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Background: Systemic inflammation plays a critical role in the prognosis of coronary heart disease, and the Systemic Immune-
Inflammation Index (SII) reflects both inflammatory status and immune balance. While elevated SII has been associated with adverse
outcomes, its prognostic value in chronic coronary syndrome (CCS), particularly among diabetic patients, remains unclear.
Hyperglycemia-induced inflammation, which enhances neutrophil activation and platelet reactivity, contributes to a more severe
atherosclerosis burden in diabetes. This study investigated the predictive value of SII in CCS patients and examined whether diabetes
modifies this relationship.

Methods: From January to December 2022, a cohort of 853 individuals with CCS who underwent coronary angiography was
retrospectively analyzed and stratified by SII and glycometabolic status. This retrospective cohort study utilized fully anonymized data
from the Coronary Heart Disease Database of Nanjing Drum Tower Hospital. Major adverse cardiovascular and cerebrovascular events
(MACCEs), comprising cardiovascular death, nonfatal myocardial infarction, heart failure, ischemia-driven revascularization, and
stroke, served as the primary endpoints. Kaplan—-Meier analysis, Cox proportional hazard models, and restricted cubic spline (RCS)
models were performed to evaluate the independent and combined effects of SII and glycometabolic status on clinical outcomes.
Results: Over a median follow-up period of 36 months, 85 patients (9.96%) experienced MACCEs. Higher log-transformed SII
remained an independent predictor of MACCEs in the whole cohort (hazard ratio (HR) 1.63, 95% confidence interval (CI) 1.05-2.55,
P =0.031) and particularly among patients with diabetes (HR 2.24, 95% CI 1.31-3.82, P = 0.003) after full adjustment. However,
there was no statistical significance among non-diabetic individuals (P = 0.772). Comparable findings were observed when SII was
analyzed using the optimal cutoff value or quartiles. RCS analysis showed that MACCE:s risk appeared to increase linearly with rising
SII levels among diabetic patients. Furthermore, the combination of elevated SII and diabetes identified the subgroup with the poorest
prognosis (P< 0.01).

Conclusion: Elevated SII levels independently predict adverse outcomes in patients with CCS, with a stronger prognostic effect
among those with diabetes. These findings suggest that SII may serve as a simple and accessible marker for personalized risk
stratification in CCS, especially in patients with diabetes.

Keywords: systemic immune-inflammation index, chronic coronary syndrome, diabetes mellitus, inflammation, prognosis,
cardiovascular risk

Introduction
Chronic coronary syndrome (CCS), characterized by progressive atherosclerosis, is a major component of the coronary
heart disease spectrum and an important contributor to the global burden of disease and cardiovascular mortality." Unlike
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acute coronary syndrome (ACS), CCS requires long-term symptom management and strategies to delay plaque progres-
sion and prevent future cardiovascular events. Despite guideline-driven management of traditional risk factors,
a considerable number of patients continue to experience adverse cardiovascular outcomes. Increasing evidence suggests
that chronic low-grade inflammation plays a significant role in plaque instability and residual cardiovascular risk.?

Lipid accumulation within the arterial wall activates various immune cells, including neutrophils, lymphocytes, and
monocyte-macrophages, which promote the release of inflammatory cytokines, endothelial dysfunction, foam cell
formation, and plaque rupture.”* Previous studies have identified interleukin-6 and high-sensitivity C-reactive protein
(hs-CRP) as key biomarkers for coronary artery disease.® Furthermore, large-scale anti-inflammatory trials have
confirmed the causal role of inflammation in atherosclerotic cardiovascular diseases.”

In recent years, compared to molecular markers, circulating blood cell count-based indices have gained recognition as
inexpensive, readily available, and reproducible indicators of the systemic inflammatory response.'®'? Compared with
conventional inflammatory biomarkers such as hs-CRP, NLR, PLR, and MLR, the Systemic Immune-Inflammation Index
(SII)-an integrated index-may provide a comprehensive view of the inflammatory milieu by capturing the synergistic
contributions of neutrophil-driven inflammation, lymphocyte-mediated immune regulation, and platelet activation.
Initially introduced by Hu et al for risk stratification in individuals with hepatocellular carcinoma following surgery.'
SII has since been shown to be significantly correlated with worse clinical outcomes in various cardiovascular
diseases.'*'® However, evidence from ACS cannot be directly extrapolated to CCS, because ACS is characterized by
abrupt plaque disruption and acute cytokine storms, whereas CCS reflects a chronic progressive atherosclerotic state
driven by persistent low-grade inflammation. Given these distinct pathobiological and temporal profiles, the prognostic
value of SII warrants specific evaluation in patients with CCS.

Diabetes mellitus (DM), driven by chronic hyperglycemia, is a high-risk comorbidity in CCS and further accelerates
atherosclerosis through endothelial injury, oxidative stress, and inflammatory activation.'”"'® Chronic low-grade inflam-
mation is recognized as the shared pathophysiological mechanism linking DM and atherosclerotic cardiovascular
disease.'”** Based on these findings, the cardiovascular benefits of novel antidiabetic medications, such as sodium-
glucose cotransporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor (GLP-1R) agonists, partly resulted
from modulation of inflammatory pathways in addition to glycemic control.>'** However, whether SII maintains
predictive utility in CCS, particularly in those with DM, remains unclear. Therefore, this study aims to explore the
predictive value of SII in CCS and to determine whether DM modifies this association, offering a novel inflammatory
biomarker for risk classification.

Methods

Study Design

This retrospective, observational cohort study was conducted at the Department of Cardiology, Nanjing University
Medical School Affiliated Drum Tower Hospital. Patients aged >18 years with CCS, as defined by the 2024 European
Society of Cardiology (ESC) guidelines, who underwent coronary angiography in 2022, were enrolled.! Exclusion
criteria included missing crucial baseline data, lost to follow-up, history of acute myocardial infarction (MI) within the
preceding month, history of coronary artery bypass grafting (CABG), left ventricular ejection fraction <35%, severe
cardiac valve disease, severe hepatic or renal insufficiency, acute infection, history of malignancy and autoimmune
diseases (Supplementary Figure 1).

Data Acquisition and Gathering

Hospital electronic medical records provided comprehensive clinical and laboratory profiles. Demographic variables con-
tained age, sex, alcohol consumption, smoking status, as well as body mass index (BMI). Comorbidities comprised diabetes
mellitus, hypertension, dyslipidemia, stroke, and prior percutaneous coronary intervention (PCI). Laboratory parameters
included complete blood count, C-reactive protein (CRP), glucose metabolism, lipid profiles, and renal function parameters.
Venous blood samples were collected from all patients under fasting conditions (>8 hours) within 24 hours post-admission and
prior to coronary angiography. Echocardiography was used to assess left ventricular structure and left ventricular ejection
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fraction (LVEF) before coronary angiography. Coronary angiography documented the anatomical location of coronary lesions
and the number of vessels involved. Pharmacotherapy profiles were recorded, primarily encompassing anticoagulants,
antihypertensive medications, lipid-lowering agents, and hypoglycemic therapies.

Ethical Statement

The study protocol was approved by the Ethics Committee of Nanjing Drum Tower Hospital, affiliated with Nanjing
University Medical School (Approval No. 2021-531-02). Given the retrospective nature of this study and the use of fully
anonymized clinical data obtained during routine clinical practice, the Ethics Committee exempted the requirement for
written informed consent during its review. It approved the use of verbal informed consent and did not issue separate
additional approval documentation. This approach was deemed appropriate because the research involved no additional
interventions or risks to patients, all data were fully de-identified before analysis, and re-contacting patients for written
consent was deemed impractical and liable to introduce selection bias. Verbal informed consent was obtained from
participants or their legal representatives during clinical follow-up or via telephone, and the consent process was
documented in the patients’ electronic medical records by the attending clinical team. All data were anonymized and
coded to ensure confidentiality. This study imposed no additional financial burden or medical risk on the patients and did
not influence their clinical management. All procedures were conducted in accordance with the principles outlined in the
Declaration of Helsinki. The study was conducted in accordance with the Reporting of Studies Conducted using
Observational Routinely-collected Health Data (RECORD) guidelines.

Relevant Definitions

SII was calculated by multiplying the platelet count by the neutrophil-to-lymphocyte ratio. Hypertension was defined by
a physician diagnosis, systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg, or ongoing
antihypertensive treatment. Dyslipidemia was identified based on abnormal lipid profiles. Diabetes was defined by
a documented history, a fasting plasma glucose (FPQG) level of>126 mg/dL or a glycated hemoglobin Alc (HbAlc)
level of>6.5%, or receipt of antidiabetic therapy. Estimated glomerular filtration rate (¢GFR) was calculated using the
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, with values <90 mL/min/1.73 m?> serving as the
criterion for chronic renal insufficiency.”® BMI was calculated as a standardized anthropometric measure by dividing an
individual’s body weight in kilograms by the square of their height in meters (kg/m?).

Outcomes

All participants were followed up by physicians from Nanjing University Medical School Affiliated Drum Tower
Hospital via telephone or outpatient visits from the day of discharge until the occurrence of a study endpoint or the
last follow-up in July 2025. The primary outcome was the incidence of major adverse cardiovascular and cerebrovascular
events (MACCESs), which included cardiovascular death, non-fatal myocardial infarction (MI), heart failure (HF),
ischemia-driven revascularization, and stroke. Secondary endpoints were individual MACCEs components. Additional
endpoints were disregarded. We further categorized individual endpoints into “hard” and “soft” components. The former
classification comprised cardiovascular death, stroke, MI, and HF, whereas the latter included ischemia-driven revascu-
larization. Non-fatal MI was defined by the presence of ischemic symptoms accompanied by a dynamic rise in cardiac
biomarkers. Ischemia-driven revascularization referred to any PCI or CABG prompted by objective evidence of
ischemia, excluding elective prophylactic procedures. Stroke was characterized as a neurological deficit caused by
ischemia or a hemorrhagic event, with symptoms lasting >24 hours. All endpoint events were independently adjudicated
by two cardiovascular specialists who were blinded to the patients’ baseline characteristics, including SII values. For
events identified during telephone follow-up, relevant medical records and procedural reports were reviewed whenever
available to confirm the diagnosis. Any disagreements were resolved by consensus with a third senior cardiologist.

Statistical Analysis
Using the “maxstat” package in R, the optimal SII cutoff was determined to stratify patients into two groups: higher and
lower. Additionally, participants were further stratified into four quartile subgroups based on SII levels to assess the risk

Journal of Inflammation Research 2026:19 hetps: 3



Gao et al

of major adverse cardiovascular and cerebrovascular events (MACCESs) in greater detail. In this study, continuous
variables were expressed as means = standard deviation (SD) or median (interquartile ranges, IQR), based on the results
of the Shapiro—Wilk test. Intergroup comparisons of baseline characteristics were performed using Student’s #-test or
Mann—Whitney U-test. Frequencies (percentages) were presented for categorical variables, and comparisons were made
using y* or Fisher’s exact tests.

Cumulative incidence curves for MACCEs were analyzed using the Kaplan-Meier method, with intergroup differ-
ences assessed via Log rank tests. Hazard ratios (HR) and 95% confidence intervals (CI) were calculated using
multivariable Cox proportional hazards models to assess the association between SII and prognosis in patients with
CCS. Covariates were selected based on statistical significance (P < 0.05) from univariate Cox regression analysis
(Supplementary Table 1) or established clinical significance. Cox proportional hazards models were employed to evaluate

the relationship: Model 1 (unadjusted, including only SII); Model 2 (adjusted for age and sex); and Model 3 (adjusted for
age, sex, smoking status, hypertension, prior PCI, multivessel disease, antidiabetic medications, HbAlc, CRP, eGFR,
high-density lipoprotein cholesterol (HDL-c), LVEF, and left ventricular end-diastolic diameters (LVEDD)). Variance
inflation factors (VIF) were calculated to assess multicollinearity (Supplementary Table 2), with all values < 5, indicating

no substantial collinearity. We also performed a supplementary analysis, which repeated the multivariable Cox regression
analyses by removing some covariates, to examine the robustness of our findings. Restricted cubic spline (RCS) analysis
was used to evaluate potential nonlinear associations between SII and MACCEs risk, adjusting for covariates in Model 3.
Furthermore, we analyzed the synergistic impact of glycemic metabolism status and SII on CCS prognosis by stratifying
participants into four groups: Lower SII and non-DM, Higher SII and non-DM, Lower SII and DM, as well as Higher SII
and DM. The comparative risk of MACCEs across these subgroups was evaluated using Cox proportional hazards
modeling, Kaplan-Meier curves, and Log rank tests. Subgroup analyses of MACCE risk were conducted based on age,
sex, smoking status, BMI, hypertension, renal impairment, LVEF, and multivessel disease, with results visualized via
forest plots. The Schoenfeld residual test was used to check the proportional hazards assumption of the Cox regression
model. Statistical analyses were conducted using R (version 4.4.1) and SPSS (version 27.0) software. Statistical
significance was determined by bilateral p < 0.05.

Results

A total of 853 participants were included in the final analysis after applying the exclusion criteria and removing cases
with missing SII data or loss to follow-up (Supplementary Figure 1). The cohort was predominantly male (65.3%), with
a median age of 65 years (IQR 58-71), and was followed for a median of 36 months (IQR 33-39). Using maximal
selection rank statistics, the cohort was dichotomized at an optimal SII cut-off of 327 (Supplementary Figure 2) into
higher (SII > 327, n = 550) and lower (SII < 327, n = 303) groups.

Baseline Characteristics

Table 1 presents baseline clinical characteristics, laboratory findings, and cardiovascular medication use of the CCS
population, categorized by the SII cutoff. Patients with elevated SII levels were more likely to be male. They exhibited
higher BMI and blood pressure, as well as a greater prevalence of stroke and hypertension (all P < 0.05). FPG,
triglyceride (TG), and serum creatinine were elevated, while HDL-c was lower in the higher SII subgroup (all P <
0.05). Inflammatory indices, comprising white cell count, neutrophil count, platelet count, and CRP, were significantly
elevated in the higher SII group, accompanied by a concurrent reduction in lymphocytes (all P < 0.01).
Echocardiographic and angiographic measurements showed no significant differences. Statin use differed between groups
(P = 0.029), while other medication profiles remained comparable. (Table 1).

Table S3 presents baseline characteristics stratified by combined SII levels and diabetes status. Patients were
categorized into four groups: Higher SII and DM, Lower SII and DM, Higher SII and non-DM, and Lower SII and non-
DM. The Higher SII and DM group exhibited a higher inflammatory and metabolic burden, characterized by elevated
white cell count, neutrophil count, platelet count, SII, FPG, HbAlc, TG, CRP, creatinine, and lower HDL-c and LVEF
compared to the other three groups. These participants also showed higher rates of multivessel disease and more frequent
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Table | Baseline Characteristics of the CCS Population Classified by Sl Level

Clinical Characteristics Total Lower Sl Higher SII P-value
N = 853 N =303 N =550
Age, years 65.00 (58.00-71.00) 65.00 (58.00-71.00) 65.00 (58.00-71.00) 0.647
Male, n (%) 557 (65.30) 183 (60.40) 374 (68.00) 0.026
Heart rate, bpm 74.00 (67.00-81.00) 73.00 (66.00-80.00) 74.00 (68.00-81.00) 0.189
Systolic blood pressure, mmHg 136.00 (123.00-147.00) | 135.00 (120.00-146.75) | 137.00 (124.00- 147.00) | 0.062
Diastolic blood pressure, mmHg 80.00 (73.00-89.00) 79.00 (72.00-87.00) 81.00 (73.00-90.00) 0.036
BMI, kg/m? 24.56 (22.68-26.67) 24.43 (22.44-26.30) 24.61 (22.86-26.82) 0.042
Smoking status, n (%) 295 (34.58) 94 (31.02) 201 (36.55) 0.105
Drinking status, n (%) 179 (20.98) 55 (18.15) 124 (22.55) 0.132
Comorbidities
Hypertension, n (%) 588 (68.93) 193 (63.70) 395 (71.82) 0.014
Stroke, n (%) 139 (16.30) 34 (11.22) 105 (19.09) 0.003
Dyslipidemia, n (%) 270 (31.65) 90 (29.70) 180 (32.73) 0.363
History of PCI, n (%) 211 (24.74) 78 (25.74) 133 (24.18) 0.613
Diabetes mellitus, n (%) 354 (41.50) 115 (37.95) 239 (43.45) 0.119
Laboratory data
Leukocyte count, 10%/L 5.90 (4.90-7.00) 5.40 (4.50-6.30) 6.20 (5.20-7.50) < 0.001
Neutrophil count 10°/L 3.40 (2.804.20) 2.80 (2.30-3.30) 3.80 (3.204.80) < 0.001
Lymphocyte count, 10%/L 1.70 (1.40-2.20) 1.90 (1.60-2.40) 1.70 (1.40-2.00) < 0.001
Platelet count, 10%/L 197.00 (164.00-231.00) | 169.00 (141.00-201.00) | 211.00 (178.25-249.00) | < 0.001
NI 378.00 (274.18-532.00) | 245.00 (200.73-281.80) | 470.77 (385.53-623.73) | < 0.001
CRP, mg/L 2.90 (2.00—4.00) 2.80 (1.80-3.70) 3.00 (2.10-4.20) 0.002
HbAlc, % 6.00 (5.60-6.80) 5.90 (5.60-6.70) 6.00 (5.60-6.80) 0.085
FPG, mmol/L 4.98 (4.54-5.83) 4.87 (4.54-5.46) 5.04 (4.55-6.01) 0.018
TG, mmol/L 1.28 (0.96—1.83) 1.25 (0.89-1.72) 1.31 (1.00-1.92) 0.019
TC, mmol/L 3.90 (3.244.67) 3.90 (3.31-4.68) 3.89 (3.234.66) 0.493
HDL-c, mmol/L 1.06 (0.90-1.27) .11 (0.94-1.34) 1.02 (0.88-1.22) < 0.001
LDL-c, mmol/L 2.11 (1.59-2.80) 2.13 (1.58-2.82) 2.07 (1.59-2.79) 0.618
Creatinine, umol/L 66.00 (56.00-76.00) 64.00 (55.00-74.00) 67.00 (57.00-77.00) 0.042
eGFR, ml/min/|.73m? 98.93 (88.13-108.12) 98.70 (88.62—107.63) 98.95 (87.95-108.19) 0.976
Echocardiographic data
LVEF, % 59.90 (58.00-61.48) 60.10 (58.50-61.30) 59.80 (58.00-61.50) 0.236
LAD, cm 3.75 (3.60—4.00) 3.72 (3.55-4.00) 3.76 (3.60—4.00) 0.158
LVESD, cm 3.35 (3.20-3.52) 3.34 (3.20-3.49) 3.35 (3.20-3.52) 0.472
LVEDD, cm 4.94 (4.76-5.16) 491 (4.76-5.10) 4.95 (4.76-5.18) 0.228
Angiographic data
Multivessel coronary artery disease, n (%) | 446 (52.29) 152 (50.17) 294 (53.45) 0.357
Left anterior descending, n (%) 661 (77.49) 226 (74.59) 435 (79.09) 0.132
Left circumflex, n (%) 389 (45.60) 131 (43.23) 258 (46.91) 0.302
Right coronary artery, n (%) 413 (48.42) 40 (46.20) 273 (49.64) 0.337
Medications
ACEI/ARB/ARNI, n (%) 396 (46.42) 128 (42.24) 268 (48.73) 0.069
B-blocker, n (%) 449 (52.64) 146 (48.18) 303 (55.09) 0.053
Statin, n (%) 849 (99.53) 299 (98.68) 550 (100.00) 0.029
Aspirin, n (%) 760 (89.10) 265 (87.46) 495 (90.00) 0.254
Antidiabetic medication, n (%) 310 (36.34) 106 (34.98) 204 (37.09) 0.540

Abbreviations: CCS, Chronic coronary syndrome; SlI, Systemic immune-inflammation index; BMI, Body mass index; PCl, Percutaneous coronary interven-
tion; CRP, C-reactive protein; FPG, Fasting plasma glucose; HbAlc, Glycated hemoglobin; TG, Triglycerides; TC, Total cholesterol; LDL-c, Low-density
lipoprotein cholesterol; HDL-c, High-density lipoprotein cholesterol; eGFR, Estimated glomerular filtration rate; LVEF, Left ventricular ejection fraction; LAD,
Left atrial diameter; LVEDD, Left ventricular end-diastolic diameter; LVESD, Left ventricular end-systolic diameter; ACEI/ARB/ARNI, Angiotensin converting
enzyme inhibitors/Angiotensin receptor blocker/Angiotensin receptor-neprilysin inhibitor.
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use of aspirin, statins, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers/angiotensin receptor
neprilysin inhibitors (ACEI/ARB/ARNI), and antidiabetic agents (all P < 0.05). (Supplementary Table 3).

Clinical Outcomes

A total of 85 MACCEs (9.96%) occurred during the follow-up period, including 4 cardiovascular deaths (0.47%), 7 non-fatal MI
events (0.82%), 5 HF events (0.59%), 60 ischemia-driven revascularizations (7.03%), and 9 strokes (1.06%). Kaplan-Meier
curves for MACCEs, classified by SII and glycemic status, are shown in Figures 1 and 2. In the overall cohort, SII > 327
corresponded to a significantly higher incidence of MACCEs compared with SII <327 (Log-rank P = 0.003, Figure 1A), and the
highest SII quartile similarly showed a higher risk (Log-rank P = 0.041, Figure 1D). Among individuals with diabetes, SII > 327
was a strong predictor of MACCEs (Log-rank P < 0.001, Figure 1B; Log-rank P = 0.030, Figure 1E), whereas no statistical
significance was noted among non-diabetics (all Log-rank P > 0.05, Figure 1C and F).

Cox regression results are summarized in Table 2. After full adjustment (Model 3), higher log-transformed SII, analyzed
as a continuous variable, continued to independently predict MACCE:s in the whole cohort (HR 1.63, 95% CI 1.05-2.55,
P =0.031) and particularly in diabetics (HR 2.24, 95% CI 1.31-3.82, P =0.003), but not in non-diabetics (HR 1.10, 95% CI
0.57-2.11, P=0.772). When dichotomized at the optimal cut-off, a higher SII level remained significantly associated with
MACCEs in the general population (adjusted HR 1.98, 95% CI 1.16-3.36, P = 0.012) as well as the diabetic subgroup
(adjusted HR 4.04, 95% CI 1.66-9.83, P = 0.002). Quartile analysis further reinforced the aforementioned findings: the
highest SII quartile independently predicted poorer clinical outcomes in the overall cohort both before (unadjusted HR 2.24,
95% CI 1.21-4.15, P=10.010) and after full adjustment (adjusted HR 1.93, 95% CI 1.02-3.65, P = 0.043). This relationship
was particularly pronounced in diabetics (unadjusted HR 4.16, 95% CI 1.54—-11.22, P = 0.005; adjusted HR 4.23, 95% CI
1.50-11.91, P = 0.006), whereas no significant association was found in individuals without diabetes (adjusted HR 1.35,
95% CI1 0.59-3.05, P =0.478). A significant interaction between SII and diabetes was detected (P for interaction = 0.004).
Schoenfeld residual tests showed no violation of proportional hazards (global P = 0.253; Supplementary Figure 3). As
a supplementary analysis, we refitted the multivariable model with fewer covariates, the results of which were similar to
those in the main analysis (Supplementary Table 4). In component-specific analyses, the association between SII and
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Figure | Kaplan-Meier survival curves for composite events stratified by the cutoff point of Sl and SII quartiles in the whole cohort (A and D), in the diabetic cohort (B and E), and
in the nondiabetic cohort (C and F).
Abbreviation: Sll, systemic immune-inflammation index.
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Figure 2 Kaplan-Meier curves for cumulative incidence of MACCE according to glycemic metabolism Sl levels and glycemic metabolism. (A) Major adverse cardiovascular
and cerebrovascular events (MACCEs); (B) Nonfatal myocardial infarction; (C) Ischemia-driven revascularization; (D) Cardiovascular death; (E) Heart failure; (F) Stroke.

individual endpoint components was most consistent for ischemia-driven revascularization (Supplementary Figure 4 and

Supplementary Table 6), while no significant associations were observed for nonfatal MI, heart failure, cardiovascular

death, or stroke (Supplementary Tables 5-8). Additionally, when endpoint components were regrouped into hard and soft
endpoints, the observed association between SII and MACCEs appeared to be driven predominantly by the soft endpoint
component (Supplementary Table 7).

Table 2 Multivariate-Adjusted Cox Regression Models of Sll for Clinical Outcomes in Overall, Diabetic,
and Non-Diabetic CCS Patients

Group Model | Model 2 Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Whole cohort
Log SlI 1.67 (1.12-2.50) 0.012 1.64 (1.10-2.46) 0.016 1.63 (1.05-2.55) 0.031
SH-L Ref Ref Ref
SI-H 2.16 (1.28-3.63) 0.004 2.14 (1.27-3.60) 0.004 1.98 (1.16-3.36) 0.012
Sit Ref Ref Ref
Si2 1.35 (0.69-2.64) 0.378 1.34 (0.69-2.62) 0.389 1.20 (0.60-2.37) 0.609
Si3 1.31 (0.67-2.58) 0.433 1.29 (0.65-2.53) 0.468 I.16 (0.58-2.33) 0.675
Sli4 2.24 (1.21-4.15) 0.010 2.15 (1.16-3.98) 0.015 1.93 (1.02-3.65) 0.043
Diabetic cohort
Log SlI 1.91 (1.19-3.06) 0.007 1.83 (1.16-2.90) 0.010 2.24 (1.31-3.82) 0.003
SH-L Ref Ref Ref
SI-H 3.94 (1.68-9.26) 0.002 3.74 (1.59-8.79) 0.002 4.04 (1.66-9.83) 0.002
Sii Ref Ref Ref
Si2 3.03 (1.09-8.43) 0.033 2.94 (1.06-8.17) 0.039 2.54 (0.89-7.27) 0.082
Si3 2.87 (1.02-8.07) 0.045 2.77 (0.98-7.81) 0.054 2.69 (0.90-8.04) 0.077
Sii4 4.16 (1.54-11.22) 0.005 4.02 (1.49-10.83) 0.006 | 4.23 (1.50-11.91) 0.006

(Continued)
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Table 2 (Continued).

Group Model | Model 2 Model 3

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Nondiabetic cohort
Log SlI 1.22 (0.66-2.26) 0.533 1.19 (0.63-2.27) 0.589 1.10 (0.57-2.11) 0.772
Sli-L Ref Ref Ref
SlI-H 1.30 (0.68-2.52) 0.428 1.32 (0.68-2.56) 0.404 1.25 (0.64-2.46) 0510
Sl Ref Ref Ref
Sli2 0.88 (0.36-2.18) 0.790 0.87 (0.36-2.15) 0.771 0.75 (0.30-1.92) 0.554
Sli3 0.70 (0.27-1.83) 0.466 0.68 (0.26—1.80) 0.441 0.58 (0.22-1.58) 0.288
Sli4 1.54 (0.69-3.44) 0.287 1.47 (0.66-3.29) 0.343 1.35 (0.59-3.05) 0.478

Notes: Model I: Unadjusted model. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, smoking status, hypertension,
history of PCI, multivessel disease, antidiabetic medication, HbAlc, CRP, eGFR, HDL-C, LVEF, and LVEDD.

Abbreviations: PCl, percutaneous coronary intervention; HblAc, glycated hemoglobin; CRP, C-reactive protein; eGFR, estimated-
glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVEDD, left ventricular
end-diastolic dimension; SlI, systemic immune-inflammation index; HR, hazard ratio; Cl, confidence interval.

Restricted cubic spline analysis further demonstrated a linear, dose-response, positive association between SII and
MACCE:s risk exclusively among diabetics (overall P = 0.0211, non-linear P = 0.375; Figure 3).

Integrated Assessment of Sll and Diabetes

When patients were further classified into four groups according to SII level and diabetes status, Kaplan-Meier curves
(Figure 2) showed that the Higher SII and DM group had the highest risk of MACCEs (Log-rank P < 0.001). The hazard
ratios, using the Higher SII and DM group as a reference, were presented in Table 3. In the unadjusted analysis, patients
in the Lower SII and DM, Higher SII and non-DM, as well as Lower SII and non-DM groups all demonstrated
significantly reduced risk for MACCEs (unadjusted HR 0.27, 95% CI 0.11-0.63, P = 0.002; unadjusted HR 0.42, 95%
CI 0.26-0.69, P = 0.001; unadjusted HR 0.33, 95% CI 0.17-0.62, P = 0.001; respectively). After multivariable
adjustment, these findings remained significant (adjusted HR 0.30, 95% CI 0.13-0.72, P = 0.007; adjusted HR 0.32,
95% CI 0.14-0.76, P = 0.010; adjusted HR 0.26, 95% CI 0.10-0.67, P = 0.006; respectively), underscoring the strong
link between elevated SII and MACCEs in the context of metabolic stress. Supplementary analysis further confirmed this
finding after adjusting for covariates (Supplementary Table 5). For secondary endpoints, Kaplan-Meier curves revealed
a significant difference in ischemia-driven revascularization across the four groups, whereas other components showed
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Figure 3 The association between Sll with composite outcomes in the whole cohort (A), and in the diabetic (B) and nondiabetic (C) cohorts, was analyzed using restricted
cubic splines (RCS). Blue areas show the distribution of SlI levels. The solid red line in each figure indicates the HR, and the dashed red lines indicate the 95% CI. Covariates
in the multivariable RCS model included: age, sex, smoking status, hypertension, history of PCI, multivessel coronary artery disease, antidiabetic medication, HbAlc, CRP,
eGFR, HDL-C, LVEF, and LVEDD.

Abbreviations: Log Sll, Log-transformed systemic immune-inflammation index; HR, hazard ratio; Cl, confidence interval.
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Table 3 Association Between risks of Composite Endpoints and Groups Based on SlI Levels and
Diabetes Status

Group

Model |

Model 2

Model 3

HR (95% CI)

P-value

HR (95% CI)

P-value

HR (95% CI)

P-value

Sll and Diabetes

status

DM/SI-H
DM/SII-L
Non-DM/SII-H
Non-DM/SII-L

Ref
0.27 (0.11-0.63)
0.42 (0.26-0.69)
0.33 (0.17-0.62)

0.002
0.001
0.001

Ref
0.28 (0.12-0.66)
0.45 (0.27-0.73)
0.34 (0.18-0.65)

0.003
0.001
0.001

Ref
0.30 (0.13-0.72)
0.32 (0.14-0.76)
0.26 (0.10-0.67)

0.007
0.010
0.006

Notes: Model |: Unadjusted model. Model 2: Adjusted for age and sex. Model 3: Adjusted for age, sex, smoking status, hypertension,
history of PCI, multivessel coronary artery disease, antidiabetic medication, HbAlc, CRP, eGFR, HDL-C, LVEF, and LVEDD.
Abbreviations: PCl, percutaneous coronary intervention; Hb | Ac, glycated hemoglobin; CRP, C-reactive protein; eGFR, estimated-
glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVEDD, left ventricular
end-diastolic dimension; SlI, systemic immune-inflammation index; HR, hazard ratio; Cl, confidence interval.

no statistically meaningful distinctions (Figure 2 and Supplementary Table 6). The association between SII and the

composite outcome was largely attributable to the soft endpoint component (Supplementary Table 7).

Subgroup Analysis

The association between SII level, diabetes status, and MACCEs risk remained consistent across subgroups, including sex,

age, smoking status, hypertension, renal impairment, LVEF, prior PCI, and multivessel disease (all P for interaction > 0.05). In

contrast, a significant interaction was identified for BMI after full adjustment (P for interaction = 0.036; Figure 4).
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Discussion

This study provides evidence that baseline SII, an easily obtainable biomarker derived from the complete blood count,
independently predicts MACCEs in patients with CCS. Importantly, SII demonstrated robust predictive value, particu-
larly in diabetic patients, where elevated SII predicted substantially increased clinical risk, even after multivariable
adjustment. However, no significant relationship was found among non-diabetic individuals. The coexistence of high SII
and diabetes identified a distinct subgroup that represents a high-risk phenotype with substantial inflammatory burden
and adverse outcomes. Consequently, SII can serve as a readily available and clinically meaningful biomarker to refine
risk stratification in this high-risk subgroup.

Despite advances in revascularization and secondary prevention, a substantial subset of CCS patients continues to
experience recurrent ischemic episodes. Growing evidence indicates that persistent low-grade inflammation is
a significant determinant of this residual risk, even after optimal control of lipids and glucose. SII integrates three
hematologic parameters that collectively reflect the balance between inflammatory activation and immune regulation.
Mechanistically, recruited neutrophils release proteolytic enzymes, myeloperoxidase, and neutrophil extracellular traps
(NETosis), which injure the vascular endothelium, promote low-density lipoprotein oxidation and foam-cell formation,
and accelerate lipid-core expansion and fibrous-cap degradation, thereby contributing to plaque instability.>*
Lymphopenia, notably a reduction in CD4" T cells, reflects impaired immune homeostasis that impedes inflammation
resolution and endothelial repair.®® Elevated platelet counts promote platelet adhesion and aggregation, fueling thrombus
formation; importantly, inflammatory and thrombotic pathways are tightly interconnected, with inflammation amplifying
thrombosis under pathological conditions.* By capturing these integrated elements, SII offers a holistic measure of
vascular inflammatory activity.

Accumulating evidence supports the prognostic utility of SII across the coronary artery disease spectrum. Babes et al
retrospectively showed that elevated SII significantly correlated with worse cardiovascular events and mortality in ACS, and
further improved the predictive performance of the GRACE score.”® Zhu et al demonstrated significantly elevated SII levels
among ST-segment elevation myocardial infarction (STEMI) patients experiencing unfavorable outcomes.?” Orhan et al
identified that higher SII independently predicted adverse hospital outcomes and poorer future survival in elderly non-STEMI
(NSTEMI) patients, after adjusting for age and key comorbidities.”® This present study extends these findings to the chronic
phase of coronary disease. Our study confirmed that higher SII, whether analyzed dichotomously or as a continuous variable,
was significantly correlated with elevated MACCEs risk in CCS patients, and this association remained robust after multi-
variable adjustment. These results reinforce SII as a robust prognostic tool across the diverse clinical manifestations of
coronary artery disease, encompassing both acute presentations and chronic coronary syndromes. Importantly, existing
evidence suggests that systemic inflammation may indirectly contribute to myocardial damage through several interconnected
mechanisms, such as cytokine-mediated cellular toxicity, microvascular dysfunction, and increased cardiomyocyte membrane
permeability.”**° However, given the incomplete data and the limited dispersion of the available values in our cohort, further
prospective studies with systematic biomarker collection are needed to validate this.

Moreover, this work identified that SII interacted significantly with glycemic status. Previous studies indicate that diabetes
amplifies the prognostic impact of SII. As evidenced by Luo et al, an elevated SII independently predicted mortality in
myocardial infarction, with the effect being most prominent among diabetic patients.'> Similarly, Cao et al demonstrated that
high SII levels markedly increased the risk of mortality and rehospitalization in heart failure with preserved ejection fraction
(HFpEF), particularly within the high-risk diabetic subgroup.'* Consistently, elevated SII independently predicts MACCEs
after PCI in ACS patients with diabetes.>' Chronic hyperglycemia triggers a pathogenic cascade featuring the accumulation of
advanced glycation end-products, activation of the NF-«B pathway and NLRP3 inflammasome, increased interleukin-6 and
interleukin-1p release, and excessive generation of reactive oxygen species. These abnormalities amplify insulin resistance
and perpetuate a vicious cycle of metabolic inflammation.*? Critically, hyperglycemia directly primes neutrophils to undergo
NETosis through NADPH oxidase-dependent ROS production, providing a platelet-adhesive scaffold that accelerates
atherosclerosis and destabilizes plaque. Simultaneously, hyperglycemia increases platelet reactivity through nonenzymatic
glycation of membrane proteins, activation of protein kinase C, and mitochondrial superoxide overproduction, thereby
elevating platelet counts and baseline activation. The coexistence of hyperglycemia-induced neutrophil priming and platelet
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hyperactivity creates a self-perpetuating cycle of inflammation and thrombosis that is quantitatively captured by elevated SII,
explaining its enhanced prognostic value in diabetic patients.'’*>* By contrast, non-diabetic patients generally carry fewer
cardiovascular risk factors, making their prognosis less susceptible to milder inflammatory or metabolic perturbations. In
addition, non-diabetic patients typically exhibit lower basal inflammatory tone, a narrower dynamic range of inflammation,
and lower event density, which may limit the ability of inflammatory biomarkers like SII to demonstrate significant
associations with clinical outcomes.”> These mechanistic differences could explain the divergent prognostic value of SII in
diabetic versus non-diabetic patients.

Consistent with previous reports, this study confirmed the potential predictive utility of SII for worse outcomes in CCS,
with its prognostic value markedly amplified among diabetics. Restricted cubic spline analysis further revealed a linear
increase in the risk of MACCEs with rising SII among diabetic patients, without an apparent threshold effect. The
combination of high SII and diabetes is a strong, independent predictor of MACCEs beyond traditional risk factors.
Collectively, by capturing the systemic inflammation burden, SII serves as a powerful tool for prognostic refinement in
diabetic CCS patients, enabling more accurate risk stratification and earlier identification of individuals at the highest risk.

Notably, in our study, MACCE:s included cardiovascular death, non-fatal MI, HF, ischemia-driven revascularization,
and stroke, which differ in clinical severity, pathophysiological relation to inflammation, and susceptibility to treatment
decision-making. Prior work has described that, in cardiovascular composite end points, the overall signal is often driven
disproportionately by more frequent and less severe component events.*® Supplementary analyses indicated that the
overall association between SII and MACCEs was influenced mainly by the soft endpoint component, particularly
ischemia-driven revascularization, whereas the analyses of individual hard endpoints were limited by the small number
of events, which needs to be further addressed.

The prognostic synergy between SII and diabetes highlights the importance of targeting both inflammation and
metabolic dysfunction. Beyond glycemic and lipid control, therapies with anti-inflammatory or cardiometabolic benefits,
such as colchicine, interleukin-1 inhibitors, GLP-1 receptor agonists, or SGLT2 inhibitors, may be of particular
importance in patients with elevated SII; however, their potential influence on the association between SII and clinical
outcomes requires further investigation.”’

Obesity is known to impair insulin sensitivity, increase free fatty acid turnover, enhance basal sympathetic activity, and
promote a pro-thrombotic state, thereby elevating the risk of coronary artery disease and adverse cardiovascular events.’’
Nevertheless, previous studies have described an “obesity paradox” in patients with type 2 diabetes or cardiovascular disease,
wherein overweight or mildly obese individuals appear to experience more favorable outcomes.**** Notably, this work
observed that the combined impact of high SII and diabetes was most pronounced in patients with BMI < 25 kg/m* (P for
interaction = 0.036). However, this finding should be interpreted prudently. BMI is a crude anthropometric measure that
neither distinguishes fat from lean mass, nor captures regional fat distribution—particularly visceral adiposity, which more
closely correlates with metabolic and cardiovascular dysfunction. In addition, disease progression, cardiorespiratory fitness,
duration of obesity, and differences in clinical treatment may all modulate the prognostic implications of BMIL**~** Therefore,
although the effect appeared more pronounced in patients with lower BMI, this finding should be interpreted cautiously. Future
studies using more precise indices of adiposity—such as waist circumference, hip circumference, or waist-to-hip ratio—are
needed to clarify the physiological mechanisms underlying the obesity paradox.

Clinical Implications

These findings have potential implications for clinical risk assessment. SII, calculated from a routine complete blood
count, offers an inexpensive and accessible measure of residual inflammatory risk in CCS. It may serve as an adjunct
biomarker to complement conventional risk markers such as hs-CRP. Incorporating SII into clinical assessment may help
identify CCS patients, particularly those with diabetes, who remain vulnerable despite guideline-directed therapy.

Limitations

This research has certain limitations. First, as a single-center, retrospective observational study, it cannot establish
causality and may be influenced by selection bias and unmeasured confounders. These findings should be confirmed in
prospective, multicenter cohorts before broader application. Moreover, given the clinically heterogeneous components
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and the limited number of individual hard events, further studies are needed to explore the association between SII and
clinical endpoints. In addition, SII was assessed only at a single time point, which precluded assessment of the prognostic
value of SII trajectories. Third, BMI was used as a crude adiposity indicator; more accurate assessments of body
composition are needed in future studies to elucidate the underlying physiology. Moreover, cardiac biomarkers such as
troponin T and NT-proBNP were available only in a subset of patients and were not collected systematically; the
correlation between SII and biomarkers of myocardial damage should be further explored in future prospective studies
with more complete data collection and a more rigorous study design. Finally, as an observational study, this work
demonstrates only an association between SII and prognosis. Mechanistic studies are required to clarify how SII

contributes to plaque progression, rupture, and immune-thrombosis.

Conclusions

SII independently predicts MACCEs in CCS, and this risk is further amplified by the presence of diabetes.
Hyperglycemia drives neutrophil activation and NETosis, as well as platelet hyperreactivity, all of which contribute to
the pathogenesis of atherothrombosis in diabetic patients. This interaction underscores the central roles of inflammation
and metabolic dysfunction in disease progression. As a low-cost and accessible biomarker, SII may enhance risk
stratification in this high-risk phenotype. BMI is commonly used as an obesity measure; its prognostic value is
complicated by the “obesity paradox”, which may be driven by visceral adiposity. Future studies using more precise
adiposity indices are needed to clarify this relationship. Meanwhile, some clinical trials are required to evaluate the
incremental prognostic value of SII to further validate its applicability.
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