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Abstract
Objective: This study aimed to assess the prognostic significance of the Systemic Immune-Inflammatory Index (SII) in
chronic heart failure (CHF) patients and evaluate its potential as a predictive biomarker.
Methods: A retrospective analysis was conducted on 2748 CHF patients from the First Affiliated Hospital of Xinjiang
Medical University from 2012 to 2022. The primary outcome was all-cause mortality (ACM), with readmission rates as
secondary endpoints. An optimal SII cutoff value of 916.68 was determined for predicting ACM.
Results: Elevated SII levels were significantly correlated with an increased risk of ACM in CHF patients across all left
ventricular ejection fraction (LVEF) categories. The high SII group had a 43.8% increased risk of ACM compared to the
low SII group.
Conclusion: SII is a significant prognostic biomarker in CHF, independent of traditional risk factors, highlighting its
importance in risk stratification and clinical decision-making, and necessitating further investigation in prospective
studies.
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Introduction
Over the past two decades, the prevalence of cardiovascu-
lar disease (CVD) has been on a relentless rise, and its
mortality rates have surpassed those of cancer, posing a
substantial threat to human health.1 Chronic heart failure
(CHF), the terminal stage of most cardiovascular diseases,
is characterized by impaired systolic and/or diastolic func-
tions of the heart due to various chronic factors, leading to
venous congestion and inadequate arterial perfusion. This
results in an inability to meet the body’s circulatory de-
mands, with typical clinical manifestations including dys-
pnea, fatigue, and tissue edema. Given the high incidence
and mortality rates of CHF and its generally poor progno-
sis,2 the use of reliable laboratory markers to predict the
mortality risk in CHF patients is of crucial importance.
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Such markers can guide early treatment strategies and fa-
cilitate medical decision-making.3

Investigations have revealed numerous pathophysio-
logical processes involved in the development and pro-
gression of CHF, among which inflammation plays a
crucial role.4,5 The onset of CHF often triggers a series
of inflammatory responses. Initially, the body’s immune
cells are activated, leading to increased levels of
pro-inflammatory cytokines and activation of the comple-
ment system. Subsequently, numerous autoantibodies are
generated and the expression of adhesion molecules in-
creases, collectively exacerbating the systemic inflamma-
tory environment characteristic of CHF. Therefore,
biomarkers reflecting immune responses are beneficial
for both clinical diagnosis and prognosis.6 Recognizing
the limitations of traditional single serum markers in pre-
dicting the progression of CHF, Hu et al introduced a no-
vel predictive index, the Systemic Immune-Inflammation
Index (SII), through a prospective cohort study in 2014.7

The SII has been proven to be a valuable prognostic indi-
cator in oncology and other inflammatory conditions, at-
tracting significant attention and inspiring extensive
research.8,9

Extensive research on CVD has revealed associations
between certain CVDs and the SII. For example, a study
by Wang et al10 published in 2024 showed that elevated
levels of SII are positively associated with an increased
risk of heart failure. Huang et al11 investigated the correl-
ation between SII and the short-term and long-term prog-
noses of elderly patients with acute myocardial infarction
(AMI) who underwent percutaneous coronary intervention
(PCI). Their findings identified SII as a significant inde-
pendent predictor of in-hospital mortality, as well as major
adverse cardiovascular and cerebrovascular events
(MACCE) during the hospital stay, and long-term mortal-
ity and MACCE in AMI patients. Peng et al12 also ex-
plored this relationship in a retrospective study of 707
patients with cardiogenic shock (CS), suggesting that SII
could be an independent predictor of poor short-term or
long-term outcomes in CS patients.

Furthermore, recent research has highlighted the inter-
action between oxidative stress and inflammation in the
context of cardiovascular diseases. For instance, a study
by Chen et al13 demonstrated a significant negative correl-
ation between the Oxidative Balance Score (OBS) and SII.
This suggests that oxidative stress, as measured by OBS,
may modulate the inflammatory state, which in turn is as-
sociated with an increased risk of cardiovascular diseases.
This finding underlines the complexity of the relationship
between inflammation, oxidative stress, and cardiovascu-
lar outcomes, providing a broader context for our investi-
gation into the role of SII in CHF.

Although previous studies have explored various bio-
markers in CHF, the introduction of the SII as a prognostic
biomarker represents a significant advancement. Unlike

traditional markers such as NT-proBNP and CRP, which
mainly reflect cardiac function and inflammation respect-
ively, SII integrates multiple aspects of the
immune-inflammatory response, providing a more com-
prehensive assessment of the disease state. Moreover,
the stratification of patients by ejection fraction (EF) in
our study offers detailed insights into different CHF sub-
groups, a feature often lacking in similar studies. This ap-
proach allows for a more in-depth understanding of
disease progression and the differential impact of SII
across various EF categories, thereby enhancing the clin-
ical utility of SII as a prognostic tool.

Methods

Patient Cohort and Recruitment
A thorough examination of medical records was per-
formed for 4442 patients with CHF admitted to the First
Affiliated Hospital of Xinjiang Medical University, en-
compassing a decade from July 2012 to July 2022. This
cohort study is part of a larger dataset that has been previ-
ously analyzed by our research team to investigate various
aspects of heart failure. Notably, the dataset has been uti-
lized to explore the role of high-density lipoprotein choles-
terol (HDL-C) levels as a novel predictor of long-term
adverse outcomes in HF patients, as detailed in a recent
publication.14 The current analysis focuses on the prog-
nostic significance of the SII in CHF, providing insights
into disease management and prognosis. To enhance the
robustness of our findings, we performed a detailed strati-
fied analysis of patient characteristics and outcomes across
different ejection fraction subgroups, revealing the prog-
nostic value of SII in patients with varying disease severity
and informing individualized clinical strategies for im-
proved patient outcomes.

This extensive retrospective cohort study incorporated
patients who fulfilled the predefined diagnostic criteria15

for CHF and possessed comprehensive clinical documen-
tation. The study protocol was conducted in compliance
with the Declaration of Helsinki and received ethical ap-
proval from the hospital’s Ethics Committee (approval
number 202207-019). Acknowledging the retrospective
design of the study, informed consent from participants
was waived by the Ethics Committee. Further details re-
garding the study’s design can be accessed through the
identifier NCT06092658 on the ClinicalTrials.gov regis-
try. Eligibility for inclusion was determined based on par-
ticipants being 18 years of age or older and fulfilling the
diagnostic criteria for CHF as specified in the 2018
Chinese Guidelines for the Diagnosis and Treatment of
Heart Failure.15 To qualify for the study, individuals had
to have been diagnosed with CHF for a minimum of three
months. Informed consent was mandatory for participa-
tion. The study excluded candidates with advanced cancer,
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substantial organ dysfunction, immune system disorders,
blood-related conditions, a familial predisposition to psy-
chiatric disorders, or a history of recent surgical interven-
tion or severe injury within the past three months. Upon
applying these criteria, 2748 individuals with complete
SII-related indicator measurements (including PLT count,
NEU count, Lym count, etc) were enrolled. The standard
patient discharge process is illustrated in Figure 1.

Data Compilation and Laboratory Protocols
For this investigation, a thorough examination of clinical
records was undertaken to retrospectively analyze the
data of enrolled subjects. The dataset comprised demo-
graphic details, medical histories, physical examination
outcomes, laboratory measurements, and diagnostic
outcomes.

Laboratory measurements, including NEU count, PLT
count, Lym count, white blood cell (WBC) count, creatin-
ine levels, and triglyceride (TG) levels, were obtained
from fasting peripheral venous blood samples taken either
at admission or the following morning. Echocardiographic
assessments were conducted during the patients’ hospital
stay. All blood samples were collected following a 12-h
fast and were analyzed in the central laboratory of
Xinjiang Medical University using established protocols.
The SII was computed using the formula SII= PLT
count×NEU count / Lym count.7

Diagnostic Criteria
The diagnosis of CHF in this research aligns with the 2018
Chinese Guidelines for the Diagnosis and Treatment of
Heart Failure.15 The diagnostic criteria encompass: (1)
clinical manifestations of CHF, such as dyspnea and fa-
tigue; (2) physical signs suggestive of CHF, including ele-
vated jugular venous pressure and pulmonary rales; (3)
categorization of left ventricular ejection fraction
(LVEF) into three groups: heart failure with reduced ejec-
tion fraction (HFrEF), heart failure with mid-range ejec-
tion fraction (HFmrEF), and heart failure with preserved
ejection fraction (HFpEF)16,17; (4) a stable or mildly re-
duced LVEF, in conjunction with relevant structural heart
disease and/or diastolic dysfunction, but without left ven-
tricular dilation, is defined as heart failure with preserved
ejection fraction or diastolic heart failure.

Hypertension diagnosis in this study adheres to the lat-
est clinical guidelines, specifically the International
Society of Hypertension (ISH) Global Hypertension
Practice Guidelines published in May 2020.18 According
to these guidelines, hypertension is diagnosed when there
is a consistent systolic blood pressure of ≥140 mmHg and/
or a diastolic blood pressure of ≥90 mmHg (where 1 mm
Hg equals 0.133 kPa), as confirmed by multiple clinical
measurements.

Diagnosis of diabetes in this study is established by the
presence of characteristic symptoms, including polydipsia,
polyuria, polyphagia, and unintended weight loss, along
with a random plasma glucose (RPG) level of ≥11.1
mmol/L at any time of the day, irrespective of the timing
relative to the last meal, or a fasting plasma glucose
(FPG) level of≥7.0 mmol/L following a minimum of eight
hours of fasting.19 In cases where the typical symptoms are
not present, an RPG level of ≥11.1 mmol/L necessitates a
repeat measurement on a different day to confirm the diag-
nosis definitively.

Defining and Quantifying SII Indicators
The SII index is determined using the formula: SII= PLT
count×NEU count / Lym count.7 On the second day of
hospital admission, a 5 ml venous blood sample was col-
lected from the peripheral vein in the early morning fol-
lowing an overnight fast, utilizing an EDTA blood
collection tube, to establish baseline measurements. The
blood samples were collected in a standardized manner
and analyzed using the impedance method, a widely ac-
cepted technique for accurately quantifying PLT and
WBC counts, including NEU and Lym. The Beckman
LH750 and Beckman DXC800 automated hematology
analyzers (Beckman Coulter, Brea, California, USA)
were employed for the analysis. The testing kits, sourced
from Fujian New Continent Biotechnology Co., Ltd,
were utilized to guarantee the precision of the results.
The testing protocols strictly complied with the instruc-
tions provided in the reagent kit’s manual. The kit, which

Figure 1. Flowchart of patient enrollment in the CHF study.
This visual representation outlines the process of participant
selection for the study, detailing the initial number of CHF
patients assessed, the subsequent exclusions based on specific
criteria, and the final enrollment figure. The study’s focus was on
examining the relationship between SII values and clinical
outcomes, with a median follow-up period of 22.75 months.
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contains quality control materials or standards, was used to
conduct quality control checks throughout the testing pro-
cess, ensuring the stability and consistency of the
measurements.

Patient Surveillance Protocol
In this longitudinal observational study, we monitored in-
dividuals with a diagnosis of CHF, commencing our en-
gagement at the study’s inception and conducting
follow-ups at intervals ranging from 6 to 36 months,
with additional assessments as required. The principal
aim was to monitor the health status of the participants
for a minimum of one year, with a focus on all-cause mor-
tality (ACM) and the possibility of hospital readmissions.
Data collected throughout these intervals were systematic-
ally analyzed to support ongoing patient care post-
discharge and to identify and monitor adverse health
events. Comprehensive follow-up was achieved through
diverse methods, such as in-person clinic visits, electronic
communications, and other forms of contact, continuing
until a significant event occurred or the study concluded.
The median duration of the study was 22.75 months,
with the interquartile range extending from 12.37 to
47.11 months.

Statistical Analysis
In conducting this investigation, we adopted a rigorous
statistical approach to ensure the accuracy and reliability
of our results. The data analysis was conducted utilizing
SPSS version 25.0, a sophisticated tool designed for the
analysis of complex datasets. Data that adhered to a nor-
mal distribution were summarized using the mean and
standard deviation, providing a clear indication of the cen-
tral tendency and dispersion of the data. For data that did
not follow a normal distribution, non-parametric methods
were applied, with the results presented in quartiles to ac-
curately portray the distribution and range of the data, thus
minimizing the effect of outliers.

Categorical variables, including gender and health sta-
tus, were tabulated as counts and percentages and analyzed
using the chi-square test, a conventional statistical method
for assessing associations between categorical variables.
The independent samples t-test was employed to compare
the means of two groups, under the assumption of normal
distribution and homogeneity of variances. In cases where
data were not normally distributed, the Mann-Whitney U
test was utilized, serving as a non-parametric alternative
for comparing continuous or ordinal data that do not
meet the criteria for a t-test.

The Kaplan-Meier method was utilized to conduct sur-
vival analysis, estimating the probability of survival over

time, which enabled us to measure the time until a specific
event, such as death, occurred within the study population.
Cox proportional hazards regression was applied to assess
the impact of multiple variables on survival outcomes, of-
fering a multivariate analysis that isolates the effect of each
variable independently.

A P-value threshold of .05 was established to define
statistical significance, a criterion widely accepted in the
field of statistics to ascertain that the observed results are
unlikely due to random variation.

Results

Baseline Data
In our study, we assembled a sample of 2748 patients with
CHF, comprising 1773 males (64.52%) and 975 females
(35.48%), with an average age of 65.05 years and a median
follow-up duration of 22.75 months. As shown in Table 1,
the sample was stratified into three distinct groups based
on the patients’ ejection fraction: HFrEF, n= 727,
HFmrEF, n= 729, and HFpEF, n= 1292. The table pro-
vides a detailed breakdown of gender, age, comorbidities,
ACM, and readmission rates for each subgroup. The
HFrEF subgroup displayed a lower average age, a lower
prevalence of hypertension (HTN), and lower readmission
rates compared to the other two groups. In contrast, the
HFrEF subgroup had a higher proportion of males, a
higher incidence of cardiomyopathy (CMP), arrhythmia
(AR), and ACM. The HFpEF subgroup showed a higher
prevalence of coronary artery disease (CAD) and readmis-
sion rates than the other groups. All comparative analyses
presented in Table 1 resulted in P-values less than .05, sig-
nifying statistical significance.

SII Level-Based Patient Profiles
Participants were divided into two cohorts based on
whether their SII levels were above or below the median
value. The median baseline SII value for the collective
sample was established at 916.68. As indicated in
Table 2, the chi-square test demonstrated that individuals
with lower SII levels exhibited a reduced prevalence of
CAD, HTN, valvular heart disease (VHD), diabetes melli-
tus (DM), CMP, and AR across all categories. T-tests in-
dicated that those with lower SII levels were generally
younger and presented with lower WBC counts, yet de-
monstrated higher triglyceride levels in comparison to all
groups. The Mann-Whitney U test was applied to analyze
NT-proBNP levels, revealing that patients with lower SII
levels had diminished levels of this biomarker across all
groups. All comparative analyses yielded statistically sig-
nificant results, with P-values below .05.
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SII Levels and Clinical Outcomes
The receiver operating characteristic (ROC) curve pre-
sented in Figure 2 demonstrates the predictive capability
of SII levels in identifying patients at different risk levels
for ACM. The area under the ROC curve (AUC) for the
subgroup with elevated SII levels, which is set at
≥916.68, is calculated to be 0.88, with a 95% confidence
interval ranging from 0.82 to 0.95 (P< .001). This result
signifies a robust capacity to differentiate patients who en-
countered all-cause mortality from those who did not. The
AUC value, in conjunction with the P-value of less than
.001, implies a strong correlation between elevated SII le-
vels and an increased risk of mortality. The placement of
the ROC curve above the non-discrimination line further
validates the diagnostic utility of SII in this scenario.

Table 3 presents a comprehensive analysis of the inci-
dence of ACM within the entire study population, reveal-
ing distinct patterns in mortality rates between patients
with low and high SII levels. The low SII cohort exhibits
a lower ACM rate of 683 occurrences among 1888 indivi-
duals, which corresponds to a rate of 36.20%, in contrast to
the high SII cohort, which has a higher ACM rate of 422
out of 863 individuals, equating to 49.01%. This disparity
is statistically significant (P< .001). This trend is consist-
ently observed across all subgroups, including HFrEF
with rates of 40.00% in the low SII group versus
50.99% in the high SII group (P < .05), HFmrEF with rates
of 31.91% versus 53.59% (P< .001), and HFpEF with
rates of 36.32% versus 45.50% (P< .05).

Conversely, the readmission rates reveal an inverse re-
lationship, with the low SII group having a rate of 551 out
of 1888 individuals (29.20%) and the high SII group hav-
ing a rate of 182 out of 863 individuals (21.14%), indicat-
ing a significant difference between the groups (P< .001).

This inverse trend is also present within each subgroup,
with HFrEF having rates of 26.29% versus 20.30%
(P< .05), HFmrEF with rates of 30.69% versus 19.41%
(P< .05), and HFpEF with rates of 30.11% versus
22.51% (P< .05).

The data suggests that despite the low SII group having
a lower ACM rate, suggesting a potentially better survival
prognosis, they paradoxically have a higher readmission
rate. This could suggest that the low SII group may include
patients who, while having a lower risk of dying from their
condition, are more likely to experience events that neces-
sitate hospital readmission. It is plausible that these pa-
tients have conditions that are more manageable or have
access to superior post-discharge care, which may reduce
the risk of death but not necessarily prevent readmissions.
Further research is warranted to investigate the underlying
reasons for these findings and to identify potential inter-
ventions that could enhance outcomes for this patient
cohort.

The Kaplan-Meier survival curves for the SII in relation
to adverse outcomes are presented in Figures 3 and 4. In
general, the Kaplan-Meier analysis demonstrates that the
low SII group, defined as SII values below 916.68, experi-
enced superior cumulative survival rates over time
(Figure 3) and demonstrated a reduced cumulative hazard
rate when compared to the high SII group (Figure 4).
These distinctions were observed uniformly across all sub-
groups examined, namely HFrEF, HFmrEF, and HFpEF,
with all comparisons yielding statistically significant re-
sults (P< .001).

Following the adjustment for potential confounders, the
predictive utility of the SII was evaluated using a multi-
variate analysis approach. During the extended follow-up
period, within the entire study population, subjects in the
high SII category exhibited a 43.8% heightened risk of

Table 1. Baseline Profiles and Clinical Outcomes of CHF Patients Categorized by Ejection Fraction.

Variable Total (n= 2748) HFrEF (n= 727) HFmrEF (n= 729) HFpEF (n= 1292) P-value

Age, years 65.05± 13.70 61.21± 13.55 64.69± 12.80 66.27± 13.87 <.001
Gender,male,n(%) 1773(64.52) 547(75.24) 499(68.45) 727(56.27) <.001
CAD, n(%) 1597(58.11) 392(53.92) 482(66.12) 723(55.96) .587
HTN,n(%) 1465(53.31) 327(44.98) 372(51.03) 766(59.29) .019
VHD, n(%) 593(21.58) 155(21.32) 132(18.11) 306(23.68) .180
CHD, n (%) 53(1.93) 12(1.65) 7(0.96) 34(2.63) <.001
DM, n(%) 728(26.49) 171(23.52) 215(29.49) 342(26.47) .187
CMP, n(%) 381(13.86) 237(32.60) 85(11.66) 59(4.57) <.001
Tumor, n (%) 120(4.37) 20(2.75) 32(4.39) 68(5.26) .058
AR, n(%) 1251(45.52) 394(54.20) 331(45.40) 526(40.71) <.001
ACM, n(%) 1105(40.21) 313(43.05) 284(38.96) 508(39.32) <.001
Readmission,n(%) 733(26.67) 179(24.62) 197(16.17) 357(27.63) <.001

Note: The data are summarized as the mean± standard deviation for continuous variables and as counts and percentages for categorical variables.
ACM: All-cause mortality; HFrEF: Heart failure with reduced ejection fraction; HFmrEF: Heart failure with mildly reduced ejection fraction; HFpEF:
Heart failure with preserved ejection fraction; HTN: Hypertension; CMP: Cardiomyopathy; AR: Arrhythmia; CAD: Coronary artery disease. All
reported comparisons achieved statistical significance at the P< .05 threshold. This table offers an in-depth analysis of gender distribution, age,
comorbid conditions, all-cause mortality, and readmission frequencies across the subgroups.
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experiencing ACM relative to those in the low SII category
(hazard ratio [HR]= 1.43, 95% confidence interval [CI]:
1.271-1.627, P< .001). Similarly, in the subgroup of pa-
tients with HFrEF, the high SII group demonstrated a
36.2% increased risk of ACM compared to the low SII
group (HR= 1.362, 95% CI: 1.023-1.813, P< .001). In
the HFmrEF subgroup, the high SII group had a 62.9% in-
creased risk of ACM relative to the low SII group (HR=
1.629, 95% CI: 1.208-2.196, P < .001). Furthermore, in
the HFpEF subgroup, the high SII group showed a
60.2% increased risk of ACM compared to the low SII
group (HR= 1.602, 95% CI: 1.288-1.992, P< .001).
Even after accounting for factors such as age,
NT-proBNP, and white blood cell count, these findings re-
mained consistent, with all P-values being less than .05
(Table 4).

Discussion
Inflammatory processes have long been recognized as in-
tegral to the pathogenesis and progression of CHF. The
SII, which amalgamates the NEU, PLT, and Lym, has gar-
nered increasing attention as a potential biomarker in

cardiovascular medicine. In this study, we embarked on
a detailed exploration of the relationship between SII le-
vels and the clinical outcomes of CHF patients, with a par-
ticular emphasis on stratifying patients based on EF.

Our research findings demonstrated a robust and con-
sistent association between SII and ACM across all EF
subgroups. This significant correlation was not only statis-
tically validated but also held firm even after accounting
for a comprehensive array of confounding variables.
Notably, in the cohort with elevated SII levels, there was
a substantial 43.8% increase in the risk of ACM, as evi-
denced by a HR of 1.43 and a 95% CI spanning from
1.271 to 1.627, with a highly significant P-value of less
than .001. This observation was uniformly applicable to
patients with HFrEF, HFmrEF, and HFpEF. Such results
are in harmony with previous research that has firmly es-
tablished the role of inflammatory biomarkers as crucial
determinants of adverse cardiovascular events.20–22

The stratification of patients by EF unveiled distinct
and clinically relevant patterns in the relationship between
SII and clinical outcomes. In HFrEF patients, elevated SII
levels were closely linked to a heightened ACM risk. This
finding implies that in this subgroup, more aggressive anti-
inflammatory interventions may potentially be warranted
to mitigate the elevated risk. Conversely, in HFpEF pa-
tients, the significant relationship between SII and out-
comes indicates that SII can serve as a valuable tool for
identifying high-risk individuals within this subset who
would benefit from closer monitoring and targeted therap-
ies. Overall, the combination of SII assessment and EF
stratification represents a novel and powerful approach
that can significantly enhance risk stratification and clin-
ical decision-making in the management of CHF.

Recent studies have expanded the scope of SII’s poten-
tial applications beyond the realm of CHF. For instance, a
study by Liu et al23 unearthed a significant association be-
tween SII and depressive symptoms, particularly in indivi-
duals without pre-existing cardiovascular disease. This
discovery suggests that SII may possess the capacity to
not only predict cardiovascular outcomes but also to iden-
tify patients at risk of developing psychological comorbid-
ities. This dual role highlights SII’s potential as a
comprehensive biomarker that can provide insights into
both the physical and mental health aspects of patients.
Additionally, research by Keting Liu et al24 demonstrated
that SII and the neutrophil-to-lymphocyte ratio (NLR) are
potent predictors of disease severity in large artery athero-
sclerosis (LAA) stroke patients. This finding resonates
with our own results, further emphasizing the role of SII
as an independent risk factor for a diverse range of cardio-
vascular diseases and its ability to accurately predict dis-
ease severity. Collectively, these studies serve to
underline the broad applicability and significance of SII
in different cardiovascular contexts, thereby further valid-
ating its importance as a prognostic biomarker.

Figure 2. ROC analysis of the SII for forecasting ACM. The
ROC curve in Figure 2 illustrates the discriminative ability of SII
levels in stratifying patients according to their risk of ACM. The
AUC for patients in the high SII category, set at a threshold of
916.68, is calculated to be 0.88, with a 95% confidence interval
ranging from 0.82 to 0.95 (P< .001). This result signifies a robust
predictive capability to distinguish patients who encountered
ACM from those who did not. The ROC curve’s placement
above the non-discrimination threshold (the dashed line)
highlights the diagnostic efficacy of SII in this scenario. The AUC
value, in conjunction with the highly significant P-value, implies a
strong association between higher SII levels and an elevated risk
of mortality.

Abudouwayiti et al 7
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Our study makes a novel and valuable contribution to
the field by focusing on the hitherto under-explored rela-
tionship between SII and mortality rates among CHF pa-
tients, specifically differentiated by EF categories. The
application of the ROC curve to determine the most effect-
ive SII threshold for predicting ACM represents another
key strength of our study. This methodological approach

not only refines the risk stratification process but also in-
troduces a more accurate and data-driven methodology
for clinical decision-making.17

The predictive utility of SII in CHF patients can poten-
tially be attributed to its ability to reflect the systemic in-
flammatory milieu and immune system activity.
Inflammatory mediators and immune cells are known to

Figure 3. Kaplan-Meier estimates of cumulative survival in relation to SII categories across CHF categories. Figure 3A illustrates the
cumulative survival probabilities for the cohort stratified by low SII levels (<916.68) against high SII levels across the entire study
population. Panels 3B, 3C, and 3D delineate the survival probabilities for the subgroups of HFrEF, HFmrEF, and HFpEF, respectively.
Across all categories, the low SII group consistently exhibits significantly superior survival rates when compared to the high SII group
(P< .001).

Abudouwayiti et al 9



play a central and decisive role in the pathophysiology of
CHF.5 They actively participate in processes such as myo-
cardial injury, fibrosis, and adverse cardiac remodel-
ing,4,25–27 As an integrated marker of inflammation, SII
has the potential to encapsulate the intricate and dynamic
interplay between the immune response and the cardiovas-
cular system. This unique characteristic allows SII to offer

a more comprehensive prognostic insight compared to
conventional risk factors, which often focus on only a sin-
gle aspect of the disease process.

An interesting and somewhat unexpected finding in our
investigation was the observed inverse correlation between
SII and triglyceride levels in CHF patients. Specifically,
patients within the low SII category exhibited elevated

Figure 4. Kaplan-Meier curves of cumulative hazard for all-cause mortality in relation to SII categories across CHF categories.
Figure 4A displays the cumulative hazard for all-cause mortality for the cohort categorized by low SII levels (<916.68) in contrast to
high SII levels across the entire study population. Panels 4B, 4C, and 4D depict the cumulative hazard for the subgroups of HFrEF,
HFmrEF, and HFpEF, respectively. In all subgroups analyzed, the low SII group presents markedly reduced cumulative hazard rates (P
< .001).

10 Clinical and Applied Thrombosis/Hemostasis 31(0)
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triglyceride levels in contrast to those in the higher SII cat-
egories. This finding contradicts the typical association of
systemic inflammation with increased triglyceride levels.28

One possible explanation for this counterintuitive observa-
tion could be related to the complex metabolic shifts that
occur in CHF patients. It is conceivable that a low SII in
this context may signify a distinct metabolic condition or
a unique inflammatory signature that warrants further in-
depth research.

Furthermore, our research indicated that the levels of
SII did not show significant variance between patients
with and without comorbid tumor-related conditions.
This result implies that within the context of CHF, there
is no direct and obvious correlation between SII levels
and tumor-related illnesses. This is particularly noteworthy
given the well-established connections between inflamma-
tion and cancer.29 It is possible that the inflammatory en-
vironment observed in CHF patients may not be the
primary or decisive factor influencing tumor development
or progression. Alternatively, other factors may exert a
more dominant influence on this patient cohort. This ob-
servation also highlights the heterogeneity of CHF patients
and the complex, multifaceted nature of tumor genesis. It
underscores the need for a more sophisticated and compre-
hensive understanding of the intricate interactions between
inflammation, heart failure, and cancer.30

Beyond its prognostic value, SII holds promise as a piv-
otal factor in tailoring treatment approaches for CHF pa-
tients. The continuous monitoring of SII levels could
facilitate the early identification of patients who are at an
increased risk of adverse outcomes. Such patients may po-
tentially benefit from more intensive medical intervention
or more frequent monitoring regimens. There is an urgent
need for future research to investigate whether interven-
tions designed to modulate the immune-inflammatory re-
sponse, such as the use of anti-inflammatory agents or
immunotherapies, could potentially improve the clinical
outcomes for CHF patients with elevated SII levels.

However, it is important to acknowledge the limitations
of our study. Firstly, the retrospective design of the study
inherently introduces the potential for selection bias and
restricts our ability to establish a definitive causal relation-
ship between SII levels and the prognosis of CHF.
Prospective research endeavors are therefore essential to
confirm and strengthen the link between SII and CHF out-
comes. Secondly, our study cohort was relatively homoge-
neous, primarily consisting of patients from a single
medical institution in China. This may limit the generaliz-
ability of our findings to other populations and ethnic
groups. Thirdly, despite our efforts to adjust for several
confounding variables, there remains the possibility of
other unmeasured factors that could have influenced the
results. Fourthly, the determination of the optimal SII cut-
off value for forecasting adverse outcomes was based on
the ROC curve within our study. However, it is important

to note that this cutoff value may vary depending on the
characteristics of the study population and the specific
clinical context. Despite these limitations, the robustness
of our findings is reinforced by the consistent association
between elevated SII levels and an increased risk of
ACM across a diverse range of CHF subpopulations.31,32

In conclusion, while our study has provided valuable
insights into the role of SII in CHF, further research is
needed to overcome the identified limitations and to fully
elucidate the potential of SII as a clinical tool for risk strati-
fication and treatment guidance in CHF patients.

Conclusions
The comprehensive analysis presented in this study has
yielded significant and reliable insights into the prognostic
significance of the SII within the context of CHF. The data
clearly and convincingly demonstrate a strong and consist-
ent correlation between elevated SII values and an in-
creased risk of ACM, regardless of the subgroup
stratifications based on EF. This correlation remained
highly significant even after meticulously accounting for
a multitude of confounding variables, thereby firmly estab-
lishing the independent and predictive utility of SII in
prognosticating outcomes in CHF.

Although the retrospective nature of this study presents
certain inherent limitations, including the potential for se-
lection bias and the inability to definitively establish causal
relationships, the results were rigorously validated using
stringent statistical methodologies. Specifically, multivari-
able analysis and the Wald test were employed to confirm
the reliability of SII as a prognostic marker across various
CHF subpopulations. These statistical tests provided
strong evidence supporting the robustness of our findings
and the validity of SII as a valuable tool in CHF prognosis.

It is crucial to recognize and consider the limitations of
our study. The patient demographic was largely confined
to a single geographic region, and the data was retrospect-
ively collected. These factors may potentially limit the
generalizability of our findings to broader populations.
Therefore, future research efforts should focus on incorp-
orating more heterogeneous populations and larger sample
sizes to corroborate and expand upon our initial observa-
tions. This will help to ensure that the findings are applic-
able across different settings and patient groups.

Our findings strongly advocate for the incorporation of
SII into clinical decision-making processes as a valuable
risk stratification tool for CHF patients. Future research
endeavors should prioritize validating these findings
through prospective studies and investigating the potential
of SII-guided interventions to enhance patient outcomes.
Additionally, further research is needed to elucidate the
underlying mechanistic links between SII and CHF prog-
nosis. Understanding these mechanisms may reveal novel
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therapeutic targets, thereby potentially revolutionizing the
management of this complex and debilitating condition.

In summary, despite the acknowledged limitations of
the study, the robustness of the findings and the potential
clinical implications of SII as a prognostic biomarker in
CHF are substantial. Continued research in this area is of
utmost importance to translate these findings into im-
proved clinical practices and, ultimately, to achieve better
outcomes for patients with CHF.
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