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Abstract
Background. Few studies have focused on the relationship between the systemic inflammation response 
index (SIRI) and the prognosis of elderly patients with acute coronary syndrome (ACS).

Objectives. This study aimed to evaluate the predictive value of the SIRI for predicting 3-year outcomes 
in patients >60 years old after stent implantation and to assess variables associated with SIRI.

Materials and methods. A total of 1,758 patients with ACS who underwent percutaneous coronary 
intervention (PCI) were enrolled and divided into an older group (n = 960) and a younger group (n = 798) 
using a cutoff of >60 years. Major adverse cardiac events (MACEs) including all-cause death, nonfatal acute 
myocardial infarction (AMI) and nonfatal stroke were recorded.

Results. During follow-up, 165 patients experienced 1 or more MACEs. Patients in the older group had 
a greater incidence of recurrent MACEs and mortality than those in the younger group. The SIRIs were 
significantly greater in the older group. Multiple linear regression analysis revealed that the level of the SIRI 
was significantly associated with age, hypertension, diagnosis of AMI, number of diseased vessels, and 
platelet count. The SIRI was an independent predictive risk factor for MACEs in patients >60 years old. 
Similar relationships between the SIRI and MACEs were also observed in ACS patients with and without AMI.

Conclusions. The SIRI was an independent predictive risk factor for MACEs in patients aged >60 years with 
ACS and ACS with or without AMI after stent implantation during 3 years of follow-up. The SIRI can be used 
as an indicator for identifying high-risk patients for intensive therapy to further reduce MACEs in the PCI era.
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Background 

Coronary artery disease (CAD) is one of the  leading 
causes of cardiovascular death in developing and devel-
oped countries. Acute coronary syndrome (ACS) is a criti-
cal type of coronary artery disease that includes unstable 
angina and ST-segment elevation and non-ST-segment 
elevation myocardial infarctions. It is commonly caused 
by the rupture of vulnerable atherosclerotic plaques and 
thrombus formation, leading to the reduction or cessation 
of coronary blood flow.1–3 Due to improved drug therapy 
and early revascularization, the mortality rates for ACS pa-
tients have decreased significantly over the past decades.4 
However, patients who survive ACS still have worse out-
comes and a higher risk for recurrent major adverse cardiac 
events (MACEs).5,6 Elderly patients often seem more likely 
to experience increased rates of MACEs.7 These patients 
are consequently more fragile and have a greater incidence 
of comorbidities.8 The prognosis may improve through ac-
curate risk stratification and intensive therapy for elderly 
patients.

It  is  well known that ischemic heart disease caused 
by  CAD is  an  inflammatory disease of  the  arteries.9 
The  immune-inflammatory system is  involved in  ev-
ery step of  artery wall injury, lipid accumulation, fi-
brous cap formation, plaque rupture, and clot formation 
in ACSs.3,10,11 As markers of inflammation, white blood 
cell (WBC) counts, such as neutrophil, lymphocyte and 
monocyte counts, and their derived indicators are often 
used to predict the risk of poor outcomes in patients with 
CAD.12,13 Recently, the systemic inflammation response 
index (SIRI) has emerged in  several clinical practices 
as novel indicator of the balance between inflammation 
and the immune response.14,15 The SIRI, which employs 
3 blood cell subtypes (neutrophils, monocytes and lym-
phocytes), is related to a heightened risk of myocardial 
infarction (MI), stroke and all-cause death in the general 
population,16 and atrial fibrillation in patients with isch-
emic stroke.17 The SIRI was significantly greater in patients 
with ACSs than in those without ACSs and was associated 
with the severity of CAD.15 However, few studies have fo-
cused on the association between the SIRI and the progno-
sis of elderly patients surviving an ACS. The present study 
hypothesized that the SIRI is an independent risk factor for 
MACEs in elderly patients with ACS after percutaneous 
coronary intervention (PCI).

Objectives

This study aimed to  explore the  predictive value 
of the SIRI on the 3-year outcomes of patients older than 
60 years after stent implantation and to evaluate variables 
associated with the SIRI. Further subgroup analyses were 
performed to detect associations between the SIRI and 
MACEs in ACS patients with and without AMI.

Materials and methods

Patients

This retrospective study was conducted at Tangshan Gon-
gren Hospital, China. From November 2018 to October 2019, 
1,758 patients with ACS (unstable angina or ST-segment eleva-
tion or non-ST-segment elevation MI) who were consecutively 
admitted to the Department of Cardiovascular Medicine and 
who underwent primary or selective PCI (primary PCI for pa-
tients with acute myocardial infarction (AMI) or selective PCI 
for ACS patients without AMI) were enrolled in the study. 
The diagnosis of unstable angina followed the 2015 ESC 
guidelines for the management of ACSs in patients presenting 
without persistent ST-segment elevation.18 The participants 
were divided into younger (n = 798) and older (n = 960) groups 
according to age (≤60 years or >60 years). The exclusion cri-
teria were as follows: 1) severe renal or liver disease; 2) a his-
tory of malignancy; 3) pneumonia, periodic fever, rheumatic 
disease, inflammatory bowel disease, rheumatoid arthritis, 
systemic lupus erythematous, myeloma, or any disease af-
fecting WBC counts; and 4) lack of follow-up.

Clinical data

The  traditional risk factors included age, sex, height, 
weight, smoking status, history of previous MIs, diabetes, 
primary hypertension, and dyslipidemia. The medications in-
cluded oral aspirin, clopidogrel/ticagrelor, statins, β-receptor 
blockers, and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (ACEIs/ARBs). Other factors 
included heart rate, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and left ventricular ejection fraction 
(LVEF) on admission. Venous blood samples were also ob-
tained on admission to measure WBC subtypes, and plate-
let counts were measured with an autoanalyzer DxH 900 
(Beckman Coulter K.K., Tokyo, Japan). The SIRI was calcu-
lated as (neutrophils × monocytes)/lymphocytes. The levels 
of cholesterol, triglycerides and lipoprotein were measured 
after overnight fasting using routine automated laboratory 
analyzers (AU5800; Beckman Coulter; Brea, USA). All par-
ticipants provided written informed consent, which was ap-
proved by the Ethics Committee of Tangshan Gongren Hos-
pital (approval No. GRYY-LL-KJ2022-101). This study was 
conducted in accordance with the Declaration of Helsinki.

Coronary angiography

All patients received coronary angiography to determine 
the number of diseased coronary arteries and culprit vessels. Per-
cutaneous coronary intervention procedures were performed 
by an experienced teamat a high-volume centerwith a 24-h 
invasive service. A successful procedure was defined as target 
vessel residual stenosis <30% and thrombolysis in MI grade 3 
flow. Aspirin, clopidogrel/ticagrelor, statins, ACEIs/ARBs, and 
β-receptor blockers were used according to guidelines.
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Follow-up and outcomes

Patients underwent regular follow-ups at 1 month after 
stent implantation and every 6 months thereafter. Data 
were obtained from medical records and/or telephone calls 
with family members of patients made by independent 
reviewers. The MACEs were defined as nonfatal AMI, 
nonfatal stroke and all-cause death. Stroke was defined 
as a combination of ischemic and hemorrhagic strokes.

Statistical analyses

Numerical variables are presented as the mean ± stan-
dard deviation (±SD) and were compared using a Stu-
dent’s t-test. The enumeration data were compared using 
the χ2 test. Multiple linear regression analysis was used 
to determine the significance of the relationships between 
the SIRI and age, sex, smoking status, body mass index 
(BMI), history of previous MI, diabetes mellitus, primary 
hypertension, dyslipidemia, diagnosis of AMI, number 
of diseased vessels, and platelet count. A curve-fitting 
method was applied to explore the relationship between 
the SIRI and MACEs in the older group. Univariate and 
multivariate Cox proportional hazard models were used 
to evaluate the hazard ratios of MACEs after adjusting 
for all variables in the older group, AMI subgroup and 
non-AMI subgroup. Statistical analysis was performed 
using the IBM SPSS v. 22.0 software package (IBM Corp., 
Armonk, USA). The p-value was set at 0.05 to indicate 
a statistically significant difference and was two-tailed.

Results

Clinical endpoints

The median follow-up duration was 38 months (7–44 
months). Among the 1,758 patients, 729 (76%) were men, 
and the average age was 60 ±11 years. There were 165 pa-
tients who experienced 1 or more adverse clinical events. 
The  details of  the  MACEs in  the  2  groups are listed 
in Table 1. Patients in the older group had an increased 
incidence of recurrent MACEs (11.2% compared to 7.1%, 
p < 0.001). Furthermore, mortality was significantly lower 
in the younger group than in the older group.

Characteristics of elderly patients

The comparisons of characteristics between the 2 groups 
are listed in Table 2. Older patients were more likely to have 

Table 1. Major adverse cardiac events in younger and older groups

Variables Younger 
(n = 798)

Older 
(n = 960) p-value

MACE, n (%) 57 (7.1) 108 (11.2) 0.000

AMI, n (%) 21 (2.6) 18 (1.9) 0.284

Stroke, n (%) 15 (1.9) 21 (2.2) 0.650

All cause death, n (%) 21 (2.6) 69 (7.2) 0.000

MACE – major adverse cardiac events; AMI – acute myocardial infarction.

Table 2. Comparison of baseline characteristics in younger and older groups

Variables Younger 
(n = 798)

Older 
(n = 960) p-value

Risk factors

Age [years] 51 ±7 68 ±5 0.000

Male, n (%) 687 (86.1) 649 (67.6) 0.000

Diabetes, n (%) 228 (28.6) 235 (24.5) 0.052

Hypertension, n (%) 385 (48.3) 525 (54.7) 0.007

Dyslipidemia, n (%) 87 (10.9) 54 (5.6) 0.000

Smoking, n (%) 333 (41.7) 265 (21.9) 0.000

BMI [kg/m2] 26.3 ±2.4 25.0 ±2.5 0.000

Pervious MI, n (%) 49 (6.1) 88 (9.2) 0.018

LVEF (%) 60 ±9 60 ±8 0.499

Physical examination

SBP [mm Hg] 129 ±16 128 ±16 0.125

DBP [mm Hg] 79 ±10 77 ±10 0.000

Heart rate [bpm] 77 ±14 76 ±15 0.098

Laboratory finding

WBC [109/L] 9.07 ±3.06 8.52 ±3.14 0.000

Neutrophil count [109/L] 6.72 ±3.02 6.48 ±3.05 0.100

Lymphocyte count [109/L] 1.74 ±0.68 1.48 ±0.67 0.000

Monocyte count [109/L] 0.50 ±0.22 0.47 ±0.23 0.001

Platelet count [109/L] 233.08 ±57.43 220.73 ±58.06 0.000

SIII 1054 ±760 1195 ±968 0.001

SIRI 2.22 ±1.66 2.54 ±1.52 0.001

TC [mmol/L] 4.72 ±1.08 4.42 ±0.95 0.000

TG [mmol/L] 2.15 ±1.45 1.68 ±0.98 0.000

HDL [mmol/L] 1.14 ±0.30 1.15 ±0.27 0.329

LDL [mmol/L] 2.70 ±0.79 2.47 ±0.67 0.000

Coronary angiographic finding

1 vessel, n (%) 335 (42.01) 330 (34.4) 0.001

2 vessels, n (%) 274 (34.3) 388 (40.4) 0.009

3 vessels, n (%) 189 (23.7) 242 (25.2) 0.460

Diagnosis of AMI, n (%) 528 (66.17) 530(55.21) 0.000

Medication

Asprin, n (%) 793 (99.4) 954 (99.4) 0.997

Clopidogrel/tricagrelor, n (%) 798 (100.0) 957 (99.7) 0.317

Statins, n (%) 717 (89.9) 874 (91.0) 0.396

β-blockers, n (%) 375 (47.0) 369 (38.4) 0.000

ACEIs/ARBs, n (%) 246 (30.8) 249 (25.9) 0.023

MACE – major adverse cardiac events; BMI – body mass index; MI – myocardial 
infarction; LVEF – left ventricular ejection fraction; SBP – systolic blood 
pressure; DBP – diastolic blood pressure; SIII – systemic immune inflammation 
index; SIRI – systemic inflammation response index; TG – triglycerides; 
HDL – high-density lipoprotein; LDL – low-density lipoprotein; AMI – acute 
myocardial infarction; ACEIs/ARBs – angiotensin-converting enzyme 
inhibitors/angiotensin receptor blockers; WBC – white blood cells count.
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lower BMI and blood lipid levels and were less likely to use 
ACEIs/ARBs and β-blockers as medications (p < 0.05). Fe-
male sex, hypertension and previous myocardial infarc-
tions were more prevalent in the older group (p < 0.005). 
Smoking status, dyslipidemia and a diagnosis of AMIs 
were more common in the younger group (p < 0.05). No 
significant differences were found in the LVEF or percent-
age of patients with 3-vessel coronary disease (p > 0.05). 
Remarkably, compared with those in the younger group, 
the SIRIs were significantly greater despite the absolute 
counts of leukocytes, neutrophils, lymphocytes, and mono-
cytes being significantly lower in the older group (p < 0.05).

SIRI-related factors

Multiple linear regression analysis was employed to de-
tect potential factors affecting the SIRI. Multiple linear 
regression (analysis of  variance (ANOVA) F  =  41.985; 
p < 0.001; R2 = 0.209) revealed that the SIRI was signifi-
cantly associated with age, hypertension, diagnosis of AMI, 
number of diseased vessels, and platelet count (Table 3).

SIRI and MACE

The curve-fitting method was used to explore the rela-
tionship between the SIRI and MACEs in the older group 
(Fig. 1). The SIRI was positively associated with MACEs 
(p < 0.001). Univariate and multivariate Cox proportional 
hazards model analyses revealed that the SIRI (hazard ratio 
(HR): 1.209, 95% confidence interval (95% CI): 1.147–1.274, 
p < 0.001) was an independent predictive risk factor for 
MACEs in the >60-year-old group. Additionally, age (HR: 
1.080, 95% CI: 1.048–1.114, p < 0.001), hypertension (HR: 
2.108, 95% CI: 1.364–3.258, p = 0.001), diagnosis of AMI 
(HR: 1.648, 95% CI: 1.023–2.657, p = 0.040), and heart rate 
(HR: 1.020, 95% CI: 1.007–1.032, p < 0.001) were associated 
with MACEs in patients aged >60 years (Table 4).

Further subgroup analyses for associations of the SIRI 
with MACEs were performed for the AMI and non-AMI 
subgroups. In the entire ACS group, 1,056 patients were di-
agnosed with AMI on admission (AMI group) and 702 were 
not (non-AMI group). During the observation period, a to-
tal of 126 (11.9%) MACEs were recorded in the AMI sub-
group (nonfatal AMI: 28 cases; nonfatal stroke: 17 cases; 
all-cause death: 81 cases) and 39 (5.6%) MACEs were re-
corded in the non-AMI subgroup (nonfatal AMI: 13 cases; 

nonfatal stroke: 14 cases; all-cause death: 12 cases). The in-
cidence of MACEs was significantly greater in the AMI 
subgroup (11.9% compared to 5.6%, p < 0.001). Patients 
with an AMI had significantly greater SIRIs than those 
without an AMI (3.1 ±2.4 compared to 1.3 ±0.9, p < 0.001). 
According to the univariate and multivariate Cox model 
analyses, the SIRI was found to  independently predict 
the  occurrence of  MACEs in  both the  AMI subgroup 
(HR: 1.213, 95% CI: 1.155–1.274, p < 0.001) and the non-
AMI subgroup (HR: 1.469, 95% CI: 1.192–1.812, p < 0.001). 
(Table 5,6)

Discussion

The present study revealed that the  incidence of  re-
current MACEs and the SIRI were significantly greater 
in the older group than in the younger group. The SIRI was 
positively associated with MACEs and was an independent 
predictive risk factor for MACEs in patients aged >60 years 
with ACS after coronary angioplasty. The SIRI was signifi-
cantly associated with age, hypertension, AMI, number 
of diseased vessels, and platelet count in all ACS patients. 
Similar relationships between the SIRI and MACEs were 
also observed in ACS patients with and without AMI.

Table 3. Predictive variables of SIRI in multiple linear regression analyses

Variable Age
(1 year) Hypertension Diagnosis of AMI Number of vessels Platelet count

(1×109/L) Constant

B 0.032 0.242 1.946 0.140 0.004 −3.234

β 0.151 0.055 0.432 0.050 0.104 –

p-value 0.000 0.013 0.000 0.023 0.000 0.000

95% CI for B 0.022–0.041 0.052–0.433 1.747–2.145 0.019–0.261 0.002–0.006 −4.679–−1.788

SIRI – systemic inflammation response index; AMI – acute myocardial infarction; 95% CI – 95% confidence interval.

Fig. 1. Curve fitting of systemic inflammation response index (SIRI) levels 
and major adverse cardiac events (MACEs) in patients >60 years of age 
after percutaneous coronary intervention (PCI)
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Immune and inflammatory responses play crucial roles 
in the progression of atherosclerosis19,20 and are related 
to  the  recurrence of cardiovascular events in ACS pa-
tients.21,22 White blood cell subtypes have been found 
to aggressively participate in immune and inflammatory 
responses and CAD.23 Neutrophils not only infiltrate 
the ischemic myocardium and cause a destructive inflam-
matory reaction but also secrete inflammatory mediators, 
chemotactic substances and anaerobic free radicals to cause 
endothelial cell damage and subsequent tissue ischemia.20 
The neutrophil count is associated with plaque rupture and 
thrombosis formation by exacerbating vessel wall inflam-
mation and cell apoptosis.24,25 Conversely, lymphocytes 
are involved in the regulatory pathway of the immune sys-
tem and inflammation through lymphocyte apoptosis26 
and thus play an antiatherosclerotic role. Lymphopenia 
is correlated with MACEs and a poor prognosis in ACS 

patients.27,28 Monocytes promote atherosclerosis progres-
sion by adhering to the vascular endothelium and trans-
forming into macrophages, activating pro-inflammatory 
cytokine and reactive oxygen species (ROS) release, stim-
ulating platelets, and being involved in thrombosis and 
blockage of blood vessels.29,30 The elevation of monocytes 
was independently associated with the risk of cardiovas-
cular events.31,32 The SIRI, which integrates 3 leukocyte 
subtypes, could better reflect the status of inflammation 
and the immune system in the body and is more sensitive 
than the components alone. An increase in the SIRI implies 
an increase in the number of neutrophils and/or monocytes 
and/or a decrease in the number of lymphocytes. Several 
studies have shown that the SIRI is related to the progno-
sis of the general population and cardiovascular patients. 
A study involving 42,875 adults revealed that the SIRI was 
closely associated with cardiovascular death and all-cause 

Table 4. Univariate and multivariate predictors of MACE in older group

Variable
Univariate Multivariate

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

Age (1 year) 1.100 (1.067–1.133) 0.000 1.080 (1.048–1.114) 0.000

Female 0.904 (0.600–1.361) 0.628 – –

Diabetes 0.926 (0.544–1.574) 0.775 – –

Hypertension 2.243 (1.472–3.417) 0.000 2.108 (1.364–3.258) 0.001

Dyslipidemia 1.583 (0.800–3.133) 0.187 – –

Smoking 1.332 (0.892–1.987) 0.161 – –

BMI (1 kg/m2) 0.951 (0.884–1.023) 0.175 – –

Pervious MI 1.655 (0.959–2.856) 0.070 – –

LVEF (1%) 0.964 (0.945–0.982) 0.000 – –

SBP (1 mm Hg) 0.986 (0.974–0.998) 0.024 – –

DBP (1 mm Hg) 0.976 (0.957–0.996) 0.017 – –

Heart rate (1 bpm) 1.028 (1.017–1.040) 0.000 1.020 (1.007–1.032) 0.002

WBC (1×109/L) 1.198 (1.136–1.264) 0.000 – –

Neutrophil count (1×109/L) 1.213 (1.147–1.283) 0.000 – –

Lymphocyte count (1×109/L) 0.716 (0.516–0.992) 0.045 – –

Monocyte count (1×109/L) 4.775 (2.456–9.285) 0.000 – –

Platelet count (1×109/L) 1.004 (1.004–1.006) 0.019 – –

SIII (1×10) 1.005 (1.003–1.006) 0.000 – –

SIRI (1) 1.305 (1.245–1.368) 0.000 1.209 (1.147–1.274) 0.000

TC (1 mmol/L) 0.893 (0.730–1.091) 0.269 – –

TG (1 mmol/L) 0.944 (0.770–1.159) 0.584 – –

HDL (1 mmol/L) 0.541 (0.259–1.130) 0.102 – –

LDL (1 mmol/L) 0.775 (0.576–1.042) 0.092 – –

Number of vessels 1.231 (0.964–1.573) 0.096 – –

Diagnosis of AMI 2.626 (1.699–4.059) 0.000 1.648 (1.023–2.657) 0.040

β-blockers 1.010 (0.686–1.487) 0.961 – –

ACEIs/ARBs 0.663 (0.412–1.068) 0.091 – –

MACE – major adverse cardiac events; BMI – body mass index; MI – myocardial infarction; LVEF – left ventricular ejection fraction; SBP – systolic blood 
pressure; DBP – diastolic blood pressure; SIII – systemic immune inflammation index; SIRI – systemic inflammation response index; TG – triglycerides; 
HDL – high-density lipoprotein; LDL – low-density lipoprotein; AMI – acute myocardial infarction; ACEIs/ARBs – angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers; WBC – white blood cells count; 95% CI – 95% confidence interval; HR – hazard ratio.
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Table 5. Univariate predictors of MACE in AMI and non-AMI group

Variables
AMI group non-AMI group

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

Age (1 year) 1.042 (1.024–1.060) 0.000 1.206 (0.989–1.065) 0.169

Female 1.358 (0.871–2.119) 0.177 0.720 (0.365–1.420) 0.343

Diabetes 1.085 (0.737–1.596) 0.775 0.880 (0.418–1.853) 0.736

Hypertension 2.70 (1.438–2.980) 0.000 1.152 (0.604–2.196) 0.667

Dyslipidemia 1.537 (0.896–2.635) 0.118 0.044 (0.561–2.199) 0.233

Smoking 1.702 (1.130–2.565) 0.011 2.311 (1.231–4.337) 0.009

BMI (1 kg/m2) 0.950 (0.880–1.027) 0.196 0.980 (0.883–1.088) 0.707

Pervious MI 0.825 (0.363–1.873) 0.646 2.598 (01.234–5.473) 0.012

LVEF (1%) 1.011 (0.989–1.033) 0.315 0.937 (0.917–0.958) 0.000

SBP (1 mm Hg) 0.985 (0.974–0.996) 0.007 1.018 (0.995–1.042) 0.122

DBP (1 mm Hg) 0.966 (0.949–0.983) 0.000 1.017 (0.979–1.057) 0.389

Heart rate (1 beat/min) 1.012 (1.002–1.023) 0.019 1.007 (0.976–1.038) 0.674

WBC (1×109/L) 1.137 (1.075–1.202) 0.000 1.113 (0.953–1.299) 0.175

Neutrophil count (1×109/L) 1.156 (1.088–1.228) 0.000 1.219 (1.037–1.433) 0.016

Lymphocyte count (1×109/L) 0.739 (0.554–0.987) 0.040 0.363 (0.199–0.661) 0.001

Monocyte count (1×109/L) 3.189 (1.717–5.922) 0.000 1.505 (0.212–10.680) 0.682

Platelet count (1×109/L) 1.005 (1.002–1.008) 0.001 1.000 (0.995–1.005) 0.967

SIII (1×10) 1.004 (1.003–1.005) 0.000 1.008 (1.004–1.012) 0.000

SIRI (1) 1.273 (1.214–1.334) 0.000 1.509 (1.274–1.787) 0.000

TC (1 mmol/L) 0.812 (0.674–0.978) 0.028 0.659 (0.471–0.923) 0.015

TG (1 mmol/L) 0.979 (0.829–1.157) 0.807 0.914 (0.689–1.212) 0.533

HDL (1 mmol/L) 0.604 (0.310–1.177) 0.138 0.128 (0.030–0.549) 0.006

LDL (1 mmol/L) 0.794 (0.624–1.011) 0.061 0.517 (0.298–0.897) 0.019

Number of vessels 1.280 (1.024–1.600) 0.030 1.200 (0.804–1.792) 0.372

β-blockers 0.622 (0.432–0.895) 0.011 0.484 (0.258–0.909) 0.024

ACEIs/ARBs 1.128 (0.779–1.634) 0.524 0.542 (0.227–1.293) 0.167

MACE – major adverse cardiac events; BMI – body mass index; MI – myocardial infarction; LVEF – left ventricular ejection fraction; SBP – systolic blood 
pressure; DBP – diastolic blood pressure; SIII – systemic immune inflammation index; SIRI – systemic inflammation response index; TG – triglycerides; 
HDL – high-density lipoprotein; LDL – low-density lipoprotein; AMI – acute myocardial infarction; ACEIs/ARBs – angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers; WBC – white blood cells count; 95% CI – 95% confidence interval; HR – hazard ratio.

Table 6. Multivariate predictors of MACE in AMI and non-AMI group

Variable
AMI group non-AMI group

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

Age (1 year) 1.027 (1.010–1.045) 0.002 – –

Hypertension 1.947 (1.340–2.830) 0.000 – –

Number of vessels 1.280 (1.024–1.600) 0.030 – –

Platelet count (1×109/L) 1.005 (1.002–1.008) 0.000 – –

SIRI (1) 1.213 (1.155–1.274) 0.000 1.469 (1.192–1.812) 0.000

β-blockers 0.674 (0.462–0.982) 0.040 0.392 (0.196–0.781) 0.008

Smoking – – 2.925 (1.483–5.771) 0.002

LVEF (1%) – – 0.932 (0.909–0.956) 0.000

Lymphocyte (1×109/L) – – 0.562 (0.326–0.966) 0.037

MACE – major adverse cardiac events; AMI – acute myocardial infarction; LVEF – left ventricular ejection fraction; SIII – systemic immune inflammation 
index; SIRI – systemic inflammation response index; 95% CI – 95% confidence interval; HR – hazard ratio.



Adv Clin Exp Med. 2025;34(7):1123–1130 1129

mortality in the general population and individuals older 
than 60 years.33 Another study from the Kailuan cohort 
demonstrated that an elevated SIRI increased the  risk 
of stroke and all deaths and was associated with the inci-
dence of MI.16 Dziedzic et al. confirmed that the SIRI was 
related to the severity of CAD and the diagnosis of ACS 
or stable CAD.15 Lin et al. showed that the SIRI was inde-
pendently associated with the presence of atrial fibrillation 
in patients with ischemic stroke.17 An association between 
SIRI and MACEs was also suggested for patients with isch-
emic heart failure who underwent PCI.34,35 The mecha-
nisms underlying the relationship between SIRI and MACE 
may include elevated SIRI levels reflecting an imbalance 
between proatherogenic and antiatherogenic immune 
networks, which may promote plaque vulnerability, en-
dothelial dysfunction and thrombotic events, consequently 
contributing to the occurrence of acute coronary events.20 
The present study focused on patients older than 60 years 
with ACS after PCI. The SIRI was greater in elderly pa-
tients, and the incidence of MACEs was positively cor-
related with the SIRI. The SIRI was demonstrated to be 
an independent predictive risk factor for MACEs in pa-
tients aged >60 years with ACS. This may be explained 
in part by the following reasons: older patients commonly 
have more than 1 chronic disease. Inflammation is linked 
to aging and chronic disease.36 Additionally, senescent 
cells that accumulate in elderly patients have a unique se-
nescence-associated secretory profile that includes many 
pro-inflammatory cytokines.37 Moreover, immune func-
tion declines during aging, and many immune cell types 
senescence with aging, resulting in a senescence-associated 
secretory phenotype. Together, these factors lead to more 
aggressive immune and inflammatory processes in elderly 
patients,38,39 which can lead to poorer outcomes. Similar 
analyses were conducted for the AMI and non-AMI sub-
groups at the same time. In the ACS group, patients with 
AMI had a greater SIRI than did patients without AMI. This 
may be due to the higher grade of immune and inflamma-
tory responses to more serious myocardial damage, micro-
vascular obstruction and activation of the immune system 
in AMI than in unstable angina. Cox regression analysis 
revealed that the SIRI independently predicted the occur-
rence of MACEs in both the AMI and non-AMI subgroups, 
as well as in the elderly subgroup. The exploration of po-
tential factors affecting the SIRI revealed that the SIRI was 
significantly associated with age, hypertension, diagnosis 
of AMI, number of diseased vessels, and platelet count. All 
of these results may indicate that immune-inflammatory 
responses play pivotal roles in the occurrence of MACEs. 
It is more effective in elderly patients, AMI patients and 
patients with hypertension or multi-vessel disease. Tar-
geted anti-inflammatory therapy is potentially beneficial 
for reducing the incidence of cardiovascular events and 
improving patient outcomes. Additionally, the SIRI could 
be used as an indicator for identifying high-risk patients 
for intensive therapy to further reduce MACEs.

Limitations

There are several limitations to the study that should 
be considered. First, the data came from 1 medical cen-
ter and included a relatively small number of participants. 
Thus, a large multicenter study with a longer follow-up time 
is necessary to confirm the results. Second, not enough 
confounding factors were taken into account. For example, 
pro-inflammatory and/or inflammatory cytokines were not 
evaluated as part of a multivariable Cox regression analysis, 
which may affect the clinical prognosis. The results from 
the present study should be extended in further research.

Conclusions

The present study revealed that the SIRI was an indepen-
dent predictive risk factor for MACEs in patients >60 years 
of age with ACS and ACS with or without an AMI after 
stent implantation over 3 years of follow-up. The SIRI can 
be used as an indicator for identifying high-risk patients 
for intensive therapy to further reduce MACE in the era 
of PCI.
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