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Background and Aims: Elevated eosinophils typically indicate hypersensitive inflammation; however, their involvement in 
cardiovascular events remains incompletely understood. We investigated the association between the absolute eosinophil count 
(AEC) and major adverse cardiovascular and cerebrovascular events (MACCEs) in patients with acute coronary syndrome (ACS) 
undergoing percutaneous coronary intervention (PCI). Additionally, we determine whether the integration of AEC with the SYNTAX 
II score could improve predictive ability.
Methods and Results: The AECs of 1711 patients with ACS undergoing PCI from June 2016 to November 2017 were analyzed on 
admission. All recruitments were splitted into three groups based on AEC tertiles and 101 participants underwent one or more 
noteworthy outcomings. The association between AEC and MACCEs (defined as a composite of cardiovascular death, myocardial 
infarction [MI], and stroke) was tested by Cox proportional-hazards regression analysis. After adjusting for confounders, AEC was 
independently associated with MACCEs (HR 11.555, 95% CI: 3.318–40.239). Patients in the lowest AEC tertile (T1) as a reference, 
those in the higher tertiles had an incrementally higher risk of MACCEs (T3: HR 1.848 95% CI: 1.157–2.952; P for trend=0.008). 
Inclusion of AEC enhanced the predictive accuracy of the SYNTAX II score for MACCEs (AUC: from 0.701 [95% CI: 0.646–0.756] 
to 0.728 [95% CI: 0.677–0.780]; DeLong’s test, P = 0.020).
Conclusion: AEC is independently linked to MACCEs in ACS patients who underwent PCI, and adds incremental predictive 
information to the SYNTAX II score.
Keywords: absolute eosinophil count, SYNTAX I score, SYNTAX II score, cardiovascular and cerebrovascular events, acute 
coronary syndrome, percutaneous coronary intervention

Introduction
Coronary artery disease (CAD), a major contributor to the overall burden of death in the human population, related to 
pathological process of atherosclerosis, is mainly elucidated as a series of heart disease caused by myocardial ischemia, 
hypoxia, or necrosis.1 The formation and advancement of atherosclerosis is closely connected to inflammation. Many 
previous contributions have shown that the inflammation is closely bound with the development of coronary athero-
sclerosis, and is the key characteristic of atherosclerosis and its clinical signs. Therefore, it is necessary to monitor 
inflammatory markers. However, new biomarkers of inflammation are needed to boost the diagnostic precision and 
provide prognostic insights into atherosclerosis.
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White blood cell (WBC) count is a widely used inflammatory marker in the clinical practice, which has been 
demonstrated to be an autonomous risk factor of MI, unstable angina, and stable CAD with a history of MI.2,3 As we 
know, white blood cells include lymphocytes, neutrophils, monocytes and eosinophils. The study of Zhao et al4 investigated 
the value of total and differential leukocyte counts in assessing long-term prognosis of patients with three-vessel disease 
(TVD), and showed that total WBC count was an independent prognostic element of death and major adverse cardiovas-
cular and cerebrovascular events (MACCEs). Furtherly, lymphocyte-, monocyte-, and eosinophil counts were independent 
predictive factors of death. Also, monocyte- and eosinophil counts were independent predictors of MACCEs. In addition, 
the association between novel inflammation-related laboratory parameters and the prognostic value in patients with CAD 
has garnered widespread interest among researchers. For instance, Hayıroğlu Mİ’s team discovered that a newly defined 
index - The systemic immune-inflammation index (SII) - is an independent predictor of long-term mortality and intracardiac 
defibrillators (ICDs) therapy in patients with HFrEF.5 The Naples score (NS), which combines cardiovascular risk factors 
like neutrophil-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, albumin, and total cholesterol, is a prognostic tool for 
cancer patients. The team above also found that NS is independently linked to long-term mortality in ST-segment elevation 
MI (STEMI) patients receiving PCI.6 Importantly, Zhao et al found that the addition of monocyte-, lymphocyte-, and 
eosinophil counts increased the prognostic value of the SYNTAX II score for death.

Prognosis of patients with ACS undergoing PCI is always a key point of the clinical attention. Most prognostic 
studies have focused on total WBC, neutrophils, monocytes, and lymphocytes; however, few researches pay attention to 
the predictive value of eosinophils in ACS patients. We aimed to investigate the association between the absolute 
eosinophil count (AEC) on admission and MACCEs in ACS patients who receiving PCI, and to determine whether the 
addition of AEC could improve prognostic models based on the SYNTAX II score. We hope the results may benefit 
clinicians on assessments and treatments for patients.

Methods
Design of Study Methods
This study represented a retrospective analysis affiliated to a prospective observational study. Its primary objective was to 
ascertain the prognostic significance of novel risk factors and the improved Logistic Clinical SYNTAX Score for major 
adverse cardiovascular events in patients with ACS receiving PCI, from June 2016 to November 2017, who were 
enrolled at our CV center. ACS, categorized into unstable angina (UA), non-ST-segment elevation MI (NSTEMI), and 
ST-segment elevation MI (STEMI), was diagnosed based on current guidelines. According to the exclusion criteria, 
patients with history of malignant tumor, history of rheumatic disease, prior coronary artery bypass grafting (CABG), 
infectious disease, and miss of follow-up data (four persons in total) are excluded in our study. The final analysis was 
conducted on 1711 patients in total. Details can be found in the flow chart of patients (Figure 1). This study was carried 
out according to the Declaration of Helsinki and obtained approval of the Ethics Committee of Beijing Anzhen Hospital, 
Capital Medical University (IRB number: 2016034x). In view of the retrospective feature of this study, we waived the 
informed consent.

Endpoints and Follow-Up
The primary endpoint was MACCEs, which was defined as a composite of cardiovascular death, non-fatal MI, and non- 
fatal stroke. All outcome data have been meticulously collected since the procedure of angiography. The in-hospital 
information was acquired by reviewing medical records, and long-term clinical outcomes were obtained through surveys 
with telephone follow-up or medical visits. All unfavorable events, after carefully checked and confirmed, were recorded 
by a group of specific clinical physicians. The training of investigators, use of blinded questionnaires, and telephone 
recording were implemented to ensure the quality of data.

Patient Data
As soon as patients were admitted, demographic data, medical and medication history, and physical examination were 
recorded using a standard questionnaire. Cardiovascular risk factors, such as age, sex, body mass index, smoking habits, 
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hyperlipidemia, arterial hypertension, diabetes mellitus, history of MI, history of coronary revascularization, and history 
of cerebrovascular events, were recorded in detail. The data were checked on the day the patient was discharged.

Laboratory Parameters and Measurements
Once patients were admitted after receiving PCI, a complete set of routine laboratory investigations were performed at 
the central laboratory of Beijing Anzhen Hospital, including whole blood cell test, high-sensitivity C-reactive protein (hs- 
CRP), global coagulation tests, glycosylated hemoglobin A1c, serum creatinine, plasma triglycerides, low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and total cholesterol (TC). Blood samples 
were post-operative, obtained in all patients upon back to the unit, and were analyzed no more than 1 hour. Differential 
WBC counts are calculated in G/L (109/L). Reference values in our laboratory are 3.5 to 9.5 G/L for leukocytes, 1.8 to 
6.3 G/L for neutrophils, 1.1 to 3.2 G/L for lymphocytes, 0.1 to 0.6 G/L for monocytes, 0.02 to 0.52 G/L for eosinophils, 
and 0.0 to 0.06 G/L for basophils. AEC was calculated as absolute eosinophil count (×109/L). Calculation formula for 
body mass index (BMI) was body weight in kilograms divided by the square of body height in meters (kg/m2). Patients 
were diagnosed as hypertension when the blood pressure ≥140/90 mmHg and/or receiving anti-hypertensive medications. 
Diabetes was diagnosed as fasting plasma glucose (FPG) ≥ 7.0 mmol/L, 2-h plasma glucose of 75-g oral glucose 
tolerance test ≥11.1 mmol/l, previous diagnosis of diabetes and/or chronic hypoglycemic drug-usage. Patients with 
triglycerides > 1.69 mmol/l, LDL-C > 3.36 mmol/l, HDL-C < 1.03 mmol/l, total cholesterol > 5.17 mmol/l and/or history 
use of hypolipidemic drugs were defined as dyslipidemia. Patients with a prior history of ischemic stroke or transient 
ischemic attack were considered to have cerebrovascular accident (CVA). Cardiac failure was diagnosed in patients with 
symptoms related to congestive heart failure (CHF), or objective indicators of reduced ejection fraction (LVEF < 40%). 
Criteria for peripheral artery disease (PAD) was vascular diseases related to the aorta and arteries other than coronaries, 
with the company of exercise-related intermittent claudication, reduced or absent pulsation, angiographic stenosis of 
more than 50%, revascularization surgery or combinations of all these factors. The SYNTAX (Synergy between PCI with 
TAXUS and Cardiac Surgery) score was worked out using a calculator (https://syntaxscore.org) for each subject by 
a group of researchers blinded to the clinical data.

Figure 1 Flow chart. 
Abbreviations: ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; CABG, Coronary Artery Bypass Grafting; MACCEs, major adverse cardiovas-
cular and cerebrovascular events; AEC, absolute eosinophil count.
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Statistical Analyses
The subjects were categorized into three groups according to tertiles of AEC on admission (T1: ≤ 0.08; T2: 0.08–0.14; 
T3:>0.14). Continuous variables were presented as the mean ± standard deviation or the median and interquartile range 
(IQR) when consistent with a normal or non-normal distribution. Categorical variables were expressed as numbers and 
percentages. The t-test or Mann–Whitney U-test was used properly for continuous variables between two groups. To 
analyse differences among three groups, the ANOVA or the Kruskal–Wallis H-test was applied to continuous variables. 
The Pearson Chi-squared test (χ2 test) or Fisher’s exact test was used for categorical variables. Kaplan–Meier methods 
were implemented to obtain the cumulative events at follow-up and to plot time-to-event curves stratified by AEC 
tertiles, and then the Log rank test was used to compare differences among groups. Also, Cox proportional hazards 
regression analysis was performed to estimate the hazard ratios (HRs) and their 95% confidence intervals (CIs) for 
occurrence of the primary endpoint. The AEC was analyzed in two ways: (1) as a continuous variable; (2) as 
a categorical variable. Factors with clinical importance and statistical significance in univariate analysis were included 
in the multivariate analysis. Finally, 13 variables were included in the final multivariate regression model, including 
AEC, age, sex, hypertension, smoking status, diabetes, cardiac failure, prior PCI, previous MI, peripheral artery disease, 
SYNTAX I score, hs-CRP, and complete revascularization. We conducted a likelihood ratio test to explore interaction 
and tested the proportional hazard assumption by demonstrating no importance of variables multiplied by time as time- 
dependent variables. To visually demonstrate the association between the AEC index and the occurrence of the primary 
endpoint event before and after adjusting for multiple factors, we utilized GraphPad Prism (version Prism 8.0.2) to create 
histograms showing the HR and 95% confidence intervals for the three groups respectively, with the first group serving as 
the control. Finally, we drawn receiver operating characteristic (ROC) plots to determine cut-off values of AEC for 
predicting the occurrence of the primary endpoint. Area under the curve (AUC) analysis was used to evaluate the 
prediction of MACCEs. The DeLong test was used to evaluate the prediction of the primary endpoint with the SYNTAX 
II score alone or combined with the AEC.

A P value < 0.05 was deemed to be statistically meaningful. Statistical analysis was carried out using SPSS version 
25.0 software (IBM Corporation, Chicago, IL), and R software (version 4.2.2, R Foundation for Statistical Computing, 
Beijing, China).

Results
Of the 1711 patients included, the mean age was 60 ± 10 years, and 76.8% of patients were male (n = 1314). The baseline 
clinical and laboratory characteristics of the study patients according to the AEC tertiles are presented in Table 1. Higher 
AEC tertiles were associated with higher levels of BMI, hs-CRP, leukocyte, glycosylated hemoglobin A1c, FPG, 
creatinine and triglycerides, but lower HDL-C levels. The proportion of male patients and current smokers prominently 
increased with the increase in the AEC tertiles. In terms of comorbidities, the study analyzed factors such as family 
history of CAD, hypertension, DM, dyslipidaemia, past PCI, previous MI, previous CVA, PAD, and cardiac failure. 
Through statistical analysis, it was found that patients with dyslipidaemia and those with previous MI showed 
a significant increase with the elevation of AEC tertiles (Table 1). In terms of ACS subtypes, we did not find any 
difference (Table 1). Discharge medications, angiographic findings and procedural results of the study patients according 
to the AEC tertiles are listed in Table 2. Information about antiplatelet therapy can be found in Table 2. Since only 8 
people in the whole subjects were treated with rivaroxaban and anticoagulant was not statistically significant, antic-
oagulant therapy were not list. Medications at discharge across the three groups were similar. Patients with higher AEC 
tertiles had higher SYNTAX I score.

The median follow-up duration was 31 months (IQR, 31–37 months). During the follow-up period, there were 44 
cases of all-cause death (37 cardiovascular death), 24 non-fatal strokes and 49 non-fatal MIs. Accordingly, 101 patients 
(5.9%) underwent at least one primary endpoint event. Compared with patients in T1, patients in the higher tertiles had 
significantly higher incidence of MACCEs (8.5% vs 4.7% vs 4.7% in T3, T2 and T1 group respectively, P = 0.008) 
(Table 3). There was a significant difference in non-fatal stroke (2.7% vs 1.7% vs 0.3, p = 0.008); however, there were no 
differences in all-cause death, cardiovascular death, and non-fatal MI.
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Kaplan–Meier survival analysis was shown in Figure 2. The cumulative incidence of the primary endpoint exhibited 
an escalation with escalating AEC tertiles (Log rank test, P = 0.008). The discrepancy observed in the cumulative 
incidence of the MACCEs was primarily propelled by an escalation in non-fatal stroke incidents (Log rank test, P = 
0.008).

After adjusting for confounding factors by using multivariate Cox analysis, AEC was an independent risk factor of 
MACCEs, either as a categorical or a continuous variable. Compared with those in the lowest AEC tertile (T1), patients 
in the higher tertiles had incrementally higher risk of MACCEs (T2: HR 0.995, 95% CI: 0.582–1.703; T3: HR 1.848 95% 
CI: 1.157–2.952; P for trend = 0.008). (Table 4, Figure 3). Also, when considering AEC as a continuous variable, AEC 

Table 1 Baseline Clinical and Laboratory Characteristics of the Study Patients According to the AEC Tertiles

Variable Tertile1  
(AEC≤0.08)

Tertile2  
(AEC 0.08–0.14)

Tertile3  
(AEC>0.14)

P value

N=633 N=537 N=541

Demographics
Age (y) 60.0±9.9 59.8±10.1 59.5±11.3 0.690
Male sex, n (%) 457(72.2) 413(76.9) 444(82.1) <0.001

BMI (kg/m2) 25.3±3.0 25.7±2.9 26.2±3.3 <0.001

Medical measurements (on admission)
SBP (mm Hg) 130(120–140) 130(120–140) 130(120–140) 0.194

DBP (mm Hg) 76(70–80) 76(70–82) 76(70–83) 0.566

Risk factors
Current smoking, n (%) 228(36.0) 250(46.6) 278(51.4) <0.001

Family history of CAD, n (%) 208(32.7%) 165(30.7%) 174(32.1%) 0.767

Hypertension, n (%) 397(62.7) 337(62.8) 354(65.4) 0.559
DM, n (%) 285(45) 243(45.3) 259(47.9) 0.569

Dyslipidaemia, n (%) 485(76.6) 428(79.7) 456(84.3) 0.005

Past PCI, n (%) 208(32.9) 165(30.7) 174(32.2) 0.733
Previous MI, n (%) 101(16.0) 106(19.7) 120(22.2) 0.023

Previous CVA, n (%) 35(5.5) 41(7.6) 23(4.3) 0.056

PAD, n (%) 61(9.6) 52(9.7) 63(11.6) 0.453
Cardiac failure, n (%) 43(6.8) 35(6.5) 41(7.6) 0.775

LVEF (%) 65(60–68) 64(60–68) 64(59–68) 0.771

ACS subtypes 0.324
UA, n (%) 474(74.9) 405(75.4) 392(72.5) 0.491

NSTEMI, n (%) 87(13.7) 58(10.8) 74(13.7) 0.246

STEMI, n (%) 72(11.4) 74(13.8) 75(13.9) 0.345
Biochemical parameters

hs-CRP (mg/L) 1.21(0.53–3.12) 1.32(0.66–3.15) 1.67(0.75–4.67) <0.001
WBC (109/L) 5.92(5.12–7.13) 6.11(5.33–7.25) 6.92(5.89–7.97) <0.001

Eosinophils (109/L) 0.06(0.04–0.07) 0.11(0.10–0.12) 0.20(0.17–0.26) <0.001

Total cholesterol (mmol/L) 4.21±1.02 4.09±0.95 4.13±1.00 0.103
LDL-C (mmol/L) 2.35(1.85–3.06) 2.30(1.84–2.83) 2.34(1.83–2.97) 0.097

HDL-C (mmol/L) 1.05(0.90–1.23) 0.98(0.85–1.15) 0.96(0.84–1.10) <0.001

Triglycerides (mmol/L) 1.32(0.93–1.82) 1.51(1.09–2.16) 1.57(1.04–2.29) <0.001
Glycosylated hemoglobin A1c (%) 6.10(5.60–7.20) 6.00(5.60–6.90) 6.20(5.60–7.30) 0.049

FPG (mmol/L) 5.89(5.27–7.10) 5.73(5.22–6.68) 5.78(5.16–7.12) 0.045

Creatinine (μmol/L) 70.76±14.28 71.55±13.45 73.96±17.72 0.001

Abbreviations: AEC, absolute eosinophil count; ACS: Acute coronary syndrome; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
CAD, coronary artery disease; DM, Diabetes Mellitus; PCI, percutaneous coronary intervention; MI, myocardial infarction; CVA, cerebrovascular accident; PAD, 
peripheral artery disease; LVEF, left ventricular ejection fraction; UA, unstable angina; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment 
elevation myocardial infarction; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; FPG, fasting plasma glucose.
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was significantly associated with an increased risk of MACCEs (HR of 11.555, 95% CI: 3.318–40.239, P < 0.001). 
(Supplementary Table 1).

In addition, considering the potential impacts of comorbidities, medications and ACS subtypes, we further analyzed 
the association between these factors and the occurrence of MACCEs (Table 5). Table 5 demonstrated that Aspirin was 
a protective factor for MACCEs, while past PCI, previous MI, PAD, cardiac failure, ACEI/ARB, and NSTEMI were risk 
factors for MACCEs. Considering the impact of surgical procedures on clinical outcomes, we further analyzed the 

Table 2 Discharge Medications, Angiographic Findings and Procedural Results of the Study Patients According to the 
AEC Index Tertiles

Variable Tertile1  
(AEC≤0.08)

Tertile2  
(AEC 0.08–0.14)

Tertile3  
(AEC>0.14)

P value

N=633 N=537 N=541

Medications at discharge
Aspirin, n (%) 627(99.1) 531(98.9) 537(99.3) 0.812

P2Y12 inhibitors, n (%) 633(100.0) 537(100.0) 541(100.0) –

Statins, n (%) 633(100.0) 537(100.0) 541(100.0) –
ACEI/ARB, n (%) 318(50.2) 256(47.7) 252(46.6) 0.433

β-blockers, n (%) 428(67.6) 380(70.8) 394(72.8) 0.143

Angiographic findings
LM/three-vessel disease, n (%) 27(4.3) 24(4.5) 28(5.2) 0.745

Proximal LAD stenosis, n (%) 323(51.0) 266(49.5) 268(49.5) 0.838

Restenotic lesions, n (%) 64(10.1) 56(10.4) 79(14.6) 0.033
Chronic total occlusions, n (%) 134(21.2) 115(21.4) 116(21.4) 0.992

Trifurcation or bifurcation lesions, n (%) 479(75.7) 415(77.3) 399(73.8) 0.402

Heavy calcification lesions, n (%) 173(27.3) 142(26.4) 149(27.5) 0.911
Lesions > 20mm long, n (%) 343(54.2) 277(51.6) 276(51.0) 0.505

SYNTAX I score 20.69±10.38 20.99±11.48 22.06±11.05 0.085

SYNTAX I score>22 258(40.6%) 204(38.0%) 251(46.3%) 0.017
SYNTAX II score 26.71±8.97 26.09±9.20 26.53±9.35 0.502

Procedural results
Target vessel territory
LM, n (%) 16(2.5) 17(3.2) 23(4.3) 0.251

LAD, n (%) 144(22.7) 112(20.9) 139(25.7) 0.164

LCX, n (%) 77(12.2) 79(14.7) 68(12.6) 0.397
RCA, n (%) 116(18.3) 96(17.9) 108(20.0) 0.649

DES use, n (%) 512(80.9) 452(84.2) 441(81.5) 0.312
BRS use, n (%) 36(5.7) 27(5.0) 34(6.3) 0.671

DCB use, n (%) 33(5.2) 24(4.5) 25(4.6) 0.817

Complete revascularization, n (%) 397(62.7) 329(61.3) 323(59.7) 0.572

Abbreviations: AEC, absolute eosinophil count; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LM, left main 
coronary artery; LAD, left anterior descending branch; SYNTAX, synergy between percutaneous coronary intervention with taxus and cardiac 
surgery; LCX, left circumflex branch; RCA, right coronary artery; DES, drug-eluting stent; BRS, bioresorbable scaffold; DCB, drug coating balloon.

Table 3 Adverse Cardiovascular Events According to AEC Tertiles During Follow-Up

Tertile1  
(AEC≤0.08, n=633)

Tertile2  
(AEC 0.08–0.14, n=537)

Tertile3  
(AEC>0.14, n=541)

P value

MACCEs, n (%) 30(4.7) 25(4.7) 46(8.5) 0.008

Cardiovascular death, n (%) 11(1.7) 8(1.5) 18(3.3) 0.075

Non-fatal MI, n (%) 21(3.3) 9(1.7) 19(3.5) 0.133
Non-fatal stroke, n (%) 2(0.3) 9(1.7) 13(2.4) 0.008

Abbreviations: AEC, absolute eosinophil count; MACCEs, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction.
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relationship between PCI access routes and MACCEs events. In this study, the majority of patients underwent PCI 
through the radial artery route, with a total of 1684 cases and a MACCEs event rate of 5.8% (98/1684). The femoral 
artery route was used in 25 cases, with a MACCEs event rate of 8.0% (2/25). Two patients underwent PCI through both 
the radial and femoral artery routes, with a MACCEs event rate of 50.0% (1/2). (P = 0.645, Supplementary Table 2).

To assess whether the combination of AEC with the SYNTAX II score could improve the predictive value, we 
evaluated the model performance after the addition of AEC to the SYNTAX II score. After combining the AEC with the 
SYNTAX II score, the AUC was improved from 0.701 (95% CI:0.646–0.756) to 0.728 (95% CI:0.677–0.780) (DeLong’s 
test, P = 0.020). (Figure 4).

Discussion
In the present study, we demonstrated that high AEC can be an independent risk factor for MACCEs in patients with 
ACS undergoing PCI. Moreover, the inclusion of AEC enhanced the predictive utility of the SYNTAX II score for 
MACCEs.

Eosinophils are generally thought to play a vital role primarily in allergic reactions and host defense against parasites, 
indicating allergic inflammation, but in recent studies, eosinophils have been shown to be closely related to cardiovas-
cular diseases,7,8 such as coronary thrombosis9 and coronary artery spasm.10 Of note, eosinophils were demonstrated to 
be related to stroke and found to be more numerous in patients with stroke compared to those with MI.11 In the study 
conducted by Novotny J. et al, the composition of thrombi, especially the varying abundances of leukocyte subsets, 
differed markedly between patients with acute ischemic stroke and those with MI. Additionally, the presence and quantity 
of neutrophil extracellular traps were strongly linked to the clinical outcomes of the patients, suggesting a significant 

Figure 2 The AEC index and risk: Kaplan–Meier curves for the incidences of the primary endpoint (a), cardiovascular death (b), non-fatal stroke (c), non-fatal myocardial 
infarction (d) among the 3 study groups based on the AEC index tertiles.
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influence of these traps on thrombus dynamics in both conditions.11 This may provide some histological basis for the 
results of this study.

In the perspective of relevance to emerging cardiovascular diseases (CVD), it has been reported that individuals with 
high eosinophils at baseline are more likely to develop CVD during follow-up than those with low eosinophils.12 The 
absolute eosinophil count (AEC) increased after acute MI.13 Sequence variants affecting eosinophil numbers were also 
associated with risk of MI.14

In terms of clinical prognosis, AEC may be an accurate and independent predictor of CAD severity15 and adverse 
cardiovascular events. The study of Zhao et al showed that increased eosinophils were associated with poor long-term 
prognosis of coronary heart disease.4 Toor et al reported that higher eosinophil count initially triggered reduced mortality 
after PCI, but things overturn after 6 months.3 Although studies have proposed eosinophil count and eosinophil to white 
blood cell ratio as refreshing biomarkers for risk stratification in patients with coronary artery disease,16 the specific 
association of eosinophils with atherosclerosis and adverse cardiovascular events is not fully understood. From our data 
analysis, increased AEC was related to increased incidence of MACCEs among patients with ACS undergoing PCI.

Comorbidities, medications and ACS subtypes may have potential impacts on MACCEs and protective or risk factors 
can be found in Table 5. However, upon examining the Tables 1–2, we observed that only previous MI showed 
significant differences among the three AEC tertiles. Therefore, despite the potential impact of these factors on the 
outcome events, our multi-factor adjusted Cox analysis had largely minimized their biasing effects on the results. 
Furthermore, the surgical access route (radial artery/femoral artery) and the skill of doctors may affect clinical outcomes. 
A study conducted by Zabojszcz M et al examined the relationship between the surgical experience of doctors and the 
mortality rate of patients receiving PCI treatment.17 The study found that when doctors performed a higher volume of 
surgeries, the perioperative mortality rate of patients was lower. Our center, being a top-tier chest pain diagnosis and 
treatment center in China with surgical volumes ranking at the forefront, conducted this study on patients operated by 
equally experienced doctors, minimizing the influence of experience on surgical outcomes. Both radial artery and femoral 
artery approaches were used, with the majority of patients undergoing PCI through the radial artery route. However, there 
was no difference between the groups (Supplementary Table 2). In addition, standardized diagnosis and treatment 

Table 4 Relationship Between the Incidence of the Primary Endpoint and the AEC Index Expressed as 
a Categorical Variable

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P-value HR 95% CI P-value

AEC tertiles
T1 Reference 0.010 Reference 0.008

T2 0.979 0.576–1.664 0.936 0.995 0.582–1.703 0.986

T3 1.818 1.148–2.880 0.011 1.848 1.157–2.952 0.010
Age(yr) 1.045 1.024–1.066 <0.001 1.008 0.987–1.029 0.469

Male sex, n (%) 0.817 0.526–1.269 0.368 0.906 0.520–1.576 0.726

Hypertension 1.367 0.892–2.095 0.151 1.075 0.684–1.691 0.753
Never smokers, n (%) 1.469 0.995–2.170 0.053 1.738 1.067–2.829 0.026

DM 1.312 0.888–1.939 0.173 0.769 0.504–1.173 0.222

Cardiac failure, n (%) 5.318 3.422–8.264 <0.001 4.400 2.656–7.289 <0.001
Past PCI, n (%) 2.007 1.324–3.042 0.001 2.161 1.296–3.605 0.003

Previous MI, n (%) 1.642 1.062–2.538 0.026 0.708 0.414–1.209 0.206

PAD, n (%) 5.348 3.558–8.038 <0.001 3.984 2.526–6.283 <0.001
SYNTAX score 1.030 1.013–1.047 <0.001 1.000 0.979–1.021 0.982

hs-CRP (mg/L) 1.046 1.021–1.071 <0.001 1.048 1.019–1.077 0.001

Complete revascularization, n (%) 0.437 0.294–0.649 <0.001 0.501 0.320–0.784 0.002

Abbreviations: AEC, absolute eosinophil count; DM, diabetes mellitus; PCI, percutaneous coronary intervention; MI, myocardial infarction; 
PAD, peripheral artery disease; SYNTAX, synergy between percutaneous coronary intervention with taxus and cardiac surgery; hs-CRP, 
high-sensitivity C-reactive protein.
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procedures are followed for all patients, thus limiting the impact of interventional time, complications and recovery post- 
PCI on the primary endpoint in ACS patients, apart from individual variations.

One theory is that eosinophils can store and release tissue factors and proteins that generate reactive oxygen species, 
including eosinophil cationic protein (ECP), cationic proteins major basic protein (MBP), eosinophil peroxidase (EPX) 
and eosinophil neurotoxin, which cause endothelial injury, inflammation and platelet activation.18,19 Eosinophil degra-
nulation products are of cytotoxicity and tend to damage and activate endothelial cells.20 Eosinophils are involved in 
acute coronary events by releasing eosinophilic mediators that trigger atherosclerosis and promote coronary plaque 
progression and rupture.21,22

Virmani et al published a report of a patient who developed local hypersensitivity to a sirolimus-eluting stent, 
suggesting that hypersensitivity resulted in thrombosis.23 Some studies investigated the inflammatory response and 
inflammatory cell infiltration after stent implantation, suggesting that allergy-mediated inflammation may be related to 
drug-eluting stent (DES) restenosis and thrombosis formation.24–26 Giampaolo Niccoli1 et al further demonstrated that 

Figure 3 Risk of cardiovascular death, non-fatal stroke or non-fatal myocardial infarction, according to tertiles of the AEC index. Error bars indicate 95% confidence 
intervals. The first tertile is the reference. (a) Univariate relationship. (b) Relationship adjusted for age, sex, SYNTAX II score, hs-CRP, never smoking, hypertension, 
diabetes, presence of cardiac failure, PAD, past PCI, previous MI and complete revascularization.
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enhanced baseline eosinophil activation was a predictor of MACCEs after DES stenting.27 Our study showed that the 
higher the baseline AEC level, the higher the proportion of patients found with restenotic lesions which suggested the 
association between eosinophils mediated inflammation and restenosis did exist.

The SYNTAX I score reflects the severity and complexity of coronary artery disease, provides risk stratification for 
patients and benefits preliminary choices of surgical methods28,29 according to clinical guidelines.30 Previous studies 
have shown the SYNTAX I score is an independent predictor of MACCEs in patients undergoing PCI. The SYNTAX II 
score adds clinical variables on top of the SYNTAX I score, allowing for a more comprehensive and personalized 
assessment of patients.31,32 Therefore, the SYNTAX II score has a broader clinical application scope. For example, 
research has found that it is a simple and feasible rapid risk stratification tool for patients with STEMI complicated by 
cardiogenic shock undergoing PPCI treatment, demonstrating its initial clinical value.33 Of course, more research is 
needed to further explore and enhance its clinical predictive ability. Since eosinophils were an independent predictor of 
MACCEs in our study, we combined eosinophils with the SYNTAX II score and our study proved this combination could 
optimize the predictive value for MACCEs in ACS patients undergoing PCI. The new model may further help clinical 
decision making.

In addition, we also focused on other relevant researches on coronary heart disease prediction models. The 
Intermountain Risk Score (IMRS), is composed of inexpensive and widespread laboratory variables and is obtained 
using a simple formula.34 We found that the IMRS has been regarded as an important laboratory parameter for patients 
with coronary artery disease. Çınar T et al had explored the IMRS. The team confirmed that the IMRS can predict short- 
and long-term prognosis of patients with STEMI. Further, the IMRS’ predictive value for overall mortality was non- 
inferior compared with Thrombolysis in Myocardial Infarction (TIMI) and Global Registry of Acute Coronary Events 

Table 5 Relationship Between the Incidence of the Primary Endpoint and 
Comorbidities, Medicines and ACS Subtypes

Variables Univariate Analysis

HR 95% CI P-value

Comorbidities
Family history of CAD 1.289 0.862–1.928 0.216

Hypertension 1.367 0.892–2.095 0.151

DM 1.312 0.888–1.939 0.173
Dyslipidaemia 1.353 0.793–2.308 0.268

Past PCI 2.007 1.324–3.042 0.001

Previous MI 1.642 1.062–2.538 0.026
Previous CVA 1.221 0.566–2.631 0.611

PAD 5.348 3.558–8.038 <0.001

Cardiac failure 5.318 3.422–8.264 <0.001
Medications at discharge
Aspirin 0.089 0.043–0.182 <0.001

P2Y12 inhibitors - - -
Stains - - -

ACEI/ARB 2.476 1.622–3.780 <0.001

β-blockers 0.906 0.596–1.378 0.645
NOAC 2.108 0.294–15.115 0.458

ACS subtypes
UA 0.701 0.463–1.063 0.094
NSTEMI 1.856 1.148–3.001 0.012

STEMI 0.902 0.494–1.648 0.738

Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; PCI, percutaneous coronary 
intervention; MI, myocardial infarction; CVA, cerebrovascular accident; PAD, peripheral artery dis-
ease; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NOAC, 
novel oral anticoagulants; ACS: Acute coronary syndrome; UA, unstable angina; NSTEMI, non-ST- 
segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial infarction.
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(GRACE) scores.35 Also, IMRS can predict both short- and long-term mortality in individuals with STEMI accompanied 
by cardiogenic shock.36 In our article, we demonstrated the predictive role of AEC in the prognosis of ACS patients 
receiving PCI treatment, and improved the predictive performance of the SYNTAX II score by incorporating AEC. Given 
this, we also speculate that the inclusion of AEC may further enhance the predictive performance of other scoring 
systems.

Limitations
Our study has several important limitations. First, this is an observational study conducted at a single center, therefore the 
effect of unmeasured and undiscovered confounding variables cannot be ruled out. Second, this study only included 
Chinese patients, and whether the results can be extrapolated to other ethnic groups needs further study. Third, changes in 
eosinophil counts, eosinophil derived proteins, or eosinophil chemokines after PCI modulate the inflammatory response 
after acute cardiac events, which may lead to serious complications, such as stent thrombosis. However, we did not assess 
these parameters, and in the future work, we should consider analyzing eosinophil-related substances, differential 
leukocyte counts and their derivatives. Fourthly, due to the retrospective nature of this study and the diagnostic protocol 
for ACS events, it cannot be guaranteed that all patients had blood samples taken both before and after PCI. Fifthly, this 
study is unable to discuss the impact of perioperative complications on the outcomes. Before PCI was performed on all 

Figure 4 ROC analysis showing the cut-off values of AEC (A), SYNTAX II score (B) and the adjustment of SYNTAX II Score by AEC (C) to predict the primary endpoint. 
The primary endpoint was defined as a composite of cardiovascular death, no-fatal MI or stroke, and the individual components of them. 
Abbreviations: ROC, receiver operating curve; AEC, absolute eosinophil count; AUC, area under the curve; MI, myocardial infarction.
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patients diagnosed with ACS, patients with surgical contraindications were excluded. The average hospital stay was 3–5 
days, and during this period, no cases of coronary artery perforation (CAP) or any other complications, such as bleeding 
or stroke, occurred from the postoperative stage until discharge, limiting further exploration of perioperative complica-
tions in this study. This limitation is worth noting. Finally, eosinophils were only measured at admission, but were not 
collected at discharge or during follow-up.

Conclusions
High AEC on admission was significantly associated with an increased risk of MACCEs in patients with ACS under-
going PCI, implying the critical role of the AEC in the risk stratification. The introduction of AEC considerably 
augmented the predictive proficiency of the SYNTAX II score for MACCEs. Larger prospective studies are needed to 
confirm our findings.

Abbreviations
AEC, absolute eosinophil count; ACS, Acute coronary syndrome; ACEI, angiotensin converting enzyme inhibitor; ARB, 
angiotensin II receptor blocker; BMI, body mass index; BMS, bare-metal stent; BRS, bioresorbable scaffold; CAD, 
coronary artery disease; CV, cardiovascular; CABG, Coronary Artery Bypass Grafting; CHF, congestive heart failure; 
CVA, cerebrovascular accident; CI, confidence interval; CKD, chronic kidney disease; cNRI, continuous net reclassifica-
tion improvement; CAP, coronary artery perforation; DBP, diastolic blood pressure; DM, diabetes mellitus; DES, drug- 
eluting stent; DCB, drug coating balloon; ECP, eosinophil cationic protein; EPX, eosinophil peroxidase; EET, eosinophil 
extracellular traps; FPG, fasting plasma glucose; GRACE, Global Registry of Acute Coronary Events; HR, Hazard ratio; 
HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HDL, high-density lipoprotein; HDL-C, high- 
density lipoprotein-cholesterol; hs-CRP, high-sensitivity C-reactive protein; IDI, integrated discrimination improvement; 
IQR, Interquartile range; ICDs, intracardiac defibrillators; IMRS, Intermountain Risk Score; LDL-C, low-density 
lipoprotein-cholesterol; LVEF, left ventricular ejection fraction; LM, left main coronary artery; LAD, left anterior 
descending branch; LCX, left circumflex branch; MACCEs, major adverse cardiovascular and cerebrovascular events; 
MI, myocardial infarction; MBP, major basic protein; NSTEMI, non-ST-segment elevation myocardial infarction; NS, 
Naples score; NLR, neutrophil to lymphocyte ratio; NOAC, novel oral anticoagulants; PAD, peripheral artery disease; 
PCI, percutaneous coronary intervention; RCA, right coronary artery; ROC, Receiver operating characteristic; SBP, 
systolic blood pressure; SD, standard deviation; SYNTAX, synergy between percutaneous coronary intervention with 
taxus and cardiac surgery; STEMI, ST-segment elevation myocardial infarction; SII, systemic immune-inflammation 
index; TVD, three-vessel lesion; TC, total cholesterol; T2DM, Type 2 diabetes mellitus; TIMI, Thrombolysis in 
Myocardial Infarction; UA, unstable angina; WBC, white blood cell.
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