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Abstract
Objective: This study aimed to investigate the predictive value of inflammatory cells in periph-
eral blood on the prognosis of patients with acute coronary syndrome (ACS) undergoing per-
cutaneous coronary intervention (PCI).

Methods: Patients (n=1558) were consecutively enrolled and the median follow-up was |142
days. Patients were divided into the major adverse cardiac events (MACE) | group (n=63) (all-
cause mortality [n=>58] and rehospitalization for severe heart failure [n=>5], no MACEI group
(n=1495), MACE2 group (n=38) (cardiac mortality [n=33] and rehospitalization for severe heart
failure [n=5]), and no MACE2 group (n=1520). The neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR) were analyzed.
Results: The NLR, MLR, and PLR were higher in the MACE groups than in the no MACE groups.
Different subsets of inflammatory cells had similar diagnostic values for MACE. Kaplan—Meier
curves showed that the survival time gradually decreased with an increase in the degree of risk as
determined by the NLR, MLR, and PLR. The risk of MACE was highest in the extremely high-risk
group.

Conclusion: Peripheral blood inflammatory cell subsets can predict MACE in patients with ACS
undergoing PCI. These cell subsets could be important laboratory markers for the prognosis and
clinical treatment of these patients.
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Introduction

Coronary artery disease (CAD) is the lead-
ing cause of death in middle-high income
countries worldwide.! Standardized com-
munity diagnosis and treatment strategies
have reduced mortality of CAD in devel-
oped countries. In the USA, the rate of
CAD has decreased by 10% in the past 20
years under guidelines and the rapid devel-
opment of percutaneous coronary interven-
tion (PCI).> Acute coronary syndrome
(ACS) is the most severe and common
type of CAD. Evidence-based medicine
has shown that PCI is an important treat-
ment strategy for improving the prognosis
of patients with ACS.?

CAD is a chronic inflammatory disease
and its pathological characteristics include
changes in coronary plaques and vessel
walls. Aggregation and release of platelets
promote proliferation of smooth muscle
cells after endothelial injury. Inflammation
causes coronary plaque formation or rup-
ture by adjusting the balance of anti- and
pro-inflammatory adipocytokines.*?
Therefore, inflammatory cells in peripheral
blood may be related to the onset and pro-
gression of ACS. Inflammatory cells in
peripheral blood mainly include neutrophils,

monocytes, platelets, and lymphocytes.
Previous studies have shown that neutro-
phils,®® monocytes,” '' and platelets'*"?

may promote development of atherosclero-
sis, whereas lymphocytes may inhibit athero-
sclerosis.'*'7 The ratios of  pro-
atherosclerotic inflammatory cells to anti-
atherosclerotic inflammatory cells, the

neutrophil-to-lymphocyte  ratio  (NLR),
monocyte-to-lymphocyte ratio (MLR), and
platelet-to-lymphocyte ratio (PLR), may
provide more information than a single
inflammatory cell level. Recently, an associ-
ation between the NLR and the prognosis of
cardiovascular disease has been shown.'®
However, the associations of the MLR,
PLR, and prognosis of ACS remain unclear.
Therefore, the present study aimed to exam-
ine the diagnostic and prognostic value of
peripheral blood inflammatory cell subsets
in patients with ACS undergoing PCI.

Materials and methods

Participants

A total of 1773 inpatients with ACS who
underwent PCI from January 2016 to
December 2018 were consecutively enrolled
in this study. The inclusion criteria were as
follows: patients aged >40 years; those with
ACS according to the global diagnostic cri-
teria by the European Society of Cardiology;
and those who underwent PCI for the first
time and complete revascularization. The
exclusion criteria were infectious diseases,
malignant tumors, blood system diseases
(e.g., anemia and leukopenia), serious heart
diseases (e.g., aortic dissection and hypertro-
phic cardiomyopathy), and chronic kidney
disecase (stage >3). The patients were
assigned to the following groups in relation
to the prognosis: major adverse cardiac
events (MACE) 1 group (n=63; all-cause
mortality [n=58 of whom 33 had cardiac
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mortality] and rehospitalization for severe
heart failure [n=5; heart function level IV
based on the New York Heart Association
[NYHA] classification), no MACEI]
(NMACEL1) group (no MACE occurred;
n=1495), MACE2 group (n=38; cardiac
mortality, n=33 and 5 were rehospitalized
for severe heart failure [NYHA 1V]), and
no MACE2 (NMACE2) group (n=1520)
(Figure 1). The study was approved by the
Institutional Review Board of the Affiliated
Hospital of Chengde Medical University
(approval number: LL076). This study was
carried out in accordance with the World
Medical Association’s Code of Ethics
(Helsinki Declaration). All patients provided
written informed consent.

Demographic, clinical, and follow-up data

Data of age, sex, and risk factors for CAD,
including hypertension, diabetes, dyslipide-
mia, ischemic stroke, and smoking history,
were carefully collected by students who

were undergoing a Master’s degree.
Information on a previous history of heart
failure, an echocardiogram, peripheral
blood cell count, and blood biochemistry
for subjects was recorded in a database.
The NLR, MLR, and PLR were then calcu-
lated. Hypertension was defined as systolic
blood  pressure >140 mmHg (1
mmHg=0.133 kPa) and/or diastolic blood
pressure >90 mmHg at rest or a previous
diagnosis of hypertension with antihyperten-
sive therapy.'” Diabetes was defined as
having symptoms of diabetes (i.e., polydipsia,
polyuria, and more food and weight loss)
with random blood glucose levels >11.1
mmol/L, fasting plasma glucose levels >7.0
mmol/L, 2-hour oral glucose tolerance test
blood glucose levels >11.1 mmol/L, or
having no symptoms of diabetes, but with
at least two blood glucose tests that met the
above-mentioned criteria.”® Hyperlipidemia
was defined as serum total cholesterol levels
>5.18 mmol/L, high-density lipoprotein

1773 inpatients with ACS.
undergoing PCI
Jan. 2016 - Dec. 2018

Excluded
*  Infectious diseases
+ Blood system diseases
+  Serious hearl diseases
+  Chronic kidney disease
1744 inpatients meeting the
inclusion criteria
+ Follow-up after PCI
+ The median duration of
follow-up was 1142 days
+ 186 patients withdrew
1558 eligible inpatients for this
study
S Ao et 38 MACE2
T iy 1495 NMACEA + Cardiac mortality o
. R.m:c- h,‘,-'qvﬂ * Mo MACE1 * Rehospitalization + NoMACE2
sty occurred for severe heart occurred
for severe heart fokre
failure

Figure 1. Screening flowchart of all inpatients enrolled in the study
ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; MACE, major adverse cardiac

events.
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cholesterol levels <1.04 mmol/L, low-density
lipoprotein cholesterol levels >3.37 mmol/L,
triglyceride levels >1.7 mmol/L, or a previous
diagnosis of dyslipidemia with a prescribed
medication.”!

Regular follow-up after PCI was carried
out by cardiologists in the outpatient ser-
vice at 1, 3, 6, and 12 months and once a
year thereafter. The median duration of
follow-up was 1142 days. The primary com-
posite endpoint was MACE], including all-
cause mortality, cardiac mortality (death
due to myocardial infarction, heart failure,
fatal arrhythmia, and other heart-related
causes), and rehospitalization for severe
heart failure (NYHA 1V). The secondary
composite endpoint was MACE2, including
cardiac mortality and rehospitalization for
severe heart failure.

PCI

All patients received a loading dose of aspi-
rin (300 mg) and clopidogrel (300 mg) or
ticagrelor (180 mg) before PCI and an intra-
venous dose of heparin (70-100 U/kg) to
maintain an activated clotting time (250—
300 s) during the procedure. Prescription
of  glycoprotein  IIb/Illa  inhibitors
depended on the indications of the guide-
lines of ACS. Experienced cardiologists per-
formed PCI with the Judkins technique
using OF right and left heart catheters.
The successful standard of PCI was defined
as a reduction in percentage diameter ste-
nosis associated with thrombolysis in myo-
cardial infarction grade 2 or 3 to <30%.
Angiographic characteristics of all of the
patients were determined and reported by
the interventional cardiology teams.

Blood sample collection and neutrophil,
monocyte, platelet, and lymphocyte
counts

Fasting blood samples were collected at
admission within the first 24 hours before

PCI. Neutrophil, monocyte, platelet, and
lymphocyte counts were performed by the
Laboratory Department using an automat-
ic hematology analyzer (Sysmex XE-2100;
Sysmex, Kobe, Japan). A report was
issued after being checked by a doctor.

Statistical analysis

Data processing and statistical analysis
were performed using the IBM Statistical
Package for Social Sciences, version 19.0
(IBM Corp, Armonk, NY, USA). The dis-
tribution of all continuous variables was
skewed as shown by the Shapiro-Wilk
test. Continuous variables are expressed as
the median (interquartile range). The
Mann—Whitney U test was used to compare
continuous variables between two groups.
Categorical variables are presented as
number (%) and the chi-square test was
used for comparison between the two
groups. The diagnostic efficiency of the
NLR, MLR, and PLR, the combination
of two of the ratios, and the combination
of three of the ratios were evaluated using
diagnostic tests, and the optimal diagnostic
value was determined. The Kaplan—Meier
curve and log-rank test were used to com-
pare the survival status of the different risk
groups in relation to the NLR, MLR, and
PLR (> the optimal diagnostic value). The
Cox proportional hazards regression model
was used to predict risk factors of MACE.
All statistical analysis tests were two-sided
and a P value <0.05 was considered statis-
tically significant.

Results

Comparison of baseline characteristics

A total of 1558 patients were included in the
study. The numbers of patients aged >65
years, and those with heart failure, cardio-
genic shock, a NLR >2.67,a MLR >0.33, a
PLR >225.49, elevated creatinine levels,
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and an ejection fraction <40% were signif-
icantly higher in the MACEI1 group than in
the NMACEI group (all P<0.05) (Table 1).
The numbers of patients aged >65 years,
and those with heart failure, cardiogenic
shock, a NLR >2.67, a MLR >0.43, a
PLR >225.49, elevated creatinine levels,
and an ejection fraction <40% were also
significantly higher in the MACE2 group
than in the NMACE2 group (all P<0.05)
(Table 2).

Receiver operating characteristic curve
analysis of the NLR, MLR, and PLR for
diagnosis of MACE

The area under the receiver operating char-
acteristic curve of the NLR, MLR, PLR,
combination of the NLR and MLR, com-
bination of the NLR and PLR, combina-
tion of the MLR and PLR, and
combination of these three ratios for the
MACEI]1 group was 0.613 (95% confidence
interval [CI] 0.541-0.686), 0.588 (95% CI
0.508-0.668), 0.610 (95% CI 0.535-0.685),
0.641 (95% CI1 0.575-0.707), 0.652 (95% CI
0.581-0.723), 0.627 (95% CI 0.550-0.705),
and 0.663 (95% CI1 0.594-0.732), respective-
ly. The optimal diagnostic value of the
NLR was 2.67, and the sensitivity and spe-
cificity were 0.754 and 0.448, respectively.
The optimal diagnostic value of the MLR
was 0.33, and the sensitivity and specificity
were 0.525 and 0.661, respectively. The best
diagnostic threshold of the PLR was
225.49, and the sensitivity and specificity
were 0.311 and 0.871, respectively (all
P<0.05) (Figure 2a). The area under the
receiver operating characteristic curve of
the NLR, MLR, PLR, combination of the
NLR and MLR, combination of the NLR
and PLR, combination of the MLR and
PLR, and combination of these three
ratios for the MACE2 group were 0.615
(95% CI 0.521-0.710), 0.627 (95% CI
0.521-0.734), 0.629 (95% CI 0.526-0.732),
0.673 (95% CI1 0.593-0.752), 0.687 (95% CI

0.596-0.777), 0.678 (95% CI 0.579-0.777),
and 0.724 (95% C1 0.643-0.806), respective-
ly. The optimal diagnostic value of the
NLR was 2.67, and the sensitivity and spe-
cificity were 0.778 and 0.475, respectively.
The optimal diagnostic value of the MLR
was 0.43, and the sensitivity and specificity
were 0.444 and 0.813, respectively. The best
diagnostic value of the PLR was 225.49,
and the sensitivity and specificity were
0.389 and 0.870, respectively (all P<0.05)
(Figure 2b). The NLR and PLR showed
similar optimal diagnostic value for the
MACEI and MACE2 groups, whereas the
MLR had different optimal diagnostic
values for the MACEl and MACE2
groups.

Kaplan—Meier survival curves

Patients with ACS who underwent PCI
were classified in relation to their NLR,
MLR, and PLR (> the optimal diagnostic
value) as follows: low-risk group (the NLR,
MLR, and PLR were all <the optimal
diagnostic value), medium-risk group (one
of the ratios was > the optimal diagnostic
value), high-risk group (two of the ratios
were > the optimal diagnostic value), and
extremely high-risk group (the NLR, MLR,
and PLR were > the optimal diagnostic
value). The median survival time of the
low-, medium-, high-, and extremely high-
risk groups for MACEl was 1213.00
(903.75, 1449.25) days, 1137.50 (852.00,
1137.50) days, 985.00 (814.00, 1381.75)
days, and 944.50 (763.00, 1276.00) days,
respectively. The overall survival time was
significantly different among the four
groups  (7*=28.534,  log-rank test,
P<0.001) (Figure 3a). The median survival
time of the low-, medium-, high-, and
extremely high-risk groups for MACE2
was 1206.50 (901.25, 1445.00) days,
1088.00 (844.50, 1408.50) days, 974.50
(795.50, 1322.75) days, and 980.00 (762.00,
1391.00) days, respectively. The overall
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Table I. Comparison of baseline clinical characteristics between the MACE| group (all-cause mortality and
rehospitalization for severe heart failure) and the NMACEI group.

MACE NMACE
Factors (n=63) (n=1495) P P
Demographics and clinical data, n (%)
Male sex 46 (73.0) 1120 (74.9) 0.116 0.733
Age >65 years 32 (50.8) 340 (22.7) 26.171 <0.001
Hyperlipidemia 36 (57.1) 846 (56.6) 0.008 0.931
Hypertension 35 (55.6) 880 (58.9) 0.273 0.601
T2DM 14 (22.2) 380 (25.4) 0.327 0.568
History of stroke 16 (25.4) 206 (13.8) 6.678 0.010
History of TIA 0 (0.0 5(0.3) 0.211 0.646
History of HF 20 (31.7) 138 (9.2) 33.629 <0.001
History of CGS 8 (12.7) 17 (1.1) 51.178 <0.001
Current smoking 29 (46.0) 780 (52.2) 0914 0.339
Family history of CAD 5(7.9) 214 (14.3) 2.036 0.154
UA 15 (23.8) 601 (40.2) 6.794 0.009
STEMI 34 (54.0) 660 (44.1) 2.360 0.124
NSTEMI 14 (22.2) 234 (15.7) 1.950 0.163
Laboratory data, n (%)
WBCT 25 (40.3) 485 (32.5) 1.640 0.200
PLTT 4 (6.3) 113 (7.6) 0.127 0.721
| NEU [T 28 (45.9) 519 (34.8) 3.188 0.074
| LYM || 16 (26.2) 259 (17.3) 3.174 0.075
| MON |1 16 (26.2) 314 (21.0) 0.947 0.331
MPVT I (1.7) 5(0.3) 2.656 0.103
PDW7T I (1.7) 15 (1.0) 0.264 0.607
NLRT 46 (75.4) 780 (52.2) 12.631 <0.001
MLRT 31 (50.8) 498 (94.1) 7.961 0.005
PLRT 19 BL.I) 192 (12.9) 16.703 <0.001
ALB| 7(11.7) 69 (4.6) 6.077 0.014
CK-MBT 36 (65.5) 688 (50.5) 4.746 0.029
Crl 6 (10.0) 36 (2.4) 12.638 <0.001
Echocardiography, n (%)
LAT 20 (35.1) 338 (25.1) 2.876 0.090
LVEDDT 18 (31.6) 334 (24.7) 1.363 0.243
EF <40% 8 (14.0) 33 (2.4) 25.971 <0.001
Coronary angiogram, n (%)
One vascular lesion 16 (25.4) 472 (31.6) 1.072 0.301
Two vascular lesions 22 (34.9) 475 (31.8) 0.276 0.599
Three vascular lesions 25 (39.7) 548 (36.7) 0.238 0.625
Drugs, n (%)
Aspirin 49 (77.8) 1483 (99.2) 169.020 <0.001
Clopidogrel 43 (68.3) 1182 (79.1) 4.203 0.040
Ticagrelor 5(7.9) 300 (20.1) 5.650 0.017
p-blockers 32 (50.8) 766 (51.2) 0.005 0.945
ACEIs/ARBs 19 (30.2) 679 (45.4) 5.692 0.017

(continued)
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Table I. Continued.

MACE NMACE
Factors (n=63) (n=1495) 2t P
Statins 49 (77.8) 1478 (98.9) 137.816 <0.001
CCB 7 (1.1) 258 (17.3) 1.618 0.203
Diuretics I (17.5) 99 (6.6) 10.822 0.001

MACE, major adverse cardiac events; NMACE, non-major adverse cardiac events; TIA, transient ischemic attack; T2DM,
type 2 diabetes mellitus; 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 cells; PLT, platelets; | NEU |, absolute value of neutrophils; | LYM |, absolute value of lymphocytes; | MON |, absolute
value of monocytes; MPV, mean platelet volume; PDVYV, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio;
MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALB, albumin; CK-MB, creatine phosphokinase
isoenzyme; Cr, creatinine; LA, left atrium; LVEDD, left ventricular end-diastolic diameter; EF, ejection fraction; ACEls/
ARBs, angiotensin-converting enzyme inhibitors/angiotensin |l receptor blockers; CCB, amlodipine besylate tablet; T,
above the upper limit of normal values; |, below the lower limit of normal values.

Table 2. Baseline clinical characteristics between the MACE2 group (cardiac mortality or rehospitalization
for severe heart failure) and NMACE2 group.

MACE2 NMACE2
Factors (n=38) (n=1520) vt P
Demographics and clinical data, n (%)
Male sex 29 (76.3) 1137 (74.8) 0.045 0.832
Age >65 years 18 (47.4) 354 (23.3) 11.826 0.001
Hyperlipidemia 20 (52.6) 862 (56.7) 0.251 0.616
Hypertension 18 (47.4) 897 (59.0) 2.074 0.150
History of stroke Il (28.9) 211 (13.9) 6.887 0.009
History of TIA 0 (0.0 5(0.3) 0.125 0.723
T2DM 8 (21.1) 386 (25.4) 0.370 0.543
History of HF 17 (44.7) 141 (9.3) 51.156 <0.001
History of CGS 8 (21.1) 17 (1.1) 93.306 <0.001
Current smoking 18 (47.4) 791 (52.0) 0.324 0.569
Family history of
CAD 2 (5.3) 217 (14.3) 2.493 0.114
UA 7 (18.4) 609 (40.1) 7.266 0.007
STEMI 23 (60.5) 671 (44.1) 4.027 0.045
NSTEMI 8 (21.1) 240 (15.8) 0.767 0.381
Laboratory data, n (%)
WBCT 16 (43.2) 494 (32.6) 1.860 0.173
PLTT 2 (5.3) 115 (7.6) 0.283 0.595
| NEU |T 16 (44.4) 531 (35.0) 1.381 0.240
| LYM || 12 (33.3) 263 (17.3) 6.187 0.013
| MON |7 13 (36.1) 317 (20.9) 4.876 0.027
MPVT I (2.9) 5(0.3) 5.675 0.017
PDW1 I (2.9) 15 (1.0) 1.242 0.265
NLRT 28 (77.8) 798 (52.6) 8.975 0.003

(continued)
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Table 2. Continued.

MACE2 NMACE2
Factors (n=38) (n=1520) P P
MLRT 15 (41.7) 282 (18.6) 12.127 <0.001
PLRT 14 (38.9) 197 (13.0) 20.121 <0.001
ALB| 5(14.3) 71 (4.7) 6.717 0.010
CK-MBT 22 (64.7) 702 (50.7) 2.597 0.107
Crl 5(14.3) 37 (24) 18.269 <0.001
Echocardiography, n (%)
LAT 13 (39.4) 345 (25.2) 3.435 0.064
LVEDD 11 (33.3) 341 (24.8) 1.246 0.264
EF <40% 16 (48.5) 323 (23.5) 10.993 0.001
Coronary angiogram, n (%)
One vascular lesion 8 (21.1) 480 (31.6) 1.910 0.167
Two vascular lesions 13 (34.2) 484 (31.8) 0.096 0.757
Three vascular lesions 17 (44.7) 556 (36.6) 1.061 0.303
Drugs, n (%)
Aspirin 26 (68.4) 1506 (99.1) 212.348 <0.001
Clopidogrel 20 (52.6) 1205 (79.3) 15.662 <0.001
Ticagrelor 4 (7.4) 301 (19.8) 2.026 0.155
p-blockers 18 (47.4) 780 (51.3) 0.231 0.631
ACEIs/ARBs 8 (21.1) 690 (45.4) 8.883 0.003
Statins 26 (68.4) 1501 (98.8) 174.867 <0.001
CCB 4 (10.5) 261 (17.2) 1.160 0.282
Diuretics 9 (23.7) 101 (6.6) 16.404 <0.001

MACE, major adverse cardiac events; NMACE, non-major adverse cardiac events; TIA, transient ischemic attack; T2DM,
type 2 diabetes mellitus; 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 cells; PLT, platelets; | NEU |, absolute value of neutrophils; | LYM |, absolute value of lymphocytes; | MON |, absolute
value of monocytes; MPV, mean platelet volume; PDWV, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio;
MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALB, albumin; CK-MB, creatine phosphokinase
isoenzyme; Cr, creatinine; LA, left atrium; LVEDD, left ventricular end-diastolic diameter; EF, ejection fraction; ACEls/
ARBs, angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; CCB, amlodipine besylate tablet; T,

above the upper limit of normal values; |, below the lower limit of normal values.

survival time was significantly different
among the four groups (y°=28.012, log-
rank test, P<0.001) (Figure 3b).

Forest graphs for predicting MACE in
relation to the NLR, MLR, and PLR

Variables were screened for the Cox pro-
portional hazards regression model to
determine the risk factors for MACEI and
MACE2 in patients with ACS who under-
went PCI. The forest graphs for predicting
MACEIl in patients with ACS who

underwent PCI in relation to the NLR,
MLR, or PLR alone showed that the
NLR and PLR were independent risk fac-
tors for predicting MACEI (both P<0.05).
The predictive value of the NLR was higher
than that of PLR, with hazard ratios (HR)
of 2.938 and 2.303, respectively (Figure 4).
The forest graphs for predicting MACE?2 in
patients with ACS who underwent PCI in
relation to the NLR, MLR, or PLR alone
showed that the NLR, MLR, and PLR
were independent risk factors for predicting
MACE?2 (all P<0.001). The predictive value
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Figure 2. Receiver operating characteristic curve of the NLR, MLR, and PLR in predicting (a) MACEI (all-
cause mortality, cardiac mortality, and rehospitalization for severe heart failure) and (b) MACE2 (cardiac
mortality and rehospitalization for severe heart failure).

NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte

ratio; MACE, major adverse cardiac events.

of the NLR was the highest (13.268), fol-
lowed by that of the PLR (11.551) and that
of the MLR (6.064) (Figure 5).

Age >65 years, a history of heart failure,
a history of cardiogenic shock, elevated cre-
atinine levels, and an ejection fraction
<40% were significant independent risk
factors for MACEI, with HRs of 2.857,
2.155, 4.629, 3.706, and 3.498, respectively
(all P<0.05). An NLR >2.67, MLR >0.33,
and PLR >225.49 were also significant
independent risk factors for MACEI
(P=0.004). The HRs of the medium-risk,
high-risk, and extremely high-risk groups
were 2.726, 2.992, and 5.531, respectively.
The HR of the medium-risk group was the
lowest and close to that of age >65 years.
The HR of the high-risk group was between
that of age >65 years and an ejection frac-
tion <40%, and higher than that of the
medium-risk group (Figure 6a).

Moreover, age > 65 years, a history of
heart failure, a history of cardiogenic shock,
elevated preoperative creatinine levels, and
an ejection fraction <40% were significant
independent risk factors for MACE2, with
HRs of 2.655, 3.160, 7.161, 5.023, and

3.611, respectively (all P<0.05). An NLR
>2.67, MLR >0.43, and PLR >225.49
were also independent risk factors for
MACE2 (P=0.018). The HRs of the
medium-risk, high-risk, and extremely
high-risk groups were 6.988, 10.015, and
12.121, respectively (Figure 6b). The
NLR, MLR, PLR, and the combination
of these three ratios were better for predict-
ing MACE2 than for MACEI.

Discussion

In this study, we examined the diagnostic
and predictive value of peripheral blood
inflammatory cell subsets in patients with
ACS who underwent PCI. We found that
the NLR, MLR, and PLR had a similar
diagnostic value for MACE in patients
with ACS after PCI. Kaplan—Meier survival
curves showed that the survival time grad-
ually decreased as the degree of risk
increased. The Cox proportional hazards
regression model showed that the NLR,
MLR, and PLR were independent risk fac-
tors for predicting cardiac mortality and
rehospitalization for severe heart failure.
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Figure 4. Forest graphs of the Cox proportional hazards regression model for predicting MACE| (all-cause
mortality, cardiac mortality, and rehospitalization for severe heart failure) in patients with acute coronary
syndrome who underwent percutaneous coronary intervention in relation to (a) the NLR, (b) MLR, and (c)

PLR alone.

HR, hazard ratio; Cl, confidence interval; HF, heart failure; CGS, cardiogenic shock; Cr, creatinine; LVEF, left
ventricular ejection fraction; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; MACE, major adverse cardiac events.

The NLR had the highest predictive value
and the MLR had the lowest predictive
value. The risk of MACE in the medium-
risk, high-risk, and extremely high-risk
groups showed an upward trend compared
with the low-risk group. The mechanism of
this finding may be related to a more severe
inflammatory response in the body result-
ing in a higher number of inflammatory cell

subsets. The NLR, which was initially used
for assessing prognosis of cancer, tubercu-
losis infection, and autoimmune diseases, is
an inflammatory factor in peripheral blood
that can be used to assess prognosis of
patients with CAD.*** Previous studies
have shown that the NLR is a predictor
of short- and long-term poor prognosis in
patients with ACS after PCI.?>° The MLR
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Figure 5. Forest graphs of the Cox proportional hazards regression model for predicting MACE2 (cardiac
mortality and rehospitalization for severe heart failure) in patients with acute coronary syndrome who
underwent percutaneous coronary intervention in relation to (a) the NLR, (b) MLR, and (c) PLR alone.
HR, hazard ratio; Cl, confidence interval; HF, heart failure; CGS, cardiogenic shock; Cr, creatinine; LVEF, left
ventricular ejection fraction; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; MACE, major adverse cardiac events.

has rarely been reported and is considered
as a novel marker of inflammation.?' Chen
et al.?? found that the MLR was correlated
with the severity of CAD and had a higher
predictive value for severity than NLR.
These authors also found that the MLR
was an independent predictor of MACE

in patients with non-ST-segment elevation
myocardial infarction.

At present, there are no relevant reports
on the prediction of prognosis of ACS by
the MLR in patients undergoing PCI. The
PLR is a newly discovered marker of
inflammation in  peripheral  blood.
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Figure 6. Forest graphs of the Cox proportional hazards regression model to test the risk factors for (a)
MACEI| (all-cause mortality, cardiac mortality, and rehospitalization for severe heart failure) and (b) MACE2
(cardiac mortality and rehospitalization for severe heart failure) in patients with acute coronary syndrome
who underwent percutaneous coronary intervention.
HR, hazard ratio; Cl, confidence interval; HF, heart failure; CGS, cardiogenic shock; Cr, creatinine; EF,
ejection fraction; MACE, major adverse cardiac events.

Previous studies have shown that an
increased PLR is a manifestation of platelet
activation and increased aggregation of
microsomes. Platelets and monocytes acti-
vate the mechanism of coagulation and
thrombosis, promote thrombosis and ath-
erosclerosis, and intensify the inflammatory
response, which may lead to a poor prog-
nosis of cardiovascular  disease.*-**
However, there is no clear conclusion on
the relationship between the PLR and the
prognosis of patients with CAD after PCI.
Cho et al. and Zhou et al.>>*® found that
the PLR was associated with the severity of
coronary stenosis and major cardiovascular

adverse events. However, Bressi et al.®’

reported that, in patients with stable
CAD, an increased PLR was not associated
with an increased risk of long-term clinical
adverse events. The pathological basis of
ACS is rupture of unstable coronary pla-
ques and secondary thrombosis.
Therefore, the different results of the
above-mentioned studies compared with
our study may be related to the stronger
inflammatory response in ACS than in
stable CAD. In our study, the PLR
showed predictive value and was an inde-
pendent risk factor for a poor prognosis
in patients with ACS after PCI.
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The present study has some limitations.
First, the sample was relatively small and
from a single hospital. Second, the design
of this study was prospective and lacked a
healthy control group. These findings need
to be further validated in large-sample, mul-
ticenter, clinical studies.

In conclusion, the present study further
confirms that inflammatory cell subsets
have diagnostic and predictive value for
MACE in patients with ACS undergoing
PCI. As the risk stratification increases, a
poor prognosis (all-cause mortality, cardio-
genic mortality, and rehospitalization for
severe heart failure) of patients with ACS
undergoing PCI increases correspondingly
with a gradual decrease in the median sur-
vival time.
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