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Abstract

Obijective: The study aimed to evaluate the role of the neutrophil percentage (N%) at admission in predicting in-hospital
major adverse cardiovascular events (MACE) in patients =75 years of age with acute coronary syndrome (ACS).
Methods: A total of 1189 patients above 75 years of age with ACS hospitalized at the Second Xiangya Hospital
between January 2013 and December 2017 were enrolled in this retrospective study. Receiver operator characteristic
curve analysis was performed to calculate the optimal N% cut-off value for patient grouping. The in-hospital MACE
consisted of acute left heart failure, stroke and any cause of death. Multivariable logistic analyses were used to assess
the role of N% in predicting MACE in older patients with ACS.

Results: The patients were divided into a high N% group (N% =74.17%, n=396) and low N% group (N% <74.17%,
n=793) according to the N% cut-off value (N%=74.17%). The rate of MACEs during hospitalization was consider-
ably higher in the high N% group than the low N% group (27.5% vs. 9.6%, P<0.001). After adjustment for other fac-
tors, high N% remained an independent risk factor for in-hospital MACE in older patients with ACS (odds ratio 1.779,
95% confidence interval 1.091-2.901, P=0.021).

Conclusion: High N% at admission is an independent risk factor for in-hospital MACE in patients above 75 years
of age with ACS.
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Introduction experiencing acute coronary syndrome (ACS) has
been estimated to be approximately 635,000 each
Coronary heart disease (CHD), the leading cause year [1], and a death rate of 40% has been estimated
of mortality and disability, has posed a heavy | (o occur within 5 years after ACS onset in America
social and economic burden on both developing | [2]. The economic burden of ACS is substantial, at
and developed countries. The number of people approximately 30,000 dollars per patient annually
[3]. Therefore, improving outcomes through evi-
dence-based treatment is critical.
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elevationmyocardial infarction (STEMI). Decreased
coronary blood flow resulting from plaque rupture
and thrombosis formation is responsible for ACS
onset [4]. Advanced age, the strongest risk factor
for CHD, independently predicts adverse outcomes
of ACS [5]. As a prognostic marker for ACS, age
has been applied in many risk scores of ACS, such
as the Global Registry of Acute Coronary Events
(GRACE) [6]. The incidence of myocardial infarc-
tion in patients 50-59 years of age is considerably
higher than that in patients <50 years of age (27.4%
vs. 18%, P<0.05) [7]. Although ACS morbidity and
mortality have declined with optimized treatments,
the clinical outcomes of vulnerable older patients
have not improved.

The infiltration of inflammatory cells in infarcted
regions is considered the main mechanism of CHD
[8]. The accumulation of leukocytes and the release
of mediators such as tumor necrosis factor and
interleukins facilitate the formtion of thrombosis
and ischemic progression [9]. An elevated white
blood cell (WBC) count was associated with CHD
severity as early as the 1980s [10, 11]. A prospective
study involving 1037 patients has revealed that neu-
trophils are superior to other leukocyte parameters
in predicting AMI mortality, because they directly
reflect the extent of myocardial damage [12]. The
neutrophil percentage (N%), calculated by divid-
ing the absolute neutrophil count by the total WBC
count, is also considered an inflammatory biomarker
in the progression of ACS [13]. However, few stud-
ies have focused on the association between N%
and in-hospital adverse events in older patients with
ACS. Therefore, this study was aimed at evaluating
the value of N% at admission in predicting major
adverse cardiovascular events (MACE) in patients
above 75 years of age with ACS.

Methods

Study Population

Clinical data for 1305 patients 75 years of age or
older with ACS, who were hospitalized in the
Second Xiangya Hospital between January 2013
and December 2017 were collected in the retro-
spective single-center study. Patients younger than
75 years; those with complications of pericarditis,

myocarditis, pulmonary embolism, aortic dissec-
tion, pneumothorax, cancer, infection, shock, can-
cer, immune disease and hematological disease; and
those with incomplete data were excluded. A total of
1189 older patients with ACS were finally enrolled
and analyzed. In the study, ACS was classified into
STEMI and non-ST-elevation ACS (NSTE-ACS),
including NSTEMI and unstable angina, according
to American College of Cardiology criteria [14].

Measures

Demographic characteristics including age and
sex; lifestyle factors including smoking; anthropo-
metrics including body mass index (BMI), systolic
blood pressure (SBP) and heart rate (HR); medi-
cal history including hypertension, dyslipidemia,
type 2 diabetes mellitus (T2DM), chest pain, per-
cutaneous transluminal coronary intervention (PCI)
and coronary artery bypass crafting (CABG); bio-
chemistry parameters including hemoglobin, WBC,
N%, platelets, albumin, alanine aminotransferase
(ALT), creatinine, N-terminal-pro brain natriuretic
peptide (NT-proBNP), creatine kinase-myocardial
band (CK-MB), total cholesterol (TC), triglycerides
(TG), low density lipoprotein cholesterol (LDL-c)
and high density lipoprotein cholesterol (HDL-c);
ultrasound data including left ventricular ejection
fraction (LVEF), hospital course including aspirin,
clopidogrel, beta blockers, statins, proton pump
inhibitors (PPIs), angiotensin-converting-enzyme
inhibitors (ACElIs), angiotensin receptor blockers
(ARBs), mechanical ventilation, intra-aortic balloon
pump (IABP) and hospital PCI; and angiographic
data including left main and three-vessel disease
were collected. The blood samples were collected
within 1 hour after admission for the measurement
of all relevant parameters.

Outcomes

The end point was MACE, a composite outcome
including in-hospital acute left heart failure, stroke
and any cause of death. Acute left heart failure was
defined as the new onset or worsening syndromes,
and signs of heart failure including orthopnea, pink
bubble sputum cough and hypotension, induced by
acute coronary syndrome, arrhythmia or other trig-
gers [15]. Stroke occurs when the brain does not
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receive sufficient blood supply because of a cere-
bral thrombosis or bleed, as determined by imaging
or autopsy [16].

Ethics

The study was approved by the human research
committee of Second Xiangya Hospital (No.
2022345). Informed consent was obtained from
each participant.

Statistical Analysis

The cut-off value of N% to predict in-hospital
MACE and determine patient groupings was cal-
culated with receiver operator characteristic (ROC)
curve analysis. Continuous variables with a nor-
mal distribution are described as mean and stand-
ard deviation, whereas continuous variables with
a skewed distribution are described as median
and interquartile range. Two-sided Student’s 7-test
or non-parametric test was performed to compare
differences between two groups. Categorical vari-
ables, represented as number and percentage, were
compared with chi-square tests. Multivariate logis-
tic regression was performed to evaluate the asso-
ciation between risk factors and in-hospital MACE.
Estimated odds ratios (OR) and 95% confidence
intervals (95% CI) are reported. A P-value below
0.05 was considered to indicate statistical signifi-
cance. SPSS IBM 28.0 (SPSS Inc., Chicago, USA)
was used for statistical analysis.

Results

Patient Groupings

The optimal cut-off value of N% to predict in-hos-
pital MACE was 74.17% [sensitivity 58.9%, speci-
ficity 71.4%, area under the curves (AUC) 67.6%],
according to ROC curve analysis (Figure 1). The
patients were divided according to the N% cut-off
value into a low N% group (<74.17%, n=793) and
high N% group (=74.17%, n=396).

Baseline Characteristics of Patients

Baseline characteristics are shown in detail in
Table 1. Patients in the high N% group were older
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Figure 1 ROC Curve Analysis.

The AUC was 0.676 (95% CI 0.631-0.720, P<0.001), the
sensitivity was 0.589, and the specificity was 0.714. AUC:
area under the curve; ROC: receiver operator characteristic.

than those in the low N% group [79 (77, 82) vs. 78
(76, 80), P=0.007]. The proportion of men in the
high N% group was greater than that in the low N%
group (65.2% vs. 58.8%, P=0.033). The BMI [22.3
(20.1, 24.5) vs. 23.1 (20.8, 25.3), P=0.004] and
SBP [136 (118, 158) vs. 138 (121, 155), P=0.016]
were lower, whereas the HR [79 (70, 90) vs. 72 (64,
81)] was higher in the high N% group than the low
N% group. Patients in the high N% group were less
likely to experience previous chest pain (62.4% vs.
68.6%, P=0.030) and PCI treatment (12.9% vs.
17.6%, P=0.038) than those in the low N% group.
In addition, WBC [7.9 (6.2, 9.9) vs. 5.9 (4.9, 7.0),
P<0.001], ALT [22.2 (12.8, 40.5) vs. 17.4 (12.2,
26.5), P<0.001], creatinine [97.7 (73.4, 134.5)
vs. 87.1 (69.2, 113.4), P<0.001], NT-proBNP
[2373.0 (834.1, 5640.5) vs. 670.3 (237.6, 1713.0),
P<0.001] and CK-MB [17.0 (12.3, 31.7) vs. 13.0
(10.1, 17.7), P<0.001] were higher in patients with
high N% than low N%. However, lower levels of
hemoglobin [116 (101, 128) vs. 121 (109, 131),
P<0.001], albumin [34.52 (31.4, 37.1) vs. 35.8
(33.4, 38.3), P<0.001] and TG [1.1 (0.8, 1.6) vs.
1.3 (0.9, 1.8), P<0.001] were found in patients with
high N%. Compared with the low N% group, the
high N% group had a greater percentage of patients
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Table 1 Baseline Characteristics of Patients.
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Overall (N=1189) Low N% group High N% group P-value
(n=793) (n=396)
Demographic characteristics
Age (years) 78 (76, 81) 78 (76, 80) 79 (77, 82) 0.007
Male sex (%) 724 (60.9) 466 (58.8) 258 (65.2) 0.033
Lifestyle
Smoking, yes (%) 423 (35.6) 268 (33.8) 155 (39.1) 0.070
Anthropometrics
BMI (kg/m?) 23.0(20.8,25.1) 23.1 (20.8,25.3) 22.3(20.1,24.5) 0.004
HR (beats/min) 74 (66, 84) 72 (64, 81) 79 (70, 90) <0.001
SBP (mmHg) 135 (119, 152) 138 (121, 155) 136 (118, 158) 0.016
Medical history
Hypertension, yes (%) 895 (75.3) 603 (76.0) 292 (73.7) 0.386
Dyslipidemia, yes (%) 286 (24.1) 190 (24.0) 96 (24.2) 0914
T2DM, yes (%) 343 (28.8) 216 (27.2) 127 (32.1) 0.083
Chest pain, yes (%) 791 (66.5) 544 (68.6) 247 (62.4) 0.030
PCI, yes (%) 190 (16.0) 139 (17.6) 51(12.9) 0.038
CABG, yes (%) 18 (1.5) 10 (1.3) 8 (2.0) 0.314
Biochemistry
Hemoglobin (g/L) 119 (107, 130) 121 (109, 131) 116 (101, 128) <0.001
WBC (10°/L) 6.3(5.2,7.9) 594.9,7.0) 7.9 (6.2,9.9) <0.001
Platelets (10°/L) 177 (143, 217) 174 (140, 211) 181 (141, 215) 0.520
Albumin (g/L) 35.4 (32.8,38.1) 35.8 (33.4,38.3) 34.52 (31.4,37.1) <0.001
ALT (U/L) 18.2 (12.4,29.3) 17.4 (12.2, 26.5) 22.2 (12.8, 40.5) <0.001
Creatinine (umol/L) 89.7 (71.0, 118.0) 87.1(69.2, 113.4) 97.7 (73.4, 134.5) <0.001
NT-proBNP (pg/mL) 1020.0 (322.5, 2885.9)  670.3 (237.6, 1713.0) 2373.0 (834.1,5640.5)  <0.001
CK-MB (IU/L) 14.2(10.4,21.4) 13.0 (10.1, 17.7) 17.0 (12.3,31.7) <0.001
TC (mmol/L) 3.8(3.2,4.5) 3.8(3.2,44) 3.8(3.2,4.5) 0.315
TG (mmol/L) 1.2 (0.9, 1.7) 1.3 (0.9, 1.8) 1.1 (0.8, 1.6) <0.001
LDL-c (mmol/L) 2.2(1.7,2.8) 2.1(1.6,2.8) 2.2 (187,2.8) 0.106
HDL-c (mmol/L) 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) 0.697
Ultrasound data
LVEF <50%, yes (%) 256 (21.5) 143 (18.0) 113 (28.5) <0.001
Hospital course
Aspirin, yes (%) 1016 (85.4) 676 (85.2) 340 (86.3) 0.628
Clopidogrel, yes (%) 1040 (87.5) 685 (86.7) 355 (89.6) 0.146
Beta blocker, yes (%) 821 (69.0) 555 (70.0) 266 (67.2) 0.322
Statin, yes (%) 1152 (96.9) 766 (96.8) 386 (97.7) 0.391
PPI, yes (%) 948 (79.7) 606 (76.4) 342 (86.4) <0.001
ACEI or ARB, yes (%) 767 (64.5) 505 (63.7) 262 (66.2) 0.400
Mechanical ventilation, yes (%) 30 (2.5) 12 (1.5) 18 (4.5) 0.002
IABP, yes (%) 19 (1.6) 8 (1.0) 11 (2.8) 0.021
Hospital PCI, yes (%) 400 (33.6) 268 (33.8) 132 (33.5) 0.920
Severe heart failure*, yes (%) 594 (50.0) 398 (50.2) 196 (49.5) 0.821
Angiographic data
Left main, yes (%) 92 (7.7) 69 (10.8) 23 (6.9) 0.052
Three-vessel disease, yes (%) 273 (23.0) 182 (27.4) 91 (26.5) 0.766
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Table 1 (continued)
Overall (N=1189) Low N% group High N% group P-value
(n=793) (n=396)

Types of ACS
STEMLI, yes (%) 253 (21.3) 113 (14.2) 140 (35.4) <0.001
NSTE-ACS, yes (%) 936 (78.7) 680 (85.8) 256 (64.6) <0.001

Hospital MACE 185 (15.6) 76 (9.6) 109 (27.5) <0.001
Acute left heart failure, yes (%) 179 (15.1) 75 (9.5) 104 (26.3) <0.001
Stroke, yes (%) 9(0.8) 4(0.5) 5(1.3) 0.155
Any cause of death, yes (%) 13 (1.1) 2(0.3) 11 (2.8) <0.001

*Severe heart failure: heart failure with class 3—4 according to Killip or New York Heart Association classification [17].

N%: percentage of neutrophils; BMI: body mass index; HR: heart rate; SBP: systolic blood pressure; T2DM: type 2 diabetes
mellitus; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; WBC: white blood cell; ALT: ala-
nine aminotransferase; NT-proBNP: N-terminal-pro brain natriuretic peptide; CK-MB: creatine kinase-myocardial band; TC:
total cholesterol; TG: triglycerides; LDL-c: low density lipoprotein cholesterol; HDL-c: high density lipoprotein cholesterol;
LVEF: left ventricular ejection fraction; PPI: proton pump inhibitor; ACEI: angiotensin-converting-enzyme inhibitor; ARB:
angiotensin receptor blocker; IABP: intra-aortic balloon pump; STEMI: ST-segment elevation myocardial infarction; NSTE-
ACS: non-ST-elevation acute coronary syndrome; MACE: major adverse cardiovascular events.

with LVEF <50% (28.5% vs. 18.0%, P<0.001), PPI
treatment (86.4% vs. 76.4%, P<0.001), mechani-
cal ventilation (4.5% vs. 1.5%, P=0.002) IABP
(2.8% vs. 1.0%, P=0.021) and STEMI (35.4% vs.
14.2%, P<0.001). Consistently, the incidence of in-
hospital MACE was considerably higher in the high
N% group than the low N% group (27.5% vs. 9.6%,
P<0.001) (Table 1).

Associations Among Risk Factors and
in-Hospital MACE

The risk factors for in-hospital MACE were
investigated with univariate analysis of the demo-
graphic characteristics, lifestyle, anthropomet-
rics, medical history, biochemistry and in-hospital
management (Table 2). The following significant
factors with P<0.05 in univariate analysis were
adjusted for in multivariate logistic regression
analysis: age, HR, SBP, WBC, albumin, ALT,
creatinine, NT-proBNP, CK-MB, HDL-c, LVEF
<50%, clopidogrel, PPI, mechanical ventilation,
IABP, severe heart failure and STEMI. High
N% was an independent risk factor for in-hos-
pital MACE (OR 1.779, 95% CI 1.091-2.901,
P=0.021). Age (OR 1.087, 95% CI 1.025-1.153,
P=0.005), WBC (OR 1.112,95% CI 1.027-1.205,
P=0.009), NT-proBNP (OR 1.000, 95% CI 1.000—
1.000, P<0.001), LVEF <50% (OR 1.770, 95% CI

1.103-2.840, P=0.018), mechanical ventilation
(OR 6.655, 95% CI 2.280-19.425, P<0.001) and
severe heart failure (OR 2.032, 95% CI 1.252-
3.299, P=0.004) were also independent risk fac-
tors for in-hospital MACE (Table 3).

Discussion

The study examined the effects of N% at admission
on in-hospital MACE in patients older than 75 years
with ACS. Older patients with high N% had a greater
incidence of in-hospital MACE than those with low
N%, and N% 274.17% was an independent risk
factor for in-hospital MACE in older patients with
ACS. In addition, age, WBC, NT-proBNP, LVEF
<50%, mechanical ventilation and severe heart fail-
ure were also found to be independent risk factors
for in-hospital MACE in patients with ACS.

Risk stratification in patients with ACS is usu-
ally based on clinical manifestations including age,
SBP, Killip class, ST deviation or elevation, and
traditional biomarkers including creatinine and
NT-proBNP [18, 19]. After adjustment, SBP and
creatinine were no longer risk factors for in-hospital
MACE in older patients with ACS. However, age,
WBC, NT-proBNP, LVEF <50% and severe heart
failure remained prognostic factors for in-hospital
MACE in older patients with ACS, in agreement
with findings from previous studies [20, 21].
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Table 2 Univariable Analyses of Factors Associated with in-Hospital MACE.

No in-hospital With in-hospital OR 95% CI P-value
MACE (n=1004) MACE (n=185)
Demographic characteristics
Age (years) 78 (76, 81) 80 (77, 84) 1.113 1.068-1.160 <0.001
Male sex (%) 609 (60.7) 115 (62.2) 1.066 0.771-1.472 0.700
Lifestyle
Smoking, yes (%) 361 (36.0) 62 (33.5) 0.898 0.645-1.251 0.524
Anthropometrics
BMI (kg/m?) 23.0(20.8,25.1) 22.0(20.3,25.5) 0.977 0.916-1.042 0.474
HR (beats/min) 73 (65, 82) 82(72,92) 1.037 1.027-1.048 <0.001
SBP (mmHg) 139 (121, 156) 124 (114, 146) 0.990 0.983-0.997 0.007
Medical history
Hypertension, yes (%) 758 (75.5) 137 (74.1) 0.926 0.647-1.326 0.676
Dyslipidemia, yes (%) 245 (24.4) 41 (22.2) 0.882 0.606-1.284 0.513
T2DM, yes (%) 288 (28.7) 55 (29.7) 1.052 0.746-1.483 0.773
Chest pain, yes (%) 668 (66.5) 123 (66.5) 0.995 0.714-1.387 0.976
PCI, yes (%) 168 (16.7) 22 (11.9) 0.671 0.417-1.079 0.099
Biochemistry
Hemoglobin (g/L) 120 (109, 131) 118 (103, 130) 0.994 0.986-1.002 0.141
Low N% 717 (71.4) 76 (41.1) 0.279 0.202-0.386 <0.001
High N% 287 (28.6) 109 (58.9) 3.583 2.593-4.951 <0.001
WBC (10°/L) 6.1(5.0,7.5) 7.2 (6.0, 9.6) 1.232 1.166-1.301 <0.001
Platelets (10°/L) 175 (143, 211) 164 (136, 230) 0.999 0.996-1.001 0.349
Albumin (g/L) 35.6 (33.0, 38.3) 34.2 (31.1,37.1) 0.900 0.865-0.936 <0.001
ALT (U/L) 17.2 (11.7,26.7) 23.0 (13.0, 48.4) 1.005 1.002-1.008 0.002
Creatinine (umol/L) 86.8 (68.1, 112.9) 101.0 (70.9, 148.8) 1.005 1.003-1.006 <0.001
NT-proBNP (pg/mL) 815.8 (312.0,2015.5)  5029.2 (2336.4, 8765.9)  1.000 1.000-1.000 <0.001
CK-MB (IU/L) 13.4(10.3, 19.1) 16.7 (11.3, 29.7) 1.002 1.001-1.004 0.004
TC (mmol/L) 3.73.2,4.4) 3.7(3.1,44) 0.959 0.812-1.131 0.616
TG (mmol/L) 1.2 (0.9, 1.7) 1.2 (0.8, 1.8) 0.816 0.661-1.007 0.058
LDL-c (mmol/L) 2.2(1.7,2.8) 2.1(1.6,2.7) 0.964 0.791-1.174 0.714
HDL-c (mmol/L) 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 0.507 0.281-0.913 0.024
Ultrasound data
LVEF <50%, yes (%) 172 (17.1) 84 (45.4) 4.023 2.884-5.611 <0.001
Hospital course
Aspirin, yes (%) 858 (85.5) 158 (85.9) 1.027 0.654-1.612 0.908
Clopidogrel, yes (%) 868 (86.7) 172 (93.0) 2.027 0.121-3.667 0.019
Beta blocker, yes (%) 701 (69.8) 120 (64.9) 0.798 0.573-1.111 0.181
Statin, yes (%) 971 (97.0) 181 (97.8) 1.398 0.487-4.016 0.534
PPI, yes (%) 784 (78.1) 164 (88.6) 2.191 1.358-3.535 0.001
ACEI or ARB, yes (%) 643 (64.0) 124 (67.0) 1.141 0.818-1.591 0.436
Mechanical ventilation, 8 (0.8) 22 (12.0) 16.907  7.402-38.621 <0.001
yes (%)
IABP, yes (%) 7(0.7) 12 (6.6) 9.985 3.876-25.719  <0.001
Hospital PCI, yes (%) 348 (34.7) 52 (28.3) 0.741 0.524-1.048 0.090
Severe heart failure*, yes (%) 472 (47.0) 122 (65.9) 2.183 1.572-3.031 <0.001
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Table 2 (continued)
No in-hospital With in-hospital OR 95% CI P-value
MACE (n=1004) MACE (n=185)
Angiographic data
Left main, yes (%) 79 (9.7) 13 (8.4) 0.862 0.467-1.593 0.637
Three-vessel disease, yes (%) 238 (28.0) 35(22.4) 0.745 0497-1.117 0.154
Types of ACS
STEMI, yes (%) 179 (17.8) 74 (40.0) 3.073 2.197-4.298 <0.001
NSTE-ACS, yes (%) 825 (82.2) 111 (60.0) 0.325 0.233-0.455 <0.001

*Severe heart failure: heart failure with class 3—4 according to Killip or New York Heart Association classification.

MACE: major adverse cardiovascular events; OR: odds ratios; 95% CI: 95% confidence intervals; BMI: body mass index; HR:
heart rate; SBP: systolic blood pressure; T2DM: type 2 diabetes mellitus; PCI: percutaneous coronary intervention; CABG: coro-
nary artery bypass grafting; WBC: white blood cell; ALT: alanine aminotransferase; NT-proBNP: N-terminal-pro brain natriuretic
peptide; CK-MB: creatine kinase-myocardial band; TC: total cholesterol; TG: triglycerides; LDL-c: low density lipoprotein cho-
lesterol; HDL-c: high density lipoprotein cholesterol; LVEF: left ventricular ejection fraction; PPI: proton pump inhibitor; ACEI:
angiotensin-converting-enzyme inhibitor; ARB: angiotensin receptor blocker; IABP: intra-aortic balloon pump; STEMI: ST-seg-
ment elevation myocardial infarction; NSTE-ACS: non-ST-elevation acute coronary syndrome; N%: percentage of neutrophils.

Table 3 Multivariable Analyses of the Factors Associated
with in-Hospital MACE.

OR 95% CI P-value
Age 1.087 1.025-1.153  0.005
HR 1.014  1.000-1.029  0.057
SBP 0.993  0.984-1.003 0.181
WBC 1.112  1.027-1.205 0.009
Albumin 1.037  0.981-1.097 0.200
ALT 0.999 0.996-1.001 0.273
Creatinine 1.001  0.999-1.003 0.434
NT-proBNP 1.000 1.000-1.000 <0.001
CK-MB 1.000  0.998-1.002 0.960
HDL-c 0.523  0.247-1.106  0.090
LVEF <50% 1.770  1.103-2.840 0.018
Clopidogrel 1.850  0.850-4.028 0.121
PPI 1.226  0.631-2.384  0.548
Mechanical ventilation ~ 6.655  2.280-19.425 <0.001
IABP 2.005 0.508-7.913 0.321
Severe heart failure* 2.032 1.252-3.299 0.004
STEMI 1.751 1.042-2.942 0.034
High N% 1.779  1.091-2.901 0.021

*Severe heart failure: heart failure with class 3—4 according
to Killip or New York Heart Association classification.

OR: odds ratio; 95% CI: 95% confidence interval; HR: heart
rate; SBP: systolic blood pressure; WBC: white blood cell;
ALT: alanine aminotransferase; NT-proBNP: N-terminal-pro
brain natriuretic peptide; CK-MB: creatine kinase-myocardi-
al band; HDL-c: high density lipoprotein cholesterol; LVEF:
left ventricular ejection fraction; PPI: proton pump inhibitor;
IABP: intra-aortic balloon pump; STEMI: ST-segment eleva-
tion myocardial infarction; N%: percentage of neutrophils.

Numerous studies have explored the association
of WBC and outcomes of CHD. Friedman et al. first
reported that upregulated WBC increases the risk of
AMI [22]. Subsequently, associations of WBC and
its subtypes with adverse cardiovascular events in
ACS were observed [12, 23, 24]. For example, a
high neutrophil lymphocyte ratio has been found
to predict the angiographic severity of ACS, as
evaluated by the SYNTAX score [25]. Studies have
revealed that the activity of WBC in AMI is attrib-
utable primarily to neutrophils, which participate in
all aspects of AMI, including plaque rupture, rep-
erfusion injury and myocardium remodeling [12].
High N% values at admission have been found to be
an independent predictor of long-term mortality in
patients with STEMI who underwent primary PCI
[26]. However, the half-life of neutrophils, the main
inflammatory cells, has been estimated to be only
6—12 hours in the circulation [27]; thus neutrophils
with a short half-life do not have value in predict-
ing long-term adverse events in CHD. Therefore,
our study was aimed at clarifying the association
between N% and MACE in patients with ACS dur-
ing hospitalization. A high N% was an independent
risk factor for in-hospital MACE in older patients
with ACS after adjustment for possible factors,
thereby providing evidence-based support for the
treatment of patients over 75 years of age with ACS.

However, the study has several limitations. First,
the clinical data were retrospectively collected from
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a single center in Chinese Han populations. Further
validation remains to be conducted in multicenter
and multiracial populations. Second, owing to the
limited samples, a strict standard to select potential
variables for multivariate logistic analysis was set,
i.e., P<0.05; therefore, some effective predictive
factors might have been missed.

Conclusion

In conclusion, older patients with ACS with high
N% face elevated risk of in-hospital MACE.
Further large-scale studies are needed to clarify this
relationship.
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Ethics Statement

This study was approved and conducted by the
Ethics Committee of the Second Xiangya Hospital

REFERENCES

of Central South University. All patients provided
written informed consent.

Author’s Contributions

Dr. Zhu contributed to the design of the study. Dr.
Tian was responsible for the conception, data col-
lection, statistical analysis and first draft of this
manuscript. Drs. Xie, Wei, Fang, Hu and Zhou
reviewed the manuscript. The final manuscript was
approved by all authors.

Acknowledgements

Not available.

Conflicts of Interest

The authors have no conflicts of interest to disclose.

Source of Funding

This study was supported by the National Natural
Science Foundation of China (No. 82270422).

Go AS, Mozaffarian D, Roger VL,
Benjamin EJ, Berry JD, Borden
WB, et al. Executive summary: heart
disease and stroke statistics—2013
update: a report from the American
Heart  Association.  Circulation
2013;127(1):143-52.

Thom T, Haase N, Rosamond W,
Howard VJ, Rumsfeld J, Manolio T,
et al. Heart disease and stroke sta-
tistics—2006 update: a report from
the American Heart Association
Statistics Committee and Stroke
Statistics Subcommittee. Circulation
2006;113(6):e85-151.

Menzin J, Wygant G, Hauch O,
Jackel J, Friedman M. One-year
costs of ischemic heart disease
among patients with acute coro-
nary syndromes: findings from a

multi-employer claims database. Curr
Med Res Opin 2008;24(2):461-8.
Libby P. Mechanisms of acute coro-
nary syndromes and their implica-
tions for therapy. N Engl J Med
2013;368(21):2004-13.
Saunderson CE, Brogan RA, Simms
AD, Sutton G, Batin PD, Gale CP.
Acute coronary syndrome manage-
ment in older adults: guidelines,
temporal changes and challenges.
Age Ageing 2014;43(4):450-5.
Moledina SM, Kontopantelis E,
Wijeysundera HC, Banerjee S, Van
Spall HGC, Gale CP, et al. Ethnicity-
dependent performance of the
Global Registry of Acute Coronary
Events risk score for prediction of
non-ST-segment elevation myocar-
dial infarction in-hospital mortality:

nationwide cohort study. Eur Heart J
2022;43(24):2289-99.

Smilowitz NR, Mahajan AM,
Roe MT, Hellkamp AS, Chiswell
K, Gulati M, et al. Mortality of
Myocardial Infarction by Sex,
Age, and Obstructive Coronary
Artery Disease Status in the
ACTION Registry-GWTG
(Acute Coronary Treatment and
Intervention Outcomes Network
Registry-Get With the Guidelines).
Circ Cardiovasc Qual Outcomes
2017;10(12):e003443.

Harrington RA. Targeting inflam-
mation in coronary artery disease. N
Engl J Med 2017;377(12):1197-8.
Libby P. Molecular bases of the acute
coronary syndromes. Circulation
1995;91(11):2844-50.



10.

11.

12.

13.

14.

15.

16.

Kostis JB, Turkevich D, Sharp J.
Association  between leukocyte
count and the presence and extent
of coronary atherosclerosis as deter-
mined by coronary arteriography.
Am J Cardiol 1984;53(8):997-9.
Lowe GD, Machado SG, Krol WE,
Barton BA, Forbes CD. White
blood cell count and haematocrit as
predictors of coronary recurrence
after myocardial infarction. Thromb
Haemost 1985;54(3):700-3.

Dragu R, Huri S, Zukermann R,
Suleiman M, Mutlak D, Agmon
Y, et al. Predictive value of white
blood cell subtypes for long-
term outcome following myocar-
dial infarction. Atherosclerosis
2008;196(1):405-12.

Meeuwsen JAL, Wesseling M,
Hoefer IE, de Jager SCA. Prognostic
value of circulating inflammatory
cells in patients with stable and
acute coronary artery disease. Front
Cardiovasc Med 2017;4:44.
Amsterdam EA, Wenger NK,
Brindis RG, Casey DE, Jr., Ganiats
TG, Holmes DR, Jr., et al. 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. J Am Coll
Cardiol 2014;64(24):e139-228.
Arrigo M, Jessup M, Mullens W,
Reza N, Shah AM, Sliwa K, et al.
Acute heart failure. Nat Rev Dis
Primers 2020;6(1):16.

Sacco RL, Kasner SE, Broderick JP,
Caplan LR, Connors JJ, Culebras A,

C. Tian et al., Association Between Neutrophil Percentage and ACS | 9

17.

18.

19.

20.

21.

et al. An updated definition of stroke
for the 21Ist century: a statement
for healthcare professionals from
the American Heart Association/
American  Stroke  Association.
Stroke 2013;44(7):2064-89.
Zhaowei Z, Xiaofan P, Hebin X,
Cuihong T, Haoran X, Qinna L,
et al. Comparison of one-year sur-
vival after acute coronary syndrome
in patients 275 years of age with
versus without living with spouse.
Am J Cardiol 2019;123(1):1-6.
Eagle KA, Lim MJ, Dabbous OH,
Pieper KS, Goldberg RJ, Van de
Werf F, et al. A validated predic-
tion model for all forms of acute
coronary syndrome: estimating the
risk of 6-month postdischarge death
in an international registry. JAMA
2004;291(22):2727-33.

Waters DD, Arsenault BJ.
Predicting prognosis in acute coro-
nary syndromes: makeover time for
TIMI and GRACE? Can J Cardiol
2016;32(11):1290-3.

James SK, Lindahl B, Siegbahn A,
Stridsberg M, Venge P, Armstrong
P, et al. N-terminal pro-brain natriu-
retic peptide and other risk mark-
ers for the separate prediction of
mortality and subsequent myo-
cardial infarction in patients with
unstable coronary artery disease:
a Global Utilization of Strategies
To Open occluded arteries
(GUSTO)-IV substudy. Circulation
2003;108(3):275-81.

Yen MH, Bhatt DL, Chew DP,
Harrington RA, Newby LK,
Ardissino D, et al. Association
between admission white blood

22.

23.

24.

25.

26.

27.

cell count and one-year mortal-
ity in patients with acute coro-

nary syndromes. Am J Med
2003;115(4):318-21.

Friedman GD, Klatsky AL,
Siegelaub AB. The leukocyte

count as a predictor of myocar-
dial infarction. N Engl J Med
1974;290(23):1275-8.

Kounis NG, Soufras GD, Tsigkas G,
Hahalis G. White blood count and
infarct size, myocardial salvage and
clinical outcomes: the role of dif-
ferentials. Int J Cardiovasc Imaging
2014;30(3):677-9.

Barron HV, Cannon CP, Murphy
SA, Braunwald E, Gibson CM.
Association between white blood
cell count, epicardial blood flow,
myocardial perfusion, and clinical
outcomes in the setting of acute myo-
cardial infarction: a thrombolysis in
myocardial infarction 10 substudy.
Circulation 2000;102(19):2329-34.
Altun B, Turkon H, Tasolar H, Begg1
H, Altun M, Temiz A, et al. The
relationship between high-sensitive
troponin T, neutrophil lymphocyte
ratio and SYNTAX Score. Scand J
Clin Lab Invest 2014;74(2):108-15.
Men M, Zhang L, Li T, Mi B,
Wang T, Fan Y, et al. Prognostic
value of the percentage of neutro-
phils on admission in patients with
ST-elevated myocardial infarction
undergoing primary percutaneous
coronary intervention. Arch Med
Res 2015;46(4):274-9.

Rosales C. Neutrophil: a cell with
many roles in inflammation or
several cell types? Front Physiol
2018:;9:113.



