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Abstract
Background: This study aimed to investigate the association of pan-immune-inflammation value (PIV), PIV/HDL-C
(high-density lipoprotein cholesterol), PIV*LDL-C (low-density lipoprotein cholesterol) with the prognosis of patients
with acute coronary syndrome (ACS) undergoing percutaneous coronary intervention (PCI).
Methods: A total of 1360 patients with ACS undergoing PCI were consecutively enrolled in this study. They were
divided into major adverse cardiovascular events (MACEs) (n= 58) and non-MACEs (n= 1302) groups. The PIV,
PIV/HDL-C, and PIV*LDL-C values were measured. The endpoints were MACEs, including cardiogenic mortality, re-
currence of myocardial infarction, in-stent restenosis, and rehospitalization for severe heart failure.
Results: The multivariable Cox regression analysis showed that PIV ≥355.79 (hazard ratio [HR]: 2.006, 95% confi-
dence interval [CI]: 1.165-3.455), PIV/HDL-C≥ 282.86 (HR: 1.987, 95% CI: 1.119-3.527), and PIV*LDL-C≥ 1431.58
(HR: 2.071, 95% CI: 1.206-3.556) were all independent predictors of MACEs in patients with ACS undergoing PCI
(all P< .05). The cumulative survival rates were significantly lower for patients with higher PIV, PIV/HDL-C, and
PIV*LDL-C than for patients with lower values of these indices (log-rank tests: all P< .05).
Conclusion: Higher PIV, PIV/HDL-C, and PIV*LDL-C were independent prognostic factors for patients with ACS
undergoing PCI and may be novel biomarkers for predicting MACEs.
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Introduction
Acute coronary syndromes (ACS), which includes un-
stable angina, non-ST elevation myocardial infarction
(NSTEMI), and ST elevation myocardial infarction
(STEMI),1 is the leading cause of death worldwide, des-
pite the great milestones achieved in its diagnosis and
treatment.2 The rupture of vulnerable atherosclerotic
plaques in the coronary artery and systemic vascular
inflammation are reportedly the primary causes of
ACS.3–7 Previous studies have identified the potential use-
fulness of immune-inflammatory biomarkers, including

1Department of Cardiology, The Affiliated Hospital of Chengde Medical
University, Chengde, China
2The Cardiovascular Research Institute of Chengde, Chengde, China
3Hebei Key Laboratory of Panvascular Diseases, Chengde, China
4Central Laboratory of Chengde Medical University Affiliated Hospital,
Chengde, China

Corresponding author:
Lixian Sun, Department of Cardiology, The Affiliated Hospital of
Chengde Medical University, No.36, Nanyingzi Street, Shuangqiao
District, Chengde, Hebei Province, 067000, China.
Email: lixiansun01@126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open
Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original Research Article

Clinical and Applied
Thrombosis/Hemostasis

Volume 31: 1-10
© The Author(s) 2025
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/10760296251343838

journals.sagepub.com/home/cat

https://orcid.org/0009-0004-7669-6996
https://orcid.org/0000-0002-6169-665X
https://orcid.org/0009-0006-5116-7208
https://orcid.org/0000-0001-7615-4215
https://orcid.org/0000-0001-7123-0119
https://orcid.org/0000-0003-4683-9402
https://orcid.org/0000-0001-5014-7586
https://orcid.org/0000-0002-4822-4295
https://orcid.org/0000-0001-9814-0965
mailto:lixiansun01@126.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10760296251343838
https://journals.sagepub.com/home/cat


neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte
ratio (PLR), monocyte/ lymphocyte ratio (MLR), and sys-
temic immune-inflammation index (SII), as prognostic
markers in patients with ACS undergoing percutaneous
coronary intervention (PCI).8,9

The pan-immune inflammation value (PIV), a novel
prognostic biomarker for some malignancies, is calculated
as follows: [neutrophil count (109/L)× platelet count
(109/L)×monocyte count (109/L)]/ lymphocyte count
(109/L).10 PIV is crucial for predicting the prognosis of
patients with nasopharyngeal carcinoma, breast cancer,
and non-small cell lung cancer.11–13 Dyslipidemia is a
key feature of ACS, and lipoprotein-related biomarkers
may be useful in the diagnosis and monitoring of patients
with ACS. High-density lipoprotein cholesterol (HDL-C)
transports excess cholesterol reversely from the arterial
wall’s foam macrophages to the liver and prevents the for-
mation of atherosclerosis.14 In contrast, low-density lipo-
protein cholesterol (LDL-C) is a pathogenic factor that
aids the development of atherosclerotic cardiovascular
disease.15 HDL-C and LDL-C are associated with im-
mune activity and inflammation and could predict the
prognosis of patients with cardiometabolic disease.16

Our team have worked on prognostic risk of different in-
flammatory indexes in patients with ACS since few years
before, such as the aggregate index of systemic inflamma-
tion (AISI), systemic inflammation response index (SIRI),
neutrophil-to-lymphocyte*platelet ratio (NLRP), and
the advanced lung cancer inflammation index (ALI),
and we found that the above markers may be novel in-
dexes for identifying high-risk patients with ACS after
PCI.17,18 However, the prognostic significance of PIV,
PIV/HDL-C, and PIC*LDL-C in patients with ACS
undergoing PCI remains unclear. Therefore, this
study aimed to investigate the association of PIV,
PIV/HDL-C, and PIV*LDL-C with the prognosis of
patients with ACS undergoing PCI.

Methods

Study Population
A total of 1360 patients with ACS undergoing 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≥ 65 years; ACS clinical types
unstable angina, STEMI, and NSTEMI;19 coronary arteri-
ography showing stenosis ≥50% in one or more of the left
main, left anterior descending, left circumflex, right main,
right posterior descending, right marginal, or their main
branches; and patients who underwent PCI for the first
time. The major exclusion criteria were patients with stable
angina, coronary artery spasm, severe heart diseases (eg,
aortic dissection and hypertrophic cardiomyopathy),

infectious diseases, malignant tumors, systemic inflamma-
tory disorders, hepatic diseases, and renal dysfunction.The
definition of typical clinical risk factors for ACS according
to our previous study.9 In our study, all patients are pre-
scribed antiplatelet/anticoagulant therapy and underwent
risk assessment and revascularization strategy selection
before PCI treatment as suggested by “2014 AHA/ACC
guideline for the management of patients with
non-ST-elevation acute coronary syndromes: a report of
the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines”. This
study was conducted according to the standards of the
Declaration of Helsinki and was approved by the Ethics
Committee of the Affiliated Hospital of Chengde
Medical University (Number: LL076). All participants
provided written informed consent.

Baseline Demographics and Clinical Characteristics
The research team collected baseline demographic and
clinical data for all the patients, including sex, age, body
mass index, dyslipidemia, hypertension, diabetes mellitus,
ischemic stroke, history of heart failure, and family history
of coronary artery disease, etc Fasting blood samples were
collected within the first 24 h of admission before PCI.
Data on blood routine indices: white blood cell count,
platelet count, total cholesterol, triglycerides, HDL-C,
LDL-C, serum uric acid, and serum creatinine were also
recorded.

Follow-Up and Study Endpoints
The study endpoint was occurrence of major adverse
cardiovascular events (MACEs), including cardiogenic
mortality, rehospitalization for severe heart failure, recur-
rence of myocardial infarction and in-stent restenosis.
Cardiogenic mortality was defined as death from heart dis-
eases. Severe heart failure was defined as the New York
Heart Association Classification Class IV. Follow-up
data were collected via clinic visits at 1, 3, 6, and 12
months after the procedure and once annually thereafter.

Statistical Analyses
Statistical analyses were performed using SPSS 26.0
(SPSS Inc, Chicago, IL, USA), GraphPad Prism 8.0
(GraphPad Software Inc., La Jolla., CA), and R 4.3.3.
All continuous variables showed a skewed distribution
on Kolmogorov–Smirnov test and are expressed as median
and interquartile range, whereas all categorical variables
are presented as number (%). The Mann–Whitney U test
was used to compare the differences in the continuous
variables between the MACEs and non-MACEs groups.
Categorical variables were compared using x2 test.
Receiver operating characteristic (ROC) curves were
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used to calculate the cutoff values of PIV, PIV/HDL-C,
and PIV*LDL-C for predicting MACEs. Youden’s index
(sensitivity+ specificity - 1) was used to determine the op-
timal cut-off value. Univariate and multivariate Cox pro-
portional hazard model were constructed to predict the
independent prognostic factors for MACEs. To examine
the independent performance of the above three indices
(PIV, PIV/HDL-C, and PIV*LDL-C) for assessing the oc-
currence of MACEs, participants were assigned to three
groups (T1, T2, and T3) according to the tertiles of indices.
The Kaplan–Meier method was used to compare the sur-
vival rates, and survival curves were plotted. The restricted
cubic spline (RCS) was plotted via the R package rms,
ggplot2. P values < .05 were considered statistically
significant.

Results

Baseline Clinical Characteristics
Among the 1579 patients, after excluding patients with
malignant tumors (n= 7), infectious diseases (n= 20),
stable angina (n= 95), blood system diseases (n= 10),
and patients lost to follow-up (n= 87) due to lost of con-
tact details or patients was reluctant to cooperate with
our follow-up, a total of 1360 patients were enrolled in
this study. The medium follow-up time was 1006 days
in the two groups. The clinical characteristics of patients
in the MACEs (n= 58) and non-MACEs (n= 1302)
groups are outlined in Table 1. Patients in two groups
showed significant differences in age ≥65 years, acute
myocardial infarction, unstable angina, history of heart
failure, cardiogenic shock, white blood cell count, serum
creatinine ≥110 μmol/L, left ventricular ejection fraction
(LVEF)≤ 40%, PIV ≥355.79, PIV/ HDL-C≥ 282.86,
and PIV*LDL -C≥ 1431.58 (all P< .05). Patients in the
MACEs group tended to have age ≥65 years, acute myo-
cardial infarction, history of heart failure, and cardiogenic
shock.

Receiver Operating Characteristic Curve Analysis
ROC curve analysis was performed to determine the opti-
mal cutoff values of PIV, PIV/HDL-C, PIV*LDL-C for
predicting MACEs (Table 2). The area under the curve
(AUC) for PIV was .648 (P< .001, 95% confidence inter-
val [CI]: 0.577-0.719), and optimal diagnostic cutoff point
was 355.79, with a sensitivity of 62.10% and specificity of
61.10%. The AUC for PIV/HDL-C was 0.641 (P< .001,
95% CI: 0.571-0.711), and optimal diagnostic cutoff point
was 282.86, with a sensitivity of 69.00% and specificity of
52.40%. The AUC for PIC*LDL-C was 0.633 (P= .001,
95% CI: 0.560-0.707), and optimal diagnostic cutoff point
was 1431.58, with a sensitivity of 44.80% and a specificity
of 76.20%.

Univariate and Multivariate COX Proportional
Hazards Regression Models
Cox proportional hazards model was created to assess the
independent predictors of MACEs (Table 3). Significant
variables (P< .05) in the comparison between MACEs
and non-MACEs groups were included in the univariate
Cox regression analysis, and those that retained statistical
significance (P< .05) were entered into the multivariate
Cox proportional hazard model. After adjusting for
history of heart failure, cardiogenic shock, serum creatin-
ine ≥110 μmol/L, age≥ 65 years, LVEF≤ 40%, the
multivariable Cox regression analysis revealed that PIV
≥355.79 (HR: 2.006, 95% CI: 1.165-3.455, P= .012),
PIV/HDL-C≥ 282.86 (HR: 1.987, 95% CI: 1.119-3.527,
P= .019), and PIV*LDL-C≥ 1431.58 (HR: 2.071, 95%
CI: 1.206-3.556, P= 0.008) were independent predictors
of MACEs in patients with ACS undergoing PCI.

Survival Analyses
The Kaplan–Meier curves revealed different survival
rates across the three indices. Survival time refers to the
event-free survival based on MACEs.The cumulative
survival rates for patients with PIV ≥355.79, PIV/HDL-C
≥ 282.86, and PIV*LDL-C≥ 1431.58 were significantly
lower than those for patients with PIV <355.79, PIV/
HDL-C<282.86, and PIV*LDL-C<1431.58 (log-rank
tests: all P< .05 (Figure 1).

P for Interaction
The independent association of PIV ≥355.79,
PIV/HDL-C≥ 282.86, and PIV*LDL-C≥ 1431.58 with
prognosis was assessed in various subgroups of heart
failure (with or without), LVEF (>40% or ≤40%), age
(≥65 or <65 years), and cardiogenic shock (with or
without). The three indices showed no significant inter-
action with heart failure, LVEF, age, and cardiogenic
shock (all P for interaction > .05) (Figure 2).

P for Trend and Restricted Cubic Spline (RCS)
The association of the tertiles of PIV, PIV/HDL-C,
PIV*LDL-C with MACEs is shown in Table 4. The risk
of MACEs increased gradually with increasing PIV,
PIV/HDL-C, and PIV*LDL-C tertiles. Regarding PIV,
with T1 as reference, the results were as follows: T2 versus
T1: HR: 1.743, 95% CI: 0.823–3.691, P= .147; T3 versus
T1: HR: 2.810, 95% CI: 1.403–5.628, P= .004; P for
trend= .011. For PIV/HDL-C, with T1 as reference, the re-
sults were as follows: T2 versus T1: HR: 2.233, 95% CI:
1.051–4.743, P= .037; T3 versus T1: HR: 2.865, 95%
CI: 1.387–5.921, P= .004; P for trend= .017. With regard
to PIV*LDL-C, taking T1 as reference, the results were as
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follows: T2 versus T1: HR: 1.411, 95% CI: 0.667–2.983,
P= .368; T3 versus T1: HR: 2.685, 95% CI: 1.374–5.247,
P= .004; P for trend= .007.

We used RCS to visualize the relationship between
the three indices and MACEs risk (Figure 3). The
values of PIV, PIV/HDL-C, and PIV*LDL-C with
HR values close to 1 were 289.75, 271.10, and

665.30, respectively. Therefore, PIV >289.75,
PIV/HDL-C > 271.10, and PIV*LDL-C > 665.30 were
independent risk factors for MACEs. A linear relation-
ship was observed between MACEs and PIV (P overall

< .001, P non−linearity= .135), PIV/HDL-C (P overall < .05,
P non−linearity= 0.059), and PIV*LDL-C (P overall < .05,
P non−linearity= .078).

Table 1. Baseline Clinical Characteristics of the MACEs and Non-MACEs Groups.

Variables
MACEs group
(n= 58)

Non-MACEs group
(n= 1302) χ2/Z P-value

Demographics and clinical data
Male 43 (74.1%) 974 (74.8%) 0.013 .908
Age ≥65 years 21 (36.2%) 313 (24.0%) 4.437 .035
AMI 47 (81.0%) 786 (60.4%) 9.991 .002
UA 11 (19.0%) 516 (39.6%) 9.991 .002
Dyslipidemia 34 (58.6%) 747 (57.4%) 0.035 .851
Hypertension 31 (53.4%) 780 (59.9%) 0.962 .327
Diabetes mellitus 18 (31.0%) 329 (25.3%) 0.971 .324
Ischemic stroke 12 (20.7%) 176 (13.5%) 2.383 .304
History of HF 19 (32.8%) 118 (9.1%) 34.417 <.001
Smoking 26 (44.8%) 671 (51.5%) 1.000 .317
Family history of CAD 7 (12.1%) 194 (14.9%) 0.353 .552
Cardiogenic shock 5 (8.6%) 14 (1.1%) 17.798 <.001
Laboratory data
WBC count (109/L) 9.29 (7.45, 11.63) 7.88 (6.37, 10.24) −2.983 .003
Platelet count (109/L) 208.00 (177.75, 244.50) 215.00 (181.00, 250.00) −0.944 .345
Neutrophil count (109/L) 6.63 (5.09, 9.47) 5.40 (3.95, 7.95) −3.260 .001
Monocyte count (109/L) 0.50 (0.36, 0.74) 0.43 (0.32, 0.57) −2.683 .007
Lymphocyte count (109/L) 1.39 (0.97, 2.19) 1.68 (1.24, 2.28) −2.498 .013
TC (mmol/L) 4.48 (3.64, 5.19) 4.32 (3.68, 5.05) −0.198 .843
TG (mmol/L) 1.54 (0.83, 2.43) 1.61 (1.04, 2.41) −0.832 .405
HDL-C (mmol/L) 1.08 (0.90, 1.29) 1.08 (0.91, 1.26) −0.045 .964
LDL-C (mmol/L) 2.24 (1.65, 2.97) 2.31 (1.86, 2.88) −0.301 .764
Serum uric acid (μmol/L) 339.10 (269.63, 390.73) 326.40 (262.85, 383.20) −0.833 .405
SCr ≥110 (μmol/L) 6 (10.3%) 25 (1.9%) 14.113 <.001
Echocardiography
LVEDD ≥50 mm 25 (43.1%) 634 (48.7%) 0.695 .404
LVEF ≤40% 7 (12.1%) 33 (2.5%) 14.500 <.001
Number of stents 1 (1, 2) 1 (1, 2) −1.383 .167
Coronary angiography
1 vessel 14 (24.1%) 410 (31.5%) 1.399 .237
2 vessels 18 (31.0%) 414 (31.8%) 0.015 .903
3 vessels 26 (44.8%) 478 (36.7%) 1.568 .211
Drugs
Aspirin 51 (87.9%) 1293 (99.3%) 52.427 <.001
Clopidogrel 41 (70.7%) 1025 (78.7%) 2.116 .146
Ticagrelor 8 (13.8%) 268 (20.6%) 1.583 .208
β-blocker 32 (55.2%) 689 (52.9%) 0.113 .736
ACEI/ARB 23 (39.7%) 615 (47.2%) 1.281 0.258
Statins 51 (87.9%) 1290 (99.1%) 42.323 <.001
Indexes
PIV ≥355.79 36 (62.1%) 507 (38.9%) 12.384 <.001
PIV/ HDL-C≥ 282.86 40 (69.0%) 620 (47.6%) 10.130 .001
PIV*LDL -C≥ 1431.58 26 (44.8%) 310 (23.8%) 13.186 <.001

Abbreviations: MACEs, major adverse cardiovascular events; AMI, acute myocardial infarction; UA, unstable angina; HF, heart failure; CAD, coronary
artery disease; WBC, white blood cell; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SCr, serum creatinine; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; ACEI/ARB,
angiotensin-converting enzyme inhibitors/angiotensin II receptor blocker; PIV, pan-immune-inflammation value.
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Discussion
To the best of our knowledge, this study is the first to ex-
plore the association of PIV, PIV/HDL-C, and
PIV*LDL-C with prognosis in patients with ACS
undergoing PCI using different statistical methods. The
major findings are as follows: first, PIV ≥355.79,
PIV/HDL-C≥ 282.86, and PIV*LDL-C≥ 1431.58 were
associated with poor prognosis and were independent
risk factors for MACEs in patients with ACS undergoing
PCI. Second, the three indices showed no significant inter-
action with heart failure, LVEF, age, and cardiogenic
shock. Finally, a linear trend was observed between PIV,
PIV/HDL-C, and PIV*LDL-C and MACEs.

Inflammatory processes are involved in the develop-
ment of atherosclerotic plaques, as well as unstable coron-
ary plaque erosion and rupture.20,21 A high white blood
cell count may be considered an independent prognostic
factor for patients with ACS.22 Activated neutrophils pro-
mote atherosclerosis, and neutrophil accumulation is an in-
dependent predictor of mortality in patients with ACS.23,24

Monocytes play a critical role in the progression of athero-
sclerosis and plaque rupture. Numerous microparticles de-
rived from monocytes are detected in patients with ACS.25

Macrophages release tumor necrosis factor that mediates
the chemotaxis of B and T cells to the arterial walls, which
promotes an inflammatory environment.26 Platelets are in-
volved in chronic inflammation, which contributes to the
progression of atherosclerosis and acute coronary diseases.
In particular, activated platelets release potent inflamma-
tory factors and recruit circulating endothelial progenitor
cells to the location of vascular injury, thus inducing a pro-
thrombotic state.27 According to previous studies, NLR,
PLR, MLR, and SII can predict MACE in patients with

ACS undergoing PCI.8,9 However, these indices comprise
only a few peripheral blood cell components, and their pre-
dictive ability is relatively limited. As a novel biomarker of
systemic immune-inflammatory status, PIV is based on
several peripheral blood count parameters, including plate-
lets, neutrophils, monocytes, and lymphocytes.10 Murat
et al reports that PIV seems superior to NLR, PLR, and
SII in predicting short and long-term mortality in patients
with STEMI.28 Recently, Akkaya et al reported that higher
PIV levels were associated with a higher risk of coronary
slow flow phenomenon in patients with normal coronary
angiography.29 Similarly, another study revealed a correl-
ation between high PIV and increased risk of impaired cor-
onary flow in patients with STEMI.30 Furthermore, in
another study, PIV values analyzed at three time points
predicted the poor long-term prognosis of patients with
STEMI after primary PCI.31 In the present study,
PIV ≥355.79 was associated with poor prognosis and
was independently associated with the risk of MACE in
patients with ACS undergoing PCI. We did not observe
any significant interaction of the three indices with heart
failure, LVEF, age, and cardiogenic shock.

HDL-C protects against atherosclerosis through reverse
cholesterol transport and antioxidative activity. However,
LDL-C is a key pathogenic factor in the development of
atherosclerosis. The equilibrium between HDL-C and
LDL-C can affect endothelial dysfunction and inflamma-
tion.14,15 Therefore, PIV/HDL-C and PIV×LDL-C are
comprehensive inflammatory nutrition indices. A previous
study reported higher values of PIV/HDL-C and
PIV×LDL-C in the severe coronary heart disease group
compared to the mild group and had a high diagnostic ef-
ficacy for coronary heart disease.32

Table 2. Receiver Operating Characteristic (ROC) Curve Analysis for Predictive Factors of MACEs.

Variables AUC 95%CI P-value Se (%) Sp (%) Cut-off

PIV 0.648 0.577–0.719 <.001 0.621 0.611 355.79
PIV/HDL-C 0.641 0.571–0.711 <.001 0.690 0.524 282.86
PIV*LDL-C 0.633 0.560–0.707 .001 0.448 0.762 1431.58

Abbreviations: MACEs, major adverse cardiovascular events; AUC, area under curve; CI, confidence interval; Se, sensitivity; Sp, specificity; PIV,
pan-immune-inflammation value; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 3. Cox Proportional Hazard Models for Predictive Factors of MACEs.

Indexes
Model 1
HR (95%CI) P-value

Model 2
HR (95%CI) P-value

PIV ≥355.79 2.581 (1.518-4.388) <.001 2.006 (1.165-3.455) .012
PIV/HDL-C≥ 282.86 2.478 (1.421-4.324) .001 1.987 (1.119-3.527) .019
PIV*LDL-C≥ 1431.58 2.614 (1.557-4.386) <.001 2.071 (1.206-3.556) .008

Model 1: Unadjusted.
Model 2: Adjusted for HF, cardiogenic shock, SCr ≥110 μmol/L, age≥ 65 years, LVEF≤ 40%,
Abbreviations: MACEs, major adverse cardiovascular events; HR, hazard ratio; PIV, pan-immune-inflammation value; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; HF, heart failure; SCr, serum creatinine; LVEF, left ventricular ejection fraction.
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In the present study, we combined PIV with HDL-C
and LDL-C to predict the prognosis of patients with
ACS who underwent PCI. We performed ROC curve
analysis to determine the optimal cutoff values of PIV,
PIV/HDL-C, and PIV*LDL-C for predicting MACEs;
the AUCs indicated that the three indices had good

predictive performance. The Kaplan–Meier curves demon-
strated differences in the cumulative survival rates across
two different groups, and the survival time was signifi-
cantly lower in the higher index group. Multivariate cox
regression models showed that PIV/HDL-C≥ 282.86
and PIV*LDL-C≥ 1431.58 were correlated with poor

Figure 1. Kaplan–Meier Curves for Cumulative Survival of PIV (A), PIV/HDL-C (B), and PIV*LDL-C (C) for Patients with ACS
Undergoing PCI (Log-Rank P < .001). Survival Time Refers to the Event-Free Survival Based on All MACEs.
Abbreviations: PIV, pan-immune-inflammation value; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol.

Figure 2. Forest Graphs Based on Subgroup Analysis for Evaluating the Association Between Indices and Prognosis. (A) Subgroup
Analysis of HF, (B) Subgroup Analysis of LVEF, (C) Subgroup Analysis of age, (D) Subgroup Analysis of Cardiogenic Shock.
Abbreviations: HR, Hazard Ratio; PIV, pan-Immune-Inflammation Value; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C,
low-Density Lipoprotein Cholesterol; HF, Heart Failure; LVEF, Left Ventricular Ejection Fraction.
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prognosis and were independent risk factors for MACEs in
patients with ACS undergoing PCI. We also performed
correlation analyses in subgroups of heart failure, LVEF,
age, and cardiogenic shock, but no significant interactions
were observed between the three indices and heart failure,
LVEF, age, and cardiogenic shock, further indicating their
independent prediction ability for MACE. Additionally,
RCS confirmed the prediction trend of the indices. We
found linear trends between PIV, PIV/HDL-C, and
PIV*LDL-C and MACEs after a long-term follow-up.

MACEs was designed as a compound endpoint includ-
ing cardiogenic mortality, rehospitalization for severe heart
failure, recurrence of myocardial infarction and in-stent re-
stenosis in the present study.And we found that patients in
the MACEs group had higher incidence of age ≥65 years,
acute myocardial infarction, history of heart failure, and

cardiogenic shock. Additionally,higher PIV, PIV/HDL-C
and PIV*LDL-C values were independent risk factors of
MACEs. Prior studies also showed that triglyceride-glucose
index (TyG index), Geriatric Nutritional Risk Index (GNRI)
and SII were valuable factors to predict Major Adverse
Cardiovascular Events including all-cause death, non-fatal
myocardial infarction and non-fatal stroke or recurrent an-
gina, severe arrhythmia.33,34 Therefore,different definitions
of MACEs may have some influence on the prognosis
study. Addtionally, the indices only tested on admission
without dynamic observations were possible bias factors
in the clinical study.

Addtionally,aspirin in Non-MACEs group was signifi-
cantly higher than that in MACEs group. Dual antiplatelet
therapy (DAPT) were administrated for the patients with
ACS after PCI at least 12 months as suggested by “2016
ACC/AHA Guideline Focused Update on Duration of Dual
Antiplatelet, Therapy in Patients With Coronary Artery
Disease” to improve the prognosis of patients. However,
there were significantly difference between the two groups
due to the poor medication compliance of some patients
who were more likely to developMACEs and worse progno-
sis. More health education are needed for patients with ACS
to improve the compliance in the medical care.

Clinical guidelines and research indicate that TIMI risk
index is useful to predict mortality in ACS patients, and re-
duced LVEF is closely associated with long-term out-
comes.35,36 What’s more, coronary microvascular
dysfunction and obstruction is associated to a much worse
outcome in patient undergoing PCI.37 Therefore, PIV indi-
ces preserve their predictive abilities for MACEs inde-
pendently of post-PCI TIMI, improved LVEF and
microvascular obstruction.

This study has some limitations. First, this was a single-
center study with a small sample size.So we did not per-
form Kaplan-Meier analyses for each component of

Table 4. Cox Hazard Proportional Models of MACEs Risk
According to Tertiles of Indices.

Indices Tertiles 1–3 HR (95% CI) P-value

PIV T1 1 (Reference) _
T2 1.743 (0.823-3.691) .147
T3 2.810 (1.403-5.628) .004
P for trend 0.011

PIV/HDL-C T1 1 (Reference) _
T2 2.233 (1.051-4.743) .037
T3 2.865 (1.387-5.921) .004
P for trend 0.017

PIV*LDL-C T1 1 (Reference) _
T2 1.411 (0.667-2.983) .368
T3 2.685 (1.374-5.247) .004
P for trend .007

Abbreviations: MACEs, major adverse cardiovascular events; HR, hazard
ratio; CI, confidence interval; PIV, pan-immune-inflammation value;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.

Figure 3. Restricted Cubic Spline (RCS) of PIV (A), PIV/HDL-C (B), and PIV*LDL-C (C).
Abbreviations: MACEs, major adverse cardiovascular events; HR, hazard ratio; PIV, pan-immune-inflammation value; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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MACEs. Second, our study was based on the clinical fea-
tures of blood cells and did not investigate any specific
mechanism. Third, we only observed indices on admission
without dynamic tests, the changes during the follow-up
period may cause deviations in the analysis and prediction
of MACEs.Therefore, more studies about PIV values at
different time points,such as 24 h after PCI, and at dis-
charge, were needed to predict the long-term prognosis
of patients with ACS undergoing PCI.

Conclusion
This study showed that higher levels of the inflammatory
nutrition indices PIV, PIV/HDL-C, and PIV*LDL-C
were independent prognostic factors for patients with
ACS undergoing PCI. These novel indices are easily ac-
cessible and cost-effective composite biomarkers for pre-
dicting long-term MACEs in patients with ACS, which
may provide novel insights to optimize post-discharge
management and identify high-risk patients earlier.
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