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Abstract

Iron deficiency (ID) is common in patients with cardiovascular disease. Up to 60% of patients with coronary artery disease, and an even higher pro
portion of those with heart failure (HF) or pulmonary hypertension have ID; the evidence for cerebrovascular disease, aortic stenosis and atrial 
fibrillation is less robust. The prevalence of ID increases with the severity of cardiac and renal dysfunction and is probably more common amongst 
women. Insufficient dietary iron, reduced iron absorption due to increases in hepcidin secondary to the low-grade inflammation associated with 
atherosclerosis and congestion or reduced gastric acidity, and increased blood loss due to anti-thrombotic therapy or gastro-intestinal or renal dis
ease may all cause ID. For older people in the general population and patients with HF with reduced ejection fraction (HFrEF), both anaemia and ID 
are associated with a poor prognosis; each may confer independent risk. There is growing evidence that ID is an important therapeutic target for 
patients with HFrEF, even if they do not have anaemia. Whether this is also true for other HF phenotypes or patients with cardiovascular disease in 
general is currently unknown. Randomized trials showed that intravenous ferric carboxymaltose improved symptoms, health-related quality of life 
and exercise capacity and reduced hospitalizations for worsening HF in patients with HFrEF and mildly reduced ejection fraction (<50%). Since ID is 
easy to treat and is effective for patients with HFrEF, such patients should be investigated for possible ID. This recommendation may extend to other 
populations in the light of evidence from future trials.
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Introduction
Iron is needed in all organ systems for various metabolic processes, e.g. 
erythropoiesis, mitochondrial function, oxygen transport, myocardial 
and skeletal muscle metabolism, immune and nervous systems, inflam
matory response, lipid metabolism and many others.

Iron deficiency (ID) is extremely common,1 and recent trials have 
shown that it is an important therapeutic target in patients with heart 
failure (HF) with reduced ejection fraction (HFrEF). However, ID ap
pears common in a broad range of cardiovascular (CV) diseases.

The aim of this review is to summarize the available data from epi
demiological, clinical and interventional studies on ID in CV diseases 
(Graphical Abstract).

Definition of ID
ID can be characterized by (i) depleted iron stores linked with a de
crease in the total body iron supply due to insufficient nutritional 
iron intake, impaired absorption or chronic blood loss, i.e. absolute 
ID; and/or (ii) reduced circulating iron, which can be linked to a persist
ent inflammatory state as in many CV diseases, i.e. functional ID.2

Inflammation leads to an increased release of hepcidin, a liver- 
expressed type II acute phase protein and a major player in iron homeo
stasis.3 Hepcidin regulates the degradation of ferroportin, a transmem
brane protein which transports iron absorbed after dietary intake from 
the inside of the mucosal cells in the small intestine to the bloodstream, 
and also mediates the release of recycled iron from macrophages in the 
spleen and the liver4 (Figure 1). Therefore, ID observed with CV dis
eases may be due to the increased levels of hepcidin linked with a 
chronic inflammatory status, which leads to decreased iron absorption 
and mobilization from the reticuloendothelial system, i.e. functional ID. 
In severe HF, beyond the above-explained role of inflammation, a con
tributing cause of ID might be the reduction in iron absorption in the 
bowel due to an HF-related generalized oedema.6,7 In a population of 
15 patients with HFrEF and 15 with HF with preserved ejection fraction 

(HFpEF), the increase in plasma iron 2 h after supplementation with 
oral ferroglycin sulphate complex was almost two-fold higher com
pared with 12 control subjects without HF and ID, and no difference 
was observed across the ejection fraction (EF) spectrum,8 which might 
lead to question a major role for limited absorption as key mechanisms 
for ID in HF. Alternatively, it might be hypothesised that ferroglycin, by 
having a good iron availability, could bypass the hepcidin block on iron 
absorption.

The definition of ID which is usually used in the CV field comes from 
the large randomized controlled trials in HF, comprising a serum ferritin 
concentration <100 ng/mL, or a ferritin concentration 100–299 ng/mL 
in combination with a transferrin saturation (TSAT) <20%. These cut- 
offs have been borrowed from the nephrology field where they were 
suggested to have good performance in terms of sensitivity and speci
ficity for a diagnosis of ID but also as targets for iron therapy.9 Recent 
studies raise the question of whether this definition accurately reflects 
the presence of ID as assessed by bone marrow histology, the ‘gold- 
standard’ investigation for ID. Therefore, it might lead to consider as 
ID patients who do not have ID, or to deny an ID diagnosis to patients 
who are iron-deficient. However, the positive results of intravenous 
(IV) iron trials in HF might suggest that a valuable proportion of patients 
diagnosed with ID by using the current definition is genuinely 
iron-deficient.

In HF patients, serum concentrations of transferrin receptor 
(sTfR), which mediates the endocytosis of transferrin-iron complexes 
into cells, outperforms serum ferritin concentrations or TSAT for 
predicting bone marrow iron depletion.10 Additionally, TSAT 
≤19.8% and serum iron ≤13 μmoL/L had a 94% sensitivity and a 84 
and 88% specificity, respectively, for predicting ID in the bone mar
row, whereas the common definition of ID had only 82 and 72%, re
spectively.11 Serum ferritin may be a poor guide to ID in patients with 
HF or atherosclerotic heart disease. Indeed, both conditions are asso
ciated with chronic inflammation, which increases hepcidin secretion, 
thus reducing iron absorption but provoking release of ferritin from 
cells (akin to troponin release from damaged cardiac myocytes), 
and therefore uncoupling ferritin from its usual relationship with 
ID.12 However, it should also be recognized that the clinical trials 
showing the benefits of iron have included serum ferritin as an inclu
sion criteria; we should be cautious before abandoning serum ferritin 
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for selecting patients for IV iron treatment.13 Of interest, the 
EMPA-HEART14 trial that enrolled stable patients with type 2 dia
betes and coronary artery disease (CAD) reported that the rise in 
haemoglobin following treatment with empagliflozin was associated 
with an increase in erythropoietin and a reduction in serum ferritin 
but no change in TSAT. In a single centre randomized controlled trial 
enrolling 52 patients with obesity and type 2 diabetes, after 12-week 
treatment dapagliflozin increased haemoglobin and erythropoietin 
(only at week 6) with a parallel reduction in ferritin and TSAT com
pared with placebo.15 Whether the decline in ferritin reflects reduced 
iron availability due to increased red cell production or the anti- 
inflammatory properties of SGLT2i is uncertain (Figure 2).14

Acute and chronic heart failure
Prevalence, clinical phenotype, and outcome
About half of patients with HF has ID,16–18 with specific prevalence es
timates for ID in chronic HF ranging between 47 and 68% depending on 
the definition used for ID.19 A slightly higher prevalence has been in 
general observed in HFpEF vs. HF with mildly reduced EF (HFmrEF) 
vs. HFrEF.20,21 In some cohorts the prevalence of ID was similar regard
less of anaemia,22 whereas in some others it was higher in patients with 
anaemia.19,23 Patients with more severe HF are more likely to have ID 

and anaemia. It is likely that this is a ‘vicious cycle’, with worsening HF 
exacerbating ID that, in turn, drives the further progression of 
HF.19,21,24,25

In a regional HF cohort of 7160 patients from Hull (UK) higher 
ln-transformed ferritin concentration, but not serum iron or TSAT, 
was independently associated with higher 5-year mortality.19 In a 
smaller cohort of ∼1500 HF patients with chronic HF, ID was inde
pendently associated with a 42% increased risk of all-cause death.24

In an analysis of the Swedish HF registry, ID was independently asso
ciated with the risk of recurrent all-cause hospitalizations but not of 
mortality.21 In a multi-ethnic Asian population, a TSAT <20% was in
dependently associated with lower peak oxygen consumption and 
higher mortality.26

There are limited data on the natural history of ID and the trajector
ies of ID biomarkers over time. In the AFFIRM-AHF trial, after 6 weeks 
from baseline ferritin increased in average by ∼20 ng/mL and TSAT by 
5%.27 In an ambulatory cohort of 906 chronic HF patients from Hull, 
within 1-year follow-up 30% of patients reported new-onset ID defined 
as serum iron ≤13 μmol/L, while ID resolved in 44%. Compared with 
iron repletion, persistent and incident ID were associated with 80 
and 40% increased risk of all-cause death, respectively.28 In a multicen
tre study from New Zealand and Singapore enrolling 1563 patients 
with HF, when ID was defined according to a TSAT <20%, 20% of 

Figure 1 Iron homeostasis. Heme-bound iron is transported from the gut lumen into the mucose cell through the heme carrier protein 1 (HCP1) and 
here Fe2 + is released by the activity of the heme-oxidase. Additionally, in the gut lumen Fe3 + is converted to Fe2 + by the ferri-reductase or through 
reduction by dietary ascorbate and then transported into the mucose cell through the divalent metal transporter 1 (DMT1). Fe2 + can be then con
verted again to Fe3 + and stored as ferritin, or exported to the bloodstream through ferroportin where it is converted to Fe3 + by hephaestin and binds 
to transferrin whose role is to transport iron where there is metabolic need. Macrophages contribute to iron homeostasis by taking up transferrin- 
bound iron by receptor-mediated endocytosis. In the macrophages iron can be stored as ferritin and released when needed through ferroportin. 
Inflammation leads to an increased release of hepcidin from the liver which downregulates ferroportin and therefore the transport of dietary intake 
from the inside of the mucosa cells in the small intestine to the bloodstream and also the release of recycled iron from macrophages in the spleen and 
the liver, potentially leading to iron deficiency. Created with BioRender.com Adapted from Nat Rev Cardiol 2015; 12: 659–669.5
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Figure 2 Effect of empagliflozin (panel A) and dapagliflozin (panel B) on erythropoietin levels and iron status. Panel A (A) EPO levels in patients receiving 
empagliflozin 10 mg daily or placebo. (B) RBC indices, hemoglobin and hematocrit values, and iron status at baseline and after 6 months of empagliflozin 
or placebo. (C ) Potential renal mechanisms for increased EPO with sodium-glucose cotransporter 2 (SGLT2) inhibition. Reprint permissions from 
Mazer et al.14 Panel B: Plasma levels of erythropoietin and ferritin before and following 12 weeks of treatment with placebo or 10 mg daily of dapagli
flozin. * = P < 0.05 compared to baseline in dapagliflozin group using ANOVA and paired t-test and #=P < 0.05 compared to placebo using two-way 
ANOVA and t-test. Adapted from J Clin Endocrinol Metab. 2020; 105:e1056-e1063.15
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HF patients developed ID by 6 months, whereas of those with ID at 
baseline 53% had persistent ID and in 47% there was ID resolution. 
Persistent ID was associated with higher risk of death/HF hospitaliza
tion compared with ID resolution or no ID.23 These findings on risk 
of incident ID in HF lead to suggest a pragmatic approach of regularly 
re-checking haemoglobin and ID markers once/twice a year. 
Interestingly, in these studies a minority of patients received iron ther
apy, and therefore ID resolution was spontaneous and probably ex
plained by an improved HF status linked with optimized treatment.

Consequences of ID in patients with chronic heart 
failure across the ejection fraction spectrum
In patients with chronic HFmrEF and HFrEF, the prevalence of ID has been 
observed to range 37–62% depending on the definition applied,11,29–31 and 
to be higher in patients with concomitant anaemia.10,30 In BIOSTAT-CHF 
including mainly patients with HF and EF ≤45%, 62% had ID defined as a 
TSAT <20% and of these 34% had a deficit in iron utilization (serum ferritin 
concentrations >128 ng/mL) while 66% had low iron stores (serum ferritin 
concentrations ≤128 ng/mL).31 In HFmrEF/HFrEF ID has been shown to 
be associated with lower peak oxygen consumption, higher ratios of ven
tilation to carbon dioxide production, higher mortality and risk of HF hos
pitalization and heart transplantation independently of anaemia.29,30

Notably, in a study enrolling 42 patients with HF and EF ≤45% undergoing 
coronary artery bypass grafting, 40% had bone marrow ID, and a TSAT 
≤19.8% or serum iron concentrations ≤13 μmoL/L, but not ferritin, pre
dicted mortality.11

In chronic HFpEF patients, a meta-analysis of 15 HFpEF studies 
reported a 59% prevalence of ID and ID was associated with lower 
oxygen consumption at peak exercise (VO2max), worse dyspnoea 
class or 6 min walking distance (6MWD) and worse health-related 
quality of life (HRQoL), but with no impact on risk of death or 
hospitalization.32

There are few studies aiming to compare prevalence and outcome 
associated with ID in HF across the EF spectrum. In a French cohort 
of ∼2800 HF patients, 38% were tested for ID and 34% of these were 
diagnosed with ID.20 Testing in HFpEF, HFmrEF and HFrEF was 23, 24 
and 53%, respectively, whereas ID was diagnosed in 36, 30 and 31%, 
respectively.20 ID diagnostic testing was more likely performed dur
ing hospitalizations than outpatient visits.20 Among HFrEF patients 
diagnosed with ID, 49% received iron supplementation, with 80% 
treated with IV iron.20 In the Swedish HF registry, testing for ID 
was only 27% (29% in HFrEF, 24% in HFmrEF and 21% in HFpEF), 
and those who were tested were more likely to have anaemia, 
HFrEF, more severe HF and receive more specialized follow-up.21

Prevalence of ID was overall 49%, 56% in HFpEF, 50% in HFmrEF 
and 48% in HFrEF. 20% had concomitant anaemia and ID, 29% ID 
without anaemia, 15% anaemia without ID, and 36% neither ID nor 
anaemia. Iron supplementation with ferric carboxymaltose (FCM) 
was 19% in the overall ID population and 24% in HFrEF. Prevalence 
of ID was similar in HFrEF and HFpEF, i.e. 58%, in a longitudinal multi
centre study in New Zealand and Singapore, and with higher co- 
prevalence of anaemia in HFpEF (56%) vs. HFrEF (39%). A TSAT 
<20% independently predicted all-cause mortality and risk of 
death/HF hospitalization in HFrEF (EF <50%) but not in HFpEF. In 
∼1200 patients with HF across the EF spectrum, overall prevalence 
was 53% (64% in HFpEF, 61% in HFmrEF, and 50% in HFrEF) and 
ID was associated with lower VO2max regardless of EF.33 In the 
French CARENFER study, overall ID prevalence was 49.6%, 57.5% 
in HFpEF, 47.4% in HFmrEF and 44.3% in HFrEF.25

Acute decompensated HF
In patients with acute decompensated HF, ID was observed in 54 and 
56% of patients with HFrEF and HFpEF, respectively, but only in 
HFrEF it was independently associated with longer hospital stay.34 In 
another cohort of ∼600 patients hospitalized for HF, depleted iron 
stores but not low circulating iron was associated with all-cause mor
tality or HF hospitalization.35 In ∼850 patients hospitalized for decom
pensation of chronic HF, ID was observed in 69% of men and 75% of 
women, and in non-anaemic patients it was higher in women vs. men 
(79 vs. 57%).36 In 165 patients with acute HF, concomitant low hepcidin 
and high sTfR highlighting severe ID found in 37% of the population was 
associated with more severe HF and low haemoglobin, and with 5% in- 
hospital mortality.37

Treatments (Table 1, Figure 3)
Pioneering research on iron supplementation which has provided the 
background for investigation in HF and CV diseases comes from the 
nephrology field, where oral and IV iron therapies are used in patients 
with non-dialysis and dialysis-dependent chronic kidney disease and ID 
anaemia.9 Anaemia is the most common extraintestinal manifestation 
of bowel disease and since its major cause is ID, IV iron is often the ther
apy of choice being oral iron often not tolerated or ineffective.43 The 
current section aims to provide an overview on ID treatment in pa
tients with HF.

Oral iron supplementation
Use of oral iron supplements has several limitations, such as the limited 
amount of iron absorbed in the gut, the metallic taste, and high percent
age of side effects such as nausea, diarrhoea, constipation, flatulence, and 
constipation.2 Current evidence from randomized controlled trials does 
not support the use of oral iron for ID in patients with HF. In the 
IRONOUT HF trial, randomizing 225 patients with HFrEF and ID, 
oral iron polysaccharide or placebo for 16 weeks led to similar changes 
in peak VO2.

38 Potential explanations for these neutral findings could be, 
beyond the lack of efficacy, (i) the use of an inappropriate primary out
come which has been neither improved by the treatment with IV iron; 
(ii) the enrolment of a proportion of non-iron-deficient patients given 
the median ferritin and TSAT levels of 75 ng/mL and 19%, respectively, 
at baseline; (iii) too short treatment.44 Additionally, a proof-of-concept 
non-randomized study, showing a significant increase in haemoglobin, 
serum iron and ferritin concentrations, together with an improvement 
in 6MWD and Kansas City Cardiomyopathy Questionnaire (KCCQ) at 
3 and 6-month follow-up would suggest not to dismiss a potential use 
for oral iron in this setting.45

Intravenous iron supplementation in chronic HF
The evidence for using IV iron in HF patients with ID is much stronger 
than other routes of application. In small cohort of 16 anaemic patients 
with HFrEF, after 12 days of treatment with 1 g of IV iron sucrose there 
was a significant increase in haemoglobin levels, an improvement in 
Minnesota Living with Heart Failure Questionnaire (MLHFQ) score, 
6MWD and New York Heart Association (NYHA) class.46

A randomized controlled trial enrolling 40 patients with chronic 
HFrEF (EF ≤35%), chronic renal failure, ID anaemia defined as haemo
globin <12.5 g/dL, TSAT <20% and serum ferritin concentration 
<100 ng/mL, to IV iron sucrose or placebo showed better creatinine 
clearance, lower N-terminal pro-B-type natriuretic peptide 
(NT-proBNP), lower C-reactive protein levels, higher EF, higher 
MLHFQ score and 6MWD with IV iron supplementation.47
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The FERRIC-HF trial randomized 35 patients with chronic HF and ID 
to IV iron sucrose or no treatment in a single blind design. This was a 
proof-of-concept study that for the first time also included patients 
without anaemia (50%). A trend toward statistically significance for im
proved peak VO2 was observed.48 Of note, this trial was the first study 
to use the guideline recommended definition of ID, based on serum fer
ritin <100 ng/mL or serum ferritin 100–299 ng/mL with TSAT <20%.

The latter study provided the rationale for the subsequent FAIR-HF 
trial, which recruited 459 patients with HF and EF ≤40% if NYHA Class 
II or EF ≤45% if NYHA Class III. ID was defined as in FERRIC-HF, and 

haemoglobin levels of included patients were 9.5–13.5 g/dL. Patients 
were randomized 2:1 to FCM or placebo in an elaborate double-blind 
setting. At Week 24, compared with placebo, FCM improved patient 
global assessment, NYHA class, 6MWD, and HRQoL, without any dif
ference in mortality and adverse/serious events, regardless of an
aemia.39,49,50 Notably in patients without anaemia, these benefits 
were seen despite no change in haemoglobin. Treatment with FCM im
proved renal function at Week 24, and no interaction between treat
ment effect and baseline renal function was observed.51 An early 
reduction in calculated plasma volume status and weight was observed 
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Table 1 Design and results of the randomized controlled trials on iron deficiency in heart failure enrolling >100 patients

IRONOUT HF38 FAIR-HF39 CONFIRM-HF40 EFFECT-HF41

(2017)
AFFIRM-AHF27

Patients (n) 225 459 301 172 1108

Duration (weeks) 16 24 52 24 52

Women 36% 53% 47% 25% 45%

Age, median (years) 63 67 69 63 71

Treatment vs. control Oral IP vs. Placebo IV FCM vs. Placebo IV FCM vs. Placebo IV FCM vs. SoC IV FCM vs. Placebo

Key inclusion criteria

Acute or Chronic Chronic Chronic Chronic Chronic Acute

NYHA class II-IV II-III II-III II-III I-IV

LVEF ≤40% ≤45% ≤45% ≤45% <50%

Hb (g/dL) ♀9−13.5;♂9–15 9.5–13.5 <15 ≤15 8–15

ID definition Current ESC HF 
Guidelinesa

Current ESC HF 
Guidelinesa

Current ESC HF 
Guidelinesa

Current ESC HF 
Guidelinesa

Current ESC HF Guidelinesa

Primary outcome Δ peak VO2 PGA at follow-up NYHA 
at follow-up

Δ 6MWD Δpeak VO2 Recurrent HFHosp or CV 
death

Key secondary outcomes Δ 6MWD Δ PGA Δ NYHA ΔVE/VCO2 Recurrent CV Hosp or CV 
death

Δ VE/VCO2 Δ 6MWD Δ PGA Δ NYHA CV death

ΔNT-proBNP Δ EQ-5D Δ Fatigue score Δ PGA Total HF hosp

Δ KCCQ-CSS Δ KCCQ Δ KCCQ ΔNT-proBNP/BNP Time-to-first HF hosp or CV 
death

Δ EQ-5D Days lost due to HF hosp or 
CV death

Time to:  
• All-cause death  
• CV death  
• HF death

Risk of first/ 
repeated  

• All-cause hosp  
• CV hosp  
• HF hosp

Outcomes significantly improved by iron supplementation are reported in green, whereas those not affected by the treatment are reported in yellow. 
6MWD, 6 min walking distance; IP, iron polysaccharide; FCM, ferric carboxymaltose; IV, intravenous; LVEF, left ventricular ejection fraction; Hb, haemoglobin; HF, heart failure; PGA, 
patient global assessment; NYHA, New York Heart Association; KCCQ, Kansas City Cardiomyopathy Questionnaire; CSS, clinical summary score; BNP, B-type natriuretic peptide; 
NT-proBNP, N-terminal pro-B-type natriuretic peptide; VE/VCO2, ventilation/carbon dioxide production; TSAT, transferrin saturation; EQ-5D, European Quality of Life Five 
Dimension; MLHFQ, Minnesota Living with Heart Failure Questionnaire; CV, cardiovascular; hosp: hospitalization; ESC, European Society of Cardiology. 
aFerritin < 100 ng/mL OR ferritin 100–299 ng/mL AND TSAT <20%.
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with FCM, suggesting that at least parts of its benefits might be 
mediated by decongestive effects.52

In the CONFIRM-HF trial, 304 patients with symptomatic HF with EF 
≤45% and ID were randomized 1:1 to FCM or placebo for 52 weeks. At 
week 24 FCM use led to improved 6MWD, NYHA class, patient global 
assessment, quality of life and fatigue score. FCM reduced the risk of HF 
hospitalizations by 61%, and there was no difference in incidence of ad
verse events across the trial arms.40

In a meta-analysis of four randomized controlled trials, treatment 
with FCM vs. placebo led to a 41% lower risk of recurrent CV hospita
lizations or CV mortality, 47% lower risk of recurrent HF hospitaliza
tions or CV mortality, 40% lower risk of recurrent CV 
hospitalizations or all-cause mortality, with similar results when 
time-to-first-event analyses were carried out, and without any increased 
risk of adverse event associated with FCM.53

In the EFFECT-HF trial, randomizing 172 patients with EF ≤45% and mild 
to moderate symptoms despite optimal HF therapy, FCM preserved peak 
VO2 which instead decreased in the control group, and significantly im
proved patients’ global assessment and NYHA class vs. standard of care.41

In the FERWON-NEPHRO trial enrolling patients with 
non-dialysis-dependent chronic kidney disease, a single infusion of 
1000 mg of ferric derisomaltose vs. up to five doses of iron sucrose 
was associated with a 41% lower risk of CV adverse events in both pa
tients with and without HF.54

ID has been observed to be a negative predictor of effective cardiac 
resynchronization therapy (CRT) therapy in terms of reverse cardiac 
remodelling and clinical response.55 Consistently, in the IRON-CRT 
trial, randomizing 75 patients with ID and HFrEF (EF <45%) at least 6 
months after CRT implantation, FCM vs. standard of care showed a 
greater improvement in EF and left ventricular end-systolic volume, 
as well as an improvement in the cardiac contractility index slope during 
incremental biventricular pacing, functional status, exercise capacity and 
peak VO2 with FCM.56

Intravenous iron supplementation following acute 
decompensated HF
In 50 patients hospitalized for acute decompensated HF from the 
PRACTICE-ASIA-HF trial randomized to FCM or placebo following 
HF stabilization, no difference across trial arms was observed for 
changes in 6MWD at week 12, as well as for quality of life.57

The AFFIRM-AHF randomized 1132 patients with ID after a hospital
ization for decompensated HF with EF <50% to FCM vs. placebo for up 
to 24 weeks. There was no statistically significant difference in risk of 
the primary outcome, i.e. a composite of total hospitalizations for HF 
or CV death, across the study groups, but total HF hospitalizations 
and the composite of first HF hospitalization or CV death were signifi
cantly reduced by FCM by 26 and 20%, respectively. Also length of hos
pital stay was lower with FCM vs. placebo.27 In a pre-specified sensitivity 
analysis censoring patients in each country on the date when the first 
COVID-19 patient was reported, FCM significantly reduced the risk 
of the primary outcome by 25%, of total CV hospitalization or CV 
death by 23%, and total HF by 30%.27 Treatment with FCM was asso
ciated with an early beneficial effect on HRQoL measured by KCCQ-12 
at week 4 which lasted till week 24.58

Following meta-analyses pooling the data of the above-mentioned 
trials together with data from AFFIRM-AHF showed a reduction of 
the composite of first HF hospitalization or CV death, recurrent HF 
hospitalizations and recurrent HF hospitalizations, without any effect 
on all-cause or CV mortality.13,42

Key upcoming randomized controlled trials in the field are reported 
in Table 2.

Current recommendations: efficacy and safety
Based on the prognostic relevance of ID in HF patients, the 2021 
European Society of Cardiology (ESC) guidelines on HF provide a 
Class I, level of evidence C, recommendation for periodical screening 
for ID and anaemia with a full blood count, serum ferritin concentra
tion, and TSAT.59 They also provide a Class IIa, level of evidence A, 
recommendation for FCM use in symptomatic HF patients with EF 
<45% for alleviating patients’ symptoms, and improve exercise cap
acity and quality of life; a Class IIa, level of evidence B, recommenda
tion for FCM in patients with HF recently hospitalized for HF and EF 
<50% to reduce the risk of HF hospitalization.59 The current guideline 
recommendations mention only FCM for the treatment of ID in HF 
since no large randomized trial has delivered yet evidence showing 
benefit with other IV iron treatments in patients with HF and ID re
gardless of anaemia. The ongoing IRONMAN (NCT02642562) trial 
will highlight whether the beneficial effects observed with FCM in 
HF are extended to ferric derisomaltose. Regarding tolerability and 
safety, hypersensitivity and anaphylactic reactions have been ob
served in general more frequently with iron dextran vs. non-dextran 
IV treatments,60 although the dextran ferric derisomaltose seems to 
be at least as well tolerated as the non-dextran FCM and iron sucrose. 
In the FERWON programme, the incidence of serious or severe 
hypersensitivity reactions was rare, i.e. 0.3% with ferric derisomaltose 
vs. 0.2% with iron sucrose.61 In the PHOSPHARE trials the incidence 
of serious or severe hypersensitivity reactions was similarly low with 
ferric derisomaltose (0.8%) and FCM (1.7%).60 Incidence of hypopho
sphataemia has been shown to be higher with FCM compared with 
ferric derisomaltose, which is mediated by the increased levels of 
fibroblast growth factor (FGF)-23 reducing proximal tubular re
absorption of filtered phosphate and suppressing circulating concen
trations of 1,25-dihydroxyvitamin D, leading also to reduced dietary 
calcium absorption.62 However, in patients with chronic kidney dis
ease, those with HFrEF had only a transient increase in phosphates, 
with normalized levels after 28 days following FCM infusion, likely 
due to a lower increase in intact FGF-23 and assumed Klotho defi
ciency in HFrEF, which leads the tubular phosphate reabsorption sys
tem to be less sensitive to FGF-23.63

Figure 3 Risk of cardiovascular outcomes with intravenous iron vs. 
placebo. Data from Graham et al.42 pooling data from seven rando
mized controlled trials on intravenous iron supplementation in HF 
with iron deficiency. HF, heart failure; CV, cardiovascular; OR, odds 
ratio; CI, confidence interval.
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Summary
ID in HF is common regardless of EF, i.e. up to 60%, more likely ob
served in women, older patients, and with increasing disease severity 
and symptoms. The association with clinical events varies based on 
the specific ID definition, but may be more closely related to low serum 
iron and TSAT than to low ferritin, which may be confounded by in
creases in inflammatory markers with advancing HF. However, ID is as
sociated with an increased risk of hospitalizations across the EF 
spectrum and all-cause mortality in HFrEF/HFmrEF, even in the absence 
of anaemia. Current evidence from randomized controlled trials does 
not support the use of oral iron for ID in patients with HF, but highlights 
that IV FCM reduces hospitalizations, improves quality of life, symp
toms and functional capacity in ID patients with stable HFrEF and in 
those hospitalized for decompensated HF with an EF <50%.

Coronary artery disease
Iron status and risk of coronary artery disease
In the 1980 s, Sullivan suggested that iron could increase the incidence 
of heart disease by a variety of mechanisms.64 This hypothesis was 
supported by the Kuopio Ischaemic Heart Disease Risk Factor 
Study (KIHD) enrolling ∼2000 men without symptomatic CAD in 
1984–1989. This study showed a 2.2-fold higher risk of myocardial in
farction with higher serum ferritin concentrations (≥200 ng/mL) in 
patients with low density lipoprotein (LDL) cholesterol ≥5 mmoL/L 
but not in those with lower levels, suggesting an interaction between 
ferritin and the atherogenic effects of LDL cholesterol.65 In a subse
quent study, a higher TfR/ferritin ratio was measured among ∼100 
male patients with vs. ∼100 males without history of myocardial in
farction, suggesting a link between higher body stores of iron and 
risk of myocardial infarction.66 The Nutrition Canada Survey, which 
enrolled ∼10 000 patients without heart disease in 1970–1972, found 
that higher serum iron concentrations were associated with a 2-fold 
increased risk of fatal acute myocardial infarction, and the magnitude 
of the association was greater when cholesterol levels were higher.67

However, high serum ferritin, as noted above, may reflect inflamma
tion rather than iron repletion. Inflammation may lead to, and be 
caused by, atherosclerosis.

Later studies questioned the above findings. A meta-analysis of 17 
registry-based, prospective, and case control studies up to 2014 could 
not show any statistically significant association between high serum fer
ritin concentrations, as well as total iron binding capacity, serum iron con
centrations and risk of ischaemic heart disease, while highlighting a 
potential prognostic benefit associated with higher TSAT.68

Consistently, a Mendelian randomized study demonstrated a protective 
effect on CAD for higher serum iron concentrations, TSAT and also for 
higher serum ferritin concentrations.69 In the prospective, community- 
based, cohort PREVEND study, that enrolled ∼6400 individuals, a higher 
total annual incidence of new CV events (a composite of ischaemic heart 
disease, stroke and peripheral artery disease) and all-cause death was ob
served together with increased serum concentrations of ferritin and hep
cidin, but the association disappeared after adjusting for other factors.70

Consistently, in the EPIC-Heidelberg Study, serum ferritin concentrations 
were associated with most CV risk factors, and although an association 
between serum ferritin concentrations and increased risk of myocardial 
infarction was observed, it was no longer statistically significant after ad
justments.71 In ∼12 000 individuals from three European population- 
based cohorts, ID defined as serum ferritin <100 ng/mL or ferritin 

100–299 ng/mL and TSAT <20% was associated with a 24% increased 
risk of CAD, 26% increased risk of CV mortality and 12% increased 
risk of all-cause death, with 5.4% of all deaths, 11.7% of all CV deaths, 
and 10.7% of all the CAD events attributable to ID.72

One possible explanation for the iron-heart disease hypothesis was 
that iron increased oxidative stress.73 Serum ferritin concentrations 
have not been shown to be independently associated with increased 
oxidation of LDL cholesterol.74 However, ferritin concentrations are 
very much confounded by acute or chronic inflammation, which clus
ters with most CV risk factors.75 Finally, the often-observed 
U-shaped relationship between serum ferritin concentrations and CV 
outcomes is not consistent with the iron-heart disease hypothesis, 
which would be rather supported by a linear association between 
iron stores, oxidative stress and harm.76

ID in patients with CAD
In patients with CAD, the prevalence of ID was 63% when defined as 
depleted extracellular iron stores and ≤10% of erythroblasts containing 
iron in bone marrow aspirates. Only 32% of patients diagnosed with ID 
also had anaemia.77 In patients admitted for acute coronary syndrome, 
ID prevalence has ranged between 29–56% depending on the cohorts’ 
characteristics,78–80 with a meta-analysis estimating an overall preva
lence of 43%.81 In 836 patients with acute coronary syndrome, ID pre
dicted a 50% increased risk of non-fatal myocardial infarction and CV 
death after extensive adjustments including anaemia.79 In the 
AtheroGene study, which enrolled ∼3400 patients with angiographi
cally documented CAD, higher concentrations of sTfR were strongly 
associated with the risk of myocardial infarction or CV death independ
ently of haemoglobin, CV risk factors, C-reactive protein, surrogates of 
cardiac function and extent of myocardial necrosis.82 When ID was de
fined according to serum ferritin concentrations and TSAT, this was as
sociated with a 50% increased risk of CV death and myocardial 
infarction.79 In a study of 55 patients undergoing coronary balloon 
angioplasty after acute myocardial infarction, serum iron concentration 
was an independent predictor of left ventricular systolic function 6 
months after revascularization, even after adjusting for traditional prog
nostic factors, whereas haemoglobin was not.83 Consistently, in 141 pa
tients with a first anterior ST-elevation myocardial infarction (STEMI) 
treated by percutaneous coronary intervention (PCI), ID was asso
ciated with larger infarct sizes, higher likelihood of adverse left ventricu
lar remodelling and more extensive microvascular obstruction.78

Conversely, in a different cohort of 420 STEMI patients undergoing pri
mary PCI, those with ID had greater increases in troponin but, surpris
ingly, no difference in infarct size measured by cardiac magnetic 
resonance, and reported lower in-hospital mortality/Killip class ≥3 
compared with patients without ID.80

In 39 STEMI patients, those receiving (n = 17) IV ultrasmall superpar
amagnetic iron-oxide (USPIO)-based iron administration within 4 days 
following an acute myocardial infarction had a much smaller infarct size, 
with a decrease in both endocardial extent and transmural infarction, 
and a smaller left ventricular end-systolic volume.84

Summary
These data highlight a high prevalence of ID in CAD, i.e. up to 60%. The 
overall body of evidence suggests that ID is associated with higher risk 
of ischaemic heart events and CV mortality in people with and without 
CAD, and adverse remodelling after a myocardial infarction. Evidence 
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supporting iron supplementation for treating ID regardless of anaemia 
in patients with CAD is currently missing.

Cerebrovascular disease
Data on the link between iron status and risk of cerebrovascular disease 
are sparse and conflicting. In the Prospect-EPIC cohort, serum ferritin 
≥137 ng/mL was associated with a 45% higher risk of strokes, and in 
particular with a 2.2-fold higher risk of ischaemic stroke, whereas other 
markers of iron status were not.85 A Mendelian randomized study 
showed increased risk of stroke, especially cardio-embolic events, 
with higher serum concentrations of iron and ferritin or TSAT but 
with lower serum transferrin concentrations.86 Conversely, in a 
population-based health survey enrolling people aged ≥65 years old, 
lower serum concentrations of iron predicted the risk of stroke.87 In 
a nested case–control study in Sweden, the highest quartile of TSAT 
predicted decreased risk of stroke in men, while the highest quartile 
of total iron binding capacity predicted increased risk in both sexes.88

These apparently discordant findings might reflect an U-shaped rela
tionship between iron status and risk of stroke, which leads to different 
results when iron status markers are categorized according to different 
cut-offs. Consistently, in the NHANES I study, an analysis of ∼5.000 
women and men aged 45–74 years who were free of stroke at baseline 
showed an U-shaped association between TSAT and risk of incident 
stroke, with an almost 2-fold higher risk associated with a TSAT 
>44% or <20% vs. 30–36% in women; however, no association was ob
served in men.89

In 746 patients with ischaemic or haemorrhagic stroke, prevalence of 
ID was 45%. ID was associated with lower functional capacity, inflam
mation and anaemia. Rehabilitation led to an improvement of functional 
capacity regardless of ID.90

Summary
The evidence about iron status and risk of stroke is limited and conflict
ing. There may be a U-shaped association between iron status and risk 
of stroke. Prevalence of ID might be ∼45%. Data on the prognostic sig
nificance of ID, and accordingly, on the prognostic impact of treating ID 
in patients with cerebrovascular disease are missing. ID might be asso
ciated with worse functional status. Currently there is no indication to 
treat ID in patients with cerebrovascular diseases independently of 
anaemia.

Aortic stenosis
In a study analysing 464 patients referred for aortic valve replacement, 
53% had ID and 20% anaemia. Although patients with ID had an overall 
worse clinical profile, there was no association between ID, sTfR, or 
hepcidin and the risk of major adverse CV events or mortality regard
less of the treatment approach for aortic stenosis.91 A lack of associ
ation between ID and death/HF hospitalization was also observed in 
patients undergoing transcatheter aortic valve implantation (TAVI), al
though anaemia predicted prognosis and ID was reported in 79% of pa
tients with anaemia.92 Conversely, in another study enrolling 495 
patients referred to TAVI, ID was present in 54% of the entire cohort 
and was independently associated with a 64% higher risk of all-cause 
mortality and unplanned HF hospitalization during the first year after 
TAVI. In a sample of 56 ferropenic patients, treatment with IV iron be
fore TAVI was associated with an improvement in symptoms at 30 
days.93 The IIISAS randomized 149 patients with severe aortic stenosis 

evaluated for TAVI and ID (defined as ferritin <100 µg/L, or 100– 
299 µg/L with a TSAT <20%) to IV ferric derisomaltose or placebo 
∼3 months before TAVI, and showed iron stores restoration in 76 
vs. 13%, but no difference across the study arms in baseline-adjusted 
6MWD which was the primary outcome of the trial, or in NYHA class 
or HRQoL 3 months after TAVI.94 These results might suggest that al
though ID might be a prognostic marker in patients with severe aortic 
stenosis, it only limitedly contribute to determine the occurrence of 
outcomes, and therefore its treatment in the context of a multidimen
sional frailty status does not affect prognosis.

Therefore, based on the available data there is no indication to treat 
ID in patients with aortic stenosis diseases independently of anaemia.

Atrial fibrillation
Evidence on epidemiology and prognostic role of ID in atrial fibrillation 
(AF) is very limited.95 In the National Inpatient Sample database, 2.5% of 
patients with a primary AF hospitalization had ID, which was associated 
with higher rates of acute myocardial infarction, use of vasopressors 
and mechanical ventilation, longer hospital stay and acute kidney injury, 
but not of mortality or cardiogenic shock.96 In 127 patients with AF and 
without HF, 47.6% had ID defined according to the ESC HF guidelines 
definition, whereas prevalence was 20% in an age- and gender-matched 
control population. Prevalence reached ∼50% in patients with perman
ent vs. 30% in those with persistent AF, and permanent but not persist
ent vs. paroxysmal AF was independently associated with ID.97 Based 
on the above-mentioned benefits in terms of improvement in function
al status and quality of life which have been linked with FCM use in pa
tients with HF, and being both functional status and quality of life 
impaired in patients with AF, the IRON-AF iron aims to randomize at 
least 84 patients with AF and ID to assess the effect of iron repletion 
with FCM vs. placebo in terms of change in peak VO2 from baseline 
to Week 12 as measured by cardiopulmonary exercise test, with quality 
of life, 6MWD, NYHA class, and AF disease burden scores as secondary 
outcomes.98 Currently, there is no indication to treat ID in patients 
with AF independently of anaemia.

Pulmonary hypertension
ID is highly prevalent in precapillary pulmonary hypertension (PH) 
with estimates up to 75%.99 Prevalence has been observed to be high
est in connective tissue disease-related pulmonary arterial hyperten
sion (PAH) (70%) vs. idiopathic and congenital heart disease-related 
PAH (∼38–40%) vs. in chronic thromboembolism (20%).100,101 In pa
tients with systemic sclerosis, ID prevalence was higher whether 
there was concomitant PH (46.1 vs. 16.4%) and was linked with 
more impaired 6MWD, maximal achieved work at ergometry and 
higher mortality.102 In idiopathic PAH, ID is associated with worse 
NYHA class and functional capacity, higher mean pulmonary arterial 
pressure and lower cardiac index, independently of the anaemia sta
tus.103–105 Additionally, sTfR concentrations >28.1 nmol/L (2.4 mg/L) 
have been shown to independently predict mortality.104 In PH caused 
by chronic lung disease, 53% of patients had ID which was associated 
with higher mean pulmonary arterial pressure and lower pulmonary 
arterial compliance.106 In patients with chronic obstructive pulmon
ary disease without anaemia, ID was associated with a modest in
crease in systolic pulmonary artery pressure and limited diffusion 
capacity.107 Patients with ID have also shown an abnormal response 
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to hypoxia consisting of an exaggerated hypoxic PH which was re
versed by iron supplementation.108,109

In PAH, ID might be a consequence of polycythaemia due to hypox
aemia or of reduced insufficient iron absorption. Levels of hepcidin have 
been shown to be higher in idiopathic PAH than in healthy controls, 
which might be explained by various factors including BMPR2 (bone 
morphogenetic protein receptor type 2) mutation/downstream path
way dysfunction and enhanced inflammatory response.104,110 At the 
same time, the intracellular iron overload which parallels the circulating 
ID leads to mitochondrial dysfunction and increases oxidative stress, 
which in turn contributes to the progression of PH by inducing pulmon
ary vascular remodelling.110,111

In the Jackson Heart Study enrolling 2800 individuals, ID was not 
associated with PH, and there was no association between ferritin 
or serum iron concentration and PH.112 In small samples of patients 
with PAH and ID, IV iron supplementation resulted in a better func
tional capacity and quality of life.113,114 In two trials randomizing ∼60 
patients with PAH and ID to FCM (in Europe) and iron dextran (in 
China) vs. placebo, both treatments were well tolerated, improved 
iron status but did not affect exercise capacity, cardiopulmonary 
hemodynamics or NT-proBNP at 12 weeks.115 In the ORION-PH 
study enrolling 22 patients with different forms of PH and ID an
aemia, oral iron supplementation with ferric maltol improved haemo
globin and iron status, as well as 6MWD and NT-proBNP, decreased 
right ventricular dimensions while improving fractional area change at 
week 12.116

Based on the current data, currently there is no indication to treat ID 
in patients with PH independently of anaemia.

Conclusions
Research investigating the link between ID and CV disease has led to 
identify a role for ID as therapeutic target in patients with HFrEF/ 
HFmrEF. ID is endemic within HF, however there are signals suggesting 
that systematic screening for ID is still not optimally performed in HF 
clinical practice. Consequences are a late or even a missed chance of 
identifying those patients who would benefit from IV iron supplemen
tation, which has been shown to improve symptoms, functional cap
acity, quality of life and prevent hospitalizations in HFrEF/HFmrEF 
populations.

Although there could be a potential role for ID in other CV disease, 
such as CAD, valvular heart disease, cerebrovascular disease, AF and 
PH, evidence is fragmentary, often conflicting, and the underlying 
pathophysiological mechanisms often unknown. Since ID can be easily 
treated, future research should aim for a full characterization of patients 
with CV diseases for ID, to identify those phenotypes who are more 
likely to benefit from iron supplementation.
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