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Abstract
Background

Identification of a patient's reduced left ventricular ejection fraction (LVEF) is critical for determining their
risk and treatment strategy when they are diagnosed with heart failure. Nonetheless, traditional clinical
and imaging markers may be unable to account for all the multifactorial processes involved in heart
dysfunction. The aim of this study was to assess the diagnostic performance of a new biomarker called
Novel Junctional Cardiometabolic Index (NJCI) in detecting reduced LVEF in comparison with NT-
proBNP.

Methods

This retrospective cohort consisting of 338 patients suffering from heart failure was included in this
study, who further categorized into those having a reduced left ventricular ejection fraction (LVEF < 45%)
and those with preserved LVEF (LVEF = 45%). The NJCI was assessed by In(total bilirubin) x In(D-
dimer)/albumin, combining the role of hepatic function, coagulation, and nutritional-inflammatory
systems to form a composite score. The diagnostic utility of NJCI was compared with NT-proBNP, using
ROC curve analysis and binary logistic regression analysis.

Results

In total, there were 338 patients with heart failure analyzed, which were divided into groups of reduced
LVEF (< 45%) and preserved LVEF (= 45%), according to echocardiography data. It was found out that
patients with reduced LVEF had significantly elevated NJCI than those with preserved LVEF (p <0.001).
The ROC analysis showed that NJCI had excellent discrimination potential for the identification of
patients with reduced LVEF (AUC = 0.903, 95% CI: 0.871-0.934), compared with NT-proBNP, which had a
significantly lower diagnostic efficiency (AUC = 0.773, 95% Cl: 0.723-0.823). For the cutoff value,
calculated using Youden's index, 0.383, NJCI demonstrated high sensitivity (98.7%) and acceptable
specificity (41.0%) for diagnosing of the target pathology. Binary logistic regression analysis proved NJCI
to be an independent predictor of reduced LVEF even after adjusting for NT-proBNP (odds ratio = 5.95,
95% Cl: 4.04-8.76, p < 0.001). The model obtained was highly explanatory and informative (Nagelkerke
R? = 0.572, classification accuracy = 81.4%).

Conclusion

The NJCI has been found to have better diagnostic accuracy than NT-proBNP in identifying low LVEF and
could be considered an appropriate biomarker that can be used for risk stratification among HF patients.
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1. Introduction

Heart failure is one of the major causes of morbidity and mortality from cardiovascular disease around
the world and still exerts an enormous cost in terms of clinical care and economics despite
developments in current treatment approaches|1]. In addition, individuals who experience heart failure
after a myocardial infarction constitute one of the highest risk groups. It is important for LV systolic
dysfunction to be recognized early on since LVEF is one of the most important factors influencing the
prognosis and management of heart failure patients[2].

The transthoracic echocardiography examination continues to represent the gold standard in imaging-
based LVEF measurement; yet, frequent use might be associated with such drawbacks as dependence
on the operator, variability between observers, and lack of accessibility in different health care
settings[3]. These constraints are believed to foster increased interest in the development of
inexpensive, easy-to-use, and universal biomarkers that can facilitate early detection and risk
stratification in patients susceptible to ventricular dysfunction[4]. Among currently recognized
biomarkers, NT-proBNP is recommended for the diagnosis and prognostic prediction of heart failure,
given its high sensitivity to ventricular loading and myocardial wall stress[5]. However, the test accuracy
is not entirely specific due to the influence of different clinical and physiological parameters on the level
of NT-proBNP such as age, renal dysfunction, obesity, and hemodynamics changes|6].

Heart failure is now widely regarded as a systemic syndrome, which involves complicated interactions
between myocardial abnormalities and multi-organ abnormalities of physiopathology [7].Specifically,
hepatic congestion, systemic inflammation, coagulation disturbance, and malnutrition are very common
problems seen in patients with heart failure of severe degrees and are associated with the severity and
prognosis of the disease [8].Therefore, biological markers representing the above different pathways of
physiological abnormalities including bilirubin as an indicator for liver abnormality, D-dimer as a
representation for hypercoagulability state, and albumin for nutrition and inflammation have individually
shown correlations with severity and prognosis of heart failure [9]. However, due to the nature of heart
failure, which includes many factors, the use of single biomarker cannot accurately diagnose the heart
failure. The combination of several domains of physiopathological abnormalities can form a single
composite marker that can provide a more precise diagnosis than any single biomarker [10].

In this regard, a novel composite biomarker, Novel Junctional Cardiometabolic Index (NJCI) was
developed, which comprises the combination of hepatic dysfunction, activation of coagulation, and
nutritional inflammatory state into one parameter. Although there is growing interest in using
multimarker approaches for assessing cardiovascular disease, no research work till date has studied a
composite index incorporating all three biological systems for detection of reduced LVEF in patients with
heart failure.The purpose of this research work was to assess the role of Novel Junctional
Cardiometabolic Index (NJCI) in detecting reduced LVEF in patients with heart failure compared with NT-
proBNP.
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2. Methods
2.1 Study Design and Population

This was a retrospective observational study conducted at a tertiary teaching hospital between 2024 and
2025. Diagnosis of heart failure was made on the basis of ESC (European Society of Cardiology)
guidelines 2021 which gave guidance on the diagnosis and management of both chronic and acute heart
failures[11]. Participants with complete data on clinic, laboratory, and echocardiography were included in
the study. Participants were categorized depending on their left ventricular ejection fraction (LVEF) either
as a group with reduced LVEF (< 45%) or a group with preserved LVEF (= 45%).

2.2 Data Collection

Demographic characteristics, laboratory findings, and echocardiographic parameters were extracted
from electronic medical records. Laboratory variables included NT-proBNP, total bilirubin, D-dimer,
albumin, renal function indices, lipid profile, and hematological parameters. Blood samples were
collected during hospitalization and analyzed using standard laboratory procedures.

2.3 Echocardiographic Assessment

Transthoracic echocardiography was performed by experienced cardiologists according to current
echocardiographic recommendations. LVEF was assessed using the modified Simpson biplane method
and used to classify patients into reduced LVEF (< 45%) and preserved LVEF (= 45%) groups [12].

2.4 NJCI Calculation

The Novel Junctional Cardiometabolic Index (NJCI) was calculated using the following formula:

In(Total Bilirubin)xIn{D—dimer)

NJCI= Albumin

This index was developed to integrate markers of hepatic dysfunction, coagulation activation, and
nutritional-inflammatory status into a single composite biomarker.

2.5 Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 31.0.2.0(126) (IBM Corp.,
Armonk, NY, USA). Continuous variables were tested for normality and are presented as mean + standard
deviation or median (interquartile range), as appropriate. Comparisons between groups were performed
using the independent-samples t-test or Mann-Whitney U test. Categorical variables are expressed as
frequencies and percentages and were compared using the chi-square test.

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic
performance of NJCI and NT-proBNP for identifying reduced LVEF. Areas under the curve (AUCs) with
95% confidence intervals (Cls) were calculated, and the optimal cutoff value was determined using
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Youden'’s index. Binary logistic regression analysis was used to identify independent predictors of
reduced LVEF. Odds ratios (ORs) and 95% Cls were reported. A two-sided p-value < 0.05 was considered
statistically significant.

3. Results
3.1 Baseline Characteristics

Patients with reduced LVEF had significantly higher NT-proBNP, bilirubin, and D-dimer levels and lower
albumin levels compared with preserved LVEF patients (p < 0.001).

The distribution of NJCI according to LVEF category is presented in Fig. 1. Patients with reduced LVEF
exhibited significantly higher NJCI values than those with preserved LVEF.

3.2 ROC Analysis

The diagnostic performance of the NJCI was evaluated using receiver operating characteristic (ROC)
curve analysis. As shown in Fig. 2&3, the ROC curve demonstrated a pronounced deviation from the
reference line, indicating good discriminatory ability.

The area under the curve (AUC) was 0.903 (95% confidence interval [CI]: 0.871-0.934), with a standard
error of 0.016. The asymptotic significance was p <0.001 p <0.001 (null hypothesis: true area = 0.5),
confirming that NJCI has statistically significant diagnostic accuracy.

These results indicate that NJCI has excellent diagnostic performance (AUC > 0.9), with a lower bound
of the 95% Cl above 0.87, supporting its potential utility as a reliable diagnostic test.

NJCI demonstrated excellent diagnostic performance:

AUC = 0.903 \ (95%\ CI:\ 0.871-0.934)

3.3 Logistic Regression

NJCI was an independent predictor of reduced LVEF:
OR =5.948\ (95%\ CI:\ 4.040-8.756,\ p<0.001)
Model performance:

Nagelkerke R? = 0.572

Overall accuracy = 81.4%

The results of the univariable logistic regression analysis are illustrated in Fig. 4.
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4. Discussion

The current retrospective observational study was conducted to assess the diagnostic accuracy of Novel
Junctional Cardiometabolic Index (NJCI), a novel composite biomarker comprising total bilirubin, D-
dimer, and albumin. In this regard, the main finding from the current research is the very high
discriminative power of NJCI in relation to reduced LVEF, with AUC of 0.903 compared to NT-proBNP with
AUC of 0.773. Moreover, NJCI remained independently associated with reduced LVEF in multivariable
analysis, meaning that it provides additional information about diagnosis beyond that provided by single
biomarkers.HF is nowadays seen not only as a cardiac dysfunction syndrome but also a systemic
disorder with complex interactions of many physiological processes, such as cardiac dysfunction,
venous congestion, inflammation, disorders of coagulation, and metabolism [13].Thus, a multimarker
strategy that reflects multifactorial disease mechanism may be better in assessing the disease than
using biomarkers individually[14].Indeed, several studies have shown that multimarker strategy can
improve the diagnostic and prognostic outcomes in cardiovascular diseases by capturing various
aspects of disease biology [15].

Justification for NJCI is based on the combined use of three laboratory measures that represent
different, yet related pathophysiological processes occurring during the development of heart failure.
High bilirubin concentration has increasingly gained acceptance as an indicator of liver congestion or
impaired liver perfusion owing to high pressure within the right side of the circulation and systemic
venous congestion[16].High bilirubin concentrations were found to be associated with higher heart
failure severity, poor hemodynamics, and unfavorable prognosis[17].Increased concentrations of D-dimer
are a sign of the activation of the coagulation and fibrinolytic system that is usually seen in heart failure
patients due to endothelial damage, systemic inflammation, stasis of blood circulation, and
neurohormonal activation[18].Increased D-dimer concentrations were linked to mortality,
thromboembolic complications, and advanced disease stage in acute and chronic heart failure
patients[19].Albumin is a well-known indicator of malnutrition and systemic inflammation and was
shown to be associated with poor cardiovascular outcomes[20]. The development of hypoalbuminemia
among HF patients is due to several factors such as chronic inflammation, impaired liver function, bowel
edema, and malnutrition, contributing to worsening of the condition and poor outcomes[21]. Several
studies showed the significant correlation between serum albumin concentration and mortality and
hospitalization rates in patients with heart failure[22]. Although the level of NT-proBNP remains the main
indicator for diagnosis and risk stratification of HF, there are several factors that could affect its results,
such as patient age, renal dysfunction, obesity, and hemodynamics[23]. As a result, NT-proBNP cannot
adequately represent the multi-systemic manifestations of heart failure[24]. In our study, NJCI was more
accurate than NT-proBNP for HF diagnosis, indicating that combining several features of HF pathology is
beneficial for better diagnostics.Furthermore, the relationship between NJCI and NT-proBNP across
different LVEF categories is illustrated in Fig. 5. Patients with reduced LVEF generally exhibited higher
NJCI values across a broad range of NT-proBNP concentrations, supporting the complementary
diagnostic information provided by NJCI.
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The high level of diagnostic efficacy exhibited by NJCI can, therefore, be attributed to its capacity to
incorporate various important pathophysiological processes involved in heart failure. While single
biomarkers represent only one biological process, NJCI incorporates venous congestion, thrombo-
inflammation, and metabolism-nutrition processes all into one index. The combination of different
biological processes may help capture the systemic complexity of heart failure, which explains the
higher accuracy with which it detects patients with impaired LVEF.The proposed biological pathways
linking elevated NJCI values to impaired cardiac systolic function are summarized in Fig. 6. By
integrating biomarkers of hepatic congestion, coagulation activation, and nutritional-inflammatory
status, NJCI may provide a comprehensive reflection of the multisystem pathophysiological alterations
associated with heart failure and reduced LVEF.

5. Limitations

However, there are several limitations associated with the current study that must be mentioned. Firstly,
the current study represents a single-center trial with relatively small sample size consisting of 338
participants. The second important limitation related to the study under discussion is that all the
patients included in this research represented Chinese population. As a result, the applicability of the
conclusions obtained within the scope of the current study among different ethnical groups or
geographical regions cannot be guaranteed. Thirdly, a cross-sectional study design implies that no
cause-and-effect relationship between NJCI and reduced left ventricular ejection fraction can be
established. In contrast to prospective cohort designs, the current study was based on one-time
measurements conducted among participants. This prevented the authors from evaluating prognostic
utility of NJCI in terms of predicting future adverse clinical events.

Finally, although NJCI displayed an impressive level of accuracy in the detection of low LVEF, there could
still have been some degree of confounding by uncontrolled clinical factors in this study. Further large
multicentered and prospective research with extended follow-up is required to confirm the usefulness of
NJCI in the clinical setting and its potential prognostic implications.Despite these shortcomings, NJCI
showed a good discriminative capacity and can be considered an easily obtainable biomarker for
patients with reduced LVEF in routine clinical practice.

6. Conclusion

In summary, the Novel Junctional Cardiometabolic Index (NJCI), derived from readily available laboratory
markers such as total bilirubin, D-dimer, and albumin, exhibited excellent diagnostic accuracy for
detecting reduced left ventricular ejection fraction in patients suffering from heart failure. NJCI
possessed superior discriminatory power than NT-proBNP and was an independent predictor of reduced
LVEF in the presence of various confounding variables. Due to the inclusion of several pathophysiologic
factors that contribute to the development of heart failure, such as hepatic congestion, inflammation,
and activation of the coagulation cascade, NJCI might be able to give a more holistic view on the
development of heart failure than individual biomarkers. With its simplicity and outstanding diagnostic
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power, NJCI might be useful as an additional test to identify patients with reduced cardiac ejection
fraction. Further multicenter prospective investigations are needed for validation purposes.
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Table 1
Data are presented as mean + SD for normally distributed variables and median (IQR)
for non-normally distributed variables.

Characteristic EF=45% (n=189) EF<45% (n=149) p-value

Demographics

Age, years 60.0+13.0 65.0+15.0 0.001
Male sex, n (%) 158 (83.6) 112 (75.2) 0.05
BMI, kg/m? 26.4+4.6 25.0+5.9 0.017

Cardiac Biomarker
NT-proBNP, pg/mL 511 (134-1,729) 3,586 (1,463-8,822) <0.001

BDA Index Components

Total bilirubin, pmol/L 15.5(12.2-20.7)  20.2 (17.7-27.9) <0.001
D-dimer, ng/mL 152 (103-264) 353 (228-686) <0.001
Albumin, g/L 38.6 (36.4-40.5)  33.8(31.3-36.4) <0.001

Renal Function
Creatinine, pmol/L 72.9 (63.6-86.0) 88.9 (78.1-112.7) 0.008
eGFR, mL/min/1.73m? 92.8 (75.5-103.0) 74.8 (52.2-88.9) <0.001

Metabolic and Hematologic

LDL cholesterol, mmol/L 2.59 (2.09-3.22) 2.03 (1.56-2.64) <0.001
Hemoglobin, g/L 142 (130-153) 137 (117-149) 0.003
WBC count, x10%/pL 9.2 (7.3-12.0) 7.6 (5.9-8.9) 0.003
Novel Index

NJCI index 0.36 (0.30-0.43) 0.53 (0.47-0.61) <0.001

BMI: body mass index; NT-proBNP: N-terminal pro-B-type natriuretic peptide; eGFR: estimated glomerular
filtration rate; LDL: low-density lipoprotein; WBC: white blood cell; NJCI: bilirubin—D-dimer—albumin index.

NJCI = LN(total bilirubin [umol/L]) x LN(D-dimer [ng/mL]) / albumin [g/L].
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Table 2
Univariate Binary Logistic Regression Analysis for Predictors of Reduced Ejection Fraction
(EF < 45%)

Variable B SE Wald x2 OR (95% CI) p-value

NJCI (per 0.1-unit increase) 1.783 0.197 81.67 5.95(4.04-8.76) <0.001
Ln D-dimer (per 1 Ln-unit) 1.338 0.175 58.35 3.81(2.70-5.37) <0.001
Ln NT-proBNP (per 1 Ln-unit) 0.615 0.080 59.58 1.85(1.58-2.16) <0.001
Total bilirubin (per 1 pmol/L)  0.090 0.016  32.63 1.09 (1.06-1.13) < 0.001

Creatinine (per 10 pmol/L) 0.043 0.018 5.72 1.04(1.01-1.08) 0.017
Age (per 1 year) 0.026 0.008 10.20 1.03(1.01-1.04) 0.001
Hemoglobin (per 1 g/L) -0.014 0.005 8.40 0.99 (0.98-1.00) 0.004
WBC (per 1 x103/pL) -0.097 0.033 8.81 0.91 (0.85-0.97) 0.003
BMI (per 1 kg/m2) -0.058 0.024 5.70 0.94(0.90-0.99)  0.017

GFR (per 1 mL/min/1.73m?)  -0.026 0.005 29.31  0.97 (0.97-0.98) <0.001

LDL (per 1 mmol/L) -0.560 0.134 17.35  0.57(0.44-0.74) <0.001
Albumin (per 1 g/L) -0.336 0.040 70.68 0.71 (0.66-0.77) < 0.001
Male sex (vs. Female) -0.521 0.273 3.64 0.59 (0.35-1.01) 0.05

B: unstandardized regression coefficient; SE: standard error; OR: odds ratio; Cl: confidence interval;
NJCI:Novel Junctional Cardiometabolic Index; Ln: natural logarithm; NT-proBNP: N-terminal pro-B-type
natriuretic peptide; WBC: white blood cell; BMI: body mass index; GFR: glomerular filtration rate; LDL:
low-density lipoprotein.

Variables are ordered by descending OR magnitude

Figures
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Simple Boxplot of NJCl by 1
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Figure 1

Distribution of NJCI according to left ventricular ejection fraction (LVEF) category.

Boxplots compare NJCI values between patients with LVEF 245% and those with LVEF <45%. The central
line within each box represents the median, while the box boundaries indicate the interquartile range
(IQR). Whiskers represent the range of non-outlying observations, and circles indicate outliers. Patients
with LVEF <45% exhibited significantly higher NJCI values compared with those with LVEF 245%
(p<0.001).
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Figure 2

Receiver Operating Characteristic (ROC) Curves of NJCI and Its Individual Components for Identifying
Reduced Left Ventricular Ejection Fraction

Receiver operating characteristic (ROC) curve of the NJCI for identifying reduced left ventricular ejection
fraction (EF <45%). The area under the curve (AUC) is 0.903 (95% confidence interval: 0.871-0.934; p <
0.001). The dashed diagonal line represents a non-discriminating test (AUC = 0.5). NJCI = Novel
Junctional Cardiometabolic Index
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Figure 3

Receiver Operating Characteristic (ROC) Curves of NJCI and NT-proBNP for Identifying Reduced Left
Ventricular Ejection Fraction in Patients with Heart Failure
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Variable Odds Ratio (95% ClI) OR (95% CI) p-value
NJCI (per 0.1-unit increase) ' —— 5.95 (4.04-8.76) <0.001
Ln D-dimer (per 1 Ln-unit) 5 r—={— 3.81 (2.70-5.37) <0.001
Ln NT-proBNP (per 1 Ln-unit) i — 1.85 (1.58-2.16) <0.001
Total bilirubin (per 1 umol/L) B 1.09 (1.06-1.13) <0.001
Creatinine (per 10 pmol/L) ;l 1.04 (1.01-1.08) 0.017
Age (per 1 year) i 1.03 (1.01-1.04) 0.001
Hemoglobin (per 1 g/L) + 0.99 (0.98-1.00) 0.004
WBC (per 1 x103/4L) - 0.91 (0.85-0.97) 0.003
BMI (per 1 kg/m?) »l~ 0.94 (0.90-0.99) 0.017
GFR (per 1 mL/min/1.73m?) i: 0.97 (0.97-0.98) <0.001
LDL (per 1 mmol/L) —— i 0.57 (0.44-0.74) <0.001
Albumin (per 1 g/L) N 0.71 (0.66-0.77) <0.001
Male sex (vs. Female) -—I~—-i- 0.59 (0.35-1.01) 0.050
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Figure 4

Forest plot of univariable logistic regression analysis for factors associated with reduced left ventricular
ejection fraction (LVEF <45%)

Squares represent odds ratios (ORs), and horizontal lines indicate 95% confidence intervals (Cls). The
vertical dashed line corresponds to an OR of 1.0, indicating no association with reduced LVEF. Variables
located to the right of the reference line are associated with increased odds of reduced LVEF, whereas
variables located to the left are associated with decreased odds. NJCI demonstrated the strongest
association with reduced LVEF among all evaluated predictors (OR 5.95,95% Cl 4.04-8.76, p<0.001).
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Scatter Plot of NJCI by NT_PBNP by HFrEF
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Figure 5

Scatter plot showing the relationship between NJCI and NT-proBNP according to left ventricular ejection
fraction (LVEF) category.

Each point represents an individual patient. Blue circles indicate patients with LVEF =45%, whereas red
circles indicate patients with LVEF <45%. Patients with reduced LVEF tended to exhibit higher NJCI
values across a broad range of NT-proBNP concentrations. A positive clustering of higher NJCI values
was observed among patients with elevated NT-proBNP levels, suggesting a potential association
between increased systemic congestion/inflammation and impaired left ventricular systolic function.
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Figure 6

Proposed pathophysiological mechanisms linking NJCI to reduced left ventricular ejection fraction
(LVEF).

Heart failure is associated with hepatic congestion, systemic inflammation, and activation of
coagulation pathways. Hepatic congestion results in elevated total bilirubin levels, whereas systemic
inflammation contributes to reduced serum albumin concentrations. Simultaneously, activation of
coagulation and fibrinolytic pathways leads to increased D-dimer levels. NJCI integrates these three
pathophysiological domains through the formula In(total bilirubin) x In(D-dimer) / albumin. Elevated NJCI
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values may therefore reflect the combined burden of congestion, inflammation, and thrombogenic
activity, which are associated with worsening cardiac function and reduced LVEF.

Page 21/21



