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Abstract

Background: Inflammation and immune dysregulation play critical roles in the progression and prognosis of heart failure (HF). This study aimed to
investigate the prognostic value of the systemic immune-inflammation index (SlI) in patients with HF.

Methods: The SlI index (platelet count x neutrophil-to-lymphocyte ratio) was evaluated in two independent HF cohorts: Zigong Fourth People's
Hospital (ZIG-HF, N = 1,937) and the Medical Information Mart for Intensive Care HF database (MIMIC-HF, N = 1,177). Associations between Sl and
clinical outcomes, including all-cause mortality and hospitalization, were assessed using Cox regression analysis. Predictive performance was
evaluated using the concordance index (C-index), net reclassification improvement (NRI), and integrated discrimination improvement (IDI) in the
ZIG-HF cohort and externally validated in the MIMIC-HF cohort.

Results: In the ZIG-HF cohort, high Sl (=700) was significantly associated with increased all-cause mortality at 28 days (HR = 2.78, 95% Cl: 1.19-
6.46), 3 months (HR = 2.56, 95% CI: 1.15-5.69), and 6 months (HR = 2.26, 95% CI: 1.15-5.69). SlI alone showed modest predictive ability for
mortality in both cohorts (C-index: 0.654 in ZIG-HF; 0.680 in MIMIC-HF). Adding S| to the least absolute shrinkage and selection operator model
significantly improved prediction in the ZIG-HF (C-index: 0.738, NRI: 0.285), with external validation in the MIMIC-HF cohort (C-index: 0.732, NRI:
0.087, IDI: 0.087).

Conclusions: In patients with HF, elevated SlI levels are independently associated with increased mortality. Incorporating this index into predictive
models improves risk stratification for death.

Introduction

Heart failure (HF) is a syndrome characterized by impaired cardiac pumping function and inadequate cardiac output to meet the body’s basic
metabolic needs, with high incidence and mortality rates [1, 2]. Currently, more than 64 million individuals worldwide are living with HF [3]. It is
projected that the total medical expenses for HF patients will increase by $32.2 billion between 2012 and 2030 [4]. There is an urgent need to
develop prognostic biomarkers that can enable clinical doctors to identify high-risk patients promptly. Immune-inflammatory dysregulation, marked
by sustained cytokine overproduction (e.g., TNF-q, IL-6), aberrant leukocyte activation, and unresolved systemic inflammation, is increasingly
recognized as a central driver of chronic disease progression across multiple organ systems [5]. Currently, research has provided evidence linking
chronic inflammation and abnormal immune activation to the onset and progression of HF [6].

Studies have substantiated the significant roles of lymphocytes, neutrophils, and monocytes/macrophages in myocardial remodeling and the
development of HF [7]. Certain cytokines, including tumor necrosis factor (TNF)-q, Interleukin (IL)-1, and other factors, are linked to diminished
cardiac function, inducing cardiomyocyte hypertrophy and fibrosis, thereby indirectly fostering the progression of HF. Emerging evidence suggests
that inflammatory factors can function as biomarkers to predict poor prognosis in HF, offering novel insights into its treatment [8]. The systemic
immune-inflammation (SlI) index, calculated by multiplying the platelet count by the neutrophil count and dividing it by the lymphocyte count,
serves as a novel inflammatory marker [9] and has shown promise as a valuable tool for predicting survival outcomes in patients with diverse
cardiovascular diseases, such as coronary heart disease [10] and aortic valve stenosis [11]. However, evidence regarding the association between
the Sll index and prognosis in patients with HF remains limited. Accordingly, this study aimed to evaluate the prognostic value of Sll and its
incremental predictive utility for mortality in HF populations.

Materials and methods

Data sources

The study involved two independent HF datasets. The Zigong-HF study included data from electronic medical records of HF patients at Zigong
Fourth People’s Hospital, spanning from December 2016 to June 2019 [12] (hereafter referred to as the ZIG-HF cohort). The MIMIC-HF cohort was
derived from a retrospective analysis of the MIMIC-HF database in Dryad Dataset (https://doi.org/10.5061/dryad.0p2ngf1zd), including 1,177 HF
patients hospitalized in the intensive care units (ICU) extracted from the MIMIC-HF database (V.1.4, 2016) which is a publicly available critical-care
database containing de-identified data on 46,520 patients and 58,976 admissions to the ICU of the Beth Israel Deaconess Medical Center, Boston,
USA. The details of the study characteristics of the MIMIC-HF cohort can be found in the previous articles by Li et al. [13].

Study design, population, and outcomes

All patients included in the ZIG-HF cohort met the diagnostic criteria for HF according to the guidelines of the European Society of Cardiology 2016
[14]. All reported data were collected at the time of initial hospitalization, with follow-up commencing immediately after discharge. Data were
extracted from electronic records, reviewed by specialists for inconsistencies, and followed up at 28 days, 3 months, and 6 months via in-person
visits or telephone calls. In the present study, patients with missing exposure values (platelet, neutrophil, and lymphocyte), and patients with
acquired immune deficiency syndrome (AIDS), leukemia, malignant lymphoma, and solid tumors were excluded. Ultimately, 1,937 patients out of
2,008 patients were included for analysis, as depicted in Figure 1. The clinical endpoints in ZIG-HF included 28-day mortality, 3-month mortality,

Page 2/16



and 6-month mortality [12]. The outcomes were obtained from medical records or through mandatory follow-up visits at 28 days, 3 months, and 6
months via telephone calls.

The MIMIC-HF dataset was obtained from a public database of Dryad from Li et al. [13], which included 1,177 patients with a diagnosis of HF,
identified ICD-9 codes at the time of ICU admission, with available left ventricular ejection fraction (LVEF) or brain natriuretic peptide (BNP). The
outcome of the MIMIC-HF cohort was in-hospital mortality, defined as the vital status at the time of hospital discharge in survivors and non-
survivors.

Patients and/or the public were not directly involved in this study. All the data presented in this study were open-accessed from online databases,
which were approved by the review boards of the Massachusetts Institute of Technology and Beth Israel Deaconess Medical Center, and the
People’s Hospital of Zigong.

Exposure and co-variables

The baseline Sll index was calculated as the total peripheral platelet count (p) multiplied by the neutrophil-to-lymphocyte ratio (N/L) (Sl = px N/L
ratio). Co-variables such as age, gender, pulse, blood pressure, body mass index (BMI), New York Heart Association (NYHA) classification, and
laboratory values including hemoglobin, potassium, chloride, BNP, platelet count, neutrophil count, lymphocyte count, estimated glomerular
filtration rate (eGFR), albumin, low-density lipoprotein cholesterol (LDL-C), left ventricular ejection fraction (LVEF), high sensitivity troponin (Hs-
cTNT), as well as a record of co-morbidities including peripheral vascular disease, cerebrovascular disease, moderate to severe chronic kidney
disease, diabetes, connective tissue diseases, chronic obstructive pulmonary disease, congestive heart failure, and the use of medications such as
aspirin, atorvastatin, B-blockers, angiotensin-converting enzyme inhibitors (ACEI)/angiotensin receptor blockers (ARBs), diuretics and
mineralocorticoid receptor antagonists (MRA) were extracted for analysis.

Statistical analysis

The Sl index was categorized based on the median value of 700. Cox hazard regression expressed as hazard ratios (HRs) and their 95%
confidence intervals (Cls) was used to analyze the association between Sl index and outcomes in the ZIG-HF cohort, either category variable and
continuous analysis (Z-scores). The Cox proportional hazards assumption was tested through Schoenfeld residual testing. Adjustments for the
Cox models were selected based on clinical experience and established prognostic relevance (e.g., age, comorbidities). Two nested models were
constructed. The age, sex, and BMI were adjusted in the first model, the final model included age, sex, pulse rate, potassium levels, hemoglobin,
estimated glomerular filtration rate, presence of moderate to severe chronic kidney disease, diabetes, chronic obstructive pulmonary disease,
cerebrovascular disease, peripheral vascular disease, diastolic and systolic blood pressure, low-density lipoprotein cholesterol, use of B-blockers,
ACEI/ARB, diuretics, and BNP. Moreover, to adjust for the potential bias of confounding, an inverse probability of treatment weighting (IPTW)
analysis including all covariates of all baseline characteristics. After IPTW adjustment, all standardized differences were < 0.1 for all baseline
characteristics among high and low Sll index. (data not shown)

Then the predictive ability of the Sll index was tested in ZIG-HF and validated in the MIMIC-HF cohort, expressed as C-index. Finally, the C-index,
continuous net reclassification improvement (NRI) index, and integrated discrimination improvement (IDI) index were used to assess whether the
addition of the Sll index to a baseline model would enhance the predictive performance for mortality. Cls of C-index, NRI scores, and IDI scores
were computed by bootstrap resampling. The baseline predictive model was established using the Least Absolute Shrinkage and Selection
Operator (LASSO) method, a data-driven approach that enhances predictive accuracy by penalizing model complexity, thereby mitigating overfitting
risks. Specifically, baseline models included two predictor sets: 3 risk factors (eGFR, serum K+, BNP) and 6 risk factors (eGFR, serum K+, BNP, SBR,
sex, heart rate). The comparison of the C-index after Sl addition was computed by the methods of Delong et al. [15]. Statistical analyses were
conducted using R software (Version 4.2.2, R Foundation for Statistical Computing). A p-value <0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 1,937 patients with HF in the ZIG-HF were included in the association analysis (Figure 1). The baseline characteristics of these patients,
stratified by median Sl values (700), are presented in Table 1. The baseline characteristics indicated that patients with a high Sl index (Sl 700)
tended to be older, had a higher class of NYHA, and exhibited elevated levels of BNP, had a higher proportion of moderate to severe chronic kidney
disease, lower usage rates of diuretics, B-blockers, MRA, and ACE inhibitors or ARBs (P <0.05).

Association between Sll index and outcomes

During the 6-month follow-up period, the incidence rates of all-cause mortality were as follows: 1.86% (N = 36) for 28-day mortality, 2.01% (N = 39)
for mortality at 3 months, and 2.79% (N = 54) for mortality at 6 months (Table 2). The survival curve showed that patients with high Sll index values
experienced more deaths (log-rank P = 0.001) than those with lower Sl index values (Figure 2A). The cumulative incidence of hospitalization
crossed at approximately 30 days: the high-SII group showed a higher incidence in the early period, while the low-SII group exhibited a higher
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incidence thereafter (log-rank P = 0.026) (Figure 2B). In unadjusted analysis, high SIl was associated with a lower risk of hospitalization at 3
months (HR = 0.879, 95% CI: 0.736-1.051, P = 0.016) (Supplemental Table S1). However, this association did not remain significant after
multivariable adjustment, suggesting that the observed difference was largely driven by baseline confounders. The higher mortality in the high-SlI
group (Table 2) may also represent a competing risk that limits the occurrence of subsequent hospitalizations.

Unadjusted analysis showed that patients with high SII (SIl 2700) were associated with an increased risk of 28-day mortality (HR = 4.20, 95% Cl:
1.84 - 9.59), 3-month mortality (HR = 3.80, 95% CI: 1.74 - 8.30), and 6-month mortality (HR = 3.81,95% CI: 1.75 - 8.31), all of their P-value < 0.01.
With adjustments for age, sex, pulse rate, potassium, hemoglobin, estimated glomerular filtration rate, moderate to severe chronic kidney disease,
diabetes, chronic obstructed pulmonary disease, cerebrovascular disease, peripheral vascular disease, diastolic blood pressure, systolic blood
pressure, low density lipoprotein cholesterol, B-blockers, ACEI/ARB, diuretics, and BNP, high Sl index were associated with 28-days mortality (HR =
2.78,95% Cl: 1.19 - 6.46), 3-months (HR = 2.56, 95% Cl: 1.15 - 5.69) and 6-months mortality (HR = 2.26, 95% CI: 1.15 - 5.69), all of their P-value <
0.05 (Table 2).

Additional predictive ability of the Sll index in predicting mortality

We assessed the predictive ability for mortality of the Sll index in two ZIG-HF and MIMIC-HF cohorts. Sll index showed a low predictive ability for 6-
month mortality in ZIG-HF (C-index: 0.654, 95% Cl: 0.571 - 0.736) and MIMIC-HF cohort (C-index: 0.680, 95% Cl: 0.632 - 0.725). A traditional
predictive model was developed with model1 (eGFR, serum K+, BNP) and model2 (eGFR, serum K+, BNP, SBP, sex, heart rate) by the LASSO method
(Figure 3A&B). Addition of the SlI index to the LASSO models significantly improved the C-index for 6-month mortality in the ZIG-HF cohort
(C-index increased from 0.708 to 0.736, P = 0.031 for model with 3 risk factors; from 0.711 to 0.738, P = 0.023 for model with 6 risk factors), along
with significant improvements in continuous NRI (both P < 0.05), although the IDI did not reach statistical significance (Figure 3C&D and Table 3).
These improvements in predictive ability were validated by C-index (P < 0.001), NRI (P < 0.02), and IDI (P < 0.02) in the MIMIC-HF cohort (Table 4
and Figure 4).

Discussion
Major findings

This HF cohort study showed that the Sll index was independently associated with death in patients with HF. Although the Sll index alone showed
modest discriminative ability for mortality, its addition to conventional prognostic factors significantly improved the predictive performance in two
independent HF cohorts. These results showed that the SIl index may be a new predictor for mortality in patients with HF.

A variety of pro-inflammatory cytokines and inflammatory mediators have been identified as factors for the incidence and prognosis of HF [16].
These cytokines can affect various aspects of heart function, including heart contractility, hypertrophy, apoptosis, and fibrosis. This leads to
ongoing changes in the structure and function of the heart, known as myocardial remodeling [17,18]. The SlI index, calculated from platelet counts
and the neutrophil-to-lymphocyte ratio, serves as a clinical marker of a patient’s inflammatory and immune status in various diseases [19]. The link
between elevated Sll index and various adverse clinical outcomes has been established. For instance, the interplay between systemic
inflammation and local immune response is recognized as the seventh hallmark of cancer, playing a significant role in the initiation, progression,
and metastasis of various cancer types [20, 21]. Meanwhile, the Sl index provided additional predictive ability of major cardiovascular events than
traditional risk factors in coronary artery disease following coronary intervention [10]. However, the studies on the Sll index and HF are relatively
sparse. Our study revealed that higher Sll index values upon admission were independently associated with mortality in patients with HF, as
determined by NRI and IDI in two independent cohorts. In the ZIG-HF cohort, the significant NRI indicated that the Sll index improved risk
reclassification, particularly in identifying high-risk subgroups, whereas the non-significant IDI suggested limited improvement in overall risk
discrimination across the entire population (Table 3). Notably, both NRI and IDI were significant in the external validation cohort (Table 4),
supporting the incremental prognostic value of SIl when combined with conventional risk factors. Our findings may indicate that systemic
inflammation, as measured by SlI, predominantly modifies risk trajectories in patients with HF rather than uniformly shifting risk probabilities for all
patients. Therefore, we suggest that the SIl may be a new predictor of prognosis in patients with HF.

Since infections are a common cause of HF hospitalizations and have an impact on the SlI index, this study did not exclude participants who had
acute infections. Nevertheless, it is questionable whether the Sll index responds to the status of the infection or to the baseline inflammatory
immune level of the patient. Combined with the fact that there was also a difference in the number of leukocytes at our baseline level (although
they were in the normal range). However, the relationship between the Sll index and prognosis cannot be analyzed by infection stratification due to
the lack of pathogenetic indicators, such as CRP, blood cultures, chest CT scans, and other indicators of lung infection. This needs to be discussed
in light of the currently available literature.

The HR for mortality gradually decreased from 28 days to 6 months, suggesting that the prognostic strength of baseline Sl may attenuate over
time. This trend is consistent with the interpretation of Sll as an acute-phase inflammatory marker, whose predictive utility might be more
pronounced for short-term outcomes. Nevertheless, the association remained statistically significant at 6 months, and the addition of Sl
significantly improved the predictive performance of conventional models for 6-month mortality. These findings indicate that Sll retains meaningful
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prognostic value beyond the acute phase. Whether its predictive utility extends beyond 6 months warrants further investigation in future
prospective studies. Notably, the divergent trends between all-cause mortality and hospitalization events (Figure 2) may reflect distinct underlying
mechanisms. While our study assessed all-cause hospitalizations as secondary outcomes, emerging evidence suggests heart failure-specific
endpoints (e.g., HF-related rehospitalization or worsening HF episodes) may better reflect disease progression and therapeutic response [22, 23].
The stronger association of Sl with mortality could be attributed to its role in capturing systemic inflammatory burden leading to irreversible organ
damage (e.g., myocardial fibrosis or renal dysfunction) [24], whereas the weaker correlation with hospitalization events might be amplified by the
heterogeneity of non-HF admissions in our composite endpoint.

Potential mechanism

The potential mechanism of the Sll index may be an indicator of inflammation. Significant increases in circulating pro-inflammatory cytokines are
commonly observed in patients with HF [25, 26]. Moreover, various studies using experimental animal models of HF, induced by diverse
pathophysiological disturbances, have shown that inhibiting pro-inflammatory cytokine signaling can yield beneficial effects [27-29]. Extensive
clinical and experimental research data suggest that inflammatory cytokines and chemokines are crucial in the development of myocardial
dysfunction and adverse cardiac remodeling [30]. The potential mechanism may involve fibrogenic response, proliferation of activated fibroblasts,
and deposition of extracellular matrix activated by pro-inflammatory cytokines.

The differential predictive power of Sl for mortality versus hospitalization may stem from their distinct pathophysiological drivers. For HF-specific
hospitalizations driven by volume overload or hemodynamic compromise, inflammatory activation might play a secondary role compared to
neurohormonal mechanisms [31]. Elevated SlI reflects sustained systemic inflammation that directly contributes to terminal organ damage
through multiple pathways: neutrophil extracellular traps (NETs) promote myocardial apoptosis [32], platelet activation accelerates microvascular
thrombosis [33], and lymphopenia indicates impaired adaptive immunity against persistent inflammatory stimuli [34, 35]. These processes
culminate in irreversible outcomes like sudden cardiac death or multiorgan failure, which dominate mortality endpoints [36, 37]. In contrast,
hospitalization events are frequently driven by acute triggers (e.g., pneumonia, arrhythmias) where transient SlI elevations may be masked by
therapeutic interventions or lack temporal alignment with biomarker measurement timing [38, 39]. This dichotomy aligns with prior observations
that inflammatory markers like CRP show stronger mortality prediction than readmission risk in heart failure populations [40, 41].

Comparisons with previous studies

A retrospective cohort study involving 4606 subjects revealed that elevated SlI effectively predicted heightened mortality rates at 30 days, 90 days,
and during hospitalization, along with an increased risk of major adverse cardiovascular events in critically ill patients with HF [42]. Zheng et al.
demonstrated a significant positive correlation between Sll levels and the prevalence of HF [43]. Additionally, a cross-sectional study indicated a
positive association between S| levels and HF prevalence, revealing a non-linear relationship between Sll and HF incidence [44]. Notably, there is a
scarcity of studies on the association between the Sll index and HF, particularly in China. Our study encompassed two independent cohorts of HF
patients, revealing an independent association between the Sll index and mortality post-adjustment. Furthermore, the inclusion of the Sll index in
our baseline prognostic model enhanced the predictive accuracy of mortality in HF patients.

Limitations

Nevertheless, it is important to recognize certain limitations. Firstly, due to the nature of retrospective design, a causal relationship between the SlI
and HF cannot be established. Second, the number of studies investigating the SlI in relation to HF is limited. Consequently, there is a need for
large-scale clinical studies in the future to better understand this relationship. Third, given that the SlI fluctuates throughout a patient’s
hospitalization, utilizing the average Sl during admission may be a reasonable approach. Fourthly, database limitations precluded the inclusion of
critical variables such as the use of other statins, C-reactive protein (CRP) levels, prior HF hospitalization history, and detailed hospitalization
records (e.g., admission reasons and cause of mortality), which may confound outcome interpretation. Fifth, the relatively low 6-month mortality in
our cohort (2.79%) compared to national Chinese HF data (30-day: 2.4%; 1-year: 13.7%) [45] likely reflects selection bias and cultural factors
affecting mortality documentation. This discrepancy underscores the need for caution when extrapolating our findings to broader HF populations.
Future studies should focus on: (1) implementing more robust mortality tracking mechanisms, particularly for terminally ill patients who return
home; (2) incorporating multicenter data to improve population representativeness; (3) adopting prospective designs to systematically document
end-of-life care decisions. Sixth, the use of all-cause hospitalization as an endpoint rather than HF-specific events may have diluted the observed
associations, as non-cardiac admissions (e.g., infections) with distinct inflammatory profiles were included [46]. Seventh, our findings are derived
solely from hospitalized HF patients and may not extrapolate to outpatient populations, warranting future studies to address this gap. Notably, the
limited events relative to adjusted variables (particularly in Model llI's 18 covariates) and baseline imbalances in key factors (e.g., age) may risk
overfitting, despite mitigation via inverse probability treatment weighting and multi-model validation. Finally, insufficient phenotypic data precluded
assessment of SlI effects across HF subtypes.

Conclusion
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In this study involving two independent cohorts of patients with heart failure, the Sll index was independently associated with all-cause mortality,
with consistent findings across short-term (28 days) and intermediate-term (3 months and 6 months) follow-up. Although Sl alone exhibited
modest discriminative ability for mortality, its addition to conventional risk models significantly improved risk reclassification and overall predictive
performance, as demonstrated by significant improvements in C-index and NRI, with external validation in the MIMIC-HF cohort supporting the
robustness of these findings. Notably, the association between Sl and all-cause hospitalization was less consistent and largely attenuated after
multivariable adjustment, likely reflecting competing risk from the substantially higher mortality in the high-SIl group and the heterogeneity of
hospitalization events. These results suggest that SlI, as an easily obtainable and cost-effective inflammatory marker, may serve as a
complementary tool for identifying heart failure patients at elevated risk of death, particularly when integrated into existing risk stratification
models. However, given the retrospective design and the lack of detailed infection-related and HF-specific outcome data, the causal relationship
and the optimal time window for SIl assessment remain to be clarified. Future prospective studies with longer follow-up periods, standardized
serial SIl measurements, and HF-specific endpoints are warranted to further validate the clinical utility of SII in guiding individualized management
of HF.

Non-standard Abbreviations and Acronyms

Abbreviations  Full name

ACEI Angiotensin-converting enzyme inhibitors
AIDS Acquired Immune Deficiency Syndrome
ARBs Angiotensin receptor blockers

Cls confidence intervals

eGFR estimated glomerular filtration rate

HF heart failure

HRs hazard ratios

ICU intensive care units

IDI index Integrated Discrimination Improvement Index
IL-1 Interleukin-1

IPTW inverse probability of treatment weighting
LDL-C low-density lipoprotein cholesterol

LVEF left ventricular ejection fraction

NRI index net reclassification improvement index
BNP Brain natriuretic peptide

NYHA New York Heart Association

Sl systemic immune-inflammation

TNF-a tumor necrosis factor-a

Declarations

Ethics approval and informed consent

Patients and/or the public were not directly involved in this study. All the data presented in this study were open-accessed from online databases,
which was approved by the review boards of the Massachusetts Institute of Technology and Beth Israel Deaconess Medical Center and the
People’s Hospital of Zigong.

Clinical trial number
Not applicable.
Consent for publication
Not applicable.

Data availability

Page 6/16



The MIMIC-HF dataset is publicly available via Dryad (https://doi.org/10.5061/dryad.0p2ngf1zd). The ZIG-HF cohort data have been deposited in
Figshare (Machine-accessible metadata file describing the reported data: 10.6084/m9.figshare.13064054) and are fully described in the following
publication: Zhang Z, Cao L, Chen R, et al. Electronic healthcare records and external outcome data for hospitalized patients with heart failure.
Scientific Data 2021;8(1):46. Please note that the ZIG-HF data can also be accessed via PhysioNet (https://physionet.org/content/heart-failure-
zigong/1.3/). The data that support the findings of this study are available from the corresponding author upon reasonable request.

Fundings

This work was supported by the National Natural Science Foundation of China (N0.82360162 to P.Y., No. 82560383 to J.Z.); the Natural Science
Foundation of Jiangxi Province (No. 20252BAC240555 to PY., No. 20252BAC200505 to J.Z.); the Jiangxi Provincial Thousand Talents Plan (No.
jxsq2023201105 to P.Y.); and the China Foundation for International Medical Exchange (No. Z-2017-26-2402 to P.).

Competing interests
All authors declare that they have no conflicts of interest.
Authors’ contributors

Wenting Wang and Xiao Liu were responsible for the entire project and revised the draft. Xiao Liu, Menglu Liu, and Jiang Cheng conducted the
research selection, data extraction, statistical analysis, and data interpretation. Jing Zhang, Chenming Guo, Yujie Zhao, and Ayiguli Abudukeremu
drafted the first edition of the manuscript. Peng Yu, Jie Chen, Wengen Zhu, and Zenghui Zhang plotted the graphs. All authors participated in the
interpretation of the results and prepared the final version of the manuscript.

Acknowledgments

The authors used Al-assisted language tools (grammar and proofreading) during the preparation of this manuscript. All generated content was
reviewed and approved by the authors.

References

1. Tanai E, Frantz S: Pathophysiology of Heart Failure. Comprehensive Physiology 2015, 6(1):187-214.
2. Dunlay SM, Roger VL, Redfield MM: Epidemiology of heart failure with preserved ejection fraction. Nature reviews Cardiology 2017,
14(10):591-602.
3. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS: Global burden of heart failure: a comprehensive and updated review
of epidemiology. Cardiovascular research 2023, 118(17):3272-3287.
4. Ziaeian B, Fonarow GC: Epidemiology and aetiology of heart failure. Nature reviews Cardiology 2016, 13(6):368-378.
5. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, Ferrucci L, Gilroy DW, Fasano A, Miller GW et al: Chronic inflammation in
the etiology of disease across the life span. Nat Med 2019, 25(12):1822-1832.
6. Murphy SP, Kakkar R, McCarthy CP, Januzzi JL, Jr.: Inflammation in Heart Failure: JACC State-of-the-Art Review. Journal of the American
College of Cardiology 2020, 75(11):1324-1340.
7.Li H, Chen C, Wang DW: Inflammatory Cytokines, Inmune Cells, and Organ Interactions in Heart Failure. Frontiers in physiology 2021,
12:695047.
8. Chen D, Assad-Kottner C, Orrego C, Torre-Amione G: Cytokines and acute heart failure. Critical care medicine 2008, 36(1 Suppl):S9-16.
9. Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, Liu Y, Chen J: Association between Systemic Immunity-Inflammation Index and
Hyperlipidemia: A Population-Based Study from the NHANES (2015-2020). Nutrients 2023, 15(5).
10. Yang YL, Wu CH, Hsu PF, Chen SC, Huang SS, Chan WL, Lin SJ, Chou CY, Chen JW, Pan JP et al: Systemic immune-inflammation index (SlI)
predicted clinical outcome in patients with coronary artery disease. European journal of clinical investigation 2020, 50(5):e13230.
11. Erdogan M, Oztiirk S, Kardesler B, Yigitbasi M, Kasapkara HA, Bastug S, Erdél MA, Akar Bayram N, Akcay M, Durmaz T: The relationship
between calcific severe aortic stenosis and systemic immune-inflammation index. Echocardiography (Mount Kisco, NY) 2021, 38(5):737-744.
12. Zhang Z, Cao L, Chen R, Zhao Y, Lv L, Xu Z, Xu P: Electronic healthcare records and external outcome data for hospitalized patients with heart
failure. Scientific data 2021, 8(1):46.
13. Li F, Xin H, Zhang J, Fu M, Zhou J, Lian Z: Prediction model of in-hospital mortality in intensive care unit patients with heart failure: machine
learning-based, retrospective analysis of the MIMIC-I11l database. BMJ Open 2021, 11(7):e044779.

14. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA et al: 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. European journal of heart failure 2016, 18(8):891-975.

Page 7/16



15.

16.

17

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

DelLong ER, DeLong DM, Clarke-Pearson DL: Comparing the areas under two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988:837-845.

Bozkurt B, Mann DL, Deswal A: Biomarkers of inflammation in heart failure. Heart failure reviews 2010, 15(4):331-341.

. Aukrust P, Yndestad A, Damas JK, Gullestad L: Inflammation and chronic heart failure-potential therapeutic role of intravenous

immunoglobulin. Autoimmunity reviews 2004, 3(3):221-227.

Yan Z, Qi Z, Yang X, Ji N, Wang Y, Shi Q, Li M, Zhang J, Zhu Y: The NLRP3 inflammasome: Multiple activation pathways and its role in primary
cells during ventricular remodeling. Journal of cellular physiology 2021, 236(8):5547-5563.

Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou J et al: Systemic immune-inflammation index predicts prognosis
of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res 2014, 20(23):6212-6222.

Crusz SM, Balkwill FR: Inflammation and cancer: advances and new agents. Nature reviews Clinical oncology 2015, 12(10):584-596.

Diakos Cl, Charles KA, McMillan DC, Clarke SJ: Cancer-related inflammation and treatment effectiveness. The Lancet Oncology 2014,
15(11):e493-503.

Collins SP, Jenkins CA, Harrell FE, Jr., Liu D, Miller KF, Lindsell CJ, Naftilan AJ, McPherson JA, Maron DJ, Sawyer DB et al: Identification of
Emergency Department Patients With Acute Heart Failure at Low Risk for 30-Day Adverse Events: The STRATIFY Decision Tool. JACC Heart
Fail 2015, 3(10):737-747.

Patorno E, Pawar A, Franklin JM, Najafzadeh M, Déruaz-Luyet A, Brodovicz KG, Sambevski S, Bessette LG, Santiago Ortiz AJ, Kulldorff M et al:
Empagliflozin and the Risk of Heart Failure Hospitalization in Routine Clinical Care. Circulation 2019, 139(25):2822-2830.

Zhang Q, Chen YE, Zhu XX, Wang X, Qu AJ: [The role of inflammation in heart failure with preserved ejection fraction]. Sheng Li Xue Bao 2023,
75(3):390-402.

Levine B, Kalman J, Mayer L, Fillit HM, Packer M: Elevated circulating levels of tumor necrosis factor in severe chronic heart failure. The New
England journal of medicine 1990, 323(4):236-241.

Sanders-van Wijk S, van Empel V, Davarzani N, Maeder MT, Handschin R, Pfisterer ME, Brunner-La Rocca HP: Circulating biomarkers of distinct
pathophysiological pathways in heart failure with preserved vs. reduced left ventricular ejection fraction. European journal of heart failure
2015,17(10):1006-1014.

Bujak M, Dobaczewski M, Chatila K, Mendoza LH, Li N, Reddy A, Frangogiannis NG: Interleukin-1 receptor type | signaling critically regulates
infarct healing and cardiac remodeling. The American journal of pathology 2008, 173(1):57-67.

Frangogiannis NG, Dewald O, Xia Y, Ren G, Haudek S, Leucker T, Kraemer D, Taffet G, Rollins BJ, Entman ML: Critical role of monocyte
chemoattractant protein-1/CC chemokine ligand 2 in the pathogenesis of ischemic cardiomyopathy. Circulation 2007, 115(5):584-592.

Sun M, Chen M, Dawood F, Zurawska U, Li JY, Parker T, Kassiri Z, Kirshenbaum LA, Arnold M, Khokha R et al: Tumor necrosis factor-alpha
mediates cardiac remodeling and ventricular dysfunction after pressure overload state. Circulation 2007, 115(11):1398-1407.

Hanna A, Frangogiannis NG: Inflammatory Cytokines and Chemokines as Therapeutic Targets in Heart Failure. Cardiovascular drugs and
therapy 2020, 34(6):849-863.

Gaggin HK, Januzzi JL, Jr.: Biomarkers and diagnostics in heart failure. Biochim Biophys Acta 2013, 1832(12):2442-2450.

Li C, Xing Y, Zhang Y, Hua Y, Hu J, Bai Y: Neutrophil Extracellular Traps Exacerbate Ischemic Brain Damage. Mol Neurobiol 2022, 59(1):643-
656.

Borissoff JI, Joosen IA, Versteylen MO, Brill A, Fuchs TA, Savchenko AS, Gallant M, Martinod K, Ten Cate H, Hofstra L et al: Elevated levels of
circulating DNA and chromatin are independently associated with severe coronary atherosclerosis and a prothrombotic state. Arterioscler
Thromb Vasc Biol 2013, 33(8):2032-2040.

Li R, Xiong Y, Ma L, Peng C, Qi S, Gao R, Wang P, Li F, Li J, Li Q et al: Neutrophil extracellular traps promote macrophage inflammation in
psoriasis. Clin Immunol 2024, 266:110308.

Jorch SK, Kubes P: An emerging role for neutrophil extracellular traps in noninfectious disease. Nat Med 2017, 23(3):279-287.

Zymlinski R, Sokolski M, Biegus J, Siwotowski P, Nawrocka-Millward S, Sokolska JM, Dudkowiak M, Marciniak D, Todd J, Jankowska EA et al:
Multi-organ dysfunction/injury on admission identifies acute heart failure patients at high risk of poor outcome. Eur J Heart Fail 2019,
21(6):744-750.

Gheorghiade M, Follath F, Ponikowski P, Barsuk JH, Blair JE, Cleland JG, Dickstein K, Drazner MH, Fonarow GC, Jaarsma T et al: Assessing and
grading congestion in acute heart failure: a scientific statement from the acute heart failure committee of the heart failure association of
the European Society of Cardiology and endorsed by the European Society of Intensive Care Medicine. Eur J Heart Fail 2010, 12(5):423-433.
Vazir A, Cowie MR: Assessing Acute Decompensated Heart Failure - Strategies and Tools. European Cardiology 2012;8(2):128-33 2012.
Adamson PB: Pathophysiology of the transition from chronic compensated and acute decompensated heart failure: new insights from
continuous monitoring devices. Curr Heart Fail Rep 2009, 6(4):287-292.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Jr., Drazner MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL et al: 2013 ACCF/AHA
guideline for the management of heart failure: a report of the American College of Cardiology Foundation/American Heart Association Task

Page 8/16



Force on Practice Guidelines. J Am Coll Cardiol 2013, 62(16):e147-239.

41. Angermann CE, Stork S, Gelbrich G, Faller H, Jahns R, Frantz S, Loeffler M, Ertl G: Mode of action and effects of standardized collaborative
disease management on mortality and morbidity in patients with systolic heart failure: the Interdisciplinary Network for Heart Failure (INH)
study. Circ Heart Fail 2012, 5(1):25-35.

42.Tang Y, Zeng X, Feng Y, Chen Q, Liu Z, Luo H, Zha L, Yu Z: Association of Systemic Immune-Inflammation Index With Short-Term Mortality of
Congestive Heart Failure: A Retrospective Cohort Study. Front Cardiovasc Med 2021, 8:753133.

43. Zheng H, Yin Z, Luo X, Zhou Y, Zhang F, Guo Z: Associations between systemic immunity-inflammation index and heart failure: Evidence from
the NHANES 1999-2018. Int J Cardiol 2024, 395:131400.

44. Xiao S, Wang Z, Zuo R, Zhou Y, Yang Y, Chen T, Liu N: Association of Systemic Immune Inflammation Index with All-Cause, Cardiovascular
Disease, and Cancer-Related Mortality in Patients with Cardiovascular Disease: A Cross-Sectional Study. J Inflamm Res 2023, 16:941-961.

45. Austin PC: An Introduction to Propensity Score Methods for Reducing the Effects of Confounding in Observational Studies. Multivariate
Behav Res 2011, 46(3):399-424.

46. Ibrahim NE, Song Y, Cannon CP, Doros G, Russo P, Ponirakis A, Alexanian C, Januzzi JL, Jr.: Heart failure with mid-range ejection fraction:
characterization of patients from the PINNACLE Registry®. ESC Heart Fail 2019, 6(4):784-792.

Tables

Table 1. Baseline characteristics of the study population by systemic immune-inflammation index
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Sll index

Length of hospital stays, days

Age, years

<70

270

Female

Pulse rate, bpm
SBP, mmHg

DBP, mmHg

BMI, kg/m2
NYHA class

Il

m

I\

Laboratory values
Hemoglobin, g/L
Potassium, mmol/L
Chloride, mmol/L
BNP, ng/ml

WBC, 10°/L
Platelet, 10°/L
Neutrophil, 10°/L

Lymphocyte, 10°/L

eGFR, ml/min*1.73m2

Albumin

LDL-C

Hs-cTNT
Echocardiographic
LVEF

LVEDD

E/A

Co-morbidities

Peripheral vascular disease

Cerebrovascular disease

Diabetes

COPD

Congestive Heart Failure

Moderate to severe chronic kidney disease

Medications

SI1 <700
(N=968)

410.45 (278.71-546.66)

10 (9)

288 (29.75%)
680 (70.25%)
415 (42.87%)
82.48 (21.10)
129.30 (23.40)
76.13 (14.01)
22.01 (13.45)

175 (18.08%)
527 (54.44%)
266 (27.48%)

117.09 (24.02)
3.95 (0.63)

103.65(99.90-106.63)
731.08 (293.93-1589.19)

5.92 (2.17)
118.78 (44.66)
4.06 (1.64)

1.27 (0.65)
72.36 (36.42)
37.03 (4.71)
1.81(0.75)
0.04 (0.02-0.09)

51 (40-62)
53.63 (11.11)
0.98 (0.64-1.59)

48 (4.96%)
80 (8.26%)
211 (21.80%)
112 (11.60%)
895 (92.4%)
198 (20.48%)
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SIl 2700
(N=969)

1295.00 (909.58-2126.92)

10 (8)

233 (24.05%)
736 (75.95%)
393 (40.56%)
87.73 (21.60)
132.88 (25.89)
76.81 (14.97)
21.60 (14.29)

157 (16.20%)
475 (49.02%)
337 (34.78%)

113.23 (24.91)
4.01(0.77)

101.30 (97.60-104.90)
791.86 (324.67-1896.77)

8.66 (3.92)
172.01 (70.72)
7.20 (3.63)
0.80 (0.44)
65.04 (36.52)
36.14 (5.11)
1.90 (0.75)
0.07 (0.03-0.15)

51 (42-60)
52.68 (10.80)
1.06 (0.68-1.65)

46 (4.75%)
65 (6.71%)
240 (24.77%)
113 (11.7%)
908 (93.8%)
255 (26.34%)

p -value

<0.001
0.266
0.005

0.302
<0.001
0.002
0.625
0.004
0.002

<0.001
0.468

<0.001
0.027

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.011

<0.001

0.984
0.123
0.593

0.829
0.193
0.122
0.944
0.244
0.002




Aspirin 455 (47.00%) 478 (49.38%) 0.295
Atorvastatin 380 (39.26%) 416 (42.98%) 0.096
B-blockers 288 (29.75%) 220 (22.73%) <0.007
ACEI/ARB 405 (41.84%) 336 (34.71%) 0.001

Diuretics 944 (97.52%) 912 (94.21%) <0.001
MRA 905 (93.40%) 868 (89.76%) 0.004

Note: Data are expressed as mean (SD), median (interquartile range) and numbers (percentage) as appropriate, and are derived from admission.

SBP = systolic blood pressure; DBP= Diastolic blood pressure; BMI = body mass index; DM = diabetes mellitus; NYHA = New York Heart
Association; BNP = brain natriuretic peptide; eGFR = estimated Glomerular Filtration Rate; LDL-C = low density lipoprotein cholesterol; Hs-cTNT =
high sensitivity troponin; LVEF = left ventricular ejection fraction; LVEDD = left ventricular end diastolic diameter; E/A = early to late diastolic mitral
inflow velocity ratio; COPD = chronic obstructive pulmonary disease; ACEIl = angiotensin converting enzyme inhibitor; ARB = angiotensin Il receptor
blockers; MRA = mineralocorticoid receptor antagonists.

Table 2. Association of the systemic immune-inflammation index (SIl index) with all-cause mortality in patients with heart failure

Outcomes

28 days mortality
Sll index <700
Sll index 2700

Per 1 SD

3 months mortality

Sllindex <700

Sll index 2700

Per 1 SD

6 months mortality

Sllindex <700

Sllindex 2700

Per 1 SD

Case/N

36(1.86%)
7 (0.72%)
29(2.99%)

39 (2.01%)
8 (0.83%)
31 (3.20%)

54(2.79%)
15(1.55%)
39(4.03%)

Model |
HR (95%Cl)
p

Reference
4.20(1.84-9.59)
0.0006
1.43(1.26-1.62)
<0.0001

Reference
3.80(1.74-8.30)
0.0007
1.41(1.25-1.61)
<0.0001

Reference
3.81(1.75-8.31)
0.0008
1.44(1.27-1.64)
0.0001

Model Il
HR (95%Cl)
p

4.22(1.84-9.63)
0.0006
1.46(1.28-1.66)
<0.0001

3.83(1.76-8.38)
0.0007
1.44(1.27-1.64)
<0.0001

3.83(1.75-8.37)
0.0007
1.42(1.25-1.61)
<0.0001

Model I11
HR (95%Cl)
p

2.78(1.19-6.46)
0.0018
1.40(1.20-1.63)
<0.0001

2.56(1.15-5.69)
0.021
1.40(1.20-1.63)
<0.0001

2.26(1.15-5.69)
0.0208
1.40(1.20-1.63)
<0.0001

IPTW matched

3.19(1.18-8.59)
0.022

2.94(1.18-7.37)
0.020

1.97(1.02-3.78)
0.042

Note: Model | was an unadjusted model.
Model Il was adjusted for age, sex, and BMI.

Model Il was adjusted for age, sex, pulse rate, potassium, hemoglobin, estimated glomerular filtration rate, moderate to severe chronic kidney
disease, diabetes, chronic obstructive pulmonary disease, cerebrovascular disease, peripheral vascular disease, diastolic blood pressure, systolic
blood pressure, low Density lipoprotein cholesterol, B-blockers, ACEI/ARB, diuretics, and BNP.
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Table 3. C-index, NRI, and IDI for evaluating improvement to predict 6-month mortality after adding Sl to the baseline model in patients with
heart failure, testing cohort (ZIG-HF cohort)

Sll index

LASSO
model

(3 risk
factors)

Sll index
+ LASSO
model

(3 risk
factors)

LASSO
model
$6 risk
actors)

Sll index
+ LASSO
model

(6 risk
factors)

C-index
(95%Cl)
0.654

(0.571-
0.736)

0.708
(0.631-
0.785)
0.736
(0.662-
0.802)
0.711

(0.636-
0.782)

0.738

(0.676-
0.802)

P
value

Ref

0.031

Ref

0.023

Sensitivity

0.519

0.629

0.611

0.695

0.779

Specificity  Accuracy

0.773

0.716

0.766

0.629

0.609

0.7666

0.5527

0.7922

0.5172

0.6722

Positive-
Ll

2.2919

1.7904

2.9369

1.6572

2.1408

Negative-
R

0.6223

0.3399

0.5104

0.3643

0.4414

NRI (%)
(95%Cl)

Ref

0.280
(0.260-

0.3970)

Ref

0.285(0.001-
0.016)

P
value

Ref

0.033

Ref

0.040

IDI (%)
(95%Cl)

Ref

0.001
(-0.006-
0.011)

Ref

-0.001

(-0.016-
0.013)

)

value

Ref

0.571

Ref

0.990

Note: 3 risk factors: eGFR, potassium, BNP, 6 risk factors: eGFR, potassium, BNP, heart rate, SBP, gender.

Cl = confidence interval; NRI = net reclassification improvement; IDI = the integrated discrimination improvement.

Table 4. C-index, NRI and IDI for evaluating improvement to predict 6-months mortality after adding Sll to baseline model in patients with heart
failure, validated cohort (MIMIC-HF cohort)

Sll index

LASSO
model

(3 risk
factor)

LASSO
model (3
risk
factors) +
Sll index

LASSO
model

(6 risk
factors)

LASSO
model (6
risk
factors) +
Sl index

C-index

(95%
Cl)

0.680

(0.632-
0.725)

0.619
(0.569-
0.668)
0.703
(0.659-
0.750)
0.682
(0.634-
0.733)
0.732

(0.689-
0.769)

P

value

Ref

<0.001

Ref

<0.001

Sensitivity  Specificity

0.556

0.409

0.521

0.497

0.653

0.757

0.783

0.809

0.776

0.706

Accuracy Positive-
LR

0.729 2.288

0.731 1.883

0.769 2.734

0.736 2.211

0.699 2.220

Negative- NRI (%)
LR
(95%Cl)
0.586 -
0.755 Ref
0.592 0.139
(0.052-
0.226)
0.649 Ref
0.492 0.087
(0.017-
0.156)

P
value

Ref

0.002

Ref

0.015

IDI (%)
(95%Cl)

Ref

0.139
(0.052-
0.226)

Ref

0.087

(0.017-
0.157)

P
value

Ref

0.002

Ref

0.015
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Note: 3 risk factors: eGFR, potassium, BNP, 6 risk factor: eGFR, potassium, BNP, heart rate, SBP, gender.

Cl = confidence interval; NRI = net reclassification improvement; IDI = the integrated discrimination improvement.

Figures
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Conclusion:
Among patients hospitalized with chronic HF, a higher Sll index was associated

with all-cause mortality. Addition of the Sl index may provide improvement
reclassification of mortality.

Figure 1

Workflow and major finding of this study.

Note: HF = heart failure; AIDS = acquired immune deficiency syndrome; SlI = systemic immune-inflammation index; ZIG-HF = HF patients at Zigong
Fourth People’s Hospital; MIMIC = medical information mart for intensive care; LASSO = least absolute shrinkage and selection operator; NRI = net

reclassification improvement; IDI = integrated discrimination improvement.
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Figure 2

Kaplan-Meier survival curve for chronic heart failure across the dichotomization of the SlI.

Note: Sl = systemic immune-inflammation index.
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Figure 3

Prediction comparison of the LASSO model and the LASSO+SIl model for 6-month mortality in patients with chronic HF in the ZIGHF cohort. A:
Association between the coefficient of variables and (A). Each line corresponded to one distinct variable. Along with the increasing log (), the
coefficient of the variable tended to be close to 0. B: The selection of an applicable model. We plotted the misclassification versus Log (A). C:
Prediction comparison of the LASSO model (3 risk factors) and the LASSO+SII model via C-index. D: Prediction comparison of the LASSO model (6
risk factors) and the LASSO+SIl model via C-index.

Note: LASSO = least absolute shrinkage and selection operator; Sl = systemic immune-inflammation index; HF = heart failure.
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Validation of prediction ability for death by comprising the LASSO+SIl model and the LASSO model in patients with chronic HF in the MIMIC-HF
cohort.

A: Prediction comparison of the LASSO model (3 risk factors) and the LASSO+SII model via the C-index. B: Prediction comparison of the LASSO
model (6 risk factors model) and the LASSO+SII model via C-index.

Note: LASSO = least absolute shrinkage and selection operator; Sll = systemic immune-inflammation index; HF = heart failure.
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