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Abstract 

 
Aim of the Study: To estimate the prevalence of iron deficiency in patients of 

heart failure with reduced ejection fraction & response to injectable iron 

therapy in patients with iron deficiency anemia in heart failure with reduced 

ejection fraction. Materials and Methods: 1000 patients with heart failure with 

reduced ejection fraction (HFrEF; left ventricular ejection fraction <40%) who 

met the prespecified inclusion and exclusion criteria were chosen. A detailed 

history was taken and clinical examination was performed. Peripheral venous 

blood was drawn, and a complete hemogram along with iron studies (iron, 

ferritin, transferrin saturation and total iron binding capacity) were 

performedResults: Prevalence of iron deficiency among patients of heart failure 

with reduced ejection fraction was 63%. Most of the patients (71.42%) had 

absolute iron deficiency whereas 28.57% cases had functional iron deficiency 

status. 520(82.53%) patients were found to be anemic and 110(17.46%) 

patients were non anemic   which was statistically significant, suggesting that 

the prevalence of iron deficiency was higher among all anaemic patients with 

heart failure with reduced ejection fraction, as compared to non-anaemic 

individuals. The use of injectable iron therapy   significantly improved the 

NYHA functional status among all the patients of heart failure with reduced 

ejection fraction.  Conclusion: Our study showed that there is a large burden 

of iron deficiency in patients of heart failure with reduced ejection fraction 

irrespective of anemia status. The correction of iron deficiency, irrespective of 

the presence or absence of concomitant anemia, improves the NYHA functional 

status and quality of life. It may therefore be prudent to assess and use iron 

status as a therapeutic target in all patients with heart failure even with normal 

hemoglobin levels. 

Keywords: Iron deficiency, Heart failure with reduced ejection fraction 

1. Introduction 
Heart failure (HF) is a prevalent issue that affects 1–2% of the population and is a leading cause of 

death, illness, and poor quality of life (QoL).(1,2) Anemia is a common comorbid condition in stable HF 

patients, and it worsens morbidity by causing regular hospitalizations, reduced exercise ability, poor 

quality of life, and increased death.(3) Anaemia is coexisting in about 20% of HF patients and is an 

established contributing factor in predicting poor outcomes and hospitalisations in patients with HF.(4) 

HF is frequently accompanied with iron deficiency (ID) with or without anemia.(5) Despite the fact that 

ID is the most prevalent nutritional deficit in the world, impacting more than 1/3rd of the total 

population its link to HF with or without anemia is gaining attention. It needs to be emphasized that ID 

can occur without decreased hemoglobin. However, measurement of iron stores still does not form a 

routine place in the evaluation of patients of HF, thus making it a generally underdiagnosed entity in 

this subset of patients. Studies, performed in patients with HF, have proven that iron deficiency is 

associated with decreased overall exercise capacity and more severe HF symptoms such as fatigue and 

exertional dyspnea.(6) Clinical benefits of iron therapy in iron-deficient patients with HF are therefore 
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expected to result not only from the increase in haemoglobin concentration, but also from an 

improvement in the functioning of nonhematopoietic tissues, such as skeletal muscles.(7) ID is an 

appealing therapeutic target since replacement therapy improves outcome in individuals with HF - a 

notion that has been verified in clinical research recently.(8) The European Society of Cardiology (ESC) 

Guidelines for the diagnosis and management of acute and chronic HF for the first time identified ID 

as a comorbidity in HF in 2012, and suggested identification of ID based on iron values in all individuals 

with suspected HF.(9) A recent randomized, double-blind research shown that intravenous iron improved 

functional outcomes and standard of living in ID individuals with or without anemia and heart failure 

(HF).(10) As a result, ID has recently taken on a distinctive function in the area of HF and is the topic of 

new research. 

2. Materials And Methods 

This was a prospective observational analytical study conducted in a tertiary care hospital in India. The 

patients who were admitted having clinical heart failure with NYHA functional class II- IV were taken 

under consideration at the time of enrolment after obtaining written informed consent were included in 

the study. Data were collected using a standard questionnaire and answers were recorded. Any personal 

history of hypertension, dyslipidemia, diabetes mellitus and CAD were noted. Tobacco consumption in 

any form was asked about. All patients underwent detailed evaluation including clinical, biochemical 

(including complete blood counts, serum iron profile and NTPROBNP levels), electrocardiography and    

echocardiography evaluation. 

Inclusion criteria  

• Written informed consent must be obtained prior to any screening procedures  

• Patient having clinical criteria for heart failure  

• NYHA functional class II- IV was taken under consideration at the time of enrolment  

• Ejection fraction on echocardiography ≤40% 

Exclusion Criteria 

• Patient who had acute coronary syndrome with heart failure 

• Patient who had myocardial infarction in the last three months  

• Patients of severe comorbidities like chronic kidney disease, chronic lung disease, chronic liver 

disease  

• Red blood cells (or other blood component) transfusions or erythropoietin therapy within 3 months 

prior to enrolment.  

3. Results and Discussion 

Observation 

A total of 1000 patients of heart failure with reduced ejection fraction were enrolled in the study. All 

the Heart failure cases with reduced ejection fraction were evaluated to observe the serum Iron status. 

Mean age of all patients enrolled in this study was 56.54 ± 8.56 years  

 

Fig 1: Histogram showing normal distribution of age among HFrEF patients (n=1000) 
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with a range from minimum 29 years to 69 years (Fig 1). Most of the patients were belonging to above 

50 years age group and only 2% patients belonged to age group 18 to 30 years of age ((Fig 2).  

 

Fig 2: Age distribution as per different age groups among HFrEF patients (n=1000) 

Our study showed male preponderance with 57% males and 43% females with Heart failure and 

reduced ejection fraction. (Fig 3) 

 

Fig 3: Pie diagram showing gender distribution of HFrEF patients(n=1000) 
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Fig 4: Prevalence of Iron deficiency among all HFrEF patients (n=1000) 

The prevalence of Iron deficiency in our study was found to be 63% among them 83% were anemic and 

17% non-anemic in all the heart failure with reduced ejection fraction patients which was depicted in 

(Fig 4) 

Fig 5: Distribution of Iron deficiency proportion having absolute and functional iron deficiency 

among HFrEF patients (n= 630) 

 

Our study shows 71.42% patients (450 out of 630) had absolute Iron deficiency whereas 28.57% had 

Functional Iron deficiency (fig 5). 

Fig 6: NYHA Class at baseline among Iron deficient patients of HFrEF (n=630) 

  Frequency (n) Percentage (%) 

NYHA Class 

2 218 34.61% 

3 97 15.38% 

4 315 50% 

Total 630 100% 

 

In our study 50% patients were in NYHA class 4 where as 15% and 34.61% patients were in class 3 

and class 2 respectively. (Fig 6) 
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Fig 7: Change in NYHA functional status after injectable Iron therapy among Iron deficient patients 

of HFrEF (n=630) 

  Frequency (n) Percentage (%) 

NYHA Class 

1 303 48.07% 

2 254 40.38% 

3 73 11.53% 

Total 630 100% 

 

Fig 8: NYHA functional class of HFrEF patients at six month of iron therapy (n= 630) 

 

Fig 9: Comparing NYHA class among Iron deficient patients before and at six month of Iron therapy 

(n= 630) 

NYHA class Baseline * NYHA class Follow up Cross tabulation 

  
NYHA Score during follow up 

Total 
1 2 3 

NYHA Score at Baseline 

2 157 40 21 218 

3 39 41 17 97 

4 107 173 35 315 

Total  303 254 73 630 

P-value <0.001 

During follow up after the intervention at 6 months of giving injectable iron therapy to all iron 

deficiency patients, NYHA class was again accessed and found to be improved in all patients. Around 

48.07% patients score was improved to NYHA class 1,40.38% patients’ score was improved to NYHA 

class 2 and only11.53% patients had NYHA class 3 after 6 months of intervention The association 

between improvement in NYHA class at 6 month and administration of injectable iron therapy at 

presentation was found to be statically significant in our study (p – value <0.001) (Fig 8 & 9) 

Fig 10: Comparison between baseline Ejection fraction and EF at 6 month of Injectable iron therapy 

 Mean Std. Deviation Std. Error Mean P-value 

Ejection fraction 34.30 4.312 0.431  

0.071 Follow up EF 34.6300 4.30329 0.43033 

The mean Ejection fraction improved among patients after 6 months of injectable iron therapy but is 

not statistically significant (p-value>0.05). (Fig 10) 
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In this study, 1000 patients with heart failure with reduced ejection fraction who met the prespecified 

inclusion and exclusion criteria were chosen. A detailed history was taken and clinical examination was 

performed. A complete hemogram along with iron studies (iron, ferritin, transferrin saturation and total 

iron binding capacity) were performed. The study was conducted with an aim to estimate the prevalence 

of Iron deficiency in all patients of heart failure with reduced ejection fraction and to observe the 

response of injectable iron therapy in these patients. 

The mean age of all patients enrolled as cases in this study was 56.54 ± 8.56 years with a range from 

minimum 29 years to 69 years. Studies by Tee Joo Yeo et al (11) and John G. F. Cleland et al (12) in their 

study found similar age distribution with a higher prevalence in fifth and sixth decade. Our study 

showed male preponderance similar to previous studies. The higher risk of heart failure with reduced 

ejection fraction in men compared to women has been attributed to their predisposition to macrovascular 

coronary artery disease and myocardial infarction—a well-known antecedent to heart failure with 

reduced ejection fraction. 

The total number of iron deficient individuals was 630 (63.0%). Among them 520(82.53%) patients 

found to be anaemic and 110(17.46%) patients were non anaemic which was statistically significant, 

suggesting that the prevalence of iron deficiency was higher among all anaemic patients with heart 

failure with reduced ejection fraction, as compared to non-anaemic individuals. Out of total iron 

deficiency patients 450(71.42%) had absolute iron deficiency and 180(28.57%) had functional iron 

deficiency. However, the identification of iron deficiency in patients with normal hemoglobin levels 

emphasizes the incorporation of iron level assessment in all patients of heart failure. 

Among the patients who had heart failure with reduced ejection fraction during baseline assessment 

most cases (53%) were found as NYHA class 4 followed by 31% with NYHA    class 2 and then 16% 

were under NYHA class 3. Among iron deficient patient (63%), during baseline 34.61% had NYHA 

class 2,15.38% had NYHA class 3,50% had NYHA class 4. However,after 6 month of injectable iron 

therapy the NYHA score was significantly improved (p  < 0.001). After intervention around 48.07% 

patients reported with NYHA class 1 followed by 40.38% with NYHA class 2 and only 11.53% with 

NYHA class 1 category. No significant differences were found between anemic and non-anemic 

patients. The variations between iron deficiency status and NYHA scoring were not found to be 

statistically significant in our study. Ghali et al (13) found among 71% heart failure cases had experienced 

improvement in their NYHA scoring with minor improvement in iron levels. But another study where 

palazzuoli A et al (14) gave 12 weeks of darbepoietin therapy found no change in baseline and after 

intervention NYHA scoring.  

Two larger-scale clinical trials which reported the beneficial effects of IV iron therapy in CHF patients 

with iron deficiency. The FAIR-HF trial (15) showed that among the patients who were given IV Iron, 

50% reported being much or moderately improved, and 47% were in NYHA functional class I or II. No 

significant differences were found between anemic and nonanemic patients The second study 

CONFIRM-HF trial (16) showed after IV iron therapy in iron-deficient heart failure patients, there was 

significantly greater improvement in 6MWT distance at week 24. The beneficial effects of iron therapy 

were sustained throughout the period of study. Recent meta-analysis by Jankowska et al (16) showed the 

risk of cardiovascular hospitalization, heart failure hospitalization, NYHA class appeared to be 

significantly reduced by IV iron therapy. 

Numerous mechanisms unrelated to hemodynamic dysfunction may underlie impaired exercise 

tolerance in patients with heart failure. Among them, inadequate oxygen supply and impaired oxygen 

use by skeletal muscle during exercise contribute to poor clinical   status (17,18). In addition, anemia may 

aggravate symptoms in patients with heart    failure (19). Targeting these abnormalities may confer 

functional benefits to such patients. Iron plays a key role in oxygen uptake, transport, and storage, as 

well as oxidative metabolism in the skeletal muscle; it also is involved in erythropoiesis (20,21). 

Traditionally, iron deficiency has been considered to have clinical consequences only in the presence 

of anemia. Alternatively, a reduced hemoglobin level can be viewed as the result of a process beginning 

with the gradual depletion of iron stores (22,23). Iron deficiency in patients with or without anemia 

attenuates aerobic performance and is accompanied by reports of fatigue and exercise intolerance (24). 

The repletion of iron in patients who have iron deficiency without heart failure improves cognitive, 

symptomatic, and exercise performance (25,26). Recently, it has been recognized that patients with heart 

failure may be prone to the development of iron deficiency because of a depletion of iron stores or 

defective iron absorption and the reduced availability of iron recycled in the reticuloendothelial system 
(27,28). Four small studies showed that the correction of iron deficiency with the use of intravenous iron 
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in patients with chronic heart failure may result in clinical benefits. (26-29) In one of these studies, the 

symptomatic benefit was similar in patients with anemia and those without anemia(29). 

4.  Conclusion 

Our study showed that there is a large burden of iron deficiency in patients of heart failure with reduced 

ejection fraction irrespective of anemia status. Similar to previous trials our study confirms that 

correction of iron deficiency, irrespective of the presence or absence of concomitant anemia, improves 

the NYHA functional status and quality of life. It may therefore, be prudent to assess and use iron status 

as a therapeutic target in all patients with heart failure even with normal hemoglobin levels. This is 

especially true for a country like India where a significant proportion of the population are iron deficient. 

Limitations Of the Study 

1. Iron supplementation and re-assessment for symptomatic improvement may have subjective and 

observer bias. 

2. Follow-up and evaluation of the effects of iron deficiency on mortality and re-hospitalization was not 

done. 

Conflict Of Interest: Nil 

Source Of Funding: Self 

Ethical Clearance: Ethical Clearance was obtained from the Institutional Ethics Committee prior to 

the commencement of the study 

Acknowledgement 

The authors are highly grateful to the chairman of Siksha O Anusandhan (Deemed to be). University, 

Prof. Manoj Ranjan Nayak for providing the support during the study. The authors are also thankful to 

the Dean, IMS and Sum Hospital, Siksha O Anusandhan (Deemed to be) University, Prof. Sanghamitra 

Mishra for encouragement and support. 

References: 
1. Heo S, Lennie TA, Okoli C, Moser DK. Quality of life in patients with heart failure: ask the patients. Heart 

Lung [Internet]. 2009 [cited 2023 May 15];38(2):100–8. Available from: 

https://pubmed.ncbi.nlm.nih.gov/19254628/ 

2. Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card Fail Rev [Internet]. 2017 [cited 2023 

May 15];3(1):7. Available from: pmc/articles/PMC5494150/  

3. Scicchitano P, Iacoviello M, Massari A, De Palo M, Potenza A, Landriscina R, et al. Anaemia and Congestion 

in Heart Failure: Correlations and Prognostic Role. Biomedicines [Internet]. 2023 Mar 1 [cited 2023 

May 15];11(3). Available from:/pmc/articles/PMC10046168/  

4. Tanaka S, Kamiya K, Saito H, Saito K, Ogasahara Y, Maekawa E, et al. Prevalence and prognostic value of the 

coexistence of anaemia and frailty in older patients with heart failure. ESC Heart Fail [Internet]. 2021 

Feb 1 [cited 2023 May 15];8(1):625. Available from: /pmc/articles/PMC7835564/ 

5. Alnuwaysir RIS, Hoes MF, van Veldhuisen DJ, van der Meer P, Beverborg NG. Iron Deficiency in Heart 

Failure: Mechanisms and Pathophysiology. J Clin Med [Internet]. 2021 Jan 1 [cited 2023 May 

15];11(1). Available from: https://pubmed.ncbi.nlm.nih.gov/35011874/ 

6. Angius L, Crisafulli A. Exercise intolerance and fatigue in chronic heart failure: is there a role for group III/IV 

afferent feedback? Eur J Prev Cardiol [Internet]. 2020 Nov 1 [cited 2023 May 15];27(17):1862–72. 

Available from: https://pubmed.ncbi.nlm.nih.gov/32046526/ 

7. Drozd M, Jankowska EA, Banasiak W, Ponikowski P. Iron Therapy in Patients with Heart Failure and Iron 

Deficiency: Review of Iron Preparations for Practitioners. Am J Cardiovasc Drugs [Internet]. 2017 Jun 

1 [cited 2023 May 15];17(3):183–201. Available from: https://pubmed.ncbi.nlm.nih.gov/28039585/ 

8. Dryer K, Gajjar M, Narang N, Lee M, Paul J, Shah AP, et al. Vascular Biology and Microcirculation: Coronary 

microvascular dysfunction in patients with heart failure with preserved ejection fraction. Am J Physiol 

Heart Circ Physiol [Internet]. 2018 May 5 [cited 2023 May 15];314(5):H1033. Available from: 

/pmc/articles/PMC6008137 

9. McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, et al. ESC Guidelines for the 

diagnosis and treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and 

Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed 

in collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J [Internet]. 2012 

[cited 2023 May 15];33(14):1787–847. Available from: https://pubmed.ncbi.nlm.nih.gov/22611136/ 

10. Rizzo C, Carbonara R, Ruggieri R, Passantino A, Scrutinio D. Iron Deficiency: A New Target for Patients 

With Heart Failure. Front Cardiovasc Med [Internet]. 2021 Aug 10 [cited 2023 May 15];8. Available 

from: https://pubmed.ncbi.nlm.nih.gov/34447793/ 

  

11. Yeo TJ, Yeo PSD, Ching-Chiew Wong R, Ong HY, Leong KTG, Jaufeerally F, et al. Iron deficiency in a 

multi-ethnic Asian population with and without heart failure: prevalence, clinical correlates, functional 

https://jazindia.com/
https://pubmed.ncbi.nlm.nih.gov/19254628/
https://pubmed.ncbi.nlm.nih.gov/35011874/
https://pubmed.ncbi.nlm.nih.gov/32046526/
https://pubmed.ncbi.nlm.nih.gov/28039585/
https://pubmed.ncbi.nlm.nih.gov/22611136/
https://pubmed.ncbi.nlm.nih.gov/34447793/


Prevalence of Iron Deficiency in Patients of Heart Failure with Reduced Ejection Fraction and Response to Injectable Iron 

Therapy- A Hospital Based Observational Study 

 

 

Available online at: https://jazindia.com  - 354 - 

significance and prognosis. Eur J Heart Fail [Internet]. 2014 Oct 1 [cited 2023 May 16];16(10):1125–

32. Available from: https://pubmed.ncbi.nlm.nih.gov/25208495/  

12. Cleland JGF, Zhang J, Pellicori P, Dicken B, Dierckx R, Shoaib A, et al. Prevalence and Outcomes of Anemia 

and Hematinic Deficiencies in Patients With Chronic Heart Failure. JAMA Cardiol [Internet]. 2016 

Aug 1 [cited 2023 May 16];1(5):539–47. Available from: https://pubmed.ncbi.nlm.nih.gov/27439011/ 

13. Ghali JK, Anand IS, Abraham WT, Fonarow GC, Greenberg B, Krum H, et al. Randomized double-blind trial 

of darbepoetin alfa in patients with symptomatic heart failure and anemia. Circulation [Internet]. 2008 

Jan 29 [cited 2023 May 16];117(4):526–35. Available from: 

https://pubmed.ncbi.nlm.nih.gov/18195176/ 

14. Palazzuoli A, Silverberg D, Iovine F, Capobianco S, Giannotti G, Calabrò A, et al. Erythropoietin improves 

anemia exercise tolerance and renal function and reduces B- type natriuretic peptide and hospitalization 

in patients with heart failure and anemia. Am Heart J [Internet]. 2006 [cited 2023 May 

16];152(6):1096.e9-1096.e15. Available from: https://pubmed.ncbi.nlm.nih.gov/17161060/ 

15. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H, Lüscher TF, Bart B, 

Banasiak W, Niegowska J, Kirwan BA, Mori C, von Eisenhart Rothe B, Pocock SJ, Poole-Wilson PA, 

Ponikowski P; FAIR-HF Trial Investigators. Ferric carboxymaltose in patients with heart failure and 

iron deficiency. N Engl J Med. 2009 Dec 17;361(25):2436-48. doi: 10.1056/NEJMoa0908355. Epub 

2009 Nov 17. PMID: 19920054. 

16. Jankowska EA, Rozentryt P, Witkowska A, Nowak J, Hartmann O, Ponikowska B, et al. Iron deficiency: an 

ominous sign in patients with systolic chronic heart failure. Eur Heart J [Internet]. 2010 [cited 2023 

May 16];31(15):1872–80. Available from: https://pubmed.ncbi.nlm.nih.gov/20570952/ 

17. Clark AL, Poole-Wilson PA, Coats AJ. Exercise limitation in chronic heart failure: central role of the 

periphery. J Am Coll Cardiol 1996;28:1092-102. 

18. Massie BM, Conway M, Rajagopalan B, et al. Skeletal muscle metabolism during exercise under ischemic 

conditions in congestive heart failure: evidence for abnormalities unrelated to blood flow. Circulation 

1988;78:320-6. 

19. Tang YD, Katz SD. Anemia in chronic heart failure: prevalence, etiology, clinical correlates, and treatment 

options. Circulation 2006;113:2454-61. 

20. Dunn LL, Rahmanto YS, Richardson DR. Iron uptake and metabolism in the new millennium. Trends Cell 

Biol 2007; 17:93-100. 

21. Fairbanks V, Beutler E. Iron deficiency. In: Beutler E, ed. Williams hematology. 6th ed. New York: McGraw-

Hill, 2001:295- 304, 447-70.  

22. Beard JL. Iron biology in immune function, muscle metabolism and neuronal functioning. J Nutr 

2001;131:Suppl 2: 568S-579S. 

23. Haas JD, Brownlie T IV. Iron deficiency and reduced work capacity: a critical review of the research to 

determine a causal relationship. J Nutr 2001;131:Suppl 2:676S-688S.  

24. Davies KJ, Maguire JJ, Brooks GA, Dallman PR, Packer L. Muscle mitochondrial bioenergetics, oxygen 

supply, and work capacity during dietary iron deficiency and repletion. Am J Physiol 1982; 

242(6):E418-E427.  

25. Satija P, Ondo WG. Restless legs syndrome: pathophysiology, diagnosis and treatment. CNS Drugs 

2008;22:497-518. 

26. Opasich C, Cazzola M, Scelsi L, et al. Blunted erythropoietin production and defective iron supply for 

erythropoiesis as major causes of anaemia in patients with chronic heart failure. Eur Heart J 2005; 

26:2232-7. 

27. Nanas JN, Matsouka C, Karageorgopoulos D, et al. Etiology of anemia in patients with advanced heart failure. 

J Am Coll Cardiol 2006;48:2485-9.  

28. Bolger AP, Bartlett FR, Penston HS, et al. Intravenous iron alone for the treatment of anemia in patients with 

chronic heart failure. J Am Coll Cardiol 2006;48: 1225-7. 

29. Okonko DO, Grzeslo A, Witkowski T, et al. Effect of intravenous iron sucrose on exercise tolerance in anemic 

and nonanemic patients with symptomatic chronic heart failure and iron deficiency FERRIC-HF: a 

randomized, controlled, observer-blind ed trial. J Am Coll Cardiol 2008;51:103- 12 

 

 

 

https://jazindia.com/
https://pubmed.ncbi.nlm.nih.gov/25208495/
https://pubmed.ncbi.nlm.nih.gov/27439011/
https://pubmed.ncbi.nlm.nih.gov/18195176/
https://pubmed.ncbi.nlm.nih.gov/17161060/
https://pubmed.ncbi.nlm.nih.gov/20570952/

