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Background: The systemic immune-inflammation index (SII; neutrophil x platelet/lymphocyte) is a novel marker for immune and
inflammatory status and is associated with adverse prognosis in cardiovascular disease.

Methods: In total, 744 patients diagnosed with acute coronary syndrome (ACS) and chronic kidney disease (CKD) were included in
our study, received standard therapies, and were followed up. Patients were divided into high and low SII groups according to the
baseline SII. The primary endpoint was major cardiovascular events (MACESs), defined as cardiovascular death, nonfatal myocardial
infarction, and nonfatal stroke.

Results: During a median follow-up of 2.5 years, a total of 185 (24.9%) MACEs were recorded. Analysis of the ROC curve revealed
that the best cutoff value of SII was 1159.84x10°/L for predicting MACEs. The Kaplan—Meier analysis showed that those patients in
the low SII group had higher survival rates than those in the high SII group (p < 0.001). Compared to those in the low SII group,
patients in the high SII group were at significantly higher risk of MACEs (134 (38.8%) vs 51 (12.8%), p < 0.001). Univariate and
multivariable Cox regression analyses revealed that a high SII level was independently associated with MACEs in ACS patients with
CKD (adjusted hazard ratio [HR]: 1.865, 95% confidence interval [CI]: 1.197-2.907, p = 0.006).

Conclusion: The present study showed that an elevated SII is associated with adverse cardiovascular outcomes in ACS with CKD
patients, suggesting that SII may be a valuable predictor of poor prognosis in ACS with CKD patients. Further studies are needed to
confirm our findings.
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Introduction

Chronic kidney disease (CKD) is common in patients with cardiovascular disease; an estimated 30% to 40% of patients
with myocardial infarction (MI) have CKD.' Indeed, CKD is an independent predictor for adverse cardiovascular events,
further leading to poor clinical outcomes for patients.” Acute coronary syndrome (ACS) and CKD are related, making the
condition more complicated. Creatinine showed a close association with cardiovascular events and several risk scores
containing creatinine, such as PRECISION DAPT, ACEF, and SYNTAX II, have been developed to predict the
occurrence of clinical outcomes.>> However, patients with advanced CKD have been widely excluded from clinical
trials in this area. Therefore, no standard regimen has been established for such patients, and there are limited data on
outcomes in this patient population. Thus, it is necessary to explore more effective biomarkers and adjunctive therapeutic
strategies to improve the prognosis of ACS patients with CKD.

Vascular inflammation drives atherosclerotic plaque formation and destabilization and contributes to the progression
of ACS.® Additionally, CKD is a chronic inflammatory disease involving many causes and inflammation may represent
a marker of poor outcomes in CKD patients.” According to the findings of the CANTOS (Canakinumab Anti-
inflammatory Thrombosis Outcomes Study) trial, anti-inflammatory medication effectively lowers the risk of major
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adverse cardiovascular events in CKD patients.®® Studies have revealed a significant association between immunological
and inflammatory responses and atherosclerosis development, and numerous biomarkers have been used as a predictors
in coronary artery disease (CAD) patients.'®'* The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte
ratio (PLR) are significant inflammatory biomarkers that may be associated with atherosclerosis and predict various
cardiovascular events.'>'

Recently, Hu et al created a new inflammatory index, the systemic immune-inflammation index (SII; neutrophil x
platelet/lymphocyte) to assess the inflammatory and immune status.'> SII is associated with poor prognosis in individuals
with several types of cancers, suggesting that SII may be a prognostic indicator in various malignant diseases.'>"”
Moreover, recent studies have shown that SII is strongly linked to adverse outcomes in patients with cardiovascular
disease.'®'? In addition, CKD has been considered a major risk factor for congestive heart failure (CHF), and the risk
increases with the deterioration of renal function.”® A study has shown that SII has predictive value for both long-term
mortality and appropriate ICD therapy in patients having HF with reduced ejection fraction (HFrEF).?' In patients with
chronic coronary syndrome (CCS), SII served as an independent predictor for functionally substantial coronary
stenosis.”> However, the relationship between SII in patients with ACS and CKD in clinical practice has not been
fully elucidated and remains unclear. To explore the association of SII with cardiovascular disease, we investigated the
predictive significance of SII in ACS patients with CKD who received a percutaneous coronary intervention (PCI) in this

study.

Methods

Study Design and Baseline Characteristics

This was a single-center retrospective observational study based in the cardiovascular department of the First Affiliated
Hospital of Wenzhou Medical University. This study complies with the Declaration of Helsinki and was approved by the
Ethics Committee. All study subjects signed informed written consent forms.

As shown in the flowchart (Figure 1), from January 2013 to August 2021, 1222 patients with ACS and CKD
diagnoses participated in the current study. Among them, 320 patients who did not undergo PCI were excluded. PCI was
performed by experienced interventional physicians following standard techniques. Additionally, patients with missing
crucial baseline data, loss of follow-up, severe infection, autoimmune disorders, severe liver insufficiency, thyroid
dysfunction, hematology disorders, and malignant tumors were also excluded from this study. Finally, 744 patients in
total received standard treatments and were followed up. According to the ideal cutoff value for SII, patients were
divided into low SII (<1159.84x10°/L, n = 399) and high SII (>1159.84x10°/L, n = 345) groups.

Diagnosis of Clinical Diseases

The diagnosis of ACS, including STEMI and non-ST-segment elevation acute coronary syndrome (NSTE-ACS), was
made following the American Heart Association (AHA) and the American College of Cardiology (ACC). STEMI was
defined as persistent chest pain for more than 30 minutes, arriving at the hospital within 12 hours of the onset of
symptoms, having a 12-lead electrocardiogram (ECG) with new left bundle branch block or ST-segment elevation >0.1
mV in 2 consecutive leads, and increased cardiac markers (creatine kinase-MB or troponin I).”> NSTEMI and UA were
part of NSTE-ACS. NSTEMI was described as ischemic symptoms without ST-segment elevation on the ECG with
raised cardiac markers. Newly developed/accelerated chest symptoms on exertion or resting angina within 2 weeks
without the release of biomarkers were considered to be UA.** Utilizing the estimated glomerular filtration rate (eGFR),
renal function was evaluated. The eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration
algorithm from the creatinine level (CKD-EPI). Based on the definition of CKD, an eGFR <60 mL/min/1.73 m* was
considered to indicate CKD. This formula was used to determine SII: total peripheral platelet count (P) x neutrophil-to-
lymphocyte ratio (N/L) (SII = P x N/L ratio)."” Systolic blood pressure >140 mmHg and/or diastolic blood pressure >90
mmHg during the baseline hospitalization or known hypertension with antihypertensive medication were considered to
be signs of hypertension. Diabetic mellitus (DM) was identified by fasting plasma glucose (FPG) >7.0 mmol/L (126 mg/
dL), hemoglobin Alc (HbAlc) levels >6.5%, 2-hour blood glucose of oral glucose tolerance test >11.1 mmol/L (200 mg/
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1222 hospitalized patients who were
diagnosed with ACS and CKD from
January 2013 to August 2021

320 patients who did |
not undergo PCI J

902 patients with ACS
and CKD underwent PCI

[ 158 patients with missing crucial\
baseline data, loss of follow-up,
severe infection, autoimmune

disorders, severe liver insufficiency,
hematology disorders, thyroid

\dysfunction and malignant tumorj

[744 eligible patients for analysis ]

399 patients with 345 patients with
SIl < 1159.84x10°/L Sll 2 1159.84 x10°/L

Figure | Flowchart of the study. ACS, acute coronary syndrome; CKD chronic kidney disease; PCl, percutaneous coronary intervention.

dL), or prior DM diagnosis treated with oral hypoglycemic drugs or insulin treatment. Patients with fasting serum
triglyceride (TG) >1.7 mmol/L, total cholesterol (TC) >5.2 mmol/L, low-density lipoprotein cholesterol (LDL-C) >3.4
mmol/L, high-density lipoprotein cholesterol (HDL-C) <1.0 mmol/L, and/or receiving lipid-lowering drugs were
considered to have dyslipidemia.

Data Collection

Based on outpatient follow-up outcomes, all clinical data were gathered from the electronic medical record system. The
demographic data of the patients included age, sex, hypertension, diabetes mellitus, dyslipidemia, smoking status, previous
M1, and revascularization (PCI or coronary artery bypass grafting [CABG]). The clinical information comprised the primary
diagnosis at admission, physical, laboratory examination, imaging data, and the medication regimen at discharge.

Follow-Up and Clinical Outcome Definitions

These patients received follow-up care by telephone and/or in the outpatient clinic, which was implemented by
competent medical professionals or nurses. The primary endpoint was MACEs, which are a composite of cardiovascular
death, nonfatal myocardial infarction, and nonfatal stroke. The secondary endpoints included all-cause death, cardiovas-
cular death, nonfatal myocardial infarction, congestive heart failure, nonfatal stroke, and revascularization (PCI).

Statistical Analysis
The statistics of continuous variables were expressed as the mean + standard deviation (SD) or as the median (25th-75th
percentile). Each categorical variable is shown as frequencies and percentages. Student’s #-test or the Mann—Whitney
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U-test was used to compare continuous variables between groups. Fisher’s exact test or the chi-square test was performed
to identify significant differences in categorical variables between the two groups. The primary and secondary clinical
outcomes were expressed as total percentages and presented as proportions with 95% confidence intervals (CIs). In the
Kaplan—Meier (KM) survival analysis, binary recursive partitioning analysis (BRPA) was used to identify the most
discriminatory cutoff value of high vs low SII for the composite endpoint (cardiovascular death, nonfatal myocardial
infarction, and nonfatal stroke). The prognostic differences and event-free survival rates of patients in different SII
groups were analyzed using Kaplan—Meier survival analysis, and significance was determined using the Log rank test.
Univariate and multivariate Cox regression analyses were used to estimate the hazard ratios (HRs) of the combined and
individual endpoints with 95% confidence intervals (Cls) after adjusting for individual risk factors. Baseline clinical
factors with significant differences (p < 0.05) between the two groups in the univariate analysis were included in the
multivariate analysis. The multivariable Cox analysis included SII, age, diabetes mellitus, dyslipidemia, multivessel
lesions, LVEF, CRP, albumin, glucose, creatinine, eGFR, ACEI/ARBSs, B blocker, diuretics, statins, NLR and PLR, due to
their statistical significance in univariate analysis. To evaluate whether the accuracy of the prediction of adverse
cardiovascular events would improve with the addition of the SII to a basic model with known risk factors (ie, age,
sex, hypertension, diabetes, dyslipidemia, and current smoker), the C-index, net reclassification improvement (NRI) and
integrated discrimination improvement (IDI) were calculated. A 2-tailed P value < 0.05 was considered statistically
significant. Statistical analysis was performed with SPSS software version 26.0.

Results

Baseline Characteristics

Among the 1222 patients screened, 744 patients (mean age 71.9+10.7 years, 74.6% male) who were diagnosed with ACS
and CKD were retrospectively enrolled in the current study. The optimal cutoff value for SII was determined by
analyzing MACEs, including cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. As shown in
Figure 2, SII had the best predictive power for MACEs compared with NLR and PLR. The ROC analysis evaluated the
SII cutoff point (1159.84x10°/L) that was predictive of MACEs (Figure 2). We split the study population into two groups
based on the SII cutoff value. Table 1 shows the baseline characteristics of patients grouped by SII. Compared with the
low SII group, patients with a higher SII were older with a higher prevalence of cardiogenic shock, STEMI, and no-
reflow phenomenon after PCI. The patients in the higher SII group had a significantly higher neutrophil count, platelet
count, and CRP but a lower lymphocyte count, albumin, and left ventricular ejection fraction. In addition, the proportion
of patients treated with statins, ACEIs/ARBs, and B-blockers was also lower in the high SII group.
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Figure 2 Receiver operating characteristic curve (ROC) analysis with the area under the curve of systemic immune-inflammation index (Sll), neutrophil-lymphocyte ratio
(NLR), and platelet-lymphocyte ratio (PLR) in predicting major cardiovascular adverse events (MACEs).
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Table | Baseline Characteristics of Patients Classified by Systemic Immune-Inflammation Index Level
ALL (N=744) SII<1159.84 (N=399) | SIi=1159.84 (N=345) P value
Clinical characteristics
Age (years) 73(66-80) 72(65-79) 75(66.5-81) 0.007
Male sex, n (%) 555(74.6%) 309(77.4%) 246(71.3%) 0.055
Hypertension, n (%) 575(77.3%) 312(78.2%) 263(76.2%) 0.524
Diabetes mellitus, n (%) 294(39.5%) 168(42.1%) 126(36.5%) 0.120
Dyslipidemia, n (%) 366(49.2%) 202(50.6%) 164(47.5%) 0.400
Current smoker, n (%) 273(36.7%) 150(37.6%) 123(35.7%) 0.584
Cardiogenic shock, n (%) 91(12.2%) 17(4.3%) 74(21.4%) <0.001
Previous MI, n (%) 14(1.9%) 5(1.3%) 9(2.6%) 0.175
Previous PCI, n (%) 43(5.8%) 25(6.3%) 18(5.2%) 0.541
Previous CABG, n (%) 8(1.1%) 4(1.0%) 4(1.2%) 0.836
Laboratory parameters
Hemoglobin (g/L) 118(101-132) 119(102-132) 116(100-133) 0.433
WBC (109 /L) 9.81(7.53-12.97) 8.11(6.63-10.03) 12.45(9.86—16.56) <0.001
Neutrophil (109 /L) 7.53(5.30-10.90) 5.55(4.39-7.42) 10.53(8.20-14.25) <0.001
Monocyte (109 /L) 0.64(0.47-0.90) 0.62(0.48-0.81) 0.70(0.46—1.00) 0.024
Lymphocyte (109 /L) 1.29(0.90-1.70) 1.50(1.24-2.04) 0.96(0.70-1.30) <0.001
Platelet (109 /L) 203(164.25-253) 185(153-227) 223(185-268) <0.001
CRP (mg/L) 23.80(9.63—49.55) 17.70(7.40-37.05) 33.70(14.18-66.50) <0.001
Albumin (g/L) 34.30(31.30-37.00) 35.10(32.30-37.88) 33.60(30.40-36.15) <0.001
Glucose (mmol/L) 6.90(5.50-9.60) 6.40(5.20-8.60) 7.60(6.00-10.85) <0.001
TG (mmol/L) 1.41(1.01-1.96) 1.47(1.08-2.05) 1.31(0.94-1.86) 0.003
TC (mmol/L) 4.51(3.76-5.34) 4.46(3.71-5.26) 4.56(3.83-5.44) 0.345
HDL-C (mmol/L) 0.95(0.80—1.19) 0.93(0.79-1.18) 0.96(0.83-1.19) 0.172
LDL-C (mmol/L) 2.50(1.83-3.14) 2.45(1.80-3.04) 2.60(1.90-3.25) 0.071
Creatinine (umol/L) 134(113-200.25) 133(113-203) 135(113-192) 0.999
eGFR (mL/min/1.73m2) 43.09(25.30-53.39) 43.60(21.58-54.25) 42.47(26.78-52.19) 0.530
Clinical presentation
STEMI, n (%) 408(40.8%) 168(42.1%) 240(69.9%) <0.001
NSTEMI, n (%) 312(41.9%) 210(52.6%) 102(29.6%) <0.001
UA, n (%) 24(3.2%) 21(5.3%) 3(0.9%) 0.001
No-reflow after PCI, n (%) 46(6.2%) 18(4.5%) 28(8.1%) 0.042
Diseased vessels
LAD stenosis (250%) 605(81.3%) 325(81.5%) 280(81.2%) 0918
LCX stenosis (250%) 473(63.6%) 265(66.4%) 208(60.3%) 0.083
RCA stenosis (250%) 546(73.4%) 288(72.2%) 258(74.8%) 0.423
Multivessel lesions 319(42.9%) 174(43.6%) 145(42.0%) 0.664
PTCA and Stent, n (%) 679(91.3%) 365(91.5%) 314(91.0%) 0.823
LVEF (%) 48(40-56.90) 51.70(43-60.1) 45(38.35-52.85) <0.001
Medications
Aspirin, n (%) 741(99.6%) 398(99.7%) 343(99.4%) 0.480
PY212 inhibitors, n (%) 740(99.5%) 395(99.0%) 345(100%) 0.062
Statins, n (%) 655(88.0%) 382(95.7%) 273(79.1%) <0.001
ACEI/ARBs, n (%) 217(29.2%) 136(34.1%) 81(23.5%) 0.002
B-Blockers, n (%) 376(50.5%) 228(57.1%) 148(42.9%) <0.001
Diuretics, n (%) 324(43.5%) 175(43.9%) 149(43.2%) 0.854
Abbreviations: Sll, systemic immune-inflammation index; Ml, myocardial infarction, PCl percutaneous interventions; CABG, Coronary Artery
Bypass Grafting; CRP, C-reactive protein; TG, Triglycerides; TC, Total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal of the prohormone brain natriuretic peptide; WBC, white
blood cell; LAD, Left anterior descending; LCX, Left Circumflex Artery; RCA, right coronary artery; PTCA, Percutaneous transluminal coronary
angioplasty; LVEF, left ventricular ejection fraction; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.
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Clinical Outcomes in Different Groups Stratified by SlI

The clinical outcomes of the patients in the low SII group and high SII group are shown in Table 2. During a median follow-up
of 2.5 years, there were 107 cardiovascular deaths, 55 nonfatal myocardial infarctions, 84 congestive heart failures, 30 nonfatal
strokes, and 101 patients who underwent coronary revascularization (Table 2). Patients in the high SII group had a higher
prevalence of MACEs than those in the low SII group [134 (38.8%) vs 51 (12.8%), p < 0.001]. Patients in the high SII group
had a greater prevalence of all-cause death, cardiovascular death, and congestive heart failure than those in the low SII group.
Although it seemed that the low-SII group had a higher incidence of future revascularization, there did not appear to be
a significant difference between the two groups. The K-M survival curve with the Log rank test also showed that the higher-SII
group was substantially related to a greater risk of MACEs (Figure 3A), all-cause death (Figure 3B), cardiovascular death
(Figure 3C), nonfatal myocardial infarction (Figure 3D), and congestive heart failure (Figure 3E). These findings suggest that
a greater SII was related to an increased risk for cardiovascular events.

Subgroup and Multivariate Analysis of Clinical Outcomes in ACS with CKD Patients

We conducted univariate and multivariate Cox regression analyses to identify the independent indicators of the presence
of MACEs and all-cause death in ACS with CKD patients (Table 3 and Table 4). According to the Cox regression
analysis, SII >1159.84x10°/L (HR:1.865; 95% CI: 1.197-2.907; p = 0.006), was an independent predictor related to the
occurrence of MACEs. The analysis also revealed that the associations of SII (HR: 7.709; 95% CI: 5.083-11.693; p <
0.001) with all-cause death remained significant in study subjects. The Cox proportional hazard regression model
analysis performed in three separate models to detect independent predictors of clinical outcomes is presented in
Table 5. The findings demonstrated that a high SII was independently associated with an increased risk of MACEs
(HR: 2.742; 95% CI: 1.943-3.871; p < 0.001), all-cause death (HR: 4.889; 95% CI: 3.165-7.550; p < 0.001),
cardiovascular death (HR: 4.690; 95% CI: 2.548-8.633; p < 0.001), nonfatal myocardial infarction (HR: 2.715; 95%
CI: 1.526-4.829; p =0.001), and congestive heart failure (HR: 2.175; 95% CI: 1.368-3.459; p = 0.001) after adjusting for
age, sex, smoking, history of hypertension, diabetes, dyslipidemia, myocardial infarction, left ventricular ejection
fraction, CRP, B-blockers use and statin use. In the subgroup analysis, we determined whether the incidence of
MACEs was affected by other covariates in various subgroups (Figure 4). There was a significant interaction between
SII and hypertension (p = 0.011). However, there was no discernible difference in hypertension between the two groups.
The MACE:s in the high SII group were consistent among subgroups. The subgroup analysis further identified the
robustness of the association between a high SII and major adverse cardiovascular events.

The Additional Prediction of Adverse Cardiovascular Events After Adding Sl to the

Baseline Model
Adding the SII to a fundament model with conventional risk factors enhanced the predictive value of MACEs (p <0.001),
cardiovascular death (p <0.001), congestive heart failure (p = 0.006), and revascularization (p = 0.0261), as displayed by

Table 2 Clinical Outcome in Patients According to Sll Score

Sli<1159.84 SII>1159.84 P value
(N=399) (N=345)

Primary endpoint: composite of cardiovascular death, nonfatal myocardial 51(12.8%) 134(38.8%) <0.001

infarction and nonfatal stroke

Secondary endpoints
All-cause death 24(6.5%) 151(43.8%) <0.001
Cardiovascular death 13(3.3%) 94(27.2%) <0.001
Nonfatal myocardial infarction 23(5.8%) 32(9.3%) 0.068
Congestive heart failure 32(8.0%) 52(15.1%) 0.002
Nonfatal stroke 15(3.8%) 15(4.3%) 0.684
Revascularization (PCI) 58(14.5%) 43(12.5%) 0.410

Abbreviations: Sll, systemic immune-inflammation index; PCI, percutaneous intervention.
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Figure 3 Kaplan-Meier survival curve analysis showing (A) MACEs, (B) all-caused death, (C) cardiovascular death, (D) nonfatal MI, and (E) congestive heart failure.

the significant increase in the C-index (Table 6). Additionally, reclassification with the addition of SII also improved
integrated discrimination improvement (IDI) of 0.269 (p<0.001), with a 3.5% improvement in net reclassification
analysis (NRI) (p<0.001) in MACEs, and cardiovascular death (NRI: 0.039, P < 0.001; IDI: 0.310, P < 0.001),
suggesting that the addition of SII could provide significantly better prediction than conventional risk factors in ACS

with CKD patients (Table 6).

Discussion

To the best of our knowledge, this is the first study to investigate whether the inflammatory biomarker SII functions as an
independent indicator of poor clinical prognosis in ACS with CKD patients. Importantly, a high SII remained indepen-
dently associated with MACEs, all-cause death, cardiovascular death, nonfatal myocardial infarction, and congestive
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Table 3 The Univariate and Multivariate Cox Regression Analysis Estimating the
Influence of the SIl on MACEs in Patients

Univariate Multivariate
OR (95% CI) p-value OR (95% CI) p-value

Age 1.029(1.014-1.045) 0.001 1.035(1.016—1.055) 0.001
Hypertension 1.080(0.765—1.524) 0.663 NS
Diabetes mellitus 1.352(1.010-1.811) 0.043 1.457(1.011-2.101) 0.044
Dyslipidemia 0.723(0.540-0.969) 0.030 1.060(0.777—1.445) 0.713
Previous Ml 0.869(0.355-2.130) 0.759 NS
Previous PCI 1.156(0.680—1.966) 0.592 NS
Current smoker 1.087(0.808-1.461) 0.582 NS
Multivessel lesions | 1.380(1.034—1.843) 0.029 1.528(1.129-2.068) 0.006
LVEF 0.972(0.960-0.985) <0.001 0.985(0.971-1.000) 0.050
Ln CRP 1.164(1.004—1.349) 0.044 0.852(0.726—1.000) 0.050
Hemoglobin 0.994(0.988-1.000) 0.070 NS
Albumin 0.920(0.890-0.951) <0.001 0.966(0.931-1.003) 0.710
Glucose 1.071(1.043—1.101) <0.001 1.004(0.969—1.041) 0.806
Triglycerides 1.004(0.941-1.072) 0.899 NS
Ln Creatinine 1.328(1.056—1.671) 0.015 1.263(0.496-3.219) 0.624
Ln eGFR 0.735(0.610-0.885) 0.001 1.058(0.488-2.294) 0.886
ACEI/ARBs 0.488(0.337-0.706) <0.001 0.781(0.527—1.159) 0.220
f3-Blockers 0.345(0.258-0.486) <0.001 0.577(0.400-0.833) 0.003
Diuretics 0.582(0.429-0.791) 0.001 0.655(0.460-0.934) 0.019
Statins 0.115(0.084-0.158) <0.001 0.203(0.133-0.309) <0.001
sl 3.478(2.517-4.805) <0.001 1.865(1.197-2.907) 0.006
NLR 3.525(2.635-4.716) <0.001 1.328(0.867-2.036) 0.192
PLR 2.526(1.887-3.383) <0.001 1.244(0.854-1.812) 0.254

Abbreviations: M, myocardial infarction; PCl, percutaneous interventions; LVEF, left ventricular ejection
fraction; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ACEI/ARB, angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker; Sll, systemic immune-inflammation index; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

heart failure in patients with ACS and CKD even after controlling for age and cardiovascular risk factors. In addition, we
have demonstrated that adding SII to the model with existing conventional risk factors can significantly improve the risk
stratification of MACEs, and cardiac death in patients with ACS and CKD. Accordingly, SII may be used as a reliable
and convenient indicator for better identification of high-risk patients with ACS and CKD.

Patients with CKD have a higher cardiovascular burden than those without renal dysfunction.”>® Chronic kidney
disease is frequently encountered in patients suffering from acute coronary syndrome.?” In addition, patients with ACS
and CKD are more likely to experience adverse cardiovascular events.”® However, research has demonstrated that 75% of
the published trials for coronary artery disease excluded patients with CKD from participation.”” According to the
research findings, CKD is recognized as an independent predictor of outcomes in patients with ACS.>*® Patients
suffering from chronic kidney disease exhibit elevated levels of inflammatory biomarkers.>' In patients with CKD,
elevated levels of inflammatory biomarkers are linked to atherosclerotic vascular disease incidents and mortality.’
Various inflammatory cells are essential for the initiation and development of the atherosclerotic process.>* The rupture
of coronary atherosclerotic plaques and the formation of thrombi result in a blood flow blockade in an infarct-related
artery area and are closely associated with acute coronary syndrome.** Inflammation is crucial to the initiation and
progression of this process as well as its poor consequences.>* Additionally, innate immunity and adaptive immunity are
essential for atherosclerotic plaque rupture.*

Leukocyte are an independent predictor of inflammation and immune responses.*® Neutrophils are the most abundant
leukocyte subtype in circulating blood and have been considered essential in the inflammatory response.’”-*® Neutrophils
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Table 4 The Univariate and Multivariate Cox Regression Analysis Estimating the
Influence of the Sl on All-Cause Death in Patients

Variables Univariate Multivariate
OR (95% CI) p-value OR (95% CI) p-value
Age 1.053(1.036-1.070) <0.001 1.054(1.035-1.073) <0.001
Hypertension 0.963(0.683—1.360) 0.832 NS
Diabetes mellitus 1.069(0.790—1.446) 0.666 NS
Dyslipidemia 0.537(0.394-0.730) <0.001 0.922(0.663-1.282) 0.628
Previous Ml 0.598(0.190-1.882) 0.379 NS
Previous PCI 0.471(0.208-1.065) 0.071 NS
Current smoker 0.740(0.537-1.020) 0.066 NS
Multivessel lesions | 0.909(0.672—1.230) 0.536 NS
LVEF 0.953(0.940-0.966) <0.001 0.972(0.957-0.987) <0.001
Ln CRP 1.544(1.319-1.808) <0.001 0.968(0.817-1.146) 0.705
Hemoglobin 0.994(0.988-1.001) 0.073 NS
Albumin 0.883(0.855-0.912) <0.001 0.943(0.910-0.978) 0.002
Glucose 1.088(1.061-1.117) <0.001 1.034(1.004-1.066) 0.028
Triglycerides 0.942(0.823-1.097) 0.388 NS
Ln Creatinine 1.218(0.961—1.545) 0.104 NS
Ln eGFR 0.763(0.631-0.922) 0.005 0.874(0.691-1.104) 0.258
ACEI/ARBs 0.391(0.259-0.589) <0.001 0.811(0.520-1.265) 0.355
B-Blockers 0.263(0.186-0.372) <0.001 0.575(0.384-0.862) 0.007
Diuretics 0.570(0.416-0.781) <0.001 0.741(0.504-1.088) 0.126
Statins 0.082(0.060-0.112) <0.001 0.212(0.138-0.327) <0.001
SlI 7.709(5.083—-11.693) <0.001 2.925(1.720-4.974) <0.001
NLR 6.549(4.751-9.028) <0.001 1.621(1.048-2.505) 0.030
PLR 3.281(2.440—4.411) <0.001 1.160(0.819-1.643) 0.403
Abbreviations: MI, myocardial infarction; PCl, percutaneous interventions; LVEF, left ventricular ejection
fraction; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ACEI/ARB, angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker; SlI, systemic immune-inflammation index; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
Table 5 The Association of High SIl (=1159.84x10%/L) and Future Adverse Events in Patients
Model 1° Model 2° Model 3¢
MACE 3.362(2.4304.651) 3.461(2.498-4.794) 2.742(1.943-3.871)
P<0.001 P<0.001 P<0.001
All-cause death 7.280(4.795-11.503) 7.460(4.911-11.331) 4.889(3.165-7.550)
P<0.001 P<0.001 P<0.001
Cardiovascular death 8.442(4.718-15.106) 8.748(4.886—15.662) 4.690(2.548-8.633)
P<0.001 P<0.001 P<0.001
Nonfatal myocardial infarction 2.042(1.191-3.499) 2.115(1.226-3.651) 2.715(1.526—4.829)
P=0.009 P=0.007 P=0.001
Congestive heart failure 2.278(1.462-3.549) 2.325(1.488-3.634) 2.175(1.368-3.459)
P<0.001 P<0.001 P=0.001
Nonfatal stroke 1.346(0.651-2.782) 1.340(0.646-2.782) 1.192(0.553-2.571)
P=0.423 P=0.432 P=0.654
Revascularization (PCI) 1.077(0.723-1.603) 1.118(0.747-1.672) 1.313(0.857-2.011)
P=0.716 P=0.589 P=0.211
Notes: MACE includes cardiovascular death, nonfatal myocardial infarction and nonfatal stroke. *Model |: adjusted with age
and gender. ®Model 2: adjusted with age, gender, smoking, history of hypertension, diabetes, dyslipidemia and myocardial
infarction, “Model 3: adjusted with age, gender, smoking, history of hypertension, diabetes, dyslipidemia, myocardial
infarction, left ventricular ejection fraction, CRP, B-Blockers and statins.
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Subgroup MACEs Ha(z;;r"(/igla)tlo int;;(;:ion

SII = 1159.84 —— 2.593(1.850-3.636)

Age <65 44— 2.917(0.832-5.801) 0.349
=65 I—'—'I 2.352(1.618-3.418)

Gender Male I—'—l 2.940(1.934-4.470) 0.272
Female H— 1.715(0.926-3.177)

Hypertension No F = 6.734(2.572-17.636) 0.011
Yes H— 2.096(1.449-3.033)

Diabetes mellitus No I—'—! 2.452(1.538-3.909) 0.796
Yes —— 2.331(1.389-3.911)

Dyslipidemia No —— 2.826(1.720-4.643) 0.232
Yes I—'—I 1.989(1.216-3.255)

Current smoker No I—|—| 2.363(1.533-3.643) 0.660
Yes |—'—| 3.338(1.882-5.921)

eGFR(ml/min/1.73m?) =15 —— 2.677(1.842-3.890) 0.364
<15 _'_g 1.689(0.688-4.144)

use of Statins No —l—! 1.763(0.792-3.923) 0.351
Yes |_l_| 2.364(1.614-3.463)

use of ACEI/ARBs No D—'—I 2.770(1.845-4.159) 0.256
Yes H— 1.801(0.919-3.530)

use of B-Blockers No —— 2.691(1.716-4.220) 0.614
Yes —— 2.673(1.523-4.692)
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Figure 4 Subgroup analysis of the predictive value of high SlI vs low SII for MACEs in ACS and CKD patients.

secrete inflammatory cytokines, which may cause endothelial dysfunction and degeneration of the vascular walls.*® The
neutrophil-to-lymphocyte ratio (NLR) has been gradually considered a reliable marker for systemic inflammation and
immune responses. A meta-analysis showed that NLR is associated with poor survival in various solid tumors.*’ In
recent years, NLR has attracted attention because of its close association with adverse cardiovascular disease outcomes.
Many previous studies suggested that a higher NLR level was associated with cardiovascular disease and a predictor for
adverse cardiovascular events.'>*'™*® Platelets play an essential role in the pathophysiology of atherosclerosis and the
development of acute thrombotic events.*° A greater baseline platelet count is a significant and independent predictor
for poor prognostic in AMI patients.’ ' Moreover, the platelet-to-lymphocyte ratio (PLR) is a powerful prognosis
indicator of poor outcomes in cardiovascular diseases.'*>*

Recently, the systemic immune-inflammation index was developed as a new indicator of systemic inflammation based
on lymphocyte, neutrophil, and platelet counts. Based on the previous theory, SII could provide a more balanced and
comprehensive reflection of humans’ immunological and inflammatory responses.” Increased SII values have been
associated with tumor progression and poor survival outcomes in different types of malignancies.'>'®3* These findings
further promote the exploration of the association of SII in populations with cardiovascular disease. Importantly,
increasing research has been conducted to demonstrate the predictive significance of SII in CAD. A prior study found
that SII can detect the occurrence of coronary artery disease with unique sensitivity, specificity, and predictive values
when compared to NLR, PLR, and C-reactive protein (CRP).>> Additionally, SIT was considered a better predictor for the
severity of coronary artery lesions than ratios such as NLR and PLR.>® A similar pattern of results was obtained in our
study. Liitfi et al'” reported the efficacy of SII in predicting in-hospital and long-term mortality in STEMI patients. Kerim

et al’’

found that the SII level was related to the no-reflow phenomenon (NRP) in STEMI patients undergoing primary
PCI. Saban et al’® claimed that the increase in SII score was independently correlated with CIN formation in NSTEMI
patients undergoing PCI.

In our current study, we evaluated the adverse outcome impact of SII in ACS with CKD patients. Our study found
that SII was an independent risk indicator for adverse events in patients with ACS and CKD, and the increased risk of

MACEs, all-cause death, cardiovascular death, nonfatal myocardial infarction, and congestive heart failure in patients
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Table 6 Evaluation of Predictive Models for Cardiovascular Events

C-index (95% CI)

NRI (95% CI)

IDI (95% CI)

MACEs
Traditional risk factors®

Traditional + SII®

Cardiovascular death

Traditional risk factors®

Traditional + SII®

Nonfatal myocardial infarction
Traditional risk factors®

Traditional + SII®

Nonfatal stroke
Traditional risk factors®

Traditional + SII®

Congestive heart failure
Traditional risk factors®

Traditional + SII®

Revascularization (PCI)
Traditional risk factors®

Traditional + SII®

0.615 (0.568-0.662)
P = ref

0.632 (0.678-0.723)
P < 0.001

0.663 (0.609-0.717)
P = ref

0.738 (0.689-0.787)
P < 0.001

0.617 (0.544-0.689)
P = ref

0.625 (0.553-0.697)
P =0.5577

0.568 (0.460-0.677)
P = ref

0.560 (0.456-0.664)
P = 0.607

0.592 (0.531-0.652)
P = ref

0.645 (0.585-0.706)
P = 0.006

0.613 (0.553-0.673)
P = ref

0.621 (0.563-0.679)
P =0.0261

P = ref

0.035 (0.018-0.054)
P < 0.001

P = ref

0.039 (0.020-0.062)
P < 0.001

P = ref

0.002 (—0.003 0.029)
P=0.711

P = ref

0.000 (—0.002—-0.008)
P =0.791

P = ref

0.008 (—0.003 0.038)
P =0.272

P = ref

0.000 (—0.001-0.005)
P = 0.684

P = ref

0.269 (0.141-0.400)
P < 0.001

P = ref

0.310 (0.141-0.451)
P < 0.001

P = ref

—0.059 (—0.159 0.211)

P=1.010

P = ref

0.311 (—0.342-0.541)
P =0.525

P = ref

0.141 (—0.063-0.379)
P =0.186

P = ref

0.040 (—0.159-0.218)
P = 0.585

Note: MACEs include cardiovascular death, nonfatal myocardial infarction and nonfatal stroke. *Traditional cardiovascular risk
factors model: age, gender, hypertension, diabetes mellitus, dyslipidemia, and current smoker. °SlI, Systemic immune-inflammation
index (SIl = P x N/L ratio).

Abbreviations: C-index, concordance index; NRI, net reclassification improvement; IDI, integrated discrimination improvement.

with high SII was significantly higher than in patients with low SII after considering cardiovascular risk factors. In this
study, we added SII to the clinical model, which enhanced the predictability for MACEs and cardiovascular death in
patients with ACS and CKD (as evaluated by OCR curves) and reclassified subjects into different risk categories through
the IDI and the NRI. This finding demonstrated that elevated SII is an independent predictor of adverse events and
enhances the predictive ability of adverse events in patients with ACS and CKD.

Limitations

Several limitations need to be acknowledged and addressed in this study. First, this is a retrospective and observational
study in a single center and therefore may be subject to selection bias. Moreover, the sample size was relatively modest,
and the follow-up period was brief, limiting the drawing of broad conclusions. Second, we only evaluated the baseline
SII level; we did not examine how dynamic variations in SII levels affected cardiovascular events over the course of the
follow-up period. Last, because this was an observational and retrospective study, no causal link could be established
beyond association. Therefore, further studies with large sample sizes and long-term follow-up will be required to

confirm these conclusions.
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Conclusions

In conclusion, our study suggests that among ACS with CKD patients, compared to low SII patients, those with high SII
have higher odds of MACEs, all-cause death, and cardiovascular death. An elevated SII level may be an independent
predictor of adverse cardiovascular outcomes in ACS with CKD patients. Importantly, exploring anti-inflammatory
pathways as potential therapeutic targets is warranted, and SII as an available and low-cost indicator may offer new

therapeutic perspectives.
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