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Background: The systemic immune-inflammation index (SII), a novel inflammatory index integrating neutrophil, platelet, and
lymphocyte counts, predicts outcomes in several cardiovascular diseases, yet its role in heart failure with preserved ejection fraction
(HFpEF) remains unclear. We therefore investigated the prognostic value of SII in HFpEF patients and compares its performance
against other inflammatory markers, including systemic inflammation response index (SIRI), neutrophil-to-lymphocyte ratio (NLR)
and C-reactive protein (CRP).

Methods: We retrospectively analyzed a cohort of 316 patients with HFpEF diagnosed between January 2017 and January 2021. All-
cause mortality, cardiovascular mortality and HF rehospitalization were assessed over a median follow-up of 24 months. Net
reclassification improvement (NRI) and integrated discrimination improvement (IDI) were employed to evaluate the comparative
prognostic performance of SII against SIRI, NLR and CRP.

Results: Logistic regression models revealed that each 100-unit increase in SII was independently associated with elevated risks of
cardiovascular mortality (OR:1.321, 95% CI:1.191-1.467, P<0.001) and HF rehospitalization (OR:1.168, 95% CI:1.098-1.241,
P<0.001), but not with all-cause mortality (P>0.05). SII demonstrated superior prognostic performance compared to SIRI, NLR and
CRP both in cardiovascular mortality (NRI range: 0.798-1.097; IDI range: 0.094-0.142, all P<0.05) and HF rehospitalization (NRI
range: 0.254-0.455; IDI range: 0.016—0.066, all P<0.05). However, SII provided no incremental utility for all-cause mortality (P>0.05).
Conclusion: SII emerges as a superior predictor of adverse cardiovascular outcomes in HFpEF compared to conventional inflam-
matory markers, supporting its use for risk stratification and as a potential therapeutic guide. Nevertheless, its association with all-
cause mortality remains limited.
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Introduction
The global burden of heart failure (HF) continues to escalate, as evidenced by epidemiological surveillance data from
European cohorts indicating an annual incidence of approximately 5 cases per 1000 person-years, with an estimated
1-2% of adults currently affected by HF. Heart failure with preserved ejection fraction (HFpEF) accounts for approxi-
mately 50% of HF cases.' Given the progressive aging of the population, coupled with improved management of
cardiovascular disease, HFpEF is projected to become the predominant HF subtype globally in coming decades.’
Systemic low-grade inflammatory state is a key driver in the pathogenesis and progression of HFpEF through
several classic inflammation pathways. NLRP3 inflammasome activation promotes the release of IL-1p and IL-18,
whereas TNF-o/NF-«B signaling reduces nitric oxide bioavailability and protein kinase G activity, leading to titin
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hypophosphorylation. Simultaneously, myeloperoxidase exacerbates oxidative stress and further depletes nitric
oxide further impairing endothelial function. Together, these pathways induce cardiomyocyte hypertrophy, myocar-
dial fibrosis, endothelial and microvascular dysfunction, ultimately culminating diastolic dysfunction.*”
Interleukin-6 (IL-6), a classic inflammatory cytokine, impairs cardiac relaxation by downregulating sarcoplasmic
reticulum Ca**-ATPase, thereby reducing calcium release.® In addition, IL-6 promotes increased myocardial stiff-
ness by inducing microvascular inflammation and reducing titin phosphorylation.” Clinical investigations have
revealed a significant association between circulating inflammatory biomarkers and HFpEF prevalence.®®’
Elevated levels of inflammatory biomarkers, correlate with increased risks of all-cause and cardiovascular mortality
in HFpEF patients.”'%!!

Systemic immune-inflammation index (SII), as a novel and readily available inflammatory index, has been validated
as a prognostic indicator for all-cause mortality in breast cancer cohorts.'? Within cardiovascular field, emerging
evidence confirms the utility of SII in predicting disease severity and adverse outcomes in patients with coronary artery
disease (CAD)," as well as stratifying risks of atrial fibrillation (AF), ventricular tachycardia and bradycardia.'®
However, the prognostic value of SII in HFpEF remains unexplored, representing a critical knowledge gap in cardio-
inflammatory research.

To address this critical knowledge gap, we conducted a retrospective cohort study to assess SII for predicting all-
cause mortality, cardiovascular mortality and HF rehospitalization in HFpEF patients, with direct comparisons to
conventional inflammatory markers: C-reactive protein (CRP), systemic inflammation response index (SIRI) and

neutrophil-to-lymphocyte ratio (NLR).

Methods

Study Population

This single-center retrospective study consecutively recruited patients diagnosed with HFpEF at the Department of
Cardiovascular Medicine, Sun Yat-sen Memorial Hospital between January 2017 and January 2021. Inclusion criteria required:
Age >18 years; Confirmed HFpEF diagnosis meeting ESC 2021 criteria:' (1) Symptom and signs of HF; (2) Left ventricular
ejection fraction (LVEF)>50%; (3) Objective evidence of cardiac structural and/or functional abnormalities consistent with the
presence of LV diastolic dysfunction/raised filling pressures including raised natriuretic peptide. Exclusion criteria comprised:
Progression to heart failure with reduced ejection fraction (HFrEF) during follow-up; Presence of active infection at admission;
Pre-existing hematological diseases that could confound the calculation of inflammatory indices; Incomplete baseline clinical
data and Loss to follow-up. After screening, a total of 316 patients were included.

Clinical Data Collection and Calculation

Baseline clinical characteristics and medication regimens were collected via the electronic medical record system. SII
was calculated using the first complete blood count obtained within the first 24 hours of admission, calculated as platelet
countxneutrophil count/ lymphocyte count. Similarly, SIRI was derived as neutrophil countxmonocyte/lymphocyte count
and NLR as neutrophil count/lymphocyte count. All cell counts are reported in 10°/L.

Study Endpoints

Patients were followed up for a median of 24 months (12,39). The primary endpoints were all-cause mortality,
cardiovascular mortality and HF rehospitalization. Endpoint adjudication was performed independently by two clinicians
blinded to the inflammatory markers, following the criteria in Supplementary Material 2. Any discrepancies were

resolved by a third senior clinician.

Ethics Statement

This retrospective cohort study was conducted in accordance with the Declaration of Helsinki and was approved by the
Institutional Review Board of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University (2025-SSKY-092). Due to the
retrospective nature of the study and the use of anonymized patient data, the requirement for written informed consent
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was waived by the ethics committee. All data were de-identified prior to analysis to ensure patient confidentiality. The
reporting of this study adheres to the RECORD (REporting of studies Conducted using Observational Routinely-
collected health Data) guideline, and the completed checklist is available as Supplementary Material 1.

Statistical Analysis

Continuous variables were expressed as mean + standard deviation (SD) or median (interquartile range [IQR]), with
categorical variables presented as frequencies (%). Group comparisons used independent #-tests or Mann—Whitney
U-tests for continuous variables, and y’-tests for categorical variables. The primary variable of interest was SII. Based

on established HFpEF prognosis literature and guideline,''

we pre-specified four key covariates for adjustment: age,
sex, NT-proBNP, and LVEF All variables were included in multivariable logistic regression models without selection.
Due to the non-normal distribution of SII, SIRI, and NLR, we have applied natural log-transformation to all these
inflammatory markers prior to inclusion in the models. The models were used to estimate independent associations with
all-cause mortality, cardiovascular mortality, and HF rehospitalization, with results reported as odds ratios (ORs) and
95% confidence intervals (CIs). Model discrimination was assessed using the area under the receiver operating
characteristic curve (AUC), and goodness of fit was summarized with Nagelkerke’s R?. To assess the robustness of
variable selection, we performed LASSO regression as a sensitivity analysis. Variable selection stability was evaluated
across 50 repetitions of 5-fold cross-validation, with selection frequency recorded for each predictor. The final model was
tuned using the lambda.min criterion. Internal validation was carried out via bootstrapping with 200 resamples to
compute optimism-corrected AUC with 95% CI and quantify overfitting.

Base model incorporated baseline characteristics (age, sex, hypertension, diabetes mellitus, CAD, valvular heart
disease and AF) and diagnostic parameters (NT-proBNP, left ventricular end-diastolic dimension (LVEDD), LVEF) as
predictors, with the occurrence of endpoints as the outcome. To further validate the superior predictive performance of
SII compared to CRP, SIRI and NLR, four models were built: Model 1 added SII as a new independent variable in the
base model while Model 2—4 added SIRI, NLR and CRP respectively. Model performance was comparatively
evaluated using Net Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI). The
NRI evaluates the correct reclassification of subjects into risk categories, while the IDI reflects the overall improve-
ment in separation between events and non-events. We applied the Benjamini—-Hochberg false discovery rate (FDR)
procedure to adjust P-values for NRI and IDI, accounting for multiple comparisons across the four models and three
clinical endpoints.

All analyses were conducted using R 4.4.0. The primary R packages utilized included: stats, glmnet, pROC, boot,
PredictABEL, nricens, riskRegression, ggplot2 and patchwork. Statistical significance was set at two-tailed P< 0.05.

Results

Study Population and Outcomes
Among 316 enrolled patients with HFpEF (mean age 73.1 = 10.3 years; 47.2% male), SII levels were significantly
elevated in those with hypertension (63.6% prevalence), CAD (50.9%), valvular heart disease (38.3%) and diabetes
mellitus (29.1%) compared to patients without these comorbidities (all P<0.05). A similar but non-significant trend was
observed for AF (64.9%). Median NT-proBNP levels were elevated at 1744.0 pg/mL (820.3, 3188.0). Inflammatory
markers were generally elevated: SII 630.4 (401.8, 960.6), SIRI 1.4 (0.9, 2.4), NLR:3.0 (2.0, 4.5), and CRP: 19.7 £
12.1 mg/L. At discharge, B-blockers were the most common medication (56.0%), followed by ACEI/ARB/ANRI
(44.3%), mineralocorticoid receptor antagonists (41.5%), and SGLT2 inhibitors (2.5%). Echocardiography confirmed
preserved systolic function (LVEF 62.9 + 7.2%), with LVEDD of 49.2 + 5.9 mm.

During a median follow-up of 24 (12, 39) months, 74 patients (23.4%) experienced all-cause mortality, with
cardiovascular mortality and in-hospital mortality accounting for 35.1% and 9.5%, respectively. HF rehospitalization
occurred in 113 patients (35.8%).
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Figure | Receiver operating characteristic (ROC) curves demonstrating the discriminatory capacity of the Systemic immune-inflammation index (Sll), C-reactive protein

(CRP), systemic inflammation response index (SIRI) and neutrophil-to-lymphocyte ratio (NLR) for (A) all-cause mortality; (B) cardiovascular mortality and (C) heart failure
rehospitalization.

SIl and Clinical Endpoints

For cardiovascular mortality, SII demonstrated superior prognostic performance (Corrected-AUC:0.831, 95% CI:
0.739-0.905; P<0.001), with an optimal cutoff >826.42 providing 88.5% sensitivity and 72.8% specificity. Predictive
capacity remained significant for HF rehospitalization (Corrected-AUC:0.686, 95% CI: 0.616-0.751, P<0.001; cutoff
>808.33; sensitivity 54.0%, specificity 78.3%). In contrast, SII lacked prognostic utility for all-cause mortality
(Corrected-AUC:0.532, 95% CI: 0.473—-0.597; P=0.970) (Figure 1 and Table 1).

Based on clinical considerations, we conducted a logistic regression model incorporating age, sex, NT-proBNP, LVEF
and SII. Each 100-unit increase in SII was associated with a 32.1% higher risk of cardiovascular mortality (OR:1.321,
95% CI:1.191-1.467, P<0.001) and a 16.8% increase risk in HF rehospitalization (OR:1.168, 95% CI:1.098-1.241,
P<0.001). However, no significant association was observed between SII and all-cause mortality (OR 0.996, 95% CI:
0.939-1.056, P = 0.894) (Table 2 and Figure 2A). To illustrate its clinical relevance, an increase in SII from the 25th to

Table | Discriminatory Performance of Inflammatory Markers for Clinical Outcomes

Original-AUC | Corrected-AUC | Corrected-95% Cl | P value | Cut-off | Sensitivity | Specificity | Youden

All-cause mortality

N 0.501 0.532 0.473-0.597 0.970 31855 28.4% 88.4% 0.168
SIRI 0.544 0.551 0.489-0.629 0.249 2.03 40.5% 73.1% 0.137
NLR 0.528 0.536 0.461-0.619 0.460 5.37 25.7% 87.2% 0.129
CRP 0.508 0.526 0.472-0.583 0.829 39.70 6.8% 99.6% 0.063

Cardiovascular mortality

NI 0.828 0.831 0.739-0.905 <0.001 826.42 88.5% 72.8% 0.612
SIRI 0.794 0.796 0.695-0.875 <0.001 2.13 76.9% 76.2% 0.531
NLR 0.762 0.764 0.660-0.855 <0.001 391 73.1% 71.4% 0.445
CRP 0.642 0.643 0.520-0.745 0.017 24.55 57.7% 65.9% 0.236

Heart failure rehospitalization

Sli 0.685 0.686 0.616-0.751 <0.001 808.33 54.0% 78.3% 0.323
SIRI 0.666 0.667 0.601-0.719 <0.001 1.46 66.4% 63.5% 0.299
NLR 0.680 0.680 0.611-0.742 <0.001 351 56.6% 73.9% 0.305
CRP 0.543 0.548 0.489-0.594 0.202 18.55 55.8% 53.2% 0.090
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Table 2 Multivariate-Adjusted Logistic Regression
Analysis for Clinical Outcomes

Logistic Regression Model

aOR 95% CI P
All-cause mortality
In-SlI 0.973 | 0.650-1.447 | 0.894
Male 2411 1.395—4.238 0.002
Age (year) 1.057 | 1.027-1.090 | <0.001
NT-proBNP/100 (pg/mL) | 1.003 | 0.998-1.008 0.237
LVEF (%) 0.997 | 0.960-1.035 0.088

Cardiovascular mortality

In-SlI 6.639 | 3.391-14.140 | <0.001
Male 1921 | 0.755-5.118 | 0.176
Age (year) 1.068 | 1.016-1.129 | 0014
NT-proBNP (pg/mL) 1.006 | 1.000-1.012 | 0.049
LVEF (%) 1.008 | 0.944-1.078 | 0.080

HF Rehospitalization

In-SlI 2.866 | 1.915-4.416 | <0.001
Male 0.642 | 0381-1.070 | 0.091
Age (year) 1.042 | 1.015-1.070 | 0.002
NT-proBNP (pg/mL) 1.007 | 1.002-1.014 | 0017
LVEF (%) 1.004 | 0.969-1.041 | 0.08I

Abbreviation: In-SIl: Natural log-transformation to Systemic Immune-
Inflammation Index.

the 75th percentile corresponded to a higher risk of cardiovascular mortality (OR 3.325, 95% CI: 2.122-5.211) and HF
rehospitalization (OR 1.951, 95% CI: 1.498-2.541).

Sensitivity analyses confirmed the robustness of these findings. LASSO regression with stability selection demon-
strated SII as a consistently selected predictor for both cardiovascular mortality and HF rehospitalization (Figure 2C).
Bootstrap internal validation indicated minimal model overfitting, with optimism-corrected AUC values closely approx-

imating original estimates. (Figure 2B).

Incremental Predictive Value of Sl

We evaluated the incremental prognostic value of SII by constructing a series of models. Although the AUC for Model 1
(incorporating SII) was numerically higher for cardiovascular mortality and HF rehospitalization, the differences
compared to other models did not reach statistical significance (Table 3). However, Model 1 demonstrated significantly
superior performance in risk reclassification and discrimination for adverse cardiovascular outcome compared to all other
models, as evidenced by statistically significant improvements in both the NRI and IDI (all P<0.05, Table 3). In contrast,
Model 1 provided no significant predictive improvement for all-cause mortality compared to any of the comparison
models (all P>0.05, Table 4).

Discussion

Our study confirmed that. SII — a composite inflammatory marker derived from platelet, neutrophil, and lymphocyte
counts— exhibits superior predictive capacity for cardiovascular mortality and HF rehospitalization compared to SIRI,
NLR and CRP. Notably, this represents the first validation of SII’s prognostic value in HFpEF populations. However, SII
shows limited predictive capacity for all-cause mortality.
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Figure 2 Predictive performance of the systemic immune-inflammation index (Sll) in heart failure with preserved ejection fraction (HFpEF). (A) Multivariable-adjusted
associations (odds ratios) of Sl and clinical variables with adverse outcomes. (B) Model performance metrics, including original and bootstrap-corrected area under the
curve (AUC). (C) Stability of variable selection across bootstrap resamples using LASSO regression.
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Table 3 Area Under the Curve (AUC) Values for the Base Model and Models Incorporating Inflammatory Markers in HFpEF

Model | Base Model P, Model 2 Py Model 3 P3 Model 4 P,
AUC 95% CI AUC 95% CI AUC 95% CI AUC 95% ClI AUC 95% CI
All-cause Mortality 0.733 0.665-0.801 0.733 0.665-0.801 0.641 0.734 0.666-0.801 0.712 0.733 0.665-0.801 0.967 0.733 0.665-0.801 0.702
Cardiovascular Mortality 0.895 0.837-0.954 0.803 0.712-0.895 0.033 0.862 0.794-0.931 0.153 0.850 0.779-0.921 0.054 0.823 0.737-0.910 0.068
HF rehospitalization 0.801 0.751-0.852 0.776 0.724-0.828 0.158 0.783 0.732-0.835 0.143 0.797 0.746-0.847 0.581 0.777 0.725-0.828 0.155

Note: P-values (DelLong test, two-sided) for AUC comparisons of Model | against the Base Model (P|) and against Models 2—4 (P,-Py).
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Table 4 Superior Reclassification Performance of the Systemic Immune-Inflammation Index (SIl) Over Conventional Inflammatory
Markers in HFpEF

NRI P value FDR-corrected IDI P value FDR-corrected
P value P value

Model | vs Base model

All-cause mortality —0.044(—0.303-0.214) 0.737 0.777 0(0.001-0.001) 0.730 0.749
Cardiovascular mortality 0.929(0.562-1.297) <0.001 <0.001 0.161(0.067-0.255) 0.001 0.002
HF rehospitalization 0.463(0.239-0.687) <0.001 <0.001 0.066(0.036—0.097) <0.001 <0.001
Model | vs Model 2

All-cause mortality —0.139(-0.399-0.121) 0.294 0.392 0(—0.004-0.002) 0.530 0.706
Cardiovascular mortality 0.798(0.428—1.168) <0.001 <0.001 0.094(0.026-0.163) 0.007 0.012
HF rehospitalization 0.410(0.184-0.635) <0.001 0.001 0.042(0.019-0.065) <0.001 0.001
Model | vs Model 3

All-cause mortality 0.080(—0.178-0.337) 0.545 0.654 0(—0.003-0.002) 0.651 0.749
Cardiovascular mortality 1.097(0.759—1.435) <0.001 <0.001 0.097(0.039-0.155) 0.001 0.002
HF rehospitalization 0.254(0.026-0.482) 0.029 0.044 0.016(—0.001-0.034) 0.007 0.010
Model | vs Model 4

All-cause mortality —0.038(—0.298-0.223) 0.777 0.777 0(0.001-0.001) 0.749 0.749
Cardiovascular mortality 0.874 (0.506—1.243) <0.001 <0.001 0.142(0.063-0.221) <0.001 0.001
HF rehospitalization 0.455(0.231-0.679) <0.001 <0.001 0.066(0.036—0.096) <0.001 <0.001

Notes: Base model incorporated baseline characteristics (age, sex, hypertension, diabetes mellitus, CAD, valvular heart disease and AF), diagnostic parameters (NT-proBNP,
left atrial diameter, left ventricular end-diastolic dimension and left ventricular ejection fraction as predictors, with the occurrence of endpoints as the outcome. Model | added
Sll as a new independent variable in the base model while Model 2—4 added SIRI, NLR and C-reactive protein respectively. FDR: Benjamini-Hochberg false discovery rate.

A key strength of this study lies in its methodologically rigorous approach to establishing the prognostic value of SII.
Unlike conventional analyses that may be susceptible to variable selection bias or overfitting, we pre-specified our adjustment

variables based on established literature'*"3

and further validated our findings through advanced statistical techniques. For
cardiovascular outcomes, the consistent selection of SII by LASSO regression with stability analysis underscores its role as
a robust predictor. Furthermore, the bootstrap internal validation for these endpoints demonstrated minimal overfitting,
indicating that the model’s performance is likely to generalize to the real-world HFpEF populations. In summary, these
comprehensive statistical strategies enhance the utility of SII as a biomarker for cardiovascular risk stratification.

Systemic inflammation is recognized as one of the central mechanisms of HFpEF initiation and progression, with
comorbidities serving as key drivers of this inflammatory state. Through impaired microvascular endothelial function,
promoted myocardial fibrosis, and altered cardiomyocyte metabolism, systemic inflammation ultimately increases
myocardial stiffness and leads to diastolic dysfunction.”>*'® In line with this pathophysiological mechanism, our findings
show that patients with a higher burden of comorbidities exhibit elevated SII levels. Our study demonstrates that SII
exhibits strong performance in predicting cardiovascular mortality in HFpEF (AUC 0.831), significantly outperforming
its predictive ability in mixed HF and CAD cohort (AUC 0.575 and 0.590, respectively).'”'® These comparisons suggest
that systemic inflammation may play a more central role in adverse prognosis in HFpEF compared to HFrEF and CAD.

Conventional inflammatory indices, including CRP, SIRI and NLR, have well-established prognostic value in
HFpEE.'*!"2! However, our study confirms that SII offers a distinct prognostic advantage: although its addition to
the base model did not improve the AUC, it yielded statistically significant NRI and IDI for predicting adverse
cardiovascular outcomes compared with conventional inflammatory markers. These results indicate that the incremental
prognostic value of SII lies primarily in enhancing model calibration and enabling individualized risk stratification,
underscoring its clinical relevance for personalized risk assessment and management. The SII offers a prognostic
advantage by integrating three key pathological pathways. First, neutrophils induced microvascular endothelial inflam-
mation through the release of reactive oxygen species, enzymatic cascades, and neutrophil extracellular traps.** Second,
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lymphocytes coordinate antigen-specific immune responses. Th2 cell differentiation upregulate the profibrotic cytokines
IL-4 and IL-13, which potently stimulate fibroblast collagen synthesis and promote myocardial fibrosis.** Third, Aging
platelets, which upregulate immunoreceptors such as CLEC-2, CD36, CD40L and ICAM-1, directly facilitate platelet-
leukocyte interactions and enhance the formation of platelet-leukocyte aggregates. Concurrently, these platelets shift
toward a procoagulant phenotype marked by increased phosphatidylserine (PS) exposure. The resulting PS"/P-selectin”
platelets then act as a catalytic surface for thrombin generation, thereby functionally linking inflammation and coagula-
tion. Furthermore, upon activation, ageing platelets release an array of bioactive mediators (eg, P-selectin, CD40L, and
chemokines such as RANTES) from their a-granules, recruiting neutrophils and monocytes to sites of vascular injury and
amplifying the inflammatory response,”**> These mechanisms mentioned above enable SII to holistically assess the
“inflammation-thrombosis-immunity” network dysregulation of HFpEF, which is not offered by SIRI or NLR (which
omit platelet counts) or by CRP. Consistent with this, prior studies about CAD have also established the significantly
superior predictive value of SII over SIRI, NLR and CRP.*®

ROC analysis revealed closely aligned SII cutoffs for cardiovascular mortality (826.42) and HF rehospitalization
(808.33). Patients with SII levels above this threshold should be classified as high-risk for adverse cardiovascular events.
For this population, in addition to receiving guideline-directed therapies (eg SGLT2 inhibitors) and comprehensive
comorbidity management, ongoing monitoring of inflammatory status and targeting anti-inflammatory interventions (eg
IL-1B and IL-6 inhibition) may represent novel therapeutic strategies in HFpEF management.

Notably, SII demonstrated limited prognostic capacity for all-cause mortality, a finding potentially mediated through
competing non-cardiovascular deaths prevalent in HFpEF population. These findings underscore the necessity for
phenotype-specific inflammatory profiling targeting distinct mortality pathways.

Limitation

This study has several limitations. The single-center retrospective design can only identify associations but cannot
establish causality between SII and adverse cardiovascular outcomes in HFpEF. In addition, the absence of serial
monitoring of dynamic SII changes as well as adjustments to classes and dosages of HF medications may limit the
generalizability of our findings. Future large-scale prospective clinical studies are required to validate these conclusions.
Whether SII-guided anti-inflammatory strategies can improve clinical outcomes in HFpEF patients represents a critical
direction for future investigations.

Conclusion

SII, integrating neutrophil, lymphocyte, and platelet counts, outperforms conventional inflammatory indices in predicting
cardiovascular-specific adverse outcomes in HFpEF patients, supporting its utility for risk stratification and potential as
a therapeutic target, despite its limited association with all-cause mortality.
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