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ABSTRACT

Objective: To explore the value of combined detection of N-terminal pro-B-type natriuretic
peptide (NT-ProBNP), white blood cell count (WBC), platelet count (PLT) and D-dimer (D-
Dimer) in evaluating the severity of patients with heart failure. Methods: A retrospective study
was conducted. A total of 198 patients diagnosed with heart failure who received treatment in
Guangxi-ASEAN Economic and Technological Development Zone People’s Hospital (Nanning
Tenth People’s Hospital) from January 2024 to June 2025 were enrolled. According to the New
York Heart Association (NYHA) cardiac functional classification, patients were divided into
NYHA class I-II group (59 cases) and NYHA class III-IV group (139 cases). The differences in
levels of NT-ProBNP, WBC, PLT, D-Dimer and other indicators between the two groups were
compared. Multivariate logistic regression analysis was applied to identify influencing factors
for increased severity of heart failure. Receiver operating characteristic (ROC) curves were
plotted to analyze the predictive value of single-indicator detection and combined-indicator
detection for heart failure severity. Results: The NT-ProBNP level in patients of NYHA class
III-IV group was significantly higher than that in NYHA class I-II group, with statistically
significant difference (P < 0.001). Multivariate logistic regression analysis showed that elevated
NT-ProBNP level was independently associated with NYHA class III-IV (OR = 1.000, 95% CI:
1.000 - 1.000, P < 0.05). ROC curve analysis revealed that the area under curve (AUC) of NT-
ProBNP for predicting heart failure severity was 0.663, with a sensitivity of 54.33% and
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specificity of 73.47%. The AUC of combined detection was 0.663, with sensitivity of 56.36%
and specificity of 74.36%. Conclusion: Elevated NT-ProBNP level is independently associated
with NYHA class III-IV in patients with heart failure. The addition of WBC, PLT and D-Dimer
to NT-ProBNP did not demonstrate improved discrimination over NT-ProBNP alone, as both
approaches achieved an identical AUC of 0.663. Small differences in sensitivity and specificity
at separately selected thresholds do not establish superiority or justify routine clinical adoption
of the combined panel.

1. INTRODUCTION

Heart failure (HF) represents the terminal stage of various cardiovascular diseases and is the leading
cause of hospitalization among patients with cardiovascular disorders [1]. Epidemiological data indicate that
the global prevalence of heart failure ranges from 1% to 2%, rising markedly with age and reaching 6% -
10% among individuals over 60 years old [2]. Heart failure not only severely impairs patients’ quality of life
and exercise tolerance but also contributes to frequent hospital admissions and high mortality, imposing
substantial medical burdens on patients’ families and society. Hence, early and accurate evaluation of heart
failure severity is critical for guiding treatment and improving prognosis [3].

Currently, New York Heart Association (NYHA cardiac functional classification) and left ventricular
ejection fraction (LVEF) are major clinical tools for assessing heart failure severity, yet both possess inherent
subjectivity and limitations. The NYHA classification largely depends on patients’ self-reported subjective
symptoms, yielding unsatisfactory inter-rater consistency; LVEF mainly reflects left-ventricular systolic
function and exhibits insufficient sensitivity for diastolic heart failure and early-stage heart failure [4]. Ac-
cordingly, identifying sensitive and specific biological markers to assist severity evaluation of heart failure
has become a hotspot in clinical research.

N-terminal pro-B-type natriuretic peptide (NT-ProBNP) is an inactive fragment derived from pro-
BNP. It is massively secreted into blood by ventricular myocytes under conditions of elevated cardiac load
and increased ventricular wall tension, and it serves as a vital biomarker for heart failure diagnosis and
prognostic assessment [5]. Multiple large-scale clinical studies have confirmed that NT-ProBNP level is pos-
itively correlated with heart failure severity and can reliably reflect cardiac functional status. Nevertheless,
single-marker detection is susceptible to multiple confounding factors and shows limitations in diagnostic
performance [6]. White blood cell count (WBC), a classic marker of inflammatory response, participates in
the pathogenesis of heart failure. Chronic inflammatory status drives myocardial remodeling and cardiac
function deterioration; elevated WBC may reflect inflammatory activation in heart failure patients [7]. Be-
yond its role in coagulation, platelet count (PLT) participates in pathophysiological processes of heart failure
by releasing diverse inflammatory mediators. Studies have demonstrated platelet activation and smooth-
muscle cell proliferation in heart failure populations [8]. D-dimer (D-Dimer), a degradation product of
cross-linked fibrinogen, mirrors in- vivo activation of coagulation and fibrinolytic systems. Due to decreased
cardiac output, venous congestion and endothelial dysfunction, heart failure patients frequently present hy-
percoagulable states; elevated D-Dimer is closely associated with severity and prognosis of heart failure [9].

Based on the above background, this study retrospectively analyzed laboratory data from heart failure
patients, and explored the value of combined NT-ProBNP, WBC, PLT and D-Dimer detection for severity
evaluation of heart failure, aiming to establish a more effective multi-marker assessment panel and furnish
references for early intervention and individualized management of heart failure.

2. MATERIALS AND METHODS
2.1. General Subjects

This retrospective analysis enrolled heart failure patients treated at Guangxi-ASEAN Economic and
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Technological Development Zone People’s Hospital (Nanning Tenth People’s Hospital) from January 2024
to June 2025.

Inclusion criteria: 1) Heart failure diagnosis conforms to criteria specified in Chinese Guidelines for
the Diagnosis and Treatment of Heart Failure (2024 Edition) [10];2) Age > 18 years old; 3) Complete clinical
data with simultaneous measurements of NT-ProBNP, WBC, PLT and D-Dimer.

Exclusion criteria: 1) Complicated acute myocardial infarction; 2) Complicated malignant tumors; 3)
Complicated severe infectious diseases; 4) Complicated autoimmune diseases; 5) Incomplete clinical rec-
ords.

Patients were stratified into NYHA class I-II group (n = 59) and NYHA class III-IV group (n = 139)
according to NYHA cardiac functional grading. This study protocol was approved by the Medical Ethics
Committee of Guangxi-ASEAN Economic and Technological Development Zone People’s Hospital (Nan-
ning Tenth People’s Hospital) (Approval No. [2026] 012). As this was a retrospective study using anony-
mized routine clinical data, the requirement for informed consent was waived by the Ethics Committee. All
patient data were de-identified prior to analysis to ensure confidentiality.

2.2. Research Methods

Demographic information (gender, age) and laboratory test results were retrospectively extracted from
hospital information system. Fasting peripheral venous blood samples were collected in early morning for
all subjects. NT-ProBNP, WBC, PLT and D-Dimer were assayed by automatic biochemical analyzer. All
experimental operations strictly followed instructions of instruments and assay kits to guarantee result reli-
ability.

Recruitment was conducted consecutively among all patients meeting the inclusion criteria during the
study period. Patients with repeat admissions were included only once, using data from their initial admis-
sion. Excluded records (n = 37) were omitted due to incomplete biomarker measurements or missing NYHA
functional classification. NYHA class was assigned by two board-certified cardiologists independently, with
discrepancies resolved by consensus. Functional classification was determined based on clinical assessment
performed at the time of hospital admission, prior to initiation of therapeutic interventions, and concur-
rently with blood sample collection to ensure temporal alignment between biomarker measurement and
functional status assessment.

2.3. Observation Indicators

1) Compare gender, age and laboratory parameters between NYHA class I-II group and NYHA class
II-IV group; 2) Perform multivariate logistic regression to analyze influencing factors for NYHA class III-
IV; 3) Construct receiver operating characteristic (ROC) curves to analyze predictive performance of single-
marker and combined-marker detection for heart failure severity; calculate area under curve (AUC), sensi-
tivity, specificity and optimal cut-off values.

2.4. Statistical Analysis

Statistical Package for Social Sciences 29.0 (SPSS 29.0) software was used for data processing. Normality
test was performed for quantitative data. Normally-distributed quantitative variables were expressed as
mean * standard deviation (X £ s ), and inter-group comparison adopted independent-sample ¢ test. Non-
normally-distributed quantitative data were presented as median (interquartile range, P25, P7s), and Mann-
Whitney U rank-sum test was used for group comparison. Categorical variables were described as case num-
ber and percentage (1, %), and chi-square (}’) test was applied for inter-group comparison. Multivariate
logistic regression was implemented to screen independent risk factors for NYHA class ITII-IV. NYHA class
III-IV was set as dependent variable (yes = 1, no = 0). Variables showing statistical significance in univariate
analysis together with age and gender were incorporated as independent variables for adjustment. ROC curves
were plotted to evaluate diagnostic efficiency, with AUC, 95% confidence interval (CI), sensitivity, specificity
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and optimal cut-off values computed. P < 0.05 was considered statistically significant.

3. RESULTS

3.1. Comparison of General Characteristics and Laboratory Indicators between Two Groups

No statistically significant inter-group differences were observed regarding gender (2> 0.05) and age
(P> 0.05). NT-ProBNP concentration was markedly higher in NYHA class III-IV group versus NYHA class
I-II group, showing highly statistical difference (P < 0.001). Statistically significant differences were also

detected for WBC, PLT and D-Dimer between two groups (£ < 0.05). See Table 1.

Table 1. Comparison of general data and laboratory indicators between the two patient groups.

. NYHA class I-II NYHA class III-IV
Indicator
(n = 59) (n =139)
Male 41 (69.49); Male 88 (63.31);
Gender (1, %) ale 41 ( ) ale 88 ( )
Female 18 (30.51) Female 51 (36.69)
Age 70.0 (60.0, 78.0) 75.0 (65.0, 82.0)
4284.00 8354.67
NT-ProBNP (pg/ml)
(1860.00, 8426.61) (4020.38, 16820.90)
WBC (x10°/L) 8.22 (6.56, 10.62) 7.15 (5.59, 8.74)
PLT (x10°/L) 197.00 (170.50, 261.00) 208.00 (172.00, 250.00)
Hb (g/L) 116.31 + 32.89 111.69 + 26.99
ALB (g/L) 36.20 (31.50, 39.15) 35.50 (31.10, 38.05)
CREA (pmol/L) 112.00 (80.00, 154.50) 111.00 (86.50, 167.00)
D-Dimer (pg/ml) 1.10 (0.60, 2.29) 1.53 (0.81, 2.48)

Statistic

P-value
value

¥ =0.125 0.724
z=1.586 0.113
z=-3.151 <0.001***

z = —2.547 0.011*
z=-2.255 0.024*
t=1.029 0.305
z =1.024 0.306
z=-0.739 0.459
z =-2.307 0.021*

Note: *P < 0.05, ***P< 0.001.

3.2. Multivariate Logistic Regression Analysis for NYHA Class III-1V

Taking NYHA class III-IV status as dependent variable, parameters with statistical significance in uni-
variate analysis (NT-ProBNP, WBC, PLT, D-Dimer), age and gender were imported into multivariate lo-
gistic regression model. The results indicated that elevated NT-ProBNP constituted an independent risk
factor for NYHA class III-IV (P < 0.05). WBC, PLT and D-Dimer were not independent risk factors (P>

0.05). See Table 2.

Table 2. Multivariate logistic regression analysis for factors contributing to NYHA class III-IV.

Factor B coefficient S. value Wald #* value OR (95% CI) P-value
Gender 0.312 — — — 0.578
Age 0.018 — — — 0.412
NT-ProBNP 0.00007 0.00003 4.444 1.000 (1.000 - 1.000) 0.035%*
WBC -0.029 0.051 0.321 0.972 (0.897 - 1.053) 0.571
PLT 0.00012 0.00025 0.23 1.000 (0.999 - 1.000) 0.631
D-Dimer 0.006 0.056 0.114 1.006 (0.906 - 1.116) 0.735

Note: * P < 0.05.
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3.3. Predictive Performance of Single-Marker and Combined-Marker Detection for Heart
Failure Severity

ROC curve analysis demonstrated that NT-ProBNP yielded an AUC of 0.663 for predicting heart failure
severity, with sensitivity 54.33%, specificity 73.47% and optimal cut-off value of 7663.00 pg/ml. AUC values
for WBC, PLT and D-Dimer were 0.385, 0.511 and 0.552 respectively. The combined panel of NT-ProBNP
+ WBC + PLT + D-Dimer achieved AUC = 0.663, sensitivity = 56.36%, specificity = 74.36%. See Figure 1
and Table 3. The sensitivity and specificity values reported herein were calculated based on the stated cutoff
values. The authors acknowledge that these percentages should correspond to integer classification counts
within the specified denominators (n = 59 for class I-II, n = 139 for class III-IV) and will verify the under-
lying counts and specify the actual denominators or estimation procedure used.

Regarding the combined model, the multivariate logistic regression model (Table 2) was used to derive
the combined prediction, incorporating NT-ProBNP, WBC, PLT and D-Dimer as independent predictors
along with age and gender as covariates. The operating threshold for the combined panel was selected using
the Youden index to maximize the sum of sensitivity and specificity. It should be noted that the reported
performance estimates were derived from the development cohort without internal validation (e.g., boot-
strapping or cross-validation), and thus may be optimistically biased. External validation in independent
cohorts is warranted before clinical implementation.

1.0
0.8 A
0.6
2
=
‘D
[=
[
n
0.4
0.2 7 / 7 = NT-ProBNP (AUC=0.663)
/ ,,/ - = WBC (AU(i=0.385)
/ P =« PLT (AUC=0.511)
7 «+++ D-Dimer (AUC=0.552)
combined
prediction (AUC=0.663)
00 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. ROC curve diagram (Caption description: ROC curves for NT-ProBNP (AUC = 0.663, blue
solid line), WBC (AUC = 0.385, red dashed line), PLT (AUC = 0.511, green dot-dash line), D-Dimer
(AUC = 0.552, magenta dotted line), combined prediction (AUC = 0.663, black solid line). X-axis: 1-
Specificity; Y-axis: Sensitivity.) Note: The AUC value for WBC reported in Table 3 (0.385) differs from
the visual representation in this figure, where the WBC curve approximates the chance diagonal (AUC
= 0.500). The authors acknowledge this discrepancy and will verify the underlying data and regenerate
the figure accordingly.
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Table 3. ROC-Derived parameters for single-marker and combined-marker detection predicting heart
failure severity.

Indicator AUC 95%CI Sensitivity (%)  Specificity (%)  Cut-off value
NT-ProBNP 0.663 0.592-0.734 54.33 73.47 7663.00 pg/ml
WBC 0.385 0.308 - 0.462 99.28 5.08 3.16 x 10°/L
PLT 0.511 0.434 - 0.588 69.06 42.37 178.00 x 10°/L
D-Dimer 0.552 0.473 -0.631 55.46 62.22 1.44 pg/ml
Combined prediction  0.663  0.594 - 0.732 56.36 74.36 —

4. DISCUSSION

Onset and progression of heart failure represent complex multifactorial pathophysiological processes,
where elevated ventricular wall tension, neuro-hormonal activation, inflammatory response and coagulation
abnormalities collectively facilitate disease advancement [11]. Owing to atypical early-stage clinical mani-
festations, many heart failure patients are diagnosed at moderate-to-advanced phases and miss optimal in-
tervention windows. Hence, identifying sensitive and specific biomarkers for severity stratification remains
a clinical priority.

Our results revealed significantly higher NT-ProBNP levels in NYHA class III-IV patients compared
with NYHA class I-II counterparts (£ < 0.001), consistent with multiple domestic and international investi-
gations [12]. NT-ProBNP is a biologically inactive N-terminal fragment hydrolyzed from pre-proBNP. It is
abundantly released by ventricular myocytes under augmented cardiac pressure and volume overload. With
a relatively long half-life (60 - 120 min), it is insensitive to acute hemodynamic fluctuation and can stably
reflect cardiac volume-pressure burden [13]. In this study, NT-ProBNP obtained AUC = 0.663 for heart-
failure-severity prediction (sensitivity 54.33%, specificity 73.47%), suggesting moderate evaluation efficacy.
Multivariate logistic regression further verified elevated NT-ProBNP as independently associated with NYHA
class ITI-IV (P < 0.05), in accordance with findings reported by Zhang et al. [14].

WBC is a canonical marker reflecting systemic inflammatory status. Reduced cardiac output and im-
paired tissue perfusion in heart failure trigger monocyte-macrophage cascade and release of multiple pro-in-
flammatory cytokines, giving rise to systemic inflammation [15]. Intriguingly, our study observed lower WBC
counts in NYHA class III-IV group than NYHA class I-II group (£ < 0.05). This counter-intuitive observa-
tion may stem from myelosuppression, nutritional consumption and immune dysfunction in advanced
heart-failure patients. Severe heart failure is frequently complicated by hypersplenism and suppressed bone-
marrow hematopoiesis, leading to diminished leukocyte production [16]. Multivariate logistic regression ex-
cluded WBC as an independent risk factor, indicating limited standalone clinical value for heart-failure-sever-
ity assessment.

Beyond physiological hemostasis, PLT releases platelet-derived growth factor (PDGF), thromboxane
A, (TXA;) and other bioactive substances to mediate vascular remodeling and inflammatory responses. Sym-
pathetic over-activation and renin-angiotensin-aldosterone system (RAAS) activation in heart-failure pa-
tients induce platelet activation and smooth-muscle cell proliferation [17]. Though inter-group PLT differ-
ence reached statistical significance (2 < 0.05), PLT was not confirmed as independent risk factor in multi-
variate regression, which implied that PLT should be interpreted in combination with other biomarkers
rather than used alone.

D-dimer originates from proteolysis of cross-linked fibrin and mirrors activation of coagulation-fibri-
nolysis cascades. Heart-failure patients commonly exhibit hypercoagulability secondary to low cardiac out-
put, venous stasis and endothelial injury [18]. In our cohort, NYHA class III-IV patients had higher D-
Dimer concentrations than NYHA I-1I patients (£ < 0.05), consistent with Li ef al. [19]. Increased D-Dimer
signals coagulation dysregulation and correlates with ventricular remodeling and poor prognosis. Nevertheless,
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D-Dimer failed to emerge as an independent risk factor in multivariate analysis, plausibly because D-Dimer
is interfered by age and multiple comorbidities.

In our research, the combined panel incorporating NT-ProBNP, WBC, PLT and D-Dimer yielded AUC
= 0.663, sensitivity = 56.36%, specificity = 74.36%. Notably, the combined panel yielded an identical AUC
of 0.663, demonstrating no improvement in discrimination over NT-ProBNP alone. This finding suggests
that the addition of WBC, PLT and D-Dimer does not enhance the predictive performance for heart failure
severity beyond NT-ProBNP alone. Small differences in sensitivity and specificity at separately selected
thresholds are unlikely to establish clinical superiority or justify routine adoption of the combined panel.
Recent studies have validated the merits of multi-marker panels for heart-failure risk stratification; for in-
stance, Wang et al. [20] reported that combination of NT-ProBNP, high-sensitivity cardiac troponin I and
GDEF-15 lifted AUC above 0.75 for heart-failure prognostic assessment, which aligns with our general con-
clusion.

NT-ProBNP remains the cornerstone biomarker for heart failure diagnosis and risk stratification.
While conventional laboratory indices such as WBC, PLT and D-Dimer are readily available and technically
convenient, the present data do not support their routine addition to NT-ProBNP for severity evaluation,
as the combined panel did not demonstrate improved discriminatory performance. Nevertheless, these read-
ily accessible markers may provide complementary pathophysiological information regarding systemic in-
flammation (WBC), platelet activation (PLT) and coagulation-fibrinolysis status (D-Dimer) that could in-
form broader clinical assessment when interpreted in conjunction with NT-ProBNP and other clinical pa-
rameters.

5. CONCLUSION

Elevated NT-ProBNP level is independently associated with NYHA class III-IV among heart failure
patients. The addition of WBC, PLT and D-Dimer to NT-ProBNP did not improve discriminatory accuracy
for heart failure severity assessment, as the combined panel achieved an AUC identical to that of NT-
ProBNP alone (0.663). These findings suggest that NT-ProBNP remains the principal biomarker for severity
evaluation, and routine addition of WBC, PLT and D-Dimer may not provide meaningful incremental di-
agnostic value. Further studies with larger cohorts and external validation are needed to confirm these ob-
servations.

6. STUDY LIMITATIONS

This investigation was a single-center retrospective study with limited sample size, which may restrict
generalizability of conclusions. Further multi-center prospective studies with larger cohorts are warranted
to validate our findings. Additionally, high-sensitivity cardiac troponin I (hs-cTnI), growth-differentiation
factor-15 (GDF-15) and other novel cardiac biomarkers were not incorporated in current analysis; future
research may integrate these markers to optimize prediction models for heart-failure severity.
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