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Observational Study

INTRODUCTION
HF is a major health problem, it affects around 26 million individuals 
worldwide [1]. It is progressive in nature and defined as the heart’s 
inability to maintain enough blood circulation to meet metabolic 
demands, leading to systemic congestion and multi-organ 
dysfunction [2]. Despite advances in pharmacological and device-
based therapies, HF remains a leading cause of hospitalisation, 
morbidity, and mortality. One of the primary challenges in HF 
management is identifying patients at increased risk of adverse 
outcomes, including readmission and mortality [3,4].

Several prognostic markers have been explored to improve risk 
stratification in HF, including NTproBNP, NLR, and the 6MWT [5]. 
NTproBNP is a well-established biomarker secreted by ventricular 
myocytes in response to increased myocardial wall stress [6]. Elevated 
NTproBNP levels correlate with HF severity and have been extensively 
validated as a predictor of hospital readmission and mortality [7,8]. The 
NLR is a haematological marker reflecting systemic inflammation 
and immune response. In HF, inflammation plays a critical role in 
disease progression, contributing to myocardial remodeling and 
worsening clinical status. A higher NLR is associated with increased 
hospitalisation rates and mortality risk in HF patients [9,10]. The 
6MWT is a functional assessment tool used to evaluate exercise 
tolerance and physical capacity in HF patients. It measures the 
total distance a patient can walk in six minutes, providing insight 
into cardiopulmonary efficiency and overall functional status [11]. 
Reduced 6MWT distances are linked to worse clinical outcomes, 
including increased hospitalisation and mortality [12,13].

Despite numerous studies on HF prognostic markers, such as 
NTproBNP [1,7,8,14], NLR [9,10], and the 6MWT [11-13], very 
few have compared NTproBNP, NLR, and 6MWT in a single study 
[15]. Most studies assess these markers in isolation, with little 
focus on their integrated role in clinical practice, especially in Indian 
populations [15-17]. This study bridges that gap by comparing the 
utility of NTproBNP, NLR, and 6MWT to improve early risk prediction 
of readmission and mortality, offering a novel, holistic approach to 
enhance HF management and patient outcomes. Thus, the aim of 
this study was to evaluate the predictive value of NTproBNP, NLR, 
and the 6MWT in assessing mortality and readmission risks in HF 
patients. 

MATERIALS AND METHODS
The present prospective, observational study was conducted at 
SRM Medical College Hospital and Research Centre, Chengalpattu, 
Tamil Nadu, India, from September 15, 2023, to November 15, 
2024. Institutional Ethics Committee approval was obtained prior 
to initiation (IEC No. SRMIEC-ST0723-569), and the study adhered 
to the ethical principles outlined in the Declaration of Helsinki. All 
participants gave written informed consent before enrollment.

Inclusion and Exclusion criteria: The study included adult patients 
diagnosed with HF based on clinical symptoms and signs, with 
documented hospitalisation or a history of HF. Patients aged below 18 
years, those with active infections, or those on immunosuppressive 
therapy were excluded from the study to prevent confounding effects 
on inflammatory markers. Additionally, patients with Chronic Kidney 
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ABSTRACT
Introduction: Heart Failure (HF) is a leading cause of morbidity 
and mortality worldwide, with a high-risk of hospital readmission. 
Identifying reliable prognostic markers is crucial for optimising 
clinical management. N-terminal pro-B-type natriuretic peptide 
(NTproBNP), Neutrophil-To-Lymphocyte Ratio (NLR), and the 
Six-Minute Walk Test (6MWT) have emerged as key predictors 
of HF outcomes.

Aim: The present study evaluates the predictive value of 
NTproBNP, NLR, and the 6MWT in assessing mortality and 
readmission risks in HF patients.

Materials and Methods: In the present prospective 
observational study, 170 HF patients were enrolled over 18 
months. NTproBNP and NLR were measured at admission; 
6MWT was conducted at discharge. Patients were followed 
for 90 days to assess mortality and readmission. Receiver 

Operating Characteristic (ROC) analysis determined cut-off 
values and predictive accuracy.

Results: Mortality occurred in 14 patients (8.2%) and 
readmission in 19 patients (11.2%). NTproBNP levels were 
significantly higher in mortality (28,114.29±6799.08 pg/mL) 
and readmission groups (21,242.63±9553.81 pg/mL) with 
AUCs of 0.98 and 0.92, respectively (p<0.0001). NLR was 
elevated in mortality (6.70±2.53; AUC=0.64) and readmission 
groups (7.88±4.93; AUC=0.67). 6MWT distances were reduced 
in mortality (170.00±49.92 m; AUC=0.978) and readmission 
(214.74±73.66 m; AUC=0.915).

Conclusion: NTproBNP and 6MWT are effective prognostic 
markers in HF, enhancing risk stratification. NTproBNP was the 
most predictive, 6MWT assessed functional status, and NLR 
reflected inflammation’s role. 
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Disease (CKD) in End-Stage Renal Disease (ESRD) with an eGFR of 
less than 15 mL/min/1.73m², advanced malignancies, or end-stage 
liver disease were excluded to ensure that readmission and mortality 
outcomes were primarily linked to HF rather than other terminal 
illnesses.

Sample size selection: A convenience sample of 170 patients 
was taken, classified into two equal groups of 85 based on left 
ventricular Ejection Fraction (EF). Group-A consisted of patients with 
an EF ≤40%, and Group-B included patients with EF >40%. The EF 
threshold was based on ESC guidelines that define HF with reduced 
EF (HFrEF; EF <40%), which has more prognostic and therapeutic 
implications, mid-range EF (HFmrEF; EF 40–49%), and preserved 
EF (HFpEF; EF ≥50%) [1]. 

Study Procedure
At the time of hospital admission, history taking and physical 
examination were done, blood samples were collected to measure 
NTproBNP and calculate NLR from routine complete blood count 
data. At discharge, patients underwent the 6MWT conducted in a 
standardised manner as per guidelines from the American Thoracic 
Society [18]. The test was performed in a 30-meter-long, hard-
surfaced corridor. Patients were instructed to walk at a self-selected 
pace for six minutes, with the ability to stop or rest if needed. The 
total distance covered was recorded in meters.

Follow-up and outcome measures: Patients were monitored for 
30-day, 60-day, and 90-day readmission and mortality through 
hospital records and telephone follow-ups. Readmission was defined 
as any hospitalisation due to worsening HF symptoms within the 
follow-up period. Readmission and mortality data were collected 
from hospital records or confirmed through direct communication 
with family members. 

STATISTICAL ANALYSIS
All statistical analyses were performed using IBM Statistical Package 
for Social Sciences (SPSS) version 25.0 (IBM Corp., Armonk, NY, 
USA). Continuous variables were expressed as mean±standard 
deviation and compared using independent t-tests. Categorical 
data were expressed as frequencies and percentages and analysed 
using chi-square tests. ROC curves were generated to identify 
optimal cut-off values of NTproBNP, NLR, and 6MWT for predicting 
mortality and readmission. Area Under the Curve (AUC), sensitivity, 
specificity, and predictive values were calculated. A p-value<0.05 
was considered statistically significant.

RESULTS
The baseline demographic and clinical characteristics of the 170 
HF patients are presented in [Table/Fig-1]. The cohort had a mean 
age of 62.59±13.60 years, with a slight female predominance (93, 
54.7%). Among co-morbid conditions, 110 patients (64.71%) 
had Diabetes Mellitus (DM), 84 patients (49.41%) had Systemic 
Hypertension (S.HTN), and 29 patients (17.06%) had Coronary 
Artery Disease (CAD). Mortality was observed in 14 patients (8.2%), 
while readmission occurred in 19 patients (11.2%). Mean values 
for key prognostic markers included NLR (5.76±3.84), NTproBNP 
(8022.25±8154.63 pg/mL), 6MWT distance (352.41±87.06 meters), 
and EF (44.92±11.44%).

Comparison of biomarkers and functional parameters in 
mortality and readmission: Key prognostic markers showed clear 
differences between outcome groups as summarised in [Table/Fig-2]. 
Patients who experienced mortality had higher NLR (6.70±2.53 vs. 
5.67±3.93) (p=0.098) and NTproBNP levels (28,114.29±6799.08 
pg/mL vs. 6219.12±5375.18 pg/mL) (p<0.0001), along with 
significantly reduced 6MWT distances (170.00±49.92 meters 
vs. 368.78±69.14 meters) (p<0.0001) and EF (37.64±10.24% 
vs. 45.57±11.35%) (p=0.003) compared to survivors. Similarly, 
patients who were readmitted had elevated NLR (7.88±4.93 vs. 

Characteristics Observed values n=170

Demographics

Age (Mean±SD) 62.59±13.60

Sex

Female, n (%) 93 (54.7%)

Male, n (%) 77 (45.3%)

Co-morbidities

CAD, n (%) 29 (17.06%)

CKD, n (%) 4 (2.35%)

DM, n (%) 110 (64.71%)

S.HTN, n (%) 84 (49.41%)

Other cardiac diseases, n (%) 4 (2.35%)

Others, n (%) 3 (1.76%)

Mortality

No, n (%) 156 (91.8%)

Yes, n (%) 14 (8.2%)

Readmission

No, n (%) 151 (88.8%)

Yes, n (%) 19 (11.2%)

Mean diagnostic indicators 

NLR (Mean±SD) 5.76±3.84

NTproBNP (Mean±SD) 8022.25±8154.63 pg/ml

6 MWT (Mean±SD) 352.41±887.06 meters

EF (Mean±SD) 44.92±11.44 %

[Table/Fig-1]:	 Demographics and baseline characteristics of the study population.
SD: Standard deviation; CAD: Coronary artery disease; CKD: Chronic kidney disease; DM: Dia-
betes mellitus; S.HTN: Systemic hypertension; NLR: Neutrophil-to-lymphocyte ratio; NTproBNP: 
N-terminal pro-B-type natriuretic peptide; 6 MWT: Six-minute walk test distance in meters; EF: 
Ejection fraction

5.49±3.61) (p=0.038) and NTproBNP levels (21,242.63±9553.81 
pg/mL vs. 6358.76±6248.51 pg/mL) (p<0.0001), along with lower 
6MWT distances (214.74±73.66 meters vs. 369.74±72.01 meters) 
(p<0.0001) and EF (38.53±11.21% vs. 45.72±11.25%) (p=0.008).

Comparison of predictive markers for mortality in Heart Failure 
(HF): Among patients with NLR >5.72, 10 experienced mortality, 
while 4 deaths occurred in those with NLR ≤5.72 (p=0.071) [Table/
Fig-3,4a]. For NTproBNP, 13 deaths occurred in patients with levels 
>16,250 pg/mL, while one death was observed below this threshold 
(p<0.0001; [Table/Fig-4b]). Similarly, 13 deaths were noted in those 
walking less than 255 meters on the 6MWT, compared to one death 
in those walking more than 255 meters (p<0.0001; [Table/Fig-4c]). 
EF <41% was associated with 10 deaths, versus four in patients with 
EF >41% (p=0.016; [Table/Fig-4d]). The prognostic performance 
of NLR, NTproBNP, 6MWT, and EF for predicting mortality is 
summarised in [Table/Fig-3]. NTproBNP and 6MWT showed 
excellent predictive accuracy with AUC values of 0.98 and 0.978, 
respectively (p<0.0001 for both). NLR and EF also demonstrated 
moderate discriminative ability, with p-values of 0.071 and 0.016, 
respectively [Table/Fig-4a-d].

Comparison of predictive markers for readmission in Heart 
Failure (HF): At an NLR cut-off of 4.55, 15 patients with an NLR 
of more than 4.55 were readmitted, compared to 4 with lower 
values (p=0.015; [Table/Fig-5a]). NTproBNP >11,550 pg/mL was 
associated with 16 readmissions, while three were readmitted below 
this threshold (p<0.0001; [Table/Fig-5b]). A 6MWT distance of less 
than 270 meters was associated with 15 readmissions, whereas 
four readmissions occurred among those walking more than 270 
meters (p<0.0001; [Table/Fig-5c]). EF <41% was associated with 
13 readmissions, while six were observed in those with EF >41% 
(p=0.012; [Table/Fig-5d]). As shown in [Table/Fig-3], NTproBNP and 
6MWT again emerged as strong predictors of readmission, with 
AUCs of 0.92 and 0.915, respectively (p<0.0001 for both). NLR and 
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Parameters

Mortality Readmission

Yes No p-value Yes No p-value 

NLR 6.70±2.53 5.67±3.93 0.098 7.88±4.93 5.49±3.61 0.038

NTproBNP 28114.29±6799.08 6219.12±5375.18 <0.0001 21242.63±9553.81 6358.76±6248.51 <0.0001

6 MWT 170.00±49.92 368.78±69.14 <0.0001 214.74±73.66 369.74±72.01 <0.0001

EF 37.64±10.24 45.57±11.35 0.003 38.53±11.21 45.72±11.25 0.008

[Table/Fig-2]:	 Biomarker and functional parameter comparison in mortality and readmission groups.
SD: Standard deviation; NLR: Neutrophil-to-lymphocyte ratio; NTproBNP: N-terminal pro-B-type natriuretic peptide; 6 MWT: Six-minute walk test distance in meters; EF: Ejection fraction. Test of signifi-
cance used: independent t-test.

Parameters Cut-off AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value 

NLR (Mortality) 5.72 0.64 71.43 60.9 14.08 95.96 0.071

NTproBNP (Mortality) 16,250 pg/mL 0.98 92.86 93.59 56.52 99.32 <0.0001

6MWT (Mortality) 255 m 0.978 92.86 91.03 48.15 99.3 <0.0001

EF (Mortality) 41% 0.695 71.43 64.1 15.15 96.15 0.016

NLR (Readmission) 4.55 0.671 78.95 51.66 17.05 95.12 0.015

NTproBNP (Readmission) 11,550 pg/mL 0.92 84.21 83.44 39.02 97.67 <0.0001

6MWT (Readmission) 270 m 0.915 78.95 91.39 53.57 97.18 <0.0001

EF (Readmission) 41% 0.678 68.42 64.9 19.7 94.23 0.012

[Table/Fig-3]:	 Diagnostic performance of prognostic markers in predicting mortality and readmission in Heart Failure (HF).

[Table/Fig-4]:	 ROC curve analysis for mortality risk prediction.
ROC: Receiver operating characteristic; A-NLR: Neutrophil-to-lymphocyte ratio; B-NTproBNP: 
Nterminal pro-B-type natriuretic peptide; C-6MWT: Six-minute walk test; D-EF: Ejection fraction.

EF had lower but significant predictive value, with p-values of 0.015 
and 0.012, respectively [Table/Fig-5a-d]. 

Association of demographics and readmission in mortality 
groups: The mean age of patients who experienced mortality was 
66.14±15.20 years, compared to 62.27±13.45 years in those who 
survived (p=0.309), showing no statistically significant difference.

Regarding sex distribution, 10 females (10.8%) and four males 
(5.2%) experienced mortality. The difference in mortality between 
males and females was not statistically significant (p=0.189). 
Readmission status was significantly associated with mortality. 
Among those who were not readmitted, five patients (3.3%) 
experienced mortality, while 146 (96.7%) survived. In contrast, 
among readmitted patients, 9 (47.4%) experienced mortality, 
whereas 10 (52.6%) survived. This association was highly significant 

[Table/Fig-5]:	 ROC curve analysis for readmission prediction.
ROC: Receiver operating characteristic; A-NLR: Neutrophil-to-lymphocyte ratio; B-NTproBNP: 
N-terminal pro-B-type natriuretic peptide; C-6MWT: Six-minute walk test; D-EF: Ejection fraction.

(p<0.0001), indicating a strong relationship between readmission 
and mortality [Table/Fig-6].

DISCUSSION
This study aimed to evaluate the predictive role of NTproBNP, NLR, 
and 6MWT in assessing mortality and readmission risk among HF 
patients. The primary outcome revealed that elevated NTproBNP 
levels were significantly associated with increased mortality and 
hospital readmission rates, elevated NLR levels were significantly 
associated with higher hospital readmission rates, and reduced 
6MWT distances were associated with worse clinical outcomes. 
NTproBNP emerged as the strongest predictor, with an optimal cut-
off value of 16,250 pg/mL, achieving a sensitivity of 92.86% and 
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specificity of 93.59% for mortality prediction. Similarly, the 6MWT 
demonstrated an excellent discriminatory ability, with a cut-off of 
255 meters yielding an AUC of 0.978 and a high NPV (99.30%) 
for predicting survival. NLR at a cut-off of 5.72 showed moderate 
predictive value (AUC=0.64) but was statistically insignificant 
(p=0.071). Readmission was significantly associated with mortality 
(p<0.0001), reinforcing its prognostic value in HF patients.

NTproBNP, a widely accepted biomarker for HF severity, showed 
a significant association with both mortality and readmission in the 
study. A cut-off value of 16,250 pg/mL was significantly associated 
with mortality, with an AUC of 0.98, sensitivity of 92.86%, specificity 
of 93.59%, and a high Negative Predictive Value (NPV) of 99.32%. 
These findings align with previous studies, where NTproBNP has 
been consistently identified as an independent predictor of poor 
outcomes in HF patients [7,14]. In a study conducted by Ališauskas 
A et al., NTproBNP levels ≥332.0 pmol/L were strongly associated 
with cardiovascular death in elderly HF patients, confirming its 
prognostic significance [19]. Furthermore, Godhiwala P et al., 
found that NTproBNP levels above 8990 pg/mL were predictive of 
mortality in advanced HF, with an AUC of 0.81, highlighting its role 
in risk stratification [15]. Likewise studies reported NTproBNP’s role 
in risk stratification for Acute Decompensated HF (ADHF) [8,14,20].

Inflammation plays a critical role in HF pathophysiology, making 
NLR an emerging biomarker for disease progression and outcomes. 
This study identified an NLR cut-off of 5.72 for predicting mortality 
(AUC: 0.64, sensitivity: 71.43%, specificity: 60.90%) and a cut-off 
of 4.55 for readmission (AUC: 0.671, sensitivity: 78.95%). These 
findings align with previous studies demonstrating that elevated 
inflammatory markers, including NLR, were associated with higher 
HF readmission and mortality rates [9,16,21].

In addition, Frankenstein L et al., (2011) developed a risk stratification 
model incorporating NLR, NTproBNP, and 6MWT and found that 
inflammatory markers significantly impacted HF prognosis [22]. The 
association between elevated NLR and increased mortality was 
further validated in a meta-analysis by Simpson CE et al., confirming 
that inflammation contributes to HF progression [23].

The 6MWT is an established tool for assessing functional capacity 
and prognosis in HF patients. This study identified a cut-off distance 
of 255 meters for mortality prediction (AUC: 0.978, sensitivity: 
92.86%, specificity: 91.03%) and 270 meters for readmission (AUC: 
0.915, sensitivity: 78.95%). These findings are in agreement with a 
study by Myhre PL et al., (2024), which demonstrated that a 50-meter 
increase in 6MWT distance was associated with a 17% reduction in 
mortality risk [24]. Similarly, Fan Y et al., (2018) conducted a meta-
analysis and confirmed that each 50-meter decrease in 6MWT 
increased the risk of mortality by 18% and the risk of readmission by 
43%, highlighting the test’s prognostic value [25]. The heart and soul 
study by Beatty A et al., (2012) also demonstrated that 6MWT was 
comparable to treadmill exercise testing in predicting cardiovascular 
events, reinforcing its clinical utility [26].

The combined use of NTproBNP, NLR, and 6MWT provided a more 
comprehensive risk assessment in this study. While NTproBNP 
exhibited the highest predictive accuracy, 6MWT offered a functional 
perspective, and NLR reflected underlying inflammation. The study 
by Ingle L et al., confirmed that 6MWT and NTproBNP independently 
predicted long-term mortality, reinforcing the need for a multifaceted 
approach [27]. Additionally, Palmieri V et al., (2022) identified 
NTproBNP as a superior predictor for HF decompensation, while 
6MWT and echocardiographic parameters added prognostic value. 
These findings support the integration of biomarkers and functional 
assessments for optimal risk stratification in HF patients [28].

The present study provides crucial insights into the predictive 
value of NTproBNP, NLR, and 6MWT in assessing mortality and 
readmission risks in HF patients. The strength of this study lies in 
its prospective design and the evaluation of multiple biomarkers 
and functional parameters to enhance risk stratification. This 
study highlights the clinical utility of combining NTproBNP, NLR, 
and 6MWT for improved HF risk stratification, warranting further 
large-scale studies to validate these findings across diverse patient 
populations.

Limitation(s) 
The single-center design limits the generalisability of the findings. 
Other limitations are short follow-up, exclusion criteria, and lack of 
multivariable modeling or external validation. Confounding factors and 
absence of Quality-of-life data also restrict the comprehensiveness 
of its findings. Future multicenter studies with larger cohorts and 
long follow-up periods may help to address these limitations.

CONCLUSION(S)
The present study confirms that elevated NTproBNP levels, along 
with reduced 6MWT distance, were significantly associated with 
mortality and readmission risks. Surprisingly, low-cost and easily 
performed 6MWT was highly sensitive and specific in the prediction 
of HF mortality and readmission. This was an important finding of 
this study. EF is still a key parameter; however, it proved to have 
moderate predictive value in this analysis. The findings highlight 
the importance of biomechanical stress, inflammation, and 
exercise capacity in HF progression. Integrating biomarkers with 
functional assessments enhances risk stratification, allowing for 
early identification of high-risk patients and targeted interventions. 
Further multicenter studies are required to confirm these findings 
and optimise treatment strategies, ensuring better patient outcomes 
and survival. 

Acknowledgement
I would like to acknowledge all my Professors, colleagues, and staff 
nurses who helped me with sample collection.

REFERENCES 
	[1] Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 

2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart 
failure: The Task Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC) Developed with the 
special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart 
J. 2016;37:2129-200. https://doi.org/10.1093/eurheartj/ehw128.

	 Chioncel O, Mebazaa A. Microcirculatory dysfunction in acute heart failure. In: [2]
Dorobantu M, Badimon L, editors. Microcirculation: From Bench to Bedside, 
Cham: Springer International Publishing; 2020, p. 193-221. https://doi.
org/10.1007/978-3-030-28199-1_13.

	 Cowie MR, Anker SD, Cleland JGF, Felker GM, Filippatos G, Jaarsma T, [3]
et al. Improving care for patients with acute heart failure: Before, during and 
after hospitalization. ESC Heart Fail. 2014;1:110-45. https://doi.org/10.1002/
ehf2.12021.

	 Gheorghiade M, Vaduganathan M, Fonarow GC, Bonow RO. Rehospitalization [4]
for heart failure. J Am Coll Cardiol. 2013;61:391-403. https://doi.org/10.1016/j.
jacc.2012.09.038.

	 Wang R, Wu J, Ye H, Zhang X, Wang L. Application value of systemic inflammatory [5]
indexes in the clinical evaluation of patients with Heart Failure with Preserved 
Ejection Fraction (HFpEF). Medicina. 2022;58:1473. https://doi.org/10.3390/
medicina58101473.

Parameters

Mortality

p-valueYes No

Age 66.14±15.20 62.27±13.45 0.309

Sex
Female 10 (10.8%) 83 (89.2%)

0.189
Male 4 (5.2%) 73 (94.8%)

Diabetes Mellitus (DM) 9 (8.18%) 101 (91.82%) 0.973

Systemic Hypertension (S.HTN) 6 (7.14%) 78 (92.86%) 0.608

Coronary Artery Disease (CAD) 1 (3.45%) 28 (96.55%) 0.473

Chronic Kidney Disease (CKD) 1 (25%) 3 (75%) 0.228

Readmission
No 5 (3.3%) 146 (96.7%)

<0.0001
Yes 9 (47.4%) 10 (52.6%)

[Table/Fig-6]:	 Comparison of age, gender and co-morbidities between mortality 
and non-mortality groups and correlation between readmission and mortality.



www.jcdr.net	 KJ Rajaprasath et al., Comparison of NLR, NTproBNP and 6MWT as Predictors of Mortality in Heart Patients

Journal of Clinical and Diagnostic Research. 2025 Nov, Vol-19(11): OC07-OC11 1111

	 Ravassa S, Kuznetsova T, Varo N, Thijs L, Delles C, Dominiczak A, et al. [6]
Biomarkers of cardiomyocyte injury and stress identify left atrial and left 
ventricular remodelling and dysfunction: A population-based study. Int J Cardio. 
2015;185:177-85. https://doi.org/10.1016/j.ijcard.2015.03.046.

	 Sarzani R, Spannella F, Giulietti F, Fedecostante M, Giordano P, Gattafoni P, et al. [7]
NT-proBNP and its correlation with in-hospital mortality in the very elderly without 
an admission diagnosis of heart failure. PLOS ONE. 2016;11:e0153759. https://
doi.org/10.1371/journal.pone.0153759.

	 Tsutsui H, Albert NM, Coats AJS, Anker SD, Bayes-genis A, Butler J, et al. [8]
Natriuretic peptides: Role in the diagnosis and management of heart failure: A 
scientific statement from the Heart Failure Association of the European Society of 
Cardiology, Heart Failure Society of America and Japanese Heart Failure Society. 
J Card Fail. 2023;29:787-804. https://doi.org/10.1016/j.cardfail.2023.02.009.

	 Vakhshoori M, Nemati S, Sabouhi S, Yavari B, Shakarami M, Bondariyan N, et [9]
al. Neutrophil to lymphocyte ratio (NLR) prognostic effects on heart failure; a 
systematic review and meta-analysis. BMC Cardiovasc Disord. 2023;23:555. 
https://doi.org/10.1186/s12872-023-03572-6.

	 Benites-Zapata V, Hernandez AV, Nagarajan V, Cauthen C, Starling R, Tang [10]
W. Usefulness of neutrophil-to-lymphocyte ratio in risk stratification of patients 
with advanced heart failure. Am J Cardiol. 2015;115(1):57-61. https://doi.
org/10.1016/j.amjcard.2014.10.008.

	 Pollentier B, Irons SL, Benedetto CM, DiBenedetto A-M, Loton D, Seyler RD, et al. [11]
Examination of the six minute walk test to determine functional capacity in people with 
chronic heart failure: A systematic review. Cardiopulm Phys Ther J. 2010;21:13.

	 Matos Casano HA, Anjum F. Six-minute walk test. StatPearls, Treasure Island [12]
(FL): StatPearls Publishing; 2025.

	 Yazdanyar A, Aziz MM, Enright PL, Edmundowicz D, Boudreau R, Sutton-[13]
Tyrell K, et al. Association between six minute walk test and all-cause mortality, 
coronary heart disease-specific mortality, and incident coronary heart disease. J 
Aging Health. 2014;26:583-99. https://doi.org/10.1177/0898264314525665.

	 Udani K, Patel D, Mangano A. A retrospective study of admission NT-proBNP [14]
levels as a predictor of readmission rate, length of stay and mortality. HCA 
Healthc J Med. 2021;2(3):207-14. https://doi.org/10.36518/2689-0216.1143.

	 Godhiwala P, Kumar SS, Acharya S, Patel M. Comparative analysis of different [15]
prognostic markers in predicting outcome in advanced heart failure. Journal of 
the Practice of Cardiovascular Sciences. 2023;9:46-52. https://doi.org/10.4103/
jpcs.jpcs_17_23.

	 Rawat A, Vyas K. Neutrophil-to-lymphocyte ratio as a predictor of mortality and [16]
clinical outcomes in heart failure patients. Cureus. 2025;17(5):e83359. https://
doi.org/10.7759/cureus.83359.

	 Vijayakumar B, Meganathan A, Paulchamy B, Ranganathan SD. Predicting [17]
short-term readmission in hospitalized patients with acute heart failure: The use 
of 6-minute walk test at discharge. J Assoc Physicians India. 2023;71(2):11-12. 
https://doi.org/10.5005/japi-11001-0174k.

	 Salzman SH. The 6-min walk test: Clinical and research role, technique, coding, [18]
and reimbursement. Chest. 2009;135:1345-52. https://doi.org/10.1378/
chest.07-1682.
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