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Abstract

Background: Atherosclerosis is a chronic systemic inflammatory disease. Neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR) are systemic inflammatory markers that are correlated with poor cardiovascular outcomes.

Aim: To explore the relation of NLR and PLR with severity of coronary artery disease (CAD).

Methods: The study population consisted of 180 consecutive patients who underwent elective coronary angiography (CAG).
While 100 patients (22 female, mean age: 60.6 + 12.6 years) had abnormal CAG, 80 patients (44 female, mean age:
57.2 = 10.9 years) had normal CAG. NLR and PLR were calculated as the ratio of neutrophil count to lymphocyte count and
as the ratio of platelet count to lymphocyte count, respectively.

Results: Although age distribution was similar between the two groups (p = 0.073), female gender was significantly higher
in the normal CAG group (p < 0.001). Patients with abnormal CAG had significantly higher NLR and PLR when compared to
patients with normal CAG (3.7 = 2.6 vs. 2.2 = 1.7, p < 0.007 and 125.9 = 72.3 vs. 102.6 + 33.8, p = 0.027, respectively).
NLR and PLR were significantly correlated with SYNTAX score and GENSINI score. In logistic regression analyses, only NLR
(odds ratio: 1.576, confidence interval: 1.198-2.072, p = 0.001) was an independent predictor of CAD. An NLR of 2.3 or
higher predicted the CAD with a sensitivity of 66% and specificity of 70%.

Conclusions: NLR and PLR seem to be a simple method to predict severity of CAD in patients undergoing elective CAG, and
it may be part of cardiovascular examination before CAG.
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INTRODUCTION
Coronary artery disease (CAD) is the leading cause of
morbidity and mortality throughout the world [1, 2]. It has
a complex pathophysiology, and inflammation seems to play
an important role in CAD [3]. Previous studies have shown
that higher levels of inflammatory markers are associated
with the severity of CAD and worse cardiovascular outcome
[4]. Although endothelial damage has been known as the
triggering factor for the formation of atherosclerotic plagues,
inflammatory process is responsible in the initiation and

progression of the atherosclerosis [3]. Inflammatory markers,
including white blood cell (WBC), C-reactive protein (CRP),
and homocysteine, have been used for the prediction of
cardiovascular events in asymptomatic patients [5]. The
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lym-
phocyte ratio (PLR) have recently been investigated as new
predictors for worse cardiovascular outcome [6, 7]. Previous
studies have shown that NLR is associated with morbidity and
mortality in many cardiovascular diseases such as hyperten-
sion, heart failure, infective endocarditis, and acute coronary
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syndromes (ACS) [5-8]. Although previous data have shown
that NLR is associated with severity of CAD [4], its relation
with PLR remains unclear. Increased platelet activation plays
an important role in the initiation and progression of athero-
sclerosis. Recent studies have demonstrated that PLR is as-
sociated with adverse cardiovascular outcome [7, 9]. Despite
the importance of NLR on severity of CAD, the association of
PLR with severity of CAD is less well established. The aim of
this study was to explore the relation of both NLR and PLR
with severity of CAD in patients undergoing elective coronary
angiography (CAG), which has not been studied previously.

METHODS
Study population

Between June 2013 and October 2013, 215 consecutive
patients who were scheduled for elective CAG were enrolled
in the study. Patients with systemic disease and those using
of medical treatment to affect the WBC counts, such as the
following: haematopoietic system disorders, history of malig-
nancies, and/or treatment with chemotherapy, evidence of
any concomitant inflammatory disease, acute infection, and
chronic inflammatory status, ACS, and percutaneous coronary
intervention within the past six months, history of using glu-
cocorticoid therapy within the past thee months, secondary
hypertension, history of chronic renal or hepatic disease,
and cerebrovascular disease, were excluded from the study.
After exclusion criteria (five patients with malignancy, eight
patients with concomitant inflammatory disease, 22 patients
with ACS), the remaining 180 patients were included into the
study. This study was designed prospectively. All of the study
population were evaluated in terms of eligibility for inclusion
and exclusion criteria. Patients who were eligible for enrol-
ment gave written informed consent before participating.
Clinical data and blood samples were obtained after written
informed consent of patients. Subsequently, all patients un-
derwent CAG. According to the results of the CAG, patients
were divided into two groups: abnormal or normal CAG. The
abnormal CAG group was defined as patients with coronary
artery stenosis equal to or greater than 50% and/or slow flow
detected in coronary arteries. The normal CAG group was
defined as patients with normal coronary arteries or stenosis
less than 50% [10].

The investigation complies with the principles outlined
in the Declaration of Helsinki. The study was approved by
the Local Ethics Committee.

Assessment of severity of coronary artery disease
The severity of CAD was evaluated with both the SYNTAX and
the GENSINI scoring systems. The SYNTAX scoring system is
an angiographic index used for grading the severity of CAD.
Each coronary lesion with a diameter stenosis of at least 50%,
in vessels of at least 1.5 mm, was scored. The most recently
updated online version (2.1) was used for the calculation
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of the SYNTAX scores (www.syntaxscore.com) [11]. The
GENSINI scoring system was used to determine the severity
of CAD [12]. This method defines narrowing of the lumen of
the coronary arteries as 1 for 1% to 25% stenosis, 2 for 26%
to 50%, 4 for 51% to 75%, 8 for 76% to 90%, 16 for 91% to
99%, and 32 for total occlusion. The score is then multiplied
by a factor representing the importance of the lesion’s location
in the coronary artery system. For the location scores, 5 points
were given for left main lesion; 2.5 for proximal left anterior
descending (LAD) or left circumflex (LCX) artery; 1.5 for the
mid-segment LAD and LCX; 1 for the distal segment of LAD
and LCX, first diagonal branch, first obtuse marginal branch,
right coronary artery, posterior descending artery, and inter-
mediate artery; and 0.5 for the second diagonal and second
obtuse marginal branches. Both scoring systems were calcu-
lated by two cardiologists blind to the participants. Then the
mean of the two measures was calculated. CAD risk factors
including fasting glucose, cholesterol levels, blood pressure,
smoking, and socio-demographic data of all patients were
recorded.

Laboratory findings and evaluation
of cardiovascular risk factors

Complete blood counts, which included total WBC, neu-
trophils, and lymphocytes, were obtained at the time of
admission. NLR was calculated as the ratio of neutrophil
count to lymphocyte count, and PLR was calculated as the
ratio of platelet count to lymphocyte count. All patients were
evaluated for the presence of cardiovascular risk factors
such as hypertension, hyperlipidaemia, diabetes mellitus,
and smoking status. Hypertension was defined as systolic
blood pressure > 140 mm Hg and/or diastolic blood pres-
sure > 90 mmHg, previously diagnosed hypertension, or
use of any antihypertensive medications. Hyperlipidaemia
was defined as serum total cholesterol > 240 mg/dL, serum
triglyceride > 200 mg/dL, low-density lipoprotein cholester-
ol 2130 mg/dL, previously diagnosed hyperlipidaemia, or use
of lipid-lowering medication. Diabetes mellitus was defined as
fasting plasma glucose levels more than 126 mg/dL in multiple
measurements, previously diagnosed diabetes mellitus, or use
of antidiabetic medications such as oral anti-diabetic agents or
insulin. Smoking status was defined as the history of tobacco
use at admission or in the six months prior to visit. A family
history of CAD was considered to be a history of documented
CAD or sudden cardiac death in a first-degree relative before
the age of 55 years for men and 65 years for women.

Statistical analysis
Statistical analyses were performed using SPSS 20.0 statisti-
cal package for Windows. Continuous data were expressed
as mean = standard deviation, while categorical data were
presented as percentages. The y2 test was used for comparison
of categorical variables, while student t-test or Mann-Whitney
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Table 1. Baseline characteristics and clinical data of the study population

Patient group (n = 100)

Age [years] 60.6 = 12.6
Female gender 22 (22%)
Systolic blood pressure [mm Hg] 135.9 + 23.0
Diastolic blood pressure [mm Hg] 745+ 11.9
Heart rate [bpm] 733 +13.8
Smoking 51 (51%)
Alcohol use 10 (10%)
SYNTAX score 11.5=77
GENSINI score 51.0 =318
ACE! user 21 (21%)
ARB user 12 (12%)
Calcium antagonist user 8 (8%)
Beta-blocker user 30 (30%)
Statin user 16 (16%)
Antidiabetic drug user 19 (19%)
Diuretic user 1 (1%)
Antiaggregant drug user 35 (35%)

Control group (n = 80)

57.2 £10.9 0.073
44 (55%) < 0.001
141.3 + 189 0.051
782 =18.9 0.005
74.4 = 10.6 0.139
23 (29%) 0.003
7 (9%) 0.776
0.5 = 3.1 < 0.001
4.8 139 < 0.001
19 (24%) 0.659
15 (19%) 0.208
15 (19%) 0.032
19 (24%) 0.349
19 (24%) 0.192
25(31) 0.057

2 (2.5%) 0.435
26 (32%) 0.725

Data are expressed as mean = standard deviation or as number and percentages; ACEl — angiotensin converting enzyme inhibitor; ARB — angio-

tensin receptor blocker

U test were used to compare parametric and nonparametric
continuous variables, respectively. Normal distribution was
assessed by Kolmogorov-Smirnov test. Correlation analysis
was performed by Pearson or Spearman’s correlation test.
Logistic regression analysis was performed to determine the
independent predictors of abnormal CAG. Receiver operating
characteristic (ROC) curve analysis was performed to deter-
mine the cut-off level of NLR to predict the CAD. A value of
p < 0.05 was considered statistically significant.

RESULTS
The study population consisted of 180 consecutive patients
undergoing elective CAG. All members of the study popula-
tion were divided into two groups according to the results of
CAG. While 100 patients had abnormal CAG, 80 patients
had normal CAG. Baseline characteristics and clinical data
are shown in Table 1. Although age distribution was similar
between two groups (p = 0.073), female gender was signifi-
cantly higher in the normal CAG group (p < 0.001). While
diastolic blood pressure was significantly higher in the normal
CAG group (p = 0.005), smoking status was significantly higher
in the abnormal CAG group (p = 0.003). The laboratory
findings, NLR, and PLR values are shown in Table 2. Patients
with abnormal CAG had significantly higher NLR and PLR
when compared to patients with normal CAG (p < 0.001,
p = 0.027, respectively). Patients with abnormal CAG had
significantly higher creatinine and aspartate amino transferase
levels and significantly lower high-density lipoprotein (HDL),
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when compared to patients with normal CAG. In correlation
analysis, NLR and PLR were significantly correlated with
SYNTAX score and GENSINI score (Table 3). We included
NLR, PLR, age, HDL, and creatinine into multivariate analysis
to determine the independent predictors of CAD. In logistic
regression analyses, NLR and HDL were independent pre-
dictors of CAD (Table 4). ROC analysis was performed to
determine the cut-off value of NLR to predict the CAD. ANLR
of 2.3 or higher predicted the CAD with a sensitivity of 66%
and specificity of 70% (Fig. 1).

DISCUSSION

In the present study, we demonstrated that patients with ab-
normal CAG had significantly higher NLR and PLR compared
to patients with normal CAG. Moreover, NLR and PLR were
correlated with severity of CAD. However, only NLR was an
independent predictor of CAD. Our study is unique in its
design, in that it combines SYNTAX and GENSINI score in
one study.

It is clear that inflammation plays a pivotal role in ath-
erosclerosis [3]. It causes not only cardiovascular disease, but
also numerous chronic diseases such as cancers, diabetes
mellitus, hypertension, connective tissue disease, and chronic
kidney disease [7, 13—15]. In the initiation of atherosclerotic
plaque formation, inflammatory molecules are released from
endothelial cells of vessels and cause vascular damage [3].
Besides the early phase of atherosclerosis, inflammatory
molecules also play an important role in the formation of
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Table 2. Comparison of laboratory findings of patient and control groups

Patient group (n = 100)

Leukocytes [mm?] 9.16 = 2.93
Neutrophils [mm?] 6.20 = 2.85
Lymphocytes [mm?] 2.03 £0.75
Platelets [103/mm?] 220.4 = 48.3
Haemoglobin [g/dL] 135+ 1.8

Neutrophil-to-lymphocyte ratio 3726

Platelet-to-lymphocyte ratio 1259 =723
Fasting glucose [mg/dL] 122.6 = 49.5
Creatinine [mg/dL] 0.98 = 0.30
Total cholesterol [mg/dL] 205.6 = 47.5
Triglycerides [mg/dL] 178.8 =79.0
Low-density lipoprotein [mg/dL] 130.8 =36.4
High-density lipoprotein [mg/dL] 403 £9.2

AST [U/L] 31.7 =185
ALT [U/L] 255+11.8
Sodium [mmol/L] 1385+ 49
Potassium [mmol/L] 44+05

Control group (n = 80)

7.88 =2.28 0.001
462 =2.01 < 0.001
2.45 = 0.81 0.001
234.4 = 65.8 0.233
13415 0.354
2217 < 0.001
102.6 = 33.8 0.027
1176 £41.9 0.760
0.87 = 0.35 < 0.001
212.3 £50.2 0.249
189.1 = 84.0 0.557
127.2 = 38.8 0.550
459 = 12.2 0.001
23.8 =127 0.002
23.2 =113 0.130
140.6 = 3.3 0.001
45=x04 0.056

Data are expressed as mean = standard deviation; AST — aspartate amino transferase; ALT — alanine amino transferase

Table 3. Correlation of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio with severity of coronary artery disease

SYNTAX score

GENSINI score

Neutrophil-to-lymphocyte ratio 0.407 < 0.001 0.413 < 0.001
Platelet-to-lymphocyte ratio 0.167 0.025 0.164 0.028
Table 4. Logistic regression analysis to determine the independent predictors of abnormal coronary angiography
0Odds ratio 95% confidence interval P
Age [years] 1.023 0.993-1.054 0.134
Neutrophil-to-lymphocyte ratio 1.514 1.145-2.002 0.004
Platelet-to-lymphocyte ratio 0.999 0.990-1.008 0.836
High-density lipoprotein 0.951 0.920-0.983 0.003
Creatinine 2.537 0.858-7.503 0.092

thrombosis due to plaque rupture in ACS [5, 6]. Therefore, it
is not surprising that inflammatory markers increase in patients
with cardiovascular disease. Although numerous inflammatory
markers including CRP, tumour necrosis factor alpha (TNF-a),
interleukin (IL)-1, and IL-6 are known as indicators of inflam-
matory process, recent studies have shown that WBC count
and its subtypes are also useful for predicting the inflammatory
process in cardiovascular diseases [16]. Leukocytes play an
important role in inflammatory processes, and neutrophils
are the most abundant type of WBC.

www.kardiologiapolska.pl

The NLR, which can be derived from the WBC count,
is a common, cheap, and reproducible test worldwide. Pre-
vious studies have shown that NLR is associated with poor
clinical outcomes in various cardiovascular diseases [4-8].
In a study that included 300 patients who were admitted
to hospital with ACS, higher NLR (median: 6.03 [4.48-7.9])
was associated with higher 30-day in-hospital mortality [17].
Another study reported by Cho et al. [18] showed that use
of combination of NLR and haemoglobin provided valuable
information for early risk stratification in patients with ST
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Figure 1. Receiver operating characteristic analysis for
neutrophil-to-lymphocyte ratio to predict abnormal coronary
angiography (area under curve is 0.726)

elevation myocardial infarction (STEMI). Patients with higher
NLR and anaemia had higher mortality rate at six months (haz-
ard ratio 5.6, 95% confidence interval 1.1-27.9, p = 0.036)
compared to patients with lower NLR and without anaemia.
After coronary artery bypass surgery, NLR is useful to predict
saphenous vein graft disease [19]. Recently published trials
established that NLR was associated with increased mortality
and poor prognosis in ACS, especially STTRMI [5, 6, 17, 18].
Previous studies have shown that severity of CAD is correlated
with higher NLR value. Kaya et al. [20] showed that NLR is
a predictor of severe atherosclerosis, which may be useful for
cardiac risk stratification in patients with CAD. They showed
significant correlation between NLR and GENSINI score. In
another study, S6nmez et al. [4] showed that NLR is a strong
clinical laboratory value that is associated with the presence
and complexity of CAD. They showed significant correlation
between NLR and SYNTAX score. In our study we showed
that NLR is significantly correlated with not only SYNTAX score
but also GENSINI score.

Although numerous clinical trials have showed a relation
between NLR and poor cardiovascular outcomes in cardiovas-
cular disease, its relation with PLR remains unclear. PLR is also
an inflammatory marker of atherosclerosis. Previous studies
have shown that higher platelet and lower lymphocyte counts
were associated with adverse clinico-pathologic features in
some malignancies [21]. There are few clinical trials that dem-
onstrate an association between PLR and poor cardiovascular
outcomes. Yildiz et al. [9] showed that higher PLR was asso-
ciated with poor prognosis in patients with CAD. High PLR
(> 160) was an independent predictor of no-reflow in patients
presenting with STEMI. Azab et al. [22] showed that higher

1314

value of PLR was a predictor of long-term mortality in patients
with non-STEMI. Acar et al. [23] demonstrated that patients
who had poor collateral circulation had higher PLR. PLR was
also studied to evaluate critical limb ischaemia in peripheral
arterial occlusive disease. Patients with PLR > 150 had more
frequent limb ischaemia than patients with PLR < 150 [24].
In a recent study, we showed that both NLR and PLR were
significantly higher in patients with non-dipper hypertension,
and only PLR more than 107 was an independent predictor
of dipper and non-dipper status [7]. In another recent studly,
Yiksel et al. [25] reported that PLR level was independently
associated with GENSINI score together with WBC, age, and
low HDL level in multivariate analysis. However, they did not
provide any data about NLR.

Our study has important clinical implications. Similar to
CRP an inflammatuar marker that demonstrates an increased
risk of cardiovascular morbidity and mortality, NLR and PLR
might be used as promising markers in the prediction of sever-
ity of CAD in patients undergoing CAG. These simple, cheap,
and readily available biomarkers could help identify individu-
als at risk for an advanced CAD, who might be candidates for
an aggressive therapeutic approach to control cardiovascular
risk factors. Although previous studies have used SYNTAX or
GENSINI scores separately to evaluate severity of CAD, in our
study we used both of them. Additionally, previous studies
have only shown significant correlation between NLR and
severity of CAD, we also showed significant correlation be-
tween PLR and severity of CAD. An important finding of our
study is that NLR but not PLR was an independent predictor
of abnormal CAC. To the best of our knowledge, our study is
the second in the literature, which evaluates the relationship
between the PLR and severity of CAD in patients undergoing
elective CAG.

Limitations of the study
Our study has several limitations. Firstly, this study was de-
signed as a cross-sectional study. It would be better if we could
follow-up the patients and explored the relation between
adverse cardiac events and inflammatory parameters. Sec-
ondly, we did not evaluate the prognostic value of the NLR
and PLR. We did not evaluate the inflammatory markers
including TNF-¢, IL-18, IL-6, and highly sensitive CRP in our
study population. If we had that data, we could have been
compared the NLR and PLR with these inflammatory mark-
ers. Other cardiovascular risk factors, including sedentary
lifestyle, overweight/obesity (waist circumference and body
mass index), known atherosclerosis present in the carotid
artery, femoral arteries and aorta, carotid intima media thick-
ness, and ankle-brachial index of patients, were not evaluated
in our study population. These factors may also contribute to
increased inflammatory process. Finally, our study had a small
sample size. Although we showed significant correlation
between PLR and severity of CAD, it was not a predictor of
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CAD. Therefore, further large-scale, prospective studies are
needed to gain more information to predict CAD.

CONCLUSIONS

Patients with CAD had significantly higher NLR and PLR
compared to patients with normal CAG. Moreover, NLR and
PLR were correlated with severity of CAD. Only NLR of 2.3 or
higher was an independent predictor of CAD. NLR and PLR
seem to be simple parameters to evaluate severity of CAD
in patients undergoing elective CAG, and it could be part of
cardiovascular evaluation before coronary angiography.
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Zaleznos¢ miedzy wspotczynnikami
neutrofile/limfocyty i ptytki krwi/limfocyty

a zaawansowaniem choroby wiencowej

u chorych poddanych planowej koronarografii

Ibrahim Sari, Murat Sunbul, Ceyhun Mammadov, Erdal Durmus, Mehmet Bozbay,
Tarik Kivrak, Fethullah Gerin

Department of Cardiology, Marmara University Faculty of Medicine, Istanbul, Turcja

Streszczenie

Wstep: Miazdzyca jest przewlekta choroba ogélnoustrojowa o charakterze zapalnym. Stosunek liczby neutrofili do limfocytow
(NLR) i stosunek liczby ptytek krwi do limfocytéw (PLR) to wskazniki uktadowego stanu zapalnego zwiazane z powiktaniami
Sercowo-naczyniowymi.

Cel: Celem badania byta ocena zaleznosci miedzy wspétczynnikami NLR i PLR a stopniem ciezkosci choroby wiericowej (CAD).

Metody: Badana populacja obejmowata 180 kolejnych pacjentéw poddanych koronarografii (CAG) w trybie planowym.
U 100 chorych (22 kobiety, Srednia wieku: 60,6 = 12,6 roku) stwierdzono nieprawidtowosci w CAG, natomiast u pozosta-
tych 80 chorych (44 kobiety, Srednia wieku: 57,2 = 10,9 roku) obraz w CAG byt prawidtowy. Obliczono wspétczynniki NLR
i PLR jako odpowiednio stosunek liczby neutrofili do liczby limfocytéw and stosunek liczby ptytek krwi do liczby limfocytow.

Wyniki: Mimo ze rozktad ptci byt podobny w obu grupach (p = 0,073), w grupie z prawidtowym obrazem w CAG od-
setek kobiet byt istotnie wiekszy (p < 0,001). U chorych z nieprawidtowosciami w CAG wartosci wspétczynnikéw NLR
i PLR byty znamiennie wyzsze niz w grupie z prawidfowym obrazem w CAG (odpowiednio 3,7 * 2,6 vs. 2,2 = 1,7;
p < 0,001i1259 % 72,3 vs. 102,6 = 33,8; p = 0,027). Wspdtczynniki NLR i PLR korelowaty istotnie z punktacja w skali
SYNTAX i skali GENSINIEGO. W analizach regresji logistycznej tylko wspétczynnik NLR (iloraz szans: 1,576; przedziat ufnosci:
1,198-2,072; p = 0,001) byt niezaleznym czynnikiem predykcyjnym CAD. Wspdfczynnik NLR wynoszacy 2,3 lub wiecej
pozwalat prognozowac wystapienie CAD z czutoscig 66% i swoistoécig 70%.

Whioski: Wspétczynniki NLR i PLR umozliwiaja w prosty sposéb prognozowac o stopniu ciezkosci CAD u chorych poddanych
koronarografii w trybie planowym i moga stanowi¢ element badania uktadu sercowo-naczyniowego przed CAG.

Stowa kluczowe: stosunek liczby neutrofili do limfocytéw, stosunek liczby ptytek krwi do limfocytéw, GENSINI, SYNTAX,
choroba wiericowa
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