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Background: Systemic inflammation index (SII: neutrophil count * platelet count/lymphocyte count) is a new inflammatory marker 
that can reflect the degree of systemic inflammatory response after coronary artery disease (CAD). However, the predictive value of 
the SII for clinical prognosis in patients with initially diagnosed acute coronary syndrome (ACS) has yet to be thoroughly studied.
Patients and Methods: Patients with initially diagnosed ACS who underwent primary coronary angiography in our hospital from 
January 2019 to April 2021 were included in this study. 757 patients with ACS who underwent primary coronary angiography were enrolled. 
According to the baseline SII level, the patients were divided into a high SII group and a low SII group. The primary endpoint was major 
cardiovascular events (MACEs), defined as cardiac death, non-fatal myocardial infarction (MI), and non-fatal stroke.
Results: At a median follow-up of 33.9 months, 140 (18.5%) MACEs were recorded. Receiver operating characteristic (ROC) curve 
analysis showed that SII’s best cut-off value for predicting MACEs was 713.9*109/L. Kaplan-Meier survival curve analysis showed 
that the survival rate of the low SII group was higher than the high SII group (P<0.001). Compared with the low SII group, the risk of 
MACEs was significantly increased in the high SII group (89 cases (33.3%) vs.51 patients (10.4%), P<0.001). Univariate and 
multivariate Cox regression analysis manifested that high SII level was independently associated with the occurrence of MACEs in 
patients with ACS undergoing primary coronary angiography (adjusted hazard ratio [HR]: 2.915, 95% confidence interval (CI%): 
1.830–4.641, P<0.001). Adding SII to the conventional risk factor model improved the predictive value of MACEs.
Conclusion: This study showed that elevated SII was associated with adverse cardiovascular prognosis in patients with ACS 
undergoing primary coronary angiography, making SII a valuable predictor of poor prognosis in patients with ACS undergoing 
primary coronary angiography.
Keywords: systemic inflammation index, immune response, coronary angiography, acute coronary syndrome, clinical prognosis

Introduction
Results from the World Health Organization show that CAD is a significant health problem worldwide and is a primary cause 
of morbidity and mortality.1 In 2015 alone, ischemia heart disease caused 8.9 million deaths and 164 million disability- 
adjusted life years (DALYs) lost.2 In 2019, ischemic heart disease will remain the leading cause of death in the over-fifth age 
group. However, the age-standardized DALYs lost due to ischemic heart disease decreased significantly.3 Although the 
mortality from CAD has declined over the past 40 years, it still accounts for nearly one-third of deaths in people over 35 years 
of age.4 Approximately 50% of this reduction was attributable to enhanced management of the acute phase of the ACS and 
related complications, effective primary and secondary prevention strategies, and revascularization of CAD.5 Percutaneous 

Journal of Inflammation Research 2023:16 5205–5219                                                     5205
© 2023 Gao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 August 2023
Accepted: 7 November 2023
Published: 13 November 2023

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


coronary intervention (PCI) has been developed with the continuous expansion of its indications. With the improvement of 
imaging and the improvement of the ability to identify the best location of diseased vessels, more complex CAD have been 
treated. Finally, the criminals’ blood vessels can get better revascularization, and the clinical prognosis of patients can be 
improved.6 Identifying high-risk ACS patients and strengthening clinical prognosis management helps reduce the social 
burden of cardiovascular disease.

Despite significant advances in the diagnosis and treatment of ACS in recent years, significant racial and gender 
disparities remain.7 Globally, there are substantial differences in rates of vascular remodeling and long-term mortality 
after ACS.8 With the decline in smoking rates in Western Europe and North America and the use of high-sensitivity 
troponin in diagnostic analysis in non-ST-segment elevation myocardial infarction (NSTEMI) patients, the proportion of 
ST-segment elevation myocardial infarction (STEMI) patients is decreasing in high-income countries. However, the in- 
hospital mortality rate for patients with STEMI and shock remains high, especially in the context of cardiac arrest.9 

Therefore, identifying the high-risk ACS population has become an urgent problem to be solved.
Recently, clinical biomarkers based on the results of laboratory tests have helped to objectively assess the severity of the 

disease and predict the clinical prognosis of patients.10–12 Blood routine and biochemistry have attracted wide attention due to 
their availability as routine test indicators. These measures are based on blood cell counts (neutrophils, lymphocytes, 
monocytes, and platelets) and biochemical indicators and include a neutrophil-to-lymphocyte ratio (NLR), platelet-to- 
lymphocyte ratio (PLR), mononuclear-to-lymphocyte ratio (MLR), SII, and fibrinogen to albumin ratio (FAR).13 When 
values from two or more different cell lines that interact are considered together, the predictive effect on CAD and mortality 
increases synergistically.14,15 Considering the complex pathophysiological relationship between CAD and atherosclerosis, the 
predictive role of inflammatory markers for CAD deserves further study. PLR and MLR have recently been shown to correlate 
well with CAD and patient mortality.16,17 NLR has also been shown to be an independent predictor of all-cause mortality in 
ACS patients.18 High FAR is associated with increased left ventricular systolic dysfunction in ACS patients.19

For patients with CAD, SII is significantly associated with the degree of atherosclerosis in patients with stable angina 
pectoris.20 At the same time, SII is an independent predictor of functional coronary artery stenosis detected by FFR in 
patients with chronic coronary syndrome. Its predictive efficiency is more vital than that of PLR.21 SII has also been 
described as an independent predictor of severity in patients with acute pulmonary embolism22 and a predictor of poor 
clinical prognosis in patients with chronic kidney disease (CKD) who develop ACS.11

Patients with ACS should be routinely treated with dual antiplatelet and statins after PCI, which is helpful for the 
prognosis of the disease.7 The anti-inflammatory effects of statins have been demonstrated in experimental and clinical 
settings, and the inhibition of the inflammatory response helps to play a positive role in the progression of 
atherosclerosis.23 Platelets play an essential role in thrombosis, MI, and stroke. The application of antiplatelet drugs 
limits the progress of atherosclerosis.24 Therefore, the new inflammatory markers may have a more robust predictive 
effect on patients with ACS undergoing primary coronary angiography who have not taken antiplatelet and statin drugs.

This research aimed to investigate the value of SII in predicting poor clinical prognosis in patients with ACS 
undergoing primary coronary angiography.

Materials and Methods
Study Population
We retrospectively collected patients with initially diagnosed ACS undergoing primary coronary angiography and 
confirmed ACS in our hospital from January 2019 to April 2021. ACS is caused by acute occlusion of the coronary 
artery. Patients with ACS included unstable angina pectoris, NSTEMI, and STEMI. All STEMI patients received PCI. 
All non-STEMI patients underwent diagnostic coronary angiography, and PCI was determined according to the degree of 
coronary artery stenosis. The selection of the study population is represented by a flow chart (Figure 1). The primary 
endpoint was MACEs, including cardiac death, non-fatal MI, and non-fatal stroke. The secondary endpoints included 
cardiac death, non-fatal MI, non-fatal stroke, rehospitalization for congestive heart failure (HF), and repeat 
revascularization.
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Exclusion criteria were as follows: (1) active tumor or paraneoplastic syndrome, (2) acute infection, (3) severe renal 
insufficiency (eGFR<30mL/min/1.73m2), (4) severe liver failure, (5) known inflammatory/autoimmune disease, (6) 
active cerebrovascular disease, (7) use of statins, steroids, antiplatelet and anticoagulant drugs.

Clinical and Laboratory Data
Electronic medical record systems collected data on demographic characteristics and laboratory test results. Gaps in 
medical records were obtained by asking the patient about hospitalization. Results of the first venous blood sample and 
complete blood count were obtained from all hospitalized patients before diagnostic coronary angiography. Regarding 
biomarkers, NLR is the ratio of neutrophil to lymphocyte count, PLR is the ratio of platelet to lymphocyte calculation, 
and MLR is the ratio of monocyte matter to lymphocyte. SII is defined as platelet count * neutrophil count/lymphocyte 
count. FAR is defined as the fibrinogen-to-albumin ratio.

The Youden index determines the best cut-off value of SII. The ROC curve is drawn to calculate the sensitivity and 
specificity of each SII value, and the sum of the two can get the Youden index. The SII value corresponding to the 
maximum value of the Youden index is the best cut-off value. According to the optimal cut-off value of SII, we divided 
the included population into two groups: the high SII group and the low SII group.

These patients were followed by telephone, outpatient review, or inpatient observation and administered by competent 
medical professionals or nurses. In the course of our actual statistics, patients with cardiac death, non-fatal MI, or non- 
fatal stroke, any one of these, we will immediately stop follow-up to record an endpoint event. Subsequent end-point 
events in patients were recorded and not included in the final statistical analysis. The final statistical analysis was based 
on the patient’s first endpoint event.

Statistical and Analysis
Continuous variables were demonstrated in mean ± standard deviation (SDs) or median (25th to 75th percentile) form 
and compared using t-tests or Wilcoxon rank-sum tests when appropriate. Categorical variables are shown as numbers 
with percentages, using Fisher’s exact or chi-square test, as suitable to determine the significance of categorical variables 
between the two groups. The ROC curve was drawn to calculate the Youden index. The best cut-off value of the 
biomarker was the value with the highest sum of sensitivity and specificity. Kaplan-Meier curve was used for survival 
analysis to analyze the prognosis differences and event-free survival rates of patients in different SII groups. Primary and 
secondary clinical outcomes were presented as percentages and proportions with 95% CIs. After adjusting for individual 
risk factors, univariate and multivariate Cox regression analyses were used to assess the HRs for combined and 

Figure 1 Flowchart of the study cohort.
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individual endpoints with 95% CIs. The multivariate analysis included baseline clinical factors that differed significantly 
between the two groups (P<0.005). The basic model consisted of known risk factors, including sex, age, hypertension, 
diabetes, newly diagnosed dyslipidemia, and smoking. To evaluate whether SII added to the base model could improve 
the ability of the model to predict the endpoint events. Evaluation indicators included C-index, net reclassification 
improvement (NRI), and integrated discrimination improvement (IDI). Two-tailed P values of within 0.05 were thought 
statistically necessary. All statistical analyses were performed employing SPSS 27.0, R 4.2.2, and GraphPad Prism 8.0.

Results
Characteristics of Patients
A flow chart shows enrolled and excluded patients (Figure 1). A total of 1390 patients were recruited, and finally, 757 
patients with ACS undergoing primary coronary angiography were included in this retrospective study. The ROC curve 
was drawn to calculate the Youden index. The Youden index determined the optimal cut-off value of SII. We separated 
the study population into two groups based on the cut-off value of SII, and Table 1 shows the baseline characteristics of 
the patients after grouping by SII. The proportion of male patients and the proportion of smoking patients were higher in 
the high SII group. The white blood cell (WBC) count, neutrophil count, monocyte count, and platelet count were higher, 
and the lymphocyte count was lower. The values were higher for fibrinogen and lower for albumin. The high SII group 
patients were less likely to receive angiotensin receptor blockers (ARB) and calcium channel blockers (CCB) anti
hypertensive drugs. The SII, NLR, PLR, MLR, and FAR values of the high SII group were higher than those of the low 
SII group (P<0.001). The two groups had no statistically significant diversities in other baseline characteristics.

Table 1 Baseline Characteristics of 757 Patients with Initially Diagnosed Acute Coronary Syndrome

ALL(N=757) SII<713.9(N=490) SII≥713.9(N=267) P value

Clinical characteristics

Age(years) 62.69(52.42–72.96) 63.10(53.71–72.49) 61.93(50.24–73.62) 0.133

Male sex, n(%) 428(56.5%) 259(52.9%) 169(63.3%) 0.006

Hypertension, n(%) 507(67.0%) 332(67.8%) 175(65.5%) 0.571

Diabetes mellitus, n(%) 220(29.1%) 146(29.8%) 74(27.7%) 0.559

New diagnosis dyslipidemia, n(%) 173(22.9%) 103(21.0%) 70(26.2%) 0.123

Current smoker, n(%) 250(33.0%) 144(29.4%) 106(39.7%) 0.005

Laboratory parameters

Hemoglobin(g/L) 141.41(126.50–156.32) 140.82(126.06–155.58) 142.51(127.35–157.76) 0.135

White blood cell(109/L) 7.26(4.97–9.55) 6.57(4.87–8.27) 8.54(5.89–11.19) <0.001

Neutrophil(109/L) 4.98(3.07–6.89) 4.23(3.01–5.45) 6.35(4.18–8.52) <0.001

Monocyte(109/L) 0.41(0.24–0.58) 0.38(0.24–0.52) 0.47(0.26–0.68) <0.001

Lymphocyte(109/L) 1.73(1.13–2.33) 1.81(1.21–2.41) 1.59(1.03–2.15) <0.001

Platelet(109/L) 226.15(169.19–283.11) 216.28(164.65–267.91) 244.27(182.53–306.01) <0.001

Total cholesterol(mg/dL) 191.76(147.54–235.98) 191.71(149.43–233.99) 191.83(144.17–239.49) 0.972

Triglycerides(mg/dL) 158.51(66.38–250.64) 156.85(65.99–247.71) 161.57(67.06–256.08) 0.501

High-density lipoprotein(mg/dL) 44.57(30.17–58.97) 45.02(30.72–59.32) 43.76(29.18–58.34) 0.251

(Continued)
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ROC Curve and Optimal Cut-off Value
During a median follow-up of 33.9 months, MACEs occurred in 140 (18.49%) patients, including 1 cardiac death, 120 
non-fatal MI, and 19 non-fatal strokes. At the same time, 51 patients developed congestive HF for rehospitalization, and 
207 underwent revascularization. The optimal cut-off values for SII, NLR, PLR, MLR, and FAR were shown by ROC 
curves (Figure 2) and determined by calculating the Youden index. Among them, SII had a better predictive performance 
than the other four (AUC: 0.709, 95% CI (0.660–0.757), P<0.001). ROC curve analysis evaluated the optimal SII cut-off 
value of 713.9*109/L for predicting MACEs. The optimal cut-off values, 95% CI, sensitivity, and specificity of each 
biomarker are shown in Table 2.

Clinical Endpoint Events After SII Grouping
The clinical outcomes of patients in the low SII group and the high SII group are shown in Table 3. The prevalence of 
MACEs in the high SII group was higher than that in the low SII group [89 (33.3%) vs 51 (10.4%), P<0.001]. The 
prevalence of non-fatal MI, congestive HF, and revascularization was higher in the high SII group than in the low SII 
group. However, there was no statistically significant diversity between the two groups in the rates of cardiac death 
(P=0.999) and non-fatal stroke (P=0.143). K-M survival curves and Log rank test also showed that the high SII group 
was associated with an increased risk of MAECs (Figure 3A), non-fatal MI (Figure 3C), non-fatal stroke (Figure 3D), 

Table 1 (Continued). 

ALL(N=757) SII<713.9(N=490) SII≥713.9(N=267) P value

Low-density lipoprotein(mg/dL) 122.43(88.67–156.19) 122.64(88.89–156.39) 122.05(88.21–155.89) 0.821

Albumin(g/L) 41.87(38.42–45.32) 42.16(38.79–45.53) 41.33(37.80–44.86) 0.001

Fibrinogen(g/L) 2.93(2.24–3.62) 2.86(2.22–3.50) 3.06(2.31–3.81) <0.001

Glycosylated hemoglobin(%) 5.49(4.13–6.85) 5.49(4.08–6.90) 5.48(4.20–6.76) 0.976

Fasting blood glucose(mmol/L) 6.44(4.23–8.65) 6.37(4.18–8.56) 6.57(4.32–8.82) 0.220

Medications

ACEI, n(%) 21(2.8%) 16(3.3%) 5(1.9%) 0.356

ARB, n(%) 188(24.8%) 134(27.3%) 54(20.2%) 0.034

β-blockers, n(%) 98(12.9%) 70(14.3%) 28(10.5%) 0.143

CCB, n(%) 238(31.4%) 169(34.5%) 69(25.8%) 0.017

Diuretics, n(%) 43(5.7%) 27(5.5%) 16(6.0%) 0.870

Glucose-lowering Drugs, n(%) 195(25.8%) 129(26.3%) 66(24.7%) 0.664

Lymphocyte-based inflammatory indices

SII 675.46(403.90–947.02) 512.14(390.36–633.92) 975.19(767.78–1182.60) <0.001

PLR 140.94(94.37–187.51) 127.67(88.65–166.69) 165.30(115.85–214.75) <0.001

NLR 3.10(1.77–4.43) 2.48(1.68–3.28) 4.23(2.86–5.60) <0.001

MLR 0.25(0.14–0.36) 0.22(0.14–0.30) 0.31(0.18–0.44) <0.001

FAR 0.071(0.052–0.090) 0.068(0.051–0.085) 0.075(0.054–0.096) <0.001

Abbreviations: SII, systemic inflammatory index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, mononuclear-to- 
lymphocyte ratio; FAR, fibrinogen-to-albumin ratio; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium 
channel blockers.
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congestive HF for rehospitalization (Figure 3E), and undergoing revascularization (Figure 3F). The risk of cardiac death 
(Figure 3B) was not increased in the high SII group, and this finding may be related to the small number of patients and 
the short follow-up period.

Figure 2 Receiver operating characteristic (ROC) curve analysis with the area under the curve of SII, NLR, PLR. MLR and FAR in predicting.

Table 2 Receiver Operating Characteristic Curve Analysis

Biomarkers Cut-Off value AUC(95% CI) P value Sensitivity Specificity

SII 713.9*109/L 0.709(0.660–0.757) <0.001 0.636 0.712

NLR 2.718 0.675(0.626–0.723) <0.001 0.757 0.514

MLR 0.265 0.615(0.563–0.667) <0.001 0.521 0.665

FAR 0.071 0.584(0.531–0.636) 0.002 0.557 0.610

PLR 127.5 0.558(0.506–0.610) 0.032 0.643 0.460

Abbreviations: SII, systemic inflammation index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; 
MLR, monocyte to lymphocyte ratio; FAR, fibrinogen-to-albumin ratio; AUC, area under curve.

Table 3 Clinical Outcomes in Initially Diagnosed Acute Coronary Syndrome Patients According to SII Score

SII<713.9 
(N=490)

SII≥713.9 
(N=267)

P value

Primary endpoint: composite of cardiovascular death, nonfatal myocardial 
infarction, and nonfatal stroke

51(10.4%) 89(33.3%) <0.001

Secondary endpoints

Cardiac death 1(0.2%) 0(0%) 0.999

Nonfatal myocardial infarction 41(8.4%) 79(29.6%) <0.001

Nonfatal stroke 9(1.8%) 10(3.7%) 0.143

Congestive heart failure for hospitalization 14(2.9%) 37(13.9%) <0.001

Revascularization(PCI or CABG) 115(23.5%) 92(34.5%) 0.002

Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Univariate and Multivariate Analysis of SII in Patients with Initially Diagnosed ACS
Univariate and multivariate Cox regression analyses were completed to identify independent indicators of MACEs in 
patients with initially diagnosed ACS (Table 4). According to Cox regression analysis, SII≥713.9*109/L (HR:2.808, 95% 

Figure 3 Kaplan-Meier survival curve analysis showing: (A) MACEs, (B) cardiac death, (C) non-fatal myocardial infarction, (D) non-fatal stroke, (E) rehospitalization for 
congestive heart failure, (F) Revascularization.

Table 4 Cox Regression Analysis

Univariable Cox Regression Multivariable Cox Regression

HR(95% CI) P-value HR(95% CI) P-value

Age 0.985(0.969–1.001) 0.069

Gender 0.824(0.586–1.158) 0.265

Hypertension 1.171(0.811–1.690) 0.401

Diabetes mellitus 1.259(0.855–1.854) 0.243

New Diagnosis 

dyslipidemia

1.529(1.051–2.224) 0.026 1.645(1.125–2.407) 0.010

Current smoking 1.328(0.944–1.868) 0.104

Total cholesterol 1.000(0.996–1.004) 0.973

Triglycerides 0.999(0.997–1.001) 0.432

High-density lipoprotein 1.004(0.994–1.015) 0.430

Low-density lipoprotein 0.999(0.994–1.003) 0.552

(Continued)
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CI (1.776–4.439), P<0.001) was an independent predictor of MACEs. Cox proportional hazards regression model analyses 
competed in four separate models to test for independent predictors of clinical prognosis (Table 5). The study found that 
after adjusting for sex, age, hypertension, diabetes, newly diagnosed hyperlipidemia, smoking history, ACEI/ARB, β- 
blockers, CCB, diuretics, and hypoglycemic drugs, SII≥713.9*109/L was associated with MACEs (HR:3.946, 95% CI 
(2.764–5.633), P<0.001), non-fatal MI (HR:4.320, 95% CI (2.921–6.390), P<0.001), non-fatal stroke (HR:2.691, 95% CI 
(1.071–6.761), P =0.035), rehospitalization for congestive HF (HR:5.407, 95% CI (2.855–10.238), P<0.001) and revascu
larization (HR:1.766, 95% CI (1.331–2.342), P<0.001) was independently associated with increased risk. Cardiac deaths 
could not be assessed because of the small number of cases.

Subgroup Analysis of SII in Patients with Initially Diagnosed ACS
Subsequent subgroup analysis showed that MACEs with SII≥713.9*109/L remained consistent across different sub
groups. Subgroup analysis further confirmed the robustness of the association between SII≥713.9*109/L and major 
adverse cardiovascular events. See Figure 4 for details.

Additional Effects on MACEs After Adding SII to Baseline Models
Adding SII≥713.9*109/L to the base model with conventional risk factors improved the predictive value of MACEs 
(P<0.001). As shown in Table 6. In addition, adding SII≥713.9*109/L also improved the predictive value of NRI and IDI 
for MACEs, with IDI improved by 0.106 (P<0.001) and NRI increased by 8.4% (P=0.011). Adding SII≥713.9*109/L is 
suggested to increase the predictive value of traditional risk factors for MAECs in patients with initially diagnosed ACS.

Table 4 (Continued). 

Univariable Cox Regression Multivariable Cox Regression

HR(95% CI) P-value HR(95% CI) P-value

Fasting blood glucose 0.990(0.917–1.070) 0.802

Glycosylated hemoglobin 0.912(0.797–1.042) 0.176

Fibrinogen 1.435(1.156–1.780) 0.001 1.168(0.859–1.589) 0.323

Albumin 0.964(0.920–1.011) 0.128

ACEI 0.850(0.271–2.669) 0.781

ARB 0.794(0.527–1.195) 0.268

β-blokers 1.081(0.666–1.755) 0.751

CCB 1.003(0.703–1.432) 0.985

Diuretics 1.007(0.471–2.155) 0.985

Glucose-lowering Drugs 1.087(0.749–1.579) 0.660

SII(≥713.9) 3.898(2.755–5.516) <0.001 2.808(1.776–4.439) <0.001

NLR(≥2.718) 2.729(1.853–4.018) <0.001 1.305(0.796–2.141) 0.292

PLR(≥127.5) 1.775(1.251–2.519) 0.001 1.062(0.725–1.555) 0.758

MLR(≥0.265) 2.182(1.562–3.047) <0.001 1.375(0.953–1.983) 0.088

FAR(≥0.071) 1.709(1.223–2.388) 0.002 1.260(0.792–2.004) 0.328

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel 
blockers; SII, systemic inflammatory index; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, mono
nuclear-to-lymphocyte ratio; FAR, fibrinogen-to-albumin ratio.
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Table 5 The Association of High SII (≥713.9*109/L) and Future Adverse Events in Initially Diagnosed Acute Coronary Syndrome Patients

Model I Model II Model III Model IV

MACEs 3.898(2.755–5.516) P<0.001 3.878(2.732–5.504) P<0.001 3.899(2.742–5.545) P<0.001 3.946(2.764–5.633) P<0.001

Cardiac death Ref Ref Ref Ref

Nonfatal myocardial infarction 4.300(2.937–6.294) P<0.001 4.256(2.898–6.250) P<0.001 4.251(2.889–6.255) P<0.001 4.320(2.921–6.390) P<0.001

Nonfatal stroke 2.538(1.030–6.254) P=0.043 2.646(1.063–6.584) P=0.036 2.781(1.108–6.983) P=0.029 2.691(1.071–6.761) P=0.035

Congestive heart failure 5.697(3.076–10.550) P<0.001 5.461(2.936–10.154) P<0.001 5.565(2.981–10.390) P<0.001 5.407(2.855–10.238) P<0.001

Revascularization(PCI or CABG) 1.800(1.366–2.370) P<0.001 1.772(1.342–2.340) P<0.001 1.770(1.337–2.342) P<0.001 1.766(1.331–2.342) P<0.001

Notes: MACEs include cardiac death, nonfatal myocardial infarction, and nonfatal stroke. Model I: Confounding factors were not controlled. Model II: adjusted with age and gender. Model III: adjusted with age, gender, smoking, history of 
hypertension, diabetes, and a new diagnosis of dyslipidemia. Model IV: adjusted with age, gender, smoking, history of hypertension, diabetes, a new diagnosis of dyslipidemia, ACEI, ARB, β-blockers CCB, diuretics, and glucose-lowering 
Drugs. 
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Discussion
Here, we demonstrate that the novel inflammatory marker SII can be used as an independent indicator of poor clinical 
prognosis in patients with initially diagnosed ACS. Interestingly, high SII remained independently associated with 
MACEs, non-fatal MI, rehospitalization for congestive HF, and revascularization, even after controlling for age and 
other cardiovascular risk factors. At the same time, we demonstrate that adding SII to existing conventional risk factor 

Figure 4 Subgroup analysis of the predictive value of high SII vs low SII for MACEs in initially diagnosed acute coronary syndrome patients.

Table 6 Evaluation of Predictive Models for Cardiovascular Events

C-index(95% CI) P value NRI(95% CI) P value IDI(95% CI) P value

MACEs

Traditional risk factors 0.584(0.531–0.636) P=ref P=ref

Traditional + SII 0.729(0.683–0.775) P<0.001 0.084(0.020–0.149) P.011 0.106 (0.071–0.141) P<0.001

Cardiac death

Traditional risk factors 0.531(0.480–0.583)

Traditional + SII 0.701(0.647–0.756) P<0.001 Ref Ref Ref Ref

Nonfatal STROKE

Traditional risk factors 0.537(0.418–0.657) P=ref P=ref

Traditional + SII 0.574(0.427–0.722) P=0.268 0.002 (−0.003–0.029) P=0.731 0.025(−0.003–0.052) P=0.076

(Continued)
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models can significantly improve the predictive value of predicting MACEs in patients with initially diagnosed ACS. 
Therefore, SII can be a convenient and reliable indicator to identify high-risk patients with initially diagnosed ACS.

ACS patients have a large population and a high risk of recurrence. In addition, the epidemiology and prognostic 
characteristics of ACS are still unclear, posing a significant challenge to preventing disease recurrence and managing the 
clinical prognosis of patients.25 Elevated levels of standard inflammatory markers, such as neutrophils and C-reactive 
protein, are associated with higher cardiovascular risk in patients with ACS. At the same time, inflammation and its 
resolution may act as a decisive factor in the occurrence of ACS.26,27 Chronic, low-grade inflammation may contribute to 
the progression of cardiovascular disease.28 In addition, after recanalization of vascular occlusion in patients with ACS, 
inflammation can cause myocardial ischemia-reperfusion injury.29 Therefore, research is ongoing to mitigate the risk of 
inflammatory responses through various therapeutic approaches, and blood cell-based and biochemical biomarkers have 
recently been extensively investigated due to their easy availability.

Dziedzic et al studied the relationship between SII and the severity of patients with CAD and found that patients with 
CASSC scores had higher SII values. However, there was no significant difference in SII between patients with different 
diagnoses, which may be related to the use of statins.10 Plaque types may reflect different levels of inflammation during 
ACS. The study found significant differences in SII value between mixed plaque and non-calcified plaque rupture.30 

Inflammatory markers may also be good screening tools for patients with high-risk CAD. In a prospective follow-up 
study of 42,875 patients in the United States, SII was associated with cardiovascular and all-cause mortality.31 Data from 
NHANES also suggest that higher SII dealt with a higher risk of death from cardiovascular disease in individuals with 
hypertension.32 Interestingly, higher SII was associated with increased total and cardiovascular mortality in middle-aged 
and older adults, but physical activity benefits these associations.33

The immune system and inflammatory response play an indispensable role in the happening and development of 
atherosclerosis.34 Various inflammatory cells play a crucial role in the development of atherosclerosis. The rupture and 
thrombosis of atherosclerotic plaques cause blood stasis in the relevant feeding arteries, and inflammation promotes the 
initiation of this process.35 Leukocytosis, primarily neutropenia, is an independent risk factor for the development of 
CAD. Leukocytosis is predictive of adverse cardiovascular events.36

Basic studies have found that CXCR4 and its ligand CXCL12 regulate neutrophil recruitment to atherosclerotic 
lesions. Chronic blockade of CXCR4 can increase neutrophil recruitment and apoptosis in atherosclerotic lesions, 
suggesting a proinflammatory role of neutrophils.37 During myocardial ischemia, neutrophils phagocytose dead tissue 
and release inflammatory mediators: a failed immune response to surviving cardiomyocytes after ischemic injury. 

Table 6 (Continued). 

C-index(95% CI) P value NRI(95% CI) P value IDI(95% CI) P value

Nonfatal myocardial infarction

Traditional risk factors 0.599(0.543–0.655) P=ref P=ref

Traditional + SII 0.751(0.707–0.794) P<0.001 0.099(0.021–0.176) P=0.013 0.081(0.051–0.111) P<0.001

Congestive heart failure

Traditional risk factors 0.587(0.506–0.669) P=ref P=ref

Traditional + SII 0.749(0.681–0.816) P<0.001 0.004(−0.006–0.034) P=0.278 0.148(−0.062–0.278) P=0.198

Revascularization(PCI or CABG)

Traditional risk factors 0.592(0.547–0.638) P=ref P=ref

Traditional + SII 0.632(0.588–0.676) P<0.001 0.010(−0.012–0.032) P=0.367 0.016(0.003–0.028) 0.012

Notes: MACEs include cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 
Abbreviations: PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; NRI, net reclassification improvement; IDI, integrated discrimination 
improvement. Traditional cardiovascular risk factors model: age, gender, hypertension, diabetes mellitus, new diagnosis dyslipidemia, and current smoker.
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Neutrophils are believed to be detrimental during MI but eventually undergo apoptosis and are cleared by macrophages.38 

Platelets can regulate the recruitment of white blood cells to atherosclerotic lesions and control inflammation and 
immune response.39

On the other hand, the expression of matrix metalloproteinase-2 on the surface of living platelets can trigger 
endothelial PAR-1 pathway expression to initiate atherosclerosis.40 Macrophages are the main components of athero
sclerotic plaques. They produce proinflammatory cytokines, participate in lipid retention and vascular remodeling, and 
express pattern recognition receptors to regulate immune responses.41 Studies have found that lymphopenia positively 
correlates with MACEs, HF, and poor prognosis in patients with ACS.42

ACS is triggered by thrombosis following the rupture of an atherosclerotic plaque. Fibrinogen levels are elevated after 
the onset of ACS, and thrombin converts fibrinogen to fibrin, promoting thrombosis.43 Fibrinogen can be used as 
a simple biomarker to evaluate the level of inflammation in ACS.44 Similarly, albumin levels are decreased at the onset of 
ACS. The combination of the two markers, FAR, is associated with the increased risk of ACS.45

In addition, some studies have investigated the relationship between inflammatory markers and clinical prognosis in 
patients with ACS. Fan et al showed that high NLR was independently associated with MACEs in patients with ACS.46 

High NLR increased the risk of major cardiovascular ischemic events in patients with ACS receiving ticagrelor dual 
antiplatelet therapy.47 The study by Yang et al also confirmed that SII was superior to traditional risk factors in predicting 
major cardiovascular events in patients undergoing CAD after PCI.48

This study also correlated SII with clinical prognosis in patients with initially diagnosed ACS. Our results were 
compliant with the results of Karadeniz et al; SII had better predictive power than NLR, PLR, MLR, and FAR.49 

However, we controlled for factors such as C-reactive protein level and patients taking statins and antiplatelet drugs 
during the screening process, so the predictive power of SII may be general (AUC: 0.709, 95% CI (0.660–0.757), 
P<0.001).

In addition, recent studies have shown that the systemic immune inflammatory response index (SIIRI) can be an 
independent predictor of disease severity in patients with ACS.50 Similarly, our previous studies have also confirmed that 
SIIRI is associated with adverse cardiovascular prognosis in patients with initially diagnosed CAD, suggesting that SIIRI 
may be a valuable predictor of adverse prognosis in patients with initially diagnosed CAD.51 In future studies, SIIRI may 
also become a valuable predictor of inflammation, and the predictive ability of SIIRI with SII in different patient 
populations needs to be investigated.

In our cohort, the higher proportion of male patients with high SII may be related to the different pathophysiology of 
underlying coronary microvascular dysfunction between men and women. Men are more likely to meet the “traditional” 
atherosclerotic profile than women.52 The ROC curve and K-M survival curve were used to evaluate the effect of SII on 
the poor clinical prognosis of patients with ACS undergoing primary coronary angiography. Higher SII was an 
independent predictor of poor clinical prognosis in patients with initially diagnosed ACS. Meanwhile, newly diagnosed 
dyslipidemia remained statistically significant in the adjusted multivariate analysis. Further study should be on whether 
dyslipidemia before primary coronary angiography is associated with poor clinical prognosis in initially diagnosed ACS 
patients.

Limitations
Our study has several limitations. First, this study is a single-center, retrospective, observational study with a small 
sample size that may have selection bias. Secondly, the follow-up of patients in this study was not all completed by 
patients visiting the hospital, and the telephone follow-up may have a subjective bias of patients and understanding bias 
of follow-up personnel. Third, we did not include the coronary angiography results or address the effect of differential 
plaque properties. Fourth, our patient recruitment period is long, and given possible seasonal fluctuations in blood cell 
ratios, it may limit our ability to draw broad conclusions. Finally, laboratory test results were obtained from the first 
venous blood collection before diagnostic coronary angiography in all patients after hospitalization, and we did not 
evaluate the impact of the dynamic evolution of SII on outcome events at the postoperative follow-up of patients. Based 
on this trial’s observational and retrospective nature, we can only conclude the association and cannot establish any 
causal link. The results still need to be further verified in multi-center prospective studies.
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Conclusion
Elevated SII is associated with adverse cardiovascular prognosis in patients with initially diagnosed ACS, suggesting that 
SII may be a valuable predictor of poor clinical prognosis in patients with initially diagnosed ACS. The predictive role of 
SII needs to be validated in more extensive clinical trials.
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