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Background: The combined effect of systemic immune-inflammation index (SII) and aortic valve calcification (AVC) on the risk of
major adverse cardiovascular events (MACE) in patients with coronary heart disease (CHD) remains unclear. This study aimed to
investigate their combined association with MACE in CHD.

Methods: This retrospective cohort study included 846 CHD patients. SII was calculated as platelet count x neutrophil count /
lymphocyte count, and AVC status was determined by echocardiography. Patients were divided into four groups based on median SII
and AVC presence: Low SII + AVC (-), High SII + AVC (-), Low SII + AVC (+), and High SII + AVC (+). Cox regression, subgroup
and sensitivity analyses assessed the association between SII + AVC and MACE.

Results: Multivariate Cox regression revealed that, compared to the Low SII + AVC (-), MACE risk increased 6.542-fold in the High
SII + AVC (+) group and 1.605-fold in the High SII + AVC (-) group (P < 0.05). Subgroup analysis indicated that, compared to the
Low SII + AVC (-), MACE risk was significantly elevated in the High SII + AVC (-) group for patients over 60, both genders, with
hypertension, hyperlipidemia, or without diabetes (P < 0.05). In the Low SII + AVC (+) group, MACE risk was elevated only in males
(P < 0.05). The High SII + AVC (+) group had increased MACE risk in all subgroups except those with diabetes (P < 0.05). After
excluding patients with estimated glomerular filtration rate < 60 mL/min/1.73m?, the high SII + AVC (+) group remained significantly
associated with increased MACE risk (P = 0.001), as did the High SII + AVC (-) group (P = 0.031).

Conclusion: The combination of SII and AVC is significantly associated with MACE risk in patients with CHD.

Keywords: systemic immune-inflammation index, aortic valve calcification, coronary heart disease, major adverse cardiovascular
events, combined effect

Introduction
Coronary heart disease (CHD) is a leading cause of death and disability worldwide, posing a significant public health
challenge and severely threatening human health.' In recent years, with advances in medical technology and the
deepening of clinical research, an increasing number of biomarkers have been used to predict the risk, severity, and
prognosis of CHD, aiming to improve the effectiveness of clinical interventions.> * However, the prognosis of CHD
patients is influenced by multiple factors, among which the systemic immune-inflammation index (SII) and aortic valve
calcification (AVC) have gradually attracted the attention of researchers.

The SII is a comprehensive inflammation marker based on the counts of neutrophils, platelets, and lymphocytes in
peripheral blood.” In recent years, SII has been shown to be closely associated with the occurrence and development of
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various cardiovascular diseases (CVD).®® SII not only reflects the body’s immune and inflammatory status but may also
play a critical role in the process of atherosclerosis.” Aortic valve calcification (AVC), a common comorbidity in CHD
patients, is closely related to the occurrence of atherosclerosis and cardiovascular events.'®'! Existing studies have
shown that AVC is not only closely associated with heart valve disease but may also increase the risk of major adverse
cardiovascular events (MACE).'>!?

Although SII and AVC are each associated with poor prognosis in CHD patients, studies on the combined impact of
these two factors on the risk of MACE in CHD patients are currently limited. Therefore, this study aimed to explore the
predictive value of the combined effect of SII and AVC on MACE in CHD patients, with the goal of providing new

insights and evidence for clinical risk assessment and personalized treatment.

Methods
Study Population and Design

This retrospective cohort study included a total of 846 patients diagnosed with CHD who were treated at the Henan
Province Chest Hospital between September 1, 2016, and September 1, 2022. The inclusion criteria were as follows: (1)
age > 18 years; (2) a confirmed diagnosis of CHD; and (3) willingness to participate in follow-up. The exclusion criteria
were: (1) loss to follow-up; (2) missing data on neutrophil count, lymphocyte count, or platelet count; (3) missing data on
AVC,; (4) significant missing data on other clinical parameters; (5) presence of malignancies; (6) severe inflammatory or
autoimmune diseases (such as rheumatoid arthritis, systemic lupus erythematosus, or active infections); (7) severe
hematological disorders (such as aplastic anemia, leukemia, or lymphoma); (8) severe hepatic or renal failure (such as
Child-Pugh class C or chronic kidney disease stage 5); and (9) severe psychiatric or neurological disorders (including
schizophrenia or bipolar disorder requiring antipsychotic treatment, as well as severe neurological disorders such as
Parkinson’s disease or Alzheimer’s disease). The study was conducted in accordance with the principles outlined in the
Declaration of Helsinki. The protocol was reviewed and approved by the Henan Provincial Chest Hospital Ethics
Committee. Informed consent was obtained from all participants, or from their legal guardians, prior to inclusion in
the study.

Assessment and Definition of Sll and AVC

The SII was calculated using the formula: platelet count x neutrophil count / lymphocyte count.” AVC status was
determined via echocardiographic evaluation, with patients classified as AVC positive (+) or negative (-) based on the
presence or absence of AVC. Patients were then stratified into four groups based on their median SII and AVC status:
Low SII + AVC (-), High SII + AVC (-), Low SII + AVC (+), and High SII + AVC (+).

Follow-Up and Definition of Outcome Variables

The primary outcome was the occurrence of MACE, which included cardiovascular death, non-fatal myocardial
infarction, non-fatal stroke, unplanned revascularization, rehospitalization due to worsening heart failure, and rehospi-
talization due to recurrent angina. Follow-up began at the time of discharge and continued until either the patient’s death
or July 31, 2024, whichever occurred first.

Covariate Collection and Definition

Covariates for this study included a range of demographic, clinical, and biochemical parameters. Age and sex were
recorded for all participants, along with smoking status, hypertension, diabetes, and hyperlipidemia, which were defined
based on clinical diagnoses or the use of corresponding medications. Medication use, including antihypertensive, lipid-
lowering, and antidiabetic drugs, was documented as binary variables. Anthropometric and hemodynamic measures
included body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate.
Biochemical parameters collected included triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDL-
C), high-density lipoprotein cholesterol (HDL-C), and lipoprotein(a). LDL-C was measured directly, and lipoprotein(a)
was assessed using the immunoturbidimetric method. Uric acid levels, fasting blood glucose (FBG), and glycated
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hemoglobin Alc (HbAlc) were measured, along with high-sensitivity C-reactive protein (Hs-CRP) as an indicator of
systemic inflammation. Renal function was assessed using creatinine levels and estimated glomerular filtration rate
(eGFR). Coagulation status was evaluated through fibrinogen and D-dimer levels, while albumin levels were also
recorded. Cardiac function was assessed by measuring left ventricular ejection fraction (LVEF). The diagnosis of
CHD was based on the patient’s medical history, symptoms, electrocardiogram (ECG), and coronary angiography results.
Specifically, CHD was confirmed by evidence of ischemic changes on the ECG (such as ST-segment elevation or
depression, T-wave inversion, etc). or by coronary angiography showing > 50% stenosis in the coronary arteries.'* In this
study, CHD patients included both stable CHD patients and acute coronary syndrome patients.

Statistical Analysis

Firstly, the normality of continuous variable data distribution was verified using the Kolmogorov—Smirnov test. Baseline
characteristics were presented as means + standard deviations for normally distributed continuous variables, medians
(interquartile ranges) for non-normally distributed continuous variables, and frequencies (percentages) for categorical
variables. Differences between groups were assessed using the chi-square test for categorical variables, one-way ANOVA
for normally distributed continuous variables, and the Kruskal-Wallis test for non-normally distributed continuous
variables. The association between the combination of SII and AVC and the risk of MACE was evaluated using
univariate and multivariate Cox proportional hazards regression models. Univariate analysis was initially performed to
identify potential predictors, and variables with a P-value < 0.05 were considered for inclusion in the multivariate
models. Three multivariate models were constructed: Model 1 was unadjusted, Model 2 was adjusted for age, and Model
3 was adjusted for age, hyperlipidemia, BMI, heart rate, uric acid, eGFR, fibrinogen, albumin, and LVEF. Hazard ratios
(HRs) with 95% confidence intervals (Cls) were calculated. Subgroup analyses were conducted to explore the effect of
SII and AVC on MACE across different strata, including age, sex, hypertension, hyperlipidemia, and diabetes status.
Sensitivity analyses were performed to confirm the robustness of the results by excluding patients with eGFR <
60 mL/min/1.73m? and adjusting for all potential confounders included in Model 3. Survival curves were generated
using the Kaplan-Meier method, and the Log rank test was used to compare differences in cumulative event rates
between groups. All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and
R version 4.1.4 (R Foundation for Statistical Computing, Vienna, Austria). A P-value < 0.05 was considered statistically
significant.

Results

Baseline Characteristics

As shown in Table 1, when comparing the clinical characteristics across different SII and AVC groupings, the study
found that the incidence of hyperlipidemia was significantly higher in the high SII with AVC-negative group compared to
the low SII with AVC-negative group (P = 0.039), and the heart rate was also higher (P = 0.045). Additionally, the high
SII with AVC-positive group exhibited higher levels of inflammation, with significantly elevated Hs-CRP and fibrinogen
levels (P = 0.003 and P < 0.001, respectively), and a notable increase in D-dimer levels (P = 0.043). Most importantly,
the incidence of MACE was significantly higher in the high SII with AVC-positive group compared to the other groups
(P < 0.001).

Association Between the Combination of Sll and AVC with MACE

During the median follow-up period of 51 months, a total of 72 MACE events occurred. In the univariate Cox regression
analysis presented in Table 2, the variables significantly associated with MACE include age (HR = 1.028, P = 0.022),
hyperlipidemia (HR = 2.649, P = 0.023), BMI (HR = 0.928, P = 0.036), heart rate (HR = 1.022, P = 0.040), uric acid (HR
= 1.003, P = 0.002), creatinine (HR = 1.016, P < 0.001), eGFR (HR = 0.976, P < 0.001), fibrinogen (HR = 1.321, P =
0.044), albumin (HR = 0.916, P = 0.004), and LVEF (HR = 0.947, P < 0.001). In the multivariate Cox regression analysis
presented in Table 3, both the high SII without AVC group and the high SII with AVC group significantly increased the
risk of MACE in the unadjusted model (Model 1) and the age-adjusted model (Model 2). In the fully adjusted model
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Table | Comparison of Clinical Characteristics Based on Sll and AVC Groupings

Low SII+AVC (-) | High SIIFAVC (-) | Low SI+AVC (+) | High SII+AVC (+) | P value

N 443 298 51 54

Age, years 58.20 + 10.45 5891 + 10.06 56.61 + 10.03 59.74 + 9.35 0.337
Male, n (%) 368 (83.1%) 248 (83.2%) 44 (86.3%) 39 (72.2%) 0.197
Smoking, n (%) 170 (38.4%) 117 (39.3%) 20 (39.2%) 17 (31.5%) 0.753
Hypertension, n (%) 310 (70.0%) 219 (73.7%) 31 (60.8%) 41 (75.9%) 0.209
Hyperlipidemia, n (%) 365 (82.4%) 265 (89.2%) 40 (78.4%) 44 (81.5%) 0.039
Diabetes, n (%) 163 (36.8%) 113 (37.9%) 15 (29.4%) 19 (35.2%) 0.703
Antihypertensive drugs, n (%) | 375 (84.7%) 262 (87.9%) 45 (88.2%) 50 (92.6%) 0.300
Lipid-lowering drugs, n (%) | 282 (63.7%) 175 (58.7%) 33 (64.7%) 34 (63.0%) 0.562
Antidiabetic drugs, n (%) 150 (33.9%) 103 (34.6%) 15 (29.4%) 17 (31.5%) 0.886
BMI, kg/m? 26.54 + 3.37 2670 + 3.75 26.43 + 4.00 26.38 + 3.93 0.879
SBP, mmHg 127.70 + 15.26 129.15 + 15.76 124.75 + 14.89 128.15 + 16.14 0.256
DBP, mmHg 7276 + 10.64 72.46 + 9.93 70.08 + 8.37 7343 + 10.98 0317
Heart rate, times/min 70.74 (10.84) 72.62 (10.33) 73.36 (10.59) 73.23 (10.68) 0.045
Triglycerides, mmol/L 145 (1.09, 2.26) 146 (1.09, 1.93) .58 (1.24, 2.20) .43 (1.04, 2.05) 0301
Total cholesterol, mmol/L 3.90 + 1.08 381 + 1.0l 381 + 1.03 3.69 + 0.90 0.475
LDL-C, mmol/L 222 +0.85 222 + 0.85 2.5 +0.88 215 +0.76 0.901
HDL-C, mmol/L 0.98 + 0.23 0.95 + 0.20 092 +0.19 0.95 +0.18 0.186
Lipoprotein(a), g/L 0.32 (0.07, 16.95) 041 (0.11, 27.30) 0.36 (0.08, 15.00) 052 (0.11, 27.10) 0.587
Uric acid, umol/L 353.54 + 88.46 359.63 + 97.35 37191 + 83.42 371.81 142,51 0.355
FBG, mmol/L 6.28 + 224 6.13 + 1.84 575 + 1.64 6.36 293 0333
HbAlc, % 676 + 1.40 662+ 1.24 6.24 + 0.86 636 + 1.02 0.274
Hs-CRP, mg/L 0.97 (0.48, 2.46) 117 (0.61, 3.78) 0.84 (0.4, 1.78) 1.60 (0.65, 2.59) 0.003
Creatinine, pmol/L 73.97 + 1638 75.92 + 22.77 73.15 + 17.25 7622 + 24.63 0.491
eGFR, mL/min/1.73m? 94.40 + 15.76 93.58 + 17.61 97.24 + 17.55 88.19 + 17.24 0.061
Fibrinogen, g/L 3.00 + 0.6l 333 +£072 2.89 + 0.45 347 + 124 < 0.001
D-dimer, ng/L 89.50 (52.50, 149.25) | 95.00 (56.00, 155.00) | 83.00 (66.00, 161.00) | 113.00 (69.50, 149.50) | 0.043
Albumin, g/L 41.60 + 3.02 41.17 £ 4.00 4154 271 40.50 + 4.04 0.093
LVEF, % 60.49 + 8.6 59.47 + 9.48 58.71 + 10.11 59.64 + 8.94 0415
MACE, n (%) 18 (4.1%) 35 (11.7%) 5 (9.8%) 14 (25.9%) < 0.001

Notes: Low SII: < 547.2 x10%/L; High SII: > 547.2 x10%/L.
Abbreviations: Sll, systemic immune-inflammation index; AVC, aortic valve calcification; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; HbA I ¢, glycated hemoglobin; Hs-CRP,
high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular events.

Table 2 Univariate Cox Regression Analysis for MACE

HR 95% CI P value
Age 1.028 | 1.004-1.053 | 0.022
Male 0.973 | 0.534-1.775 | 0.930
Smoking 0.841 | 0.517-1.367 | 0.485
Hypertension 1.079 | 0.644-1.808 | 0.772
Hyperlipidemia 2.649 | 1.141-6.151 | 0.023
Diabetes 0.932 | 0.574-1.515 | 0.777
Antihypertensive drugs | 1.085 | 0.540-2.182 | 0.818
Lipid-lowering drugs 1.273 | 0.776-2.089 | 0.340
Antidiabetic drugs 0.889 | 0.539-1.469 | 0.647
BMI 0.928 | 0.866-0.995 | 0.036
SBP 1.006 | 0.991-1.021 | 0.444
DBP 0.992 | 0.969-1.015 | 0.481
Heart rate 1.022 | 1.001-1.044 | 0.040

(Continued)
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Table 2 (Continued).

HR 95% ClI P value
Triglycerides 0.931 | 0.750-1.155 | 0.515
Total cholesterol 1.066 | 0.859—1.324 | 0.561
LDL-C I.111 | 0.847—1.456 | 0.448
HDL-C 1.208 | 0.398-3.673 | 0.739
Lipoprotein(a) 1.003 | 0.999-1.007 | 0.106
Uric acid 1.003 | 1.001-1.006 | 0.002
FBG 1.000 | 0.892—1.121 | 0.998
HbAlc 0.985 | 0.727-1.336 | 0.924
Hs-CRP 1.029 | 0.988-1.072 | 0.172
Creatinine 1.016 | 1.007-1.025 | < 0.00I
eGFR 0.976 | 0.965-0.988 | < 0.001
Fibrinogen 1.321 | 1.008-1.733 | 0.044
D-dimer 1.000 | 1.000-1.001 | 0.128
Albumin 0916 | 0.863-0.972 | 0.004
LVEF 0.947 | 0.928-0.967 | < 0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose;
HbA ¢, glycated hemoglobin; Hs-CRP, high-sensitivity C-reactive protein;
eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection
fraction; MACE, major adverse cardiovascular events.

Table 3 Multivariate Cox Regression Analysis of the Association Between the Combination of SIl and AVC with

MACE
Model | Model 2 Model 3 P value
HR (95% CI) P value | HR (95% CI) P value | HR (95% CI)
Low SII+AVC (-) | Ref Ref Ref

High SIFAVC (-) | 3.026 (1.713, 5.344) | <0.001 | 2.997 (1.697,5.294) | <0001 | 2.605 (1.469, 4.620) | 0.001
Low SIHAVC (+) | 2.548 (0.946, 6.864) | 0.064 | 2.669 (0.990,7.198) | 0052 | 2.173 (0.793, 5.955) | 0.131

High SIFAVC (+) | 8.021 (3.982, 16.153) | <0.001 | 7.736 (3.838, 15.591) | < 0.001 | 7.542 (3.730, 15.249) | < 0.001
P for trend < 0.001 < 0.001 < 0.001

Notes: Model |: Unadjusted; Model 2: Adjusted for age; Model 3: Adjusted for age, hyperlipidemia, body mass index, heart rate, uric acid, eGFR,
fibrinogen, albumin, and left ventricular ejection fraction.

Abbreviations: Sll, systemic immune-inflammation index; AVC, aortic valve calcification; eGFR, estimated glomerular filtration rate; MACE, major
adverse cardiovascular events.

(Model 3), compared to the reference group with low SII and no AVC, individuals with high SII and no AVC had an
approximately 1.6-fold increased risk of MACE (HR = 2.605, P = 0.001), while those with high SII and AVC had
a significantly increased risk of about 6.5-fold (HR = 7.542, P < 0.001).

Subgroup Analysis

Subgroup analysis indicated that (Table 4), compared to the reference group (Low SII+AVC (-)), the MACE risk in the
High SII + AVC (-) group was significantly elevated in subgroups of patients over 60 years, males, females, those with
hypertension, hyperlipidemia, and those without diabetes (P < 0.05). In contrast, in the Low SII + AVC (+) group, the
MACE risk was significantly elevated only among male patients (P < 0.05). Additionally, patients in the High SII + AVC
(+) group had a higher MACE risk in all subgroups except for those with diabetes (P < 0.05).
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Table 4 The Stratified Association Between the Combination of Sll and AVC with MACE

Low SII+AVC (-) | High SII+AVC (-) Low SII+AVC (+) High SII+AVC (+) P for Trend
Ref HR (95% CI) HR (95% CI) HR (95% CI)
Age
< 60 years 1.0 1.259 (0.555, 2.856) 1.209 (0.271, 5.406) 6.118 (2.492, 15.022) | 0.005
> 60 years 1.0 5.859 (2.379, 14.429)* | 4.060 (0.968, 17.026) | 10.933 (3.492, 34.234)** | < 0.001
Sex
Male 1.0 2.296 (1.233, 4.279)** 3.119 (1.118, 8.698)* | 7.152 (3.222, 15.878)**+* < 0.001
Female 1.0 5.463 (1.135, 26.305)* 0.348 (0.468, 1.303) 13.385 (2.443, 73.323)** | 0.006
Hypertension
Yes 1.0 3.250 (1.646, 6.415)** I.115 (0.245, 5.085) 5.892 (2.514, 13.813)*** < 0.001
No 1.0 1.845 (0.568, 5.992) 3.013 (0.732, 12.402) | 12.880 (3.223, 51.481)*** | 0.010
Diabetes
Yes 1.0 1.989 (0.761, 5.195) 1.335 (0.141, 12.644) | 3.884 (0.942, 16.015) 0.266
No 1.0 2.949 (1.413, 6.155)** 2267 (0.711, 7.221) 7431 (3.121, 17.691)*** < 0.001
Hyperlipidemia
Yes 1.0 2.322 (1.301, 4.147)** 1.685 (0.557, 5.099) 5.542 (2.596, 11.832)%** < 0.001
No 1.0 2.455 (0.979, 6.159) 0.467 (0.589, 1.920) 4.630 (1.186, 18.074)* 0.026

Notes: The subgroups analysis adjusted for age, hyperlipidemia, body mass index, heart rate, uric acid, eGFR, fibrinogen, albumin, and left ventricular ejection
fraction except for the stratification variable. *P < 0.05, **P < 0.01, ***P < 0.001.

Abbreviations: S, systemic immune-inflammation index; AVC, aortic valve calcification; eGFR, estimated glomerular filtration rate; MACE, major adverse
cardiovascular events.

Table 5 Multivariate Association Between the Combination of Sll and AVC with MACE After Excluding Patients
with eGFR < 60 mL/min/[.73m?

Model | Model 2 Model 3 P value
HR (95% CI) P value | HR (95% CI) P value | HR (95% CI)
Low SIH+AVC (-) | Ref Ref Ref

High SII+AVC (-) | 3.102 (1.662, 5.787) < 0.001 | 2.287 (1.186, 4.412) 0.014 2.065 (1.070, 3.984) | 0.031
Low SII+AVC (+) | 3.108 (1.129, 8.553) | 0.028 2.522 (0.837, 7.602) 0.100 2.295 (0.749, 7.030) | 0.146
High SII+AVC (+) | 7.716 (3.538, 16.826) | < 0.001 | 5.363 (2.270, 12.673) | < 0.001 | 4.711 (1.967, 11.282) | 0.001
P for trend < 0.001 0.002 0.007

Notes: Model |: Unadjusted; Model 2: Adjusted for age; Model 3: Adjusted for age, hyperlipidemia, body mass index, heart rate, uric acid, eGFR,
fibrinogen, albumin, and left ventricular ejection fraction.

Abbreviations: Sll, systemic immune-inflammation index; AVC, aortic valve calcification; eGFR, estimated glomerular filtration rate; MACE, major
adverse cardiovascular events.

Sensitivity Analysis

As shown in Table 5, after excluding patients with eGFR < 60 mL/min/1.73m?, sensitivity analysis adjusted for all
confounding factors confirmed that the High SII + AVC (+) group remained significantly associated with an increased
risk of MACE (HR: 4.711, 95% CI: 1.967, 11.282, P = 0.001). Additionally, the High SII + AVC (-) group also continued
to show a significant association (HR: 2.065, 95% CI: 1.070, 3.984, P = 0.031). Kaplan-Meier survival analysis also
showed that patients with both High SII and AVC (+) have the highest risk of MACE, with significant differences in
cumulative event rates across all groups (P < 0.001) (Figure 1).

Discussion

In this study, we conducted a detailed analysis of the combined effect of the SII and AVC on the risk of MACE in
patients with CHD. Multivariable Cox regression analysis revealed that, compared to the reference group (low SII + AVC
(-)), the MACE risk was significantly increased by 6.542 times in the high SII + AVC(+) group, and by 1.605 times in the
high SII + AVC(-) group. Subgroup analysis further demonstrated the impact of SII and AVC on different patient
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SlI+AVC and MACE

SII+AVC —Low SlI+ AVC(-) ==High SII+AVC (-) ===Low SII+AVC (+) = High SII+AVC (+)

0.41
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()
o 0.3
()
=
‘_:“ 021 P<0.001
. [ =]
O 0.11 =
0.01
0 12 24 36 48 60 72
Follow-up time (months)
Number at risk
Low SII+AVC(-) 1 443 441 433 332 276 162 103
C>3 High SII+AVC(-) 1 297 294 286 225 155 84 45
<<
(% Low SII+AVC(+) 1 51 51 50 33 28 18 11
High SII+AVC(+) { 55 52 48 30 20 8 6

0 12 24 36 48 60 72
Follow-up time (months)

Figure | Kaplan-Meier survival curve for the association between the combination of SIl and AVC with MACE.

populations. In the high SII + AVC(-) group, the MACE risk was significantly elevated in patients aged over 60, male,
female, hypertensive, hyperlipidemic, and non-diabetic, compared to the reference group. In the low SII + AVC(+) group,
only male patients showed a significant increase in MACE risk. In the high SII + AVC(+) group, MACE risk was
significantly increased in all subgroups except diabetic patients. Sensitivity analyses also supported the robustness of the
main results. After excluding patients with an eGFR of less than 60 mL/min/1.73m?, the MACE risk remained
significantly elevated in the high SII + AVC(+) group, and the significant association persisted in the high SII + AVC
(-) group. These findings further validate the reliability of the combined SII and AVC as a predictive marker for MACE
risk and emphasize the variability in MACE risk assessment across different populations. By jointly assessing SII and
AVC, clinicians can more accurately identify high-risk subgroups of CHD patients for MACE. This combined assessment
approach not only aids in better understanding individual patient risk levels but also provides a strong basis for
developing personalized treatment strategies.

In recent years, residual lipid risk and residual inflammatory risk have been widely utilized in the risk prediction,
early screening, and prognostic evaluation of CVD and mortality.'> ' The SII, as an emerging inflammatory marker
within the context of residual inflammatory risk, has also been extensively studied in the prognostic evaluation of various
CVD.?>* For instance, several studies have shown that SII is closely associated with the severity of coronary artery
disease and the occurrence of adverse cardiovascular events.** ® Additionally, AVC, as a key marker of atherosclerosis
and cardiovascular calcification, has been demonstrated to be significantly associated with the incidence of cardiovas-
cular events.”’® These studies suggest that both SII and AVC may be independent predictors of cardiovascular events in
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patients with CHD. However, most existing studies have focused on the prognostic value of a single indicator, and no
studies have yet explored the combined effects of SII and AVC. Consequently, these studies may underestimate the actual
risk in patients by failing to comprehensively consider the joint impact of SII and AVC. In contrast to previous studies,
the innovation of this study lies in its first-time systematic assessment of the combined impact of SII and AVC on the risk
of MACE in CHD patients. This not only fills a current research gap but also aids in better predicting the prognosis of
CHD patients and provides guidance for the development of individualized treatment strategies.

This study revealed the synergistic effect of the SII and AVC on the risk of MACE in patients with CHD, which may
be influenced by the following mechanisms. First, as a marker of systemic inflammatory response, elevated SII typically
indicates the progression of atherosclerosis and an increased risk of cardiovascular events.**** Inflammation directly
contributes to the pathogenesis of atherosclerosis by promoting endothelial damage, lipid deposition, and plaque
formation.””*® On the other hand, AVC is a key feature of atherosclerosis, with calcified plaques leading to valve
stiffness and hemodynamic alterations, thereby increasing the burden on the heart.>' Furthermore, studies have shown
that the echocardiographic calcium score (eCS) independently predicts cardiac events in patients without known coronary
artery disease, with findings indicating that both eCS > 0 and stress-induced ischemia are independent predictors of
cardiac events, and outcomes are worse when both are abnormal.®? Similarly, in patients with mild to moderate aortic
stenosis, exercise stress echocardiography assessments show that those with an elevated E/e’ ratio (> 15) during exercise
are at a higher risk of cardiac events, serving as an independent predictor.>® These studies suggest that AVC significantly
contributes to the progression of atherosclerosis by increasing cardiac workload, and the use of stress echocardiography
further supports this link. Combined with our findings on the synergistic effects of SII and AVC, these results indicate
that a multi-level assessment of systemic inflammatory markers and cardiac structural changes can more comprehen-
sively identify high-risk CHD patients, providing a solid basis for early intervention and targeted management. Besides,
the synergistic effect of SII and AVC may increase the risk of MACE through multiple pathways. An elevated SII might
accelerate the formation of AVC, and the presence of AVC further exacerbates the inflammatory response and cardiac
burden, creating a vicious cycle that accelerates the progression of CHD and increases the incidence of cardiovascular
events.**3® Overall, this combination may reflect multiple pathological processes of the disease, exacerbating the
prognostic risk for patients.

This study, although it revealed the predictive capability of the SII and AVC for MACE in patients with CHD, had
several limitations. Firstly, as a retrospective cohort study, there may be selection bias, and the inherent flaws of this
design could affect the generalizability and reliability of the results. Secondly, the assessment of AVC relies on imaging
examinations, where measurement errors and inter-observer variability might influence the accuracy of the results.
Additionally, while the overall sample size is relatively large, some subgroup analyses may suffer from insufficient
sample sizes, limiting the statistical significance of the findings. Lastly, although this study uncovers the association
between SII, AVC, and MACE, it does not delve deeply into the specific biological mechanisms. Future research should
further explore these mechanisms to gain a more comprehensive understanding of the role of SII and AVC in the
occurrence of cardiovascular events.

Conclusions

In conclusion, this study demonstrates that the combined assessment of the SII and AVC can effectively predict the risk
of MACE in patients with CHD, indicating significant clinical value. Future research should further explore the
application value of SII and AVC in different populations and validate their clinical utility through multicenter, large-
sample prospective studies. Additionally, in-depth studies on the mechanisms by which SII and AVC influence MACE
will contribute to a better understanding of the pathophysiological processes underlying cardiovascular events, ultimately
aiding in the development of more effective interventions.
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