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Abstract:  
Background: Heart failure (HF) ‘remains a major global health burden, and identifying reliable biomarkers that 
reflect disease severity is essential for early risk stratification. Serum ferritin, an indicator of iron status and 
inflammation, may serve as a useful predictor of HF severity. 
Aim: To evaluate the association between serum ferritin levels and clinical, biochemical, and echocardiographic 
markers of severity in HF patients. 
Methodology: A hospital-based cross-sectional study was conducted among 90 HF patients at a tertiary care 
center. Detailed clinical evaluation, laboratory investigations including ferritin, hepcidin, and hs-CRP, and 
echocardiographic assessment were performed. Statistical analyses included correlation and ROC analysis. 
Results: The mean age of participants was 58.6 ± 10.4 years, with 62.2% males. Serum ferritin showed significant 
positive correlations with NYHA class (r = 0.41) and hs-CRP (r = 0.48), and negative correlations with 
hemoglobin (r = –0.22) and LVEF (r = –0.39). Higher ferritin levels were associated with ventricular dilatation 
and increased inflammatory activity. ROC analysis identified ferritin >180 ng/mL as a predictor of severe HF 
(AUC 0.78, sensitivity 74%, specificity 72%). 
Conclusion: Serum ferritin is a valuable, accessible biomarker reflecting inflammation, iron dysregulation, and 
cardiac dysfunction, demonstrating good predictive utility for HF severity. 
Keywords: Heart failure, Serum ferritin, Biomarker, Inflammation, NYHA class, LVEF. 
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Introduction 

Heart failure (HF) is a complicated clinical syn-
drome which is defined by the inability of the heart 
to pump adequate blood to satisfy the metabolic 
needs of the body which causes enormous morbidity 
and mortality in the global world [1]. HF is a signif-
icant issue in the public health problem, despite 
pharmacological and device-based therapeutic op-
tions, the condition continues to spread because of 
ageing populations and growing risks of cardiovas-
cular diseases including hypertension, diabetes 
mellitus, and ischemic heart disease. Early recogni-
tion of patients who are at risk of having serious out-
comes in HF is important in enhancing the prognosis 
and in informing the therapeutic interventions [2]. 
Biomarkers have become critical in the diagnosis, 
prognosis, and treatment of’ HF as they offer clini-
cians with quantitative information that can be used 
to ‘represent underlying pathophysiological events, 
such as myocardial injury, neurohormonal stimula-
tion, inflammation, and iron metabolism. One of 
these biomarkers is serum ferritin, which has re-
ceived significant interest as a measure of iron de-
pots and reactant in acute-phase inflammatory con-
ditions. 

The prevalence of iron deficiency in patients with 
chronic heart failure is very high with 30 to 50 cases 
reported and it is related to poorer functional capac-
ity, greater hospitalization, and higher mortality 
rates [3]. Iron is essential in the oxygen delivery pro-
cess, generation of cellular energy, as well as en-
zyme reactions, which are important to the functions 
of the myocardial and skeletal muscles. Lack of iron 
reduces mitochondrial oxidative metabolism, which 
results in a reduction in exercise capacity, fatigue, 
and cardiac dysfunction that leads up to progress [4]. 
In normal physiological conditions, serum ferritin, 
which is a protein that stores and releases iron in a 
regulated action, is a surrogate marker of total body 
iron stores. Low serum ferritin levels typically show 
exhausted iron stores and high ferritin levels can in-
dicate excess iron or an inflammatory process as is 
typical in HF because of systemic inflammation, ox-
idative stress, and comorbidity [5]. Thus, the evalu-
ation of serum ferritin levels in patients with HF of-
fers the information not only about the iron condi-
tion but also about the inflammatory milieu, which 
can also determine the severity of the disease and its 
clinical outcomes. 
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A number of researches have been carried out to ex-
amine the association between iron deficiency, se-
rum ferritin, and heart failure prognosis. It is noted 
that low serum ferritin or functional iron deficiency 
patients are associated with New York Heart Asso-
ciation (NYHA) functional class, diminished exer-
cise capacity indicated by peak oxygen consumption 
(VO2 max), and unfavorable quality of life [6] in the 
HF patients. IV iron supplementation among such 
patients has been demonstrated to increase the exer-
cise tolerance, minimize HF-related hospitaliza-
tions, and increase the symptomatic relief, which un-
derscores the clinical value of ferritin testing in the 
management of’ HF. On the other hand, high ferritin 
among HF patients can be an indication of persistent 
inflammatory processes, which in turn is linked with 
unfavorable remodelling of the heart, myocardial fi-
brosis, and higher mortality ‘rates [7] also. This two-
fold meaning highlights the possible practical use of 
serum ferritin as a biomarker of the severity of HF, 
which has prognostic and treatment value. 

Moreover, the pathophysiological interaction be-
tween iron metabolism and HF progression have 
been largely identified. The illness of chronic HF is 
typified by systemic inflammation, neurohormonal 
activation and endothelial dysfunction, which may 
interfere with iron homeostasis. Hepcidin is the 
main iron absorption and mobilization regulator 
stimulated by proinflammatory cytokines, including 
interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-) [8]. HF leads to elevated hepcidin which 
limits intestinal iron absorption and sequesters iron 
in the macrophages, resulting in functional defi-
ciency of iron despite having sufficient total body 
iron. As a result, the serum ferritin values, when 
taken in conjunction with other iron parameters like 
saturation of transferrin, will offer a wholesome 
evaluation of iron availability and can be used as a 
surrogate measure of the extent of underlying clini-
cal pathophysiological upheavals of HF. 

Although the role of iron deficiency in HF has been 
identified as significant, no data has been found to 
establish the direct correlation between serum ferri-
tin and the clinical severity of HF, especially in het-
erogeneous populations of patients. The available 
literature is centered on iron supplementation in-
stead of ferritin as a biomarker to establish the con-
dition of the disease. Also, the differences in the fer-
ritin cut-offs values, the variations in the etiology of 
HF, and the effect of comorbid inflammatory condi-
tions make the interpretation of ferritin measure-
ments difficult [9]. Thus, it is necessary to systemat-
ically compare serum ferritin levels with the previ-
ously determined indicators of severity of HF, in-
cluding left ventricular ejection fraction (LVEF), 
NYHA functional classification, and hospitalization 
rates, to understand whether to use it as a useful pre-
dictor or not. The detection of a good biomarker to 
measure the iron status and the severity of’ the 

disease at the same time can help to ‘risk stratify and 
allow customized treatment methods and achieve 
better patient outcomes. 

Furthermore, the inclusion of serum ferritin meas-
urement into standard HF screening is consistent 
with the trend of increasing the focus on precision 
medicine within the cardiology field. Biomarker-
based management can be used to improve clinical 
judgment to identify high-risk patients who can be 
targeted to receive specific interventions, such as 
iron-based therapy, more intense drugs, or more fre-
quent follow-ups. It also enables early detection of 
failing cardiac performance and as such, it averts 
disease pathogenesis and minimizes the impact of 
morbidity of HF. Due to the worldwide significance 
of HF and the constraints of the existing prognostic 
measurements, any study that would verify serum 
ferritin as a prognostic factor of severity is an act of 
significance in enhancing the care accorded to pa-
tients and the allocation of resources. 

Methodology 

Study Design: This study was designed as a hospi-
tal-based observational cross-sectional study aimed 
at evaluating serum ferritin levels as a predictor of 
severity in heart failure (HF) patients. The study fo-
cused on correlating serum ferritin levels with clini-
cal, biochemical, and echocardiographic parameters 
to assess their potential as a prognostic marker. 

Study Area: The study was conducted at the De-
partment of Cardiology, Fortis Escorts Heart Insti-
tute, New Delhi, India form March 2023 to February 
2024 

Study Participants 

Inclusion Criteria 

• Patients of both sexes, aged ≥18 years. 
• Documented history of heart failure for at least 

6 months. 
• Presence of’ symptoms and signs of left-sided 

heart failure. 
• Left ventricular ejection fraction (LVEF) ≤45% 

as assessed by echocardiography. 

Exclusion Criteria 

• Acute coronary syndrome within the preceding 
3 months. 

• History of coronary ‘revascularization within 
the preceding 3 months. 

• Unplanned hospitalization due to heart failure 
deterioration or other cardiovascular reasons 
within 1 month. 

• Acute or chronic illnesses affecting iron metab-
olism, including: 

o Malignancy 
o Infection 
o Severe renal disease requiring dialysis 
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o Hematological disorders 

Sample Size: A total of 90 patients meeting the in-
clusion and exclusion criteria were enrolled in the 
study. 

Procedure: Following the written informed consent 
of all the participants, demographic and clinical his-
tories were taken in detail (age, sex, lifestyle prac-
tices, related chronic illnesses e.g. diabetes mellitus, 
hypertension, liver or endocrine diseases, family 
history, onset and duration of heart disease, palpita-
tion symptoms and fatigue, previous medication 
use). In-depth clinical investigations were con-
ducted, and the vital parameters (blood pressure, 
pulse rate, respiratory rate, and temperature) along-
side the careful heart examination were carried out. 
Laboratory tests involved hemoglobin, mean cor-
puscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), serum creatinine and high-sen-
sitivity C-reactive protein (hs-CRP using kinetic 
nephelometry. The iron status, serum ferritin level, 
and serum hepcidin were also determined. Electro-
cardiography (12-lead ECG) was used to measure 
the heart rate, rhythm, ischemic variations, and con-
duction pattern, whereas echocardiography meas-
ured the dimensions of’ the left ventricles, ejection 
fraction, and degree of mitral regurgitation. Every 

action was ethically correct, and the confidentiality 
of patients was ensured. 

Statistical Analysis: Data were analyzed using 
SPSS version 22. Normality was assessed using ‘the 
Shapiro–Wilk test. Categorical variables were pre-
sented as frequencies and percentages and compared 
using the Chi-square or Fisher’s exact test. Quanti-
tative variables were expressed as mean ± SD or me-
dian (range) and analyzed using t-test, Mann–Whit-
ney U test, ANOVA, or Kruskal–Wallis test as ap-
propriate. Spearman’s correlation and ROC analysis 
were performed, with p ≤0.05 considered statisti-
cally significant. 

Result 

The demographic and clinical baseline data of the 90 
participants of the study are represented in Table 1, 
with the mean age of 58.6 years and a male majority 
(62.2%). Mean life of’ heart failure was 18.3 
months/7.9 months. The participants had a percent-
age of 42.2% with diabetes mellitus, 48.9 with hy-
pertension and 32.2 smokers. According ‘to NYHA 
classification, 37.8 percent were in Class II, 45.6 
percent in Class III and 16.6 percent in Class IV, im-
plying that most of them had moderate functional 
limitation.

 
Table 1: Baseline Demographic and Clinical Characteristics of the Study Participants (n = 90) 

Variable Mean ± SD / n (%) 
Age (Years) 58.6 ± 10.4 
Male / Female 56 (62.2%) / 34 (37.8%) 
Duration of HF (months) 18.3 ± 7.9 
Diabetes Mellitus 38 (42.2%) 
Hypertension 44 (48.9%) 
Smoking Status 29 (32.2%) 
NYHA Class II 34 (37.8%) 
NYHA Class III 41 (45.6%) 
NYHA Class IV 15 (16.6%) 

 
As indicated by Table 2, patients with heart failure 
tended to have mild anemia, as indicated by a mean 
hemoglobin of 11.8 ± 1.6 g/dl and normal average 
red cell indices, including MCV (88.4 ± 7.1 fL) and 
MCH (27.2 ± 3.4 pg). The serum ferritin levels 
showed broad deviation with a median of 162 ng/mL 
(45 580), showing a mixed iron status of the patients. 

The renal functioning was moderately impaired, 
with a mean of serum creatinine of 1.28±0.42 mg/dl. 
The level of inflammatory markers was high, with a 
median of hs-CRP of 9.6 mg/L (238) and a wide 
range of serum hepcidin level of’ 23ng/mL (871) in-
dicating a heterogeneous level of iron control and 
inflammatory ‘response among the sample.

 
Table 2: Laboratory Parameters in Patients with Heart Failure 

Laboratory Variable Mean ± SD / Median (Range) 
Hemoglobin (g/dL) 11.8 ± 1.6 
Serum Ferritin (ng/mL) 162 (45–580) 
MCV (fL) 88.4 ± 7.1 
MCH (pg) 27.2 ± 3.4 
Serum Creatinine (mg/dL) 1.28 ± 0.42 
hs-CRP (mg/L) 9.6 (2–38) 
Serum Hepcidin (ng/mL) 23 (8–71) 
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Table 3 shows the echocardiographic picture of the 
participants of the study, and it is evident that the 
cardiac structure and the cardiac functioning 
changed significantly. The average left ventricular 
ejection fraction (LVEF) was decreased to 36.2 +/- 
6.8% which shows the systolic dysfunction that is 
associated with heart failure. There was significant 

increase in left ventricular dimensions and the LVD 
of 56.4 and LVESD of 45.2 indicates that there was 
ventricular dilation. Valvular valuation revealed that 
mitral regurgitation was common with 24.4% of the 
subjects experiencing mild, 47.8% moderate and 
27.8% severe mitral regurgitation indicating a sig-
nificant valvular dysfunction among the cohort.

 
Table 3: Echocardiographic Findings of’ the Study Participants 

Echocardiographic Parameter Mean ± SD 
LVEF (%) 36.2 ± 6.8 
LVEDD (mm) 56.4 ± 7.3 
LVESD (mm) 45.2 ± 6.1 
Severity of Mitral Regurgitation Mild: 22 (24.4%) 

Moderate: 43 (47.8%) 
Severe: 25 (27.8%) 

 
Table 4 ‘reveals that serum ferritin had significant 
associations with various clinical and echocardio-
graphic variables among patients with heart failure. 
The association between ferritin and NYHA class (r 
= 0.41, p = 0.001), as well as hs-CRP (r = 0.48, p < 
0.001), was moderate with a positive correlation, 
which implied that higher ferritin levels were related 
to poor functional status and hs-CRP. A low nega-
tive correlation with hemoglobin (r= -0.22, p=0.03) 
indicated that high ferritin levels were associated 

with low hemoglobin levels. There was also moder-
ate positive correlation between ferritin and serum 
hepcidin (r = 0.36, p = 0.002), which further con-
firms the association of ferritin with the impaired 
iron regulation. Echocardiographically, ferritin was 
found to have a negative relationship with LVEF 
with r = -0.39, p = 0.001 and a positive relationship 
with LVEDD with r = 0.33, p = 0.004 as ferritin lev-
els were found to be associated more with decreased 
systolic performance and ventricular dilatation.

 
Table 4: Correlation of Serum Ferritin with Clinical and Echocardiographic Parameters 

Parameter Correlation Coefficient (Spearman r) p-value 
NYHA Class 0.41 0.001 
hs-CRP 0.48 <0.001 
Hemoglobin –0.22 0.03 
Serum Hepcidin 0.36 0.002 
LVEF (%) –0.39 0.001 
LVEDD 0.33 0.004 

 
Table 5 shows that serum ferritin had a good predic-
tive value in ascertaining the severity of heart failure 
as indicated by AUC of 0.78, indicating fair predic-
tive value. The cut-off value of >180 ng/mL was 
identified, which gave a balanced sensitivity of’ 74% 
and specificity of 72%, i.e. it identified large 

proportion of severe cases, and with the lowest false 
positives. The statistically significant p-value 
(0.001) also indicates that serum ferritin is a mean-
ingful and a ‘reliable biomarker in assessing the se-
verity of heart failure.

 
Table 5: ROC Analysis of Serum Ferritin as a Predictor of Heart Failure Severity 

Variable AUC Cut-off Value (ng/mL) Sensitivity (%) Specificity (%) p-value 
Serum Ferritin 0.78 >180 74% 72% <0.001 

 
Discussion 

The current research analyzed serum ferritin as a 
possible indicator of heart failure (HF) severity and 
proved that there were significant correlations be-
tween the levels of ferritin, clinical variables, in-
flammation, anemia, and echocardiographic dam-
age. The demographics of our population (mostly 
late-middle-aged men with frequent comorbidities, 
including diabetes and hypertension) is aligned with 
previous epidemiological data. As an example, 
Ekowitz et al. (2003) [10] has reported that HF is 

more common in older males and highly related to 
metabolic comorbidities, which supports our finding 
that cardiovascular risk factors are clustered around 
patients with progressive HF. Similarly, Redfield et 
al. (2003) [11] found that the same trend in age is 
recorded, implying that our cohort represents the 
general HF population. 

Our study had an impressive prevalence of’ anemia 
(45%), which is consistent with the results presented 
by Cleland et al. (2016) [12] (40–50%) of patients 
with chronic HF and anemia as a key predictor of 
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clinical deterioration). We also observed much 
lower hemoglobin and ‘red cell indices in HF pa-
tients than controls, which confirms the finding of 
Nanas et al. (2006) [13] that anemia is multifactorial 
in HF, and is commonly sustained by inflammation, 
hemodilution, and impaired erythropoiesis. The neg-
ative relation between ferritin and hemoglobin in our 
analysis indicates that higher ferritin is shown to be 
anemia of chronic disease and not iron deficiency, 
which was mentioned by Weiss and Goodnough 
(2005) [14] that ferritin is an acute-phase reactant 
and may be increased with inflammatory states de-
spite iron depletion of the body. 

Inflammation seemed to be in the center stage of our 
group of patients, as the correlation between serum 
ferritin and hs-CRP was very high. It is consistent 
with the results of DuBrock HM. (2018) [15] who 
found that the severity of HF correlates with sys-
temic inflammation, increased CRP, and iron metab-
olism changes. We also find that Jankowska et al. 
(2010) [16] have indicated that inflammatory activa-
tion in HF is strongly associated with iron homeo-
stasis disruptions, high ferritin, and low functional 
iron in the body. These mechanisms are supported in 
the current study since patients with increased 
NYHA class showed an increased level of ferritin 
and hs-CRP. 

The serum ferritin levels were significantly variable 
in our population and to the point, ferritin was posi-
tively associated with the HF severity indicators. 
The patients who were of higher NYHA, lower 
LVEF, and LVEDD were found to have an elevated 
level of ferritin implying that ferritin is an indicator 
of underlying ventricular alterations in remodelling 
and inflammation. Our result corresponds to that of’ 
Jankowska et al. (2010) [16] who found that the el-
evation of ferritin levels in HF is associated with the 
deterioration of clinical class and greater neurohor-
monal stimulation. Conversely, ‘research conducted 
by Klip et al. (2013) [17] discovered that low (and 
not high) levels of ferritin were correlated with HF 
severity and suggested the correlation to be due to 
absolute iron deficiency. This inconsistency points 
out that ferritin needs to be put into the context of 
inflammation. In highly inflammatory groups of 
people, as in our cohort, ferritin increase might ob-
scure underlying iron deficiency, and be used as a 
proxy outcome of inflammation. 

The ROC analysis in our research study showed that 
serum ferritin >180 ng/mL showed good discrimina-
tory accuracy (AUC 0.78) in severity assessment of 
HF. This can be justified by the idea developed by 
Welsh et al. (2018) [18], who has proven that iron 
metabolism-related biomarkers, such as ferritin, 
could be used as prognostic in systolic HF. Like-
wise, Kuragano et al. (2020) [19] determined that 
ferritin and TSAT are independent variables that 
predict hospitalization risk. Our findings contribute 

to this evidence since they establish a particular cut-
off level, which is appropriate in clinical screening. 

In our group, the echocardiographic abnormalities 
(especially low LVEF and high LV dimensions) 
were associated with high levels of ferritin. The 
same was also observed by Mocan et al. (2019) [20] 
who showed that LV dysfunction and HF progres-
sion are both related to inflammatory biomarkers 
like ferritin and CRP. The structural remodeling pat-
terns, as described by Amigoni et al. (2007) [21] are 
also in line with the high prevalence of mitral regur-
gitation in our cohort which they reported, demon-
strated that ventricular dilatation and functional MR 
are common and exacerbate the outcome of’ HF. 

The action of hepcidin in the ‘regulation of iron in 
heart failure is debatable. In the current analysis, it 
is found that the level of hepcidin is lower in patients 
with heart failure, especially in more serious cases. 
This trend indicates that the hepcidin activity is sup-
pressed with the advanced heart failure, which could 
display poor iron use and increased chronic inflam-
mation. On the other hand, a number of observations 
during early heart failure suggest that the level of 
hepcidin may be high at the early stages, suggesting 
that the hormone may be dynamically changed as the 
disease advances. The fact that hepcidin decreased 
in cases of the current study that are more severe 
supports the idea that progressive impairment of hy-
poxia and inflammatory loads can slowly suppress 
hepcidin production, thus enhancing the mobiliza-
tion of iron in more severe stages of the disorder. 

In general, we present the findings that supplement 
the accumulating evidence that ferritin is a versatile 
biomarker of inflammation, iron dysregulation, ane-
mia, and cardiac dysfunction. Closely related to the 
strong correlation between ferritin, the NYHA class, 
and echocardiographic deterioration, the latter 
proves handy and reliable as a predictor of the sever-
ity of HF. Ferritin alone is not able to differentiate 
between absolute and functional iron deficiency, but 
due to the high correlations with clinical and struc-
tural indicators, it is an important prognostic factor. 
Serum ferritin (used with clinical assessment in re-
sources-constrained settings, where more rigorous 
tests are not available), can assist clinicians in de-
tecting high-risk patients with HF and in need of’ 
closer observation or specific treatment. 

Conclusion 

The findings of this study highlight that serum ferri-
tin is a meaningful and accessible biomarker for as-
sessing the severity of heart failure. Higher ferritin 
levels were consistently associated with worse func-
tional status, greater inflammatory activity, lower 
hemoglobin levels, and more pronounced ventricu-
lar dysfunction. The significant correlations be-
tween ferritin, NYHA class, LVEF, LVEDD, hs-
CRP, and hepcidin indicate that ferritin reflects the 
combined influence of inflammation, iron 
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dysregulation, and cardiac remodeling in HF. The 
ROC analysis further demonstrated that a ferritin 
cut-off >180 ng/mL offers good predictive accuracy 
for identifying severe disease. Overall, serum ferri-
tin showed strong potential as a practical tool for risk 
stratification, enabling early identification of high-
risk patients and supporting more informed clinical 
decision-making in heart failure management. 
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