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ABSTRACT 
Objective: Heart failure (HF) remains a global health burden, with anemia emerging as a critical comorbidity that worsens 
clinical outcomes. This study integrates hematological and histopathological analyses to unravel the interplay between 
anemia, iron deficiency, and cardiac tissue injury in 200 HF patients stratified by anemia status. Duration of 

Study: February 2023 to October 2024. Place of Study: Chaudhry Muhammad Akram Teaching and Research Hospital, 
Lahore ,Rashid Latif Medical College Lahore& Punjab Medical College, Faisalabad Medical University, Faisalabad, 
Pakistan. Methodology: A prospective cohort of 200 HF patients (NYHA II–IV) was stratified by WHO anemia criteria. 

Hemoglobin, serum ferritin, and NT-proBNP levels were analyzed alongside histopathological evaluation of right ventricular 
septal biopsies. Results: Anemic HF patients exhibited a 40% increase in fibrosis and 75% higher necrosis scores compared 
to non-anemic counterparts, driven by hypoxia and elevated ventricular stress (NT-proBNP). Multivariate regression 
confirmed hemoglobin (β = -0.45, *p* = 0.002), ferritin (β = -0.30, *p* = 0.01), and NT-proBNP (β = 0.50, *p* < 0.001) as 
independent predictors of fibrosis. Discussion: The observed cardiac injury in anemic HF patients is mechanistically linked 
to hypoxia-driven pathways, mitochondrial dysfunction, and ventricular strain. These findings underscore the synergistic 
role of anemia, iron deficiency, and neurohormonal activation in accelerating myocardial remodeling. Conclusion: These 
results advocate for anemia management as a therapeutic target to mitigate cardiac remodeling, emphasizing iron repletion 

and tailored interventions in high-risk HF populations. 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 
 

INTRODUCTION 
Heart failure (HF) represents a significant global 

health challenge, affecting over 64 million individuals 

worldwide, with its prevalence expected to rise due to 

aging populations and improved survival rates 

following acute cardiovascular events (McDonagh et 

al., 2021). HF is not a single disease but a clinical 

syndrome characterized by structural and functional 

cardiac impairments, classified into three primary 

phenotypes: HF with reduced ejection fraction, 
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defined by impaired contractility (left ventricular 

ejection fraction [LVEF] ≤40%) often resulting from 

ischemic injury, myocardial infarction, or genetic 

cardiomyopathies; HF with preserved ejection fraction 

, marked by diastolic dysfunction (LVEF ≥50%) and 
associated with metabolic syndromes, obesity, and 

hypertension; and right ventricular dysfunction, 

frequently secondary to pulmonary hypertension or 

progression of left HF, contributing to systemic 

congestion and reduced exercise tolerance 

(McDonagh et al., 2021). 

The pathophysiology of HF involves a complex 

interplay of neurohormonal activation, oxidative 

stress, and structural remodeling. Chronic activation 

of the renin-angiotensin-aldosterone system (RAAS) 

and sympathetic nervous system (SNS) drives 

vasoconstriction, sodium retention, and fluid 
overload, exacerbating cardiac preload and afterload 

while accelerating myocyte apoptosis through 

persistent adrenergic stimulation (Ponikowski et al., 

2020). Oxidative stress, mediated by reactive oxygen 

species (ROS) from mitochondrial dysfunction and 

NADPH oxidase activation, impairs calcium handling, 

reduces nitric oxide bioavailability, and promotes 

endothelial dysfunction and apoptosis. Myocardial 

remodeling further compounds these effects, with 

activated cardiac fibroblasts depositing collagen 

(types I and III) to drive interstitial fibrosis, while 
pressure or volume overload induces maladaptive 

myocyte hypertrophy. Ischemic injury and oxidative 

stress also trigger necrosis and apoptosis, irreversibly 

impairing contractility (Jankowska et al., 2020). 

Comorbid conditions such as hypertension, diabetes 

mellitus, and anemia significantly amplify HF 

progression. Hypertension increases afterload, 

accelerating left ventricular hypertrophy and diastolic 

dysfunction, while diabetes promotes metabolic 

inflexibility and microvascular dysfunction. Anemia, 

present in 30–50% of HF patients, exacerbates 

myocardial hypoxia and workload by reducing 
oxygen-carrying capacity (Jankowska et al., 2020). 

The etiology of anemia in HF is multifactorial, 

encompassing hemodilution from RAAS-driven 

plasma expansion, iron deficiency (absolute or 

functional), chronic kidney disease (CKD)-mediated 

erythropoietin deficiency, and chronic inflammation. 

Iron deficiency, the leading global cause of anemia, 

manifests as absolute iron deficiency (serum ferritin 

<100 µg/L) or functional deficiency (ferritin 100–300 

µg/L with transferrin saturation <20%), often driven 

by hepcidinupregulation from pro-inflammatory 
cytokines like IL-6 (Jankowska et al., 2020). CKD 

further suppresses erythropoiesis through uremic 

toxins, while systemic inflammation in HF promotes 

anemia of chronic disease. 

Anemia exacerbates cardiac dysfunction through 

chronic hypoxia, mitochondrial impairment, and 

compensatory mechanisms. Reduced oxygen delivery 

activates hypoxia-inducible factor-1α (HIF-1α), 

stimulating collagen synthesis and fibroblast 

proliferation via TGF-β, while iron deficiency 

disrupts mitochondrial ATP production, increasing 

ROS. Compensatory tachycardia and increased stroke 

volume further elevate myocardial oxygen demand, 

accelerating left ventricular remodeling (Ponikowski 
et al., 2020). Key biomarkers such as hemoglobin 

(Hb), serum ferritin, and NT-proBNP provide critical 

insights: Hb levels <13 g/dL (men) or <12 g/dL 

(women) correlate with 30% higher mortality, serum 

ferritin distinguishes iron deficiency from 

inflammation, and NT-proBNP levels >125 pg/mL 

reflect ventricular strain and predict HF severity 

(McDonagh et al., 2021). 

Despite advances, prior studies have examined 

hematological markers or histopathological changes in 

isolation, neglecting their synergistic relationship. 

This study addresses this gap by correlating Hb, 
ferritin, and NT-proBNP with histopathological 

evidence of fibrosis and necrosis, while evaluating 

anemia’s role in hypoxia-driven myocardial injury. 

We hypothesize that anemia and iron deficiency in HF 

patients are associated with cardiac injury mediated 

by chronic hypoxia, mitochondrial dysfunction, and 

ventricular wall stress. By integrating hematological 

and histopathological analyses, this work aims to 

inform targeted therapies to mitigate remodeling and 

improve outcomes. 

 

METHODOLOGY 

Study Design and Population 

 Design: Prospective cohort of 200 HF patients 

(NYHA II–IV), stratified by WHO anemia 

criteria. 

 Exclusions: Recent transfusions (≤3 months), 

active malignancy, or non-cardiac anemia (e.g., 

hemolytic). 

 

Hematological Analysis 

 Hemoglobin: Measured using Coulter LH 780 
(Beckman Coulter), coefficient of variation (CV) 

<2%. 

 Serum Ferritin: Quantified via ELISA (Abcam 

Kit), CV <5%. 

 NT-proBNP: Electrochemiluminescence on 

Cobas e601 (Roche), CV <3%. 

 Histopathological Evaluation 

 Biopsy Protocol: Right ventricular septal 

biopsies under fluoroscopic guidance. 

 Staining: 

o Masson’s Trichrome: Collagen quantified via 
ImageJ (thresholding algorithm). 

o H&E: Necrosis scored by two blinded 

pathologists (κ = 0.85). 

 

Statistical Analysis 

 Software: SPSS v26.0 and R v4.1. 

 Tests: 

o Pearson/Spearman correlations for biomarker-

tissue relationships. 
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o Multivariate regression adjusted for age, eGFR, 

NYHA class. 

o ANOVA with Tukey post-hoc for group 

comparisons. 

 

RESULTS 

Table 1: Baseline Characteristics 

Variable Anemic (n=90) Non-Anemic (n=110) p-value 

Age (years) 67 ± 10 63 ± 12 0.03 

Male (%) 55 60 0.40 

NYHA III/IV (%) 65 40 0.01 

eGFR (mL/min/1.73m²) 45 ± 15 60 ± 20 <0.001 

Anemic patients were older, with worse renal function and HF severity. 

 

Table 2: Biomarker Profiles 

Marker Anemic Group Non-Anemic Group p-value 

Hemoglobin (g/dL) 10.5 ± 1.2 13.8 ± 1.5 <0.001 

Serum Ferritin (µg/L) 75 ± 45 150 ± 80 <0.001 

NT-proBNP (pg/mL) 2500 ± 1200 1800 ± 900 <0.001 

Anemic group had profound iron deficiency and elevated ventricular strain. 

 

Table 3: Histopathological Scores 

Parameter Anemic Group Non-Anemic Group p-value 

Fibrosis (%) 25 ± 8 15 ± 5 <0.001 

Necrosis Score 2.1 ± 0.6 1.2 ± 0.4 <0.001 

Anemia correlated with severe fibrosis and necrosis. 

 

Table 4: Multivariate Regression for Fibrosis 

Variable β-coefficient p-value 

Hemoglobin -0.45 0.002 

Ferritin -0.30 0.01 

NT-proBNP 0.50 <0.001 

Hb, ferritin, and NT-proBNP independently predicted fibrosis. 

 

Histological Figures 

 
Figure 1: Masson’s trichrome (20x) showing dense fibrosis (blue) in anemic HF. 
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Figure 2: H&E (40x) highlighting necrotic cardiomyocytes (loss of striations, inflammatory infiltrates). 

 

DISCUSSION 
This study elucidates the interplay between anemia, 

iron deficiency, and histopathological cardiac injury 

in heart failure (HF), demonstrating that anemic HF 

patients exhibit 40% greater fibrosis and 75% higher 

necrosis scores compared to non-anemic counterparts. 

These findings are mechanistically linked to hypoxia-

driven pathways, mitochondrial dysfunction, and 

ventricular strain, as evidenced by the independent 
predictive roles of hemoglobin (Hb), serum ferritin, 

and NT-proBNP in fibrosis (β = -0.45, -0.30, and 

0.50, respectively; *p* < 0.01; Table 4). 

Low Hb levels (<13 g/dL in men, <12 g/dL in 

women) reduce oxygen delivery, activating hypoxia-

inducible factor-1α (HIF-1α) and transforming growth 

factor-β (TGF-β) pathways. HIF-1α upregulation 

stimulates fibroblast proliferation and collagen 

synthesis, as observed in the dense fibrosis (25 ± 8% 

collagen deposition) in anemic patients (Figure 1) 

(Ponikowski et al., 2020). This aligns with prior 
studies showing HIF-1α-mediated TGF-β activation 

exacerbates myocardial stiffness in HFrEF (Van der 

Meer et al., 2019). Iron deficiency (ferritin <100 

µg/L) further compounds cardiac injury by impairing 

mitochondrial electron transport chain efficiency, 

increasing reactive oxygen species (ROS) and 

myocyte apoptosis. Our data show anemic patients 

had significantly lower ferritin (75 ± 45 µg/L vs. 150 

± 80 µg/L; *p* < 0.001; Table 2), correlating with 

necrosis scores of 2.1 ± 0.6 (vs. 1.3 ± 0.3; *p* < 

0.001; Table 3). These findings mirror Jankowska et 

al. (2020), who linked iron deficiency to 
mitochondrial dysfunction and ATP depletion in HF. 

Elevated NT-proBNP (2500 ± 1200 pg/mL in anemic 

vs. 1800 ± 900 pg/mL in non-anemic; *p* < 0.001; 

Table 2) reflects increased ventricular wall stress, 

promoting extracellular matrix remodeling. This 

biomarker’s strong correlation with fibrosis (β = 

0.50; *p* < 0.001; Table 4) underscores its role in 

tracking maladaptive remodeling, consistent with its 

prognostic value in HFpEF (McDonagh et al., 2021). 

The clinical implications of these findings are 

multifaceted. First, iron repletion emerges as a critical 

intervention. The FAIR-HF trial demonstrated 

intravenous (IV) iron (ferric carboxymaltose) 

improved 6-minute walk distance (Δ +35 

meters; *p* < 0.01) and quality of life in anemic HF 
patients (Ponikowski et al., 2020). Our findings 

support prioritizing iron repletion in HF patients with 

ferritin <100 µg/L, as iron deficiency independently 

predicted fibrosis (β = -0.30; *p* = 0.01). Second, 

while erythropoiesis-stimulating agents (ESAs) raise 

Hb, their thrombotic risks necessitate cautious use. 

Individualized Hb targets (10–12 g/dL) may balance 

symptom relief and safety, as Hb<13 g/dL correlated 

with 30% higher mortality (McDonagh et al., 2021). 

Third, elevated ferritin (>300 µg/L) in non-anemic HF 

patients may indicate subclinical inflammation, 
warranting assessment of C-reactive protein (CRP) or 

interleukin-6 (IL-6) to guide anti-inflammatory 

therapies (Jankowska et al., 2020). 

However, this study has limitations. Septal biopsies 

may underrepresent apical/posterior fibrosis, limiting 

generalizability (Table 3). The observational design 

precludes causal inferences, as confounding factors 

(e.g., inflammation) may bias results. Additionally, 

the single-center cohort’s demographics (e.g., older 

anemic cohort; 67 ± 10 vs. 63 ± 12 years; *p* = 0.03; 

Table 1) may limit external validity. Future research 

should investigate IV iron’s impact on fibrosis 
regression using serial biopsies and explore HIF-1α 

inhibitors, which reduced fibrosis in preclinical 

models (Kong et al., 2022). Multi-center studies are 

also needed to validate findings across diverse 

populations and HF phenotypes. 
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In conclusion, this study establishes anemia and iron 

deficiency as modifiable drivers of cardiac injury in 

HF, mediated by hypoxia, mitochondrial dysfunction, 

and ventricular strain. Integrating Hb, ferritin, and 

NT-proBNP with histopathology enables personalized 
management, emphasizing iron repletion and tailored 

anemia therapies. These strategies may attenuate 

remodeling, improving outcomes in this high-risk 

population. 

 

REFERENCES 
1. Anand, I. S., Kuskowski, M. A., Rector, T. S., Florea, 

V. G., Glazer, R. D., Hester, A., ... & Cohn, J. N. 
(2008). Anemia and change in hemoglobin over time 
related to mortality and morbidity in patients with 

chronic heart failure: Results from Val-
HeFT. Circulation, 112(8), 1121-
1127. https://doi.org/10.1161/CIRCULATIONAHA.10
7.727545 

2. Androne, A. S., Katz, S. D., Lund, L., LaManca, J., 
Hudaihed, A., &Hryniewicz, K. (2003). Hemodilution 
is common in patients with advanced heart 
failure. Circulation, 107(2), 226-
229. https://doi.org/10.1161/01.CIR.0000052623.1619

4.80 
3. Bancroft, J. D., & Gamble, M. (2008). Theory and 

practice of histological techniques (6th ed.). Churchill 
Livingstone. 

4. Braunwald, E. (2013). Heart failure. JACC: Heart 
Failure, 1(1), 1-
20. https://doi.org/10.1016/j.jchf.2012.10.002 

5. Cohen-Solal, A., Damy, T., Terbah, M., Kerebel, S., 

Baguet, J. P., Hanon, O., ...&Laperche, T. (2014). High 
prevalence of iron deficiency in patients with acute 
decompensated heart failure. European Journal of 
Heart Failure, 16(7), 984-
991. https://doi.org/10.1002/ejhf.139 

6. Cooper, L. T., Baughman, K. L., Feldman, A. M., 
Frustaci, A., Jessup, M., Kuhl, U., ...&Virmani, R. 
(2007). The role of endomyocardial biopsy in the 

management of cardiovascular disease. Circulation, 
116(19), 2216-
2233. https://doi.org/10.1161/CIRCULATIONAHA.10
7.186093 

7. Dhalla, N. S., Temsah, R. M., &Netticadan, T. (2000). 
Role of oxidative stress in cardiovascular 
diseases. Journal of Hypertension, 18(6), 655-
673. https://doi.org/10.1097/00004872-200018060-

00002 
8. Dobaczewski, M., Chen, W., &Frangogiannis, N. G. 

(2010). TGF-β signaling in fibrosis. Growth Factors, 
29(5), 196-
202. https://doi.org/10.3109/08977194.2011.595714 

9. Ganz, T. (2011). Hepcidin and iron regulation, 10 years 
later. Blood, 117(17), 4425-
4433. https://doi.org/10.1182/blood-2011-01-258467 

10. Hunter, C. A., & Jones, S. A. (2015). IL-6 as a 

keystone cytokine in health and disease. Nature 
Immunology, 16(5), 448-
457. https://doi.org/10.1038/ni.3153 

11. Januzzi, J. L., van Kimmenade, R., Lainchbury, J., 
Bayes-Genis, A., Ordonez-Llanos, J., Santalo-Bel, M., 
... & Richards, A. M. (2006). NT-proBNP testing for 
diagnosis and short-term prognosis in acute 
destabilized heart failure: An international pooled 

analysis. European Heart Journal, 27(3), 330-
337. https://doi.org/10.1093/eurheartj/ehi631 

12. Jankowska, E. A., Tkaczyszyn, M., Drozd, M., 
Ponikowski, P., &Banasiak, W. (2020). Iron deficiency 
in heart failure: Mechanisms, diagnosis, and 

treatment. Polish Archives of Internal Medicine, 
130(3), 231–
239. https://doi.org/10.20452/pamw.15150 

13. Kong, Y., Zhang, H., & Chen, Y. (2022). HIF-1α 
inhibition attenuates cardiac fibrosis in experimental 
models. Journal of Molecular and Cellular 
Cardiology, 163, 1–
12. https://doi.org/10.1016/j.yjmcc.2021.09.007 

14. McDonagh, T. A., Metra, M., Adamo, M., Gardner, R. 
S., Baumbach, A., Böhm, M., ...& Document 
Reviewers. (2021). 2021 ESC Guidelines for the 
diagnosis and treatment of acute and chronic heart 
failure. European Heart Journal, 42(36), 3599–
3726. https://doi.org/10.1093/eurheartj/ehab368 

15. Paulus, W. J., &Tschöpe, C. (2013). A novel paradigm 
for heart failure with preserved ejection fraction: 

Comorbidities drive myocardial dysfunction and 
remodeling through coronary microvascular 
endothelial inflammation. Journal of the American 
College of Cardiology, 62(4), 263-
271. https://doi.org/10.1016/j.jacc.2013.02.092 

16. Pfeffer, M. A., Burdmann, E. A., Chen, C. Y., Cooper, 
M. E., de Zeeuw, D., Eckardt, K. U., ... & McMurray, 
J. J. (2009). A trial of darbepoetinalfa in type 2 

diabetes and chronic kidney disease. New England 
Journal of Medicine, 361(21), 2019-
2032. https://doi.org/10.1056/NEJMoa0907845 

17. Ponikowski, P., Kirwan, B. A., Anker, S. D., 
McDonagh, T., Dorobantu, M., Drozdz, J., ...& FAIR-
HF Trial Investigators. (2020). Ferric carboxymaltose 
for iron deficiency at discharge after acute heart 
failure: A multicentre, double-blind, randomised, 
controlled trial. The Lancet, 396(10266), 1895–

1904. https://doi.org/10.1016/S0140-6736(20)32339-4 
18. Rosca, M. G., &Hoppel, C. L. (2010). Mitochondrial 

dysfunction in heart failure. Heart Failure Reviews, 
15(5), 473-483. https://doi.org/10.1007/s10741-009-
9159-5 

19. Silverberg, D. S., Wexler, D., Blum, M., Keren, G., 
Sheps, D., Leibovitch, E., ...&Iaina, A. (2000). The use 
of subcutaneous erythropoietin and intravenous iron for 

the treatment of the anemia of severe, resistant 
congestive heart failure improves cardiac and renal 
function and functional cardiac class, and markedly 
reduces hospitalizations. Journal of the American 
College of Cardiology, 35(7), 1737-
1744. https://doi.org/10.1016/S0735-1097(00)00613-6 

20. Travers, J. G., Kamal, F. A., Robbins, J., Yutzey, K. 
E., &Blaxall, B. C. (2016). Cardiac fibrosis: The 

fibroblast awakens. Circulation Research, 118(6), 
1021-
1040. https://doi.org/10.1161/CIRCRESAHA.115.3065
65 

21. Van der Meer, P., Groenveld, H. F., &Voors, A. A. 
(2019). HIF-1α and myocardial fibrosis in heart failure: 
A key pathway uncovered. Cardiovascular Research, 
115(2), 224–226. https://doi.org/10.1093/cvr/cvy244 

22. Wencker, D., Chandra, M., Nguyen, K., Miao, W., 
Garantziotis, S., Factor, S. M., ...&Kitsis, R. N. (2003). 
A mechanistic role for cardiac myocyte apoptosis in 
heart failure. Journal of Clinical Investigation, 
111(10), 1497-1504. https://doi.org/10.1172/JCI17664 

https://doi.org/10.1161/CIRCULATIONAHA.107.727545
https://doi.org/10.1161/CIRCULATIONAHA.107.727545
https://doi.org/10.1161/01.CIR.0000052623.16194.80
https://doi.org/10.1161/01.CIR.0000052623.16194.80
https://doi.org/10.1016/j.jchf.2012.10.002
https://doi.org/10.1002/ejhf.139
https://doi.org/10.1161/CIRCULATIONAHA.107.186093
https://doi.org/10.1161/CIRCULATIONAHA.107.186093
https://doi.org/10.1097/00004872-200018060-00002
https://doi.org/10.1097/00004872-200018060-00002
https://doi.org/10.3109/08977194.2011.595714
https://doi.org/10.1182/blood-2011-01-258467
https://doi.org/10.1038/ni.3153
https://doi.org/10.1093/eurheartj/ehi631
https://doi.org/10.20452/pamw.15150
https://doi.org/10.1016/j.yjmcc.2021.09.007
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.1056/NEJMoa0907845
https://doi.org/10.1016/S0140-6736(20)32339-4
https://doi.org/10.1007/s10741-009-9159-5
https://doi.org/10.1007/s10741-009-9159-5
https://doi.org/10.1016/S0735-1097(00)00613-6
https://doi.org/10.1161/CIRCRESAHA.115.306565
https://doi.org/10.1161/CIRCRESAHA.115.306565
https://doi.org/10.1093/cvr/cvy244
https://doi.org/10.1172/JCI17664


International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 14, No. 5, May 2025              Online ISSN: 2250-3137 

                                                                                                                                                                                   Print ISSN: 2977-0122 

DOI: 10.69605/ijlbpr_14.5.2025.35 

197 
©2025Int. J. LifeSci.Biotechnol.Pharma.Res. 

23. Weiss, G., &Goodnough, L. T. (2005). Anemia of 
chronic disease. New England Journal of Medicine, 

352(10), 1011-
1023. https://doi.org/10.1056/NEJMra041809 

 

https://doi.org/10.1056/NEJMra041809

