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Background: Blood glucose levels significantly affect the clinical prognosis of patients with coronary artery disease (CAD), and
systemic immune inflammation is a common risk factor for both CAD and diabetes. However, the relationship between immune
inflammation levels and poor prognosis in patients with CAD with different glucose metabolic statuses remains unclear.

Methods: Between January 2007 and December 2020, we recruited 84,645 patients with CAD. The systemic immune inflammation
index (SII) was used to comprehensively reflect the immune and inflammatory levels of patients and was calculated using the
following formula: neutrophils X platelets/lymphocytes. The patients were classified into nine groups according to their glucose
metabolism status (diabetes mellitus [DM], pre-diabetes mellitus [pre-DM], and normal glucose regulation [NGR]). Cox regression
models and competing risk Fine and Gray models were used to investigate the association between SII and clinical outcomes.
Results: During the follow-up period, 12,578 patients died, including 5857 cardiovascular-related and 1251 cancer-related deaths. The
risk of all-cause and cause-specific mortality increased with increasing SII tertiles in CAD patients with NGR, pre-DM, and DM.
When considering glucose metabolism status, the multivariate cox regression revealed that CAD patients with DM and SII-H levels
had the highest risk of all-cause mortality (1.69 [1.56—1.83]), cardiovascular mortality (2.29 [2.02-2.59]), and cancer mortality (1.29
[1.01-1.66]). Moreover, incorporating the SII into traditional risk factor models significantly improved the C-index for predicting all-
cause and cardiovascular mortality.

Conclusion: Systemic immune inflammation levels on admission were correlated with a higher risk of all-cause and cause-specific
mortality in patients with CAD, particularly in those with DM.
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Introduction

Coronary artery disease (CAD), a leading global cause of death, primarily because of its widespread prevalence,
represents 32.7% of the global burden of cardiovascular disease.' > Research has shown a significant correlation between
elevated blood glucose levels in individuals with CAD and a heightened risk of all-cause, and cardiovascular mortality.*
Independent of other traditional risk factors, diabetes mellitus (DM) roughly doubles the risk of CAD, according to
a meta-analysis of 690,000 individuals.’ Pre-diabetes mellitus (pre-DM) is a metabolic condition that falls between
normal glucose regulation (NGR) and DM, serving as an intermediate stage. It is expected to affect over 470 million
people by 2030.% In the absence of intervention, pre-diabetes frequently evolves into DM and is associated with a higher
risk of cardiovascular disease.*” The risk of negative clinical outcomes varies widely among patients with different
glucose metabolism statuses. According to the most recent guidelines from the American Diabetes Association, the
European Association for the Study of Diabetes, and the European Society of Cardiology, treatment for different glucose
metabolism statuses is greatly influenced by the existence of cardiovascular disease.® '® Therefore, identifying new tools
for stratifying glucose metabolism in patients with CAD is of great value for risk assessment.

As a common precursor of CAD, immunity and inflammation are crucial factors in the onset and progression of
CAD.'"""'? DM, a common comorbidity of CAD, also creates an immune-inflammatory environment that further damages
cardiac structure and function.'® The systemic immune inflammation index (SII) is an emerging indicator proposed in
recent years that integrates information on neutrophil, lymphocyte, and platelet counts into one variable and is a more
powerful tool than traditional inflammatory indicators.'*'> The SIT comprehensively reflects the immune and inflamma-
tory status of patients and is associated with CAD.'¢ Previous research has provided evidence that SII serves as a robust
predictor of the advancement of coronary atherosclerosis. Furthermore, it has been identified as an independent predictor
of cardiovascular events, including cardiovascular mortality, nonfatal myocardial infarction, nonfatal stroke, and hospi-
talization for heart failure, in patients with STEML'"'® Nevertheless, to date, no studies have provided evidence
regarding the relationship between the SII and prognosis in CAD patients with different glucose metabolism statuses.

Therefore, this large cohort study aimed to investigate the association between systemic immune inflammation and
all-cause and cause-specific mortality in CAD patients across different glucose metabolism statuses.

Materials and Methods
Study Population

The Cardiorenal Improvement II (CIN-II) study, a multicenter cohort of patients recruited at five significant tertiary
hospitals in China from January 2007 to December 2020 (Cardiorenal Improvement II, ClinicalTrials.gov
NCT05050877), provided data for this cohort analysis. A total of 99, 699 patients diagnosed with CAD undergoing
coronary angiography (CAG) upon admission were enrolled. The exclusion criteria were as follows: a) age <18 years
(n=638); b) missing survival information (n=2923); ¢) missing following parameters - platelet count, lymphocyte count,
and neutrophil count (n=11,153); and d) missing baseline fasting plasma glucose (FPG) and hemoglobin Alc (HbAlc)
parameters (n=340). Finally, 84,645 patients were included in the analysis (Figure 1). This study was approved by the
Ethics Committee of Guangdong Provincial People’s Hospital (No.GDREC2019-555H-2). To protect patient privacy, all
traceable personal identifiers were deleted from the analytical dataset, and all participating sites received approval from
their respective institutional review boards and ethics committees. As this study was retrospective, no further intervention
was used, and all patient information was anonymized to ensure confidentiality. Therefore, informed consent was not
required. This study was conducted in accordance with the principles of the Declaration of Helsinki.

Baseline Data Collection

Patient information was extracted from the electronic clinical management system. All primary and secondary care
records were obtained. Baseline information encompassed a wide range of data including demographic characteristics,
comorbidities, medical procedures, laboratory test results, and medications prescribed at the time of discharge. Platelets,
neutrophils, lymphocytes, FPG, glycated hemoglobin, and other biochemical indicators were measured upon admission.
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CAD patient undergoing CAG enrolled at five large tertiary hospitals (CIN-II database) in China
between January 2007 and December 2020
(n=99,699)

Exclusion criteria:

a) patients aged<I8 years(n=638);

b) patients missing survival information(n=2,923);

¢) patients missing neutrophil counts, lymphocyte counts,
and platelet counts parameters(n=11,153);

patients missing baseline fasting plasma glucose (FPG)
and hemoglobin Alc (HbAIc) parameters(n=340);

d

=

Patients were include in this study
(n=84,645)

Patients were categorized by SII tertile

SII-L SII-M SII-H
(n=28,215) (n=28,215) (n=28,215)

Figure | Flowchart of study participants.
Abbreviations: CAD, coronary artery disease; CAG, coronary angiography; SlI, systemic immune inflammation index.

Survival data were collected from a cause-specific surveillance dataset at the Regional Centers for Disease Control and
Prevention (CDC).

Clinical Definition and Endpoint

The endpoints of this study were all-cause, cardiovascular, and cancer mortality. The SII was defined as multiplying the
total platelet count with the neutrophil to lymphocyte ratio measured at the time of admission. Based on the guidelines
provided by the American Diabetes Association,® DM was defined as FPG of > 7.0 mmol/L or (HbAlc) of > 6.5% or the
current use of hypoglycemic medications. Pre-DM was defined as FPG levels within the range of 5.6 mmol/L to < 7.0
mmol/L or HbAlc¢ levels within the range of 5.7% to < 6.5%. NGR was considered for patients who did not meet the
criteria for pre-DM or DM. Anemia was defined as a hematocrit of 39% for males and 36% for females. The estimated
glomerular filtration rate (¢GFR) was determined using the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation,'® and chronic kidney disease (CKD) was defined as an eGFR < 60mL/min/1.73 m*.2° Acute myocardial
infarction (AMI) and hypertension (HT) adhered to the guidelines according to the ICD-10 guidelines.

Statistical Analysis

Continuous variables were presented as mean + standard deviation (SD) or median (interquartile range [IQR]), and post
hoc multiple comparisons among groups were analyzed by analysis of variance or the Kruskal-Wallis test. Categorical
variables were reported as numbers (percentages) and compared using the y2 test. To establish a dose-response
association between SII and the risk of endpoints, restricted cubic spline analyses were performed. The time-to-event
data for all-cause mortality among the groups were illustrated by the Kaplan—Meier plots and analyzed using the Log
rank test. Cumulative incidence function (CIF) curves for cardiovascular and cancer mortality were used to describe
competing hazards, and Gray’s test was used to evaluate group differences. Cox regression models and Fine and Grey
models, both of which are presented as adjusted hazard ratios (HR) with 95% confidence intervals (CI), were used to
evaluate the SII and endpoints. Baseline variables exhibiting a p-value < 0.0001 or those with clinical significance were
incorporated into Cox regression models. Multivariate models were developed using stepwise selection methods.
A variance inflation factor <5 was used as the threshold to assess the presence of multicollinearity. The following
adjustments were made for age, sex, CKD, HT, AMI, stroke, anemia, atrial fibrillation (AF), congestive heart failure
(CHF), and low-density lipoprotein cholesterol (LDLC). The C-index was developed to assess the change in the long-
term mortality prediction accuracy following the inclusion of the SII in the original clinical risk factor model. R version
4.2.2 was used to analyze the data. Statistical significance was defined at p-value <0.05.
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Results

Baseline Characteristics

This study consisted of 31,084 participants with NGR, 23,914 with pre-DM, and 29,647 with DM (weighted prevalence
35.0%). The entire population was classified into three groups based on the SII tertiles: SII-L (<443.5), SII-M (443.5 to
<772.6), SII-H (>772.6), and further into nine groups based on glucose metabolic status (NGR, Pre-DM, DM) (Table 1).

Table | Baseline Characteristics of the Study Population According to Systemic Immune Inflammation Index (SII)

Levels

Characteristics Overall SlI-L SII-M SlI-H P-value

(SI1 <443.5) | (443.5 <SII £772.6) | (SI >772.6)

84,645 28,215 28,215 28,215

Demographic
characteristics
Age, years 63.0 (11.0) 62.6 (10.5) 62.9 (10.8) 63.4 (11.8) <0.0001
Age>60, n (%) 51,031 (60.3) | 16,638 (59.0) 17,092 (60.6) 17,301 (61.3) <0.0001
Female, n (%) 20,859 (24.6) | 7353 (26.1) 7038 (24.9) 6467 (22.9) <0.0001
Comorbidities
AMI, n (%) 22,674 (26.8) | 2908 (10.3) 5832 (20.7) 13,933 (49.4) <0.0001
HT, n (%) 47,014 (55.5) | 14,736 (52.2) 16,139 (57.2) 16,139 (57.2) <0.0001
CHEF, n (%) 14,189 (16.8) | 2837 (l10.1) 3810 (13.5) 7542 (26.7) <0.0001
CKD, n (%) 17,494 (20.7) | 4157 (14.7) 5441 (19.3) 7896 (28.0) <0.0001
AF, n (%) 3685 (4.4) 1306 (4.6) 1067 (3.8) 1312 (4.7) <0.0001
Stroke, n (%) 5348 (6.3) 1481 (5.2) 1721 (6.1) 2146 (7.6) <0.0001
Hyperlipemia, n (%) 51,223 (60.5) | 17,295 (61.3) 17,546 (62.2) 16,382 (58.1) <0.0001
Anemia, n (%) 26,467 (31.3) | 7624 (27.0) 8362 (29.6) 10,480 (37.1) <0.0001
Glycemic metabolic states <0.0001
NGR, n (%) 31,084 (36.7) | 9911 (35.1) 9813 (34.8) 11,360 (40.3)
Pre-DM, n (%) 23,914 (28.3) | 8660 (30.7) 8388 (29.7) 6866 (24.3)
DM, n (%) 29,647 (35.0) | 9644 (34.2) 10,013 (35.5) 9989 (35.4)
Procedure
PCl, n (%) 61,226 (72.3) | 18,859 (66.8) 20,195 (71.6) 22,171 (78.6) <0.0001
CABG, n (%) 116 (0.1) 34 (0.1) 50 (0.2) 32 (0.1) 0.0804
DES, n (%) 58,345 (68.9) | 18,019 (63.9) 19,329 (68.5) 20,996 (74.4) <0.0001
BES, n (%) 1292 (1.5) 385 (1.4) 371 (1.3) 536 (1.9) <0.0001
Laboratory tests
eGFR, mL/min/1.73m? 78.5 (26.0) 82.0 (24.3) 79.2 (25.5) 74.4 (27.5) <0.0001
HGB, g/L 134.1 (17.7) 135.5 (15.8) 134.7 (16.8) 132.1 (20.0) <0.0001
LDLC, mmol/L 2.9 (1.0) 2.8 (1.0 2.9 (1.0) 3.0 (1.1) <0.0001
HbAlc,% 6.5 (1.5) 6.5 (1.4) 6.5 (1.4) 6.6 (1.6) <0.0001
PLT,10°/L 229.9 (68.4) 195.5 (47.8) 231.6 (54.7) 262.8 (80.6) <0.0001
NEUT, 10°/L 5.5(29) 3.6 (1.1) 4.9 (1.4) 8.0 34) <0.0001
LYMPH,10°/L 1.9 (0.7) 2.2 (0.7) 1.9 (0.6) 1.5 (0.6) <0.0001
Discharge medication use
Beta blocker, n (%) 64,840 (80.0) | 21,402 (78.1) 21,901 (80.4) 21,536 (81.5) <0.0001
Statins, n (%) 76,988 (95.0) | 25,977 (94.8) 25,850 (94.9) 25,160 (95.2) 0.1402
CCB, n (%) 18,856 (23.3) | 5910 (21.6) 6512 (23.9) 6434 (24.3) <0.0001
ACEI_ARB, n (%) 56,622 (69.9) | 18,698 (68.2) 19,367 (71.1) 18,556 (70.2) <0.0001
Diuretics, n (%) 15,207 (18.8) | 3496 (12.8) 4354 (16.0) 7357 (27.8) <0.0001
Antiplatelet, n (%) 78,975 (97.4) | 26,516 (96.8) 26,566 (97.6) 25,892 (98.0) <0.0001

Abbreviations: AMI, acute myocardial infarction; HT, hypertension; CHF, congestive heart failure; CKD, chronic kidney disease; AF, atrial fibrillation;
NGR, normal glucose regulation; pre-DM, pre-diabetes mellitus; DM, diabetes mellitus; PCl, percutaneous coronary intervention; CABG, coronary artery
bypass grafting; DES, drug metal stent; BES, bare metal stent; eGFR, estimated glomerular filtration rate; HGB, hemoglobin; LDLC, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; Prior SCr, prior serum creatinine; PLT, platelet; NEUT, neutrophil; LYMPH, lymphocyte; SII,
systemic immune inflammation index; CCB, calcium channel blocker; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.
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Patients with higher SII were older, less frequently female, and had a higher prevalence of concomitant diseases,

including AMI, HT, CHF, CKD, stroke, and anemia. The pre-DM proportion was lower in patients with higher SII,

whereas the proportion of patients undergoing percutaneous coronary intervention (PCI) and drug metal stent (DES)
increased with higher SII. Individuals with higher SII levels also had higher LDLC and HbA1C levels but lower eGFR

and hemoglobin levels than those with low SII levels.

Among individuals with different glucose metabolic states, those with DM exhibited significantly higher rates of all-

cause and cardiovascular mortality than those in the NGR group (Table 2). Moreover, in our overall study population, the

proportion of patients with a higher SII was significantly higher than that in the SII-L group for all-cause and cause-

specific mortality (Table 3).

Table 2 Clinical Outcomes in Different Glucose Metabolism Status of the Study Participants

Glucose Metabolism All-Cause Mortality Cardiovascular Mortality Cancer Mortality
Stat
awus Events/ HR (95% CI) Events/ HR (95% CI) Events/ HR (95% CI)
Subjects Subjects Subjects
NGR 4191/31,084 Ref 1841/31,084 Ref 414/31,084 Ref
Pre-DM 3260/23,914 0.98 (0.93-1.03) 1303/23,914 0.89 (0.83-0.97) 403/23,914 1.19(1.02-1.38)
DM 5117/29,647 1.24 (1.19-1.3)** 2713/29,647 1.45 (1.36—1.55)** 434/29,647 1.16(0.99, 1.34)*

Notes: The model was adjusted for age, sex, hypertension, congestive heart failure, acute myocardial infarction, chronic kidney disease, atrial fibrillation, stroke, anemia, and

low-density lipoprotein cholesterol levels. *p <0.001; *p <0.05.
Abbreviations: NGR, normal glucose regulation; pre-DM, pre-diabetes mellitus; DM, diabetes mellitus.

Table 3 Sl Levels in Relation to All-Cause, Cardiovascular and Cancer Mortality in Patients with Different Glucose Metabolism Status

Sl All-Cause Mortality Cardiovascular Mortality Cancer Mortality
Events/ HR (95% CI) Events/ HR (95% CI) Events/ HR (95% ClI)
Subjects Subjects Subjects
Total population
SIl per-SD increase I.14 (1.12—1.16)** 114 (1.12-1.17)%* L1 (1.04-1.18)**
SH-L 3566/28,215 Ref 1459/28,215 Ref 414/28,215 Ref
SI-M 3880/28,214 1.10 (1.05—1.15)** | 1797/28,214 1.22 (1.13-1.31)% | 424/28,214 1.08 (0.93-1.24)
Si-H 5132/28,215 1.37 (1.30-1.44)* | 2601/28,215 1.56 (1.45-1.68)** | 413/28,215 1.16 (1.00-1.36)*
NGR
SIl per-SD increase 1.12 (1.09-1.15)%* 1.07 (1.03—1.12)** 111 (0.99-1.24)
SH-L 1161/9911 Ref 436/9911 Ref 137/9911 Ref
SI-M 1201/9831 1.06 (0.97—1.15) 545/9831 1.27 (1.11-1.46)** | 129/9831 0.90 (0.69-1.18)
SI-H 1829/11,360 1.28 (1.18-1.40)** | 860/11,360 1.48 (1.29-1.69)** | 148/11,360 1.01 (0.77-1.32)
Pre-DM
SIl per-SD increase I.14 (1.10-1.18)** .15 (1.10-1.21)** 1.12 (1.00-1.26)
SH-L 1043/8660 0.97 (0.88-1.05) 367/8660 0.90 (0.78-1.04) 130/8660 0.97 (0.76-1.25)
SI-M 1103/8388 1.06 (0.97-1.16) 441/8388 1.10 (0.96-1.27) 156/8388 1.28 (1.01-1.63)*
SI-H 1124/6866 1.27 (1.16—1.38)** | 495/6866 1.39 (1.21-1.60)** | 117/6866 1.23 (0.95-1.61)
DM
SIl per-SD increase 115 (1.12—1.18)** I.16 (1.13-1.20)** 1.10 (1.00-1.21)*
SH-L 1362/9644 I.16 (1.07—1.26)** | 656/9644 1.45 (1.28-1.65)** | 414/28,215 1.05 (0.82-1.35)
SI-M 1576/10,013 1.30 (1.20-1.41)* | 811/10,013 1.69 (1.49-1.91)% | 424/28,214 1.06 (0.82—1.36)
SI-H 2179/9989 1.69 (1.56—1.83)** | 1246/9989 229 (2.02-2.59)* | 413/28,215 1.29 (1.01-1.66)*

Notes: The model was adjusted for age, sex, hypertension, congestive heart failure, acute myocardial infarction, chronic kidney disease, atrial fibrillation, stroke,

anemia, and low-density lipoprotein cholesterol levels. **p <0.001; *p <0.05.

Abbreviations: NGR, normal glucose regulation; Pre-DM, pre-diabetes mellitus; DM, diabetes mellitus.
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Glucose Metabolism Status, Sll Levels and Clinical Outcomes

During the 4.47-year median follow-up period, 12,578 (14.9%) participants died (5857 (6.9%) had cardiovascular causes,
1251 (1.5%) had cancer). Kaplan—Meier curves for all-cause mortality showed that patients with DM displayed the
highest cumulative event rate among the three groups (p < 0.001). Patients with SII-H were most likely to have all-cause
mortality events (p < 0.001), and the SII-H group also had a significantly higher risk of all-cause mortality than the
reference group (NGR plus SII-L) across all glucose metabolism statuses. Additionally, the DM + SII-L, pre-DM + SII-
M, and NGR + SII-H groups had significantly higher cumulative event rates than the reference group (NGR + SII-L)
(Figure 2). Cardiovascular mortality showed a consistent trend (Figure 3), whereas cancer mortality did not differ
significantly (Supplementary Figure 1). Furthermore, analysis using restricted cubic splines highlighted a non-linear

association between all-cause, cardiovascular, and cancer mortality (all non-linear p<0.05) and SII levels; as the SII
levels increased, the risk of mortality was significantly elevated, particularly at relatively higher levels (Figure 4).

As depicted in Table 2, patients with DM had 1.24-fold (95% CI 1.19-1.30), 1.45-fold (95% CI 1.36—1.55), and 1.16-
fold (95% CI 1.01-1.34) the risk of all-cause, cardiovascular and cancer mortality, respectively, compared to NGR group.
However, no significant difference in mortality risk was observed for individuals with pre-DM. Furthermore, the
multivariable cox regression analysis showed that SII-H was associated with 37%, 56% and 16% increased risk of all-
cause, cardiovascular and cancer mortality, respectively, and these risks significantly increased with the SII tertiles across

the NGR, pre-DM, and DM groups. Moreover, for patients with DM, per 1-SD change in SII was associated with 1.15-

A All-cause mortality B All-cause mortality C All-cause mortality

NGRY/SII-L
NGR/SII-M
NGR/SII-H
Pre-DM/SII-L
Pre-DM/SII-M
Pre-DM/SII-H
DM/SII-L
DM/SII-M
DM/SII-H

08{ __ NGR 0.8 __ si-L 0.6
— Pre-DM — SlI-M
— DM — Sl-H

I

0.6

0.4 0.4

log rank p<0.001 0.4 log rank p<0.001 log rank p<0.001

0.2 0.2

0.2

Cumulative Incidence Function
Cumulative Incidence Function
Cumulative Incidence Function

0.0 00 0.0

o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Time in years Time in years Time in years

Figure 2 Kaplan—Meier analysis of all-cause mortality according to (A) different glucose metabolism status; (B) different SlI levels; (C) both status of Sl levels and glucose
metabolism.
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Figure 3 Cumulative incidence function (CIF) curves of cardiovascular mortality according to (A) different glucose metabolism status; (B) different SlI levels; (C) both status
of SlI levels and glucose metabolism.
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Figure 4 Hazard ratios for the all-cause, cardiovascular, and cancer mortality based on restricted cubic spine function for IgSIl.

fold (95% CI 1.12-1.18), 1.16-fold (95% CI 1.13—1.20), and 1.10-fold (95% CI 1.00-1.21) highest risks of all-cause,
cardiovascular, and cancer mortality, respectively. Additionally, when considering both glucose metabolism and SII
levels, multivariate cox regression studies showed that compared to the reference group (NGR/SII-L), the SII-H group
with DM had 1.69-fold (95% CI 1.56-1.83), 2.29-fold (95% CI 2.02-2.59) and 1.29-fold (95% CI 1.01-1.66) highest risk

of all-cause, cardiovascular and cancer mortality (Table 3).

Clinical Outcome Risk Prediction in Different Glucose Metabolism Groups

Finally, we assessed the predictive impact of the SII on the risk of all-cause, cardiovascular, and cancer mortality across
different glucose metabolism statuses. The addition of the SII to the traditional risk model (including age, sex, CKD, HT,
AMI, CHF, AF, stroke, anemia, and LDLC) significantly improved the C-index of all-cause and cardiovascular mortality
in patients with NGR, pre-DM, and DM. The C-index values of cancer mortality significantly improved the predictive
power for NGR but not for pre-DM and DM patients. All values were significantly higher than neutrophil to lymphocyte
ratio (NLR) (Table 4).

Table 4 C-Index of SlI for Predicting Mortality in Subjects with Different Glucose Metabolism Status

Model All-Cause Mortality Cardiovascular Mortality Cancer Mortality
C-Index P-value C-Index P-value C-Index P-value

NGR original model 0.674 (0.664-0.684) 0.715 (0.699-0.731) 0.717 (0.690-0.744)

NGR original model + NLR 0.676 (0.666—0.686) <0.001 0.716 (0.700-0.732) <0.001 0.720 (0.692-0.746) 0.049
NGR original model + Sl 0.678 (0.668-0.688)** | <0.00I 0.717 (0.701-0.733)** | <0.001 0.722 (0.695-0.749)* | 0.046
Pre-DM original model 0.670 (0.658-0.682) 0.746 (0.730-0.762) 0.706 (0.681-0.731)

Pre-DM original model + NLR | 0.672 (0.659-0.683) <0.001 0.748 (0.731-0.7633) | <0.001 0.707 (0.682-0.732) 0.060
Pre-DM original model + SlI 0.673 (0.661-0.685)** | <0.00I 0.751 (0.735-0.767)** | <0.001 0.709 (0.684-0.734)* | 0.053
DM original model 0.690 (0.682-0.698) 0.730 (0.718-0.742) 0.690 (0.661-0.719)

DM original model +NLR 0.692(0.684-0.700) <0.001 0.735 (0.70-0.744) <0.001 0.692 (0.662-0.720) 0.067
DM original model + SlI 0.695 (0.687-0.703)** | <0.00I 0.735 (0.723-0.747)** | <0.001 0.692 (0.663-0.721)* | 0.063

Notes: original model included age, sex, hypertension, congestive heart failure, acute myocardial infarction, chronic kidney disease, atrial fibrillation, stroke, anemia, and low-
density lipoprotein cholesterol levels. **Original model + Sl compared to original model + NLR p <0.001; *Original model + SIl compared to original model + NLR p <0.05.
Abbreviations: SlI, systemic immune-inflammatory index; NLR, neutrophil to lymphocyte ratio; NGR, normal glucose regulation; pre-DM, pre-diabetes mellitus; DM,
diabetes mellitus.
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Discussion

This was a real-world, large-scale, observational cohort study that explored the correlation between SII levels and
mortality in patients with CAD across different glucose metabolism statuses. The major results of this research are as
follows. First, the SII was an independent risk factor for all-cause and cardiovascular mortality in patients with CAD
during a median follow-up of 4.47 years. Second, when grouped according to glucose metabolism status, patients with
DM were found to have a higher risk of all-cause and cardiovascular mortality compared to those in the NGR group.
Interestingly, when patients were stratified according to both glucose metabolism status and SII levels, elevated blood
glucose levels amplified the association between SII levels and the risk of all-cause, cardiovascular, and cancer mortality
in patients with CAD. The SII-H group showed 1.69-fold, 2.29-fold, and 1.29-fold increases in the risk of all-cause,
cardiovascular, and cancer mortality in DM, respectively. Adding the SII to traditional risk models improved the risk
prediction for all-cause and cardiovascular mortality in the NGR, pre-DM, and DM groups, as well as the risk prediction
for cancer mortality in the NGR group.

Previous studies have highlighted the significance of immune and inflammatory factors in the development and
progression of CAD.?! SII has emerged as a novel indicator of immune inflammation in various diseases.”> >* Rinde et al
have reported that patients with CAD have an elevated risk of developing cancer, probably due to shared risk factors like
inflammation.”®> Additionally, there is emerging evidence that tumors themselves can induce a pro-inflammatory state and
that there is a positive correlation between SII and adverse outcomes across various types of cancer.”® Notably, the SII
has demonstrated superior predictive accuracy for CAD development and progression compared to other inflammatory
markers such as NLR, PLR, and C-reactive protein (CRP).'*?” Previous research has found that a high SII elevates the
risk of major cardiovascular events by 1.4- to 2-fold in patients with CAD after coronary intervention, as well as short-
term poor prognosis in patients with acute ischemic stroke and has better predictive efficacy than traditional risk factor.'
In our study, participants with the highest tertile of SII (=772.6) typically had neutropenia, lymphopenia, and thrombo-
cytosis, suggesting a concurrent presence of non-specific inflammation, and compromised adaptive immune response.?®
The connection between the SII and CAD becomes clearer when considering the roles of the three distinct cell types.
This highlights the significance of platelet-leukocyte interactions at atherosclerotic plaque sites in CAD. This under-
standing could potentially shed light on the inflammatory processes occurring within vessel walls, which are commonly
linked to poor prognosis.”’ More importantly, the SII is more accessible as an indicator in both inpatient and outpatient
scenarios than other inflammatory biomarkers like CRP.*® In this study, we conducted a comprehensive analysis by
screening a population with CAD undergoing angiography at five tertiary hospitals in China. The findings fully elucidate
the correlation between the SII and all-cause mortality as well as cardiovascular and cancer mortality in patients with
CAD. Our study further strengthens the notion that SII is independently correlated with poor clinical outcomes in patients
with CAD, providing a more comprehensive understanding of its prognostic significance.

Globally, pre-DM will affect roughly 470 million patients worldwide by 2030, which is considered a primary risk
factor in the Framingham Study.? It affects approximately 50% of patients with CAD and 25% of these patients have
impaired glucose regulation.’?” CAD is a common comorbidity in patients with DM and a leading cause of death in this
population.>' Both diabetes and pre-diabetes are associated with worse outcomes in patients with CAD. A potential link
between immune inflammation levels and the disruption of glucose metabolism, contributing to the development of pre-
DM or DM is suggested.’>** In type 2 diabetes, the levels of inflammatory markers such as plasminogen activator
inhibitor-1, tumor necrosis factor (TNF)-0, and CRP play a significant role in increasing insulin resistance and may lead

to the loss of insulin-secreting function in pancreatic islet cells,***>

in turn resulting in higher blood glucose levels. The
presence of inflammatory markers in type 2 diabetes may contribute to the progression of insulin resistance and disrupt
glucose regulation in the body. Hyperglycemia causes increased hematopoiesis and ROS-producing neutrophils, which
leads to the development of atherosclerosis during pre-DM.*® Moreover, extracellular vesicles in pre-diabetic patients
carry specific species of miRNAs that promote atherosclerosis through hematopoiesis and inflammation.?” Mojiminiyi
et al found higher concentrations of inflammatory markers in DM patients with CAD than in age- and sex-matched
subjects without CAD, suggesting that inflammatory markers are strong discriminators for detecting CAD in DM
patients.*® Furthermore, inflammatory markers (eg, CRP, WBC, FAR, and FIB) are also predictors of mortality from

CAD in subjects with DM.**?
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A combined assessment of immune-inflammatory markers may help in the risk stratification of patients with CAD
and DM.**** CRP, FAR, and FIB have all been found to be correlated with the prognosis of patients with CAD and
DM.*"*>% Higher NLR in type 2 DM predicts a worse prognosis in patients undergoing PCL*® SII provides more
clinical information than NLR and PLR, and studying the combined effects of SII and different levels of glucose
metabolism may offer new insights into the assessment of cardiovascular and metabolic risks. However, there are no
studies on the combined effects of the SII and glucose metabolism status on mortality risk in patients with CAD. To the
best of our knowledge, this is the first study to demonstrate a significant association between elevated SII levels and an
increased risk of all-cause, cardiovascular, and cancer mortality in patients with CAD undergoing CAG with DM and
pre-DM status. In this study, we focused on the prognosis of CAD patients receiving CAG at different SII levels and also
examined the combined effect of different SII levels in conjunction with pre-DM or DM status on all-cause, cardiovas-
cular, and cancer mortality outcomes. As a primary novel discovery in our study, among individuals with pre-DM and
higher SII, the risks of all-cause and cardiovascular mortality were found to be 1.27-fold and 1.39-fold higher,
respectively. Moreover, individuals with DM and high SII levels had 1.69-fold and 2.29-fold higher risks of all-cause
and cardiovascular mortality, respectively. These findings highlight the significant association between elevated SII levels
and heightened risks of mortality across different causes, underscoring the potential of the SII as a valuable prognostic
indicator in patients with both pre-DM and DM. Notably, DM patients with high SII levels exhibited worse prognosis
than those with high SII levels alone, highlighting the clinical significance of SII assessment in patients with impaired
glucose metabolism. However, when exploring the association between SII and cancer mortality in patients with CAD,
we found significantly higher cancer mortality in the SII-H population with CAD, and its predictive value needs to be
further explored in future studies. Upon stratification by different glucose metabolism statuses, elevated SII was
associated with significantly higher cancer mortality in DM patients, but not in the NGR and pre-DM populations,
suggesting a possible role of immune inflammation as a contributor to cancer mortality in DM populations, which is in
line with a previous study.*’ Furthermore, by adding SII to the conventional risk model under different glucose
metabolism statuses, the efficiency of predicting poor clinical outcomes in patients with CAD improved, with the DM
group having the highest predictive efficacy.

Study Limitations

This study has several limitations. First, being a retrospective study, it was not possible to establish a causal relationship
between the variables under investigation. Second, we failed to exclude subjects with systemic inflammatory disorders
and recent glucocorticosteroid therapy, which might obscure or attenuate the true relationship between the SII and
outcomes. This study included only Chinese patients with CAD. Therefore, the generalizability of these findings to
a broader population remains unclear. Third, we measured the SII only at baseline, and the potential clinical relevance of
SII levels during the follow-up period remains unknown. Additionally, given the relatively extended duration of patient
recruitment, we did not consider the potential impact of seasonal fluctuations on the blood cell ratios. Fourth, being an
observational study, potential confounding factors may not have been fully accounted for. Further research is required to
validate the results obtained in this study.

Conclusion

In conclusion, elevated SII is an independent risk factor for all-cause and cardiovascular mortality. Specifically, patients
with DM and higher SII have a significantly increased risk of all-cause and cause-specific mortality, suggesting that SII
can serve as a more accurate tool for stratifying glucose metabolism in patients with CAD.

Abbreviations

CAD, Coronary artery disease; DM, Diabetes mellitus; Pre-DM, Pre-diabetes mellitus; NGR, Normal glucose regulation;
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