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Abstract 

Background:  Anemia affects one-third of heart failure patients and is associated with increased morbidity and mor-
tality. Despite being one of the commonest comorbidities associated with heart failure, there is a significant knowl-
edge gap about management of anemia in the setting of heart failure due to conflicting evidence from recent trials.

Main body:  The etiology of anemia in heart failure is multifactorial, with absolute and functional iron deficiency, 
decreased erythropoietin levels and erythropoietin resistance, inflammatory state and heart failure medications being 
the important causative factors. Anemia adversely affects the already compromised hemodynamics in heart failure, 
besides being commonly associated with more comorbidities and more severe disease. Though low hemoglobin lev-
els are associated with poor outcomes, the correction of anemia has not been consistently associated with improved 
outcomes. Parenteral iron improves the functional capacity in iron deficient heart failure patients, the effects are inde-
pendent of hemoglobin levels, and also the evidence on hard clinical outcomes is yet to be ascertained.

Conclusion:  Despite all the research, anemia in heart failure remains an enigma. Perhaps, anemia is a marker of 
severe disease, rather than the cause of poor outcome in these patients. In this review, we discuss the current under-
standing of anemia in heart failure, its management and the newer therapies being studied.
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Background
Heart failure (HF) is a clinical syndrome characterized 
by inability of heart to perform circulatory function effi-
ciently due to structural and/or functional abnormali-
ties. It continues to be an important global health issue 
with an estimated worldwide prevalence of more than 
37.7 million [1]. With an epidemic of coronary artery 
disease, diabetes mellitus and other life style diseases, 
it is estimated that globally the number of HF patients 
would increase by 25% by the year 2030 [2]. Despite best 
of medical and device therapies, the mortality rate of HF 
patients is 50% at 5 years of diagnosis [3], which is more 
than that of breast, prostate and colon cancer [4].

One-third of HF patients are anemic and almost 50% 
have iron deficiency (ID) [5]. Both anemia and ID are 
associated with worst clinical outcomes in patients with 
HF. Whether these are the mediators of poor outcome 
or are just the bad prognostic markers, the debate is far 
from over. While treatment of ID has shown to produce 
symptomatic improvement in these patients, correction 
of anemia has failed to show any significant positive out-
comes. In this article, we aim to review the existing data 
on management of anemia and ID in HF patients and dis-
cuss the future therapies under development.

Main text
Anemia in HF: prevalence
Prevalence of anemia in HF (hemoglobin (Hb) less than 
12  gm/dL and 13  gm/dL in females and males respec-
tively) has been reported between 17–70% depending on 
patients’ demographics, comorbidities, type of study and 
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HF severity [6, 7]. The anemic patients with HF are found 
to be older and have more comorbidities like diabetes 
mellitus, chronic kidney disease (CKD) and have worse 
functional capacity with poorer quality of life. They 
tend to have lower blood pressure, more edema, higher 
requirement of diuretics [8–14].

Anemia in HF: etiology
Anemia in HF is multifactorial. Fifty percent of patients 
with HF have ID; either they have depleted iron stores 
(low ferritin (less than 100 ug/dL) and low transferrin 
saturation (equal to or less than 20%) or they have func-
tional iron deficiency in the form of normal iron stores 
(ferritin (100–300 ug/dL) and low transferrin saturation 
(equal to or less than 20%) [8, 9]. Transferrin saturation is 
obtained by dividing the serum iron by total iron binding 
capacity. The nutrient deficiency may occur either  due 
to decreased intake or due to  decreased  absorption of 
iron in the gut. However, the deficiency of other nutri-
ents like folic acid and vitamin B12 are less well described 
as contributing factors. HF is a complex inflammatory 
state which is associated with upgradation of inflamma-
tory markers like interleukin-1, interleukin-6 and tumor 
necrosis factor and is usually associated with multiple 
comorbidities like CKD [13, 14]. The appropriate eryth-
ropoietin (EPO) response to anemia may be blunted due 

to kidney dysfunction. In addition, the cytokines produce 
a state of resistance to EPO. Though the upgradation of 
sympathetic and renin angiotensin system increases the 
production of EPO in kidneys, the drugs used in heart 
failure commonly blunts this response. Also the use of 
antithrombotics in patients with HF for various indica-
tions may lead to occult gastrointestinal blood loss lead-
ing to ID. Figure 1 summarizes the potential mechanisms 
of anemia in HF.

Anemia in HF: pathophysiology
Anemia in HF decreases the delivery of oxygen to the tis-
sues and aggravates the symptoms of dyspnea and fatigue 
with worsening quality of life. In a patient without HF, 
anemia produces a hyperdynamic state and compen-
sates with increased heart rate and stroke volume. These 
reserves are limited in patients with HF, and hence, ane-
mia can decompensate such hemodynamics. It may lead 
to adverse left ventricular modeling and demand supply 
mismatch. In a large meta-analysis, the crude mortal-
ity risk associated with anemia in HF was an odd ratio 
of 1.96 (95% confidence interval 1.74–2.21), and the 
adjusted hazard ratio was 1.46 (95% confidence interval 
1.26–1.69) [15]. There has been data which shows that 
treatment of HF resolved anemia and brought the mor-
tality risk to baseline; however, the treatment of anemia 

Fig. 1  Etiology of anemia in heart failure
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in HF has not been associated with consistent positive 
outcomes. On the other hand, correction of ID (overt and 
occult) in HF is associated with better quality of life and 
symptomatic improvement and is hence recommended 
to be evaluated for and treated, irrespective of Hb levels. 
However, the effect of treatment of ID in HF on hard out-
comes is yet to be seen. Hence, the debate, whether the 
anemia is a marker of HF severity or it leads to adverse 
outcomes, is far from over.

Anemia in HF: treatment

1.	 Transfusion: In severe symptomatic anemia, a liberal 
transfusion strategy (trigger threshold of Hb 7–8 gm/
dL) is recommended in patients with heart disease 
[16, 17]. Despite having some temporary benefits, the 
transfusion therapy can lead to volume overload and 
ischemic events in HF patients [18, 19], apart from 
other adverse events like hemolytic reactions, acute 
lung injury and infections.

2.	 Erythropoietin-Stimulating Agents (ESAs): Exog-
enous erythropoietin was studied in patients with 
HF in Reduction Of Events by Darbepoetin Alpha in 
Heart Failure (RED-HF) trial, where more than 2000 

HF patients with ejection fraction equal to or less 
than 40% and anemia were randomized to receive 
Darbepoetin Alpha or placebo [20]. There was no 
difference in primary outcome (death or HF hos-
pitalization) in two groups; however, there was sig-
nificantly increased number of ischemic strokes and 
thromboembolic events in the ESA group. The rea-
son for the observed outcome was heterogeneity of 
anemia in HF patients and a large proportion of HF 
patients already have high EPO levels, with resistance 
of bone marrow to its action [21]. Hence, EPO is not 
recommended to treat anemia in HF [22–24]. Even in 
patients with CKD, higher Hb targets with EPO are 
associated with worse cardiovascular outcomes.

3.	 Iron Therapy: Parenteral iron therapy, in patients 
with HF with reduced ejection fraction and iron 
deficiency, irrespective of Hb levels, has shown to 
improve New York Heart Association functional 
class, quality of life and exercise capacity [25–28]. The 
effect of parenteral iron therapy on hard outcomes is 
yet to be ascertained. Most of the studies have taken 
a ferritin cutoff of equal to or less than 100 ug/dL or 
ferritin of 100–300  ug/dL and transferring satura-
tion of equal to or less than 20%. Recent studies have 
found that transferrin saturation, rather than ferritin 

Fig. 2  Role of parenteral iron in heart failure
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tiple genes including EPO [40]. One of the HIF sta-
bilizers, roxadustat (FG-4592), has shown to increase 
EPO and Hb levels and decrease the hepcidin in 
CKD patients [41].

Anemia in HF: current guidelines
The current guidelines recognize that anemia is an 
important prognostic marker in HF patients and lay 
stress on evaluating the etiology of same, though most of 
the times no specific cause is found [17, 22–24]. A spe-
cial emphasis is laid on correction of iron deficiency in 
HF with parenteral iron, irrespective of the Hb levels, to 
improve the functional status.

Conclusion
Despite all the research, anemia in HF remains an 
enigma. Affecting almost one-third of HF patients, ane-
mia is associated with bad outcomes. However, the 
treatment of anemia and rise in Hb levels have not been 
consistently linked to better prognosis. Though paren-
teral iron improves the functional capacity in iron defi-
cient HF patients, the effects are independent of Hb 
levels; and also the evidence on hard clinical outcomes is 
yet to be ascertained.

Abbreviations
CKD: Chronic kidney disease; EPO: Erythropoietin; ESAs: Erythropoietin-stimu-
lating agents; Hb: Hemoglobin; HF: Heart failure; HIF: Hypoxia-inducible factor; 
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levels, reflects the iron stores and availability more 
accurately, and hence should be used to guide the 
parenteral iron therapy [29, 30]. The most studied 
parenteral iron formulation is ferric carboxymaltose. 
Both the European and American guidelines recom-
mend that iron deficiency should be ruled out in all 
HF patients, irrespective of Hb levels [17, 22–24]. 
Parenteral iron therapy is recommended in patients 
found to have iron deficiency. Oral iron therapy 
has been studied in the trial, IRONOUT (Oral Iron 
Repletion Effects On Oxygen Uptake in Heart Fail-
ure) [31]. However, in 16 weeks, the 300 mg of oral 
polysaccharide iron produced only marginal increase 
in ferritin and transferrin saturation, without any 
significant increase in exercise capacity or effect on 
N-terminal pro-B-type natriuretic peptide. Explana-
tion for the observed effect is that due to inflamma-
tory state of HF, the hepcidin levels are high which 
degrade the iron exporter ferroportion, thus blocking 
the iron absorption from the gut and the iron release 
from macrophages. This block is overcome by high 
concentration of intracellular iron after parenteral 
therapy. Figure 2 illustrates the mechanism of action 
of parenteral iron in chronic inflammatory state like 
HF. Table 1 summarizes the studies evaluating role of 
blood transfusion, ESA and iron in HF [32–35].

4.	 New therapies: The new therapies which are being 
evaluated for management of anemia in HF include 
the molecules which target hepcidin, hypoxia path-
way and the EPO receptor.

5.	 Hepcidin: It can be antagonized by reducing its 
production, neutralizing it or preventing the hep-
cidin–ferroportion interaction. This shall increase 
the absorption of iron from the gut and increase 
the bioavailability of iron for erythropoiesis. A fully 
humanized monoclonal antibody against hepci-
din (LY2787106) and a hepcidin-binding agent, the 
Spiegelmer lexaptepid (NOX-H94) have shown 
promising results in phase 1 trials [36, 37].

6.	 EPO receptor targeting: These include mimetic pep-
tides, gene therapy, fusion proteins, receptor anti-
bodies and active receptor ligand traps. These activin 
traps bind a large number of transforming growth 
factor β family ligands and inhibit their signaling. 
The proposed mechanisms of action include making 
erythropoiesis more efficient by reducing the num-
ber of growth differentiation factor-11-positive cells 
[38] or by increased expression of angiotensin II [39]. 
Since the later in not desirable in HF patients, these 
activin traps have not been studied in HF patients 
with anemia.

7.	 Hypoxia-Inducible Factor (HIF) Stabilizers: In low 
oxygen conditions, HIF induces transcription of mul-
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