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ABSTRACT

Iron deficiency (ID) is one of the most prevalent conditions in chronic heart failure (CHF) patients. Similar to the pathophysiology of
anaemia of chronic disease in chronic inflammatory diseases, the inflammatory status in such patients as evidenced by increasing
levels of inflammatory cytokines with worsening CHF, impairs functional mobilisation of iron from body stores, eventually resulting
in a relative 1D, ineffective erythropoiesis and anaemia. ID independent of haemoglobin status has been shown to be a very strong
mortality and re-hospitalisation predictor. Evidence regarding the potential therapeutic implications is rather limited, mostly based
on small scaled randomised controlled trials. Results are however similar, showing that iron supplementation may help improve
iron stores, haemaoglobin levels, quality of life, functional status and exercise tolerance. With the updated European Society of
Cardiology (ESC) heart failure guidelines recommending screening for iron deficiency (Evidence Ic), the ongoing management
debate of whether to treat or not to treat patients diagnosed with iron deficiency will certainly be a hot topic for discussion in the
coming months.
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1. INTRODUCTION
Chronic Heart Failure (CHF) is a common cause of morbidity, accounting for greater than one million patients needing

hospitalisation in the United States (US), exceeding 17 billion in expenses (Desai et al., 2012). The trend towards a g
more cost effective healthcare has prompted the research sector to focus on new aspects into the pathophysiology of et
CHF, hoping to identify a new way of improving patient prognosis whilst also identify those with the highest risk of §

Mark Abela et al.

Iron Deficiency — A new paradigm in Heart Failure,

Medical Science, 2014, 13(51), 64-69, www.discovery.org.in

http://www.discovery.org.in/md.htm © 2014 discovery publication. All rights reserved



mortality. Iron deficiency has emerged as an important prognostic marker in CHF. It is also highly predictive of
reduced exercise capacity, low quality of life, mortality and increased re-hospitalisation rates, even in non-anaemic
patients (Horwich et al., 2002; Dec, 2009;, Stewart et al., 2010), keeping in mind that iron deficiency (ID) occurs in
approximately 33% of non-anaemic individuals (Jankowska et al., 2010).

2. PHYSIOLOGICAL ROLE OF IRON

Iron is an important intracellular metabolically active element, playing several roles in a number of physiological
pathways, governed mostly by its ability to oxidize to its ferric and ferrous forms. This capability has made it an
important cofactor in a number of metalloproteins, responsible for oxygen transport (haemoglobin) and storage
(myoglobin), oxidative phosphorylation (electron transport chain), protein synthesis (ribonucleotide reductase),
neurotransmission (monoamine oxidase) and inflammation (cyclooxygenase) (Jankowska et al., 2010; Okonko et al.,
2011). ID may thus contribute to significant cellular dysfunction. Depletion also drives the cell to G1/S phase mitotic
arrest and apoptosis. The shortened cell cycle brings about ineffective cellular function, with ventricular hypertrophy
and increased catecholamine secretion. The unfavourable effects of these physiological mechanisms might be the
reasons behind the adverse effects in ID CHF patients (Okonko et al., 2011).

3. DEFINING IRON DEFICIENCY

In the 2012 European Society of Cardiology (ESC) Heart Failure (HF) guidelines, authors recommended routine
screening for ID in all HF patients. The definition implemented.in this guideline was based on the same criteria used in
most randomised controlled trials (RCTs) tackling the topic. A patient was deemed to be ID based on a ferritin level of
<100ug/L (absolute iron deficiency) or a ferritin level of 100-299ug/L with a transferrin saturation (TSAT) of less than
20% (functional iron deficiency) (Task force for the diagnosis and treatment of acute and chronic heart failure 2012 of
the European society of cardiology, 2012; Klip et al., 2013; Lipsic & Van der Meer., 2012; Cohen-Solal et al., 2014). As
ferritin is an acute phase reactant, baseline levels in CHF patients may be higher than controls because of the chronic
inflammatory state. Other authors even recommend using just TSAT as the main biochemical marker of ID, with a cut
off of 20% (Okonko et al., 2011). Authors concur that ID is probably under-estimated, with ferritin potentially
unreliable as a biochemical marker of iron stores. In a study by Nanas et al. (2006), bone marrow aspiration of
advanced CHF patients revealed ID to be present in 73% of the population, much higher when compared to a
biochemical assessment of iron stores (Nanas et al., 2006).

4. PREVALENCE OF IRON DEFICIENCY

Despite the rich abundance of iron content obtained in the diet, ID is still the commonest nutritional deficiency,
present in 2% and 9% of adult males and females in the US (Hegde et al., 2006). ID itself even in the absence of
anaemia has been recognized as an important player in chronic inflammatory diseases (Weiss & Goodnough, 2005).
Its role and management implications in CHF has only recently been recognized, with a large study of 546 patients
revealing that 37% had ID, irrespective of their haemoglobin (Hb) levels (Jankowsk et al., 2010). Untreated ID can
eventually result in anaemia, and ID is actually considered as the commonest cause of anaemia in the US (Hegde et
al., 2006). In a study of 959 hospitalised patients with HF, 15.5% of the 369 anaemic individuals had a haematenemic
deficiency, with iron deficiency being the commonest (6.2%). In a separate international pooled cohort consisting of
1,506 patient with HF, 753 (50%) of the cohort (anaemic and non-anaemic) were ID (Klip et al., 2013). Haematenemic
deficiencies must not be under-estimated in the non-anaemic patients, with a maximum of 27% reported to be
suffering from such deficiencies (Gonzalez-Costello & Comin-Colet, 2010).

5. IRON DEFICIENCY AS A PROGNOSTIC MARKER

Worse survival in non-anaemic and anaemic iron depleted individuals has been demonstrated in numerous studies,
with one study recording a 3 year survival rate of 59% compared to 71% in iron replete individuals. This latter cohort
also identified a 2 fold risk of mortality in non-anaemic iron depleted patients (compared to a 3-fold risk in anaemic
individuals), suggesting that anaemia is a less reliable prognostic marker than ID; similar results were obtained in a
separate cohort (Stewart et al., 2010; Jankowska et al., 2010). In another study, ID anaemic patients had a 2-fold
greater risk of death than non-anaemic iron deficient patients, with the risk rising to 4-fold when compared to iron
replete individuals, again highlighting that the iron pool rather than anaemic status itself is the stronger prognostic
marker (Okonko et al., 2011). Besides mortality, ID independent of anaemia is predictive of higher New York Heart
Association (NYHA) functional class, decreased aerobic performance, poorer exercise tolerance and lower quality of
life, along with an increased risk of heart transplantation, irrespective of the presence of anaemia (Jankowska et al.,
2010; Okonko et al., 2011; Klip et al., 2013; Aung et al., 2013).
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6. PREDICTORS OF IRON DEFICIENCY

Many cohorts have identified a number of predictors which can be used to assess dysregulation in iron homeostasis.
NYHA functional class has been a consistent independent predictor, whilst non-Caucasian ethnicity, higher CRP,
female gender, lower mean corpuscular volume, higher red cell distribution width (RDW), higher natriuretic peptide
levels, renal insufficiency, anaemia and lower beta-blocker have all been implicated (Horwich et al., 2002; Stewart et
al., 2010; Okonko et al., 2011; Klip et al., 2013; Aung et al., 2013; Pozzo et al., 2011).

7. TYPES OF IRON DEFICIENCY

ID can be absolute or relative. Absolute deficiency encompasses those pathologies which bring about decreased
absorption or loss from the gastrointestinal tract (Maeder et al., 2011). Malnutrition, malabsorption (bowel oedema)
and drugs (aspirin, oral anticoagulants, omeprazole) are some of the potential culprits (Horwich et al.; 2002). A
relative deficiency on the other hand reflects normal total body iron stores with defective iron mobilisation from the
reticuloendothelial system to the bone marrow. Relative deficiency is postulated to be secondary to activation of
macrophages and up-regulation of inflammatory cytokines suppressing erythropoiesis as ‘part of a chronic
inflammatory state (Weiss & Goodnough, 2005). With higher inflammatory biomarkers (including soluble TNF-a, IL-6
and GDF-15) along the disease course, a relative deficiency (with or without absolute deficiency) is thought to be one
of the main driving forces for ID in CHF (Martinez-Ruiz et al., 2012; Okonko et al., 2013).

8. ANAEMIA IN HEART FAILURE

Anaemia is highly prevalent in heart failure patients, with studies quoting values of 22-37%, sometimes even greater
than 50%. ID and anaemia overlap with each other in HF, with both independently worsening quality of life and HF
symptomatology. Anaemia itself is a prognostic marker that reflects a 3-fold mortality risk, independent of iron status
(Stewart et al., 2010).

The aetiology underlying anaemia in CHF is considered multifactorial, with haemodilution (Westenbrink et al.,
2007; Androne et al., 2003; Adlbrecht et al., 2008), hemolysis in patients with artificial valves (Kliger et al., 2013; Kubo
et al., 2010), gastrointestinal bleeding in patients with high venous pressures (Holleran et al., 2013), blunted
erythropoietin (Epo) response as a result of renal impairment and bone marrow dysfunction (Eschbach, 2002;
Westenbrink et al., 2010; Kissel et al., 2007; Van der Meer et al., 2008), all having a contributory role. Haematenemic
deficiencies apart from iron are also thought to play major roles (Witte et al., 2004).

Epo resistance plays a major role. Studies have shown that inflammatory cytokines fail to attenuate erythroid
marrow activity, resulting in a quantitative exhaustion of erythroid progenitor cells (BFU-E). CHF patients would thus
have lower absolute reticulocyte counts and reticulocyte production indices. There is also an inadequate Epo
production relative to the degree of anaemia as CHF severity worsens (Okonko et al., 2013). IL-6 and TNF-a are known
to directly inhibit renal Epo by activating the GATA binding protein (GATA2) and nuclear factor-«p (Klip et al., 2013;
Anand, 2008). These chronic inflammatory changes together with suboptimal Hb synthesis due to ID are the other
main reasons for anaemia of chronic disease in CHF, with or without dysregulation in oxidative metabolism, cellular
immune mechanisms and energetics (Anderson & Vulpe, 2009; Cario et al., 2006; Wilson & Reeder, 2008; Beard,
2001).

9. THE PATHOPHYSIOLOGY OF IRON DEFICIENCY

An- equilibrium in normal iron homeostasis is maintained thanks to the flow of iron between the storage
(reticuloendothelial system), functional (erythroid marrow) and circulatory compartments. ID in CHF is thought to
occur in response to pro-inflammatory cytokines which decrease the inter-compartmental mobilisation of iron by
down-regulating ferroprotein (Dec, 2009). With worsening NYHA class, persistent hypoferremia impairs iron storage,
giving rise to absolute ID (Okonko et al., 2011; Maeder et al., 2011).

At the cellular level, numerous changes take place in response to the ongoing inflammatory processes.
Inflammatory provocation activates macrophages in the reticuloendothelial system, giving rise to up-regulation of
numerous proteins, including TNF-a, IL-1B and IL-6. IL-6 in particular up-regulates hepcidin, a peptide hormone
synthesized primarily in the liver. Overproduction occurs in response to liver congestion in CHF (Beard, 2001).
Hepcidin promotes both iron trapping (in macrophages and hepatocytes) and iron malabsorption by directly inhibiting
ferroportin (Deicher & Horf, 2006; Van Vekthuisen et al., 2011). This has been confirmed in animal studies (Nicholas
etal., 2002).

Myocardial stores are also disturbed in ID, with biopsies showing a 68% reduction in transferrin mRNA, with a
consequent lower tissue iron content in failing hearts. Animal studies have proven that lower myocardial iron
contributes to progressive cardiac fibrosis, mitochondrial swelling and abnormal sarcomere structure, implying
significant repercussions on cardiac function (Maeder et al., 2011; Tobli et al., 2007).
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10. LOW VERSUS PRESERVED EJECTION FRACTION HEART FAILURE

Heart failure with preserved EF (HFPEF) accounts for 40% of all HF patients, with incidence on the rise and
comparable morbidity and mortality to those with HF reduced EF (HFREF). Biomarker studies have identified
extracellular matrix remodelling, oxidation, inflammation, cardiomyocyte stress and fibrosis to all play some role in
the pathophysiology of HFPEF (Putko et al., 2014).

Whether ID plays a role in HFPEF is still unclear. On the one hand, cellular changes in myocyctes as a result of ID
can have a significant impact on cardiac function. Changes in oxygen metabolism and cellular energetics contribute
towards myocardial fibrosis, one of the main driving forces behind diastolic dysfunction. An insufficient energy supply
for both LV relaxation and filling may in turn lead to a worse quality of life and cardiac function in those with
preserved EF. On the other hand, transferrin receptors in myocytes are actually not down-regulated, as occurs in low
EF HF, but rather up-regulated suggesting a preserved compensatory mechanism. It has been suggested that ID is at
least a risk factor in preserved EF HF, having the potential as a prognostic predictor independent of the
pathophysiological processes in diastolic dysfunction (Kasner et al., 2013). Undoubtedly, further studies are needed.

11. SHOULD WE TREAT?

Whilst anaemia in CHF might reflect end stage cardiac disease, early identification of non-anaemic iron depleted
patients is very important. The perception of anaemia itself might also need to change. A mild drop in Hb of <11.6g/dL
(females) and <12.6g/dL (males) might not be significant in clinical practice; not prompting physicians to screen for
haematenemic deficiencies. However, a minimal decline in Hb has been shown to be significantly associated with
impaired survival. Furthermore, ID (irrespective of haemoglobin) decreases work capacity by 10% to 50%,
proportional to the severity of the deficiency (Darlington et al., 2008).

Studies have shown that treating ID in CHF patients reduces re-hospitalisation risk whilst also improving quality of
life and exercise tolerance (Tobbli et al., 2007; Darlington et al., 2008; Kai-Hu et al., 2013; Bolger et al., 2006;
Silverberg et al., 2011; Anker et al., 2009; Usmanov & Silverberg, 2011). Left sided chambers decrease in size,
immediately noting improved cardiac contractility (Georgieva & Georgieva, 1997). However, some argue that iron
therapy may not be an option. With the negligible physiological excretion of iron, excess iron triggers free radical
generation, notably in coronary atherosclerotic plaques. So rather than treating CHF, iron itself may really worsen
ischaemia or potentially end up giving iron-overload cardiomyopathy (Lippi et al., 2013). HF guidelines have at this
point established that screening for ID is very important. There is however no consensus regarding established
treatment. Blood transfusion is not recommended as a maintenance therapy (Mak et al., 2008).

Iron therapy is one potential strategy which is being explored in numerous trials which only included patients with
HFREF, with no trials pertaining to HFPEF currently available. With oral iron noted to be ineffective because of poor
absorption due to bowel oedema and gastrointestinal intolerance (Silverberg et al., 2011; Palazzuoli et al., 2006),
therapy with intravenous (V) iron (mainly iron sucrose and iron carboxymaltose) looks promising to say the least. IV
iron is given by slow injections or by infusions, usually well tolerated. In general, iron carboxymaltose improves Hb
levels much faster than iron sucrose, and is known to replenish iron stores in non-HF patients with IDA, including
those with chronic kidney disease (Peraira-Moral & Nunez-Gil, 2012). Numerous trials like FERRIC-HF (35 patients)
(Darlington et al., 2008), FAIR-HF (459 patients) (Anker et al., 2009), IRON-HF (23 patients) (Beck-da-Silva et al., 2013),
and CONFIRM-HF (304 patients) (Ponikowski et al., 2014) all provided evidence that patients treated with intravenous
iron ‘have improved functional capacity (NYHA class), better symptom control, improved exercise tolerance,
decreased hospital re-admission rates and improved quality of life. In a separate cohort of patients N-terminal pro-
brain natriuretic peptide (NT-pro-BNP) at 6 months following treatment with IV iron was found to improve,
correlating with the previously mentioned benefits (Beck-da-Silva et al., 2013).

It was previously thought that supplementation with erythropoietin (Epo) might help to tackle the blunted
endogenous Epo response. This approach has however taken much lower priority after the poor results in the RED-HF
trial, a randomized double-blinded trial that consisted of 2278 patients with HFREF exposed to darbepoetin alfa or
placebo (Swedberg et al., 2013). Increased plasma Epo levels in CHF patients have actually been associated with a
worse prognosis, irrespective of Hb levels (Beck-da-Silva et al., 2013). Its routine use in CHF cannot, therefore, be
recommended.

12. CONCLUSION

Whilst studies have shown that iron deficiency in CHF is highly prevalent and is a poor prognosticator, the question of
whether to treat or not to treat (especially in non-anaemic individuals) is highly debatable (Gozalez-Costello & Comin-
Colet, 2010). Whether iron therapy is more beneficial in a sub-cohort of CHF patients is as yet unknown. It is still
debatable whether IV iron is better than the oral formulation, though current data is in favour of intravenous
treatment. A large placebo-controlled mortality-driven trial is needed to confirm the long-term effects of IV iron in
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CHF (Peraira-Moral & Nunez-Gil, 2012). Further studies are also needed to assess whether a preventive strategy of
iron supplementation to avoid the onset of ID anaemia in CHF might have prognostic benefit (Martinez-Ruiz et al.,
2012). Until such studies are performed, it is reasonable to screen CHF patients for ID and possibly treat patients on
an individual basis after standard optimised medical treatment has been provided without significant benefit.
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