
Iron deficiency in heart failure and cardiovascular 
diseases – from pathophysiology to modern 
strategies

Abstract
Iron deficiency affects 40-80% of heart failure patients – across reduced, mid-range, and preserved ejection 
fraction subtypes – worsening exercise intolerance, frailty, quality of life, hospitalization rates, and morta-
lity, regardless of anemia presence. This review examines iron deficiency’s central role in oxygen metabo-
lism, mitochondrial energy production (adenosine triphosphate), and cellular respiration; its strong links 
to coronary artery disease (around 60% prevalence, raising ischemic events and impairing heart muscle 
remodeling after infarction) and pulmonary hypertension (40-60% prevalence, shortening six-minute walk 
distance, elevating pulmonary pressures, and harming right heart function); diagnostic hurdles during in-
flammation; and evidence-driven treatment strategies. Inflammation boosts hepcidin, a hormone that traps 
iron inside cells by breaking down ferroportin, starving heart muscle cells of energy and forcing reliance 
on inefficient anaerobic metabolism. Intravenous iron, such as ferric carboxymaltose, consistently delivers 
gains: better left ventricular ejection fraction, New York Heart Association symptom class, six-minute walk 
distance (plus 45 meters versus placebo), and quality-of-life scores (EQ-5D or Minnesota questionnaires), 
alongside 20-30% drops in heart failure hospitalizations from major trials like FAIR-HF, IRONMAN, HE-
ARTFID, and FAIR-HF2. Oral iron falls short due to poor uptake in inflamed conditions. European Society 
of Cardiology 2023 guidelines urge routine screening and intravenous iron for symptomatic reduced or 
mid-range ejection fraction heart failure (strongest recommendation, high-quality evidence), with growing 
support for preserved ejection fraction and pulmonary hypertension cases.
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Introduction
Iron plays a crucial role in the uptake, transport, 

storage and metabolism of oxygen in humans. It 
does this by accepting and donating electrons as 
it shifts between its ferrous (Fe2+) and ferric (Fe3+) 
forms. It is also responsible for erythropoiesis and 
immune cell functions. Furthermore, iron is in-
volved in cellular respiration, oxidative phosphory-
lation, vascular homeostasis, and the citric acid cy-
cle (Krebs cycle) in the mitochondria. The levels of 
iron in the body depend on how much we eat, how 
our bodies use it, and how much we excrete. Having 
enough iron is essential for producing ATP in mito-
chondria, especially in energy-demanding cells like 
heart muscle cells and skeletal muscle cells [1,2].

Iron deficiency (ID) is one of the most common 
nutritional shortages worldwide, impacting up to 
a one-third of people globally. Infants, young chil-
dren, the elderly, and women are the most affected 
groups [3,4]. A notable aspect of ID is that inflam-
mation can cause it, which is important for chronic 
diseases. When the immune system activates, it re-
leases proinflammatory cytokines that raise plasma 
hepcidin levels. This inhibits red blood cell produc-
tion and shortens their lifespan. Increased hepci-
din production leads to functional ID by degrading 
ferroportin, which traps iron in intestinal cells, the 
spleen, liver cells, and macrophages [5,6].

In cardiology, ID in patients with heart failure 
(HF) is defined as a serum ferritin concentration 
<100 ng/mL, or 100 – 299 ng/mL if the transferrin 
saturation (TSAT) is <20%. In contrast, the cut-off 
values for the general population are lower (ferritin 
<30 ng/mL or TSAT <20%) [7,8].

However, these criteria are still debated. Inflam-
mation significantly interferes with the interpre-
tation of serum ferritin level. Alternative cut-off 
points have been proposed, such as a TSAT ≤19.8% 
or a serum iron concentration ≤13 µmol/L, as these 
may better reflect the risk of mortality. Conflicting 
definitions hinder the recognition, prevention, and 
management of this deficiency, potentially leading 
to the exclusion of patients who could benefit from 
iron therapy [9–11].

Both ID and anemia come with their own risks 
and lead to lower exercise capacity, higher hospital-
ization rates among HF patients, greater cardiovas-
cular risk, and increased overall mortality. Notably, 
patients with both ID and anemia tend to experi-
ence more severe symptoms [7,12].

ID affects about 50% of those with chronic heart 
failure (CHF) and limits the clinical benefits from 
standard treatment [1,13]. A similar pattern is seen 
in acute heart failure (AHF) patients, with preva-
lence as high as 80% [14]. It was also reported that 
there is a higher rate of iron deficiency (ID) in pa-
tients who have heart failure with preserved ejec-
tion fraction (HFpEF), and this is especially common 

among women. In this group, ID is linked to longer 
hospital stays, a connection that does not appear in 
patients with heart failure with reduced ejection 
fraction (HFrEF). Further, ID in patients with HFpEF 
worsens their prognosis and reduces physical per-
formance compared to those without the deficiency, 
suggesting a potentially critical role for iron status 
screening in HFpEF [11,15].

In coronary artery disease (CAD), ID affects about 
60% of patients and is linked to a higher risk of isch-
emic events and increased cardiovascular mortality 
in both CAD patients and those without it. This cor-
relation is partly due to the negative effects on heart 
remodeling after a myocardial infarction (MI) [16]. 
ID is a major yet often neglected contributing factor 
to the progression of pulmonary hypertension (PH). 
It also affects around 60% of PH patients, worsen-
ing prognosis, reducing exercise capacity, and im-
pairing right heart function [17,18].

The worsened prognosis, frequent hospitaliza-
tions, and heightened risk of cardiovascular and all-
cause mortality linked to ID in HF stem from iron’s 
essential physiological functions and go beyond just 
the presence of anemia. Another important factor is 
how ID impacts the quality of life (QoL) for HF pa-
tients by causing frailty and hindering skeletal mus-
cle function [3,7]. This has a very significant effect 
on their physical potential as demonstrated by tests 
like the 6- minute walk test (6MWT) and it leads to 
a reduction of the daily self-sufficiency. The treat-
ment of this deficiency is associated with the use 
of intravenous ferric carboxymaltose (FCM), which 
enhances the performance of the patients, reduces 
the symptoms and the probability of hospitalization 
and improved the quality of life [19–21].

The effectiveness of intravenous FCM has also been 
seen in HFrEF patients, with improvements in heart 
function, especially left ventricular ejection frac-
tion (LVEF) and left ventricular end-systolic volume 
(LVESV) [22]. In contrast, oral iron supplements did 
not effectively improve exercise capacity in HFrEF pa-
tients, as shown in the IRONOUT-HF trial [2,18].

However, one study indicated that oral sucroso-
mial iron was as effective as intravenous treatments 
in HFrEF patients with ID. While this suggests po-
tential, it has not yet been incorporated into clinical 
guidelines. This shows that the success of treatment 
may depend on how well the specific iron formu-
lation is absorbed and tolerated [23]. Despite the 
high prevalence of ID among HF patients, routine 
screening is not adequately performed in clinical 
settings, limiting the potential to improve outcomes 
for many patients [18].

This review aims to give a thorough overview of 
ID in HF and related cardiovascular issues, focus-
ing on the changing diagnostic criteria and the best 
ways to provide iron therapy while highlighting ar-
eas where clinical practice can improve.
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Pathophysiology
Iron plays a fundamental role in cardiovascular 

physiology that extends far beyond oxygen trans-
port. Iron deficiency is a common comorbidity in 
heart failure, affecting 40% to 70% of patients and 
worsening symptoms, exercise capacity, and prog-
nosis [24]. Up to 60% of patients with coronary ar-
tery disease, and an even higher proportion of those 
with heart failure or pulmonary hypertension have 
iron deficiency; the prevalence increases with the 
severity of cardiac and renal dysfunction [16]. The 
following section discusses the primary pathophys-
iological pathways, a graphical summary of which is 
provided in figure 1.

Iron absorption, transport, and storage
Iron homeostasis is tightly regulated through the 

coordinated action of transport proteins and regula-
tory hormones. There is no known pathway for iron 
excretion from the human body, with the only loss 
of iron occurring through desquamation or blood 
loss; iron homeostasis is therefore highly dependent 
on intake, uptake, and storage [24]. Iron absorption 
into the gut mucosa occurs for heme-bound iron 
via the heme transporter and for non-heme-bound 
iron after reduction of ferric to ferrous iron through 
the divalent metal transporter 1 (DMT1) [25]. In 
the circulation, iron is transported to target organs 
bound to the serum iron binding protein transfer-
rin. Individual cells modulate their uptake of trans-
ferrin-bound iron depending on their iron require-
ments, using both transferrin receptor 1-dependent 
and independent pathways [26]. Iron influx into cells 

from transferrin-bound serum iron occurs mainly 
through binding to transferrin receptor 1 (TFR1), 
a transmembrane glycoprotein, with subsequent re-
ceptor mediated endocytosis and iron release. The 
only known pathway for cellular efflux is through 
transmembrane protein ferroportin 1 (FPN1) [24].

Inflammation and hepcidin-mediated iron 
dysregulation

The liver-derived peptide hormone hepcidin serves 
as the master regulator of systemic iron homeostasis. 
When hepcidin binds to ferroportin, the complex is in-
ternalized and degraded in lysosomes, resulting in in-
tracellular iron sequestration and reduced iron avail-
ability to tissues [24]. Inflammation greatly increases 
hepcidin synthesis, predominantly through interleu-
kin-6, which acts through the JAK2–STAT3 pathway 
to increase the transcription of the hepcidin gene in 
hepatocytes. Serum hepcidin levels may increase by 
a factor of more than 10 in patients with sepsis com-
pared with healthy persons [27]. In heart failure, the 
erythropoietin-erythroferronehepcidin axis becomes 
activated as disease worsens. Erythropoietin stimu-
lates the production of erythroferrone, which by sup-
pressing the hepatic synthesis of hepcidin promotes 
the reabsorption of iron from the gastrointestinal tract 
and the release of iron from stores [28]. Inflammation 
in heart failure may confer resistance to the actions 
of erythroferrone, thus explaining why heart failure 
is not characterized by polycythemia. Inflammation 
promotes both hepcidin and ferritin, and serum hep-
cidin and serum ferritin levels were highly correlated 
at baseline in heart failure patients [28].

FIGURE 1 Pathophysiology of Iron Deficiency in Heart Failure: from systemic dysregulation to cardiomyocyte energe-
tic failure
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Iron’s critical role in cardiomyocyte metabolism
Iron is indispensable for mitochondrial function 

and energy production in cardiomyocytes. Mitochon-
drial oxidative phosphorylation provides over 90% 
of the heart’s adenosine triphosphate (ATP), and iron 
is critical for this process [29]. Studies using human 
embryonic stem cell-derived cardiomyocytes demon-
strated that iron depletion affected mitochondrial 
function through reduced activity of the iron-sulfur 
cluster containing complexes I, II and III, but not 
complexes IV and V. Iron deficiency reduced cellular 
ATP levels by 74% and reduced contractile force by 
43% [30]. In a mouse model, iron deficiency without 
anemia was responsible for decreased left ventric-
ular function through a reduction in mitochondrial 
complex I activity, probably secondary to a decrease 
in complex I quantity. These abnormalities were re-
versed after iron treatment [31]. Myocardial iron 
deficiency in animal models leads to severe mito-
chondrial dysfunction, alterations of mitophagy, and 
mitochondrial biogenesis, with profound alterations 
in cardiac mechanics and the occurrence of a fatal 
cardiomyopathy all effects prevented by intravenous 
administration of iron [32]. The mRNA-binding pro-
tein tristetraprolin is induced by iron deficiency and 
degrades mRNAs of mitochondrial Fe/S-cluster-con-
taining proteins to match the decrease in Fe/S cluster 
availability; in the absence of tristetraprolin, iron de-
ficiency results in nonfunctional complex III, electron 
leakage, and oxidative damage [33].

Consequences of iron deficiency on cardiac 
contractility and exercise capacity

The metabolic consequences of iron deficiency 
directly translate into impaired cardiac contractile 
function through multiple pathways. Mice with car-
diomyocyte-targeted deletion of IRP1 and IRP2 were 
unable to increase left ventricular systolic function 
in response to an acute dobutamine challenge, and 
after myocardial infarction developed more severe 
left ventricular dysfunction with increased heart fail-
ure mortality [34]. Recent evidence identifies three 
distinct mechanistic pathways for iron-deficient 
heart failure: Type 1 involves marked hypoferrae-
mia driving cardiomyocyte iron depletion; Type 2 in-
volves intracellular skeletal myocyte iron depletion 
disproportionate to systemic biomarkers; and Type 
3 involves myocardial-specific iron depletion in ad-
vanced heart failure [35]. Iron deficiency in the heart 
failure population, independently from anemia, is as-
sociated with changes in bioenergetic metabolisms 
with a shift toward anaerobic glycolysis and lactate 
production, contributing to skeletal muscle myopa-
thy and exercise intolerance [36]. Phosphorus mag-
netic resonance spectroscopy demonstrated that the 
phosphocreatine to ATP ratio was lower in heart fail-
ure patients with iron deficiency (1.03) compared to 
those without iron deficiency (1.72), irrespective of 
anaemia and cardiac structure and function [29].

Diagnostics and clinical assessment
According to WHO guidelines, the recommend-

ed marker for iron deficiency (ID) is ferritin, an 
iron-storage protein, measured in plasma, serum, or 
other biological fluids. In apparently healthy individ-
uals (without inflammation or infection) measure-
ments of this marker reflect the amount of stored 
iron with values below 15 ng/mL in adults and be-
low 12 ng/mL in children (aged 0 to 59 months). As 
ferritin is an acute-phase protein, its concentration 
increases in response to inflammation. In such cas-
es, the diagnostic value of ferritin becomes limited 
and additional markers are recommended (such 
as hemoglobin and soluble transferrin receptor – 
sTfR) with simultaneous measurement of C-reactive 
protein (CRP) and/or α-1 acid glycoprotein (AGP) 
[37]. Although hemoglobin measurement is useful 
in detecting anemia, iron deficiency can be present 
independently [7].

Conditions such as heart failure, associated with in-
flammation, can elevate ferritin levels, leading to the 
use of higher cut-off values for defining iron deficien-
cy. In cardiological guidelines ID is considered when 
a serum ferritin is below 100 ng/mL or transferrin 
saturation (TSAT) below 20% if ferritin is between 
100-299 ng/mL (ESC) or 100-300 ng/mL (ACC) in 
patients with HF. The guidelines were originally es-
tablished for patients with heart failure with reduced 
ejection fraction (HFrEF) and the same thresholds 
are now applied to patients with heart failure with 
preserved ejection fraction (HFpEF). Routine testing 
of such patients using a complete blood count, serum 
ferritin concentration, and TSAT is recommended, 
whereas bone marrow biopsy is not suggested as 
a standard diagnostic method. Recent guidelines do 
not emphasize the terms absolute and functional iron 
deficiency, but they correspond and are still used in 
clinical practice: absolute ID – ferritin below 100 ng/
mL, and functional ID – ferritin between 100-299 ng/
mL with TSAT below 20% [7,38–40].

The co-occurrence of heart failure (HF) with iron 
deficiency is associated with worse HF outcomes 
[41] and requires special diagnosis and treatment. In 
an international cohort of heart failure patients, iron 
deficiency was found in approximately 50% of cases. 
It was associated with lower hemoglobin or albumin 
levels and higher CRP concentration [42]. Another 
study shows that iron deficiency was more frequent 
among women, patients with more severe symptoms 
and specified HF phenotypes other than HFrEF [10].

Measurement of transferrin saturation (fraction 
of transferrin that is saturated with iron – TSAT) 
is commonly used to indicate iron deficiency, with 
values below 20% applied in clinical practice. To 
determine this marker, both serum iron and serum 
transferrin or total iron binding capacity (TIBC) 
must be measured. There is a correlation between 
serum iron and TSAT, especially in stable HF pop-
ulations. However, inflammation can affect TSAT 
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leading to false results [43]. Among iron metabolism 
biomarkers – including high sTfR, low hepcidin, and 
low serum iron – low TSAT level demonstrates the 
strongest relationship with all-cause mortality and 
long-term HF hospitalizations. Recent findings indi-
cate that assessing ID solely through TSAT <20% may 
detect more patients with decompensated heart fail-
ure than when ESC criteria are used [42]. Moreover, 
patients with HF demonstrate a greater tendency to 
have a TSAT index < 20% than a ferritin level < 100 
ng/mL, which may highlight the value of transferrin 
saturation [40]. Serum iron concentration may re-
flect iron availability, including bone marrow iron 
stores. The value of this marker is affected by inflam-
matory processes, although it is a better predictor of 
ID than TSAT or ferritin. Transferrin, a protein that 
carries iron through the blood and total iron binding 
capacity (TIBC), a surrogate measure of transferrin, 
also can be used in the diagnostic process, but alone 
they are insufficient [43]. In HF patients with mid-
range to preserved left ventricular ejection fraction 
(LVEF), low serum iron may indicate a higher risk of 
adverse cardiovascular events [42].

In chronic coronary syndromes and acute coro-
nary syndromes, sTfR was the best predictor, less 
sensitive to inflammation; transferrin saturation 
was also useful, whereas ferritin had little predic-
tive value. ID frequently affects patients undergoing 
transcatheter aortic valve implantation (TAVI) for 
aortic stenosis and patients with pulmonary arteri-
al hypertension. In these populations, TSAT may be 
a more sensitive marker than ferritin [43].

Iron deficiency remains largely underdiagnosed 
[40]. Evaluation based on serum ferritin is limited. 
Therefore, ID in HF patients may require additional 
diagnostic tests such as TSAT, serum iron or sTfR to 
ensure accurate diagnosis and appropriate treat-
ment [10].

Clinical evidence and therapeutic outcomes 
of iron supplementation in heart failure

Patients with heart failure experience reduced 
physical capacity, which in severe cases may impair 
all aspects of daily functioning, ultimately leading to 
a significant deterioration in quality of life. This sec-
tion reviews the results of randomized clinical trials 
evaluating the effects of iron supplementation on 
physical performance, quality of life and symptom 
burden in adult patients with heart failure.

Physical capacity and quality of life
The findings regarding the impact of iron supple-

mentation on physical capacity in patients with heart 
failure are not entirely consistent; however, most 
studies suggest an improvement in exercise toler-
ance (Tab. 1). In the FAIR-HFpEF trial, a significant 
improvement in the 6- minute walk test (6MWT) was 
observed in the iron-treated group compared with 
placebo (increase of 45 ± 62 m vs. -7.8 ± 60.6 m). The 
HEART-FID trial demonstrated a modest increase in 
6MWT distance [44]. A similar trend was reported in 
the FAIR-HF2 trial, where iron supplementation was 
associated with improvements in both physical ca-
pacity and quality of life, although these effects were 
mainly evident in selected patient subgroups [45].

Analysis of secondary endpoints revealed a statis-
tically significant improvement in the EQ-5D ques-
tionnaire score (mean difference: +0.055) as well 
as in a patient-assessed well-being after 12 months. 
Similarly, in the IRONMAN trial, patients reported 
improved quality of life after 4 months of follow-up, 
as assessed by the Minnesota Living with Heart Fail-
ure Questionnaire [46]. Notably, improvements in 
quality of life were primarily observed in the short 
term, while the effect appeared to attenuate over lon-
ger follow-up periods, suggesting a potential need 
for optimization of supplementation regimens.

Trial Year of 
publication Population Intervention 

Effect on 
physical 
capacity

Effect on 
quality of 

life

NYHA
Scale

Hospitalization/ 
cardiac mortality

FAIR-HF2 2025 HF, EF<45% 
+ ID

IV ferric 
carboxymaltose 

↑ 
(in subgroups) ↑ Not 

significant
↓  

(in men)

FAIR-HFpEV 2024 HF, EV>50% 
+ ID

IV ferric 
carboxymaltose

↑  
(6MWT) ↑ Not 

significant Not significant

HEART-FID 2023 HF, EF<40% 
+ ID

IV ferric 
carboxymaltose

↑  
(small increase 

in 6MWT)

Not 
significant

Not 
significant Not significant

IRONMAN 2022 HF, EF<45% 
+ ID

IV ferric 
derisomaltose ↑ ↑ Not 

significant

↓  
(in COVID-19-

adjusted analysis)

TABLE 1 Summary of findings on Iron Supplementation in Heart Failure patients: impact on physical capacity, quality of 
life, hospitalization, and cardiac mortality

ID – Iron Deficiency, HF – Heart Failure, EF – Ejection Fraction, 6MWT – 6-Minute Walk Test
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At the same time, some studies did not demon-
strate significant changes in functional capacity pa-
rameters [18]. These discrepancies may be attributed 
to differences in study populations, severity of heart 
failure and the type of intervention applied. Overall, 
the available evidence suggests that iron supplemen-
tation may improve physical capacity and quality of 
life in patients with heart failure; however, its precise 
impact requires further investigation.

New York Heart Association (NYHA) classification
The NYHA classification is a four-stage scale used 

to assess the severity of heart failure symptoms 
based on limitations in daily physical activity. The 
findings across studies were relatively consistent. 
Most trials did not demonstrate a significant im-
provement in NYHA class, suggesting a limited ef-
fect of iron supplementation on symptom severity 
in heart failure [18,44–46].

Hospitalizations and mortality
The results concerning hospitalization rates and 

cardiovascular mortality remain inconclusive. Some 
studies did not demonstrate a reduction in either 
hospital admissions or mortality among patients with 
heart failure. However, the IRONMAN trial (2022) and 
FAIR-HF2 (2025) suggest a different trend [45,46].

In the IRONMAN study, a reduction in the rate 
of heart failure hospitalizations and cardiovascu-
lar deaths was observed; however, this difference 
did not reach statistical significance (p = 0.07). In 
a sensitivity analysis accounting for the impact 
of the COVID-19 pandemic, the primary endpoint 
achieved statistical significance (p = 0.047).

An interesting observation was reported in the 
FAIR-HF2 trial. In a subgroup analysis stratified 
by sex, no statistically significant reduction in the 
risk of first hospitalization for heart failure or death 
was observed in women (25 events in the treatment 
group vs. 33 in the placebo group; p = 0.80). In con-
trast, among men, a significant reduction in heart 
failure hospitalizations and mortality was noted 
(108 vs. 141 events; p = 0.016). The authors empha-
sized the need for further research on sex-related 
differences in response to intravenous iron therapy.

In summary, the available evidence is inconsis-
tent regarding the effect of iron supplementation 
on reducing hospitalizations and mortality in heart 
failure patients. The observed effects appear to de-
pend on patient characteristics, including heart fail-
ure severity, sex, and the specific supplementation 
strategy employed.

Clinical implications and outcomes of iron de-
ficiency in other cardiovascular diseases

Iron is an essential element involved in key bio-
logical processes. It plays a role in oxygen transport 
and storage, as well as in protein and lipid synthesis 
and cellular energy production [47]. Iron deficiency 

(ID) is frequently seen in patients with cardiovascu-
lar diseases. It is especially present in people with 
coronary artery disease, pulmonary hypertension, 
and in those undergoing cardiac surgery, and be-
comes more common as heart and kidney function 
decline. This condition is often linked to chronic 
inflammation and problems with iron absorption 
[16]. In chronic inflammation, hepcidin levels in-
crease, which makes it harder to absorb iron and 
release it from cells. As a result, less iron is available 
for red blood cell production [48].

Iron plays an important role in mitochondri-
al function. Its deficiency leads to reduced energy 
production in cardiomyocytes [30]. The current un-
derstanding of the relationship between acute cor-
onary syndromes and ID remains limited and is still 
evolving [49]. Studies show that coronary artery 
disease (CAD) may affect as many as 60% of peo-
ple with confirmed ID [16]. It was associated with 
poorer physical performance, reflected by lower ex-
ercise capacity (7.9 vs. 9.3 METs) and a shorter dis-
tance in the 6-minute walk test (277 vs. 423 m). No 
clinical trials have yet evaluated iron supplemen-
tation in patients with acute coronary syndrome 
(ACS) and confirmed iron deficiency. However, in 
patients after STEMI, intravenous iron was asso-
ciated with improvement left ventricular ejection 
fraction (53±10%→59±9% vs 54±6%→57±10%) 
and reduced infarct size (27±8%→17±9% vs 
27±12%→20±11%) over 3 months [50]. The risk 
of coronary artery disease may decrease by up to 
7-14% with higher iron levels [51]. It is important 
to be aware that ID may occur even without anemia 
in patients with CAD [16].

Pulmonary arterial hypertension (PAH) is a seri-
ous condition in which the pulmonary arteries grad-
ually narrow, eventually leading to right ventricular 
failure and death [52]. Iron deficiency was observed 
in 33-46% of patients with PAH. It was associated 
with reduced exercise tolerance, impaired oxy-
gen utilization, right ventricular dysfunction, and 
higher mortality [53]. An interesting phenomenon 
that has been scientifically proven is that patients 
with confirmed PAH were found to have reduced 
iron absorption in the gastrointestinal tract [54].  
In patients with PAH, oral iron supplementation 
does not always effectively correct ID. One of the 
reasons is the increased level of hepcidin, which im-
pairs iron absorption in the intestine [55]. Pulmo-
nary artery pressure is higher in patients with iron 
deficiency (63.3 ± 12.2 vs. 38.8 ± 16.7 mmHg), and 
cardiac index is lower (1.4 ± 0.2 vs. 2.5 ± 0.4 L/min/
m²). Additionally, the concentration of N-terminal 
B-type natriuretic peptide (854 ng/L vs. 136 ng/L, 
p = 0.044) is elevated [56]. An interesting finding 
is that PAH was diagnosed in only 17% of patients 
with iron deficiency anemia (IDA) [57].

Patients with confirmed ID prior to cardiac sur-
gery have a higher risk of adverse outcomes and 



Kubiak et al. Medical Journal of Cell Biology (2026)
26

are more likely to require increased red blood cell 
transfusions [58]. This is also associated with lon-
ger stays in the intensive care unit and hospital, as 
well as higher postoperative mortality [59].

“Patient blood management (PBM) is a multi-
modal, multidisciplinary approach to the care of 
patients who might need transfusion, aimed at mi-
nimising the use of blood products and improving 
patient outcomes.” [60] Intravenous iron adminis-
tration can increase the amount of free iron in the 
blood, which may in turn promote the development 
of infections [61]. Patient blood management (PBM) 
can help reduce healthcare costs [60].

Iron deficiency is common among patients with 
cardiovascular disease and may adversely affect 
their clinical condition even in the absence of overt 
anemia. It disrupts cellular energy production in 
cardiomyocytes, contributing to reduced exercise 
capacity and an increased risk of adverse outcomes. 
In coronary artery disease and pulmonary hyper-
tension, iron deficiency is associated with poorer 
prognosis, higher pulmonary arterial pressure, and 
impaired cardiac function. In patients with pulmo-
nary hypertension, reduced gastrointestinal ab-
sorption of iron further complicates management, 
often limiting the effectiveness of oral supplemen-
tation. Additionally, preoperative iron deficiency in 
individuals undergoing cardiac surgery is linked to 
a higher risk of complications, an increased need for 
blood transfusions, and prolonged hospitalization.

Treatment
The findings of recent studies are reflected in 

current guidelines. Although these guidelines are 
continually updated with new data, the discussion 
of iron deficiency in the context of cardiovascular 
diseases focuses primarily on patients with heart 
failure (HF) and pulmonary arterial hypertension 
(PAH). All patients with HF and PAH should under-
go regular screening for anemia and iron deficiency, 
including assessment of a complete blood count, se-
rum ferritin concentration, and transferrin satura-
tion (Tsat) [7,62].

Furthermore, regarding the treatment of patients 
with HF, the updated ESC guidelines (2023) recom-
mend [38]:

•	 Intravenous iron supplementation in symp-
tomatic patients with HFrEF or HFmrEF and 
iron deficiency to reduce HF symptoms and 
improve quality of life (QoL) (class of recom-
mendation I, level of evidence A);

•	 Considering intravenous iron supplementa-
tion with iron carboxymaltose or iron deriso-
maltose in symptomatic patients with HFrEF 
or HFmrEF and iron deficiency to reduce the 
risk of HF hospitalization (class of recom-
mendation IIa, level of evidence A).

Furthermore, in the context of patients with 
PAH, it is recommended to correct iron deficiency 

in cases of concomitant iron-deficiency anemia; in 
cases of severe anemia (Hb <7-8 g/dL), intravenous 
supplementation should be administered (class of 
recommendation I, level of evidence C). However, in 
cases of iron deficiency in patients with PAH with-
out concomitant anemia, iron supplementation may 
be considered (class of recommendation IIb, level of 
evidence C) [62].

There are no official guidelines for other car-
diovascular diseases. The results of some studies 
suggest that patients with other cardiovascular dis-
eases may also benefit from iron supplementation. 
This group includes, among others, acute coronary 
syndromes (ACS) that lead to myocardial infarction 
(MI). However, additional studies are needed to de-
velop official recommendations [50]. Another issue 
is atrial fibrillation (AF) without HF. Here, too, iron 
deficiency may have a potentially negative impact 
on the course of the disease. However, further re-
search is necessary to develop clear recommenda-
tions regarding iron supplementation [63].

In terms of iron supplementation in patients with 
HF, oral and intravenous routes of administration 
were compared. Intravenous iron administration 
was associated with improved physical performance 
and quality of life (QoL), and after at least 12 weeks 
of supplementation, the rate of hospitalizations due 
to HF also decreased. Oral supplementation was not 
associatedwith improved physical performance or 
QoL; however, it may reduce the frequency of hos-
pitalizations due to HF and all-cause mortality [64]. 
It should be added that although oral iron supple-
mentation is relatively safe, it is often associated 
with bothersome side effects that lead patients to 
discontinue supplementation on their own, which 
further limits the effectiveness of the therapy [65]. 
Consequently, the ESC guidelines do not recom-
mend oral iron supplementation in cases of iron de-
ficiency in the context of HF [7].

Current intravenous iron preparations offer an 
excellent alternative when oral iron is ineffective 
or not tolerated. Recent studies indicate a low risk 
of serious adverse reactions, and side effects – par-
ticularly those affecting the gastrointestinal tract – 
occur less frequently than with oral administration. 
However, a specific side effect of iron carboxymalt-
ose is hypophosphatemia, which occurs in up to half 
of patients treated with this substance [65,66].

However, one must not overlook anaphylactic 
reactions, which are an absolute contraindication 
to the continued use of intravenous iron. Never-
theless, this phenomenon is now very rare due to 
the introduction of new formulations [66]. On the 
other hand, hypersensitivity reactions that are not 
classic anaphylaxis – but rather activation of the 
complement system or an IgE-mediated immune 
response – are observed relatively frequently [67]. 
This does not constitute an absolute contraindica-
tion to continued therapy. In such cases, special pre-
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cautions should be taken, and preparations should 
be made for the possible need for urgent interven-
tion. A management algorithm for hypersensitivity 
reactions following intravenous iron administration 
was developed by Schaefer et al. (2020) [66].

Conclusions
Routine screening for iron deficiency and swift 

intravenous iron therapy mark game-changing yet 
underused steps in heart failure care, easing symp-
toms, cutting events, and boosting survival – despite 
vast potential to help millions. Extending proven 
European Society of Cardiology protocols to coro-
nary artery disease (post-heart attack repair) and 
pulmonary hypertension (right heart aid) calls for 
immediate randomized trials, emphasizing trans-
ferrin saturation over ferritin for inflamed patients. 
Team-based care – blending cardiology, hematology, 
and nutrition – should favor intravenous over oral 
iron, factoring in sex differences (stronger male 
benefits in FAIR-HF2). Updated guidelines must re-
quire iron checks across all cardiovascular disease 
types to reshape heart failure outcomes.
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