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Abstract

N
\

The ratio between the absolute number of neutrophils and the number of lymphocytes (NLR) has recently emerged as a potential new |
biomarker predicting worse clinical conditions ranging from infectious disease to cardiovascular disease. Prognostic significance of
NLR in patients with ST-elevation myocardial infarction (STEMI) is not established. This study aimed to investigate prognostic impact
of NLR in patients with STEMI.

We analyzed the data and clinical outcomes of 30-day survivors with STEMI who received successful coronary intervention from
2006 to 2010. NLR was computed from the absolute values of neutrophils and lymphocytes from the complete blood count at
admission. Occurrence of major adverse cardiovascular events (MACEs; death, recurrent M, target vessel revascularization (TVR)) at
5 years was evaluated.

We enrolled 326 patients and mean follow-up duration was 68 + 36 months. The mean NLR was 4.7 +5.2. Among all patients, all-
cause mortality occurred in 46 patients (14%). Initial NLR was higher in patients who experienced all-cause mortality (6.39+8.9 vs
4.2+3.1, P=.004). In a multivariate regression model, the higher NLR was independently associated with increased risk for all-cause
mortality (Hazard ratio, 1.085; 95% confidence interval, 1.002—1.174, P=.044).

Increased NLR was associated increased rate of all-cause mortality in 30-day survivors after index STEMI, who received successful
coronary intervention.

Abbreviations: EF= ejection fraction, LV = left ventricular, MACEs = major adverse cardiovascular events, NLR = the ratio
between the absolute number of neutrophils and the number of lymphocytes, PCl = percutaneous coronary intervention, STEMI =

ST-elevation myocardial infarction, TVR = target vessel revascularization.
Keywords: myocardial infarction, neutrophil to lymphocyte, prognosis

1. Introduction

Myocardial infarction (MI) is associated with an inflammatory
reaction, which is a prerequisite for healing and scar forma-
tion."*! Our previous study demonstrated that epicardial
adipose tissue, representing local inflammation, closely related
to long-term clinical outcomes in patients with ST-elevation MI
(STEMI).*"! Systemic inflammation also has a pivotal role in
adverse outcomes in patients with STEMIL~!

One of circulating inflammatory markers, the ratio between
the absolute number of neutrophils and the number of
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lymphocytes (NLR) has been recently demonstrated as a
predictor of worse clinical conditions ranging from infectious
disease to cardiovascular disease.'®~'"! Prognostic significance of
NLR in patients with ST-elevation MI (STEMI) is not established.
This study aimed to investigate prognostic impact of NLR in
patients with STEMIL.

2. Materials and methods

We consecutively enrolled 30-day survivors after STEMI, who
underwent successful revascularization. Successful revasculari-
zation was defined as thrombolysis in myocardial infarction trial
(TIMI) grade 3 flow and <30% residual stenosis in infarct-related
artery after primary percutaneous coronary intervention (PCI).
Medical records of all patients were retrospectively reviewed.
This study was approved by the Ajou University Hospital
Institutional Review Board (approval number: AJIRB-MED-
MDB-17-193). We excluded patients from this study if they had
any of the following: a history of prior revascularization, left
ventricular (LV) dysfunction caused by predisposing cardiomy-
opathy or severe valvular heart disease including symptomatic
aortic stenosis or more than moderate aortic and mitral
regurgitation, active inflammation (such as infection or systemic
autoimmune disease) or malignancy.

Venous blood was collected in all the patients at admission,
preceding primary PCIL Total white blood cell count and
neutrophil, lymphocyte, and monocyte counts were calculated
using an automated blood cell counter. NLR, calculated as total
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neutrophil counts divided by total lymphocyte counts, was
computed from the absolute values of neutrophils and lympho-
cytes from the same blood sample collected at admission.

Occurrence of major adverse cardiovascular events (MACEs),
including all-cause mortality, recurrent myocardial infarction
(MI), and target vessel revascularization (TVR), within 5 years
was evaluated. Recurrent myocardial infarction was defined
according to the universal definition of ML The TVR was
defined as clinically indicated percutaneous or surgical revascu-
larization of the index vessel during follow-up. At 5 years after
index STEMI, follow-up data were obtained by reviewing
medical records and/or telephone interview with patients.

SPSS 18.0 statistical software package (SPSS, Chicago, IL) was
used for all calculations. Data are shown as the mean +standard
deviation for continuous variables and as numbers and
percentages for categorical variables. Comparisons were con-
ducted by unpaired Student ¢ test for continuous variables and
Pearson chi-square test for categorical variables. Multivariate
regression analysis was performed to assess the effect of NLR on
clinical outcomes. NLR was compared by MACEs controlling for
additional well-known risk factors of MACEs. These predictors
were age, the presence of hypertension, diabetes mellitus and
dyslipidemia, family history, smoking, and LV ejection fraction
(EF). By constructing a receiver operating characteristic curve, we
derived a cut-off value of NLR for MACEs. Based this cut-off
value, all patients were reclassified into a high NLR group and a
low NLR group. Event-free survival analysis for patients in these
groups was performed using the Kaplan—-Meier method, and the
differences between groups were assessed by the log-rank test.
Null hypotheses of no difference were rejected if P values
were <.05.

3. Results

From 2006 to 2010, a total of 326 patients (254 males, 58 £12-
year-old) were enrolled. The mean follow-up interval was 68 + 36
months. Mean value of NLR of these patients was 4.7 +5.2.

The MACEs was occurred in 90 patients (28%). Of 326
patients, 46 patients died (14%), 10 patients experienced
recurrent MI (3%), and 53 patients needed TVR (16%).
According to the occurrence of MACEs, all patients were
regrouped and NLR level was compared by unpaired Student #
test (Table 1). Initial NLR was significantly higher in patients
who experienced all-cause mortality (6.39+8.9 vs 4.2+3.1,
P=.004). There was no statistical difference according to the
occurrence of MACEs, recurrent MI, and TVR.

Baseline clinical characteristics by all-cause mortality are
summarized in Table 2. Patients in the death group were older
(69+10 vs 57 +12-year-old, P<.001), had less males (59 vs
81%, P <.001) than patients in the survival group. In the medical
history, there was no statistical difference between the groups. In

Initial NLR according to occurrence of MACEs.

Variables Occur No Occur P value
MACEs 521+7.1 44+33 141
All-cause mortality 6.39+8.9 42+3.1 .004
Recurrent MI 4.37 +2.51 4.72+5.29 588
TVR 3.6+33 4.8+5.33 196

MACEs =major adverse cardiovascular events, Ml=myocardial infarction, NLR=The ratio between
the absolute number of neutrophils and the number of lymphocytes, TVR=target vessel
revascularization.
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Baseline characteristics by all-cause mortality.
Death group Survival group

Variables (n=46) (n=280) P value
Age, years 69+10 57+12 <.001
Men, No. 27 (59%) 227 (81%) .005
BMI, kg/m? 19+9 25+4.3 136
Medical History

Hypertension, No. 17 (37%) 184 (66%) .399

Diabetes Mellitus, No. 16 (35%) 58 (21%) .066

Dyslipidemia, No. 2 (4%) 22 (8%) 4

Smoking, No. 32 (70%) 184 (66%) .606
LDL-C, mg/dl 99+35 108 +32 .096
LVEF, % 46+13 53+ 11 .001
Killip class

Killip class 3, No. 12 (26%) 19 (7%) .006

Killip class 4, No. 4 (9%) 13 (5%) .36
Multi-vessel Disease, No. 37 (80%) 153 (565%) <.001
Coronary Artery Disease <.001

1 vessel disease 9 (20%) 127 (45%)

2 vessel disease 17 (37%) 89 (32%)

3 vessel disease 20 (44%) 64 (23%)
Medication, No.

Aspirin 42 (91%) 278 (99%) .065

Clopidogrel 34 (74%) 224 (80%) .348

Beta blockers 17 (37%) 187 (67%) <.001

CCB 11 (24%) 60 (21%) .706

ACE inhibitors 27 (59%) 182 (65%) A1

ARB 16 (35%) 83 (30%) 484

Statins 18 (39%) 151 (54%) .065

Nitrates 43 (94%) 259 (93%) 815

ACE =angiotensin converting enzyme, ARB =angiotensin Il receptor blocker, BMI=body mass index,
CCB=calcium channel blocker, LDL-C = low-density lipoprotein cholesterol, LV EF =left ventricular
ejection fraction.

the death group, LV dysfunction was more prevalent (EF: 46+ 13
vs 53+11%, P=.001 and killip class 3: 26 vs 7%, P=.006).
Compared to the survival group, subjects in the death group had
significantly higher rate of multi-vessel disease (80 vs 55%,
P <.001). The death group had less beta-blocker use (37 vs 67%,
P<.001).

In a multivariate regression model, old age, diabetes,
dyslipidemia, smoking, LV EF, and NLR were strongly related
to all-cause mortality (Table 3). The higher NLR was
independently associated with increased with for all-cause
mortality (Hazard ratio, 1.085; 95% confidence interval,
1.002-1.174, P=.044).

For predicting all-cause mortality, the cut-off value of NLR
was 4.3 with a sensitivity and specificity of 57% and 61%,
respectively (area under the curve=0.566, 95% confidence
interval =0.48-0.652, P=.044). When the patients were reclas-
sified based on the derived cut-off value of NLR for all-cause
mortality, the high NLR group (NLR >4.3) consisted of 136
patients (98 males) with a mean age of 61+ 13 years. The low
NLR group (NLR<4.3mm) consisted of 190 patients (156
males) with a mean age of 57+12 years. The high NLR group
was significantly older than the low NLR group (P <.001). There
were more males in the high NLR group (P=.036). Kaplan—
Meier analysis revealed that survival rate in the high NLR group
was significantly lower than in the low NLR group (log-rank
P=.024, Fig. 1). The event-free survival curves for freedom of
MACEs and TVR were not significantly different between the
groups (log-rank P=.307 and .063, respectively). In addition, the
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Multiple logistic regression analysis of the clinical predictors for
all-cause mortality.

Risk factors Hazard ratio (95% Cl) P value
NLR 1.085 (1.002-1.174) .044
0Old age 8.369 (4.396-15.932) <.001
Hypertension 0.682 (0.364-1.28) 234
Diabetes 2.517 (1.256-5.045) .009
Dyslipidemia 0.183 (0.036-0.946) .043
Family history 1.994 (0.477-8.337) 344
Smoking 1.267 (0.658-2.437) 043
LV EF 0.958 (0.932-0.984) .002

Cl=confidence interval, LV EF=Ieft ventricular ejection fraction, NLR=The ratio between the
absolute number of neutrophils and the number of lymphocytes.

recurrent MI-free survival rate in the high NLR group tended to
be lower than in the low NLR group (log-rank P=.052).

4. Discussion and conclusions

The present study demonstrated the close relationship between

higher NLR and increased rate of all-cause mortality in patients
with STEMI.

www.md-journal.com

Patients with inflammatory or autoimmune disorders are well-
known to have an increased risk of cardiovascular disease, which
is most likely the consequence of inflammatory responses
affecting plaque destabilization.!"?! Most of studies found that
systemic inflammation independently predicts MACEs.[>:%"!
Some emerging inflammatory markers, such as neopterin, uric
acid, and circulation micro ribonucleic acid, have been suggested
as markers of disease activity or inflammation in patients with
cardiovascular disease.!'*™"*) Independent of lipid-lowering, anti-
inflammatory therapy was demonstrated to significantly lower
MACEs."®! Necrotic cell death in response to infarction
stimulates a host inflammatory response.l'”! STEMI can result
in obstructed blood flow, with myocardial necrosis and
inflammation as a consequences.”’ In STEMI, inflammatory
cells are also functionally activated.""®' After PCI, functionally
active neutrophil infiltration is aggravated locally in the balloon-
injured arteries.[*"!

Neutrophils are mostly related to an acute inflammatory
reaction on cardiac injury.[9I Acute inflammatory reaction,
reflected by high C-reactive protein promoting tissue factor,
integrin mediating the fast recruitment of neutrophils and cellular
adhesion molecules mediating the transmigration of neutrophils,
is related with proatherothombotic state.?*??! Neutrophils
mediate increased plaque rupture and thrombosis by secreting
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Figure 1. Kaplan—-Meier survival curve in the high NLR group and the low NLR group. MACEs =major adverse cardiovascular events, Ml=myocardial infarction,
NLR =the ratio between the absolute number of neutrophils and the number of lymphocytes.
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proteolytic enzymes causing vascular damage, activation of
coagulation pathways, micro vascular plugging and myocyte
necrosis mediated by secretion of pro-inflammatory cytokines.! !
By releasing oxygen free radicals, functionally active neutrophils
modulate the electrical activity of the myocardium causing
arrhythmogenesis.”>) Neutrophil count also associates with
myocardial extension of the areas of infarction, development of
heart failure and impaired epicardial and microvascular perfu-
sion.>2¥ Activated neutrophils contribute to further cellular and
intracellular edema and clogging of microvasculature resulting in
no-reflow phenomenon and abnormal myocardial perfusion.!?’!
Although none of the patients have moderate or severe LV
dysfunction in the present study, the myocardial structural and
functional alteration beyond EF representing LV systolic
function, which might be mediated by inflammatory reaction,
might affect the adverse clinical outcomes after STEML

Lymphocytes are known to have protective effect on clinical
outcomes in cardiovascular disease.!”’ Critical inflammatory
states induce lymphopenia due to increased lymphocyte apopto-
sis.[2®! After STEMI, physiological stress, and the subsequent
activation of the neurohormonal system, which lead to cortisol
release, also result in lymphopenia related strongly to LV
dysfunction and high myocardial mass destruction.*”! Cortisol is
significantly raised in acute MI and correlates with the
development of LV dysfunction, arrhythmogenesis, cardiogenic
shock, and in-hospital mortality.8! However, cortisol levels,
itself, have limitations for clinical prognostic factor due to their
variations associated with diurnal rhythm, psychological, or
physical stress.

The NLR could act as a combined surrogate marker for both
acute inflammatory reaction and activated neurohormonal
system. As a consequence, NLR could be a more potent clinical
predictor after STEMI than other inflammatory markers and
markers representing activated neurohormonal system, such as
cortisol, norepinephrine, and angiotensin II. The NLR might be
related with serious post-MI complication, such as acute
thrombosis, lethal arrhythmias, cardiogenic shock, LV remodel-
ing, or LV dysfunction. The present study demonstrated that
NLR was independent predictor for all-cause mortality in
patients with STEMIL It suggests that NLR has incremental
value for predicting adverse clinical outcomes after STEMI over
traditional cardiac risk factors. As total white blood cell count
including neutrophil, lymphocyte, and monocyte counts is
routinely checked in patients with STEMI, NLR may be readily
available at no extra cost.

There are several limitations to the present study. First, the
present study logically implied that NLR might be related to LV
remodeling or LV dysfunction after STEMI. Due to early
intervention, most of patients had mild LV dysfunction or normal
LV function. Myocardial structural and functional alterations
beyond EF might affect adverse clinical outcomes. In our previous
study, we demonstrated, using the speckle tracking imaging, that
the myocardial fibrotic process may affect the early contractile
dysfunction of LV even in patients with normal EF.[*"!
Considering well-known incidences of serious post-MI compli-
cations, NLR might also be related with acute thrombosis
including stent thrombosis or stroke resulting in increased rate of
all-cause mortality. As autopsy was not performed, the cause of
death was not fully evaluated in the present study. Second, levels
of other inflammatory markers or markers representing activated
neurohormonal system, such as cortisol, norepinephrine, and
angiotensin II were not checked in the present study. Although
NLR, a combined surrogate marker for both acute inflammatory
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reaction and activated neurohormonal system, might be more
potent than these other surrogate markers, there is lack of
comparison studies with these markers and NLR. To prove this,
further studies might be needed. Fourth, the results of the present
study could not be applied to the general population. The derived
cut-off value of NLR was 4.3mm for predicting all-cause
mortality. A normal upper-limit value for NLR has not been
established. Also, it was a cross-sectional study, not a cohort
study. Therefore, the derived cut-off value of the study could not
be applied to the general population.

In conclusion, increased NLR was associated increased rate of
all-cause mortality in 30-day survivors after index STEMI, who
received successful coronary intervention. In STEMI, baseline
NLR could help to assess the prognosis and a more intensive
treatment might be needed for patients with increased NLR.
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