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Background: Atherosclerosis is a chronic inflammatory disease and a leading cause of stroke. Systemic inflammatory biomarkers are
recognized predictors of coronary artery disease. However, their association with cerebral atherosclerosis remains unclear. This study
aims to investigate the relationship between systemic inflammatory indices and cerebral atherosclerotic burden.

Methods: A cohort of 5444 patients was enrolled. Cerebral atherosclerotic stenosis was evaluated using DSA, CTA, or MRA. The
systemic inflammation response index (SIRI) and systemic immune-inflammation index (SII) were calculated and natural-log-
transformed (In-SIRI, In-SII). The associations of In-SIRI and In-SII with the presence, severity (maximal stenosis degree) and extent
(number of lesions) of cerebral atherosclerosis were evaluated using binary logistic regression, ordered logistic regression and
restricted cubic spline models. Subgroup analyses were further conducted across clinically relevant strata to assess the consistency
of these associations. Additionally, the diagnostic performance of both indices was evaluated using receiver operating characteristic
(ROC) curve analysis.

Results: Patients with cerebral atherosclerotic stenosis had significantly higher In-SIRI (OR: 1.27, 95% CI: 1.19-1.35) and In-SII
(OR: 1.22, 95% CI: 1.15-1.30) compared to the non-stenosis group (both p < 0.001). Both indices showed significant positive
associations with the severity of the most stenotic lesion (In-SIRI OR: 1.29, 95% CI: 1.22-1.36; In-SII OR: 1.26, 95% CI: 1.20-1.33)
and the number of affected sites (In-SIRI OR: 1.27, 95% CI: 1.20-1.34; In-SII OR: 1.24, 95% CI: 1.18-1.31), suggesting a significant
graded association (p for trend < 0.001). Restricted cubic spline analyses revealed linear associations of In-SIRI and In-SII with
cerebral atherosclerosis presence, severity and extent. In subgroup analyses stratified by age, comorbidities, and imaging modality,
these associations remained consistent (all subgroup p < 0.05). ROC analysis indicated that both indices had modest discriminatory
ability, with AUCs of 0.699 for In-SIRI and 0.698 for In-SII.

Conclusion: The systemic inflammatory indices In-SIRI and In-SII are significantly associated with the presence, severity and extent of
cerebral atherosclerosis. These easily obtainable biomarkers may hold promise for improving risk stratification in cerebrovascular diseases.
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Introduction

Cerebral atherosclerosis is a primary etiology of stroke. It is widely acknowledged as a chronic inflammatory disorder of
the vascular wall, characterized by endothelial dysfunction, lipid accumulation within the intima, proliferation of smooth
muscle cells, as well as processes of apoptosis and necrosis, accompanied by both localized and systemic inflammatory
responses.'* Various immune cells, including monocytes, neutrophils, macrophages, T lymphocytes and endothelial
cells, play important roles in the pathophysiology of this condition.>* By regulating the balance between pro- and anti-
inflammatory responses, these cells contribute to lumen stenosis and plaque instability, influencing the progression of
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Novel inflammatory hematological indices, including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic immune-inflammation index (SII) and systemic
inflammatory response index (SIRI), have been linked to the severity and prognosis of cardiovascular and cerebrovas-
cular diseases.””® Previous studies have specifically correlated SII and SIRI with the severity of coronary artery lesions
and the risk of acute coronary syndrome.'®!"" Furthermore, SIRI has been shown to be significantly positively correlated
with the risk of stroke,'” and exhibits certain clinical value in predicting large cerebral infarctions.'> A large-scale
Chinese study also revealed that SII is associated with an increased risk of both ischemic and hemorrhagic stroke.'®
However, their association with the severity of intracranial and extracranial atherosclerosis remains unexplored. This
study aimed to investigate the relationships of SII and SIRI with the burden of cerebral atherosclerosis, assessed by its
presence, anatomical distribution, maximal stenosis severity and the number of affected arteries.

Methods

Study Population

This observational study included a cohort of 5444 patients hospitalized at Zhongnan Hospital of Wuhan University from
January 1, 2017, to October 1, 2023. All participants aged over 18 years had a confirmed diagnosis of cerebral atherosclerosis
or ischemic cerebrovascular disease. Patients were excluded if they had atrial fibrillation, valvular heart disease, patent
foramen ovale, active malignancies, cerebral hemorrhage, subarachnoid hemorrhage, brain trauma, cerebral embolism,
arterial dissection, moyamoya disease, vasculitis, intracranial aneurysms or arteriovenous malformations, intracranial space-
occupying lesions, a history of cerebrovascular intervention, absence of vascular imaging assessments (including DSA, CTA,
or MRA) or significant imaging artifacts, infection or stress, or incomplete clinical data (Figure 1).

Data Collection

Data were retrospectively collected from the hospital’s electronic medical record system after obtaining ethical approval
from the Institutional Review Board of Zhongnan Hospital of Wuhan University (Approval No. [2025242K]). The
requirement for informed consent was waived by the Ethics Committee due to the retrospective nature of this study.
Demographic information included age and gender. Comorbidities, such as hypertension, diabetes mellitus, coronary
heart disease and hyperlipidemia, were identified using International Classification of Diseases (ICD) codes. Laboratory
parameters were obtained from the first blood samples drawn after hospital admission, including complete blood count,
lipid profile, tests of hepatic and renal function, blood glucose and coagulation.

Imaging Indicators and Analysis

The intracranial arterial system was defined to include the anterior, middle and posterior cerebral artery, the intracranial
segment of the internal carotid artery (C6—C7), the V4 segment of the vertebral artery and the basilar artery. The
extracranial arterial system comprised the common carotid artery, the extracranial internal carotid artery (C1-C5), the
V1-V3 segment of the vertebral artery and the subclavian artery.

The degree of arterial stenosis was quantified using established methodologies. Extracranial stenosis was assessed
according to the North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria, ' while intracranial stenosis
was evaluated following the Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) study protocol.'® For both, the
stenosis percentage was calculated using the following formula: Stenosis (%)= [(Dn — Ds)/Dn] x 100%, where Ds was the
diameter at the narrowest point of stenosis. The reference diameter Dn was defined as the diameter of the distal normal vessel
for extracranial arteries (NASCET) and the diameter of the proximal normal segment for intracranial arteries (WASID).'*>!¢

To comprehensively assess the atherosclerotic burden, a semi-quantitative scoring system was applied. Each arterial
segment was graded from 0 to 4 based on its maximum stenosis: 0 (no plaque), 1 (plaque with <50% stenosis), 2
(50-69% stenosis), 3 (70-99% stenosis) and 4 (total occlusion).'” The overall atherosclerotic burden was evaluated based
on two parameters: the maximum stenosis score, which reflected the severity of cerebral atherosclerosis and the number
of arterial sites with stenosis >50%, which indicated the extent. All imaging analyses were conducted independently by
two clinicians blinded to the clinical data.
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Figure | Flowchart.

Definition

The presence of stenosis was defined as >50% luminal narrowing in any of the assessed intracranial or extracranial

arteries. Based on the anatomical distribution, patients were categorized into one of four groups:

(1) Non-stenosis: No stenosis >50% in any intracranial or extracranial artery.
(2) Intracranial atherosclerotic stenosis (ICAS): Stenosis >50% exclusively in the intracranial arteries, with extra-

cranial stenosis <50%.

(3) Extracranial atherosclerotic stenosis (ECAS): Stenosis >50% exclusively in the extracranial arteries, with intra-

cranial stenosis <50%.

(4) Combined intracranial and extracranial stenosis (IECAS): Stenosis >50% present in both intracranial and extra-

cranial arterial territories.

The systemic inflammatory response index (SIRI) and systemic immune-inflammation index (SII) were calculated as follows:

(1) SIRI = (Neutrophil count X Monocyte count)/Lymphocyte count.
(2) SII = (Neutrophil count x Platelet count)/Lymphocyte count.
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Statistical Analysis
Prior to analysis, SIRI and SII underwent natural logarithm transformation (In-SIRI, In-SII) to approximate a normal
distribution and reduce the impact of outliers for primary parametric analyses. Participants were categorized into quartiles
based on the log-transformed values of SIRI and SII to align with the scale used in subsequent regression analyses.
Continuous variables were presented as mean + standard deviation or medians (interquartile ranges, IQR) based on
their distribution, which was assessed by the Kolmogorov—Smirnov test. Group comparisons across quartiles were
performed using one-way ANOVA for normally distributed variables or the Kruskal-Wallis test otherwise, with the
Mann—Whitney U-test for pairwise comparisons as needed. Categorical variables were summarized as numbers (per-
centages) and compared using the chi-square test.
Binary logistic regression was used to assess the associations of In-SIRI and In-SII with the presence of athero-
sclerotic stenosis, while ordered logistic regression was used to evaluate their relationships with the severity and extent of
stenosis. Adjusted covariates were selected based on univariate significance (p < 0.05; see Supplementary Table S1) or

established clinical relevance in previous studies. Multicollinearity among covariates was evaluated using the variance
inflation factor (VIF), with a threshold of VIF < 10 indicating acceptable collinearity.

Restricted cubic splines were constructed to flexibly model and visualize the non-linear relationship. Subgroup analyses
evaluated the consistency of the associations. Additionally, ROC analysis assessed discriminatory ability. Sensitivity
analyses were conducted by excluding patients with specific conditions to verify the robustness of the primary findings.

A two-tailed p-value < 0.05 was considered statistically significant. All analyses were performed using Python
(version 3.11.7) and R (version 4.5.1).

Results

Baseline Characteristics

The study included 5444 patients with a median age of 65 years (IQR 57-72) and 65.1% were male. Of these, 3176
patients (58%) presented with cerebral atherosclerotic stenosis. Baseline characteristics stratified by the presence of
stenosis were summarized in Supplementary Table S1.

As shown in Table 1, higher quartiles of In-SIRI were significantly associated with an increased proportion of males,
a greater prevalence of atherosclerotic stenosis and symptomatic stroke, as well as increased levels of creatinine, D-dimer
and fibrinogen. Similarly, elevated In-SII was associated with an increased burden of atherosclerotic stenosis and stroke,

Table | Clinical Characteristics of Participants According to Ln-SIRI Quartile

Variable Total (n= 5444) In-SIRI

Quartilel <-0.270 Quartile2 -0.270-0.147 Quartile3 0.147-0.606 Quartile4 >0.606 p value

(n =1362) (n=1361) (n=1361) (n =1360)
Age (years) 65.00(57.00, 72.00) 64.00(57.00, 70.00) 64.50(57.00, 72.00) 65.00(57.00, 72.00) 67.00(59.00, 74.00) <0.001
RBC (x 10%1L) 4.30(3.95, 4.63) 4.25(3.96, 4.56) 4.32(3.98, 4.64) 4.36(4.03, 4.68) 4.22(3.79, 4.61) <0.001
WBC (x 10%L) 6.21(5.23, 7.60) 5.24(4.65, 6.01) 5.80(5.10, 6.75) 6.62(5.59, 7.66) 8.05(6.71, 9.80) <0.001
ALT (UL) 18.00(13.00, 26.00) 18.00(13.00, 26.00) 18.00(13.00, 26.00) 18.00(13.00, 26.00) 18.00(13.00, 27.00) 0.901
TBIL (umol/L) 12.20(9.50, 15.80) 11.80(9.30, 14.70) 12.20(9.50, 15.80) 12.50(9.80, 15.90) 12.40(9.50, 16.70) <0.001
TP (g/L) 65.00(61.50, 69.10) 65.40(62.10, 69.60) 65.15(61.70, 69.17) 65.05(61.70, 69.00) 64.40(60.50, 68.50) <0.001
CREA (umol/L) 70.50(59.90, 83.50) 65.00(56.00, 76.10) 70.00(59.32, 82.78) 72.35(61.40, 85.00) 74.50(63.80, 91.40) <0.001
UA (umol/L) 337.60(276.77, 408.30) 330.30(274.80, 400.70) 344.60(281.45, 409.62) 343.85(283.08, 413.40) 333.80(266.90, 411.90) 0.005
CHOL (mmol/L) 4.19(3.51, 4.89) 4.23(3.68, 5.12) 4.19(3.53, 4.94) 4.18(3.42, 4.84) 4.19(3.41, 4.75) <0.001
HDL (mmol/L) 1.01(0.87, 1.18) 1.04(0.92, 1.24) 1.01(0.87, 1.18) 1.00(0.85, 1.14) 1.01(0.85, 1.16) <0.001
LDL (mmol/L) 2.51(1.93, 3.10) 2.51(2.02, 3.19) 2.51(1.92, 3.09) 2.51(1.89, 3.11) 2.51(1.89, 3.01) 0.006
TG (mmol/L) 1.32(0.99, 1.79) 1.32(1.01, 1.87) 1.33(1.02, 1.85) 1.32(1.02, 1.79) 1.29(0.93, 1.70) <0.001
GLU (mmoliL) 527(4.74, 6.43) 5.16(4.70, 5.94) 5.25(4.74, 6.24) 5.23(4.68, 6.45) 5.58(4.86, 7.12) <0.001
DD (ng/mL) 126.00(76.00, 226.00) 110.00(67.00, 173.00) 120.00(71.00, 189.00) 126.00(74.75, 218.00) 174.00(101.00, 348.00) <0.001
FIB (mg/dL) 315.00(273.00, 368.00) 296.00(259.00, 334.00) 308.00(270.00, 350.00) 323.00(280.00, 372.00) 349.00(296.00, 419.00) <0.001
(Continued)
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Table | (Continued).

Variable Total (n= 5444) In-SIRI
Quartilel <-0.270 Quartile2 -0.270-0.147 Quartile3 0.147-0.606 Quartile4 >0.606 p value
(n = 1362) (n=1361) (n=1361) (n = 1360)
SOD (kU/L) 163.20(148.50, 176.80) 166.60(157.00, 181.60) 163.20(152.00, 177.80) 163.20(148.88, 176.03) 154.90(135.40, 168.30) <0.001
Male (%) 3545(65%) 616(45%) 867(64%) 988(73%) 1074(79%) <0.001
Hypertension (%) 3448(63%) 746(55%) 870(64%) 922(68%) 910(67%) <0.001
Diabetes (%) 1644(30%) 368(27%) 403(30%) 445(33%) 428(31%) 0.008
CHD (%) 525(10%) 109(8%) 133(10%) 140(10%) 143(11%) 0.111
Hyperlipidemia (%) | 2794(51%) 735(54%) 679(50%) 711(52%) 669(49%) 0.043
Stenosis (%) 3176(58%) 637(47%) 737(54%) 822(60%) 980(72%) <0.001
AlS (%) 1852(34%) 277(20%) 387(28%) 511(38%) 677(50%) <0.001
Notes: Bold for p-values less than 0.05. In-SIRIl: Quartilel: < —0.270, Quartile2: —0.270-0.147, Quartile3: 0.147-0.606, Quartile4: > 0.606; SIRI: Quartilel: < 0.763,

Quartile2: 0.763—1.158, Quartile3: |.158—1.834, Quartile4: > 1.834;
Abbreviations: SIRI, Systemic Inflammatory Response Index; RBC, Red Blood Cell; WBC, White Blood Cell; ALT, Alanine Aminotransferase; TBIL, Total Bilirubin; TP, Total
Protein; CREA, Creatinine; UA, Uric Acid; CHOL, Cholesterol; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; TG, Triglycerides;
GLU, Glucose; DD, D-dimer; FIB, Fibrinogen; SOD, Superoxide Dismutase; CHD, Coronary Heart Disease; AlS, Acute Ischemic Stroke.

alongside rising levels of creatinine, glucose, D-dimer and fibrinogen (Table 2). Specifically, coronary heart disease

showed no significant association with In-SIRI, whereas the prevalence of coronary heart disease, diabetes mellitus and

hyperlipidemia did not differ significantly across In-SII groups. Notably, superoxide dismutase (SOD) levels exhibited

a decreasing trend with elevating In-SIRI and In-SII levels.

Table 2 Clinical Characteristics of Participants According to Ln-SIl Quartile

Variable Total (n= 5444) In-SlI

Quartilel <5.788 Quartile2 5.788-6.164 Quartile3 6.164-6.576 Quartile4 >6.576 p value

(n=1361) (n=1361) (n=1361) (n=1361)

Age (years) 65.00(57.00, 72.00) 65.00(58.00, 72.00) 64.00(57.00, 72.00) 64.00(56.00, 72.00) 66.00(58.00, 73.00) 0.011
RBC (x 107/L) 4.30(3.95, 4.63) 4.26(3.95, 4.58) 4.33(4.03, 4.65) 4.34(3.98, 4.65) 4.24(3.80, 4.59) <0.001
WBC (x 10°/L) 6.21(5.23, 7.60) 5.40(4.73, 6.22) 5.86(5.10, 6.88) 6.51(5.46, 7.66) 7.80(6.35, 9.68) <0.001
ALT (U/L) 18.00(13.00, 26.00) 18.00(13.00, 26.00) 18.00(13.00, 27.00) 18.00(13.00, 25.00) 18.00(12.00, 26.00) 0.540
TBIL (umol/L) 12.20(9.50, 15.80) 12.30(9.70, 15.60) 12.40(9.60, 16.10) 12.20(9.60, 15.70) 12.20(9.20, 15.80) 0.565
TP (g/L) 65.00(61.50, 69.10) 64.70(61.50, 68.60) 65.00(61.80, 68.80) 65.50(61.70, 69.50) 65.00(60.90, 69.30) 0.044
CREA (umol/L) 70.50(59.90, 83.50) 68.00(58.70, 79.00) 70.00(59.80, 82.80) 72.90(61.00, 85.00) 72.00(60.80, 88.40) <0.001
UA (umol/L) 337.60(276.77, 408.30) | 338.20(283.00, 408.30) | 345.20(281.80, 410.10) 343.50(281.40, 414.00) 324.30(259.00, 400.20) | <0.001
CHOL (mmol/L) 4.19(3.51, 4.89) 4.19(3.51, 4.86) 4.19(3.53, 4.94) 4.19(3.43, 4.90) 4.19(3.52, 4.90) 0.54
HDL (mmol/L) 1.01(0.87, 1.18) 1.01(0.88, 1.20) 1.01(0.87, 1.19) 1.01(0.86, 1.15) 1.01(0.86, 1.18) 0.006
LDL (mmol/L) 2.51(1.93, 3.10) 2.48(1.89, 2.99) 2.51(1.94, 3.11) 2.51(1.93, 3.13) 2.51(1.98, 3.17) 0.002
TG (mmol/L) 1.32(0.99, 1.79) 1.32(1.00, 1.83) 1.32(1.01, 1.85) 1.34(1.04, 1.83) 1.29(0.93, 1.67) <0.001
GLU (mmol/L) 5.27(4.74, 6.43) 5.13(4.67, 5.87) 5.20(4.70, 6.18) 5.27(4.72, 6.43) 5.64(4.90, 7.24) <0.001
DD (ng/mL) 126.00(76.00, 226.00) 114.00(69.00, 188.00) 120.00(70.00, 193.00) 126.00(77.00, 221.00) 161.00(95.00, 321.00) <0.001
FIB (mg/dL) 315.00(273.00, 368.00) | 291.00(256.00, 326.00) | 309.00(269.00, 349.00) 325.00(284.00, 374.00) 350.00(296.00, 418.00) | <0.001
SOD (kU/L) 163.20(148.50, 176.80) 163.20(153.70, 177.90) 163.20(152.10, 177.80) 163.20(148.30, 177.40) 157.90(137.50, 172.30) | <0.001
Male (%) 3545(65%) 764(56%) 871(64%) 937(69%) 973(71%) <0.001
Hypertension (%) 3448(63%) 772(57%) 856(63%) 909(67%) 911(67%) <0.001
Diabetes (%) 1644(30%) 384(28%) 421(31%) 424(31%) 415(30%) 0316
CHD (%) 525(10%) 126(9%) 131(10%) 140(10%) 128(9%) 0.809
Hyperlipidemia (%) | 2794(51%) 687(50%) 714(52%) 722(53%) 671(49%) 0.176
Stenosis (%) 3176(58%) 658(48%) 741(54%) 836(61%) 941(69%) <0.001
AIS (%) 1852(34%) 277(20%) 408(30%) 503(37%) 664(49%) <0.001

Notes: Bold for p-values less than 0.05. In-Sll: Quartilel: < 5.788, Quartile2: 5.788-6.164, Quartile3: 6.164—6.576, Quartile4: > 6.576; SlI: Quartilel: < 326.4,
Quartile2: 326.4—475.3, Quartile3: 475.3-718.0, Quartile4: > 718.0;
Abbreviations: Sll, Systemic Immune-Inflammation Index; RBC, Red Blood Cell; WBC, White Blood Cell; ALT, Alanine Aminotransferase; TBIL, Total Bilirubin; TP,
Total Protein; CREA, Creatinine; UA, Uric Acid; CHOL, Cholesterol; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; TG,
Triglycerides; GLU, Glucose; DD, D-dimer; FIB, Fibrinogen; SOD, Superoxide Dismutase; CHD, Coronary Heart Disease; AlS, Acute Ischemic Stroke.
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Figure 2 Association between In-SIRI, In-Sll and presence of any cerebral artery stenosis. Distribution of In-SIRI (A) and In-SIl (D) across four clinical groups based on
symptomatic stroke status and stenosis presence (250%). Restricted cubic spines (RCS) analysis of the relationship between In-SIRI (B), In-SIl (E) and risk of cerebral artery
stenosis, adjusted for age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, ALT, creatinine and D-dimer. RCS analysis of In-SIRI (C) and In-SII (F) with
stenosis risk stratified by symptomatic stroke status, with the same covariate adjustments. p-value annotation legend: ns: 0.05 < p < I; * 0.01 < p <0.05; **:0.001 <p <0.01;
*k:0,0001 < p < 0.001; ¥ p < 0.0001.

Association Between Ln-SIRI, Ln-SIl and the Risk of Cerebral Artery Stenosis

Levels of In-SIRI and In-SII were significantly elevated in patients with cerebral artery stenosis compared to those
without. Furthermore, acute stroke was associated with higher levels of both indices, irrespective of the presence of
atherosclerotic stenosis (Figure 2A and D). After adjusting for covariates, logistic regression analysis revealed
a significant, dose-dependent increase in the odds of stenosis with rising In-SIRI levels (OR: 1.27, 95% CI: 1.19-1.35;
ORQuartites: 1.95, 95% CI: 1.64-2.33; p for trend < 0.001; Table 3). A similar positive association was observed for In-SII

Table 3 Binomial Logistic Regression Analysis for the Correlations of Ln-SIRI, Ln-SIl with
Presence of Cerebral Artery Stenosis

Model | p value | Model 2 Model 3 p value

In-SIRI 1.51(1.42-1.60) | <0.001 1.27(1.19-1.35) | <0.001 | 1.27(1.19-1.35) | <0.00I
Ql Ref Ref Ref

Q2 1.34(1.15-1.56) | <0.001 1.13(0.96-1.33) | 0.129 1.16(0.99-1.36) | 0.071
Q3 1.74(1.49-2.02) | <0.001 1.28(1.09-1.51) | 0.003 1.27(1.08-1.50) | 0.004
Q4 2.92(2.49-3.43) | <0.001 1.91(1.61-2.28) | <0.001 | 1.95(1.64-2.33) | <0.00I
p for trend <0.001 <0.001 <0.001
In-SlI 1.40(1.33—1.49) | <0.001 1.23(1.16-1.30) | <0.001 | 1.22(1.15-1.30) | <0.00I
Ql Ref Ref Ref

Q2 1.28(1.10-1.48) | 0.001 1.12(0.96—1.31) | 0.164 1.15(0.98-1.34) | 0.094
Q3 1.70(1.46-1.98) | <0.001 1.37(1.17-1.61) | <0.001 | 1.37(l.16~1.61) | <0.00I
Q4 2.39(2.04-2.80) | <0.001 1.70(1.44-2.01) | <0.001 | 1.71(1.45-2.03) | <0.00I
p for trend <0.001 <0.001 <0.001

Notes: Model |: Non-adjusted; Model 2: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia and acute stroke; Model 3: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia, acute stroke, ALT, creatinine and D-dimer.
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(OR: 1.22,95% CI: 1.15-1.30; ORyartites: 1.71, 95% CI: 1.45-2.03; p for trend < 0.001; Table 3). Restricted cubic spline
analyses confirmed a linear, positive correlation between both indices and stenosis risk (Figure 2B and E). Of note, this
association remained significant in the subgroup of patients with acute stroke (Figure 2C, F and Figure S1).

Association Between Ln-SIRI, Ln-SlI and the Distribution of Cerebral Artery Stenosis
Levels of In-SIRI and In-SII were significantly higher in combined stenosis (IECAS) group compared to intracranial
artery stenosis (ICAS) group or extracranial artery stenosis (ECAS) group. However, no statistically significant
difference was detected between the ICAS and ECAS groups (Figure 3A and D). RCS analysis revealed that higher
levels of both indices were associated with an elevated risk of stenosis in both intracranial and extracranial arteries.
(Figure 3B, C, E and F). Furthermore, a consistent pattern of association was also observed stratified by anterior versus
posterior circulation. In both vascular territories, the inflammatory indices were positively associated with stenosis,
showed no significant difference between each other, and were highest in cases of combined stenosis. These associations
were similarly reflected in RCS analyses (Figure S2).

Association Between Ln-SIRI, Ln-SIl and the Severity of Cerebral Artery Stenosis
Elevated levels of both In-SIRI and In-SII were associated with a higher prevalence of severe stenosis or occlusion.
Specifically, 60.3% of patients in the In-SIRI Q4 group and 58.6% in the In-SII Q4 group had severe stenosis or occlusion
(Figure 4A and C). After adjustment for covariates, ordered logistic regression analysis revealed a significant, dose-
dependent association between increasing levels of In-SIRI and stenosis severity (OR: 1.29, 95% CI: 1.22-1.36;
ORQuariilea: 1.91, 95% CI: 1.65-2.21; p for trend < 0.001; Table 4). A similar association was observed for In-SII
(OR: 1.26, 95% CI: 1.20-1.33; ORquartites: 1.78, 95% CI: 1.55-2.05; p for trend < 0.001; Table 4). Furthermore, RCS
analysis indicated a positive relationship between the severity of cerebral artery stenosis and elevated In-SIRI and In-SII
levels (Figure 4B and D).
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Figure 3 Association between In-SIRI, In-Sll and the distribution of cerebral artery stenosis. Distribution of In-SIRI (A) and In-SII (D) across stenosis groups: non-stenosis,
ICAS, ECAS and IECAS. Restricted cubic spline (RCS) analysis of In-SIRI with risk of intracranial (B) and extracranial (C) artery stenosis. RCS analysis of In-SIl with risk of
intracranial (E) and extracranial (F) artery stenosis. All models adjusted for age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, acute stroke, ALT,
creatinine and D-dimer. Abbreviations: Non-stenosis: no stenosis 250% in any artery; ICAS: 250% stenosis exclusively in intracranial arteries; ECAS: 250% stenosis
exclusively in extracranial arteries; IECAS: stenosis 250% in both intracranial and extracranial arterial territories. p-value annotation legend: ns: 0.05 <p < |; *: 0.0l <p <
0.05; *: 0.001 < p < 0.0l; **: 0.0001 < p < 0.001; ***: p < 0.0001.
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Figure 4 Association between In-SIRI, In-Sll and the severity of cerebral artery stenosis. The proportions of individuals with the most severe stenosis in the interquartile
grouping of In-SIRI (A) and In-SlI (C). Restricted cubic spines analysis of the correlation between In-SIRI (B), In-Sll (D) and the severity of cerebral artery stenosis (based on
ordinal logistic regression) after adjusting for age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, acute stroke, ALT, creatinine and D-dimer.

Association Between Ln-SIRI, Ln-SIl and the Extent of Cerebral Artery Stenosis
Higher levels of In-SIRI and In-SII were associated with a greater number of stenotic vessels. The proportion of patients
with multi-vessel stenosis (>3 affected sites) was highest in the top quartiles of both In-SIRI (39.8%) and In-SII (38.5%)
(Figure 5A and C). Ordered logistic regression confirmed a significant, dose-dependent relationship. After adjustment for
covariates, patients in the highest In-SIRI quartile (Q4) had nearly twice the odds of having more extensive stenosis
compared to those in the lowest quartile (Q1) (ORguartiiea: 1.82; 95% CI: 1.57-2.12; p for trend < 0.001; Table 5).
A similar positive association was observed for In-SII (ORquartiiea: 1.71; 95% CI: 1.48-1.98; p for trend < 0.001;
Table 5). Restricted cubic spline analysis further supported a positive, linear relationship between the levels of both
inflammatory indices and the number of stenotic sites (Figure 5B and D).

Table 4 Ordinal Regression Analysis for the Correlations of Ln-SIRI, Ln-SII with the Severity
of Cerebral Artery Stenosis

Model | p value | Model 2 p value | Model 3 p value
In-SIRI 1.51(1.44-1.58) | <0.001 1.30(1.23-1.37) | <0.001 1.29(1.22-1.36) | <0.001
Ql Ref Ref Ref
Q2 1.33(1.17-1.52) | <0.001 1.14(0.99-1.30) | 0.063 1.14(0.99-1.30) | 0.065
Q3 1.63(1.43-1.87) | <0.001 1.19(1.04-1.37) | 0.013 1.19(1.04-1.37) | 0.014
Q4 2.88(2.51-3.29) | <0.00I 1.92(1.67-2.22) | <0.001 1.91(1.65-2.21) | <0.001
p for trend <0.001 <0.001 <0.001

(Continued)
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Table 4 (Continued).

Model | p value | Model 2 p value | Model 3 p value
In-SlI 1.44(1.37-1.51) | <0.001 1.27(1.21-1.33) | <0.001 1.26(1.20-1.33) | <0.001
Ql Ref Ref Ref
Q2 1.29(1.13-1.48) | <0.001 1.11(0.97-1.27) | 0.124 1.11(0.97-1.28) | 0.118
Q3 1.67(1.46—1.91) | <0.001 1.31(1.14-1.50) | <0.001 1.31(1.14-1.51) | <0.001
Q4 2.52(2.20-2.89) | <0.001 1.80(1.56-2.07) | <0.001 1.78(1.55-2.05) | <0.001
p for trend <0.001 <0.001 <0.001

Notes: Model |: Non-adjusted; Model 2: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia and acute stroke; Model 3: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia, acute stroke, alanine aminotransferase, creatinine and D-dimer.

Subgroup Analysis

Subgroup analyses indicated that elevated In-SIRI and In-SII were consistently associated with an increased risk of
atherosclerotic stenosis across all subgroups (all subgroup p < 0.05; Figure 6A and B). Notably, even in the lower LDL-C
subgroup (<1.8 mmol/L), In-SIRI remained a significant risk indicator (OR: 1.46, 95% CI: 1.21-1.75). However, the
association was significantly stronger in patients with higher LDL-C (>1.8 mmol/L; OR: 1.88, 95% CI: 1.71-2.06), as
indicated by a statistically significant interaction (p for interaction < 0.05).
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Figure 5 Association between In-SIRI, In-Sll and extent of cerebral artery stenosis. The proportions of individuals with different number of stenosis in the interquartile grouping
of In-SIRI (A) and In-SllI (C). Restricted cubic spine analysis of the correlation between In-SIRI (B), In-SIl (D) and the number of locations of cerebral artery stenosis (based on
ordinal logistic regression) after adjusting for age, gender, hypertension, diabetes, coronary heart disease, hyperlipidemia, acute stroke, ALT, creatinine and D-dimer.
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Table 5 Ordinal Regression Analysis for the Correlations of Ln-SIRI, Ln-SIl with the Number
of Locations of Cerebral Artery Stenosis

Model | p value | Model 2 p value | Model 3 p value

In-SIRI 1.48(1.41-1.56) | <0.001 1.27(1.20-1.34) | <0.001 1.27(1.20-1.34) | <0.001
Ql Ref Ref Ref

Q2 1.32(1.15-1.51) | <0.00I 1.10(0.96—1.27) | 0.179 1.10(0.95-1.27) | 0.185
Q3 1.76(1.54-2.03) | <0.00I 1.30(1.12-1.51) | <0.001 1.30(1.12-1.50) | <0.001
Q4 2.80(2.44-3.22) | <0.001 1.84(1.58-2.13) | <0.001 1.82(1.57-2.12) | <0.001
p for trend <0.001 <0.001 <0.001
In-SlI 1.40(1.33—-1.47) | <0.001 1.24(1.18-1.31) | <0.001 1.24(1.18-1.31) | <0.001
Ql Ref Ref Ref

Q2 1.26(1.10-1.45) | <0.001 1.10(0.96-1.27) | 0.177 1.10(0.96-1.27) | 0.173
Q3 1.69(1.47-1.93) | <0.001 1.36(1.18-1.57) | <0.001 1.36(1.18-1.57) | <0.00I
Q4 2.38(2.08-2.74) | <0.001 1.73(1.49-1.99) | <0.001 1.71(1.48-1.98) | <0.00I
p for trend <0.001 <0.001 <0.001

Notes: Model |: Non-adjusted; Model 2: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia and acute stroke; Model 3: Adjusted for age, gender, hypertension, diabetes, coronary heart disease,
hyperlipidemia, acute stroke, alanine aminotransferase, creatinine and D-Dimer.

ROC Analysis

The discriminatory performance of In-SIRI and In-SII for identifying cerebral atherosclerotic stenosis was evaluated
using ROC analysis. The unadjusted AUC for In-SIRI was 0.613 (95% CI: 0.598-0.628). After adjustment, the AUC
increased to 0.699 (95% CI: 0.686-0.713) (Figure 7A). Similarly, In-SII showed an unadjusted AUC of 0.596 (95% CI:
0.580-0.611), which improved to 0.698 (95% CI: 0.684—0.712) in the adjusted model (Figure 7B and Table S2).

A B
Subgroup Number (%) OR (95%Cl) P value P forinteraction Subgroup Number (%) OR (95%Cl) P value P for interaction
Age i 0.319 Age i 0.319
>65 2579 (47.4) 3 - 1.72(1.53,1.94) <0.001 >65 2579 (47.4) E - 1.72(1.53,1.94) <0.001
<65 2865 (52.6) e 1.87 (1.67,2.11) <0.001 <65 2865 (52.6) e 1.87 (1.67,2.11) <0.001
Sex : 0.111 Sex : 0.111
Female 1899 (34.9) i - 1.86 (1.61,2.15) <0.001 Female 1899 (34.9) E - 1.86 (1.61,2.15) <0.001
Male 3545 (65.1) i Ll 1.61(1.44,1.79) <0.001 Male 3545 (65.1) E - 1.61(1.44,1.79) <0.001
Hypertension 5 0.169 Hypertension 1 0.169
No 1996 (36.7) . 1.88(1.65,2.14) <0.001 No 1996 (36.7) o 1.88 (1.65,2.14) <0.001
Yes 3448 (63.3) | e 1.67 (1.49,1.86) <0.001 Yes 3448 (63.3) | 1.67 (1.49,1.86) <0.001
Diabetes ; 0.022 Diabetes : 0.022
No 3800 (69.8) o 1.9(1.72,2.09) <0.001 No 3800 (69.8) Lo 1.9 (1.72,2.09) <0.001
Yes 1644 (30.2) i gl 1.52(1.3,1.79) <0.001 Yes 1644 (30.2) E Ll 1.62(1.3,1.79) <0.001
CHD 0.876 CHD 0.876
No 4919 (90.4) ] 1.79 (1.64,1.96) <0.001 No 4919 (90.4) Lo 1.79 (1.64,1.96) <0.001
Yes 525 (9.6) i —— 1.75(1.33,2.31) <0.001 Yes 525 (9.6) E —— 1.75(1.33,2.31) <0.001
Hyperlipidemia i 0.66 Hyperlipidemia E 0.66
No 2650 (48.7) E Ll 1.85(1.64,2.07) <0.001 No 2650 (48.7) i - 1.85(1.64,2.07) <0.001
Yes 2794 (51.3) i sl 1.78 (1.57,2.01) <0.001 Yes 2794 (51.3) E Lol 1.78 (1.57,2.01) <0.001
LDL : 0.017 LDL : 0.017
<1.8mmol/L 1084 (19.9) i -t 1.46 (1.21,1.75) <0.001 <1.8mmol/L 1084 (19.9) E - 1.46 (1.21,1.75) <0.001
21.8mmol/L 4360 (80.1) i 1.88(1.71,2.06) <0.001 21.8mmol/L 4360 (80.1) ] 1.88(1.71,2.06) <0.001
TG : 0.407 TG : 0.407
<1.7mmol/L 3878 (71.2) E Ll 1.76 (1.6,1.94) <0.001 <1.7mmol/L 3878 (71.2) E Ll 1.76 (1.6,1.94) <0.001
>1.7mmol/L 1566 (28.8) e 1.92 (1.62,2.27) <0.001 >1.7mmol/L 1566 (28.8) - 1.92 (1.62,2.27) <0.001
AIS : 0.967 AlS 1 0.967
No 3592 (66) ] 1.54 (1.39,1.7)  <0.001 No 3592 (66) ] 1.54 (1.39,1.7) <0.001
Yes 1852 (34) i -t 1.54 (1.31,1.81) <0.001 Yes 1852 (34) E sl 1.54 (1.31,1.81) <0.001
Imaging_modality 1 0.04 Imaging_modality H 0.04
DSA 1787 (32.8) L 163(1.332)  <0.001 DSA 1787 (32.8) e 163(1.332)  <0.001
CTA 527 (9.7) | —— 245(1.833.26) <0.001 CTA 527 (9.7) | —— 245(1.833.26) <0.001
MRA 3130 (57.5) | b 1.68 (1.51,1.87) <0.001 MRA 3130 (57.5) | 1.68 (1.51,1.87) <0.001
0.1 115 25 35 0.1 115 25 35

Figure 6 The association between In-SIRI (A), In-SlI (B) and the presence of any cerebral artery stenosis in subgroups based on age, sex, hypertension, diabetes, coronary
heart disease, hyperlipidemia, LDL, TG, acute ischemic stroke and imaging modalities.
Abbreviations: CHD, coronary heart disease; AlS, acute ischemic stroke; LDL, low-density lipoprotein cholesterol; TG, triglycerides.
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Figure 7 ROC curve of In-SIRI (A), In-Sll (B) for identifying cerebral atherosclerotic stenosis before and after adjustment. The adjusted curves were derived from logistic
regression models incorporating age, sex, hypertension, diabetes, coronary heart disease, hyperlipidemia, acute stroke, ALT, creatinine, and D-dimer.

Sensitivity Analysis

To assess the robustness of our primary findings, sensitivity analyses were performed by excluding patients with acute
stroke. After excluding these individuals, the associations between elevated In-SIRI and In-SII levels and the presence,
severity, and extent of cerebral atherosclerotic stenosis remained statistically significant (Table S3). Similarly, the results
did not change when we excluded participants who underwent DSA (Table S3). Notably, sensitivity analyses performed on
the raw inflammatory indices (SIRI and SII, without log-transformation) also yielded significant associations (Table S4).

Discussion

This study stated that elevated levels of the systemic inflammatory biomarkers SIRI and SII are associated with the
presence, severity and extent of cerebral atherosclerosis. The significant association observed even in patients without
acute stroke indicates that this relationship is not merely a consequence of acute cerebral injury but is likely linked to the
chronic inflammatory process of atherosclerosis itself. The positive correlations of In-SIRI and In-SII with both the
maximum stenosis grade and the number of affected arterial sites suggested that these indices may reflect the overall
burden of cerebral atherosclerosis.

SIRI and SII, as novel biomarkers of inflammation, have been demonstrated to be significantly associated with
atherosclerosis and its complications.'®'® In the context of coronary artery disease, both indices have been identified as
independent risk factors for coronary heart disease (CHD)'® and exhibit strong correlations with CHD severity,'*2%!
well as all-cause mortality.”?> Regarding cerebrovascular conditions, SIRI has been closely linked to carotid
2324 and has shown significant correlations with functional outcomes at discharge and six months

as

atherosclerosis

following hospitalization in patients with acute ischemic stroke.®* Similarly, SII is independently associated with

24,2627

subclinical carotid atherosclerosis and serves as an independent predictor for the presence of vulnerable carotid

plaques.?® Moreover, SII has been found to be a predictor of the severity of large artery atherosclerosis - type strokes.?’
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Consistent with these prior findings, our study suggested that In-SIRI and In-SII are strongly associated with the presence
of stenosis in both intracranial and extracranial arteries. Importantly, after excluding patients with acute stroke, which is
a key confounder that elevates inflammatory markers, the association with the severity and extent of atherosclerotic
stenosis persisted. Restricted cubic spline analysis further confirmed this association. This is consistent with cerebral
atherosclerosis being a chronic inflammatory response and both indices can reflect the burden of cerebral atherosclerosis.

Atherosclerosis is a multifaceted chronic inflammatory process involving diverse immune cells and inflammatory
mediators.*® Recent studies have identified novel serum biomarkers, such as C-X-C chemokine ligand 9, hepatocyte
growth factor, resistin, stem cell factor and vascular endothelial growth factor A, that are associated with intracranial
atherosclerosis and the incidence of subsequent clinical events.>’ However, the clinical utility of these biomarkers is
often constrained by challenges in acquisition and evaluation.

In contrast, SIRI and SII, derived from peripheral blood cell counts, including monocytes, neutrophils, lymphocytes
and platelets, offer greater accessibility and feasibility for dynamic clinical monitoring. Monocytes and macrophages are
integral to the innate immune response in atherosclerosis. Specifically, M1 macrophages promote immune cell recruit-
ment, inflammatory activation and plaque destabilization by secreting pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6) and interleukin-1 beta (IL-1p),**> whereas M2 macrophages facilitate tissue
repair and inflammation resolution via releasing anti-inflammatory mediators including interleukin-10 (IL-10) and
transforming growth factor-beta (TGF-B).>* Lymphocytes, key players in adaptive immunity, modulate immune
responses throughout the initiation and progression of atherosclerosis.>* Neutrophils predominantly engage in post-
plaque rupture processes by facilitating the clearance of necrotic debris. Moreover, the interplay between neutrophils and
activated platelets leads to the formation of neutrophil extracellular traps (NETs), which play a pivotal role in accel-
erating thrombotic events.>® Platelets contribute to immune cell infiltration, participate in the formation of macrophage-
derived foam cells and influence cholesterol metabolism. Upon activation, platelets release platelet-activating factor
(PAF), which mediates strong adhesion among platelets, leukocytes and the vascular endothelium, thereby modulating
the plaque’s microenvironment.*>~°

Furthermore, our study suggested that In-SIRI and In-SII remain significantly associated with the presence of cerebral
atherosclerotic stenosis, even among patients whose LDL-C or TG levels have met guideline-recommended targets.
Previous studies have established that many patients continue to harbor residual inflammatory risk despite intensive lipid-
lowering therapy with high-dose statins combined with PCSK9 inhibitors.>” High-sensitivity C-reactive protein (hsCRP)
has been widely used in cardiovascular and cerebrovascular research to evaluate residual inflammatory risk.>® '
Elevated hsCRP (>2 mg/L) has been linked to a pro-inflammatory and unstable plaque phenotype in carotid arteries.**
However, recent large-scale studies suggest that SIRI and SII perform comparably to or even better than CRP in
predicting adverse cardiovascular and cerebrovascular events.** Among hsCRP, inflammatory burden index (IBI), NLR,
and SIRI, SIRI was the only index independently associated with stroke.** Moreover, SII has been identified as an
independent predictor of long-term outcomes in patients after carotid stent implantation, outperforming CRP in predictive
accuracy.”> Compared with CRP, SIRI and SII integrate multiple hematological parameters, providing a more systematic
and comprehensive assessment of inflammatory status. Both indices can be derived from routine complete blood counts,
offering clear advantages in accessibility, simplicity, and low cost. Nevertheless, standardized cut-off values for SIRI and
SII have yet to be established, and validation data remain limited. Further studies are needed to refine and validate these
promising inflammatory biomarkers.

ROC analysis suggested that In-SIRI and In-SII were associated with AUC values of 0.699 and 0.698, respectively, with
corresponding cut-offs 0f 0.56 for In-SIRI and 6.254 for In-SII. They could potentially serve as adjunctive tools to complement
conventional risk stratification. For individuals exceeding these thresholds, enhanced monitoring may be considered.
Additionally, during follow-up, an observed upward trend in these markers might serve as a dynamic, early-warning signal.

This study possesses several notable strengths. Its substantial sample size enhances the statistical power and
robustness of the findings. Furthermore, to our knowledge, it represents the first systematic evaluation of the associations
of SIRI and SII with the presence and severity of both intracranial and extracranial atherosclerosis, providing novel

evidence clarifying the link between systemic inflammation and atherosclerotic burden.
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Several limitations should also be considered. The single-center retrospective, cross-sectional design may limit the
generalizability of our findings to broader populations and restrict causal inference. Although we adjusted for key clinical
and laboratory variables, residual confounding from unmeasured or inaccurately recorded factors, such as detailed
lifestyle habits (smoking, alcohol consumption) and specific medication use (statins, NSAIDs), cannot be ruled
out. Moreover, the use of different imaging modalities may introduce variability due to their differing sensitivities and
specificities, although sensitivity analyses indicated that our main findings remained robust. Finally, the log-
transformation applied to SIRI and SII, while statistically appropriate for handling skewed data, may compress
differences at higher values and implies a nonlinear relationship with the outcome, a point that warrants attention in
clinical interpretation. Future multicenter, prospective cohort studies with longitudinal monitoring of SIRI and SII are
warranted to validate these findings, establish their prognostic utility and elucidate their temporal relationship with the
progression of cerebrovascular atherosclerosis.

Conclusion

In conclusion, In-SIRI and In-SII were significantly associated with the presence, severity and extent of cerebral
atherosclerosis. Regular assessment of In-SIRI and In-SII levels may potentially improve the early identification and
proactive management of high-risk individuals. Further prospective studies are needed to validate their clinical utility.
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