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Neutrophils to high-density lipoprotein ok

cholesterol ratio as a new prognostic marker
in patients with ST-segment elevation
myocardial infarction undergoing primary
percutaneous coronary intervention:

a retrospective study

Yun Chen'", Dan Jiang?', Hongmei Tao?, Ping Ge' and Qin Duan'"

Abstract

Background: Neutrophils and high-density lipoprotein cholesterol (HDL-c) play critical roles in the pathogenesis
of acute myocardial infarction. We aimed to investigate the value of neutrophils count to high-density lipoprotein
cholesterol ratio (NHR) in predicting occurrence of in-hospital adverse events in ST-segment elevation myocardial
infarction (STEMI) patients treated with primary percutaneous coronary intervention (PPCI).

Methods: We retrospectively analyzed 532 patients who had been diagnosed with acute STEMI and treated with
PPCI. Demographic and clinical data, admission laboratory parameters and NHR values were recorded. Major adverse
cardiac events (MACE) were defined as stent thrombosis, cardiac rupture, cardiac arrest, ventricular aneurysm, malig-
nant arrhythmia and cardiac death. Based on the receiver operating characteristic (ROC) analysis, all patients were
divided into 2 groups based on the cut-off NHR value (NHR < 11.28, NHR > 11.28). Cox regression analyses and the
Kaplan—Meier survival curve were used to assess the prognostic ability of NHR in in-hospital MACE.

Results: MACE was observed in 72 patients (13.5%) during in-hospital follow-up. NHR was significantly higher in
MACE group compared to MACE-free group (10.93 [6.26-13.97] vs. 8.13 [5.89-11.16]; P=0.001). The incidence of in-
hospital MACE was significantly higher in the NHR> 11.28 group than in NHR < 11.28 group (24.8% vs. 9.6%; P <0.001).
In multivariable Cox regression analyses, ALT, Killip Ill-IV and increased NHR (hazard ratio, 2.211; 95% confidence
interval,1.092-4.479; P=0.027) were identified as independent predictive factors of occurrence of in-hospital MACE.
Higher NHR group had worse cumulative survival compared with the lower group.
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Conclusions: NHR value on admission, which is an easily calculated and universally available maker, may be useful in
in-hospital risk classification of STEMI patients undergoing PPCI.

Keywords: Neutrophils, High-density lipoprotein cholesterol, ST-segment elevation myocardial infarction,

Inflammation

Introduction

Acute myocardial infarction (AMI) is a major cause of
global morbidity and mortality. Despite the improve-
ments in reperfusion strategies, the outcome of patients
with AMI remains unsatisfactory. Early risk stratification
and timely interventions are significant in improving the
prognosis of these patients.

Atherosclerosis and atherosclerotic plaque rupture are
the main causes of STEMI. Atherosclerosis is character-
ized by inflammation and abnormal lipid metabolism
and may cause plaque rupture in patients with certain
risk factors [1-4]. Also, previous study showed that
baseline inflammation status was an important factor in
stent restenosis in STMI patient [5]. Neutrophils play an
important role in innate immunity and atherosclerosis,
particularly, the inflammatory responses in the patho-
genesis of atherosclerosis [6]. In contrast, high-density
lipoprotein cholesterol (HDL-c) has been associated
with anti-inflammatory, antioxidant and antithrombotic
effects [7]. Previous studies indicated that HDL-c was
strongly associated with neutrophils in the pathogenesis
of atherosclerosis, suggesting that HDL-c may regulate
the function of activated neutrophils [8]. Activated neu-
trophils also affected the composition and function of
HDL-c [9]. In a recent study, neutrophils count to high-
density lipoprotein ratio (NHR) was identified as a novel
factor in predicting poor long-term clinical outcomes
in elderly patients with AMI [10]. However, the short-
term prognostic ability of NHR has not been studied in
ST-segment elevation myocardial infarction (STEMI)
patients. Therefore, the present study aimed to investi-
gate the association between NHR levels on admission
with in-hospital major adverse cardiac events (MACE) in
STEMI patients underwent primary percutaneous coro-
nary intervention (PPCI).

Materials and methods

Study population

We retrospectively reviewed 561 STEMI patients
underwent PPCI at the First Affiliated Hospital of
Chongqing Medical University between September
2016 and December 2018. Participants enrolled in
the study fulfilled the following criteria: (1) visited
the hospital within 12 h of onset of acute myocardial
ischemic symptoms and (2) ST-segment elevation of

greater than or equal to 1 mm in at least 2 consecutive
leads. Patients with previous myocardial infraction,
a history of coronary revascularization (either coro-
nary artery bypass graft (CABG) or PCI), active infec-
tion (including COPD and asthma), clinical evidence
of cancer, chemotherapy, receiving steroid therapy for
autoimmune disease, hematological proliferative dis-
orders and patients without a laboratory data on com-
plete blood count and cholesterol levels on admission
were excluded from this study. Finally, 532 patients
were included in the study (Fig. 1).

Baseline data included age, sex, systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) on
admission, smoking, hypertension, diabetes, myocar-
dial injury markers, blood routine test, aminopherase,
renal function indexes, blood lipids, high-sensitivity
C-reactive protein (hs-CRP), fasting plasma glucose
(FPG), HbAlc, Gensini score, NHR, Killip classifica-
tion, left ventricular ejection fraction (LVEF), MACE
and time of outcome events. On admission, all patients
received a 12-lead electrocardiogram (ECG), routine
blood test and analysis of myocardial injury mark-
ers. Other blood samples were drawn on the first day

Original study sample
n=561

- Given corticosteroid: n=2
- Hematological diseases: n=2
- Suffered from cancer: n=1

- Acute infection: n=18
-Missing neutrophils or HDL-
¢ data: n=6

532 patients divided by
the cutoff of NHR

Relationship  between
NHR and outcomes

Fig. 1 Population selection flow diagram including initial cohort and
cohort exclusions. HDL-c, High-density lipoprotein cholesterol; NHR,
neutrophils count to high-density lipoprotein cholesterol ratio; PCl,
percutaneous coronary intervention
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of admission. NHR was calculated as neutrophils
count (x10%/L) to high-density lipoprotein cholesterol
(mmol/L) ratio.

Hypertension was defined as use of antihypertensive
drugs or SBP>140 mmHg and/or DBP>90 mmHg.
While diabetes mellitus (DM) was regarded as use of anti-
diabetic drugs or FPG levels of greater than 7.0 mmol/L.
Smoking status was assessed base on tobacco use at the
time of admission. MACEs were defined as stent throm-
bosis, cardiac rupture, cardiac arrest, ventricular aneu-
rysm, malignant arrhythmia and cardiac death. Cardiac
rupture was diagnosed when the following criteria
were fulfilled: sudden circulatory collapse and a sudden
increase in pericardial effusion evident in the echocar-
diograms [11]. Malignant arrhythmia, including non-
sustained or sustained ventricular tachycardia (VT),
ventricular fibrillation (VF) and complete atrioventricu-
lar block, were recorded using ECG or cardiac monitor-
ing. When patients experienced recurrent MACE, only
the first event was considered in the analysis.

Angiotensin-converting enzyme inhibitor (ACEI) or
Angiotensin receptor blocker (ARB), B-blocker and sta-
tin were administered to all patients unless there were
contraindication. Patients took clopidogrel 75 mg daily
or ticagrelor 90 mg twice a day and aspirin 100 mg daily
after PPCL

This study was conducted in accordance with the
“Declaration of Helsinki” and approved by the institu-
tional ethics committee (approval No. 2018-035). This
study was registered on clinicaltrials.gov (approval No.
NCT03527940).

Statistical analyses

NHR was analyzed as a continuous variable and a
grouped variable. The continuous variables were rep-
resented as mean =+ standard deviation (SD), or median
(interquartile range) based on the normality of their dis-
tribution as evaluated using the Kolmogorov—Smirnov
test. The categorical variables were expressed as frequen-
cies and percentages. The continuous variable between
the two groups was compared using an independent sam-
ple ¢ test or Mann—Whitney U test as appropriate. Com-
parisons between the categorical variables were evaluated
using the Chi-Square test. Kendall's tau-b correlation
analysis was used for assessing the correlation between
NHR and Killip classification, SBP. The receiver operating
characteristic (ROC) curve was constructed to determine
the cut-off NHR value for predicting in-hospital MACE.
Univariate and multivariate Cox regression analyses were
performed to identify the independent predictors of in-
hospital MACE. Variables which were included into
multivariable Cox regression model were statistically
significant in the univariate Cox regression model. NHR
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was used as a grouped variable in Cox regression mod-
els. The effect of NHR on survival during hospitalization
were analyzed using the Kaplan—Meier method and com-
pared using log-rank tests. All statistical analyses were
performed using SPSS Statistics software version 22.0. A
two-tailed P value <0.05 was considered to be statistically
significant for all described analyses.

Results

Baseline characteristic

Of 532 participants, 72 (13.53%) patients experienced
MACE, including 8 patients (1.50%) who died dur-
ing hospital stay. The baseline and clinical characteris-
tics of the patient were shown in Table 1. Patients who
were MACE-free were younger than patients who suf-
fered from MACE. Neutrophils count was higher and
HDL-c was lower in the MACE group compared with
the MACE-free group. NHR in the MACE group was
significantly higher than that in MACE-free group
(10.93 [6.26-13.97] vs. 8.13 [5.89-11.16]; P=0.001). The
MACE group had a worse heart function compared with
the MACE-free group, as shown by a lower LVEF and a
higher proportion of patients with Killip class III and IV,
as well as significantly lower SBP and DBP in the MACE
group.

The age, WBC, neutrophil count, monocyte count,
ALT, AST, creatinine, hs-CRP and FPG were higher in
the MACE group compared with the MACE-free, but
there was no significant difference in the other param-
eters between the two groups.

Prognostic ability of NHR for in-hospital outcomes

The area under the curve (AUC) of NHR for predicting
in-hospital MACE was 0.617 (P=0.0029, 95% confi-
dence interval [CI]: 0.574—0.658) and the optimal cut-off
point was observed at 11.28 with a sensitivity of 47.22%
and a specificity of 77.61% (Fig. 2). According to the cut-
off value, all patients were grouped into 2 groups based
on the cut-off value (the higher group NHR >11.28, the
lower group NHR<11.28). Baseline characteristics of
two groups were showed in Table 2. The incidence of
MACE was higher in NHR >11.28 group compared with
NHR<11.28 group, while HDL-c levels were higher
and neutrophils count lower in NHR <11.28 group. The
NHR>11.28 group had a higher proportion of patients
with Killip class III and I'V. Patients in NHR > 11.28 group
had higher smoking proportion, MYO, CK-MB, WBC,
RBC, hemoglobin, platelet count, lymphocyte count,
monocyte count, aminotransferase, creatinine, UA, TG,
FPG and HbAlc as well as significantly lower age, SBP,
TC and LDL-c than the NHR <11.28 group. There were
no significant differences in all the other parameters
between the two groups.
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Table 1 Baseline characteristics of the study population

Variable MACE-free (n=460) MACE (n=72) P

Age (y) 63 (53-72) 66 (60-75) 0014
Male/female (n) 372/88 52/20 0.124
SBP on admission (mmHg) 125 (108-145) 117 (98-136) 0.003
DBP on admission (mmHg) 75 (66-88) 70 (61-82) 0.007
Smoking (n, %) 323(70.2) 46 (63.9) 0.279
Hypertension (n, %) 245 (53.3) 31(43.1) 0.107
Diabetes (n, %) 148 (32.2) 22 (30.6) 0.784
MYO (hg/ml) 500 (209-500) 500 (177-500) 0493
CK-MB (ug/L) 27.6 (4.8-65.5) 139 (4.2-61.2) 0.406
cn | (ng/ml) 3.61(0.28-16.20) 1.32(0.22-17.1) 0923
WBC (x 10%/L) 10.69 (8.70-12.89) 11.90 (9.42-16.85) 0.002
RBC (x10'%/1) 4.54 (4.15-4.90) 447 (415-4.92) 0.603
Hemoglobin (g/1) 138 (126-150) 139 (127-152) 0.978
platelet count (x 1 0%/L) 189 (153-234) 189 (142-236) 0.624
Neutrophil count (x 107/L) 8.97 (7.00-11.02) 9.97 (7.86-13.82) 0.001
Lymphocyte count (x 1 0%/L) 1.13(0.79-1.57) 1.16 (0.81-1.70) 0472
Monocyte count (x 1 0°/L) 0.42 (0.30-0.55) 0.48 (0.34-0.70) 0.043
ALT (U/L) 40 (28-55) 58 (41-93) <0.001
AST (U/L) 99 (45-215) 178 (61-366) 0.004
Urea nitrogen (mmol/L) 5.7 (4.8-6.8) 58(4.8-7.4) 0.357
Creatinine (umol/L) 72 (62-85) 81 (66-100) 0.001
UA (umol/L) 346 (285-397) 362 (295-431) 0.096
TC (mmol/L) 444 (3.81-5.18) 4.26 (3.52-4.98) 0.247
TG (mmol/L) 1.55 (1.00-2.27) 49 (0.94-2.12) 0.426
LDL-c (mmol/L) 2.92 (2.29-3.54) 2.74(2.12-3.56) 0224
HDL-c (mmol/L) 1.09 (0.93-1.30) 03 (0.88-1.29) 0.492
hs-CRP (mg/L) 4.95 (2.04-10.19) 6.67 (2.87-1 957) 0.005
FPG (mmol/L) 6.7 (5.8-83) 8.0 (6.9-9.9) <0.001
HbA1c (%) 6.0 (5.7-6.8) 6.2 (5.8-6.8) 0.128
Gensini score 72 (39-89) 80 (44-97) 0.070
Killip -1V (%) 31(6.7) 39(55.7) <0.001
LVEF (%) 57 (52-60) 55 (45-60) 0.012
NHR 8.13(5.89-11.16) 10.93 (6.26-13.97) 0.001

ALT, Alanine transaminase; AST, aspartate aminopherase; CK-MB, creatine kinase isoenzyme; cTn |, cardiac troponin I; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; HDL-c, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; HbA1c, hemoglobin A1c; LDL-c, low-density lipoprotein cholesterol;

LVEF: left ventricular ejection fraction; MACE, major adverse cardiac events; MYO, myoglobin; NHR neutrophils count to high-density lipoprotein cholesterol ratio; RBC,
red blood count; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid; WBC, white blood count

NHR was significantly associated with Killip class III-
IV (r=0.089, P=0.012) and SBP (r=-0.078, P=0.029).

Univariate and multivariate Cox regression analyses

In the univariate Cox regression analyses, age, BP on
admission, WBC, neutrophils count, aminotransferase,
UA, hs-CRP, FPG, LVEF, Killip III-IV and NHR were
associated with a high risk of in-hospital MACE. How-
ever, in multivariate regression analyses, only ALT (HR:
1.017, 95% CI: 1.008-1.026, P<0.001), Killip III-IV (HR:
5.745, 95% CI: 2.795-11.807, P<0.001) and NHR (HR:

2211, 95% CI: 1.092-4.479, P=0.027) were found to
be independent predictors of in-hospital MACE after
adjustment for other confounding variables (Table 3).

Survival analysis

The Kaplan—Meier curve were plotted base on the event
free survival data from the in-hospital follow-up. As
showed in Fig. 3, patients in the NHR > 11.28 group had a
worse clinical outcome than patients in the NHR < 11.28

group.
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ROC curve for In-hospital MACE and NHR
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Fig. 2 The ROC curve of NHR for predicting in-hospital MACE. The
cutoff value of was NHR > 11.28 with a sensitivity of 47.22% and a
specificity of 77.61%, respectively. AUC, Area under the curve; MACE,
major adverse cardiac events; NHR, neutrophils count to high-density
lipoprotein cholesterol ratio; ROC, receiver operating characteristic;
95% Cl, 95% confidence interval

Discussion

The main finding of the study were that ALT, presence
of Killip class III-IV and NHR value was independently
associated with in-hospital MACE in STEMI patients
treated with PPCI. In addition, increased NHR was sig-
nificantly associated with worse Killip classification. To
the best of our knowledge, this was the first study focused
on the prognostic value of NHR in predicting MACE in
STEMI patients.

Inflammation plays a critical role in formation of ath-
erosclerosis. In the presence of serval risk factors, inflam-
mation may lead plaque rupture, which is the main cause
of STEMI. Also, inflammation is correlated with adverse
event and life threating complications in these patients.
Various inflammatory indexes, such as blood platelet
count, CRP, neutrophil to lymphocyte ratio, and so on,
have been investigated in patients with cardiovascular
disease and demonstrated to be short or long term prog-
nostic factors [12-14]. In the current study, admission
WBC, neutrophil count, monocyte count, hs-CRP level
were significantly higher in the MACE group compared
with the MACE-free.

Neutrophils, as a component of immune cell, have
attracted the attention of researchers in the past decade,
emerging studies have suggested that neutrophils play
an important role in different stages of atherosclerosis,
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including atherogenesis, plaque destabilization, plaque
erosion, as well as repair processes in myocardial infarc-
tion[15—17]. When arterial plaque ruptured, neutrophils
and platelets aggregated rapidly at the lesion site, where
the neutrophils may induce and amplify platelet activa-
tion and blood coagulation [18-20].Neutrophil extra-
cellular trap, a protein synthesized by neutrophils, has
been considered to be a key component of pathologi-
cal thrombi and drive cardiovascular disease [21, 22].
Neutrophil-derived micro-vesicles represented another
mechanism by which neutrophils amplify inflammatory
processes [23]. In addition, Clinical studies have shown
that the increase in neutrophils was independently cor-
related with the infarct size, left cardiac function and
adverse events in patients with AMI [24, 25].

HDL-c is a well-known antioxidant, anti-inflammatory;,
antiapoptotic, antithrombotic, anti-atherosclerotic agent
that also has reverse-cholesterol transport effects [26].
Reduced HDL-c is common in patients with AMI and
is associated with the severe coronary artery disease.
Clinical studies showed HDL-c was negatively correlated
with the risk of coronary heart disease, and lower levels
of HDL-c were an independent predictor of adverse car-
diovascular events [27]. In our study, admission HDL-c
levels were lower in the MACE group but did not show
statistical significance and it did not correlate with in-
hospital MACE in multivariate analysis.

Recent studies on HDL-c have focused on its immu-
nomodulatory effects [28]. Neutrophils can be activated
in hyperlipidemia. HDL-c has been shown to stimulate
the biogenesis of microRNA-223-3p which regulates neu-
trophil development, hyperactivity and recruitment dur-
ing infection [29]. Another study indicated that HDL may
contribute to the neutrophil activation by decreasing neu-
trophil membrane lipid rafts [30]. In in vitro and in vivo
studies of myocardial ischemia/reperfusion injury, HDL-c
administration prior to ischemia or reperfusion had a
multidimensional protective effect on cardiac function,
and involved the ability of HDL-c to restrict endothelial
permeability, as well as promote vasodilation and neovas-
cularization in coronary endothelial cells [31, 32].

As mentioned above, NHR was considered as a valuable
biomarker of inflammatory status and may be a predictor
for adverse cardiovascular events in myocardial infarction
patient. A recent clinical study on elderly patients with
AMI by Huang et al. [10] reported that high NHR was a
predictor of the long-term clinical outcomes including
mortality and recurrence of myocardial infraction, and
was superior to pre-existing biomarker called monocyte
to High-density Lipoprotein Cholesterol ratio (MHR)
and low-density Lipoprotein Cholesterol to High-density
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Table 2 Baseline characteristics of two NHR groups of patients with STEMI

Variable NHR <11.28 (n=395) NHR>11.28 (n=137) P

Age (y) 65 (57-74) 57 (50-65) <0.001
Male/female (n) 298/97 126/11 <0.001
SBP on admission (mmHg) 25(108-144) 119 (102-141) 0.029
DBP on admission (mmHg) 74 (66-86) 72 (64-89) 0.523
Smoking (n, %) 259 (65.6%) 110 (80.3%) 0.001
Hypertension (n, %) 214 (54.2%) 62 (45.3%) 0.072
Diabetes (n, %) 125 (31.6%) 45 (32.8%) 0.795
MYO (hg/ml) 500.0 (170.0-500.0) 500.0 (359.0-500.0) 0.001
CK-MB (ug/L) 22.9(3.4-61.2) 36.8 (7.5-68.8) 0.010
cn | (ng/ml) 2.51(0.19-15.90) 5.55(0.56-17.24) 0.055
WBC (x10%/L) 9.77 (8.37-11.60) 14.11 (12.29-17.05) <0.001
RBC (x10'%/1) 4.49 (409-4.83) 464 (431-5.13) <0.001
Hemoglobin (g/1) 136 (125-147) 143 (131-159) <0.001
platelet count (x10%/L) 183 (148-228) 210 (174-255) <0.001
Neutrophil count (x 107/L) 8.12 (6.67-9.74) 12.32(10.46-14.62) <0.001
Lymphocyte count (x 1 0%/L) 1.09 (0.75-1.54) 134 (0.87-1.71) 0.002
Monocyte count (x 10°/L) 0.39(0.29-0.53) 0.51(0.39-0.72) <0.001
ALT (U/L) 38 (28-55) 50 (38-73) <0.001
AST (U/L) 90 (44-210) 156 (68-292) <0.001
Urea nitrogen (mmol/L) 58(4.8-7.0) 56 (4.8-6.7) 0.188
Creatinine (umol/L) 71 (61-85) 76 (66-93) 0.007
UA (umol/L) 342 (283-402) 372 (302-438) <0.001
TC (mmol/L) 448 (3.81-5.22) 4.22 (3.50-4.79) 0.001
TG (mmol/L) 42 (0.94-2.12) 1.86 (1.30-2.88) <0.001
LDL-c (mmol/L) 290 (2.29-3. 59) 277 (213-3.24) 0.013
HDL-c (mmol/L) 8(1.02-1.38) 0.86 (0.74-0.99) <0.001
hs-CRP (mg/L) 5.19 (2.0071 29) 5.20(2.75-11.99) 0334
FPG (mmol/L) 6.7 (5.8-8.3) 73(6.1-8.7) 0.006
HbA1c (%) 6.0 (5.7-6.7) 6.2 (5.8-7.0) 0.024
Gensini score 3(39-90) 76 (43-90) 0.527
Killip -1V (%) 3(10.9%) (1 9.9%) 0.008
LVEF (%) 56 (52-60) 7 (52-60) 0.699
MACE (n, %) 8 (9.6%) (24 8%) <0.001

Abbreviations as in Table 1

Lipoprotein Cholesterol ratio (LDL-C/HDL-C). The pre-
sent study was conducted to further verify the short-term
prognostic value of NHR in STEMI patients. In the study,
NHR was higher in patients with in-hospital MACE than
those patients who were MACE-free. ROC curve analysis
revealed that NHR greater than 11.28 as a cutoff value for
in-hospital MACE. A high NHR value was independently
associated with increased incidence of in-hospital MACE
in STEMI patients treated with PPCI. Patients with NHR

greater than 11.28 groups had a 2.211 (95% CI: 1.092—
4.479)-fold increased risk of occurrence of in-hospital
MACE, compared with NHR less than 11.28.
Interestingly, patients with increased NHR in our study
were associated with worse Killip classification and SBP,
which indicated that NHR may be a new biomarker of
cardiac function. This funding was consistent with a
previous report which suggested that excessive infiltra-
tion or delayed regression of neutrophils aggravated
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Table 3 Significant predictors of in-hospital MACE in univariable and multivariable Cox regression analyses

Univariable Cox regression analysis

Multivariable Cox regression analysis

Variable HR (95%Cl) P HR (95%Cl) P

Age 1.020 (1.001- 040) 0.041 1.015 (0.988-1.043) 0.266
Male gender 0.672 (0.401-1.128) 0.133

SBP on admission 0.982 (0.971-0. 992) <0.001 0.995 (0.973-1.017) 0.639
DBP on admission 0.974 (0.958-0.990) 0.001 1.002 (0.967-1.038) 0919
Smoking 0.806 (0.498-1.305) 0.380

Hypertension 0.685 (0.429-1.093) 0.113

Diabetes 0.886 (0.537-1.465) 0.638

MYO 1.000 (0.998-1.001) 0.499

CK-MB 0.997 (0.990-1.004) 0424

cnl 1.000 (0.980-1.023) 0975

WBC 1.155(1.092-1.221) <0.001 0.976(0.891-1.068) 0.59%4
RBC 0.803 (0.571-1.128) 0.205

Hemoglobin 0.998 (0.987-1.008) 0.687

platelet count 1.001 (0.997-1.004) 0.757

Neutrophil count 1.160 (1.093-1.231) <0.001

Lymphocyte count 1.192 (0.874-1.624) 0.267

Monocyte count 1.310 (0.962-1.784) 0.086

ALT 1.016 (1.012-1.020) <0.001 1.017 (1.008-1.026) <0.001
AST 1.002 (1.001-1.003) <0.001 0.998 (0.996-1.000) 0.051
Urea nitrogen 1.018 (0.959-1.080) 0.560

Creatinine 1.002 (0.999-1.004) 0.135

UA 1.003 (1.000-1.005) 0.027 1.002 (0.999-1.005) 0.181
TC 0.875 (0.707-1.083) 0.220

TG 0.995 (0.887-1.115) 0.926

LDL-c 0.837 (0.650-1.078) 0.169

HDL-c 0.704 (0.334-1.482) 0.355

hs-CRP 1.052 (1.018-1.087) 0.002 0.982 (0.939-1.028) 0.446
FPG 1.091 (1.034-1.151) 0.001 0.981 (0.904-1.065) 0.650
HbA1c 1.014 (0.885-1.161) 0.844

Gensini score 1.004 (0.999-1.009) 0.103

Killip I1I-1V 10421 (6.486-16.743) <0.001 5.745 (2.795-11.807) <0.001
LVEF 0.960 (0.932-0.988) 0.006 0.988(0.950-1.028) 0.549
NHR>11.28 2.777 (1.748-4.412) <0.001 2.211(1.092-4.479) 0.027

HR, Hazard ratio; other abbreviations as in Table 1 and 2

myocardium injury via the abundant release of inflamma-
tory mediators and proteinases [33].

There were some limitations in this study. First, the
retrospective design of the study set a limit to the con-
vincement of our study. The second limitation was this
research was based in a single center and the study popu-
lation size was small, so multicenter and large-scale stud-
ies are needed to verify this conclusion.

In conclusion, NHR is an easily calculated and univer-
sally available marker that may be useful in in-hospital
risk classification of STEMI patients undergoing PPCIL.
Given the interactions and significant roles played by
neutrophils and HDL-c in the pathogenesis of athero-
sclerosis and myocardial infraction, strategies aimed at
reducing the NHR have potential therapeutic effects for
STEMI patients undergoing PPCIL
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Fig. 3 Kaplan—-Meier survival curves of in-hospital MACE according
to NHR (log-rank test: P< 0. 001). MACE, Major adverse cardiac events;
NHR, neutrophils count to high-density lipoprotein ratio

Abbreviations

AMI: Acute myocardial infarction; ACEI: Angiotensin-converting enzyme
inhibitor; ARB: Angiotensin receptor blocker; AUC: Area under the curve;
CABG: Coronary artery bypass graft; DBP: Diastolic blood pressure; DM:
Diabetes mellitus; ECG: Electrocardiogram; FPG: Fasting plasma glucose;
hs-CRP: High-sensitivity C-reactive protein; HDL-c: High-density lipoprotein
cholesterol; LDL-C/HDL-C: Low-density lipoprotein cholesterol to high-density
lipoprotein cholesterol ratio; LVEF: Left ventricular ejection fraction; MACE:
Major adverse cardiac events; MHR: Monocyte to high-density lipoprotein
cholesterol ratio; NHR: Neutrophils count to high-density lipoprotein choles-
terol ratio; PPCI: Primary percutaneous coronary intervention; ROC: Receiver
operating characteristic; SD: Standard deviation; STEMI: ST-segment elevation
myocardial infarction; SBP: Systolic blood pressure; VT: Ventricular tachycardia;
VF: Ventricular fibrillation.

Acknowledgements
Not applicable.

Author contributions

Material preparation, data collection and analysis were performed by DJ, YC,
HT, PG and QD. The manuscript was written by YC and DJ. QD designed the
study and critically reviewed the manuscript. All authors read and approved
the final manuscript.

Funding

This research was funded by Chongging Science and Technology Commis-
sion, key Project (2019 ZLXMO003); Chongging Science and Technology Com-
mission, Youth Project (2018QNXM024).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in line with the "Declaration of Helsinki" and
approved by the ethics committee of the first affiliated hospital of Chongging
Medical University (approval No. 2018-035).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Page 8 of 9

Author details

'Department of Cardiology, The First Branch, The First Affiliated Hospital

of Chongging Medical University, 191 Renmin Rd, Yuzhong, Chong-

qing 400000, People’s Republic of China. 2Department of Cardiology, The
First Affiliated Hospital of Chongging Medical University, Chongging 400000,
People’s Republic of China.

Received: 15 March 2022 Accepted: 22 September 2022
Published online: 05 October 2022

References

1. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.
N EnglJ Med. 2005;352(16):1685-95.

2. Forrester JS. Prevention of plaque rupture: a new paradigm of therapy.
Ann Intern Med. 2002;137(10):823-33.

3. Bartels ED, Christoffersen C, Lindholm MW, Nielsen LB. Altered metabo-
lism of LDL in the arterial wall precedes atherosclerosis regression. Circ
Res. 2015;117(11):933-42.

4. Ganjali S, Gotto AM Jr, Ruscica M, Atkin SL, Butler AE, Banach M, Sahebkar
A. Monocyte-to-HDL-cholesterol ratio as a prognostic marker in cardio-
vascular diseases. J Cell Physiol. 2018;233(12):9237-46.

5. Rencuzogullaril, Karabag Y, Cagdas M, Karakoyun S, Seyis S, Gursoy
MO, Yesin M, Artac |, llis D, Tanboga IH. Assessment of the relationship
between preprocedural C-reactive protein/albumin ratio and stent
restenosis in patients with ST-segment elevation myocardial infarction.
Rev Port Cardiol (Engl Ed). 2019;38(4):269-77.

6. Murphy AJ, Woollard KJ, Suhartoyo A, Stirzaker RA, Shaw J, Sviridov D,
Chin-Dusting JP. Neutrophil activation is attenuated by high-density
lipoprotein and apolipoprotein A-lin in vitro and in vivo models of
inflammation. Arterioscler Thromb Vasc Biol. 2011;31(6):1333-41.

7. Karabacak M, Kahraman F, Sert M, Celik E, Adali MK, Varol E. Increased
plasma monocyte chemoattractant protein-1 levels in patients with
isolated low high-density lipoprotein cholesterol. Scand J Clin Lab Invest.
2015;75(4):327-32.

8. Curcic S, Holzer M, Frei R, Pasterk L, Schicho R, Heinemann A, Marsche G.
Neutrophil effector responses are suppressed by secretory phospholi-
pase A2 modified HDL. Biochim Biophys Acta. 2015;1851(2):184-93.

9. Cogny A, AtgerV, Paul JL, Soni T, Moatti N. High-density lipoprotein 3
physicochemical modifications induced by interaction with human
polymorphonuclear leucocytes affect their ability to remove cholesterol
from cells. Biochem J. 1996;314(Pt 1):285-92.

10. Huang JB, ChenYS, Ji HY, Xie WM, Jiang J, Ran LS, Zhang CT, Quan XQ.
Neutrophil to high-density lipoprotein ratio has a superior prognostic
value in elderly patients with acute myocardial infarction: a comparison
study. Lipids Health Dis. 2020;19(1):59.

11. Nakatsuchi, Minamino T, Fujii K, Negoro S. Clinicopathological charac-
terization of cardiac free wall rupture in patients with acute myocardial
infarction: difference between early and late phase rupture. Int J Cardiol.
1994;47(1 Suppl):S33-38.

12. Nikolsky E, Grines CL, Cox DA, Garcia E, Tcheng JE, Sadeghi M, Meh-
ran R, Lansky AJ, Na'Y, Stone GW. Impact of baseline platelet count in
patients undergoing primary percutaneous coronary intervention in
acute myocardial infarction (from the CADILLAC trial). Am J Cardiol.
2007;99(8):1055-61.

13. Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle KA, Gurm HS.
Association between admission neutrophil to lymphocyte ratio and
outcomes in patients with acute coronary syndrome. Am J Cardiol.
2008;102(6):653-7.

14. Makrygiannis SS, Ampartzidou OS, Zairis MN, Patsourakos NG, Pitsavos C,
Tousoulis D, Prekates AA, Foussas SG, Cokkinos DV. Prognostic usefulness
of serial C-reactive protein measurements in ST-elevation acute myocar-
dial infarction. Am J Cardiol. 2013;111(1):26-30.

15. Silvestre-Roig C, Braster Q, Ortega-Gomez A, Soehnlein O. Neutro-
phils as regulators of cardiovascular inflammation. Nat Rev Cardiol.
2020;17(6):327-40.

16. Drechsler M, Megens RT, van Zandvoort M, Weber C, Soehnlein O.
Hyperlipidemia-triggered neutrophilia promotes early atherosclerosis.
Circulation. 2010;122(18):1837-45.



Chen et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(2022) 22:434

lonita MG, van den Borne P, Catanzariti LM, Moll FL, de Vries JP, Pas-
terkamp G, Vink A, de Kleijn DP. High neutrophil numbers in human
carotid atherosclerotic plaques are associated with characteristics of
rupture-prone lesions. Arterioscler Thromb Vasc Biol. 2010;30(9):1842-8.
Swystun LL, Liaw PC. The role of leukocytes in thrombosis. Blood.
2016;128(6):753-62.

Pircher J, Czermak T, Ehrlich A, Eberle C, Gaitzsch E, Margraf A, Grommes J,
Saha P, Titova A, Ishikawa-Ankerhold H, et al. Cathelicidins prime platelets
to mediate arterial thrombosis and tissue inflammation. Nat Commun.
2018;9(1):1523.

Rotzius P, Thams S, Soehnlein O, Kenne E, Tseng CN, Bjorkstrom NK,
Malmberg KJ, Lindbom L, Eriksson EE. Distinct infiltration of neutrophils in
lesion shoulders in ApoE-/- mice. Am J Pathol. 2010;177(1):493-500.
Doring Y, Soehnlein O, Weber C. Neutrophil extracellular traps in athero-
sclerosis and atherothrombosis. Circ Res. 2017;120(4):736-43.

Fousert E, Toes R, Desai J. Neutrophil extracellular traps (NETs) take the
central stage in driving autoimmune responses. Cells. 2020;9(4):915.
Bonaventura A, Montecucco F, Dallegri F, Carbone F, Luscher TF, Camici
GG, Liberale L. Novel findings in neutrophil biology and their impact on
cardiovascular disease. Cardiovasc Res. 2019;115(8):1266-85.

Tamura A, Watanabe T, Nasu M. Association between neutrophil counts
on admission and left ventricular function in patients successfully treated
with primary coronary angioplasty for first anterior wall acute myocardial
infarction. Am J Cardiol. 2001;88(6):678-80.

Husser O, BodiV, Sanchis J, Nunez J, Mainar L, Chorro FJ, Lopez-Lereu MP,
Monmeneu JV, Chaustre F, Forteza MJ, et al. White blood cell subtypes
after STEMI: temporal evolution, association with cardiovascular magnetic
resonance—derived infarct size and impact on outcome. Inflammation.
2011;34(2):73-84.

Ganjali S, Momtazi AA, Banach M, Kovanen PT, Stein EA, Sahebkar A. HDL
abnormalities in familial hypercholesterolemia: focus on biological func-
tions. Prog Lipid Res. 2017,67:16-26.

Acharjee S, Roe MT, Amsterdam EA, Holmes DN, Boden WE. Relation

of admission high-density lipoprotein cholesterol level and in-hospital
mortality in patients with acute non-ST segment elevation myocardial
infarction (from the National Cardiovascular Data Registry). Am J Cardiol.
2013;112(8):1057-62.

Trakaki A, Marsche G. Current understanding of the immunomodulatory
activities of high-density lipoproteins. Biomedicines. 2021,9(6):587.
Cuesta Torres LF, Zhu W, Ohrling G, Larsson R, Patel M, Wiese CB, Rye

KA, Vickers KC, Tabet F. High-density lipoproteins induce miR-223-3p
biogenesis and export from myeloid cells: Role of scavenger receptor
Bl-mediated lipid transfer. Atherosclerosis. 2019,286:20-9.

Murphy AJ, Westerterp M, Yvan-Charvet L, Tall AR. Anti-atherogenic
mechanisms of high density lipoprotein: effects on myeloid cells. Biochim
Biophys Acta. 2012;1821(3):513-21.

Gomaraschi M, Calabresi L, Franceschini G. Protective effects of HDL
against ischemia/reperfusion injury. Front Pharmacol. 2016;7:2.

Murphy AJ, Woollard KJ, Hoang A, Mukhamedova N, Stirzaker RA, McCor-
mick SP, Remaley AT, Sviridov D, Chin-Dusting J. High-density lipoprotein
reduces the human monocyte inflammatory response. Arterioscler
Thromb Vasc Biol. 2008;28(11):2071-7.

MaY, Yabluchanskiy A, Lindsey ML. Neutrophil roles in left ventricular
remodeling following myocardial infarction. Fibrogenesis Tissue Repair.
2013;6(1):11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Neutrophils to high-density lipoprotein cholesterol ratio as a new prognostic marker in patients with ST-segment elevation myocardial infarction undergoing primary percutaneous coronary intervention: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study population
	Statistical analyses

	Results
	Baseline characteristic
	Prognostic ability of NHR for in-hospital outcomes
	Univariate and multivariate Cox regression analyses
	Survival analysis

	Discussion
	Acknowledgements
	References


