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Background: Patients with heart failure have an increased risk of acute renal impairment. Renal dysfunction is common in heart failure due to 

similar risk factors, leading to worse outcomes if both are present together.  NT-pro BNP levels are raised in heart failure, which plays a role 

in the development of complications in the kidneys and leads to increased mortality and morbidity. To evaluate renal dysfunction using NT-

pro BNP among heart failure patients in Moradabad and to correlate NT-pro BNP levels with the severity of heart failure and kidney function. 

Material and Methods: 102 individuals with a diagnosis of heart failure participated in a prospective trial. Ejection fraction and Echo findings 

were used to evaluate cardiovascular functioning. Serum NT-pro BNP and KFT were analyzed. Patients were grouped into three groups, each 

based on NT-pro BNP levels, Ejection fraction, and eGFR values. Statistical tools used were Pearson’s correlation coefficient, ANOVA, and 

multiple linear regression. Results: Based on NT-pro BNP levels, a statistically significant difference was found only in serum levels of urea, 

creatinine, uric acid, calcium, and chloride between the three groups. There was a substantial negative connection (p<0.05) between NT-pro 

BNP and blood calcium and a significant positive correlation (p<0.05) with serum urea, creatinine, uric acid, phosphorus, and potassium. Serum 

levels of NT-proBNP, urea, creatinine, uric acid, and phosphorus were statistically significantly different across the three groups of patients 

based on eGFR. The multiple linear regression results showed that EF, NT-pro BNP, and GFR had a moderately significant collective influence 

(F (2, 70) = 13.52, p < .001, R2 = 0.28, R2adj = 0.26). EF (t = -2.387, p =.020) and NT-pro BNP (t = -5.006, p <.001) were identified as 

significant predictors in the model after closer examination of the individual factors. Conclusion: Screening patients for NT-pro BNP levels 

and correlating them with kidney function may aid in formulating strategies to prevent further mortality and help target molecular mechanisms 

to prevent further complications. 
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INTRODUCTION 
 

One of the main worldwide health issues is heart failure, 

leading to increased mortality and morbidity. Current global 

estimates indicate that 38 million people in the world are 

living with heart failure. According to some studies, 

cardiovascular mortality rates are higher than those of some 

cancers. [1] The prevalence of heart failure in India is 1% of 

the adult population, which is nearly 8-10 million patients. [7] 

The most frequently observed co-morbidities in these 

patients are diabetes mellitus, hypertension, and 

dyslipidemia, further contributing to complications. Patients 

with heart failure are more likely to get acute renal 

impairment. [3] Renal dysfunction in heart failure patients is 

common due to similar risk factors, leading to worse 

outcomes if both coincide than if one alone. [4,5] Heart failure, 

along with CKD, may result in significantly poor outcomes. 

[6,16] Data on the prevalence, risk elements, routine indicators, 

and outcome of renal impairment in patients with heart 

failure are limited. This study was done to fill the gap 

between routine markers and early markers of renal 

dysfunction in heart failure patients. Renal dysfunction in 

heart failure occurs due to decreased cardiac output, which 

reduces renal perfusion and increases central venous 

pressure, leading to venous congestion in the kidneys. These 

changes affect hemodynamic, neuro-hormonal, and 

inflammatory pathways. Diuretic resistance and renal tamponade 

hypothesis also contribute to further kidney damage in HF 

patients.[8] BNP and NT-proBNP are significant indicators of 

cardiovascular death and morbidity in middle-aged and older 

persons, according to several studies.[1–4] In recent years, these 

peptide-based assays have emerged as valuable prognostic 

indicators to evaluate how well HF patients respond to 

treatment.[9–12] Of the two natriuretic peptides, NT-proBNP is 

often used in clinical practice.[13] Increased levels of NT-pro BNP 
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in the bloodstream may indicate volume overload,[19] left 

ventricular dysfunction,[18] and cardiovascular disease.[17] 

The main aim of our study is to evaluate NT-pro BNP levels 

and KFT and to correlate NT-pro BNP levels with renal 

dysfunction among heart failure patients. Evaluation of NT-

pro BNP levels in CVD is essential in identifying and 

designing treatment modalities to reduce CKD. To diagnose 

and assess dyspneic patients for early initiation of heart 

failure medication, NT-proBNP testing may be a useful tool. 

According to several studies, people with chronic kidney 

disease (CKD) are more likely than the general population to 

develop left ventricular hypertrophy, ischemic heart disease, 

cardiac arrhythmias, and valvular calcification, all of which 

contribute to heart failure with a maintained left ventricular 

ejection fraction.[4-7]  

Early screening, especially for cardiac markers like NT-pro 

BNP, and application of preventive strategies in heart failure 

patients may help to prevent renal dysfunction in these 

patients.[14,15]  

Although NT-pro BNP is understood to be the chief 

biomarker for heart failure, very few studies have shown the 

correlation between renal functioning and NT-pro BNP 

levels in heart failure patients. The current study was 

conducted to assess NT-pro BNP levels in patients with heart 

failure and to establish a correlation between these levels and 

renal function test results. The association between these 

factors may help inform preventive strategies for renal 

dysfunction in patients with heart failure. In individuals with 

congestive heart failure (CHF), both NT-pro BNP and renal 

function are predictive markers of survival. It is uncertain, 

therefore, how BNP, renal function, and heart failure as an 

emergency diagnosis are related. Significant renal 

impairment affects therapy and results for most patients 

treated with acute decompensated heart failure. 
 

MATERIALS AND METHODS 

Study design and settings: A prospective observational study 

was done on 102 patients diagnosed with heart failure. Patients 

admitted with heart failure diagnosed with echocardiography in 

the age group of 18-80 years were included in the study. Patients 

with existing kidney disorders, stroke, and other critical illnesses 

were excluded from the study. Ejection fraction and Echo 

findings were used to assess cardiovascular functioning. Serum 

NT-pro BNP levels and kidney function tests, including urea, 

creatinine, uric acid, phosphorus, and electrolytes, were 

evaluated in these patients using the Vidas analyzer and the 

Beckman DxC 700 auto analyzer, respectively. 

Statistical analysis: The data were collected and compiled in 

Excel. Patients were grouped into three groups each based on 

NT-pro BNP levels (three groups), ejection fraction values (three 

groups), and eGFR (calculated using the CKD-EPI formula) 

values separately. Data were obtained after seeking permission 

from the Institutional Ethical Committee. Correlations of NT-pro 

BNP levels with KFT and ejection fraction were analysed. 

Statistical analysis was performed using tools such as Pearson’s 

correlation coefficient for correlation, ANOVA for comparisons, 

and multiple linear regression for predictive modelling. 

Ethical consideration: Ethical clearance was obtained from the 

Institutional Ethics Committee of the college vide number 

TMU/IEC/2024-25/FACULTY/02. 

 

RESULTS 

The research comprised 102 individuals with heart failure. The 

statistical analysis for the test parameters is as follows: 

 

Table 1: Comparison of KFT based on NT-pro BNP 

Parameters NT-BNP (<4000) N= 32 NT-BNP (4000-20000) N = 18 NT-BNP (>20000) N = 24 p-value 

NT-pro BNP (pg/mL) 1518 (456-2713) 7181 (4804-13046) 23631 (22207-24702) <0.001** 

Urea (mg/dL) 33.5 (27.2-55.4) 72.8 (48.3-122.9) 81 (64.9-120) <0.001** 

Creatinine (mg/dL) 0.8 (0.6-1.28) 1.97(0.9-2.49) 2.53 (1.39-5.95) <0.001** 

Uric acid (mg/dL) 5.5 (4.2-7.05) 8.25 (6.23-11.4) 8.45 (6.93-12.93) <0.001** 

Calcium (mg/dL) 8.74 ± 0.89 8.11 ± 0.66 8.09 ± 0.80 0.006* 

Phosphorus (mg/dL) 4.2 (3.5-4.6) 4.05 (3.43-4.73)) 4.7 (3.1-7.8) 0.232 

Sodium (mmol/L) 136 (132.5-138.5) 136 (129-140) 136 (131-139) 0.885 

Potassium (mmol/L) 3.94 ± 0.74 4.42 ± 0.84 4.37 ± 1.08 0.118 

Chloride (mmol/L) 94.44 ± 5.15 101.93 ± 7.68 101.27 ± 7.33 0.011* 
 

Based on NT-pro BNP, patients were divided into 3 

categories (32 patients had NT-pro BNP <4000, 18 had 4000-

20000, and 24 had>20000) and compared for KFT. A 

statistically significant difference was found only in serum 

levels of urea, creatinine, uric acid, calcium, and chloride 

between the groups (p <0.05). The mean and standard 

deviation were used to display regularly distributed data, 

whereas the median and interquartile range were used to 

display non-normally distributed data. ANOVA was applied 

to compare groups for normally distributed data. The 

Kruskal-Wallis test was used for group comparisons with 

non-normally distributed data. 
 

Table 2: Correlation of NT-pro BNP with KFT among patients with heart failure 

Parameters r-value (correlation coefficient) p-value 

NT-pro BNP and Urea 0.402 0.000** 

NT-pro BNP and Creatinine 0.484 0.000** 

NT-pro BNP and Uric acid 0.202 0.043* 

NT-pro BNP and Calcium -0.246 0.013* 

NT-pro BNP and Phosphorus 0.250 0.012* 

NT-pro BNP and Sodium -0.121 0.229 

NT-pro BNP and Potassium 0.219 0.028* 

NT-pro BNP and Chloride 0.179 0.074 
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**. Correlation is significant at the 0.01 level (2-tailed) 

*. Correlation is significant at the 0.05 level (2-tailed) 

NT-pro BNP was shown to have a substantial negative 

connection with serum calcium (p<0.05) and a significant 

positive association with serum urea (p<0.01), serum 

creatinine (p<0.01), serum uric acid (p<0.05), serum 

phosphorus (p<0.05), and serum potassium (p<0.05). 

However, NT-pro BNP showed no correlation with either 

serum sodium or chloride (p>0.05). 

 

Table 3. Comparison of biochemical parameters based on EF 

Parameters EF (>50%) N= 32 (Mean ± 

SD) 

EF (41-49%) N = 18 

 (Mean ± SD) 

EF (<40%) N = 24 

 (Mean ± SD) 

p-value 

NT-pro BNP (pg/mL) 10203.69 ± 420.44 10285.78 ± 410.06 13967.54 ± 490.12 0.324 

Urea (mg/dL) 84.82± 9.92 69.90 ± 8.56 69.388 ± 2.92 0.437 

Creatinine (mg/dL) 2.71 ± 0.99 1.92 ± 0.62 1.65 ± 0.40 0.180 

Uric acid (mg/dL) 7.89 ± 1.25 13.08 ± 2.11 8.29± 1.59 0.207 

Calcium (mg/dL) 7.96 ± 1.65 8.21 ± 0.74 8.57 ± 0.48 0.182 

Phosphorus (mg/dL) 5.12 ± 0.57 4.20± 0.31 4.66 ± 0.72 0.387 

Sodium (mmol/L) 134.09 ± 5.96 135.61 ± 7.71 134.72 ± 4.48 0.697 

Potassium (mmol/L) 4.27 ± 0.80 4.30 ± 0.08 4.19 ± 0.93 0.915 

Chloride (mmol/L) 99.24 ± 7.10 100.73 ± 9.54 100.10 ± 5.29 0.777 

 

Based on EF levels, patients were divided into 3 categories 

(32 patients had EF >50%, 18 had 41-49%, and 24 had 

<40%) and compared for KFT. There was no statistically 

significant difference in any kidney function test parameter 

between the groups (p > 0.05). 

 

Table 4: Correlation of EF with other biochemical parameters among patients with heart failure 

Parameters r-value (correlation coefficient) p-value 

EF and NT-pro BNP 0.131 0.26928 

EF and Urea 0.0343 0.7613 

EF and Creatinine 0.2081 0.0621 

EF and Uric acid -0.165 0.1413 

EF and Calcium -0.1333 0.235 

EF and Phosphorus 0.0696 0.5369 

EF and Sodium -0.0317 0.9033 

EF and Potassium 0.0574 0.6107 

EF and Chloride -0.0639 0.5709 

**. Correlation is significant at the 0.01 level (2-tailed) 

*. Correlation is significant at the 0.05 level (2-tailed) 

EF showed no correlation with any kidney function parameters. (p > 0.05) 

 

Table 5: Comparison of other parameters based on GFR 

Parameters GFR (>60 mL/min/1.73m2) 

N= 33 (Mean ± SD) 

GFR (39-59mL/min/1.73m2) 

 N = 16 (Mean ± SD) 

GFR (<30mL/min/1.73m2)  

N = 24 (Mean ± SD) 

p-value 

EF (%) 45.75 ± 12.06 40.93 ± 9.34 47.5 ± 11.70 0.201104. 

GFR (mL/min/1.73m2) 92.15 ± 7.56 44.18 ± 8.17 16.95 ± 7.98 0.00001** 

NT-pro BNP (pg/mL) 6965.93 ± 298.73 12473.31 ± 243.78 17313.25 ± 985.10 0.000253* 

Urea (mg/dL) 43.42 ± 19.14 85.16 ± 10.14 114.89 ± 14.51 0 .00001** 

Creatinine (mg/dL) 0.81 ± 0.24 1.63 ± 0.31 4.39 ± 1.62 0 .00001** 

Uric acid (mg/dL) 6.27 ± 2.60 14.88 ± 2.66 9.71 ± 3.40 0.020907* 

Calcium (mg/dL) 8.58 ± 0.77 8.00 ± 0.93 7.85 ± 0.89 0.0522 

Phosphorus (mg/dL) 3.79 ± 0.01 4.85 ± 0.90 5.95 ± 0.95 0.001095* 

Sodium (mmol/L) 135.5 ± 5.12 134.96 ± 4.90 133.35 ± 7.52 0.402536 

Potassium (mmol/L) 4.043 ± 0.75 4.38 ± 0.92 4.45 ± 0.65 0.19393 

Chloride (mmol/L) 98.61 ± 6.64 100.20 ± 6.24 101.43 ± 8.40 0.342388 

 

Based on GFR, patients were divided into 3 categories (33 

patients were found to have GFR >60mL/min/1.73m2, 16 

patients had 39-59mL/min/1.73m2, and 24 patients had 

(<30mL/min/1.73m2 and compared for KFT. Serum levels 

of NT-proBNP, urea, creatinine, uric acid, and phosphorus 

varied significantly across groups (p < 0.05). 

 

Table 6: Correlation of GFR with other parameters among patients with heart failure 

Parameters r-value (correlation coefficient) p-value 

GFR and EF -0.032 0.786177 

GFR and NT-pro BNP -0.4741. 0.000023** 

GFR and Urea -0.6967 0.00001** 

GFR and Creatinine -0.7262 0.00001** 
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GFR and Uric acid -0.2296 0 .050697* 

GFR and Calcium 0.259 0.026925* 

GFR and Phosphorus -0.4761 0.000021** 

GFR and Sodium 0.1746 0.139566 

GFR and Potassium -0.2457 0.036148* 

GFR and Chloride -0.147 0.214589 

**. Correlation is significant at the 0.01 level (2-tailed) 

*. Correlation is significant at the 0.05 level (2-tailed) 

 

GFR showed significant correlations with NT-pro BNP, urea, 

creatinine, uric acid, calcium, phosphorus, and serum 

potassium (p<0.05), and was not significantly correlated with 

serum sodium, chloride, or ejection fraction (p>0.05). 

 

Table 7: Multiple linear regression analysis of EF, NT-pro BNP with e GFR as dependent variable 

 Coeff SE t-stat Stand Coeff p-value 

Ln (EF) -0.767 0.3213 -2.387 -0.247 0.0197011* 

Ln (NT-pro BNP) -0.262 0.0523 -5.006 -0.519 0.000017** 

 

Multiple linear regression results showed that EF and NT-

BNP, had a moderately significant collective influence (F (2, 

70) = 13.52, p < .001, R2 = 0.28, R2adj = 0.26). EF (t = -

2.387, p =.020) and NT-pro BNP (t = -5.006, p <.001) were 

identified as significant predictor in the model after closer 

examination of the individual factors. 

 

DISCUSSION 

When heart failure worsens, ventricles, or the lower 

chambers of the heart, produce a substance called pre-pro 

BNP. Pre-pro BNP is a 134-amino acid peptide. When 

cleaved, it yields 108 amino acids and a 26-amino-acid signal 

peptide. With subsequent cleavage, there is production of 

NT-pro BNP, which is a 76 amino acid N-terminal pro-B-

type natriuretic peptide. [24] 

BNP stimulates natriuretic peptides, which, in turn, cause 

diuresis, renin and aldosterone inhibition, vasodilation, and 

fibrosis inhibition. Organs with strong blood flow, such as 

the kidneys, liver, and muscles, passively eliminate NT-pro 

BNP. In healthy people, the kidneys eliminate 15–20% of 

BNP and NT-proBNP; this renal clearance is maintained in 

the presence of significant kidney failure. NT-pro BNP 

increases in the setting of heart failure. However, the non-

cardiac conditions in which it increases are kidney diseases, 

advanced age, stroke, and critical illnesses, independent of 

heart failure. Our findings from [Table 1] confirm that NT-

pro BNP levels are markedly elevated in heart failure patients 

with renal dysfunction, supporting earlier studies. [20-24] Renal 

dysfunction worsens the prognosis in heart failure, with 

mechanisms including neuro-hormonal activation, reduced 

renal perfusion, and venous congestion. [8] Elevated NT-pro 

BNP in these patients may be both a marker of cardiac strain 

and a reflection of impaired renal clearance. According to 

[Table 2] of the results, NT-pro BNP showed a significant 

positive correlation with serum urea, creatinine, uric acid, 

phosphorus, and serum potassium. However, there was a 

negative correlation with serum calcium (p<0.05). The 

observed negative correlation with calcium might be 

explained by secondary hyperparathyroidism and altered 

calcium-phosphate metabolism in CKD. [23] According to 

Andreas Luchner et al. BNP and NT-proBNP are markedly 

influenced by renal dysfunction. [25] Rajat Tagore et al. state 

that more and more CKD patients would need early use of 

retardation techniques and co-morbidity screening; in particular, 

renal failure in these individuals seems to have a major impact 

on cardiac BNP. In CKD, BNP may be a better biomarker for 

cardiac dysfunction. [26] Renal failure raises BNP and NT-

proBNP concentrations; the degree of change also depends on 

LVEF and sex, according to Pornpen Srisawasdi et al. However, 

our results from [Table 3 and 4] showed no statistically 

significant difference or correlation between the kidney function 

test parameters and ejection fraction across the groups. Our 

findings from [Table 5 and 6] confirm that there was a 

statistically significant difference in serum levels of NT-proBNP, 

urea, creatinine, uric acid, and phosphorus between the groups (p 

< 0.05). GFR showed substantial correlations with NT-pro BNP, 

urea, creatinine, uric acid, calcium, phosphorus, and serum 

potassium (p<0.05), and was not significantly correlated with 

serum sodium, chloride, or ejection fraction (p>0.05). Therefore, 

measuring GFR would be a better predictor of renal function, as 

done in this study. GFR estimation may be useful for detecting 

more cases of renal dysfunction at an early stage. The long-term 

prognosis of AHF patients is better predicted when GFR and NT-

pro BNP are combined. Early detection of these high-risk 

individuals may enable medical professionals to adjust treatment 

plans, thereby improving patients' clinical outcomes. [28] 

According to [Table 7] of the results from the regression analysis, 

we found that NT-pro BNP is a better predictor of renal function 

than left ventricular ejection fraction in cardiac patients. This 

may be the reason for the statistically less significant difference 

when we have compared various biochemical parameters based 

on ejection fraction. Additional prospective studies are required, 

although using the impact of renal failure, defined by stage, in 

conjunction with NT-pro BNP and eGFR may enhance the 

rationale for diagnosis and monitoring. [27] These results 

underscore the need for integrated cardiac and renal care. Early 

measurement of NT-pro BNP in heart failure patients could help 

identify those at risk of developing renal dysfunction, prompting 

earlier interventions to prevent further morbidity and mortality. 

Significant renal impairment affects therapy and results for most 

patients treated with acute decompensated heart failure.[28] 

 

CONCLUSION 

Simultaneous measurement of NT-pro BNP and kidney function 
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parameters in heart failure patients provides valuable 

prognostic information. Such screening could guide timely 

interventions to prevent the progression of cardio-renal 

syndrome. Therefore, NT-pro BNP levels may be useful for 

predicting AKI risk and for management and fluid balance, 

along with eGFR values. This may be useful for risk 

stratification in these patients and also for prognostic use in 

ESRD patients. 
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