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Abstract

Anaemia is defined by WHO as Hb < 13.0 g/dL in male adults and <12.0 g/dL in female adults. It is a common comorbidity in
patients of heart failure with both HFrEF and HFpEF. The incidence ranges between 30% and 50%, though in certain commu-
nities, it is likely to be higher still. Elderly age, severe heart failure, poor nutrition, and elevation of inflammatory markers are
associated with a higher incidence of anaemia. However, the commonest contributing factor to anaemia in HF is iron defi-
ciency. In a Canadian study of 12 065 patients, the incidence of absolute ID was 21% in anaemic patients. Many other western
studies have also quoted incidences varying between 35% and 43%.
The earlier attempts to improve outcomes by supplementation with Erythropoietic-stimulating factors were unsuccessful and
resulted in a higher incidence of thrombotic events. Iron deficiency (ID) has emerged as an important factor in patients of HF,
even in those without anaemia and worsens outcomes. It is defined as Ferritin levels below 100 mcg/L or 100–299 μg/L with
transferrin saturation of <20%. Attempts to correct ID by oral supplementation have been unsuccessful as seen in IRON-HF and
IRONOUT-HF trials. FAIR-HF and CONFIRM-HF conclusively established the role of IV Iron in improving exercise capacity and
quality of life in patients with HFrEF. ESC guidelines have given a class IC indication for testing all heart failure patients for
ID, and an IIaA recommendation for its correction by IV ferric carboxymaltose was found to be deficient. Ongoing trials will
establish the role of IV iron in improving mortality and in HFpEF patients and in patients with acute heart failure.
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Introduction

Anaemia is defined by WHO as Hb < 13.0 g/dL in male adults
and <12.0 g/dL in female adults.1 It is one of the commonest
associations in patients of HF2,3 and has been shown to be as-
sociated with increased mortality in both acute and chronic
heart failure.4,5 The aetiology is varied, especially in countries
like India where apart from other mechanisms, nutritional de-
ficiency and worm infestations also play a part. ID has
emerged as one of the most important causes of anaemia
in patients of heart failure, though other causes need to be
excluded as well. Iron is an essential element for humans
due to its role in several functions in our bodies. There are
several physiological conditions where its deficiency occurs.
These are infancy, pregnancy, lactation, menstrual periods,

and old age. As a majority of patients of HF are in the elderly
age group, it is also important to exclude other causes of
anaemia such as GI malignancies which have been reported
to be present in about 10% of patients undergoing endo-
scopic evaluation in a large study.6 Over the past few years,
a lot of research has been carried out into ID in conditions
such as chronic kidney disease, HF, chronic inflammatory dis-
eases, and cancer, and several mechanisms have been eluci-
dated and corrective steps identified.

Prevalence of anaemia in HF

Anaemia is highly prevalent in patients of heart failure. In the
first multi-ethnic Asian-HF study, it was present in one third
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to half the patients with HF and was shown to adversely im-
pact QOL and survival, with remarkable differences among
the different Asian ethnicities.7 In a study by al-Jarallah
et al., the incidence of cardio renal anaemia syndrome was
27% and was associated with higher odds of all-cause mortal-
ity in acute HF patients in the Middle East, especially in those
with HFrEF.8 Malnutrition is an important factor contributing
to anaemia in HF patients. It can be due to economic factors,
loss of appetite, gut wall oedema interfering with absorption,
and the presence of inflammatory cytokines. In a study by
Chien et al., 9 patients in both malnutrition and lower BMI
(<25 kg/m2) strata demonstrated the lowest chance of sur-
vival compared with those with both better nutrition and
higher BMI. Advanced stages of both HFrEF and HFpEF result
in a high incidence of cardiac cachexia, which is a deleterious,
highly catabolic condition, and is associated with significant
incidence of anaemia. Low serum albumin in these patients
signifies poor nutrition and is one of the important markers
of poor prognosis.9 However, the commonest contributing
factor to anaemia in HF is iron deficiency. In a Canadian study
of 12 065 patients, the incidence of absolute ID was 21% in
anaemic patients.10 Many other western studies have also
quoted incidences varying between 35% and 43%.11,12

Diagnosis of iron deficiency

Iron is present in circulating and stored forms. The stored iron
may be in mobilizable or immobilizable forms. Hepcidin is a
protein secreted by the liver13,14 and controls the activity of
ferroportin which, in turn, is an iron exporter out of different
cell types. These are gut mucosal cells as well as the sites for
iron storage, i.e. hepatocytes and macrophages. Once
hepcidin binds with ferroportin, it gets destroyed by lyso-
somes, leading to reduced levels of ferroportin and reduced
iron release.15 Hepcidin levels are increased in heart failure.
Thus, even if there is enough iron stored in the body, it is
not available for various metabolic functions and
haematopoiesis as it cannot be mobilized.

The generally accepted definition of iron deficiency is ferri-
tin below 100 μg/L or ferritin levels of 100 to 299 μg/L along
with TSAT of less than 20%.16 Current ESC guidelines give a
class IC indication to screen all HF patients for ID.16

Iron metabolism

Iron itself is toxic to the cells because of its ability to generate
reactive oxygen species. Therefore, it is present intracellularly
as ferritin and in the intravascular compartment as a bound
form with transferrin. Similarly, when administered intrave-
nously, it is coated with another compound. The side effects
of IV iron are due to the nature of this coating.

Iron is present in heme form in meat and non-heme form
in vegetarian diet. Heme iron is absorbed much better from
the gut. This is relevant in our country with a large population
on vegetarian diet. Daily consumption of iron is 12–15mg but
only 1–2 mg is finally absorbed. The only natural form of iron
excretion from the body is through exfoliation of gut mucosal
cells.

The overall iron store in humans is 3–5 g, of which
two-third resides in haemoglobin.13 Stored iron bound to fer-
ritin is much less, 800–1000 mg in men and 300–500 mg in
women. Iron is required not only for oxygen transport but
also for skeletal, neurological, and immune functions among
others.

History of treating iron deficiency

Researchers in Tel Aviv were the first to attempt exercise ca-
pacity and quality of life in late 1990s in patients with HF and
anaemia by using a combination of IV iron and
erythropoietin.17 Over the next few months, they demon-
strated a significant improvement in haemoglobin, LVEF,
and functional class. This sparked off a lot of interest in this
field. Several trials were carried out to improve Hb by using
darbepoetin in HF patients in the belief that improvement
in Hb will result in beneficial effects in HF patients. Finally, a
large trial RED-HF18 was launched where darbepoetin was
given in HF patients with anaemia whose TSAT was over
20%. The trial was negative for improvements in cardiovascu-
lar outcomes, but there was a higher incidence of thrombo-
embolic events and ischemic stroke. This laid to rest
attempts to improve outcomes by using darbepoetin to im-
prove Hb and cardiovascular outcomes, but sparked new in-
terest in correcting ID rather than improving Hb.

Oral iron therapy

Oral iron preparations are usually in ferrous form. The side ef-
fects include nausea, metallic taste in the mouth, abdominal
bloating, flatulence, diarrhoea, and constipation, leading to
its discontinuation in many cases. It needs to be taken at least
30 min before meals to increase its absorption. Increase in
haemoglobin and reticulocyte count after 1–3 weeks indi-
cates its success.

Two clinical trials assessed the efficacy of oral iron in pa-
tients of HF and iron deficiency. The first study named
IRON-HF19 was published in 2013. This compared placebo,
IV iron, and oral iron in patients with LVEF < 40%, NYHA class
II–IV, who had Hb 9–12 g/dL, a TSAT level of >20% and ferri-
tin <500 μg/L. It could enrol only 23 patients. The peak oxy-
gen consumption increased in IV iron group, but not in the
other two. TSAT and ferritin levels also increased in IV iron
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group, but only the latter change was statistically significant.
No other similar study has been done. The data need to be
interpreted with caution as most of the non-significant re-
sults could be due to beta error.

The second trial to test oral iron in HF was the
IRONOUT-HF trial which enrolled 225 patients with HF,
LVEF < 40%, and ID defined as ferritin levels of 15–100 μg/L
or ferritin 101–299 μg/L with TSAT < 20%. Patients received
either a placebo or a 150 mg oral iron polysaccharide for
16 weeks. The primary end point which was a change in peak
oxygen uptake from baseline and the secondary end points
did not differ in the two groups. The authors concluded that
‘these results do not support the use of oral iron supplemen-
tation in patients with HF with reduced ejection fraction.’20

Intravenous iron therapy

Since oral iron therapy was ineffective, a number of trials
have been carried out using IV iron. The earlier iron formula-
tion, iron dextran, caused a lot of reactions and is not recom-
mended. Current additions to the portfolio are iron sucrose,
FCM, and ferumoxytol. Most studies in HF and ID have been
carried out with iron sucrose or FCM.

The first large scale, double-blinded placebo-controlled
trial was FAIR-HF, published in 2009.21 The study enrolled
459 patients in NYHA class II (LVEF < 40%) or class III
(LVEF < 45%) and Hb of 9.0–13.5 g/dL. Patients had ID de-
fined as serum ferritin <100 μg/L or ferritin 100–299 μg/L
with TSAT <20%. They were randomly allocated in 2:1 fashion
to receive FCM or placebo. ID was calculated by Ganzoni’s
formula and corrected by weekly doses of 200 mg. A mainte-
nance dose of 200 mg per month was given. After 24 weeks
of follow-up, 50% patients in FCM improved according to
self-reported patient global assessment (PGS), the primary
end point, as compared to 24% in the placebo group with
odds ratio of being in a better rank: 2.51 (P < 0.001). The sec-
ondary end points, NYHA class, 6 min walk test, and KCCQ
also showed a statistically significant improvement. This im-
provement was regardless of the presence of anaemia at
baseline. Based on this trial, IV FCM first entered in the rec-
ommendations of ESC guidelines.

The second large trial of FCM was CONFIRM-HF.22 This
double-blind placebo-controlled prospective randomized trial
included patients with LVEF < 45%, NYHA class II or III with
raised BNP or NT-ProBNP. Patients received 500–200 mg of
FCM or placebo within the first 6 weeks followed by
500 mg FCM at weeks 12, 24, and 36 if they were still ID.
At 24 weeks, the 6 min walk test improved significantly in pa-
tients of FCM as compared to those on placebo and the ben-
efit was maintained at 52 weeks. A third trial named EFFECT-
HF23 studied the effect of IV FCM compared to standard of
care in 174 patients in NYHA class II in a randomized

non-blinded fashion. At 24 weeks, peak oxygen consumption
decreased in control group but was maintained in FCM group.

Two meta-analysis with regard to IV iron in HF were pub-
lished in 2016 and 2017. Jankowska et al.24 analysed five clin-
ical studies which included 851 patients, of which 509
received iron sucrose or FCM. The analysis showed that IV
iron in heart failure reduced the combined end point of all
causes of death or CV hospitalization (OR 0.44; P < 0.0001)
and the combined end point of cardiovascular death or hospi-
talization due to worsening of HF (OR 0.39; P < 0.0001). In ad-
dition, there was reduction in NYHA functional class
(P = 0.001), increase in 6 min walk test (P < 0.0001) and im-
provement in quality of life using different assessment tools.
A second meta-analysis published in 2017 included four ran-
domized trials including 839 patients of which 504 received
IV FCM.25 Patients on FCM had lower incidence of CV mortal-
ity and recurrent CV hospitalizations (P < 0.01). Recurrent HF
hospitalizations and all-cause mortality also improved. These
data strongly suggest the beneficial effect of IV iron in pa-
tients with HF and ID. A new trial, FAIR-HF 2, is currently un-
der way. This trial will enrol 1200 patients with a primary end
point of combined rate of recurrent HF hospitalizations and
of CV death. It is expected to be completed in October 2020.

Apart from the improvement in clinical outcomes, correc-
tion of ID also results in substantial healthcare cost savings.
A large retrospective claims database analysis of 172 394 pa-
tients showed that in patients with ID, those treated with IV
iron had a significant reduction in mortality and the number
of hospitalizations. The annual healthcare costs for HF pa-
tients with untreated incident ID/anaemia amounted to
€17 347 with incremental cost of €849 (P < 0.01) attributed
to ID/anaemia.26

Treatment of iron deficiency in HF
guidelines

Since 2012, the ESC guidelines have recommended that all HF
patients be screened for anaemia and ID using ferritin and
TSAT giving it a Class I, level of evidence: C recommendation.
After the publication of CONFIRM-HF results, in 2016 treat-
ment recommendations were updated to Class IIa, level of
evidence: A. The statement reads ‘IV FCM should be consid-
ered in symptomatic patients (Serum Ferritin <100 μg/L, or
ferritin between 100 to 299 μg/L and TSAT < 20%) in order
to alleviate HF symptoms and improve exercise capacity and
quality of life’.16 The ACC/AHA guidelines in 2017 state that
‘In patients with class II and III HF and iron deficiency, IV iron
replacement might be reasonable to improve functional sta-
tus and quality of life giving this recommendation an IIb level
of evidence’.27 While the European guidelines recommend
only FCM, given the large body of evidence, the US guidelines
do not specify any particular type of IV iron.
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Conclusions

Anaemia is a very common comorbid condition in patients of
HF. The pathophysiology is diverse and includes nutritional
deficiencies, loss of blood through GI tract, decreased iron
absorption, and decreased release of stored iron. It is an in-
dependent predictor of reduced exercise capacity, quality of
life, and recurrent hospitalizations. After the RED-HF trial con-
clusively proved that increasing haemoglobin to 12–13 g/dL
by using erythropoietic factors does not improve outcomes
in anaemia in HF, attention has shifted to the role of iron de-
ficiency, which is very common in HF, even in patients who
are not anaemic. The criteria for the diagnosis are now well
established, and it is recommended that every patient with
HF should be screened for ID. There is conclusive evidence
that it reduces hospitalizations and improves quality of life.
Some evidence of its effect on survival in these patients ap-
pears to be emerging, and the ongoing trials will further

answer this question. Most of the efficacy and safety data
are with IV FCM. The data with IV iron in HFpEF are not clear
yet, and the ongoing trial FAIR-HFpEF, which is expected to
be completed in approximately 2 years, may answer this
question. Likewise, the role of IV iron in acute HF is also not
yet clear, and another ongoing trial, AFFIRM-AHF, expected
to be completed by the end of 2020, may throw some light
on this issue.
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