studies [20], we found 
lower levels of TIBC, TSAT%, and iron status 
parameters among patients with heart failure. An 
iron deficiency per se constrains HCN expression 
and its hepatic release into the blood, thus causing 
the gradual decline of serum hepcidin in HF and 
the accompanying depletion of iron body stores 
(low plasma ferritin), leading to a negative tissue 
iron homeostatic balance (i.e. low TSAT%, TIBC, 
and serum iron), and iron restricted hematopoiesis 
(decreased HCT and Hb). 

A highly significant correlation of both HCN and 
ferritin serum levels with the mean levels of LVEF% 
were inconsistent with the outcomes of Erwin H. et al.  
[21], who revealed that hypoxia and anemia that may 
accompany the progression of HF and reduced LVEF%, 
can reduce HCN production and its blood level. 

In the current study, similar to the Divakaran V. 
et al., findings, serum HCN levels were significantly 
reduced with the worsening of HF. Two 
explanations can be postulated to explain this 
finding. Firstly, when HF subjects become anemic, 
possibly the anemia down-regulates hepatic 
production of HCN, which reduces serum levels of 
HCN [18]. This may be a potential reason for the 
decreased HCN levels in anemic HF cases. 
Secondly, in patients with HF high erythropoietin 
levels could reduce HCN levels and outweighs the 
effect of inflammatory cytokines [19]. 

The contributory role of inflammation in the 
evolution and progression of HF is undeniable and 
several works of literature have confirmed this 
association. Tumor necrosis factor (TNF) [22, 23], 
myeloperoxidase [22, 24], and several interleukins 
(IL)-1 family, besides IL-6 [25, 26], are a few 
proinflammatory cytokines that have been linked to 



HF progression. These cytokines have been found 
to increase the hepatic synthesis of HCN [18], and 
their merit is discussed further in future studies. 

In agreement with our findings, clear shreds of 
evidence from the past literature exposed a positive 
correlation of both HCN and ferritin serum levels with 
the mean levels of LVEF%. Along similar lines, high 
ferritin levels were related to an accentuated EF% 
deterioration described recently by Crischentian B. et 
al. [27]. However, contrary results were also reported 
that revealed serum ferritin concentrations negatively 
correlated with the LVEF% [28]. 

Hepcidin concentrations were recently 
investigated by Jankowska, et al. in a study of 387 
individuals, comprising 321 HF patients and 66 
healthy controls [29]. Harmonious to our outcomes, 
they claimed that the high HCN level was unrelated 
to anemia and inflammation and instead was a sign 
of early HF. They observe the link between 
developing iron deficiency and deteriorating serum 
hepcidin concentrations caused by worsening 
LFEF%. Low hepcidin levels were considered to be 
independent unfavorable findings. 

This study concluded a highly significant 
elevation of serum HCN levels among the HF 
patients compared to the controls, with a highly 
significant reduction of the HCN levels with the 
worsening of HF. In addition, a highly significant 
correlation between both HCN and ferritin serum 
levels with the mean levels of LVEF%. 
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