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ABSTRACT

Iron deficiency and anemia affect approximately half of the chronic heart failure patients and 

they are associated with increased hospitalization rate, lower functional capacity, lower quality 

of life, and higher mortality. The exact mechanism of iron deficiency in heart failure patients is 

still not fully understood. Current guidelines recommend ferritin as the most accurate serum 

biomarker for the diagnosis of iron deficiency. The use of erythropoiesis-stimulating agents is 

no longer recommended because of the lack of improvement on mortality or hospital readmis-

sion rate, and it was associated with a higher rate of thromboembolic events. Intravenous iron 

replacement therapy is safe and generally well tolerated, with fewer side effects compared 

to oral administration. Large randomized studies with ferric carboxymaltose demonstrated its 

effectiveness and superiority to oral administration, and it was associated with a decreased 

rate of hospitalization rate and worsening heart failure, and improvement of functional capac-

ity and quality of life. Intravenous iron supplementation for chronic heart failure is strongly 

recommended by European guidelines. Further studies are needed for a better knowledge 

of this complex pathology and determination of the long-term safety and effectiveness of iron 

administration in chronic heart failure patients. . 
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Introduction

Iron deficiency is one of the most frequent nutritional deficits around the world, 
particularly in developing countries, affecting mostly infants, children, preg-
nant women, elderly persons, and individuals with chronic conditions such as 
chronic kidney disease, inflammatory bowel disease, rheumatic and cardiovas-
cular diseases.1,2 As an indispensable micronutrient, iron plays and important 
role in erythropoiesis and protein synthesis, but it is also essential in oxygen 
storage and transportation and many metabolic processes.3 These facts make it 
indispensable for the proper functioning of the nervous system, thyroid gland, 
musculoskeletal and cardiovascular system.4 Research carried out in the last de-
cade observed a positive correlation between iron deficiency, anemia, and heart 
failure. Iron deficiency is observed in approximately half of the heart failure 
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patients, which further aggravates the quality of life and 
mortality of these patients.5,6 The underlying mechanism 
is still unknown, but animal models offer a possible answer 
in form of a link to chronic inflammation in these patients, 
which leads to absorption deficits.7 The first studies that 
published results regarding iron and erythropoietin ad-
ministration to treat anemia in heart failure patients con-
cluded that it improved the clinical status (New York Heart 
Association – NYHA functional class), echocardiographic 
parameters (left ventricular ejection fraction), and hemo-
globin levels of the patients.8 Further study results con-
firmed this theory and proved the efficiency of iron admin-
istration for heart failure patients irrespective of anemia.9

The aim of this clinical update is to summarize the cur-
rent knowledge and clinical practice in the management of 
iron deficiency and anemia in heart failure patients.

IRON METABOLISM 

The human body contains approximately 3–5 grams of 
iron, which is present in bivalent ferrous and trivalent fer-
ric forms bound to proteins (approximately 75% to hemo-
globin), but it is also present in other organs such as the 
musculoskeletal system.10 It is absorbed via dietary intake 
at the level of the duodenum and jejunum, and it is mainly 
stored as ferritin (500–1000 mg) in the hepatocytes, spleen 
and bone marrow, which should cover the iron demand of 
up to 36 months in men and 6 months in women due to the 
regular menstrual cycle.11 The iron metabolism is modu-
lated by the liver-derived hepcidin, which inhibits the re-
lease of iron from the enterocytes by blocking of ferropor-
tin receptor.12 Inflammatory cytokines stimulate hepcidin 
synthesis resulting in the blockage of iron supplies. Late 
stages of heart failure are linked with low hepcidin levels, 
which are associated with worse outcomes.13 The exact 
mechanism of iron deficiency in heart failure patients is 
still not well elucidated, as different stages of heart failure 
are linked with variable hepcidin levels.

DIAGNOSIS OF IRON DEFICIENCY AND ANEMIA

Approximately 30% of heart failure patients present ane-
mia, which is considered a predictor for mortality and mor-
bidity in these patients, and iron deficiency plays an im-
portant role in the development of this condition.14 Female 
sex, advanced NYHA class, N-terminal pro-B natriuretic 
peptide (NT-proBNP), and C reactive protein (CRP) lev-
els were identified as risk factors for iron deficiency.15 The 
total amount of iron in the body cannot be determined. 
The most accurate method for the evaluation of iron sta-

tus is represented by bone marrow biopsy, but due to its 
invasiveness it is limitedly used in clinical practice. The 
most widely used biomarker for the evaluation of the iron 
status is the determination of ferritin level. However, clini-
cal studies revealed that ferritin can underestimate low iron 
levels in heart failure patients, as bone marrow biopsies 
have shown cases of iron deficiency with normal serum fer-
ritin levels.16,17 Chronic inflammatory status is also associ-
ated with higher ferritin levels; thus, some authors suggest 
that an index of soluble transferrin receptor (sTfR) and fer-
ritin would define iron deficiency more accurately in heart 
failure patients.18 Current guidelines of the European Soci-
ety of Cardiology (ESC) recommend (class I, level C) the 
routine determination of ferritin and transferrin saturation 
(TSAT) in all heart failure patients.19 

TREATMENT OPTIONS FOR ANEMIA 

AND IRON DEFICIENCY

Early studies that targeted the correction of anemia in 
heart failure patients and used erythropoiesis-stimulating 
agents such as erythropoietin and darbepoetin alfa showed 
promising results in terms of improvement of functional 
class, left ventricular ejection fraction, and hemoglobin 
levels. Later studies did not prove the reduction in mor-
tality and hospital admissions and showed a significant in-
crease in thromboembolic events, leading to the removal 
of these agents from the standard care of anemia in heart 
failure patients.20,21 

Iron replacement with iron sucrose without the ad-
ministration of erythropoietin therapy followed as an 
alternative for the correction of anemia and iron deficit 
in chronic heart failure patients. Intravenous iron admin-
istration is widely studied, as the first results have led to 
clinical (NYHA class, exercise capacity), quality of life, 
and laboratory (hemoglobin level, NT-pro-BNP) im-
provements.22,23 Further double-blind, multi-center stud-
ies investigated the long-term (52 weeks) effect and safety 
of intravenous iron (ferric carboxymaltose) administra-
tion. Positive results were recorded in terms of clinical 
improvement, correction of anemia, and improvement of 
6-minute walking distance, with a decreased rate of hos-
pitalization and worsening heart failure.24,25 Recent meta-
analyses confirmed the safety and efficacy of intravenous 
iron with reduction of hospitalization rate, but with no 
significant effect on mortality. Current ongoing trials in-
vestigate the clinical outcomes and all-cause mortality 
with this treatment.26,27

Intravenous iron administration is generally well toler-
ated. The large clinical trials that investigated intravenous 
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iron administration in heart failure patients did not report 
any severe, life-threatening allergic reactions; however, 
observation of the patients is recommended after iron 
administration due to minor side effects such as minor al-
lergic reactions, rashes, headache, or nausea. Paravenous 
administration may lead to long-term skin deposits at the 
injection site.24,28 

Oral iron administration represents a therapeutic op-
tion for iron replacement in heart failure patients at rela-
tively lower costs compared to intravenous administra-
tion. Abnormal absorption due to reduced blood flow of 
the gastrointestinal mucosa and frequent (more than half 
of the patients) side effects (e.g., diarrhea, nausea, vom-
iting, metal taste) significantly reduce the compliance to 
this administration form compared to the intravenous 
route.29,30 Few trials compared oral versus intravenous iron 
supplementation in chronic heart failure patients, but no 
significant increase of ferritin (as biomarker for iron stor-
age) levels were recorded in patients with oral iron admin-
istration, and no changes were detected in peak oxygen 
consumption for these patients.30 Considering the above 
mentioned results, intravenous iron replacement therapy 
is preferred to oral administration in chronic heart failure 
patients. 

Current ESC guidelines recommend (class IIa, level A) 
intravenous iron (ferric carboxymaltose) administration 
for symptomatic heart failure patients with reduced left 
ventricular ejection fraction if iron deficiency is identified, 
irrespective of anemia.7

FUTURE PERSPECTIVES 

Ongoing clinical trials investigate the long-term efficiency 
of intravenous iron replacement therapy in chronic heart 
failure patients in terms of important end-points such as 
mortality, worsening heart failure, hospitalization, and 
quality of life.31,32 Research regarding more effective oral 
iron supplements, with better absorption and fewer side 
effects is also being carried out in the form of  in vitro 
studies using nanoparticles and early clinical trials, with 
promising results.33–35 The identification of better labo-
ratory biomarkers for detection of iron deficiency is also 
underway. Many trials suggested that serum ferritin levels 
may not describe the iron status of heart failure patients 
accurately due to a chronic inflammatory status in these 
patients.36,37
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