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Abstract

Abstract: The aggregate index of systemic inflammation (AISI), systemic inflammation response index (SIRI),
and neutrophil-to-lymphocyte*platelet ratio (NLRP) are novel indices that simultaneously reflect the inflam-
matory and immune status. However, the role of these indices in acute coronary syndrome (ACS) patients
undergoing percutaneous coronary intervention (PCl) remains unclear. We aimed to elucidate the predic-
tive value of AISI, SIRI, and NLRP in patients with ACS undergoing PCI. A total of 1558 patients with
ACS undergoing PCl were consecutively enrolled from January 2016 to December 2018. The AISI, SIRI,
NLRP, systemic immune-inflammatory index, derived neutrophil-to-lymphocyte ratio, neutrophil-to-lym-
phocyte ratio, platelet-to-lymphocyte ratio, and monocyte-to-lymphocyte ratio cutoff values for predicting
major adverse cardiovascular events (MACE) were calculated using receiver-operating characteristic curves,
and Spearman’s test was used to analyze correlations between these indices. Kaplan-Meier curves and Cox
regression models were used for survival analyses, and the endpoint was a MACE, which included all-cause
mortality and rehospitalization for severe heart failure during the follow-up period. The Kaplan—-Meier curves
showed that higher AISI, SIRI, and NLRP values were associated with a higher risk of MACE (all P<.001). The
association between AISI, SIRI, and NLRP and ACS prognosis was stable in various subgroups according to
sex, age, smoking, dyslipidemia, hypertension, diabetes mellitus, history of stroke, and heart failure (P for
interaction > .05). Increasing tertiles of AlSI, SIRI, and NLRP significantly increased the MACE risk (P for
trend < .05). AISI, SIRI, and NLRP may be suitable laboratory markers for identifying high-risk patients
with ACS after PCI.
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risk assessment is particularly important in improving their
prognosis.”

ACS mostly arises from the rupture or erosion of vulnerable
atherosclerotic plaque.’ Inflammation plays an important role in
the formation and development of atherosclerosis.®’
Inflammatory responses are mainly reflected in changes in
inflammatory cells and peripheral blood factors. As a reflection
of inflammation level, the peripheral blood inflammatory cell
count and its derived indicators have been widely used in clin-
ical practice.® A complete blood cell (CBC) count provides
information on the number and morphology of various cells
(ie, neutrophil, monocyte, platelet, and lymphocyte counts)
and is inexpensive and readily available.® Recently published
studies have demonstrated that many combined ratios of CBC
parameters, such as systemic immune-inflammatory index
(SII), derived neutrophil-to-lymphocyte ratio (dNLR),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), could
be useful prognostic markers in ACS patients undergoing
PCL'*!'"!" Furthermore, as more complicated and newly men-
tioned inflammatory markers, the aggregate index of systemic
inflammation (AISI), systemic inflammation response index
(SIRI), and neutrophil-to-lymphocyte*platelet ratio (NLRP)
have only been proposed simultaneously as biomarkers for pre-
dicting mortality in COVID-19 patients.>'*'* However, no
studies have investigated the prognostic capacity of these 3
novel indices for ACS prognosis. We hypothesized that AISI,
SIRI, and NLPR could also reflect the prognosis of patients
with ACS as novel indicators of blood inflammatory cell
counts. Therefore, the objective of this study was to analyze
the association of AISI, SIRI, and NLPR with prognosis in
ACS patients undergoing PCI and to compare the potential pre-
dictive value of AISI, SIRI, and NLPR indices with that of SII,
dNLR, NLR, PLR, and MLR for prognosis of ACS patients. In
addition, we performed a subgroup analysis (sex, age, smoking,
dyslipidemia, hypertension, diabetes mellitus, history of stroke,
and heart failure [HF]) to enhance the reliability of our
conclusions.

Materials and Methods

Study Population

In total, 1773 patients with ACS who underwent PCI were
consecutively enrolled in this prospective cohort study from
January 2016 to December 2018 at the Affiliated Hospital
of Chengde Medical University. The inclusion criteria were:
patients aged >40 years; those with ACS (clinical types:
unstable angina, non-ST elevation myocardial infarction
[NSTEMI], and ST-elevation myocardial infarction
[STEMI]); those with coronary arteriography showing
>50% stenosis in one or more of the left main, left anterior
descending, left circumflex, right coronary, or main branches;
and those who underwent PCI (complete revascularization)
for the first time. The exclusion criteria were as follows: cor-
onary artery spasm or other secondary causes of angina or

myocardial infarctions, infectious diseases, malignant
tumors, blood system diseases (eg, anemia and leukopenia),
severe heart diseases (eg, aortic dissection and hypertrophic
cardiomyopathy), severe systemic disease, systemic inflam-
matory disorders, glucocorticoid therapies within 2 months,
and chronic kidney disease (stage >3). This study was
approved by the Institutional Review Board of the
Affiliated Hospital of Chengde Medical University
(number: LL2021036), and written informed consent was
obtained from all participants.

Clinical Data Collection

Demographic and clinical characteristics, and information
regarding typical ACS clinical risk factors, such as diabetes,
hypertension, and dyslipidemia, were collected during hospi-
talization by postgraduate students. Hypertension was defined
as a systolic blood pressure >140 mm Hg (1 mm Hg=
0.133 kPa) and diastolic blood pressure >90 mm Hg at rest
or a previous hypertension diagnosis with antihypertensive
therapy.'* Diabetes mellitus was defined according to the fol-
lowing American Diabetes Association guidelines: glycated
hemoglobin >6.5%, fasting plasma glucose >126 mg/dL
(7.0 mmol/L), 2 h plasma glucose >200 mg/dL (11.1 mmol/
L) during an oral glucose tolerance test using 75 g of
glucose, classic hyperglycemia symptoms (eg, polyuria, poly-
dipsia, and weight loss), or hyperglycemic crisis with random
plasma glucose >200 mg/dL (11.1 mmol/L). In the absence
of unequivocal hyperglycemia, the first 3 criteria were con-
firmed by repeat testing.'” Dyslipidemia was defined as a
serum total cholesterol >5.18 mmol/L (200 mg/dL), high-
density lipoprotein cholesterol <1.04 mmol/L, low-density
lipoprotein  cholesterol ~ >3.37 mmol/L, triglycerides
>1.7 mmol/L, or a previous dyslipidemia diagnosis with a
prescribed medication.'® Experienced cardiologists per-
formed PCI using the Judkins technique with 6F right and
left heart catheters. Successful PCI was defined as residual
stenosis less than 30% and final thrombolysis in myocardial
infarction II or III flow in the treated artery. The angiographic
characteristics of all the patients were determined and
reported by the PCI team.

Laboratory Data

Fasting blood samples were collected within the first 24 h of
admission before PCI. White blood cell (WBC), platelet, neu-
trophil, and lymphocyte counts were assessed using an auto-
matic hematology analyzer (Sysmex XE-2100; Sysmex,
Kobe, Japan). The hematologic inflammatory markers were
calculated as follows: AISI= (neutrophil*platelet*monocyte)/
lymphocyte,  SIRI = (neutrophils*monocytes)/lymphocytes,
NLPR = neutrophil/(lymphocyte*platelet), SII = (neutrophil*-
platelet)/lymphocyte, dNLR = neutrophil/(WBC-neutrophil),
NLR =neutrophil/ lymphocyte, PLR = platelet/lymphocyte,
MLR = monocyte/lymphocyte.'>!"-'¥
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Follow-up and Study Endpoints

The study endpoint was a MACE, which included all-cause
mortality and re-hospitalization for severe heart failure during
the follow-up period. All-cause mortality was defined as
death from any cause. Severe heart failure was defined as
New York Heart Association (NYHA) Classification class IV.
Follow-up data were collected via a review of electronic
medical records and/or clinic visits at 1, 3, 6, and 12 months
and once a year thereafter. The reasons for loss to follow-up
included missing or changes in patient contact information,
population mobility, and withdrawal from the study. The
research team was uniformly trained using the same inclusion
criteria, measurement criteria, and follow-up protocols.

Statistical Analyses

Statistical analyses were performed using SPSS (version 26.0;
SPSS Inc., Chicago, IL, USA), R software (version 4.0.2; R
Foundation for Statistical Computing, Vienna, Austria), and
GraphPad Prism (version 8.0; GraphPad Software Inc., La Jolla,
CA, USA). The normality of continuous variables was determined
using the Kolmogorov—Smirnov test. Continuous variables without
a normal distribution were presented as medians (interquartile
range) and were compared using the Mann—Whitney U-test.
Categorical variables were presented as numbers (%) and compared
using the chi-square or Fisher’s exact test. Receiver-operating char-
acteristic (ROC) curves were used to calculate the cutoff values for
blood cell count-derived inflammation indices to predict MACE,
and the area under the curve (AUC) with 95% confidence interval
(95%CI), specificity, and sensitivity were also calculated to assess
the differentiating capability of AISI, SIRI, NLRP, SII, dNLR,
PLR, and MLR. The optimal cutoff value was determined as the
value corresponding to the maximum Youden index (sensitivity +
specificity — 1). Correlations between these inflammation indices
were analyzed using the Spearman’s rank correlation coefficient.
AISI, SIRI, and NLRP were comprehensively analyzed as
nominal and continuous variables, respectively. As continuous
variables, AISI, SIRI, and NLRP were standardized using
Z-scores (individual value-mean pqpulation)/(Standard deviation
population). Lhey were transformed into categorical variables
according to tertiles (T1-T3) for survival analysis. Differences
in survival outcomes were investigated using the log-rank test.
The “Kaplan—Meier survival” and “survminer” packages of R
software were used to estimate survival analysis according to
the Kaplan—Meier curve. Cox proportional hazards models were
used to identify the independent prognostic factors for MACE
using the enter method. Model 1 was a crude model, and adjust-
ments were made first for demographic factors, such as sex,
age>65 years, and BMI (model 2). Additional adjustments
were made for clinical factors (ie, smoking, dyslipidemia, hyper-
tension, diabetes mellitus, history of stroke, family history of
CAD, cardiogenic shock [CGS], HF, creatinine [Cr], left ventric-
ular ejection fraction [LVEF] <40%, and albumin [ALB] <40.72)
(model 3). Interaction terms were used to investigate whether the
association between these 3 novel indices and MACE differed,

and subgroups (sex, age, smoking, dyslipidemia, hypertension,
diabetes mellitus, history of stroke, and HF) were generated
among patients. The hazard ratio (HR) was determined based
on one standard deviation (1-SD) increases in AISI, SIRI, and
NLRP levels and different tertiles (T2 and T3, T1 as reference),
respectively. The “visreg” package of R software was used to
visualize the possible interactions. Statistical significance was
set at P<.05.

Results

Baseline Characteristics

The median follow-up duration was 1142 days. A total of 1558
patients were assigned to the following groups: MACE group (n
=63; all-cause mortality [n=>58; death from any cause] and
rehospitalization for severe heart failure [n=35; heart function
level IV based on the NYHA Classification]) and non-MACE
group (n=1495; no MACE occurred) (Figure 1). Patients
were grouped by MACE for analysis. Patients with a MACE
were more likely to be older than 65 years; have a history of
stroke, HF, or CGS; have an enlarged left atrium, LVEF of
<40%, AISI >293.46, SIRI >2.45, NLRP 2>0.018, SII
>628.60, dNLR >2.30, NLR >2.67, PLR >225.49, and MLR
>0.33 (all P<.05). The prevalence of STEMI and NSTEMI
was also higher in the MACE group than in the non-MACE
group, although the difference was not statistically significant.
The neutrophil count and creatine kinase-MB and Cr levels
(all P<.05) were higher, and the lymphocyte count and ALB
levels were lower in the MACE group (all P<.05; Table 1).

ROC Curve Analyses

Table 2 presents the ROC curve analyses to determine the
optimal cutoff values for blood cell count-derived inflamma-
tion indices for MACE evaluation in patients with ACS
undergoing PCI. The AUC for AISI was 0.624 (P=.001,
95%CI: 0.533-0.694). The optimal diagnostic cut-off point
was 293.46, with a sensitivity of 70.5% and a specificity of
52.4%. The AUC for SIRI was 0.625 (P<.001, 95%CI:
0.552-0.698), and the optimal diagnostic cutoff point was
2.45, with a sensitivity of 54.1% and a specificity of 71.8%.
The AUC for NLRP was 0.625 (P<.001, 95%CI:
0.554-0.697), and the optimal diagnostic cut-off point was
0.018, with a sensitivity of 62.3% and a specificity of
59.4%. The AUC for SII was 0.626 (P<.001, 95%CI:
0.561-0.692), and the optimal diagnostic cutoff point was
628.60, with a sensitivity of 75.4% and a specificity of 49.3%.
The AUC for dNLR was 0.638 (P<.001, 95%CI: 0.571-0.705),
and the optimal diagnostic cutoff point was 2.30, with a sensitivity
of 77.1% and a specificity of 50.6%. The AUC for NLR was 0.640
(P<.001, 95%CI: 0.570-0.709), and the optimal diagnostic cutoff
point was 2.60, with a sensitivity of 83.6% and a specificity of
423%. The AUC for PLR was 0.593 (P=.014, 95%CL
0.518-0.668), and the optimal diagnostic cutoff point was
225.49, with a sensitivity of 29.5% and a specificity of 85.7%.
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Patients with ACS undergoing PCI
January 2016 to December 2018
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Figure I. Patient enrollment and screening flowchart.

The AUC for MLR was 0.598 (P =.010, 95%CI: 0.516-0.680),
and the optimal diagnostic cut-off point was 0.33 with a sensitivity
of 50.8% and a specificity of 71.0% (Table 2).

Correlation Analysis

Spearman correlation analysis showed that AISI was signifi-
cantly positively correlated with SIRI, NLRP, SII, dNLR,
NLR, PLR, and MLR (all P<.001). SIRI was positively corre-
lated with NLRP, SII, dNLR, NLR, PLR, and MLR (all P<
.001). NLRP was positively correlated with the SII, dNLR,
NLR, PLR, and MLR (all P<.001; Table 3).

Kaplan—Meier Analyses

The Kaplan—Meier curve was plotted with the follow-up sur-
vival data. Patients in the AISI >425.60, SIRI >2.00, and
NLRP >0.023 tertiles had significantly higher all-cause mortal-
ity and rehospitalization for severe heart failure than those in the
other 2 tertiles (log-rank test, all P<.05; Figure 2).

Cox Regression Analyses

Univariate and multivariate Cox regression analyses were
used to determine the independent predictors of MACE. As

shown in Table 4, after adjusting for confounding factors in
Model 2 (demographic factors), we found that a per 1-SD
increase in AISI was independently associated with higher
risk of MACE (HR [95%CI]: 1.271 [1.098, 1.471], P=
.001), but the association became insignificant after adjusting
for terms in Model 2 and clinical factors. After adjusting for
confounding factors in Model 3 (demographic and clinical
factors), we found that a per 1-SD increase in SIRI was inde-
pendently associated with higher risk of MACE (HR [95%
CI]: 1.208 [1.045-1.397], P=.011). However, a per 1-SD
increase in NLRP failed to be a predictor of MACE (P >.05
in models 1-3). Table 5 shows the association between ter-
tiles of these indices and the occurrence of MACE. After
adjusting for confounding factors in Model 3, the risk of
MACE increased gradually with increasing AISI (HR [95%
CI]: TI1: reference, T2: 1.587 [0.728, 3.457], T3: 2.345
[1.141, 4.819]; trend P<.05), SIRI (HR [95%CI]: T1: refer-
ence, T2: 1.189 [0.535, 2.644], T3: 2.135 [1.023, 4.455];
trend P<.05), and NLRP tertiles (HR [95%CI]: T1: refer-
ence, T2: 2.202 [0.955,5.074], T3: 2.599 [1.116,6.048];
trend P<.05).

Further evaluation of the risk stratification value of these 3
indices for MACE was performed in various subgroups of the
study population according to sex (male or female), age (>
65 or < 65 years), smoking, dyslipidemia, hypertension,
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Table |. Baseline Clinical Characteristics Between the MACE and Non-MACE Groups.

MACE Non-MACE
Variable (n=63) (n=1495) Y3z P-value
Demographic and clinical data, n (%)
Male 46 (73.0) 1120 (74.9) 0.116 733
Age >65 years 32 (50.8) 340 (22.7) 26.171 <.001
BMI 24.22 (22.67, 27.34) 25.16 (23.05, 27.55) —1.119 263
Smoking 29 (46.0) 780 (52.2) 0914 339
Dyslipidemia 36 (57.1) 846 (56.6) 0.008 931
Hypertension 35 (55.6) 880 (58.9) 0.273 .601
Diabetes mellitus 14 (22.2) 380 (25.4) 0.327 .568
History of stroke 16 (25.4) 206 (13.8) 6.678 010
History of TIA 0 (0.0) 5(0.3) 0.211 646
HF 20 (31.7) 138 (9.2) 33.629 <.001
CGS 8 (12.7) 17 (1.1) 51.178 <.001
Family history of CAD 5(7.9) 214 (14.3) 2.036 154
UA 15 (23.8) 601 (40.2) 6.794 .009
STEMI 34 (54.0) 660 (44.1) 2.360 124
NSTEMI 14 (22.2) 234 (15.7) 1.950 .163
Laboratory data, M(QI, Q3)
WBC count (10°/L) 8.95 (7.39, 11.35) 8.00 (6.41, 10.49) —-1.707 .088
Platelet count (10%/L) 213.00 (176.00, 245.00) 215.00 (179.50, 252.00) —0.744 A57
Neutrophil count (10°/L) 6.82 (4.86, 9.22) 5.47 (3.97, 8.29) -2.522 012
Lymphocyte count (10°/L) 1.29 (0.87, 1.72) 1.67 (1.22, 2.29) —3.464 <.001
Monocyte count (10°/L) 0.47 (0.34, 0.57) 0.43 (0.32, 0.58) —-0.796 426
AlSI>293.46 43 (70.5) 711 (47.6) 12.306 <.001
SIRI>2.45 30 (49.2) 393 (26.3) 15.486 <.001
NLRP>0.018 38 (62.3) 619 (41.5) 10.365 <.001
SIl >628.60 46 (75.4) 758 (50.7) 14.288 <.001
dNLR >2.30 46 (75.4) 735 (49.2) 16.108 <.001
NLR >2.67 50 (82.0) 860 (57.6) 14.379 <.001
PLR >225.49 18 (29.5) 214 (14.3) 10.645 <.001
MLR >0.33 30 (50.0) 429 (29.3) 11.703 <.001
MPV (fL) 10.40 (9.80, 10.90) 10.40 (9.80, 11.00) —-0.547 .585
PDW (%) 12.20 (11.00, 13.40) 12.00 (10.90, 13.40) —0.403 .687
ALB (g/L) 39.60 (37.00, 41.40) 41.39 (38.80, 43.70) —-3.305 <.001
CK-MB (U/L) 36.00 (11.00, 123.49) 16.37 (10.00, 48.00) -2.702 .007
Cr (umol/L) 76.12 (63.20, 88.70) 67.00 (58.50, 78.00) -3.180 .001
Serum uric acid (umol/L) 333.10 (272.80, 391.10) 327.00 (264.70, 384.45) —0.669 .504
Echocardiography, n (%)
LA?T 26 (45.6) 431 (32.0) 4619 032
LVEDD? 18 (29.5) 337 (22.6) 1.600 206
LVEF <40% 8 (14.0) 33 (24) 25.971 <.001
Coronary angiography, n (%)
| vessel 16 (26.23) 471 (31.57) 0.776 .378
2 vessels 21 (34.43) 473 (31.70) 0.200 .654
3 vessels 24 (39.34) 548 (36.73) 0.172 678

Abbreviations: MACE, major adverse cardiovascular events; BMI, body mass index; TIA, transient ischemic attack; HF, heart failure; CGS, cardiogenic shock; CAD,
coronary artery disease; UA, unstable angina; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; WBC,
white blood cell; AlSI, aggregate index of systemic inflammation (neutrophil*platelet*monocyte-to-lymphocyte ratio); SIRI, systemic inflammation response index
(neutrophil*monocyte-to-lymphocyte ratio); NLRP, neutrophil-to-(lymphocyte*platelet) ratio; SlI, systemic immune-inflammation index

(neutrophil*platelet-to-lymphocyte ratio); dNLR, derived neutrophil-to-lymphocyte ratio (neutrophil/[white blood cell-neutrophil]); NLR,

neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; MPV, mean platelet volume; PDWV, platelet distribution
width; ALB, albumin; CK-MB, creatine kinase-MB; Cr, creatinine; LA, left atrium; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction. 1, above the upper limit of normal values.

diabetes mellitus, history of stroke, and HF (yes or no).
Increased AISI, SIRI, and NLRP were consistently related to
MACE in various subgroups, despite these indices as nominal
or continuous variables (all P for interaction > .05). The specific

subgroup analysis results are shown in Figures 3 and 4. The
independent association in different subgroups between AISI,
SIRI, and NLRP (as a nominal variable) and MACE is shown

in Figures 5 to 7.
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Table 2. ROC Curve Analyses of the Blood Cell Count-Derived Inflammation Indices Between MACE and non-MACE Groups.

Variable AUC SE P-value 95%Cl Se (%) Sp (%) Cut off
AlSI 0.624 0.036 .001 0.553-0.694 70.5 524 293.46
SIRI 0.625 0.037 <.001 0.552-0.698 54.1 718 245
NLRP 0.625 0.037 <.001 0.554-0.697 62.3 594 0.018
Sl 0.626 0.034 <.001 0.561-0.692 754 49.3 628.60
dNLR 0.638 0.034 <.001 0.571-0.705 77.1 50.6 2.30
NLR 0.640 0.036 <.001 0.570-0.709 83.6 423 2.60
PLR 0.593 0.038 014 0.518-0.668 29.5 85.7 225.49
MLR 0.598 0.042 010 0.516-0.680 50.8 71.0 0.33

Abbreviations: ROC, receiver-operating characteristic; MACE, major adverse cardiovascular events; AUC, area under the curve; SE, standard error; Cl, confidence
interval; Se, sensitivity; Sp, specificity; AlSI, aggregate index of systemic inflammation (neutrophil*platelet*monocyte-to-lymphocyte ratio); SIRI, systemic
inflammation response index (neutrophil*monocyte-to-lymphocyte ratio); NLRP, neutrophil-to-(lymphocyte*platelet) ratio; SlI, systemic immune-inflammation
index (neutrophil*platelet-to-lymphocyte ratio); dNLR, derived neutrophil-to-lymphocyte ratio (neutrophil/(white blood cell-neutrophil)); NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio.

Table 3. Correlation Between Blood Cell Count-Derived
Inflammation Indices.
AlSI SIRI NLRP
r P r P r P

AlSI — — — — — —
SIRI 0914 <.001 — — — —
NLRP 0.555 <.001 0.760 <.001 — —
Sli 0.860 <.001 0.772 <.001 0.686 <.001
dNLR 0.696 <.001 0.776 <.001 0.882 <.001
NLR 0.757 <.001 0.843 <.001 0914 <.001
PLR 0.582 <.001 0.462 <.001 0.498 <.001
MLR 0.736 <.001 0.840 <.001 0.600 <.001

Abbreviations: AlSI, aggregate index of systemic inflammation
(neutrophil*platelet*monocyte-to-lymphocyte ratio); SIRI, systemic
inflammation response index (neutrophil*monocyte-to-lymphocyte ratio);
NLRP, neutrophil-to-(lymphocyte*platelet) ratio; Sll, systemic
immune-inflammation index (neutrophil*platelet-to-lymphocyte ratio); dNLR,
derived neutrophil-to-lymphocyte ratio (neutrophil/[white blood cell-
neutrophil]); NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio.

Discussion

In this study, we performed a comprehensive performance eval-
uation of different blood cell-derived indices in the prognosis of
patients with ACS undergoing PCI. The major findings of our
study were as follows: (1) AISI, SIRI, and NLPR were associ-
ated with the prognosis of ACS patients undergoing PCI, and
patients with higher AISI, SIRI, and NLPR levels had a
greater risk of long-term clinical cardiovascular outcomes; (2)
increasing levels of AISI, SIRI, and NLPR showed a linear
trend with the risk of MACE; (3) the association between
AISI, SIRI, and NLPR and MACE was not significantly
affected by sex, age, smoking, dyslipidemia, hypertension, dia-
betes mellitus, history of stroke, or HF; (4) AISI, SIRI, and
NLPR had similar diagnostic values for MACE in patients
with ACS after PCI compared with SII, dNLR, NLR, PLR,
and MLR; (5) AISI, SIRI, and NLPR were all significantly pos-
itively correlated with SII, dNLR, NLR, PLR, and MLR, and
the correlations between these indices were very strong. To

the best of our knowledge, this is the first study to assess the
value of the novel AISI, SIRI, and NLPR indices in the prognosis
of ACS patients undergoing PCI. Moreover, there are no reports
regarding the discriminatory power of these novel indices and the
SII, dNLR, NLR, PLR, and MLR when distinguishing MACE
from non-MACEs in patients with ACS after PCL.

Atherosclerosis is a lipoprotein-driven disease that leads to
plaque formation at specific sites of the arterial tree through
intimal inflammation, necrosis, fibrosis, and calcification."”
Overwhelming evidence shows that ACS is an inflammatory
disease caused by the rupture or erosion of plaque with
complex interactions of innate and adaptive immune
systems.>>” Atherosclerotic plaque destabilization, related to
activation of neutrophils, monocytes, platelets, and lympho-
cytes, has also been postulated.”*! WBC and their subsets
are widely used in clinical practice. Previously, we described
the SII, dNLR, NLR, PLR, and MLR as suitable laboratory
markers for identifying high-risk ACS patients after PCI.'%!!
In recent years, new systemic inflammation markers, such as
AISI, SIRI, and NLPR, have attracted the attention of many
researchers because they include multiple components of
CBC and are also easy to obtain. Monocytes and neutrophils
are part of the innate immune system and produce
pro-inflammatory mediators. After activation, monocytes may
transform into foam cells, destabilizing the atherosclerotic
plaque and promoting dysfunctional and atherogenic lipopro-
teins.’>>?> Monocytes can promote inflammatory and pro-
thrombotic pathways by interacting with platelets.”**
Platelets are considered to play a crucial role in vascular inflam-
mation and can be rapidly depleted when vessels are in the acute
inflammation stage.>> Moreover, platelets can capture and inter-
act with neutrophils, which exacerbates the systemic inflamma-
tory response.?® In contrast, lymphocytes play an important role
in anti-inflammatory response.?”*® Our current study showed
that patients with a MACE were more likely to have an AISI
>293.46, SIRI >2.45, and NLRP >0.018. This phenomenon
can be explained by the role of each blood cell type.

The AISI ([neutrophil*platelet*monocyte]/lymphocyte) is
an inflammatory index that integrates the 4 types of cells
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Figure 2. AlSI, SIRIl, and NLRP Kaplan—Meier survival curves for ACS patients undergoing PCl for MACE. (A) AISI curves for T1(<199.94),
T2(199.94-425.60), and T3(>425.60) groups (log-rank test: P=.004). (B) SIRI curves for T1(<0.98), T2(0.98-2.00), and T3(>2.00) groups
(log-rank test: P=.001). (C) NLRP curves for T1(<0.011), T2(0.011-0.023), and T3(>0.023) groups (log-rank test: P=.002).

Table 4. Cox Regression Model for Predicting MACE in ACS Patients Undergoing PCI According to One Standard Deviation (SD) Increases in
Blood Cell Count-Derived Inflammation Indices.

Model | Model 2 Model 3

Inflammation indices as a continuous variable

(per 1-SD increase) HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
AlSI 1.277 (1.101-1.481) .00l 1.271 (1.098-1.471) .00l 1.140 (0.955-1.360) .146
SIRI 1.282 (1.153-1.426) <.001 1.312 (1.172-1.470) <.001 1.208 (1.045-1.397) .0l1
NLRP 1.038 (0.898-1.201) .611 1.014 (0.877-1.174) .847 1.006 (0.854-1.185) .94

Abbreviations: MACE, major adverse cardiovascular events; ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; HR, hazard ratio; Cl,
confidence interval; AlSI, aggregate index of systemic inflammation (neutrophil*platelet* monocyte-to-lymphocyte ratio); SIRI, systemic inflammation response
index (neutrophil*monocyte-to-lymphocyte ratio); NLRP, neutrophil-to-(lymphocyte*platelet) ratio; BMI, body mass index; CAD, coronary artery disease; CGS,
cardiogenic shock; HF, heart failure; Cr, creatinine; LA, left atrium; LVEF, left ventricular ejection fraction; ALB, albumin.

Model I: Unadjusted.

Model 2: Adjusted for sex, age>65 years, BMI.

Model 3: Adjusted for terms in Model 2 and smoking, dyslipidemia, hypertension, diabetes mellitus, history of stroke, family history of CAD, CGS, HF, Cr, LVEF
<40%, and ALB<40.72.

Table 5. Cox Regression Model for Predicting MACE in ACS Patients Undergoing PCl According to Tertiles of Blood Cell Count-Derived
Inflammation Indices.

Inflammation indices as Model | Model 2 Model 3
a nominal variable
(tertiles [-3) HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
AlSI Tl | (Reference) — | (Reference) — | (Reference) —
T2 1.596 (0.768-3.317) 210 1.570 (0.755-3.264) 227 1.587(0.728-3.457) 245
T3 2.808 (1.440-5.476) .002 3.004 (1.535-5.880) .001 2.345 (1.141-4.819) .020
P for trend .002 <.001 017
SIRI Tl | (Reference) — | (Reference) — | (Reference) —
T2 1.427 (0.675-3.017) .352 1.436 (0.675-3.053) .348 1.189 (0.535-2.644) 671
T3 2.966 (1.531-5.746) <.001 3.118 (1.586-6.131) <.001 2.135 (1.023-4.455) .043
P for trend <.001 <.001 .025
NLRP Tl | (Reference) — | (Reference) — | (Reference) —
T2 2.497(1.150-5.424) .021 2.471(1.131-5.399) .023 2.202(0.955-5.074) .064
T3 3.606(1.711-7.600) <.001 3.424(1.601-7.322) .002 2.599(1.116-6.048) .027
P for trend <.001 .001 .033

Abbreviations: MACE, major adverse cardiovascular events; ACS, acute coronary syndrome; PCl, percutaneous coronary intervention; HR, hazard ratio; Cl,
confidence interval; AlSI, aggregate index of systemic inflammation (neutrophil*platelet*monocyte-to-lymphocyte ratio); SIRI, systemic inflammation response
index (neutrophil*monocyte-to-lymphocyte ratio); NLRP, neutrophil-to-(lymphocyte*platelet) ratio; BMI, body mass index; CAD, coronary artery disease; CGS,

cardiogenic shock; HF, heart failure; Cr, creatinine; LA, left atrium; LVEF, left ventricular ejection fraction; ALB, albumin.

Model I: Unadjusted.

Model 2: Adjusted for sex, age>65 years, BMI.
Model 3: Adjusted for terms in Model 2 and smoking, dyslipidemia, hypertension, diabetes mellitus, history of stroke, family history of CAD, CGS, HF, Cr, LVEF

<40%, and ALB<40.

AISI: T1 (<199.94), T2 (199.94-425.60), T3 (>425.60).
SIRI: T1 (<0.98), T2 (0.98-2.00), T3 (>2.00).
NLRP: T1 (<0.011), T2 (0.011-0.023), T3 (>0.023).
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Inflammation Subgroups Number(%) HR(95% CI) p-value p for interaction
index per 1-SD
AISE Male 1166(74.8) —— 1.315(1.128,1.533) <0.001 0.498
Female 392(25.2) —_— 1.079(0.663,1.756) 0.759
Age =65 years 372(23.9) —— 1.167(0.915,1.490) 0.214 0.337
Age<65 years 1186(76.1) — 1.352(1.128,1.619) 0.001
Smoking(+) 509(51.9) —— 1.251(1.035,1.513) 0.020 0.688
Smoking(-) 749(48.1) —_— 1.342(1.042,1.728) 0.023
Dyslipidemia(+) $82(56.6) —— 1.078(0.776,1.499) 0.654 0213
Dyslipidemia() 676(43.4) —— 1.340(1.137,1.578) <0.001
Hypertension(+) 915(58.7) — 1.301(1.077,1.572) 0.006 0.672
Hypertension(-) 643(41.3) 1.228(0.968,1.559) 0.091
Diabetes mellitus(+) 394(25.3) ' 1.325(0.824,2.129) 0.245 0.795
Diabetes mellitus(-) 1164(74.7) — 1.262(1.078,1.479) 0.004
History of stroke(+) 222(14.2) - — 1.226(0.899,1.672) 0.197 o786
History of stroke(-) 1336(85.8) —— 1.281(1.081,1.518) 0.004
HF() 158(10.1) —— 1.182(0.867,1.612) 0.291 0812
HFG) 1400(89.9) b 1.227(1.009,1.491) 0.040
oln 015 1.0 1.5 zlo 215
Inﬂa;:z:‘ﬁon Subgroups Number(%) "l;gs:{“s I():I) p-value p for interaction
SIRI Male 1166(74.8) s 1.309(1.171,1.464) <0.001 0.525
Female 392(25.2) —t 1.138(0.799,1.619) 0.474
Age 265 years 372(23.9) R 1.292(1.009,1.655) 0.042 0.940
Age<65 years 1186(76.1) —— 1.305(1.154,1.477) <0.001
Smoking(+) 809(51.9) —— 1.278(1.125,1.453) <0.001
Smoking(-) 749(48.1) — 1.296(1.053,1.594) 0.014 0961
Dyslipidemia(+) 882(56.6) p—a—t 1.248(1.015,1.535) 0.035 0.724
Dyslipidemia(-) 676(43.4) —— 1.283(1.122,1.466) <0.001
Hypertension(+) 915(58.7) —— 1.245(1.088,1.424) 0.001 0.482
Hypertension(-) 643(41.3) —_—— 1.371(1.125,1.671) 0.002
Diabetes mellitus(+) 394(25.3) e 1.581(0.992,2.519) 0.054 0320
Diabetes mellitus(-) 1164(74.7) —— 1.262(1.125,1.415) <0.001
History of stroke(+) 222(14.2) —— 1.268(0.976,1.647) 0.076
History of stroke(-) 1336(85.8) ——t 1.286(1.144,1.447) <0.001 0828
HF(+) 158(10.1) —_— 1.483(1.116,1.972) 0.007 0.185
HF(-) 1400(89.9) ——t 1.209(1.038,1.409) 0.015
r 1
0 3
Inflammation Subgroups Number(%) HR(95% CI) p-value p for interaction
index per 1-SD
NLRP Male 1166(74.8) M 1.043(0.905,1.202) 0.562 0.861
Female 392(25.2) ———— 0.848(0.187,3.848) 0.831
Age =65 years 372(23.9) 0.976(0.728,1.309) 0.873 0.087
Age<65 years 1186(76.1) [ 1.573(0.998,2.479) 0.051
Smoking(+) 809(51.9) M 1.037(0.886,1.215) 0.649 0736
Smoking(-) 749(48.1) ——— 1.183(0.534,2.620) 0.678
Dyslipidemia(+) 882(56.6) T— 1.420(0.879,2.293) 0.152 0218
Dyslipidemia(-) 676(43.4) 1.012(0.800,1.281) 0.919
Hypertension(+) 915(58.7) " 1.210(0.607,2.413) 0.589 0.654
Hypertension(-) 643(41.3) ¢ 1.033(0.879,1.213) 0.694
Diabetes mellitus(+) 394(25.3y 1.793(0.095,33.852) 0.697 0664
Diabetes mellitus(-) 1164(74.7) p 1.036(0.892,1.204) 0.645
History of stroke(+) 222(14.2) ——— 1.302(0.472,3.594) 0.610
History of stroke(-) 1336(85.8) M 1.039(0.885,1.220) 0.643 0627
HF(+) 158(10.1) —— 1.618(0.909,2.879) 0.102 0127
HF() 1400(89.9) +— 0.993(0.685,1.439) 0.969
o
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Figure 3. Forest graphs based on Cox proportional hazards analysis evaluating prognostic implication of AlSI, SIRI, and NLRP in various
stratifications, including sex, age, smoking, dyslipidemia, hypertension, diabetes mellitus, history of stroke, and HF. HR was evaluated based on
|-SD increase in these indexes. (A) Subgroup analysis of AlSI, (B) SIRI, (C) and NLRP.
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Inflammation Subgroups Number(%) Tertiles HR(95% CI) p-value p for interaction
index (T1 as reference)
Male 1166(74.8) ) J I— 1.811(0.669,4.905) 0.243
AISI T — 4.197(1.729,10.191) 0.002 .
Female 392(25.2) T2 Ho— 1.556(0.522,4.636) 0.427 )
T _— 1.213(0.340,4.326) 0.766
Age 265 years 372(23.9) ™ Ho—— 1.356(0.470,3.910) 0.573
T — 3.428(1.338,8.785) 0.010 0.513
Age<65 years 1186(76.1) T2 [ 1.833(0.665,5.058) 0242
n —— 2.639(1.021,6.822) 0.045
Smoking(+) 809(51.9) T2 [ S — 1.914(0.573,6.390) 0.291
] — 3.681(1.233,10.991) 0.020 ot
Smoking(-) 749(48.1) T2 et 1.508(0.595,3.821) 0.387 )
a3 —— 2.483(1.041,5.924) 0.040
Dyslipidemia(+) 882(56.6) ™ e 1.540(0.638,3.717) 0.337
T D 1.996(0.846,4.709) 0115 197
Dyslipidemia(-) 676(43.4) he] _— 1.521(0.408,5.667) 0.532 :
a3 _— 4.386(1.463,13.146) 0.008
Hypertension(+) 915(58.7) 7 . 0.870(0.335,2.254) 0.774
K] e 2.131(0.957,4.746) 0.064 i
Hypertension(-) 643(41.3) T2 — 3.870(1.064,14.069) 0.040
T _— 4.663(1.328,16.372) 0.016
Diabetes mellitus(+) 39425.3) T r— 2.014(0.481,8.432) 0338
3 T—— 2.674(0.668,10.704) 0.165 —
Diabetes mellitus(-) 1164(74.7) T2 e 1.474(0.629,3.454) 0372 -
T — 2.776(1.294,5.952) 0.009
History of stroke(+) 222(14.2) T2 +— 1.874(0.448,7.844) 0.390
L] —— 2.569(0.681,9.688) 0.163 0851
History of stroke(-) 1336(85.8) T2 oy 1.545(0.659,3.622) 0.317 :
= — 2.871(1.325,6.221) 0.008
HF() 158(10.1) T [ — 1.184(0.217,6.464) 0.846
T3  EEE— 2.087(0.471,9.249) 0333 0.930
HFE) 1400(89.9) T2 i — 1.562(0.693,3.521) 0282
L] — 2.225(1.025,4.829) 0.043
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Figure 4. Forest graphs based on Cox proportional hazards analysis evaluating prognostic implication of AlSI, SIRI, and NLRP in various
stratifications, including sex, age, smoking, dyslipidemia, hypertension, diabetes mellitus, history of stroke, and HF. HR was evaluated by different
tertiles of these indexes. (A) Subgroup analysis of AlSI, (B) SIRI, (C) and NLRP.
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Figure 5. Visualization of the possible interactions between AlSI and different subgroups. Subgroup analysis according to (A) sex, (B) age, (C)
smoking, (D) dyslipidemia, (E) hypertension, (F) diabetes mellitus, (G) history of stroke, and (H) HF. Column charts in each subgroup do not
cross, which demonstrates the independent association between AlSI and the prognosis of ACS patients undergoing PCI.
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Figure 6. Visualization of the possible interactions between SIRI and different subgroups. Subgroup analysis according to (A) sex, (B) age, (C)
smoking, (D) dyslipidemia, (E) hypertension, (F) diabetes mellitus, (G) history of stroke, and (H) HF. Column charts in each subgroup do not
cross, which demonstrates the independent association between SIRI and the prognosis of ACS patients undergoing PCI.

involved in the immune response, including neutrophils, plate-
lets, monocytes, and lymphocytes. Although AISI represents
several inflammatory cells as ingredients and should provide
amore precise prognostic value, no study has evaluated its asso-
ciation with ACS patients after PCI. Most recently, Urbanowicz
et al (2022) found lower AISI levels in survivors who underwent
off-pump coronary artery bypass surgery than in non-survivors.*’
Zinellu et al (2021) underlined its prognostic significance in pre-
dicting mortality in patients with idiopathic pulmonary fibrosis."”
Hamad et al (2021) also studied its importance in patients with
COVID-19."® Furthermore, Erre et al (2020) evaluated the per-
formance of the AISI in the diagnosis of rheumatoid arthritis
and found that AISI was significantly associated with
C-reactive protein (a classic marker of systemic inflammation).*’
We found that the AISI was an independent predictor of poor
outcomes in patients with ACS after PCL

In 2016, Qi et al showed that the SIRI (neutrophil* monocyte/
lymphocyte ratio) could be employed as an independent factor
influencing the prognosis of patients with advanced pancreatic
cancer.'® SIRI is based on the ratio of neutrophil, monocyte,
and lymphocyte counts. SIRI combines all 3 to represent the
balance between inflammatory activators and regulators in the
host.*® These composite indicators are more stable and less sus-
ceptible than a single inflammatory indicator.>' Previous studies
have shown that SIRI is a predictor of prognosis in various
types of cancer.* Very few studies have evaluated its association
with patients with ACS after PCL Cai et al (2022) conducted a
retrospective study of 147 patients with infective endocarditis in
the First Affiliated Hospital of Nanjing Medical University.
They found that in infective endocarditis patients, SIRI was an
independent predictor of poor outcome and a higher SIRI level
was independently associated with the risk of in-hospital
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Figure 7. Visualization of the possible interactions between NLRP and different subgroups. Subgroup analysis according to (A) sex, (B) age, (C)
smoking, (D) dyslipidemia, (E) hypertension, (F) diabetes mellitus, (G) history of stroke, and (H) HF. Column charts in each subgroup do not
cross, which demonstrates the independent association between NLRP and the prognosis of ACS patients undergoing PCI.

death.®! Jin et al (2021) found that a high risk of myocardial
infarction was independently associated with high SIRL*
Recently, Li et al (2022) conducted a prospective observational
study in the cardiovascular center of Beijing Anzhen Hospital
and found that SIRI >1.13 was significantly and independently
associated with MACE in ACS patients who underwent PCI
(HR: 2.561; 95%CI: 1.681-3.902; P<.001).* In addition, SIRI
was shown to be associated with C-reactive protein (CRP)
levels, suggesting that SIRI is an indicator of inflammation
levels in the body.>"** It has also been verified that SIRI was rel-
atively more stable than CRP, as the latter parameter had a greater
risk of being impacted by blood specimen handling techniques
and other infectious diseases.>> Our study also found that patients
with higher SIRI levels had a greater risk of long-term clinical car-
diovascular outcomes. A high SIRI status reflects a strong
pro-inflammatory response mediated by monocytes and neutro-
phils and weak or inhibited lymphocyte-mediated anti-
inflammatory response.®*' Consequently, an elevated SIRI is
linked to aggravated inflammation and poor ACS outcomes.

Previous studies have identified that NLPR is associated with
abdominal surgery and cardiac surgery-associated acute kidney
injury.2®*” However, no studies have assessed the prognostic
ability of simple and novel NLRP for ACS patients. Recently,
Nooh et al showed that an increased NLPR was significantly asso-
ciated with poor survival in adult COVID-19 cancer patients. The
optimal cutoff value for NLRP was 0.028 (AUC =0.604)."
Similarly, Fois et al (2020) performed an analysis for inflamma-
tory markers including NLRP in patients with COVID-19. The
optimal cut-off value of NLRP was 0.019 (AUC=0.706). A
higher NLPR was associated with lower survival in COVID-19
survivors (HR=4.21; 95%CI 1.94-9.13, P<.001).° In our
study, NLRP was an independent predictor of poor outcome in
patients with ACS. In the ROC analysis, the optimal cut-off
value of NLRP was 0.018 (AUC=0.625). Patients with a
higher NLRP showed more occurrences of MACE. Our NLRP
values were similar to those of COVID-19 patients.

Limitations

Our study had several limitations. First, our data were obtained
from a single center, and selection bias may have occurred.
Second, the long duration of patient recruitment might lead to
possible seasonal fluctuations in the blood cell ratio. Third,
CRP was not evaluated due to the lack of some data.
However, every effort was made to adjust for the possibility
of spurious results. Finally, a single ACS subtype may have
good specificity and homogeneity for study designs.

Conclusion

We found that higher AISI, SIRI, and NLRP were indepen-
dently associated with a higher risk of all-cause mortality and
rehospitalization for severe heart failure in patients with ACS
undergoing PCI. AISI, SIRI, and NLRP had similar diagnostic
values for MACE when compared with SII, dNLR, NLR, PLR,
and MLR in patients with ACS after PCI. Therefore, we recom-
mend AISI, SIRI, and NLRP as novel inflammatory biomarkers
to demonstrate the prognosis of patients with ACS undergoing
PCI, which could improve the prognosis of these patients.
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