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Abstract

Objectives: We examined the association between neutrophil to lymphocyte ratio (NLR) and platelet to
lymphocyte ratio (PLR) with the Canadian Cardiovascular Society (CCS) angina grade of patients in
outpatient setting.

Materials and Methods: The study population included patients with chest pain who had admitted to
our outpatient clinic. The study group consisted of noncardiac chest pain and atypical angina (group 1),
CCS class 1 and class 2 angina (group 2) and CCS class 3 and class 4 (group 3) patients.

Results: The neutrophil lymphocyte ratio was positively correlated with extent of CAD and angina
grade (p<o0.001). To test the power of neutrophil lymphocyte ratio for distinguishing group 1 and group
2+3, and group 1+2 and group 3, ROC analysis was performed. The NLR had AUC values of 0.714 and
0.698 (p<0.001), which demonstrate its sufficiency to distinguish patients in group 1 from individuals in
group 2+3 and patients in group 1+2 from individuals in group 3, respectively. The platelet lymphocyte
ratio did not differ among groups (p>0.05).

Conclusion: The NLR is a cheap and practical inflammatory marker and is associated with CCS angina
grade of patients in outpatient setting.

Key words: Neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, coronary artery disease, CCS
angina classification

Oz

Amag: Bu calismada poliklinige bagvuran ve gogiis agrisi olan hastalarda nétrofil lenfosit (NLO) ve
platelet lenfosit oranlarinin (PLO) Kanada Kardiyovaskiiler Cemiyeti (KKC) anjina siniflamasi ile iligkisi
incelenmistir.

Materyal ve Metot: Calisma hastalar poliklinigimize g6gtis agrisi ile bagvuran hastalar1 icermektedir.
Calisma gruplari, kardiyak olmayan g6giis agris1 ve atipik anjina (grup 1), KKC sinif 1 ve simf 2 (grup 2),
KKC smif 3 ve sinif 4 (grup 3) hastalardan olugsmustur.

Bulgular: NLO koroner arter hastaliginin yayginligi ve anjina derecesi ile pozitif korelasyon
gostermistir. (p<o,001). NLO'nun grup r'deki hastalar1 grup 2+3’tekilerden ve grup 1+2’deki hastalar1 grup
3'deki hastalardan ayirt edebilme giiciit ROC analizi ile test edilmistir. NLO’nun grup 1'i grup 2+3’ten ve
grup 1+2'yi grup 3’ten ayirt etmedeki yeterliligini gosteren egri altinda kalan (EAA) degerleri sirasi ile
0,714 ve 0,698 (p<0,001) bulunmustur. PLO gruplar arasinda anlamli farklilik géstermemistir (p> 0,05)
Sonug¢: NLO, ucuz ve pratik bir enflamatuar belirte¢ olup poliklinik kosullarinda hastalarin KKC anjina
dereceleri ile iligkili bulunustur.

Anahtar kelimeler: Notrofil/lenfosit orani, platelet/lenfosit orani, koroner arter hastaligi, KKC anjina
siniflamasi
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Introduction

Coronary artery disease (CAD) is a complex multifactorial disease and inflammation
plays some important role in the onset and the progression of the disease.>? In patients
with CAD, the high levels of inflammatory markers like C-reactive protein and
leukocyte count are related to increased risk of cardiac events.>* Neutrophil to
lymphocyte ratio (NLR), a systemic inflammation marker, has correlation with cardiac
events and mortality in stable and unstable CAD, and acute decompensated heart
failure.>® There is also an association between elevated platelet counts and
cardiovascular mortality.”® As a new marker, platelet to lymphocyte ratio (PLR) was
reported to be able to show the systemic inflammatory burden and have prognostic
value combining an individual’s platelet and lymphocyte counts in patients with
CAD.?'" Canadian Cardiovascular Society (CSS) angina classification is used for grading
of severity of angina pectoris in individuals presumed to have coronary artery
disease.” In this study we aim to show the relationship between NLR, PLR and CCS
angina grade of patients in the outpatient setting which can be useful in estimation of
the risk and severity of CAD.

Materials and Methods
Patient Selection

The study population consisted of 600 consecutive patients who were admitted to our
outpatient clinic with the complaint of chest pain between September 2014 and March
2015. All of the patients were evaluated by electrocardiography and transthoracic
echocardiography. Patients with atypical angina pectoris within intermediate risk
group were assessed by treadmill exercise or myocardial single-photon emission
computed tomography. Coronary angiography was performed in 180 patients with
positive stress test and those with CCS angina grade of three and four. Exclusion
criterias were previous coronary artery bypass grafting, percutaneous coronary
intervention, acute coronary syndrome, clinically significant valvular heart disease,
ejection fraction lower than 60%, hematological disease, cancer, severe renal or liver
disease, ongoing infection or chronic inflammatory disease, and autoimmune disease.
Finally, the study population consisted of 320 patients. All participants gave an
informed consent and the study was approved by the local ethics committee. Patients’
laboratory and clinical characteristics, such as age, sex, diabetes mellitus (DM),
hypertension (HT), hypercholesterolemia, smoking, family history of cardiovascular
disease, height, and weight, were accessed through the medical records. In cases of
inconsistencies, the patients were contacted through telephone. By dividing weight in
kilograms by height in squared meters (kg/mz), the body mass index (BMI) was
calculated. Transthoracic echocardiography was performed after physical examination
using a system V (Vingmed; GE, Horten, Norway) with a 2.5-MHz phased-array
transducer. Recordings were taken in patients positioned in the left lateral decubitus
position. The left ventricular ejection fraction (LVEF) was measured using modified
Simpson rule. The CAD was defined as the presence of significant stenosis, at least 50%
of the vessel diameter, in any of the main coronary arteries, in accordance with the
American College of Cardiology/American Heart Association lesion classification. The
extent of CAD was scored as o (absent or minimal atherosclerotic involvement), 1
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(single-vessel disease), 2 (two-vessel disease), 3 (three-vessel and/or main stem
disease) according to the number of main vessels with significant stenosis.

Canadian Cardiovascular Society Grading Scale for Angina Pectoris

Stable angina pectoris (SAP) is defined as discomfort in the chest, jaw, shoulder, back,
or arms, typically elicited by exertion or emotional stress, and relieved by rest or
nitroglycerin." Atypical angina is defined as presence of two of three features of SAP
which includes typical localization, aggravating and alleviating factors. Non cardiac
chest pain indicates the presence of only one feature of SAP.# In patients with SAP, the
symptoms can be further evaluated by CCS Grading Scale." CCS angina grading scale
includes classes I, II, III and IV. Each class has a definition as follows. Class I: Ordinary
physical activity does not cause angina, no angina occurs when walking or climbing
stairs; angina does occur with strenuous or rapid or prolonged exertion at work or
recreation. Class II: Slight limitation of ordinary activity: Angina occurs when walking
or climbing stairs rapidly; walking uphill; walking or stair-climbing after meals, in the
cold, in the wind, under emotional stress, or only during the first few hours after
awakening; walking more than two blocks on the level and climbing more than one
flight of ordinary stairs at a normal pace and in normal conditions. Class III: Marked
limitation of ordinary physical activity: Angina occurs when walking one or two blocks
on the level and climbing one flight of stairs in normal conditions and at a normal
pace. Class IV: Inability to carry on any physical activity without discomfort: Anginal
syndrome may be present at rest." The CSS angina score of each patient was calculated
by an experienced cardiologist during outpatient visit. The patients with non-anginal
chest pain and atypical angina were also determined and recorded. The patients were
allocated as follows: Noncardiac chest pain and atypical angina in group 1, CCS grade 1
and 2 angina in group 2, CCS grade 3 and 4 angina in group 3.

Biochemical Measurements

The blood samples were collected from the antecubital vein by an atraumatic puncture
after the transthorasic echocardiography and were sent to the laboratory for analysis
within 1 hour after collection. Venous blood is collected in a tube containing K3 EDTA
for measurement of hematologic indices in all patients evaluted in the outpatient
clinic. Hemoglobin, total white blood cell (WBC), neutrophils, lymphocytes, and
monocytes were determined using an automated blood cell counter by a Coulter LH
780 Hematology Analyzer (Beckman Coulter Ireland Inc Mervue, Galway, Ireland).
Total low-density lipoprotein and high-density lipoprotein cholesterol, triglycerides,
and fasting glucose were measured using the Abbott Architect C16000 auto analyzer
(Abbott laboratories, Abbott park, IL, USA).

Statistical Analysis

Statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) for
Windows. The normal distribution of data was evaluated by the 1-sample Kolmogorov-
Smirnov test and the difference in gender was analyzed by the Chi-square test. All
statistical comparisons were performed using the analysis of variance (ANOVA) which
was used to compare multiple-group means. The following post hoc evaluation was
made by Bonferroni method. All data were expressed as the mean + standard deviation
(SD). Numerical data was tested by Pearson’s correlation and nominal data was tested
by Spearman’s correlation. To assess the diagnostic accuracy, we performed receiver
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operating characteristic (ROC) curve analysis. The area under the curve (AUC) of ROC
curve was then estimated. p<o.05 value was considered to be statistically significant.

Results

A total of 600 consecutive patients were evaluated and 320 who fulfilled the inclusion
criteria were included in the study. The study group consisted of 102 group 1 patients
(56 male, 46 female; age 57.9+10.4 years), 126 group 2 patients (72 male, 54 female; age
58.3+8.4 years), and 92 group 3 patients (60 male, 32 female; age 60.7+11.7 years)
referred to our outpatient clinic over a six months period from September 2014 to

March 2015.

Table 1. Demographic, clinical and laboratory characteristics of the groups.

Group 1 Group 2 Group 3
n=102 n=126 n=92 P
Gender (F/M) 46 / 56 54/ 72 32/ 60 0.310
Age, years 57.9%10.4 58.3+8.4 60.7+11.7 0.202
HT 10 (9.8%) 54 (42.9%) 52 (56.5%) <0.001
DM 14 (13.7%) 36 (28.6%) 32 (34.8%) 0.002
HL 42 (41.2%) 50 (39.7%) 42 (45.7%) 0.667
Smoking, package years 8.4+12.8 10.2+21.6 14.9+18.4 0.042
BMI 28,314,6 29,3+6,1 27,9%5,3 0.603
LDL (mg/dl) 129,4%44,2 131,5+37,8 137,2+47,1 0.422
Creatinine (mg/dl) 0,74%0,15 0,92+0,92 0,82+0,18 0.069
Leukocyte 8,2+1.9 7,7£2,5 7.9£1.9 0.257
Neutrophil 4,8+1,6 5+2,1 5,4%2,2 0.075
Lymphocyte 3+1,7 2,5+0,7 2,5+0,8 0.002
Hemoglobin 15,3+1,6 14,6+1,2 14,4%2,0 <0.001
Platelet 299,6+80,6 248,4+67,1 253.9%73,3 <0.001
MPV 7,5+1,03 8,4%1,9 7,7+1,1 <0.001
NLR 1,8+0,5 2,2+0,7 2,6+0.9 <0.001
PLR 115,7+46,1 107,2+47,2 112,6£51 0.398

HT: Hypertension, DM: Diabetes Mellitus, HL: Hyperlipidemia, BMI: Body Mass Index, LDL: Low
Density Lipoprotein, MPV: Mean Platelet Volume, NLR: Neurophil to Lymphocyte Ratio, PLR: Platelet
to Lymphocyte Ratio

The demographic data and laboratory parameters were summarized in Table 1. The
gender distribution did not differ among groups (p>0.05). There were no significant
differences in the creatinine and low density lipoprotein (LDL) levels, leukocyte and
neutrophil counts between the groups (p>0.05). The smoking rate was significantly
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higher in group 3 (p=0.042). Hemoglobin, lymphocyte and platelet counts were
significantly higher in group 1 (p<0.001, p=0.002 and p<o.001, respectively). MPV was
significantly higher in group 2 (p<o.001). The NLR was significantly higher in group 3
(p<o0.001). The PLR did not differ among groups (p>0.05). The extent of CAD, which
was defined as total number of affected coronary arteries, was detected to increase
significantly from group 1 to group 3 (p<o.001) (Table 2).

Table 2. Distrubution of the all groups for the extent of coronary artery disease.

Extent of coronary artery disease

Normal N One Two Three
<%s50 vessel
coronary lesion vessel vessel disease or P
arteries disease disease more
Group 1 4 (50%) 4 (50%) o o )
Group2 | 10 (111%) | 52(57.8%) | 22 (24.4%) 4 (4.4%) 2 (2.2%) <0.001
Group3 | 2(2.4%) 10 (12.2%) | 30 (36.6%) | 22 (26.8%) 18 (22%)

The results of the correlation among parameters with NLR are presented in Table 3.
The NLR was positively correlated with extent of CAD, angina grade, diabetes mellitus,
age, smoking, creatinine, leukocyte, neutrophil, LDL and PLR. The NLR was negatively
correlated with platelet and lymphocyte numbers.

To test the power of NLR for distinguishing group 1 and group 2+3, ROC analysis was
performed. The NLR had AUC values of 0.714 (p<o.001), which demonstrate its
sufficiency to distinguish patients in group 1 from individuals in group 2+3 (Figure 1).
To test the power of NLR for distinguishing group 1+2 and group 3, ROC analysis was
performed. The NLR had AUC values of 0.698 (p<o.001), which demonstrate its
sufficiency to distinguish patients in group 1+2 from individuals in group 3 (Figure 2).

Discussion

In our study, we have demonstrated that NLR has a significant relationship with CCS
angina grade of the patients. Patients with higher CCS angina class have higher NLR
and those with noncardiac chest pain and atypical angina have smaller NLR values.
This finding can be useful in the outpatient setting in evaluation of chest pain
especially in patients who are unable to define their symptoms clearly. However, we
did not see the similar relationship with PLR. In previous studies, the NLR and PLR,
indicating the level of inflammation, was found to be related with severity and
prognosis of CAD.>5"7 The inflammation plays an important role in the
pathophysiology of atherosclerosis and chronic diseases such as cancers, diabetes
mellitus, hypertension, connective tissue disease, and chronic kidney disease.*'¢'92° In
the early phase of coronary artery disease and during acute coronary syndromes,
inflammatory molecules play crucial role leading endothelial damage and formation of
thrombosis after plaque rupture.*>* Although some inflammatory molecules such as
CRP, tumor necrosis factor (TNF) alpha, interleukin (IL) -1, and IL-6 are considered to
be the primary indicators of inflammatory process, WBC count and its subtypes were
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reported to be useful also in predicting the inflammatory process in cardiovascular
diseases.?> NLR has a considerable role in determination of risk, severity, complexity
and mortality of CAD in both stable and unstable presentations.>#52 Another
inflammatory marker in atherosclerosis is PLR.>4 It was reported that PLR is related to
poor prognosis in CAD, an independent predictor of no-reflow in patients with ST
elevation myocardial infarction (STEMI), and predicts long term mortality in patients
with non-STEMI.'%25> Higher PLR values were found to be an indicator of poor coronary
collateral circulation and cause more frequent limb ischemia in patients with
peripheral artery disease.”7*° In some malignancies, PLR was shown to be associated
worse clinico-pathologic results.?” In our study, although NLR had significant
correlation with grade of angina, we could not demonstrate any significant relationship
between PLR and angina grade of the patients.

Table 3. Relationship of neutrophil lymphocyte ratio with the other characteristics of
patients.

Neutrophyl to lymphocyte ratio
I P
Extent of CAD 0.290 <0.001
CCS angina grade 0.423 <0.001
Age 0.300 <0.001
HT 0.096 0.088
DM 0.133 0.017
HL -0.012 0.837
Smoking 0.147 0.009
BMI -0.016 0.777
LDL (mg/dl) 0.138 0.014
Creatinine (mg/dl) 0.156 0.005
Leukocyte 0.187 0.001
Neutrophil 0.408 <0.001
Lymphocyte -0.391 <0.001
Hemoglobin -0.091 0.105
Platelet -0.130 0.02
MPV -0.056 0.322
Platelet to lymphocyte ratio 0.213 <0.001

CCS angina grading system is a useful tool in outpatient setting in determination of
severity of angina pectoris." Although this grading system has several imperfections
and potential limitations with inadequate prognostic significance, it was found to be
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generally relevant and practical and used throughout the world for more than 40 years
in cardiology practice.? In the present study, we have evaluated the chest pain
symptoms including noncardiac pain plus atypical angina, CCS angina grade 1 plus 2
and CCS grade 3 plus 4. The analysis between groups yielded significant differences in
NLR. The patients in noncardiac plus atypical angina group had the lowest NLR, and
the ones in the grade 3 plus 4 group had the higher NLR values. This result may
support the fact of lower grade of inflammation in the first group of patients. In the
light of these findings, we can conclude that in patients who are unable to define their
symptoms, NLR, as a practical test in outpatient clinic, can aid us in evaluation of chest
pain and grading of angina pectoris. Our results showed that the extent of CAD, stated
as number of diseased coronary vessels, in patients who had undergone coronary
angiography, was significantly getting higher from group 1 to group 3. This condition
can support the consistency of symptom evaluation with coronary angiographic
evidence of CAD. NLR was also found to be positively correlated with extent of CAD
similar to the previous studies.>* Although NLR has a positive correlation with PLR, we
could not demonstrate any significant relationship between PLR and angina grade of
the patients which can be due to relatively smaller sample size of our study group. The
presence of significant correlation of NLR with diabetes mellitus, age, smoking,
creatinine levels, leukocyte, neutrophil, LDL and PLR can indicate the previously
defined strong relationship of NLR with inflammation.®* Unlike many other
inflammatory markers and bioassays, NLR is an inexpensive and readily available
marker and provides an additional data about the chest pain symptoms in outpatient
setting.
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Figure 1. ROC analysis of the neutrophil lymphocyte ratio, curves for individual levels
and its cooperative power to discriminate two sets of patients in group 1 and group 2+3.
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Figure 2. ROC analysis of the neutrophil lymphocyte ratio, curves for individual levels
and its cooperative power to discriminate two sets of patients in group 1+2 and group 3.

Study Limitations

This is an observational, single-institution study with a relatively small sample size and
was thus subject to various unaccounted confounders inherent in such an analysis.
This study did not evaluate the prognostic value of the NLR and PLR and we did not
evaluate the inflammatory markers including TNFalpha, IL-1 beta, IL-6 and high
sensitive CRP in our study population because of lack of data. Other cardiovascular
risk factors including lifestyle, atherosclerosis in the arteries other than coronary
circulation, carotid intima media thickness, and ankle-brachial index of patients were
not evaluated in our patients. These factors may also contribute to increased
inflammatory process. Further studies in larger cohorts are needed for the validation of
these findings to better define the role of NLR and PLR in evaluation of chest pain
symptoms in the outpatient setting.

Conclusion

NLR is a useful diagnostic marker that can be helpful in differential diagnosis of
patients with stable angina pectoris, atypical angina and noncardiac chest pain. NLR,
but not PLR, has a significant correlation with CCS angina grading scale.
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