ORIGINAL PAPER

doi: 10.5455/medarh.2017.71.312-315

MED ARCH. 2017 OCT; 71(5): 312-315
RECEIVED: JUL 30, 2017 | ACCEPTED: SEP 28, 2017

Department of Intensive Care Medicine
and Cardiac Anesthesiology, Clinic for
Cardiovascular Surgery, University Clinical
Center Tuzla, Tuzla, Bosnia and Herzegovina

Department of Medical Biochemistry, Faculty
of Medicine, University of Sarajevo, Sarajevo,
Bosnia and Herzegovina

3Department of Internal Medicine, Cantonal
Hospital Zenica, Zenica, Bosnia and
Herzegovina

*Department of Epidemiology and Biostatistics,
Faculty of Medicine, University of Tuzla, Tuzla,
Bosnia and Herzegovina

Corresponding author: Ema Tahto, MD. Dr
Ibre Pasica str., Tuzla, Bosnia and Herzegovina.
Phone: +387 61 331 292. ORCID ID: www.
orcid.org/0000-0001-7055-5552. E-mail: ema.
tahto@gmail.com.

© 2017 Ema Tahto, Radivoj Jadric, Lamija Pojskic,
Esmeralda Kicic

Thisis an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly
cited.

312

Neutrophil-to-lymphocyte Ratio
and Its Relation with Markers
of Inflammation and Myocardial
Necrosis in Patients with Acute
Coronary Syndrome

Ema Tahto?, Radivoj Jadric?, Lamija Pojskic®, Esmeralda Kicic*

ABSTRACT

Introduction: Inflammation plays an important role in atherosclerosis which is the primary
cause of acute coronary syndrome (ACS) that encompasses acute myocardial infarction
(AMI) and unstable angina (UA). Objective: To investigate and characterize white blood cells
(WBC) count, differential blood count in peripheral blood and neutrophil to lymphocyte ratio
(NLR) in patients by the type of ACS. Patients and methods: The cross-sectional study inc-
luded 100 patients with ACS (50 males, 50 females), aged 41 to 91 years, classified into two
groups: AMI group (n=50) and UA group (n=50). Patients were hospitalized at the Clinic for
Heart Diseases, University Clinical Center of Sarajevo. From patients’ medical histories the
following data were obtained: WBC, neutrophil, eosinophil and basophil granulocytes count,
monocyte and lymphocyte count, levels of high sensitive troponin | (hsTnl), creatine kinase
MB (CK-MB) and C-reactive protein (CRP). The results were analyzed using software package
SPSS, version 19.0. Results: Average WBC count, neutrophil granulocytes, and monocytes
were significantly higher in AMI group than in UA group (p = 0.001, p < 0.0005, p = 0.03,
respectively). Eosinophil count was significantly lower in patients with AMI (p = 0.022). NLR
was significantly higher in AMI group in relation to patients with UA (p = 0.001). Significan-
tly higher values of hsTnl and CK-MB were established in patients with AMI. NLR correlated
significantly positive with the values of hsTnl, CK-MB, CRP, WBC and neutrophil count, and
significantly negative with lymphocyte count. Conclusion: Average values of NLR were signifi-
cantly higher in patients with AMI in relation to patients with UA, indicating the importance of
this inflammatory marker in discrimination of clinical forms of ACS. A positive correlation was
established between NLR and markers of myocardial necrosis, and between NLR and CRP,
indicating the importance of NLR in the assessment of the extent of the myocardial lesion and
in inflammation intensity assessment in ACS.
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1. INTRODUCTION

LDL, proinflammatory cytokines

Acute coronary syndrome (ACS)
is a manifestation of coronary ar-
tery disease (CAD) and includes
acute myocardial infarction (AMI)
and unstable angina pectoris (UA)
(1). It is known that coronary artery
disease results from a complex pro-
cess known as atherosclerosis. To-
day, it is known that atherosclerotic
plaque formation is built up not only
from cholesterol but also inflam-
matory response may be present in
plaques (2). As the process of athe-
rosclerosis begins, proinflammatory
markers are beginning to emerge;
the inflammation process could be
followed by monitoring of these pro-
inflammatory markers. These proi-
nflammatory markers are oxidized

(IL-1, TNF-a), adhesion molecules
(intracellular adhesion molecule-1,
selectins), inflammatory stimulants
with hepatic effect (IL-6) or hepatic
stimulation products such as serum
amyloid A (SAA), C-reactive prote-
in (CRP), and many others (3). Since
understanding of the role of inflam-
mation in the atherosclerosis process
is increasing, so a large number of
studies have focused on the research
of inflammatory markers to assess
the risk of acute coronary syndrome
(4). More recently, the importance
of neutrophil-to-lymphocyte ratio
(NLR) has been increasingly investi-
gated. The NLR represents a balance
between the two important immune
response paths, an inflammation that
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is reflected by neutrophilia and the body’s stress respon-
se, reflected by lower lymphocyte count (5). In countries
with a lack of resources, this relatively inexpensive and
very available parameter can be of great importance and
contribute to establishing the correct diagnosis in pa-
tients with chest pain (6), since the diagnosis of acute
coronary syndrome can pose a difficult challenge. Symp-
toms that patients complain about can be numerous and
atypical, and even a classic ischemic chest pain can be
caused by pulmonary thromboembolism, aortic disse-
ction, or some other life-threatening condition (7). The
electrocardiogram (ECG) finding is important in the dia-
gnosis of myocardial ischemia. However, it is estimated
that only 1/3 of patients with acute myocardial infarction
have ECG classical elevation of the ST segment indica-
ting myocardial ischemia (8). Since a large number of pa-
tients with chest pain have not specific ischemic changes
on the ECG, the diagnosis in these cases largely depends
on the increase in the concentration of the serum mar-
kers of myocardial injury.

2. OBJECTIVE

The objective of this study was to investigate the
existence of difference in NLR between patients with
acute myocardial infarction and patients with unstable
angina pectoris, as well as the correlation of this ratio
with markers of myocardial injury (high sensitivity tro-
ponin and creatine kinase MB) and inflammatory mar-
kers (C-reactive protein, total leukocyte count and diffe-
rential blood count), with particular attention to NLR as
a potential myocardial lesion intensity indicator in acute
coronary syndrome.

3. PATIENTS AND METHODS

The cross-sectional study included 100 patients of both
sexes, 50 male, and 50 female, aged 41-91. Patients inclu-
ded in this study were hospitalized at the Clinical Center
for Heart Diseases at the University Clinical Center in
Sarajevo, in the period from 09 August 2014 to 05 Fe-
bruary 2015. The data were obtained from patients’ me-
dical histories. According to the form of acute coronary
syndrome patients were classified into two groups: AMI
group and UA group. AMI group consisted of 50 patients
of both sexes, 25 male and 25 female, aged 43 to 91, with

inflammatory diseases, infectious or septic conditions,
and patients with incomplete anamnesis.

Biochemical analyses for patients were completed at
the Organizing Unit for Clinical Chemistry and Bioc-
hemistry at the University Clinical Center in Sarajevo.
Peripheral blood samples were collected and tested obta-
ining the following results: total leukocytes and differen-
tial blood count—neutrophil, eosinophil and basophilic
granulocytes, lymphocytes and monocytes, as well as
levels of C-reactive protein (CRP) and high sensitivity
troponin (hsTnl) and catalytic activity of creatine kinase
MB (CK - MB).

Statistical analysis of the obtained data was performed
using the SPSS, Statistical Package for Social Sciences
version 19.0. A Shapiro-Wilk’s test of normality was used
to determine the significant difference in deviation from
a normal distribution. Results of descriptive statistics
for numerical variables are presented as median with
interquartile range (25-75 percentile). Mann-Whitney
U test was used to analyze the significant difference in
variables with incorrect distribution between the two
observed groups. Spearman’s rank correlation was per-
formed to test the association between two observed
numerical variables. Statistically significant value of p <
0.05 was considered.

4. RESULTS

The average age of patients in the AMI group was 68.6
+ 10.0 years and in the UA group 64.8 + 10.6 years. Pa-
tients in the AMI group were older than patients in the
UA group, but without significant differences (p = 0.072).

The obtained results showed that the mean values of
the peripheral blood NLR in the AMI group were signi-
ficantly higher than those observed in patients in the
UA group (p = 0.001). Also, mean leukocyte count (p
= 0.001), neutrophils (p < 0.0005) and monocytes (p =
0.03) in the peripheral blood were significantly higher in
the AMI group compared to the values recorded in the
UA group. Table 1 shows the values of inflammatory pa-
rameters and markers of myocardial injury in the both
groups.

Positive correlations between NLR and total leuko-
cytes and absolute neutrophil count (ANC) in the pe-
ripheral blood of patients with ACS and between NLR

a confirmed diagnosis of acute myocar-

dial infarction based on clinical picture, Variables Group AMI (n=50) Group UA (n=50) p-value
ECG findings, elevation of biochemical WBC count (x10°/L) 10.00(8.16-12.72) 7.90 (6.35-10.80) p=0.001
markers of myocardial damage and ec- Neutrophil count (x10%L)  7.22 (4.92-9.80) 4.67 (3.91-6.66) p<0.0005
hocardiogram findings. UA group con- Lymphocyte count (x10%L) 1.76 (1.36-2.35) 1.95(1.48-2.44) p=0.244
sisted of 50 patients of both sexes, 25 N/L ratio 3.96 (2.30-6.63) 2.31(1.86-3.21) p=0.001
male and 25 female, aged 41 to 83, with _Monocyte count (x10%L)  0.70(0.50-0.94) 0.57(0.40-0.76) p=0.03

a confirmed diagnosis of unstable an- Eosinophil count (x10%L) ~ 0.11(0.03-0.21) 0.17(0.10-0.31) p=0.022
gina pectoris based on clinical picture, _Basophil count (x10°%/L) 0.041 (0.030-0.073) 0.049 (0.030-0.075) p=0.795
ECG findings, elevation of biochemical ~CRP (mg/L) 13.60 (5.55-46.45) 8.45(3.57-42.37) p=0.194
markers of myocardial damage and ec-  hsTnl (pg/mL) 4092.70(701.32-17095.47)  63.90(9.50-316.32) p<0.0005
hocardiogram findings. This study did CK-MB (U/L) 51.00 (28.50-142.50) 20.50(14.75-31.00) p<0.0005

not include patients diagnosed with
acute myocardial infarction or unsta-
ble angina pectoris with comorbidities,

some other acute or chronic systemic value
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Table 1. Values of inflammatory parameters and markers of myocardial injury in patients with
acute myocardial infarction (AMI) and patients with unstable angina pectoris (UA). Results are
presented as median with interquartile range (25-75 percentile); p<0.05 statistically significant
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Neutrophil to lymphocyte ratio

Variables

rho sig.
Leukocytes 0.416 0.000*
Neutrophils 0.715 0.000*
Lymphocytes -0.743 0.000*
Eosinophils -0.503 0.000*
Basophils -0.095 0.349
Monocytes 0.034 0.733
CRP 0.276 0.005*
hsTnl 0.258 0.01%
CK-MB 0.266 0.007*

Table 2. Spearman’s correlation coefficient between neutrophil

to lymphocyte ratio and inflammatory parameters and markers of
myocardial injury in patients with acute myocardial infarction (AMI)
and patients with unstable angina pectoris (UA). *p < 0.05 statistically
significant value

and CRP level, hsTnl level and CK-MB activity in the se-
rum of patients with ACS were observed. Table 2 shows
Spearman’s correlation coefficient between NLR and in-
flammatory parameters, as well as markers of myocardial
damage in patients with the acute coronary syndrome.

5. DISCUSSION

This study showed that the total leukocytes and absolu-
te neutrophil count were significantly higher in patients
with AMI compared to patients with UA, which is con-
sistent with the results of studies conducted by Zazula et
al (6) and Meissner et al (9). In acute coronary syndrome,
neutrophil granulocytes could be associated with the for-
mation of platelet aggregates in the intravascular lumen,
leading to an increase of the extent of myocardial infar-
ction. Also, neutrophil granulocytes release proteolytic
enzymes, making atherosclerotic plaque prone to rup-
ture (vulnerable plaque). Therefore, an increased ANC
in patients with atherosclerosis is not only the mirror of
inflammation but also has an effect on the instability of
the atherosclerotic plaque (10). The mean lymphocyte
counts in both groups of patients in this study were wit-
hin the reference range but were closer to the lower limit
of reference values. However, there were no significant
differences in lymphocyte count between patients in the
AMI and UA group. The same results were obtained in
the study conducted by Yilmaz and associates (11). Ha-
eusler et al (12) have not found lymphopenia in patients
with acute myocardial infarction, explaining that finding
with the fact that their patients had the lower extent of
myocardial damage. In the study conducted by Suliman
et al (10) it was found that patients with ST-elevation
myocardial infarction (STEMI) had lower lymphocytes
compared to patients with non-ST elevation myocardial
infarction (NSTEMI) and UA. The difference between
this study and the above-mentioned research is the fact
that patients with myocardial infarction (STEMI and
NSTEMI) are all classified into one group, and it is the-
refore not possible to establish a significant difference in
lymphocyte counts between the group of patients with
AIM and the group of patients with UA.
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The neutrophil-to-lymphocyte ratio demonstrated
by this study is consistent with the results of the study
conducted by Zazula and associates (6), who also ob-
served a statistically significant difference in the NLR
between the following four groups of patients: a group
of patients with chest pain that was not the result of a
heart disease, in whom the mean NLR was the lowest; a
group of patients with unstable angina pectoris; a group
of patients with NSTEMI; and a group of patients with
STEMI in whom the mean NLR was the highest. Zazula
and colleagues have proven that the calculation of NLR
could be relevant in evaluating and distinguishing the
origin of chest pain, while it is a cheap and widely availa-
ble predictive marker. In relation to the study conducted
by Zazula and associates, the disadvantage of this study
was that all patients with an acute myocardial infarction,
STEMI, and NSTEMI, were classified into one group.
However, in a study conducted by Meissner et al (9), it
was found that the NLR was higher in patients with acute
myocardial infarction (STEMI, NSTEMI) and unstable
angina pectoris compared to patients diagnosed with ot-
her chest pain, but no statistically significant difference
in NLR values in patients with STEMI and NSTEMI was
not detected.

The study showed that monocytes were significan-
tly higher in patients with AMI than patients with UA.
However, the mean values of monocytes in both groups
were below the lower limit of the reference range. The
results of this study are consistent with the study condu-
cted by Hamaad and associates (13). Given that data on
the medications taken by patients before admission were
not taken into account in this study, it was possible that
patients were treated previously with some antibiotics
or immunosuppressants, which could lead to reduced
number of monocytes.

This study showed, as well as the study conducted by
Avramakis et al (14), that eosinophils were significantly
lower in patients with AMI compared to patients with
UA. Avramakis and associates attributed lower eosino-
phils in AMI patients to fact that eosinophils were attra-
cted to the myocardial lesion immediately after the acute
event, and that is precisely the reason for lower eosin-
ophils in peripheral blood. Also, one of the reasons for
a lower number of eosinophils in circulation may be an
increase in plasma cortisol, which occurs immediately
after an acute myocardial infarction (15). Although the
role of eosinophil remains unexplained, there is evidence
that they may have proinflammatory and/or procoagu-
lant properties (16).

CRP values in serum samples were elevated in both
groups of patients relative to the reference values. Howe-
ver, a statistically significant difference in the CRP le-
vels between these two groups was not observed. This
study did not include data on the medications taken by
patients before admission to the hospital, and whether
some of the anti-inflammatory drugs have been admini-
stered to the patients prior to blood drawing, such as, for
example, aspirin, which may have an effect on the serum
CRP level. According to the study conducted by Roy and
associates (17), aspirin could affect CRP level, leading to
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lower CRP level. Also, the use of statins can have a strong
anti-inflammatory effect, and according to recent stud-
ies, it has been demonstrated that the use of statins leads
to lower CRP level (18).

By analyzing the correlation of the investigated para-
meters in patients with AMI and UA, significant negative
correlations between NLR and lymphocyte count were
observed, which supports the fact that lymphopenia is
present in patients with the acute coronary syndrome.
Significant positive correlations between the NLR and
hsTnl level, and between NLR and CK-MB activity were
observed, which is consistent with the results of a study
conducted by Altun and associates (19). Also, a signifi-
cant positive correlation between the NLR and CRP was
observed, which is in line with the study conducted by
Akpek and associates (20).

6. CONCLUSION

The study found that the total leukocytes, ANC, and
monocytes were significantly higher in patients with
AMI compared to patients with UA. Eosinophilic gra-
nulocytes were significantly lower in patients with AMI
compared to patients with UA. These results suggest
that these parameters can be used in the differentiation
of clinical forms of acute coronary syndrome. The NLR
was significantly higher in patients with AMI compa-
red to UA patients, indicating the importance of this
inflammatory indicator in the discrimination of clinical
forms of acute coronary syndrome. A positive correlati-
on between NLR and markers of myocardial damage was
observed, suggesting the importance of NLR in assessing
of myocardial lesion intensity in ACS, while its positive
correlation with CRP indicates its significance in asse-
ssing the intensity of the inflammatory response in ACS.
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