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Objective: To assess the relationship between neutrophil-lymphocytes ratio (NLR) at admission and
patient outcome over a period of six month in subjects with acute coronary syndrome (ACS).

Methods: A total of 435 consecutive patients presenting with ACS were enrolled and 400 patients
completed the study. Patients were categorized into 2 groups: the NLR group 1 (NLR < 5.25; n =265,
66.25%) and the NLR group 2 (NLR > 5.25; n = 135, 33.75%). The primary outcomes were in-hospital and
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6 months mortality.

Results: Forty-seven (11.8%) patients died during 6 months follow up. Higher mortality was seen in NLR
group 2 (42/135, 34.1%) compared to NLR group 1 (5/265, 1.9%) with p value <0.001.

Conclusion: Our study suggest that elevated NLR (>5.25) is independently associated with higher all-
cause mortality rate up to 6 months period irrespective of ACS type.
© 2017 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity
and mortality. India suffers the highest loss in potentially
productive years of life, due to deaths from CVD.! Ischemic heart
disease (IHD) is the single most important contributor to this
increasing burden of CVD and acute coronary syndrome (ACS) is
one of the most common admitting diagnosis in patients with CVD.
Early mortality (first 30 days) from acute myocardial infarction
(MI) is 30% with more than half of these deaths occurring before
the individual reaches the hospital. Mortality is fourfold higher in
elderly patients (>75 year) as compared with younger patients.?

Elevated white blood cells (WBC) play important role in
vascular injury, development of an atherosclerotic plaque, its
rupture and thrombosis.® The relationship between inflammation
and MI was suggested more than 50 years ago.? Since then
overwhelming evidences supporting that inflammation plays a key
role in coronary artery disease (CAD) and other manifestations of
atherosclerosis have emerged.*” Immune cells dominate early
atherosclerotic lesions, their effector molecules accelerate pro-
gression of the lesions, and activation of inflammation may lead to
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ACS.2 Neutrophils are speculated to mediate plaque rupture and
thrombosis by secreting proteolytic enzymes causing vascular
damage, activation of coagulation pathways, micro vascular
plugging and myocyte necrosis, mediated by secretion of pro-
inflammatory cytokines.®~!®> Physiological stress and the subse-
quent activation of the neurohormonal system during ACS lead to
cortisol release, which in turn mediates lymphopenia through
apoptosis.'* Thus, neutrophil-lymphocytes ratio (NLR) may act as
a combined surrogate marker for both the reactive and adaptive
components of the inflammatory response.

ACS is often accompanied with leukocytosis and it is thought to
be associated with short term mortality and morbidity.'>~!° The
neutrophil count and NLR represent the balance between
neutrophil and lymphocyte levels in the body and can be indicators
of systemic inflammation.?®?! Some clinical trials have reported an
association between increased absolute neutrophil count (ANC) in
peripheral blood and short-term post-MI adverse outcomes and
worse angiographic findings.?>~?* There are some reports regard-
ing the value of monocyte count in predicting heart failure
following MI.4-26 NLR may also reflect the myocardial remodeling
responses after reperfusion injury.?”

Amongst different hematological indices, it has been observed
that the NLR has the highest predictive value in predicting death/
MI in high risk patients.?® It has also been observed that NLR
predicts the long term mortality in patients hospitalized with ST
elevation myocardial infarction (STEMI)?*° and in patients under-
going percutaneous coronary intervention (PCI).>%>! Inflammatory
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biomarkers, such as C-reactive protein (CRP) are used in clinical
practice for cardiac risk stratification in stable CAD as well as in
ACS.'332 Studies suggests a role of neutrophil count and NLR as an
independent predictor of poor outcome or recurrence of cardio-
vascular events in patients with acute cardiovascular disease as
well as in stable CAD,?3-36.1237-41

Hemogram is an inexpensive, easily available test, routinely
done in all admitted patients. Measurement of a simple
inflammatory marker like NLR could improve the risk stratification
of ACS patients. This study is aimed at evaluating the predictive
value of NLR in determining cardiac specific and all cause
morbidity and mortality in the Indian patients with ACS.

2. Methods

This study included 435 patients admitted in department of
medicine and department of cardiology at Dr. S.N. Medical College
with ACS. Acute coronary syndrome including STEMI, non-STEMI,
and unstable angina (UA) were diagnosed and classified using the
definition and criteria published by American College of Cardiology
and European Society of Cardiology. After informed consent,
patients meeting inclusion criteria were enrolled. A patient who
died in emergency immediately after arrival or required CPR at
home or in emergency department was excluded. A venous blood
sample was taken before any medical intervention. Hemogram
was done by flow cytometry using Sysmex XS-800i analyzer. The
NLR was calculated using the absolute count method. All patients
were managed on standard protocol for ACS and were followed for
6 months. Approval was taken from institutional ethical commit-
tee before starting the study.

2.1. Statistical analysis

The statistical analysis was performed using student’s “t” test
and Chi-square test. Continuous variables were summarized as
mean =+ SD (standard deviation) and comparisons between continu-
ous variables utilized the student t test. In our study, p
value < 0.05 was considered as significant with either negative or
positive correlation on account of biological variability. Categorical
variables were summarized as percentages of the group total and
comparisons between groups were analyzed using Chi-square test.
NLR was utilized as both a continuous and categorical variable, based
on relative risk of mortality. Assessment of the bivariate relationship
between mortality and each risk factor was performed using data
from 400 patients. Variables identified as significant (p-value <0.05)
during univariate analysis were then fitted in a logistic regression
model by a enter elimination method. This adjusted for confounders
and enabled determination of variables of interest associated with
increased risk of mortality or major cardiovascular adverse outcomes.
Receiver operating curve (ROC) was constructed to obtain area under
the curve (AUC), and to predict cut-off values of NLR that could be
used to predict mortality. Constructed ROC (Fig. 1) gave cut-off
NLR > 5.25 with a sensitivity of 89.36%, specificity of 75.07%, positive
predictive value (PPV) of 32.4%, negative predictive value (NPV) of
98.1%, AUC = 0.843 and p value <0.001.

3. Results

A total of 435 patients of ACS were enrolled out of which
35 patients dropped out. Results of remaining 400 patients were
analyzed. Majority of patients presented with STEMI (237-59.25%)
and rest were with NSTEMI/UA. Patients were divided in two
groups according to cut-off value (5.25) of NLR: NLR group 1
(NLR < 5.25) had 265 patients and NLR group 2 (NLR > 5.25)
included 135 patients. Forty-seven (11.8%) patients died during
6 months follow up.
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Fig. 1. Receiver operating curve (ROC) depicting NLR as a prognostic tool for
mortality risk stratification in ACS patients. Disease prevalence = 11.8%, sample
size = 400, AUC = 0.843. Cut-off NLR is >5.25 with a sensitivity of 89.36%, specificity
of 75.07%, positive predictive value (PPV) of 32.4% and negative predictive value
(NPV) of 98.1%.

Clinical and demographic data of patients are given in
Table 1. Difference of mean age between both the groups was
statistically significant with higher age was seen in NLR group
2.Significantly higher mortality was seen in NLR group 2 compared
to NLR group 1, (42/135, 34.1%) vs. (5/265, 1.9%), with p value
<0.001 (Fig. 2). Table 2 compares mortality data among two NLR
groups at the time of admission and during 1 month and 6 month
period and higher mortality was seen in NLR group 2 compared
NLR group 1(p < 0.001). Further sub analysis revealed that NLR
group 2 had significantly higher acute left ventricular failure

Table 1
Patients characteristics among two NLR group.
Variable Group1 Group2 p value
NLR<5.25 NLR >5.25

N 265 (66.25%) 135 (33.75%)

Age (mean + SD; years) 59.4+11.30 62.51+13.11 p<0.02

Male 189 (71.3%) 99 (73.3%)

Female 76 (28.7%) 36 (26.7%)

BMI (kg/m?)
18-22.9 52 (19.6%) 37 (27%)
23-27.4 146 (55%) 70 (51.9%)
27.5-324 52 (19.6%) 17 (12.5%)
32.5-374 13 (4.9%) 6 (4.4%)
>37.5 2(0.7%) 5(3.7%)

ACS type
STEMI 150 (56.6%) 87 (64.4%) >0.2
NSTEMI/UA 115 (43.4%) 48 (35.6%)

Co morbidities and risk factor
Preexisting IHD 60 (22.6%) 28 (20.7%) >0.7
Hypertension 96 (36.2%) 52 (38.5%) >0.7
Diabetes mellitus 54 (20.4%) 34 (25.2%) >0.3
Obesity 67 (25.3%) 28 (20.7%) >0.5
Hyperlipidemia 57 (21.5%) 32 (23.7%) >0.7
Smoking 85 (32.1%) 49 (36.3%) >0.5
Alcoholic 29 (10.9%) 12 (8.9%) >0.7
Tobacco chewer 70 (26.42%) 26 (19.3%) >0.2

Outcome
Survivor 260 (98.1%) 93 (68.9%) x*>=73.66,

p<0.001

Non-survivor 5 (1.9%) 42 (34.1%)

Difference of mean age between both the groups was statistically significant. Above
data shows that higher % of mortality was seen in NLR group >5.25 and difference of
% mortality between the two NLR groups was statistically significant.
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Fig. 2. Survival outcome among two NLR groups.

(21.5% vs.8.3%) and cardiogenic shock (27.4% vs. 8.3%) as compared
to group 1 (p < 0.001) but difference in ventricular arrythmia (6.7%
vs. 3.8%; p > 0.2) was insignificant (Table 3).

Patients who died were compared with those who survived in
terms of mean ANC, mean NLR, mean age and co-morbid diseases,
revealing that non-survivors were older than survivors and mean
NLR and mean ANC were significantly higher among non-survivors
(p <0.001). Preexisting IHD and hypertension as co-morbid
diseases have significant impact on mortality (Table 4).

We did a separate analysis based on according ANC, with ANC
cut-off value (7920 cells/ml) arrived by ROC. Subjects were divided
in two groups; ANC group 1 (ANC < 7920) had 220 patients

Table 2
Mortality and morbidity data comparison in two NLR group.
Duration Groupl Group2 p value
NLR <5.25 NLR >5.25
(n=265) (n=135)
During first Death 3(1.1%) 15 (11.1%)  x*>=20.72, p<0.001
admission
Morbidity® 48 (18.1%) 54 (40%) x*>=22.55, p<0.001
At 1 month Death 0 (0%) 18 (13.3%) x?=41.14, p<0.001
Morbidity® 5 (1.7%) 9 (6.67%) x*=6.05, p<0.02
At 6 month Death 2 (0.8%) 9 (6.7%) x*=23.52, p<0.001
Morbidity® 17 (6.4%) 20 (14.8%) x*=7.51,p<0.01
Total Death 5(1.9%) 42 (31.1%) x*=36.67, p<0.001
Morbidity? 70 (26.4%) 83 (61.5%) x*=46.56, p<0.001

Results show that higher numbers of deaths and morbidity were seen in the NLR
group 2 and difference was statistically significant.

2 Morbidity data includes prolonged hospitalization, readmission, post-MI
complication, i.e. acute LVF, cardiogenic shock and ventricular tachyarrhythmia.

Table 3

Immediate complications in two NLR group during hospital stay.
Immediate Groupl Group2 p value
complications NLR <5.25 NLR >5.25

(n=265) (n=135)

Acute LVF 22 (8.3%) 29 (21.5%) x*=13.96, p <0.001
Cardiogenic Shock 22 (8.3%) 37 (27.4%) x%>=28.96, p <0.001
Ventricular Arrhythmia 10 (3.8%) 9 (6.7%) x*=1.65, p>0.2

(VT and VF)

Immediate complications including LVF and cardiogenic shock were more and
statistically significant in patients having more NLR (>5.25)

Table 4
Demographic, clinical and laboratory data comparison in survivors and non-
survivors.

Variable Non-survivors Survivors p value
N 47 (11.75%) 353 (88.25%)
Age (mean +SD; 68.82+12.49 59.1+11.48 p<0.001
years)
Male 27 (57.45%) 261 (73.93%) x*=5.59,
p<0.02
Female 20 (42.55%) 92 (26.06%) x*=5.59,
p<0.02
BMI (mean + SD; 26.5+4.8 25.64+4.8 p>03
kg/m?)
ANC (mean + SD; 10,297.02 +£2810.67 7678.22+3380.89 p<0.001
cells/ml)
NLR (mean +SD) 7.92 +3.46 4.10+3.39 p<0.001
ACS type
STEMI 25 (53.2%) 212 (60%) p>0.5
NSTEMI/UA 22 (46.8%) 141 (40%) p>0.5
Co morbidity and risk factors
Preexisting IHD 20 (42.6%) 68 (19.3%) x?=13.11,
p<0.001
Hypertension 26 (55.3%) 122 (34.6%) x*=7.66,
p<0.01
Diabetes mellitus 13 (27.7%) 75 (21.2%) >0.5
Obesity 14 (29.8%) 81 (22.9%) >0.3
Hyperlipidemia 8 (17%) 81 (22.9%) >0.5
Smoking 16 (34%) 118 (33.4%) >0.9
Alcoholic 5(10.6%) 36 (10.1%) >0.9
Tobacco chewer 4 (9%) 92 (26%) x*=7.0,
p<0.01

Preexisting IHD and hypertension had statistically significant impact on mortality.
Mean NLR, male preponderance and 6 month morbidity were higher in STEMI
patients compared to NSTEMI/UA patients and this difference was statistically
significant but difference of mortality at 6 month was statistically insignificant.

whereas ANC group 2 (ANC > 7920) included 180 patients. Higher
mortality was seen in ANC group 2 compared to ANC group 1
(22.8% vs. 2.7%): more number of deaths were seen in ANC group
2 at the time of admission (7.8% vs. 1.8%), at 1 month (10% vs. 0%)
and at 6 month (5% vs. 0.9%) with p < 0.01. Patients in ANC group
2 had higher morbidity in terms of prolonged hospitalization rate
and readmission rate as compared to those in ANC group 1 (p value
<0.001).

We also did logistic multivariate regression analysis of
mortality: higher age (OR=1.17; p<0.001), female sex
(OR=0.27; p <0.006), mean ANC (OR=1.00; p < 0.001), mean
NLR (OR=1.24; p<0.001) and preexisting IHD (OR=3.61;
p < 0.003) had significant impact on mortality (Table 5). Difference
in mean NLR of patients having STEMI and NSTEMI/UA was
statistically significant: 4.84 + 3.87 and 4.12 + 3.19 respectively but

Table 5
Logistic multivariate regression analysis of mortality among ACS population.

Variable Mortality in 6 month (n=47/400)

95% ClI Odds ratio  Std. error  p value
Age (in years) 0.072 (1.03-1.11) 1.07 0.018 0.001
Sex —1.28 (0.11-0.69) 0.27 0.471 0.006
BMI (kg/m?) 0.0015 (0.92-1.08) 1.00 0.042 0.97

WBC (cells/ml)
ANC (cells/ml)

—0.00025 (0.99-1.00) 0.99
0.00019 (1.00-1.00) 1.00

0.0002 0.26
0.00004 0.001

NLR 0.22 (1.21-1.35) 1.24 0.040 0.001
ACS type —0.22 (0.34-1.83) 0.80 0.423 0.59
IHD 1.28 (1.51-8.60) 3.61 0.443 0.003
HTN 0.89 (0.99-5.97) 2.43 0.457 0.05
DM —0.46 (0.25-1.53) 0.62 0.455 0.30
Obesity 0.68 (0.70-5.24) 1.80 0.52 0.20
Hyperlipidemia 1.00 (0.99-1.00) 1.00 0.004 0.70
Smoking 0.72 (0.74-5.64) 2.05 0.517 0.16
Alcoholic 0.52 (0.47-6.01) 1.68 0.648 0.42

Tobacco chewing —1.04 (0.10-1.18) 0.35 0.621 0.09
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mortality and morbidity do not vary significantly irrespective of
ACS type.

Our results shows that elevated NLR (>5.25) is independently
associated with higher all cause mortality and morbidity
irrespective of ACS type. Overall mortality in NLR group 1 was
1.9% compared to 34% in group 2. ANC is also a good predictor of
mortality and morbidity but NLR is statistically better predictor of
mortality.

4. Discussion

Hemogram is a basic investigation done in all admitted patients
and NLR can be easily calculated from it. Review of literature
suggested that NLR can be used as marker of systemic inflamma-
tion and it may be an independent prognostic marker. There are
several studies that had attempted to answer the use of NLR as
prognostic marker in ACS patients; however, there is no large
prospective Indian study to look in to this issue. There is also
paucity of Indian study of NLR in healthy subjects.

In our study, patients were divided in two groups based on cut-
off value of NLR 5.25 which provided highest predictive power of
mortality (sensitivity of 89.36%: 95% CI, specificity of 75.07%: 95%
(I, positive predictive value of 32.4% and negative predictive value
of 98.1%). NLR may vary according to age, sex and race.*>~** In our
study NLR increased with age: NLR group 1 (<5.25) had mean age
of 59.4 + 11.3 and NLR group 2 (NLR > 5.25) with their mean age of
62.51 + 13.11. Difference of mean age in both group was statistically
significant (p < 0.02).

It seems NLR is not affected by other cardiac risk factors like
hypertension, diabetes, obesity, hyperlipidemia, smoking, and
smokeless tobacco use. Difference of above data in both group was
not statistically significant (p > 0.05) in our study. However,
preexisting IHD and HT had correlation with increased NLR. A
study by Sawant et al. also indicate that other variables had no
effect on NLR, this suggest that NLR is an independent prognostic
marker in ACS.*?

Our study suggest that on admission higher NLR value (>5.25)
is associated with higher cardiovascular or all-cause mortality in
hospital, at 1 month and at 6 month and difference was highly
significant (p < 0.001). Overall mortality in NLR group 1 was 1.9%
compared to 34% in group 2. Several other studies had results
suggesting higher NLR associated with high mortality, though cut-
off value of NLR differs and none of studies had such a wide
variation in two groups.?®-36:45-48

In a study about relation of NLR with presence of complexity of
CAD, it was observed that patients with complex CAD had a
significantly higher NLR value 2.3 median (1.8-3.0) compare to
1.6 median (1.2-3.3) (p value <0.001).*° Another study also found
that increasing NLR was associated with more severe CAD.>°

In our study, morbidity data included prolonged hospitaliza-
tion, post MI complication, i.e. acute LVF, cardiogenic shock and
ventricular tachyarrhythmia and readmission. Subjects in NLR
group 2 had prolonged hospital stay (40% vs. 18.1%) which was
statistically significant. Statistically significant incidence of acute
left ventricular failure and cardiogenic shock was also noted in NLR
group 2 (p value <0.001). Incidence of ventricular tachyarrhythmia
was higher in NLR group 2 but was not statistically significant (p
value > 0.2). Readmissions were higher in NLR group 2 (>5.25) at
1 month and 6 months, and it was statistically significant (p value
<0.02 and <0.01 respectively). A study by Ghaffari et al. showed
incidence of VT was also significantly more in higher NLR group.®’
Another study showed that the incidence of heart failure increased
with increment of NLR.**> Sawant et al. also found significant
association between higher NLR and increased morbidity like
congestive heart failure.*? In this study, mean NLR and mean ANC
was higher in those patients who had STEMI compare to NSTEMI/

UA. Difference was statistically significant (p value <0.05) and
6 month morbidity was more among STEMI patients compare to
NSTEMI/UA patients and it was statistically significant.

In present study, 47 (11.8%) subjects died at 6 months.
Difference in variables like old age, female sex, preexisting IHD
and HT among non-survivors and survivors were statistically
significant (p value <05) and for mean ANC and mean NLR,
difference was highly significant (p value <0.001).

We also analyzed subjects based on optimal cut-off value of
ANC, i.e. 7920 cells/ml which provided highest predictive power of
mortality. Data showed that mortality risk increased significantly
with on admission high ANC (p value <0.01). Prolonged
hospitalization rates and readmission rate in 6 month was highly
significant (p value <0.001) but difference of readmission rate in
1 month was insignificant (p value >0.5). Other studies also
concluded that increase in ANC is associated with increased
morbidity and mortality in patients with ACS and those undergo-
ing PCL

The logistic multivariate regression analysis of mortality among
ACS population in our study showed that higher age, female sex,
mean ANC, mean NLR and preexisting IHD had significant impact
on mortality. Similar results were seen in other studies.*>*46->3>4

Current study has demonstrated that patients presenting with
ACS, an on admission elevated NLR is independently associated
with higher all cause mortality and higher morbidity rates at
admission, at 1 month and at 6 month. ANC is also a good predictor
of mortality and morbidity among ACS population but NLR is
statistically better predictor.

Our study has some inherent limitations. We did not include
patients who died in emergency immediately after arrival or
required CPR at home or in emergency department. Duration of
ACS symptoms may have important impact on NLR levels but was
not addressed in current study. Alternative concomitant etiologies
for elevated NLR may have been present and not accounted for, e.g.
occult infection or malignancy, though chances are low as we
followed the patients up to 6 months.

A multi-centre study with larger population size and diversity is
warranted to best determine the prognostic role of NLR, its best
predictive cut-off value, and sampling time.

5. Conclusion

In this prospective study, we followed 400 subjects of ACS for
six month. On admission, higher NLR is associated with significant
risk of mortality during hospital stay, at 1 month and 6 month.
Other factors that had impact on mortality include higher age,
female sex, and pre-existing IHD. Prolonged hospitalization due to
post MI complications was more in patients with on admission
high NLR. Readmission rates at 1 month and 6 months period were
higher in patients with high mean NLR. In our study, significant
cut-off of NLR is 5.25, cut-off of ANC is 7920 cells/ml, and NLR is
better predictor of mortality compared to ANC. NLR is a readily
available, inexpensive, and reproducible prognostic indicator and
can be utilized as stand-alone prognostic indicator for patients
with ACS.

Conflicts of interest
The authors have none to declare.

References

—_

. WHO. Health Situation in the South East Asia Region 1998-2000. New Delhi; 2002.

2. American Heart Association: Heart Disease and Stroke Statistics-2006 Update. Dallas:
American Heart Association; 2006.

3. Boyle]J. Association of coronary plaque rupture and atherosclerotic inflammation. J

Pathol. 1997;181:93-99.


http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0275
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0280
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0280
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0285
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0285

S50

4,

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

R. Bajari, S. Tak/Indian Heart Journal 69 (2017) S46-S50

White PD, Mallory GK, Salcedo-Salgar J. The speed of healing of myocardial infarcts.
Trans Am Clin Climatol Assoc. 1936;52:97-104101.

Bursi F, Weston SA, Killian JM, Gabriel SE, Jacobsen SJ, Roger VL. C-reactive protein
and heart failure after myocardial infarction in the community. Am ] Med.
2007;120:616-622.

. Fuster V. Lewis A. Conner Memorial Lecture. Mechanisms leading to myocardial

infarction: insights from studies of vascular biology. Circulation. 1994;90:2126-
2146.

. Ross R. Atherosclerosis — an inflammatory disease. N Engl | Med. 1999;340:115-

126.

. Hansson GK. Inflammation atherosclerosis and coronary artery disease. N Engl |

Med. 2005;352:1685-1695.

. Manten A, de Winter R], Minnema MG, et al. Procoagulant and proinflammatory

activity in acute coronary syndromes. Cardiovasc Res. 1998;40:389-395.
Mazzone A, De Servi S, Ricevuti G, et al. Increased expression of neutrophil and
monocyte adhesion molecules in unstable coronary artery disease. Circulation.
1993;88:358-363.

Ishikawa M, Vowinkel T, Stokes KY, et al. CD40/CD40 ligand signaling in mouse
cerebral microvasculature after focal ischemia/reperfusion. Circulation.
2005;111:1690-1696.

Huang Y, Rabb H, Womer KL. Ischemia-reperfusion and immediate T cell
responses. Cell Immunol. 2007;248:4-11.

Haidari M, Javadi E, Sadeghi B, Hajilooi M, Ghanbili J. Evaluation of C-reactive
protein, a sensitive marker of inflammation, as a risk factor for stable coronary
artery disease. Clin Biochem. 2001;34:309-315.

Onsrud M, Thorsby E. Influence of in vivo hydrocortisone on some human blood
lymphocyte subpopulations. I. Effect on natural killer cell activity. Scand J Immunol.
1981;13:573-579.

Bhatt DL, Chew DP, Lincoff AM, et al. Effect of revascularization on mortality
associated with an elevated white blood cell count in acute coronary syndromes.
Am ] Cardiol. 2003;92:136-140.

Cannon CP, McCabe CH, Wilcox RG, Bentley JH, Braunwald E. Association of white
blood cell count with increased mortality in acute myocardial infarction and
unstable angina pectoris. OPUS-TIMI 16 Investigators. Am ] Cardiol.
2001;87:636-639.

Grzybowski M, Welch RD, Parsons L, et al. The association between white blood cell
count and acute myocardial infarction in-hospital mortality: findings from the
National Registry of Myocardial Infarction. Acad Emerg Med. 2004;11:1049-1060.
Menon V, Lessard D, Yarzebski ], Furman MI, Gore JM, Goldberg R]. Leukocytosis
and adverse hospital outcomes after acute myocardial infarction. Am J Cardiol.
2003;92:368-372.

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 myocardial infarction: a thrombolysis in myo-
cardial infarction 10 substudy. Circulation. 2000;102:2329-2334.

Duffy BK, Gurm HS, Rajagopal V, Gupta R, Ellis SG, Bhatt DL. Usefulness of an
elevated neutrophil to lymphocyte ratio in predicting long-term mortality after
percutaneous coronary intervention. Am J Cardiol. 2006;97:993-996.

Thomson SP, Gibbons RJ, Smars PA, et al. Incremental value of the leukocyte
differential and the rapid creatine kinase-MB isoenzyme for the early diagnosis of
myocardial infarction. Ann Intern Med. 1995;122(5):335-341.

Ghaffari S, Golmohammadi A. Correlation between neutrophilia and congestive
heart failure after acute myocardial infarction. Med | Ardabil Univ Med Sci.
2006;5:352-357.

Kirtane AJ, Bui A, Murphy SA, Barron HV, Gibson CM. Association of peripheral
neutrophilia with adverse angiographic outcomes in ST-elevation myocardial
infarction. Am J Cardiol. 2004;93:532-536.

O’Donoghue M, Morrow DA, Cannon CP, et al. Association between baseline
neutrophil count, clopidogrel therapy, and clinical and angiographic outcomes
in patients with ST-elevation myocardial infarction receiving fibrinolytic therapy.
Eur Heart J. 2008;29:984-991.

Zhao G, Wang S, Wang Z, et al. CXCR6 deficiency ameliorated myocardial ischemia/
reperfusion injury by inhibiting infiltration of monocytes and IFN-gamma-depen-
dent autophagy. Int J Cardiol. 2013;168:853-862.

Hayasaki T, Kaikita K, Okuma T, et al. CC chemokine receptor-2 deficiency attenu-
ates oxidative stress and infarct size caused by myocardial ischemia-reperfusion in
mice. Circulation. 2006;70:342-351.

Huang Y, Rabb H, Womer KL. Ischemia-reperfusion and immediate T cell
responses. Cell Immunol. 2007;248:4-11.

Horne BD, Anderson JL, John JM, et al. Which white blood cell subtypes predict
increased cardiovascular risk? ] Am Coll Cardiol. 2005;45:1638-1643.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

53.

54.

Nunez ], Nunez E, Bodi V, et al. Usefulness of the neutrophil to lymphocyte ratio in
predicting long-term mortality in ST segment elevation myocardial infarction. Am J
Cardiol. 2008;101:747-752.

Bhat T, Teli S, Rijal ], et al. Neutrophil to lymphocyte ratio and cardiovascular
diseases: a review. Expert Rev Cardiovasc Ther. 2013;11:55-59.

Ridker PM, Cushman M, Stampfer M], Tracy RP, Hennekens CH. Inflammation,
aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl |
Med. 1997;336:973-979.

Madjid M, Awan I, Willerson JT, Casscells SW. Leukocyte count and coronary
heart disease: implications for risk assessment. ] Am Coll Cardiol. 2004;44:
1945-1956.

Grau AJ, Boddy AW, Dukovic DA, et al. Leukocyte count as an independent predictor
of recurrent ischemic events. Stroke. 2004;35:1147-1152.

Chia S, Nagurney JT, Brown DF, et al. Association of leukocyte and neutrophil
counts with infarct size, left ventricular function and outcomes after percutaneous
coronary intervention for ST-elevation myocardial infarction. Am ] Cardiol.
2009;103:333-337.

Baetta R, Corsini A. Role of polymorphonuclear neutrophils in atherosclerosis:
current state and future perspectives. Atherosclerosis. 2010;210:1-13.

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;102:653-657.

Carro A, Bastiaenen R, Kaski JC. Age related issues in reperfusion of myocardial
infarction. Cardiovasc Drugs Ther. 2011;25:139-148.

Panduranga P, Sulaiman K, Al-Zakwani I, Abdelrahman S. Acute coronary syn-
drome in young adults from Oman: results from the gulf registry of acute coronary
events. Heart Views. 2010;11:93-98.

Ates AH, Canpolat U, Yorgun H, et al. Total white blood cell count is associated with
the presence, severity and extent of coronary atherosclerosis detected by dual-
source multislice computed tomographic coronary angiography. Cardiol J.
2011;18:371-377.

Nijm ], Wikby A, Tompa A, Olsson AG, Jonasson L. Circulating levels of proin-
flammatory cytokines and neutrophil-platelet aggregates in patients with coro-
nary artery disease. Am J Cardiol. 2005;95:452-456.

Nessler ], Nessler B, Golebiowska-Wiatrak R, et al. Serum biomarkers and clinical
outcomes in heart failure patients treated de novo with carvedilol. Cardiol J.
2013;20:144-151.

Azab B, Camacho-rivera M, Taioli E, et al. Average values and racial difference of
neutrophilic lymphocytic ratio among a nationally representative sample of united
states subjects. PLOS ONE. 2014;9(11):e112361.

Bain BJ. Ethnic and sex differences in the total and differential white cell counts and
platelets count. J Clin Pathol. 1996;49:664-666.

Misumida N, Kobayashi A, Kanei Y, et al. Racial difference in the Neutrophilic
lymphocytic ratio in patients with NSTEMI. CAD. 2015;26(5):381-385.

Sawant AC, Adhikari P, Narra SR, Srivatsa SS, Mills PK, Srivatsa SS. Neutrophil to
lymphocyte ratio predicts short and long term mortality following revasculariza-
tion therapy for ST elevation myocardial infarction. Cardiol J. 2013. 10.5603/
¢j.a2013.0148.

Abbase AH, Kadum Khadim MA. Leucocyte count and NLR after MI. Med ] Babylon.
2010;7:480-489.

Raza A, Hameed S, Rehman A, et al. In hospital outcome of ACS with increase NLR
ratio. J Cardiovasc Dis. 2012;10(3):65-69.

Cho KH, Jeong MH, Ahmed K, Hachinohe D, Choi HS, Chang SY, et al. Value of early
risk stratification using hemoglobin level and neutrophil-to-lymphocyte ratio in
patients with ST elevation myocardial infarction undergoing primar percutaneous
coronary intervention. Am J Cardiol. 2011;107:849-856.

Sonmez O, Ertas G, Bacaksiz A, et al. Relation of NLR with presence and complexity
of CAD an observational study. Anadolu Kardiyol Derg. 2013;13:662-6672012.
Arbel Y, Halkin FA, Birati A, et al. Neutrophil/lymphocyte ratio is related to the
severity of coronary artery disease and clinical outcome in patients undergoing
angiography. Atherosclerosis. 2012;225:456-460.

Ghaffari S, Nadiri M, Pourafkari L, et al. The predictive value of total neutrophilic
count and NLR in predicting in hospital mortality and complication after STEMI. |
Cardiovasc Thorac Res. 2014;6(1):35-41.

Ozturk S, Erdem A, Ozlii MF, et al. 2013 Assessment of NLR in young patient with
ACS. Turk Kardiyol Dern Ars. Arch Turk Soc Cardiol.2013;(4):284-289.

Chatterjee S, Chandra P, Guha G, et al. Pre-procedural elevated white blood cell
count and neutrophil-lymphocyte (N/L) ratio are predictors of ventricular arrhyth-
mias during percutaneous coronary intervention. Cardiovasc Hematol Disord Drug
Targets. 2011;11(2):58-60. PMID: 22044033.


http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0290
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0290
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0295
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0295
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0295
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0300
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0300
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0300
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0305
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0305
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0310
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0310
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0315
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0315
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0320
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0320
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0320
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0325
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0325
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0325
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0330
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0330
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0335
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0335
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0335
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0340
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0340
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0340
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0345
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0345
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0345
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0350
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0350
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0350
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0350
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0355
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0355
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0355
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0360
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0360
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0360
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0365
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0365
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0365
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0365
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0370
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0370
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0370
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0375
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0375
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0375
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0380
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0380
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0380
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0385
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0385
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0385
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0390
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0390
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0390
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0390
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0395
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0395
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0395
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0400
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0400
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0400
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0405
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0405
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0410
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0410
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0415
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0415
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0415
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0420
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0420
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0425
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0425
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0425
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0430
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0430
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0430
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0435
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0435
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0440
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0440
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0440
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0440
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0445
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0445
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0450
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0450
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0450
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0455
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0455
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0460
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0460
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0460
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0465
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0465
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0465
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0465
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0470
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0470
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0470
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0475
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0475
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0475
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0480
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0480
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0480
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0485
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0485
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0490
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0490
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0495
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0495
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0495
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0495
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0500
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0500
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0505
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0505
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0510
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0510
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0510
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0510
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0515
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0515
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0520
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0520
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0520
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0525
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0525
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0525
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0535
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0535
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0540
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0540
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0540
http://refhub.elsevier.com/S0019-4832(16)30454-0/sbref0540

	Predictive prognostic value of neutrophil-lymphocytes ratio in acute coronary syndrome
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflicts of interest
	References


