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Background: Recently, the systemic immune inflammatory response index (SIIRI), a novel and expanded inflammatory response
marker, has been an independent predictor of lesion severity in patients with acute coronary syndrome (ACS). However, its predictive
role in patients with initially diagnosed coronary artery disease (CAD) remains to be explored.

Patients and Methods: We evaluated 959 patients with CAD undergoing an initial coronary intervention. Each patient had
laboratory measurements, including blood cell counts, taken after admission and before interventional treatment. The primary endpoint
was major cardiovascular events (MACESs), defined as cardiovascular death, nonfatal myocardial infarction(MI), and nonfatal stroke.
The secondary endpoints included MACEs and readmission for congestive heart failure(HF).

Results: During a mean follow-up period of 33.3+9.9 months, 229 (23.9%) MACEs were recorded. ROC curve analysis displayed
that the best cut-off value of SIIRI for predicting MACEs was 247.17%10'%/L?. Kaplan-Meier survival curve analysis showed that the
survival rate of the low SIIRI group was higher than that of the high SIIRI group (P<0.001). Compared with the low SIIRI group, the
high SIIRI group had a significantly higher risk of MACEs (187 cases (39.53%) vs.42 patients (8.64%), P<0.001). Univariate and
multivariate Cox regression analyses displayed that high SIIRI levels were independently associated with the occurrence of MACEs in
patients with initially diagnosed CAD undergoing percutaneous coronary intervention (PCI) (adjusted hazard ratio [HR]: 3.808, 95%
confidence interval [CI%]: 2.643-5.486, P<0.001). Adding SIIRI to conventional risk factor models improved the predictive value of
MACE:s.

Conclusion: Elevated SIIRI is associated with adverse cardiovascular prognosis in patients with initially diagnosed CAD. SIIRI can
be a simple and practical index to identify high-risk patients with CAD after PCI.
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Introduction
According to the evidence from the World Health Organization, although the mortality rate of CAD has decreased in
recent decades, it is still one of the leading causes of death in the global population. It brings a heavy economic burden.’
Approximately 50% of the mortality reduction can be attributed to managing ACS and related complications, effectively
implementing primary and secondary prevention strategies, and effectively revascularizing patients with chronic cor-
onary syndromes.” Identifying high-risk patients with CAD is helpful for clinical treatment and prognosis management.
As an inflammatory disease of large arteries, atherosclerosis plays an indispensable role in the occurrence and
development of CAD. Traditional factors such as hypertension, diabetes, dyslipidemia, and smoking have been proven to
be closely related to the progression of atherosclerosis, and inflammation is considered to play a crucial role in it.?
Inflammatory markers are associated with the severity of CAD and poor cardiovascular prognosis. These represent

laboratory measures readily available in resource-poor clinical Settings.** Inflammatory markers are essential in
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monitoring the progression of CAD. However, applying many biomarkers in the clinical setting is challenging due to the
high cost and processing time.® Developing an ideal indicator that can be easily measured with high precision is vital to
predicting the clinical prognosis of patients with CAD.

Considering the complex pathophysiological relationship between inflammation and the occurrence and development
of atherosclerosis, the relationship between inflammatory markers and the clinical prognosis of patients with CAD
deserves further study. Inflammation has been associated with chronic HF, metabolic disorders, cancer, and cardiovas-
cular disease.”'® Blood cell analysis has recently received extensive attention as a routine laboratory test. These
indicators are based on platelet count and leukocyte subtype (neutrophil, monocyte, and lymphocyte) counts, including
neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte ratio (MLR), platelet to lymphocyte ratio (PLR),
systemic inflammation index (SII) and systemic inflammatory response index (SIRI). When two or three different cell
line values that interact with each other are combined, the overall predictive value for clinical prognosis and mortality in
patients with cardiovascular disease increases synergistically.'' "3

NLR is associated with the severity of CAD. With the increase of NLR stratification level, the incidence of
cardiovascular prognosis events gradually increases.'* NLR can also be used as an independent predictor of cardiac
mortality in stable CAD patients.'”> MLR can be used as an independent predictor of MACEs in patients with CAD
undergoing PCL,'® and it can improve the predictive power of mortality in patients with CAD.'” Elevated PLR can be
used as an independent predictor of CAD in elderly patients (> 55 years) and is associated with the severity of CAD and
the increased risk of MACEs within five years in patients with stable CAD.'®*2° SII and SIRI use three blood cell
subtypes, reflecting the balance between inflammation and immune response. SII is better than traditional risk factors in
predicting major cardiovascular events in patients with CAD and positively correlates with the severity of CAD.'*?! SII
has also been described as a predictor of poor clinical prognosis in ACS patients with chronic kidney disease.?” During
a 10-year follow-up study, SIRI was associated with incident CAD and an increased risk of all-cause death and stroke but
not ML.** Similarly, higher SIRI was associated with more severe disease status in patients with ACS undergoing PCI,
and the predictive value was synergistically increased when combined with the GRACE risk score.**

Several novel inflammatory markers have also shown the ability to predict CAD. A high C-reactive protein to
albumin ratio is an independent predictor of the severity and extent of ischemia in patients with coronary artery disease.”
CAD patients with diabetes mellitus and a high fibrinogen-to-albumin ratio have a poor 5-year clinical prognosis, which
is helpful in identifying high-risk patients.?

Patients diagnosed with CAD and undergoing diagnostic coronary angiography must take dual antiplatelet and statin
lipid-lowering drugs routinely after surgery, which is helpful for patients’ clinical prognosis and disease outcome.?” The
anti-inflammatory effect of statins helps them play an active role in the progression of atherosclerosis.”® Platelets are
essential in thrombosis, acute M1, and acute stroke. Antiplatelet drugs also inhibit the progression of atherosclerosis due
to their anti-inflammatory effects.”” Therefore, the new inflammatory markers may be more accurate in predicting the
clinical prognosis of patients with initially diagnosed CAD who have not taken antiplatelet and statin drugs.

Recently, Mangalesh et al designed a new inflammatory marker, SIIRI, through the combination of four cells and
showed that SIIRI was an independent predictor of the severity of lesions in patients with ACS. Its overall predictive
effect was better than that of previous inflammatory markers.® Similarly, previous inflammatory markers, including NLR,
PLR, and MLR, have been shown to be predictive in patients with CAD."*2° As proved by various cohort studies and
meta-analyses, SII, as a new inflammatory marker composed of three blood cell subtypes, can more comprehensively
evaluate the inflammatory status of patients with CAD compared with the inflammatory markers composed of two cell
subtypes (NLR, PLR, and MLR).?° Unfortunately, there is a lack of studies on the poor clinical prognosis of patients with
SIRI and initially diagnosed CAD. Early identification of high-risk patients, effective treatment, and prognosis manage-
ment can improve the long-term clinical prognosis of patients with CAD.

Therefore, this study aimed to investigate the predictive value of SIIRI for clinical prognosis in patients with the same
initial diagnosis of CAD.
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Materials and Methods

Study Population

We retrospectively collected 959 patients with initially diagnosed CAD who underwent diagnostic coronary angiography
in the Second Hospital of Tianjin Medical University from January 2019 to April 2021 in Tianjin, China. Each patient
had never had symptoms related to coronary artery disease, including chest pain and shortness of breath, and had never
undergone coronary CT angiography or coronary angiography before the presentation. Each patient was required to
obtain complete demographic, clinical laboratory, and prognostic follow-up results. Before a hospitalization, each patient
was tested for COVID-19 virus twice on different days, and the two results were negative. Patients who tested positive
for COVID-19 were not included in the study because they were referred to specific healthcare facilities. Each patient
signed written informed consent and participated in the study. Informed consent was obtained from the patients at the
time of readmission, outpatient visits, and home visits.

The primary endpoint was MACEs, defined as cardiovascular death, nonfatal MI, and nonfatal stroke. The secondary
endpoints included MACEs and readmission for congestive HF. Study 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 on admission. 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 count to lymphocyte count, PLR is the ratio of platelet count to lymphocyte count, MLR is the ratio
of monocyte count to lymphocyte count, SII is defined as platelet count * neutrophil count/lymphocyte count, SIRI as
monocyte count * neutrophil count/lymphocyte count, and SIIRI as platelet count * monocyte count * neutrophil count/
lymphocyte count. According to the 2021 European Society of Hypertension practice guideline, hypertension is blood
pressure >140/90mmHg measured in the office.’! According to the 2019 ESC guidelines for prediabetes, diabetes combined
with cardiovascular risk factor criteria finally defined diabetes: A fasting blood glucose value >7.0mmol/L (126mg/dL), or
patients with symptoms of hyperglycemia (eg, frequent urination, polydipsia, fatigue, acetone breathing, and nausea)
combined with a random blood glucose value >11.1mmol/L (200mg/mL); Or at least 11.lmmol/L (200mg/dL) after
a 2-hour glucose tolerance test.*> Following the recommendations of the 2019 ESC/EAS guidelines for managing
dyslipidemia, patients whose lipid levels did not meet the respective risk stratification treatment goals were defined as
newly diagnosed dyslipidemia.>® Diagnostic coronary angiography was performed with either radial or coronary access.
Coronary angiography is the preferred method to assess lesion severity in patients with CAD, following the 2021 ACC/
AHA/SCAI guideline recommendations.”* Three independent cardiologists evaluated the coronary angiographic results of
each patient. The severity of lesions was quantified using the CASSC score. The degree of stenosis of the main coronary
artery (left anterior descending artery, left circumflex artery, and right coronary artery) >70% was assigned 1 point, and the
degree of stenosis of the left main coronary artery >50% was assigned 2 points. The final results of 0-3 scores were
included in the database to show the severity of lesions in patients with CAD during the switch.

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 displayed as
frequencies and percentages, using Fisher’s exact or chi-square test, as suitable to determine the significance of
categorical variables between the two groups. The receiver operating characteristic (ROC) curve determined the optimal
cut-off value. Kaplan-Meier curve was used for survival analysis to analyze the prognosis differences and event-free
survival rates of patients in different SIIRI groups. Primary and secondary clinical prognoses were presented as
percentages and proportions with 95% confidence intervals (Cls). After adjusting for individual risk factors, univariate
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and multivariate Cox regression analyses were exploited to evaluate the hazard ratios (HRs) for combined and individual
endpoints with 95% confidence intervals (Cls). The multivariate analysis included baseline clinical factors that differed
significantly between the two groups (P<0.005). To assess whether adding SIIRI would improve the ability of a basic
model of known risk factors (gender, age, hypertension, diabetes, newly diagnosed hyperlipidemia, smoking history) to
predict adverse cardiovascular events, calculated as 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

Baseline Characteristics

During a mean follow-up period of 33.3£9.9 months, 959 patients (mean age 61.4+£10.8 years; 51.8% male) with the
initial diagnosis of CAD underwent diagnostic coronary angiography and were retrospectively enrolled in this study.
Figure 1 shows the screening flow chart of the study. MACEs, including cardiac death, nonfatal MI, and nonfatal stroke,
determined the optimal cut-off value of SIIRI. As shown in Figure 2, ROC curve analysis evaluated the optimal SIIRI
cut-off point (247.17*10'%/L?) for predicting MACEs. We divided the study population into two groups based on the
optimal cut-off value of SIIRI. Table 1 emerges the baseline characteristics of the patients after grouping by SIIRI.
Compared with the low SIIRI group, the high SIIRI group had a higher proportion of male patients and a higher
proportion of hypertension and smoking history.

1390 hospitalized patients who
were initially diagnosed with CAD
from January 2019 to April 2021

150 patients who did
not undergo PCI

1240 patients with initially
diagnosed CAD underwent PCI

Gcluded cases (n=281) \

a. Active neoplastic or paraneoplastic

syndrome (n=31)

b. Active infection(n=75)

c. Glomerular filtration rate<30ml/min/1.73m?2
(n=41)

d. Severe hepatic failure(n=25)

e. Known inflammatory and/or autoimmune

disease(n=23)

f. Active cerebrovascular diseases(n=63)

g. Use of statins, steroids, antiplatelet and

. i anticoagulant drugs (n=23)
959 eligible patients

for analysis K /

473 patients with 486 patients with
SIIRI2247.17*10"8/L2 SlIRI<247.17*1018/L.2

Figure | Flowchart of the study cohort.
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Figure 2 Receiver operating characteristic curve (ROC) analysis with the area under the curve of systemic immune inflammatory response index (SIIRI) in predicting major
cardiovascular adverse events (MACEs).

Regarding laboratory tests, hemoglobin, white blood cell, neutrophil, monocyte, and platelet count were higher, and
lymphocyte count was lower in the high SIIRI group. The glycosylated hemoglobin levels, fasting blood glucose, and
triglyceride levels were higher, and the stories of albumin, total cholesterol, and high-density lipoprotein were lower on

Table | Baseline Characteristics of 959 Patients with Initially Diagnosed CAD

Dove:

ALL (N=959) SIIRI>247.17 (N=473) | SIIRI<247.17 (N=486) P value

Clinical characteristics

Age(years) 61.35(50.56-72.14) 60.80(49.03-72.57) 61.88(52.16-71.60) 0.121
Male sex,n(%) 497(51.82%) 312(65.96%) 185(38.07%) <0.001
Hypertension,n(%) 610(63.61%) 320(67.65%) 290(59.67%) 0.011
Diabetes mellitus,n(%) 238(24.82%) 129(27.27%) 109(22.43%) 0.086
New diagnosis dyslipidemia,n(%) 236(24.61%) 129(27.27%) 107(22.02%) 0.061
Current smoker,n(%) 306(31.91%) 192(40.59%) 114(23.46%) <0.001
Laboratory parameters

Hemoglobin(g/L) 140.48(124.95-156.01) 142.99(127.90-158.09) 138.04(122.46—153.62) <0.001
White blood cell(10%/L) 7.34(4.78-9.90) 8.89(6.37-11.41) 5.84(4.36-7.32) <0.001
Neutrophil(10%/L) 4.94(2.71-7.17) 6.43(4.28-8.58) 3.50(2.47-4.53) <0.001
Monocyte(10°/L) 0.42(0.23-0.61) 0.53(0.34-0.72) 0.32(0.19-0.45) <0.001
Lymphocyte(10°/L) 1.84(1.06-2.62) 1.78(0.96-2.60) 1.89(1.15-2.63) 0.036
Platelet(10%/L) 226.41(168.68-284.14) | 245.26(183.55-306.97) 208.06(161.23-254.89) <0.001
Glycosylated hemoglobin(%) 5.38(4.03-6.73) 5.49(4.13-6.85) 5.28(3.94-6.62) 0.016
Fasting blood glucose(mmol/L) 6.29(4.38-8.20) 6.49(4.40-8.58) 6.09(4.40-7.78) 0.001
Total cholesterol(mmol/L) 4.98(3.87-6.09) 4.89(3.87-5.91) 5.07(3.89-6.25) 0.012
Triglycerides(mmol/L) 1.73(0.75-2.71) 1.81(0.77-2.85) 1.64(0.74-2.54) 0.008
High-density lipoprotein(mmol/L) 1.18(0.86—1.50) 1.12(0.79—-1.45) 1.23(0.92—-1.54) <0.001
Low-density lipoprotein(mmol/L) 3.18(2.31-4.05) 3.15(2.29-4.01) 3.20(2.32-4.08) 0.340
Urea nitrogen(mmol/L) 5.96(2.13-9.79) 5.87(3.42-8.32) 6.04(1.23-10.85) 0.490

(Continued)
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Table | (Continued).
ALL (N=959) SIIRI>247.17 (N=473) | SIIRI<247.17 (N=486) | P value

Creatinine(umol/L) 68.26(47.00-89.52) 68.40(50.44-86.36) 68.12(44.06-92.18) 0.841
Uric acid(umol/L) 335.21(242.88-427.54) | 336.80(245.17-428.43) 333.66(240.58-426.74) 0.599
Albumin(g/L) 42.13(38.60—45.66) 41.58(37.99-45.17) 42.67(39.28-46.06) <0.001
Coronary artery disease

Left main coronary artery disease,n(%) 44(4.59%) 27(6.05%) 17(3.62%) 0.123
Polyvascular disease,n(%) 427(44.53%) 277(58.56%) 150(30.86%) <0.001
Branch lesions,n(%) 258(26.90%) 157(33.19%) 101(20.78%) <0.001
CASSC score 1.27(0.20-2.34) 1.65(0.61-2.69) 0.90(0.02-1.78) <0.001
Medications

ACEL,n(%) 27(2.82%) 14(2.96%) 13(2.67%) 0.847
ARB,n(%) 221(23.04%) 105(22.20%) 116(23.87%) 0.591
B-biockers,n(%) 117(12.20%) 55(11.63%) 62(12.76%) 0.622
CCB,n(%) 293(30.55%) 148(31.29%) 145(29.84%) 0.674
Diuretics,n(%) 63(6.57%) 35(7.0%) 28(6.11%) 0.362
Glucose-lowering Drugs,n(%) 222(23.15%) 111(23.47%) 111(22.84%) 0.819

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

admission. Regarding coronary angiography results, the proportion of multivessel lesions, branch lesions, and CASSC
scores was higher in the high SIIRI group. The two groups had no significant difference in medication history before
admission.

Clinical Prognosis in Different Groups Stratified by SIIRI

The clinical prognosis of patients in the low SIIRI and high SIIRI groups are shown in Table 2. During a mean follow-up
of 33.3 months, there were 27 cardiac deaths, 134 nonfatal MI, 68 nonfatal strokes, 139 hospitalizations for congestive
HF, 182 repeat coronary revascularization procedures, and 230 secondary outcome events. The prevalence of MACEs
was significantly higher in the high SIIRI group than in the low SIIRI group [187 (39.53%) vs 42 (8.64%), P<0.001]. The
incidences of nonfatal MI, nonfatal stroke, hospitalization for congestive HF, and revascularization were higher in
patients with high SIIRI than in those with low SIIRI. There was no significant difference in the incidence of cardiac
death between the two groups. The K-M survival curve and Log-rank sum test also showed that patients in the high SIIRI
group had a higher incidence of MACEs (Figure 3A), nonfatal MI (Figure 3C), nonfatal stroke (Figure 3D), and
readmission for congestive HF (Figure 3E) and repeat coronary-artery revascularization (Figure 3F). There was no

Table 2 Clinical Prognosis in Patients According to SIIRI Score

SIIRI>247.17 SIIRI<247.17 | P value
(N=473) (N=486)
Primary end point: composite of cardiac death, nonfatal myocardial infarction, and nonfatal stroke 187(39.53%) 42(8.64%) <0.001
Secondary end points
Key end points: composite of cardiac death, nonfatal myocardial infarction, nonfatal stroke and 187(39.53%) 43(8.85%) <0.001
hospitalization for congestive heart failure
Cardiac death 17(3.59%) 10(2.06%) 0.174
Nonfatal myocardial infarction 112(23.68%) 22(4.53%) <0.001
Nonfatal stroke 58(12.26%) 10(2.06%) <0.001
Hospitalization for congestive heart failure 117(24.74%) 22(4.53%) <0.001
Revascularization(PCl or CABG) 130(27.48%) 52(10.70%) <0.001

Abbreviations: PCIl, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Figure 3 Kaplan-Meier survival curve analysis showing (A) MACEs, (B) cardiac death, (C) nonfatal MI, (D) nonfatal stroke, and (E) readmission for congestive HF, (F) repeat
coronary-artery revascularization.

significant difference in cardiac death between the two groups (Figure 3B). These results indicate that high SIIRI is
associated with an increased risk of cardiovascular events.

Subgroup, Univariate, and Multivariate Analyses of Clinical Prognosis in Patients with
Initial CAD
Univariate and multivariate Cox regression analyses were executed to recognize independent indicators of MACEs in
patients with an initial diagnosis of CAD (Table 3). According to Cox regression analysis, SIIRI>247.17*10'%/L* (HR:

Table 3 Cox Regression Analysis

Univariable Cox Regression Multivariable Cox Regression
HR(95% CI) P value HR(95% CI) P value
Age 1.023(1.010-1.036) <0.001 1.018(1.003—1.033) 0.016
Gender 0.715(0.548-0.933) 0.013 0.926(0.671-1.277) 0.638
Hypertension 1.329(1.005-1.758) 0.046 0.995(0.740—1.340) 0.976
Diabetes mellitus 1.869(1.425-2.452) <0.001 1.995(1.307-3.044) 0.001
New diagnosis dyslipidemia 1.577(1.193-2.083) 0.001 1.850(1.372-2.493) <0.001
Current smoker 1.351(1.035-1.763) 0.027 1.031(0.762-1.394) 0.843
Total cholesterol 0.996(0.891-1.115) 0.950
Triglycerides 1.161(1.029-1.308) 0.015 1.093(0.945-1.264) 0.232
High-density lipoprotein 0.500(0.307-0.813) 0.005 0.966(0.594—1.572) 0.889
Low-density lipoprotein 1.030(0.892-1.190) 0.684
Urea nitrogen 1.005(0.977-1.034) 0.720
Creatinine 1.002(0.998-1.007) 0.313
Uric acid 1.001(0.999-1.002) 0.283
Glycosylated hemoglobin 1.128(1.047-1.215) 0.001 0.907(0.791-1.039) 0.159
(Continued)
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Table 3 (Continued).

Univariable Cox Regression Multivariable Cox Regression
HR(95% CI) P value HR(95% CI) P value
Fasting blood glucose 1.105(1.049—1.164) <0.001 0.990(0.915-1.071) 0.797
Albumin 0.899(0.866-0.933) <0.001 0.942(0.902-0.984) 0.007
Left main coronary artery disease | 2.231(1.424-3.496) <0.001 1.486(0.922-2.395) 0.104
Poly-vascular disease 2.971(2.246-3.931) <0.001 1.725(1.092-2.724) 0.019
Branch lesions 1.497(1.141-1.963) 0.004 0.868(0.640-1.177) 0.362
CASSC score 1.712(1.515-1.935) <0.001 1.121(0.906—1.388) 0.293
SIIRI 5.162(3.680-7.241) <0.001 3.808(2.643-5.486) <0.001
ACEI 0.376(0.093-1.512) 0.168
ARB 0.986(0.725-1.341) 0.929
B-biockers 1.030(0.705—1.505) 0.877
ccB 1.258(0.959-1.650) 0.097
Diuretics 1.250(0.762-2.050) 0.376
Glucose-lowering Drugs 1.044(0.770-1.414) 0.783

Abbreviations: SIIRI, systemic immune inflammatory response index; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor blockers; CCB, calcium channel blockers.

3.808; 95% CI: 2.643-5.486; P<0.001) were the independent predictors associated with MACEs. Age, diabetes mellitus,
newly diagnosed dyslipidemia, albumin, and polyangiopathy were independent predictors. Cox proportional-hazards
regression model analyses were performed using three separate models to detect independent predictors of clinical
prognosis (Table 4). The results showed that after controlling for all independent predictors except SIIRI in multivariate
analysis, high SIIRI was associated with an increased risk of MACEs (HR: 3.830; 95% CI: 2.674-5.487; P<0.001),
increased risk of nonfatal MI (HR: 4.689; 95% CI: 2.881-7.631; P<0.001), nonfatal stroke 4.559; 95% CI: 2.819-7.373;

Table 4 The Association of High SIIRI (2247.17x10'® /L?) and Future Adverse Events in Patients

Model | Model Il Model Il Model IV
Cardiac death 1.879(0.860—4.105) 1.635(0.736-3.635) 1.522(0.669-3.467) 1.389(0.596-3.236)
P=0.114 P=0.228 P=0.317 P=0.446

Nonfatal myocardial infarction

5.792(3.665-9.155)

5.798(3.628-9.267)

5.287(3.280-8.521)

4.689(2.881-7.631)

P<0.001 P<0.00| P<0.001 P<0.001
Nonfatal stroke 6.561(3.351-12.843) | 6.544(3.298-12.986) | 5.185(2.583-10.408) | 4.063(2.008-8.222)
P<0.00| P<0.00| P<0.001 P<0.00|

Hospitalization for congestive heart failure

6.113(3.875-9.645)
P<0.001

6.276(3.943-9.990)
P<0.00|

5.653(3.520-9.081)
P<0.001

4.559(2.819-7.373)
P<0.001

Revascularization(PCl or CABG)

2.968(2.148—4.100)

3.016(2.1584.215)

2.839(2.014-4.003)

2.470(1.732-3.521)

P<0.001 P<0.001 P<0.001 P<0.001
MACEs 5.162(3.680-7.241) 5.145(3.639-7.274) 4.533(3.185-6.451) | 3.830(2.674-5.487)
P<0.001 P<0.001 P<0.001 P<0.001

Secondary end events

4.937(3.542-6.881)
P<0.001

4.921(3.502-6.914)
P<0.001

4.317(3.052-6.106)
P<0.001

3.625(2.547-5.161)
P<0.001

Notes: MACEs include cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. Secondary end events include cardiac death, nonfatal myocardial
infarction, nonfatal stroke, and hospitalization for congestive heart failure. Model I: Confounding factors were not controlled. Model II: adjusted with age and gender.
Model llI: adjusted with age, gender, smoking, history of hypertension, diabetes, a new diagnosis of dyslipidemia, and albumin. Model IV: adjusted with age, gender,
smoking, history of hypertension, diabetes, a new diagnosis of dyslipidemia, albumin, left main coronary artery disease, poly-vascular disease, branch lesions, and CASSC

score.
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Figure 4 The Association of high SIIRI (2247.17x10'8 /L?) and future adverse events in patients.

P<0.001), readmission for congestive HF (HR: 4.559; 95% CI: 2.819-7.373; P<0.001), and increased risk of repeat
coronary revascularization (HR: 2.470; 95% CI: 1.732-3.521; P<0.001) and an increased risk of secondary end events
(HR: 3.625; 95% CI: 2.547-5.161; P<0.001). In subgroup analyses, we determined whether the incidence of MACEs in
different subgroups was affected by other covariates (Figure 4). There was no significant interaction between SIIRI and
sex, age, hypertension, diabetes, newly diagnosed dyslipidemia, smoking, and CASSC score. MACEs in the high SIIRI
group remained consistent across subgroups. Subgroup analyses further determined the robustness of the association

between high SIIRI and major adverse cardiovascular events.

Adding SIIRI to the Baseline Model Had Additional Predictive Effects on Adverse

Cardiovascular Events

Adding SIIRI to the base model with conventional risk factors increased the risk of MACEs (P<0.001), nonfatal MI
(P=0.002), nonfatal stroke (P=0.007), readmission for congestive HF (P=0.004), and repeat coronary revascularization
(P<0.001) and of secondary end events (P<0.001). As shown in Table 4. In addition, the addition of SIIRI improved the
predictive power of MACEs by 0.135 (P<0.001) in integrated discrimination improvement (IDI) and 18.7% (P<0.001) in
net reclassification improvement (NRI). As shown in Table 5. These results suggest that the addition of SIIRI is superior
to conventional risk factors in predicting adverse cardiovascular prognosis in patients with initially diagnosed CAD.

Table 5 Evaluation of Predictive Models for Cardiovascular Events

C-index(95% Cl) | P value | NRI(95% CI) P value | IDI(95% CI) P value
MACEs
Traditional risk factors 0.665(0.625-0.705) P=ref P=ref
Traditional + SIIRI 0.778(0.743-0.812) | P<0.001 | 0.187(0.115-0.259) P<0.001 | 0.135(0.111-0.159) P<0.001
Cardiac death
Traditional risk factors 0.811(0.706-0.915) P=ref
Traditional + SIIRI 0.811(0.706-0.916) | P=0.427 | 0.049(—0.120-0.217) P=0.573 | 0.024(—0.005-0.053) | P=0.204
Nonfatal stroke
Traditional risk factors 0.715(0.651-0.779) P=ref P=ref
Traditional + SIIRI 0.793(0.740-0.845) | P=0.007 | —0.002 (—0.005-0.002) | P=0.317 | 0.042(0.021-0.063) P<0.001

(Continued)
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Table 5 (Continued).

C-index(95% CI) | P value | NRI(95% CI) P value | IDI(95% CI) P value
Nonfatal myocardial infarction
Traditional risk factors 0.605(0.555-0.655) P=ref P=ref
Traditional + SIIRI 0.720(0.679-0.762) | P=0.002 | 0.090(0.015-0.164) P=0.019 | 0.071(0.057-0.086) P<0.001
Congestive heart failure
Traditional risk factors 0.705(0.656-0.754) P=ref P=ref
Traditional + SIIRI 0.801(0.762-0.840) | P=0.004 | 0.100(0.028-0.173) P=0.001 | 0.094(0.070-0.119) P<0.001
Revascularization(PCl or CABG)
Traditional risk factors 0.599(0.554-0.644) P=ref P=ref
Traditional + SIIRI 0.671(0.628-0.713) | P<0.001 | 0.114(0.033-0.195) P=0.006 | 0.063(0.047-0.080) P<0.001
Secondary end events
Traditional risk factors 0.664(0.624-0.705) P=ref P=ref
Traditional + SIIRI 0.774(0.739-0.808) | P<0.001 | 0.177(0.106—0.248) P<0.001 | 0.127(0.103-0.151) P<0.001

Notes: MACEs include cardiac death, nonfatal myocardial infarction, and nonfatal stroke. Total major events include MACE plus hospitalization for congestive heart failure.
Traditional cardiovascular risk factors model: age, gender, hypertension, diabetes mellitus, new diagnosis dyslipidemia, and current smoker.
Abbreviations: SIIRI, systemic immune inflammatory response index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Discussion

SIIRI is a novel inflammatory marker based on the composition of neutrophils, lymphocytes, monocytes, and platelets in
blood cell count. In this study, SIIRI was an independent predictor of poor clinical prognosis in patients with initially
diagnosed CAD, and adding SIIRI to conventional risk factor models improved the predictive power of the basic model.

SII, composed of neutrophils, lymphocytes, and platelets, was first developed by Hu et al in 2014 to evaluate the poor
clinical prognosis of patients undergoing liver cancer resection.®> SII has been studied in disease states such as cancer,
rheumatoid arthritis, ischemic stroke, diabetes, and depression and has been used to predict poor clinical prognosis.®®*
Recently, SII has also been used in the diagnosis and prognosis of various cardiovascular diseases.’” *' In addition to
predicting poor clinical prognosis in patients with CAD and mortality in patients with ACS, SII is a potential marker for
predicting atrial fibrillation in patients with ischemic stroke.** SII has also been shown to be a prognostic marker for
MACE:s in patients with advanced chronic HF with renal insufficiency,* and it has a predictive role for acute kidney
injury in patients undergoing coronary angiography.** A recent study has shown that SII is a risk factor for all-cause
mortality in sufferers with hypertrophic cardiomyopathy. SII, combined with other risk factors, can be applied to risk
stratification of death in patients with hypertrophic cardiomyopathy.*> A recent meta-analysis also showed that SIT might
be a potential biomarker for cardiovascular disease, and increased SII may increase the risk of cardiovascular disease.
However, the level of evidence is generally low, and the optimal cut-off value and applicable population still need to be
determined.*®

SIRI, which replaces platelet count with monocyte count instead of SII, was first developed by Qi et al in 2016 to
predict postoperative survival in pancreatic cancer patients receiving chemotherapy.*’ SIRI is an independent risk factor
for MACE:s in patients with ACS undergoing PCI and plays an additional role in predicting MACEs when combined with
the GRACE risk score.”* SIRI is related to the severity of CAD and can predict the long-term clinical prognosis of
patients with type B aortic dissection after vascular endothelial repair.''*® SIRI also predicted mortality in patients
undergoing off-pump coronary artery bypass grafting.*’

Previous studies have demonstrated that NLR, PLR, and MLR show the pro-inflammatory role of different cell types
in atherosclerosis and are practical factors for predicting cardiovascular disease and mortality in patients with CAD.**>2
Therefore, the novel inflammatory marker SIIRI, which combines the currently available four cellular subtypes, should
theoretically also be able to predict poor clinical prognosis in patients with CAD. SIIRI ultimately resulted in an
improvement in IDI and NRI by 0.135 and 18.7%, respectively.

Neutrophils play a role in activating the inflammatory response, producing reactive oxygen species and protein lyase,
driving the activation and chemotaxis of macrophages, monocytes, and dendritic cells, and promoting the development of
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atherosclerosis.”® The migration and maturation of monocytes into macrophages in the arterial wall are the initial events of
atherosclerosis.”* Leukocytosis, especially neutrophilia, is an independent risk factor for the development of atherosclerosis.
Leukocytosis is predictive of adverse cardiovascular events.”> Lymphocytes are involved in the process of immune
regulation. Studies have found that lymphopenia positively correlates with MACEs, HF, and adverse cardiovascular events
in patients with ACS.>**° Elevated platelet counts accelerate the progression of atherosclerosis, destabilize atherosclerotic
plaques, and are associated with an increased long-term incidence of adverse cardiac events.”’ On the other hand, platelets
can regulate the recruitment of white blood cells to atherosclerotic lesions and play an immunomodulatory role.”® A recent
study showed that NLR, PLR, SII, and SIRI can predict the occurrence and severity of pneumonia in patients with
intracerebral hemorrhage.”® New inflammatory markers, such as SII, SIRI, and SIIRI, seem to be powerful indicators of
systemic inflammatory response in patients with CAD. Further exploration of the additional synergistic effect of SIIRI
combined with other predictors is conducive to increasing the clinical relevance, practicability, and predictive value.

In this study, SIIRI remained an independent predictor of adverse cardiovascular events in patients with initially
diagnosed CAD after adjusting for relevant covariates. Age, newly diagnosed dyslipidemia, smoking, albumin level, and
presence of polyangiopathy are independent predictors, and their predictive value needs further exploration.

The best predictive value of SIIRI was 247.17¥10'®/L?, and the model’s predictive value could be improved when it
was included in the basic model of traditional risk factors. Similarly, the predictive value of SIIRI in patients with CAD
complicated with hypertension, diabetes, and cerebrovascular disease needs to be further explored.

Limitations

This study has certain limitations. First, the study is a single-center, retrospective, observational study, which may be
subject to selection bias and limits generalizations. Secondly, the follow-up of patients in this study was not all completed
by patients in the hospital, and the telephone follow-up may have subjective bias of patients and understanding bias of
follow-up personnel. In patients with CAD, the severity of the lesion was based on coronary angiography and CASSC
score, which could not address the effect of coronary plaque stability. Finally, our study included a relatively wide range
of exclusion criteria, and further studies are needed to investigate the changes in the diagnostic performance of SIIRI
under these criteria to obtain more general results. In addition, the value of SIIRI needs to be explored in future studies
involving patients with other cardiovascular disease subgroups, including HF, atrial fibrillation, hypertrophic cardiomyo-
pathy, and infective endocarditis.

Conclusion

Elevated SIIRI is associated with adverse cardiovascular outcomes in patients with initially diagnosed CAD, suggesting
that SIIRI may be a valuable predictor of poor prognosis in patients with initially diagnosed CAD. The predictive role of
SIIRI needs to be verified in more extensive clinical trials.
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