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	 Background:	 We assessed the utility of the systemic immune-inflammatory index (SII) in estimating the in-hospital and long-
term prognosis of elderly patients with acute myocardial infarction (AMI) who received percutaneous coronary 
intervention (PCI).

	 Material/Methods:	 Our study evaluated 711 consecutive elderly patients (age 65–85 years) from January 2015 to December 2017. 
The correlation between clinical outcomes and SII was analyzed through the stepwise Cox regression analysis 
and the Kaplan-Meier approach. The clinical endpoints were all-cause mortality and major adverse cardiovas-
cular and cerebrovascular events (MACCE) in-hospital and during 3-year follow-up.

	 Results:	 The study enrolled 711 elderly patients with AMI (66.95% male, 71.99±0.19 years). Kaplan-Meier analysis 
showed a lower survival rate in patients with higher SII scores, which also predicted in-hospital and long-term 
(£3 years) outcomes. In multivariate analyses, SII showed an independent predictive value for in-hospital mor-
tality (hazard ratio (HR), 3.32; 95% confidence interval (CI), 1.55–7.10; p<0.01), in-hospital MACCE (HR, 1.43; 
95%CI, 1.02–2.00; p=0.04), long-term mortality (HR, 1.95; 95%CI, 1.23–3.09; p<0.01), along with long-term 
MACCE (HR, 1.72; 95%CI, 1.23–2.40; p<0.01). Moreover, SII showed a weak but significant positive relationship 
with the Gensini score among patients developing non-ST-segment elevation myocardial infarction (r=0.18; 
p<0.01).

	 Conclusions:	 SII, a readily available laboratory marker, is a potential indicator to predict the clinical endpoints for elderly pa-
tients with AMI undergoing PCI.
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Background

An epidemiological survey showed that a subtype of severe 
coronary artery disease (CAD) manifestation – acute myocar-
dial infarction (AMI) – causes more than 1/3 of all deaths in 
developed nations annually [1]. AMI is a complex, multifacto-
rial disease that has been reported to be associated with acute 
inflammation and stress response [2].

Clinically, inflammatory and immune circulatory cells, including 
neutrophils, platelets, and lymphocytes, have pivotal roles in 
development of heart disease [3–5]. As suggested in cross-sec-
tional research, neutrophilic granulocytosis in the early stage 
of AMI can increase the risk of subsequent congestive heart 
failure [6]. Higher platelet counts reflect increased thrombo-
cyte activation, aggravate release of inflammatory mediators, 
and the undesirable inflammatory process [7]. Conversely, 
lower lymphocyte counts associated with poor prognosis have 
been shown in AMI [8,9]. Accordingly, growing attention has 
focused on the clinical application of various inflammatory 
ratios, such as lymphocyte-to-monocyte ratio (LMR), athero-
genic index of plasma (AIP), and neutrophil-to-lymphocyte ra-
tio (NLR) [10–13]. These measurable biochemical markers only 
represent local immune response and inflammation in the pro-
gression of AMI, but inflammation can also be systemic [14].

Recently, based on an ambispective cohort study, Hu et al. de-
veloped an innovative predictable marker called the systemic 
immune-inflammatory index (SII) [15]. SII is an inflammation-
related indicator that integrates neutrophil, platelet, and lym-
phocyte counts and can reflect the comprehensive immune 
and inflammation situation in the body [16,17]. Since then, 
SII was shown to be a useful indicator to predict clinical out-
comes for tumors and other inflammatory diseases, and has 
attracted much research attention [18–20]. However, to date, 
the predictive ability of SII in all-cause mortality and major ad-
verse cardiovascular and cerebrovascular events (MACCE) has 
not been reported in AMI. The present study investigated the 
relationship of SII with clinical endpoints in elderly AMI pa-
tients and explored the relationship between SII and the se-
verity of coronary lesions.

Material and Methods

Study population

Between January 2015 and December 2017, 711 consecu-
tive elderly patients (age 65–85 years) were retrospectively 
enrolled at Tong Ji Hospital in Wuhan, China. All enrolled pa-
tients were diagnosed with AMI and underwent percutaneous 
coronary intervention (PCI). They were classified into 2 groups: 
an ST-segment elevation myocardial infarction (STEMI) group 

and a non-ST-segment elevation myocardial infarction (NSTEMI) 
group. STEMI was defined as typical chest pain, an increase in 
myocardial necrosis biomarkers, and electrocardiogram char-
acteristics of sustained ST elevation in no less than 2 con-
tinuous leads or new left branch bundle block pattern [21]. 
NSTEMI was defined as typical chest pain, a rise in myocar-
dial necrosis biomarkers, with no elevation at ST segment on 
electrocardiograph [22].

Exclusion criteria were: (1) age under 65 years or over 85 years, 
(2) changes in inflammatory or immune markers other than 
AMI (e.g., autoimmune diseases, sepsis, trauma, recent ma-
jor surgery, active malignancy, severe liver, and renal failure), 
and (3) receiving inhibitors of glycoprotein IIb/IIIa or throm-
bolytic therapy.

This study was by the Ethics Committee of Tong Ji Hospital of 
Huazhong University of Science and Technology (TJ-C20141112) 
and complied with the Helsinki Declaration.

Clinical data collection

Data on study population baseline characteristics, including 
demographic information and the history of diagnosed cardio-
vascular and cerebrovascular diseases (e.g., diabetes, CAD, and 
hypertension), were collected from hospital records, as were 
data on smoking/drinking status (including previous history 
and current tobacco/alcohol use). In addition, the Killip class 
and data on vital signs (e.g., diastolic and systolic blood pres-
sures and heart rate) were recorded on admission. We also 
collected data on history of antiplatelet therapy (aspirin, clopi-
dogrel/ticagrelor), beta-blockers therapy, lipids-modulating ther-
apy (statins) and the inhibitors of angiotensin-converting en-
zymes/blockers of angiotensin II receptor during hospitalization.

Laboratory analysis included the results of routine blood tests, 
creatinine, aminopherase (aspartate aminotransferase, alanine 
transaminase), serum lipids (low- and high-density lipoprotein 
cholesterols, total triglyceride, and total cholesterol), cardiac 
troponin I (CTnI) and N-terminal pro-brain natriuretic peptide 
(NT-proBNP). Echocardiographic parameters included left ven-
tricular ejection fraction (LVEF). Total measurements were ob-
tained from first examination in hospital.

Coronary angiography

All enrolled patients were given aspirin (300 mg) and clopido-
grel/ticagrelor (300–600 mg) as adjuvant antiplatelet therapy 
before coronary intervention on the basis of the established 
guideline [23]. If necessary, the heparin/low molecular hep-
arin or tirofiban therapy was administered in the periopera-
tive period. The results of coronary angiography were deter-
mined by 2 cardiovascular physicians. According to coronary 
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angiography results and clinical findings, doctors selected dif-
ferent treatment strategies according to the current practice 
guidelines [24].

The blood flow grade in thrombolysis in myocardial infarction 
(TIMI) and Gensini score were obtained from angiographic data. 
TIMI is a semi-quantitative index of blood flow in infarct-relat-
ed vessels. Scores ranged from 0 to 3, based on vessels with 
significant stenosis [25]. Gensini score is a widely use angio-
graphic scoring system in which the vascular score of the le-
sion is determined by multiplying the basic score of the ste-
nosis of each coronary artery by the coefficient of the lesion 
site. The total score of all diseased vessels is the final score of 
the stenosis degree of the coronary artery [26].

Follow-up and study endpoints

Clinical endpoints in our study included all-cause mortality and 
MACCE. We assessed in-hospital mortality (during the hos-
pital stay) and long-term mortality (up to 3-year follow-up). 
In-hospital and long-term MACCE were defined as in-hospital 
cardiovascular and cerebrovascular accident and up to 3-year 
follow-up, respectively. In-hospital data were obtained from 
the in-patient management system and follow-up data were 
collected from telephone interviews with patients or their rela-
tives (regular re-examination and telephone follow-up).

Statistical analysis

SII was calculated as (neutrophil counts)×(platelet counts)/(lym-
phocyte counts) [15]. Continuous parameters were expressed 
as mean±standard error, and the Kolmogorov-Smirnov test was 
conducted to assess normality of distribution. Comparisons 
among continuous variables were performed using the 
Mann-Whitney U test or the independent-sample t test, depend-
ing on whether the variables were parametric values or non-
parametric values. Categorical parameters were compared us-
ing the chi-square test. Correlation analysis was performed to 
assess the overall correlation between 2 indicators. When com-
paring 2 parametric variables, Pearson correlation coefficient 
was used; if they were nonparametric variables, Spearman 
correlation coefficient was used. The threshold for predicting 
clinical outcomes was determined by receiver operating char-
acteristic (ROC) curve analysis. Survival curve was obtained us-
ing Kaplan-Meier analysis and log-rank test. Factors related to 
clinical endpoints were identified through univariate analysis. 
The possible predictive factors, including parameters that had 
p value <0.1 in univariate analysis or several established AMI 
risk factors (including sex, age, smoking status, and histo-
ries of diabetes, CAD and hypertension) [27,28], were incor-
porated into the stepwise multivariate Cox regression model. 
P value <0.05 denoted a statistically significant difference. All 
data analyses were performed using SPSS 22.0.

Results

Patients characteristics

Table 1 shows demographic, laboratory, and angiographic data. 
All 711 participants (age 65–85 years) were enrolled and were 
divided into a STEMI group (n=405, 272 males) and a NSTEMI 
group (n=306, 204 males). The mean age was 71.99±0.19 
years and 66.95% of subjects were males. There were no sig-
nificant differences in medical history or in-hospital medica-
tions between the 2 groups. Patients with STEMI were more 
likely to have worse vital signs at admission, elevated CTnI and 
aspartate aminotransferase levels, and worse LVEF, as well as 
higher WBC counts and neutrophil counts. However, lympho-
cyte counts were higher in the NSTEMI group.

Additionally, as shown in Table 1, the onset to reperfusion 
time was shorter in the STEMI group. Thrombus aspiration use 
(p<0.01), stent use (p=0.01), and tirofiban use (p=0.03) were 
remarkably higher in the STEMI group. Differences in number 
of culprit vessels and Gensini score were not significantly dif-
ferent between the 2 groups. Longer stents (p<0.01) and wider 
stents (p<0.01) were needed in patients with STEMI. The flow 
grade of postprocedural TIMI in the STEMI group was sig-
nificantly different from that in the NSTEMI group (p=0.01). 
Supplementary Table 1 lists data on clinical results.

Predictive value of SII

When predicting the long-term outcomes, the area under 
the ROC curve (AUC) was 0.64 (95% confidence interval (CI), 
0.58–0.71; p<0.01). The sensitivity and specificity for SII in pre-
dicting the long-term clinical events were 50.00% and 74.10%, 
respectively, at the threshold of 1423.12×109/L (Figure 1).

Survival analysis

The hospital stay was 8.69±6.90 days and follow-up time was 
737.45±16.74 days. In our study population, 52 (7.31%) pa-
tients died during hospitalization and 80 (11.25%) died during 
follow-up. Kaplan-Meier survival curves (Figure 2A–2D) show 
that patients with higher SII scores had significantly worse in-
hospital and long-term outcomes than those with lower SII 
scores (log-rank test, all p values are <0.01).

Regression analysis

Upon multivariate regression analysis, history of CAD, Killip 
class, CTnI, neutrophil counts, hemoglobin, creatinine and SII 
(harzard ratio (HR), 3.32; 95%CI, 1.55–7.10; p<0.01) were identi-
fied to be the factors independently predicting in-hospital mor-
tality (Table 2). Moreover, SII score was the strongest predic-
tor of in-hospital MACCE (HR, 1.43; 95%CI, 1.02–2.00; p=0.04). 
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Characteristics All patients (n=711) STEMI (n=405) NSTEMI (n=306) p

Age, year 	 71.99±0.19 	 71.73±0.25 72.32±0.30 0.13

Sex (Male), n (%) 	 476	 (66.95) 	 272	 (67.16) 	 204	 (66.67) 0.89

Smoking, n (%) 	 210	 (29.54) 	 130	 (32.10) 	 80	 (26.14) 0.09 

Drinking, n (%) 	 150	 (21.10) 	 86	 (21.23) 	 64	 (20.92) 0.94

Hypertension, n (%) 	 423	 (59.49) 	 237	 (58.52) 	 186	 (60.78) 0.54

Prior CAD, n (%) 	 78	 (10.97) 	 42	 (10.37) 	 36	 (11.76) 0.56

Diabetes, n (%) 	 179	 (25.18) 	 97	 (23.95) 	 82	 (26.80) 0.39

Stroke, n (%) 	 96	 (13.50) 	 53	 (13.09) 	 43	 (14.05) 0.71

SBP on admission (mmHg) 	 129.72±0.93 	 127.95±1.28 	 132.06±1.33 0.03

DBP on admission (mmHg) 	 75.62±0.55 	 75.82±0.77 	 75.36±0.75 0.67

HR on admission (beats/min) 	 77.11±0.60 	 78.94±0.75 	 74.69±0.86 <0.01

hospitalization day 	 8.69±0.26 	 8.40±0.28 	 9.07±0.47 0.20

Killip class, III–IV, n (%) 	 101	 (14.21) 	 63	 (15.56) 	 38	 (12.42) 0.24

LVEF, % 	 53.04±0.46 	 50.93±0.47 	 55.82±0.68 <0.01

Creatinine (μmol/L) 	 91.93±0.33 	 93.96±1.84 	 89.24±1.96 0.08

AST (u/L) 	 91.27±4.07 	 123.77±6.15 	 77.05±4.41 <0.01

ALT (u/L) 	 35.83±1.45 	 38.19±1.91 	 32.71±2.22 0.06

NT-proBNP, pg/mL 	 4635.84±292.81 	 4823.00±367.95 	 4388.14±475.45 0.46

CTnI, pg/mL 	 15015.62±699.78 	 18398.24±1001.14 	 10538.61±881.01 <0.01

HDL, mmol/L 	 1.09±0.02 	 1.08±0.02 	 1.10±0.03 0.72

LDL, mmol/L 	 2.58±0.04 	 2.62±0.05 	 2.54±0.05 0.26

Total triglyceride, mmol/L 	 1.36±0.04 	 1.30±0.05 	 1.42±0.06 0.14

Total cholesterol, mmol/L 	 4.12±0.04 	 4.17±0.06 	 4.05±0.06 0.17

WBC count (109/L) 	 9.18±0.14 	 9.84±0.20 	 8.30±0.19 <0.01

Platelet count (109/L) 	 202.78±2.53 	 206.37±3.43 	 198.03±3.71 0.10

Neutrophil count (109/L) 	 7.14±0.14 	 7.86±0.20 	 6.17±0.19 <0.01

Lymphocyte count (109/L) 	 1.40±0.02 	 1.32±0.03 	 1.50±0.04 <0.01

Monocyte count (109/L) 	 0.57±0.01 	 0.58±0.02 	 0.55±0.01 0.21

Hemoglobin (mg/dL) 	 127.03±0.71 	 126.94±0.92 	 127.15±1.10 0.88

SII 	 1392.69±56.85 	 1645.60±81.60 	 1057.95±71.86 <0.01

Medications in-hospital, n (%)

	 Antiplatelet therapy 	 666	 (93.67) 	 385	 (95.06) 	 281	 (91.83) 0.08

	 Beta-blocker 	 507	 (71.31) 	 281	 (69.38) 	 226	 (73.86) 0.19

	 ACEI/ARB 	 500	 (70.32) 	 276	 (68.15) 	 224	 (73.20) 0.14

	 Statin 	 694	 (97.61) 	 393	 (97.04) 	 301	 (98.37) 0.25

Table 1. Demographic, laboratory, and angiographic characteristics of study population.
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Table 1 continued. Demographic, laboratory, and angiographic characteristics of study population.

Characteristics All patients (n=711) STEMI (n=405) NSTEMI (n=306) p

Angiographic and procedural characteristics

Culprit vessel, n (%)

	 LAD 	 622	 (87.48) 	 362	 (89.38) 	 260	 (84.97) 0.08

	 LCX 	 451	 (63.43) 	 243	 (60.00) 	 208	 (67.97) 0.03

	 RCA 	 458	 (64.42) 	 260	 (64.20) 	 198	 (64.71) 0.89

No. of diseased vessels, n (%) 0.56

	 0 	 1	 (0.14) 	 0	 (0.00) 	 1	 (0.33)

	 1 	 196	 (27.57) 	 115	 (28.40) 	 81	 (26.47)

	 2 	 208	 (29.25) 	 121	 (29.88) 	 87	 (28.43)

	 3 	 306	 (43.04) 	 169	 (41.73) 	 137	 (44.77)

Onset to reperfusion time, h 	 14.29±0.33 	 13.37±0.43 	 15.51±0.50 <0.01

Tirofiban use, n (%) 	 591	 (83.12) 	 348	 (85.93) 	 243	 (79.41) 0.03

Stent use, n (%) 	 533	 (74.96) 	 318	 (78.52) 	 215	 (70.26) 0.01

Use of thrombus aspiration, n (%)	 72	 (10.13) 	 60	 (14.81) 	 12	 (3.92) <0.01

Stent diameter, mm 	 2.27±0.06 	 2.40±0.08 	 2.08±0.08 <0.01

Stent length, mm 	 20.45±0.51 	 21.84±0.69 	 18.60±0.74 <0.01

Preprocedural TIMI grade, n (%) 0.01

	 0 	 439	 (61.74) 	 270	 (66.67) 	 169	 (55.23)

	 1 	 245	 (34.46) 	 124	 (30.62) 	 121	 (39.54)

	 2 	 24	 (3.38) 	 11	 (2.72) 	 13	 (4.25)

	 3 	 3	 (0.42) 	 0	 (0.00) 	 3	 (0.98)

Postprocedural TIMI grade, n (%) 0.11

	 0 	 90	 (12.66) 	 45	 (11.11) 	 45	 (14.71)

	 1 	 40	 (5.63) 	 18	 (4.44) 	 22	 (7.19)

	 2 	 28	 (3.94) 	 19	 (4.69) 	 9	 (2.94)

	 3 	 553	 (77.78) 	 323	 (79.75) 	 230	 (75.16)

Gensini score 	 93.76±1.99 	 94.59±2.39 	 92.67±3.36 0.64

Mean±SEM and n (%) are reported for continuous and categorical variables, respectively. SEM – standard error of the mean.
STEMI – ST-segment elevation myocardial infarction; NSTEMI – non-ST-elevation myocardial infarction; CAD – coronary artery disease; 
SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; LVEF – left ventricular ejection fraction; AST – aspartate 
aminotransferase; ALT – alanine aminotransferase; NT-proBNP – N-terminal pro-brain natriuretic peptide; CTnI – cardiac troponin I; 
HDL – high-density lipoprotein cholesterol; LDL – low-density lipoprotein cholesterol; WBC – white blood cell; SII – systemic immune-
inflammatory index; ACEI/ARB – angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker; LAD – left coronary artery; 
LCX – left circumflex; RCA – right coronary artery; TIMI – thrombolysis in myocardial infarction.
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Additional significant independent predictors were Killip class, 
LVEF, CTnI, neutrophil counts, and hemoglobin (Table 3).

SII (HR, 1.95; 95%CI, 1.23–3.09; p<0.01) can independently pre-
dict long-term mortality, along with age, Killip class, and LVEF 
(Table 4). Multivariate regression analysis showed that age, 
LVEF, Killip class, and SII score (HR, 1.72; 95%CI, 1.23–2.40; 
p<0.01) were independent predictors for long-term MACCE 
(Table 5).

Correlation analysis

Supplementary Table 2 shows that SII score has a weak but 
significantly positive relationship with Gensini score only in 
the NSTEMI group (r=0.18; p<0.01). Furthermore, SII showed 
a positive correlation with Killip class in both groups, as did 
CTnI and WBC. Also, SII scores were negatively correlated with 
LVEF among STEMI cases. However, SII was not correlated with 
TIMI flow grade in all patients.
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Figure 1. �ROC curves analysis showing the predictive cutoff 
value of SII in AMI patients according to long-term 
clinical outcomes (AUC=0.64; 95%CI, 0.58–0.71; 
p<0.01).ROC – receiver operator characteristic; 
SII – systemic immune-inflammatory index; 
AMI – acute myocardial infarction; AUC – area under 
the curve; CI – confidence interval.
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Figure 2. �Kaplan-Meier cumulative survival curves for in-hospital and long-term mortality and MACCE, according to high SII versus 
those with low SII. (A) Kaplan-Meier survival curves of in-hospital mortality (log-rank test: p<0.01). (B) Kaplan-Meier survival 
curves of in-hospital MACCE (log-rank test: p<0.01). (C) Kaplan-Meier survival curves of long-term mortality (log-rank test: 
p<0.01). (D) Kaplan-Meier survival curves of long-term MACCE (log-rank test: p<0.01). SII – systemic immune-inflammatory 
index; MACCE – major adverse cardiovascular and cerebrovascular events.
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Discussion

In the present study of 711 AMI patients, we found that SII was 
a potential indicator for predicting all-cause mortality/MACCE. 
we also found a significant correlation between SII and cardio-
vascular-related variables such as Gensini score. To the best of 
our knowledge, this is the first analysis of the utility of SII in 
predicting clinical outcomes of elderly AMI patients. The results 
are mainly applicable to elderly patients age 65 to 85 years.

It was recently shown that inflammatory cells (e.g., WBC 
and subtypes) can be used to estimate prognosis in AMI pa-
tients [29], but inflammatory predictors based on 1 or 2 

components are relatively poor predictors of prognosis in 
AMI [14]. Therefore, SII, an inflammatory index of 3 inflamma-
tory cell types (neutrophils, platelets, and lymphocytes), might 
more comprehensively represent the balanced status of immune 
and inflammatory conditions in the host [30,31]. In the present 
study, the prediction abilities of SII and each parameter were 
compared through univariate and multivariate Cox regression 
analyses. All confounding factors were adjusted, and we found 
that SII had the best prediction ability in all clinical endpoints.

Results from previous experimental and clinical research sug-
gested that patients with elevated SII had greater risk of poor 
clinical outcomes [32]. It is known that myocardial ischemia is 

Variables
Univariate Multivariate

HR 95% CI p HR 95% CI p

Age 1.03 0.98–1.09 0.24 NS

Sex (Male) 1.55 0.89–2.69 0.12 NS

Gensini score 1.01 1.00–1.01 0.01 NS

Smoking 1.55 0.85–2.83 0.16 NS

Hypertension 1.06 0.61–1.85 0.85 NS

Prior CAD 2.42 1.27–4.62 0.01 2.77 1.38–5.57 <0.01

Diabetes 1.06 0.59–1.93 0.84 NS

Killip class 2.38 1.85–3.05 <0.01 1.64 1.24–2.18 <0.01

LVEF 0.95 0.93–0.97 <0.01 NS

CTnI 2.50 1.37–4.57 <0.01 2.62 1.31–5.23 0.01

WBC 1.13 1.07–1.19 <0.01 NS

Neutrophil counts 1.15 1.09–1.21 <0.01 1.12 1.04–1.21 <0.01

Lymphocyte counts 0.82 0.53–1.28 0.38

Platelet counts 1.00 0.99–1.00 0.26

Hemoglobin 0.96 0.95–0.98 <0.01 0.97 0.96–0.98 <0.01

Total cholesterol 0.83 0.64–1.06 0.14

Total triglyceride 0.92 0.68–1.24 0.58

LDL 0.91 0.68–1.21 0.50

HDL 0.33 0.12–0.91 0.03 NS

creatinine 1.01 1.00–1.02 <0.01 1.01 1.00–1.01 0.02

SII 2.95 1.27–6.87 0.01 3.32 1.55–7.10 <0.01

Table 2. Predictors of in-hospital mortality in univariate and multivariate Cox regression analysis.

HR – hazard ratio; CI – confidence interval; NS – no statistical significance; CAD – coronary artery disease; LVEF – left ventricular 
ejection fraction; CTnI – cardiac troponin I; WBC – white blood cell; HDL – high-density lipoprotein cholesterol; LDL – low-density 
lipoprotein cholesterol; SII – systemic immune-inflammation index. NS stands for the factors which have no statistically significance 
in multivariate analysis. Bolded differences show statistical difference at the p<0.05 for multivariate analysis.
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closely associated with inflammation [33]. Sezer et al. reported 
that neutrophilia in patients with AMI was strongly associated 
with the incidence of microvascular reperfusion injury after per-
forming coronary artery revascularization [34]. Neutrophil ex-
tracellular traps (NETs) are a type of activated neutrophil found 
in patients with AMI, which is released at the site of pathol-
ogy in the coronary artery [35]. NETs are highly proinflamma-
tory and prothrombotic, and are positively correlated with in-
farct area [36]. Neutrophil-driven proinflammatory processes 
appear to play a role in the adverse prognosis. We found that 
neutrophils were strongly associated with in-hospital mortality 
and MACCE, which is consistent with previous research [37].

Growing evidence shows that platelets play a role in initial CAD 
progression and development [38,39]. Persistent inflamma-
tion causes a prothrombotic state due to thrombocytosis [40]. 
Aggregating platelets adhere to endothelial cell surfaces and 
recruit monocytes into inflammatory sites. Additionally, plate-
lets release various inflammatory mediators, which can further 
activate platelets and form a vicious cycle [41–44].

Lymphocytes, as a part of the adaptive immune response, play 
an important part in the immune regulatory pathway. It was 
reported that lower lymphocyte concentration was related to 
the progression of atherosclerosis progression and adverse 

Variables
Univariate Multivariate

HR 95% CI p HR 95% CI p

Age 1.00 0.98–1.03 0.85 NS

Sex (Male) 1.31 1.01–1.71 0.04 NS

Gensini score 1.00 0.99–1.00 0.57

Smoking 1.05 0.81–1.37 0.71 NS

Hypertension 1.11 0.86–1.45 0.42 NS

Prior CAD 1.14 0.78–1.67 0.51 NS

Diabetes 1.05 0.80–1.38 0.73 NS

Killip class 1.35 1.19–1.52 <0.01 1.17 1.01–1.35 0.04

LVEF 0.98 0.97–0.99 <0.01 0.98 0.97–0.99 <0.01

CTnI 1.56 1.21–2.02 <0.01 1.35 1.03–1.78 0.03

WBC 1.07 1.04–1.10 <0.01 NS

Neutrophil counts 1.08 1.05–1.11 <0.01 1.08 1.04–1.12 <0.01

Lymphocyte counts 0.90 0.74–1.09 0.28

Platelet counts 1.00 0.99–1.00 0.31

Hemoglobin 0.99 0.99–1.00 0.02 0.99 0.99–1.00 0.02

Total cholesterol 0.98 0.88–1.09 0.72

Total triglyceride 0.99 0.87–1.12 0.84

LDL 0.99 0.87–1.12 0.83

HDL 1.13 0.83–1.54 0.44

creatinine 1.00 1.00–1.01 0.05 NS

SII 1.32 1.01–1.72 0.04 1.43 1.02–2.00 0.04

Table 3. �Predictors of in-hospital major adverse cardiovascular and cerebrovascular events in univariate and multivariate Cox 
regression analysis.

HR – hazard ratio; CI – confidence interval; NS – no statistical significance; CAD – coronary artery disease; LVEF – left ventricular 
ejection fraction; CTnI – cardiac troponin I; WBC – white blood cell; HDL – high-density lipoprotein cholesterol; LDL – low-density 
lipoprotein cholesterol; SII – systemic immune-inflammation index. NS stands for the factors which have no statistically significance 
in multivariate analysis. Bolded differences show statistical difference at the p<0.05 for multivariate analysis.
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clinical outcomes in patients with AMI [45–47]. Triggered by 
aggravated inflammation, the increased apoptosis of lympho-
cyte can reduce lymphocyte counts [48,49]. In consequence, 
because of the high levels of neutrophils and platelets and the 
reduced lymphocyte concentration, an elevated SII might be 
linked to the increased inflammatory activity and thus lead to 
poor clinical outcomes.

The present study used the Gensini scoring system, which is 
objective and credible, to define the severity of coronary ar-
tery disease [50]. Our correlation analysis showed a positive 
association between SII and Gensini score in patients with 
NSTEMI. This suggests that SII could be useful in clinical risk 

stratification and optimal management of NSTEMI. The NSTEMI 
management guidelines emphasize the importance of risk as-
sessment and risk-oriented treatment decision [51–53]. SII val-
ues are easy to calculate using counts of WBC subtypes, and 
these widely available tests are routinely performed at hos-
pital admission. SII is suited for clinical use because it is easy 
to use and is cost-effective.

Our study has limitations that need to be considered. This was a 
retrospective study at a single center. Moreover, because some 
markers (e.g., C-reactive protein, fibrinogen, and myeloperoxi-
dase) are not routinely assessed, we did not compare SII with 
the conventional inflammatory indicators. Finally, we did not 

Variables
Univariate Multivariate

HR 95% CI p HR 95% CI p

Age 1.08 1.04–1.13 <0.01 1.06 1.01–1.11 0.01

Sex (Male) 1.49 0.95–2.32 0.08 NS

Gensini score 1.00 1.00–1.01 0.23

Smoking 1.11 0.71–1.75 0.65 NS

Hypertension 1.26 0.80–2.00 0.32 NS

Prior CAD 1.01 0.49–2.10 0.98 NS

Diabetes 1.37 0.85–2.22 0.20 NS

Killip class 2.01 1.61–2.51 <0.01 1.49 1.16–1.91 <0.01

LVEF 0.96 0.94–0.98 <0.01 0.97 0.96–0.99 <0.01

CTnI 1.50 0.95–2.35 0.08 NS

WBC 1.11 1.06–1.17 <0.01 NS

Neutrophil counts 1.12 1.07–1.17 <0.01 NS

Lymphocyte counts 0.56 0.38–0.85 0.01 NS

Platelet counts 1.00 0.99–1.00 0.55

Hemoglobin 0.98 0.97–0.99 <0.01 NS

Total cholesterol 1.04 0.85–1.26 0.73

Total triglyceride 0.99 0.78–1.26 0.95

LDL 1.04 0.83–1.30 0.76

HDL 1.34 0.87–2.06 0.19

creatinine 1.01 1.00–1.01 <0.01 NS

SII 2.66 1.71–4.13 <0.01 1.95 1.23–3.09 <0.01

Table 4. Predictors of long-term mortality in univariate and multivariate Cox regression analysis.

HR – hazard ratio; CI – confidence interval; NS – no statistical significance; CAD – coronary artery disease; LVEF – left ventricular 
ejection fraction; CTnI – cardiac troponin I; WBC – white blood cell; HDL – high-density lipoprotein cholesterol; LDL – low-density 
lipoprotein cholesterol; SII – systemic immune-inflammation index. NS stands for the factors that had no statistical significance in 
multivariate analysis. Bolded differences show statistically significant difference at p<0.05 in multivariate analysis.
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perform in-depth analysis of the relationship between SII and 
AMI. Therefore, prospective studies in larger populations are 
needed to validate our conclusions.

Conclusions

We found that a higher value of SII was independently asso-
ciated with poor clinical prognosis. SII is a potential indicator 
to predict the in-hospital and long-term clinical results for el-
derly AMI patients undergoing PCI.
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Variables
Univariate Multivariate

HR 95% CI p HR 95% CI p

Age 1.06 1.03–1.09 <0.01 1.05 1.02–1.09 <0.01

Sex (male) 1.36 0.98–1.88 0.06 NS

Gensini score 1.00 0.99–1.00 0.43

Smoking 1.04 0.75–1.44 0.83 NS

Hypertension 1.22 0.87–1.69 0.25 NS

Prior CAD 1.10 0.67–1.83 0.70 NS

Diabetes 1.27 0.89–1.83 0.19 NS

Killip class 1.91 1.60–2.27 <0.01 1.57 1.29–1.90 <0.01

LVEF 0.97 0.96–0.99 <0.01 0.98 0.97–1.00 0.02

CTnI 1.50 1.09–2.08 0.01 NS

WBC 1.10 1.06–1.14 <0.01 NS

Neutrophil counts 1.10 1.06–1.14 <0.01 NS

Lymphocyte counts 0.66 0.50–0.88 0.01 NS

Platelet counts 1.00 0.99–1.00 0.80

Hemoglobin 0.99 0.98–1.00 <0.01 NS

Total cholesterol 0.95 0.82–1.11 0.52

Total triglyceride 1.08 0.92–1.27 0.35

LDL 0.92 0.77–1.10 0.35

HDL 1.11 0.75–1.64 0.60

creatinine 1.01 1.00–1.01 <0.01 NS

SII 2.22 1.61–3.07 <0.01 1.72 1.23–2.40 <0.01

Table 5. �Predictors of long-term major adverse cardiovascular and cerebrovascular events in univariate and multivariate Cox regression 
analysis.

HR – hazard ratio; CI – confidence interval; NS – no statistical significance; CAD – coronary artery disease; LVEF – left ventricular 
ejection fraction; CTnI – cardiac troponin I; WBC – white blood cell; HDL – high-density lipoprotein cholesterol; LDL – low-density 
lipoprotein cholesterol; SII – systemic immune-inflammation index. NS stands for the factors which have no statistically significance 
in multivariate analysis. Bolded differences show statistical difference at the p<0.05 for multivariate analysis.
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