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ABSTRACT

Objectives: Total leukocyte count, a marker of inflam-
mation has long been reported to be related with
coronary artery disease (CAD). Recently, different-
tial leukocyte count and elevated neutrophil to lym-
phocyte ratio (N/L) has been shown to indicate an
increased long-term risk of mortality in patients
with stable CAD, myocardial infarction and under-
going cardiovascular surgery. These studies offer in-
cremental prognostic value to total leukocyte count.
We sought to determine the relationship between the
leukocyte subtypes and N/L ratio and the presence
and extent of CAD. Study design: The study con-
sisted of 107 patients [70 (65.4%) men, 37 (34.6%)
women, mean age 59.5 + 10.6 years|] referred to
coronary angiography with suspected CAD. The
subjects wer e classified into two groups according to
the presence of significant CAD and the extent of
CAD was determined by the Gensini method. Re-
sults: The lymphocyte count was found to be lower
(2031 + 741 cells/ul vs 2392 + 611 cells/uL, p: 0.010)
and the N/L ratio was found to be higher in patients
with CAD (2.86 + 1.57 vs 2.04 + 1.01, p < 0.001). In
correlation analysis, the lymphocyte count and N/L
ratio were significantly correlated with the presence
and severity of CAD. Multivariate analysisidentified
N/L asthe only independent predictor of CAD after
adjustment for traditional cardiovascular risk fac-
tors [odds ratio: 1.961, 95% confidence interval
(1.223, 3.143), p: 0.005]. Conclusion: Our findings
reveal that N/L ratio, a simple marker which can be
derived from a routine complete blood count test
was significantly and independently related to pres
ence and severity of coronary atherosclerosis.
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1. INTRODUCTION

Atherosclerosis has been increasingly recognized as a
complex and multifactorial inflammatory disease rather
being a simply process of lipid accumulation of the wall
of the medium sized and large arteries. Inflammation
plays a key role in the initiation, progression and com-
plications of atherosclerosis by mediating every stage
of the atheroma development. It has been hypothesized
that injury of the vascular wall leads to an inflammatory
response that involves complex interactions between
endothelial and smooth muscle cells, leucocytes and
plate-lets [1].

Several epidemiological and clinical studies reported
associations between the various circulating markers of
inflammation, such as C-reactive protein, fibrinogen,
adhesion molecules, cytokines, elevated leukocyte count
and the different clinical manifestations of coronary
heart disease [2]. Elevated leukocyte count, a marker of
inflammation, has long been identified as an inde-
pendent predictor of an increased risk for long-term
mortality and myocardial infarction both in individuals
without cardiovascular disease at baseline and in pa-
tients with established coronary artery disease (CAD)
[3-8]. Recently, the differential leukocyte count and
elevated neutrophil to lymphocyte (N/L) ratio have
been the subject of interest in predicting the risk for
future cardiovascular events. An elevated N/L ratio has
been shown to independently indicate an increased long-
term risk of mortality in patients with stable CAD and
those with myocardial infarction and offer incremental
prognostic value to total leukocyte count [9-11]. How-
ever, the relation between the differential leukocyte
count, N/L ratio and the presence and severity of CAD
has not been extensively studied. In the current study,
we sought to investigate the relationship between the
leukocyte subtypes and the presence and severity of
CAD assessed by Gensini method in patients with
suspected CAD.
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2. MATERIALSAND METHODS

Our study prospectively evaluated 107 consecutive pa-
tients who underwent diagnostic coronary angiography
in our clinic between May 2009 and June 2009.

All study patients referred to coronary angiography
due to the angina or anginalike chest pain or positive
noninvasive stress test result. Exclusion criteria were the
presence of acute coronary syndromes, hematologic dis-
orders, known CAD, infectious or inflammatory disease
and severe renal or liver disease. Also the patients on
statin therapy were excluded in order to prevent the
confounding antiinflammatory effect of statins.

After detailed physical examination, the demographic
characteristics and the cardiovascular risk factors were
recorded by the physicians. Diabetes was defined as use
of insulin or oral hypoglycemics if glucose levels ex-
ceeded 126 mg/dl. Hyperlipidemia was defined as serum
total cholesterol concentration > 200 mg/dl, or serum LDL
concentration > 130 mg/dl. The patients with a history of
hypertension and who were taking antihy pertensive
drugs were accepted as having hypertension. Body mass
index (BMI) was calculated as the weight in kilograms
divided by the square of the height in meters (kg/m?).

All patients and controls have given informed consent
and the study protocol was approved by our institutional
investigational review board.

2.1. Laboratory M easurements

Venous blood samples were collected before the day of
coronary angiography for analysis of the following para-
meters using standard techniques: glucose, triglycerides,
total cholesterol, high density lipoprotein (HDL) choles-
terol, and low density lipoprotein (LDL) cholesterol.
Total leukocyte count and differential leukocyte counts
were measured with an automated Advia 2120 hema-
tology analyzer (Roche).

2.2. Coronary Angiography and Determination
of Severity of CAD

Coronary angiography was performed by the Judkins te-
chnique through femoral artery access. Coronary arteries
were visualized in right and left oblique planes with
cranial and caudal angulations. Evaluation of all coro-
nary angiograms was made by two observers who were
blinded to the clinical and laboratory data. Significant
CAD on coronary angiograms was defined as stenosis of
50% or greater narrowing of the diameter in coronary
arteries. Gensini score was used to give a measure of
severity of coronary atherosclerosis. This method defines
narrowing of the lumen of the coronary arteries as one
for 1% - 25% stenosis, two for 26% - 50% stenosis, four
for 51% - 75% stenosis, eight for 76% - 90% stenosis,
and 32 for total occlusion. The score is then multiplied
by a factor that represents the importance of the lesion’s
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position in the coronary arterial system. For example, 5
for the left main coronary artery, 2.5 for the proximal left
anterior descending or proximal left circumflex artery,
1.5 for the mid-region, and 1 for the distal left anterior
descending or mid-distal region of the left circumflex
artery.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS 11.5
packet program (SPSS Inc., Chicago, Illinois, USA).
Categorical variables were presented as frequency values
and were compared by chisquare test. Continuous varia-
bles were expressed as mean values + standard deviation
and were compared with Student’s t-test or Mann
Whitney U test. The variables that found to be significant
in univariate analysis and the traditional cardiovascular
risk factors as potential covariates were entered into a
multivariate logistic regression model to evaluate the
effect of these parameters on CAD. The relationship
between the Gensini score and continuous variables was
assessed by Spearman’s correlation test.

3. RESULTS

The study group consisted of 107 consecutive patients
[70 (65.4%) men, 37 (34.6%) women] with an average
age of 59.5 £ 10.6 years. The patients were categorized
into two groups according to presence or absence of
significant CAD. Of the 107 patients 65 of them diag-
nosed as having CAD. The baseline demographic and
clinical characteristics of the two groups are presented in
Table 1. The groups were similar in terms of age, gender,
BMI, systolic and diastolic blood pressure (all p > 0.05).
The prevalence of cardiovascular risk factors such as
hypertension, hyperlipidemia, diabetes mellitus, smoking
and family history did not differ between the groups (all
p > 0.05). In addition, there was no difference in the
laboratory findings and the medications at admission
between the groups (all p > 0.05). When the groups
compared with respect to total and differential leukocyte
counts the lymphocyte count was found to be lower
(2031 + 741 cells/uL vs 2392 + 611 cells/uL, p: 0.010)
and the N/L ratio was found to be higher in patients with
CAD (2.86 £ 1.57 vs 2.04 £ 1.01, p < 0.001), whereas
total leukocyte, neutrophil, monocyte, basophil, and eo-
sinophil counts were not significantly different between
the patients with and without CAD (all p> 0.05).

In correlation analysis, a significant negative corre-
lation was found between the lymphocyte count and
Gensini (rho: —0.457, p < 0.001). Also, the N/L ratio was
positively correlated with the Gensini score (rho: 0.314,
p: 0.011) (Figurel).

Univariate analysis showed an association between
CAD, lymphocyte count and N/L ratio. A multiple re-
gression analysis including lymphocyte count and N/L
ratio and traditional cardiovascular risk factors as
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Table 1. Demographic, clinical and biochemical characteristics of patients with and without coronary artery disease.

Parameters Withnc:uthCAD Wi;r:‘ g5AD p Value
Age (years) 57.7 = 10.8 60.7+10.5 0.159
Male/Female n (%) 25 (59.5%)/17 (40.5%) 45 (69.2%)/20 (30.8%) 0.303
BMI (kg/m?) 29.2+6.0 29.1£53 0.968
Systolic BP (mmhg) 121.7+ 14.6 126.8 £ 16.6 0.121
Diastolic BP (mmhg) 70.2+10.5 72.3+10.3 0.252
Cardiac risk factors, n (%)

Hypertension 17 (40.5%) 34 (52.3%) 0.231
Hyperlipidemia 22 (52.4%) 31 (47.7%) 0.636
Diabetes mellitus 10 (23.8%) 16 (24.6%) 0.924
Cigarette smoking 8 (19.0%) 18 (27.7%) 0.309
Family history 13 (31.0%) 12 (18.5%) 0.136
Laboratory findings (mg/dl)

Urea 33.5£16.5 374+£11.0 0.102
Creatinine 0.77+0.15 0.81 +£0.24 0.375
Fasting blood glucose 111.1 +£36.1 1153 +46.1 0.548
Total cholesterol 198.8 £42.7 190.2 +£43.4 0314
LDL-cholesterol 104.5+46.8 90.8 +48.8 0.151
HDL-cholesterol 472 +15.8 459+ 16.5 0.607
Triglycerides 185.1 +£129.7 155.0+93.2 0.221
Medications at admission, n (%)

Aspirin 19 (45.3%) 33 (50.8%) 0.576
Beta-blocker 15 (35.7%) 27 (41.5%) 0.547
ACEI/ARB 8 (19.0%) 22 (33.8%) 0.096
CCB 8 (19.0%) 12 (18.5%) 0.939
Hemoglobin (g/dl) 142+1.8 143+1.7 0.743
WBC (cells/uL) 7645 + 1672 8209 + 2092 0.145
Neutrophil (cells/uL) 4504 + 1508 5102 + 1664 0.063
Lymphocyte (cells/uL) 2392 +611 2031 + 741 0.010"
Monocyte (cells/puL) 609.5 +£333.4 629.2 +£360.9 0.815
Basophil (cells/uL) 38.1+126.8 23.1+46.0 0.989
Eosinophil (cells/uL) 161.9+132.4 178.5+182.4 0.554
Neutrophil/Lymphocyte ratio 2.04 +1.01 2.86+1.57 <0.001"

ACEI, angiotensin converting inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CCB,

calcium canal blocker; HDL, high density lipoprotein; LDL, low density lipoprotein; WBC, white blood cell; "Statistically significant.
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Figure 1. The relationship between lymphocyte count
and Gensini score (a) and the relationship between neu-
trophil/lymphocyte ratio and Gensini score (b) in patients
with coronary artery diseases.

potential covariates was performed in order to find their
impact on CAD. Multivariate analysis identified N/L
ratio as the only independent predictor for the presence
of CAD [odds ratio: 1.961, 95% confidental interval
(1.223 - 3.143), p: 0.005], whereas age, gender, diabetes
mellitus, hypertension, hyperlipidemia, smoking, family
history, total cholesterol, HDL cholesterol, LDL chole-
sterol, triglycerides and lymphocyte count were not asso-
ciated with CAD (all p> 0.05).

4. DISCUSSION

The present study demonstrated that the lymphocyte co-
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unt is significantly decreased and the N/L ratio increased
in patients with CAD. Both the lymphocyte count and
the N/L ratio correlated with the severity of CAD as
assessed by Gensini score. In addition, multivariate
analysis identified N/L ratio as an independent predictor
for CAD. Our findings provides an additional evidence
for the important role for inflammation in the develop-
ment of coronary atherosclerosis and suggest that the
differential leukocyte count, an easily available, inex-
pensive and simple test is independently associated with
CAD even in the context of established cardiovascular
risk factors.

A number of previous epidemiologic and clinical
studies have shown the clear association between the
peripheral leukocyte count and the risk of adverse car-
diovascular events either in patients with established
CAD or free of disease at baseline. For instance, a
retrospective analysis of the SOLVD trials showed that
an elevated leukocyte count was related to an increased
all- cause mortality risk in patients with left ventricular
dysfunction compared to those with normal left ven-
tricular function [3]. In the TACTICS TIMI18 Substudy,
elevated leukocyte count was associated with impaired
epicardial and myocardial perfusion, more extensive
CAD and higher 6 month mortality, after adjustment for
traditional risk factors and biomarkers [5]. A study in
6021 Japanese patients showed that an elevated leuko-
cyte count may be a risk factor for acute coronary syn-
dromes but not stable angina pectoris [4].

Several pathophysiologic mechanisms by which the
leucocytes contribute to the pathogenesis of atheroscler-
osis have been proposed. One of the earliest steps in
atherosclerotic process is the focal adherence of the
circulating monocytes to the arterial intima following the
arterial injury [2]. After engorged with lipid, monocytes
differentiate into macrophages and secrete metallo-
proteinase enzymes [12,13]. Besides macrophages, neu-
trophils were shown to mediate endothelial cell detach-
ment in vitro through digestion of endothelial cell sur-
face proteins by secretion of proteolytic neutral proteases
[14]. Neutrophils were shown to exhibit markedly in-
creased chemotactic activity and leukotriene B4 in pa-
tients with stable angina [15]. Increased neutrophil ag-
gregation and oxidase activity were demonstrated in the
coronary sinuses of patients with angiographically docu-
mented CAD and stable angina [16]. Inflammatory cells
not only play role in the initiation and progression of
atherosclerosis but also take part in the plaque des-
tabilization converting a chronic process into an acute
ischemic event. Inflammatory processes leading to pla-
que rupture include the reduction of synthesis and de-
gradation of the structural components of the fibrous cap
by the matrix degrading enzymes and cytokines pro-
duced by macrophages at the site of the plaque rupture
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[13]. Although macrophages appear prominent in plaque
disruption, neutrophil activation was proposed as one of
the important features of an acute coronary event. Sev-
eral in vitro and in vivo studies indicate the relevance of
neutrophils in platelet activation, impairment of the
coronary microcirculation, no reflow phenomenon and
infarct extension [17-20]. Most of the investigations up
to date suggest that neutrophils are the prominent sub-
type of the leukocytes participating particularly in acute
coronary events.

Despite the excessive amount of evidence linking total
leukocyte count to the CAD, data regarding the contri-
bution of specific subtypes of leucocytes to this relation-
ship is limited. Up to date, relatively few studies ex-
amined the association between differential leukocyte
counts and CAD in prospective follow up and in case
control studies of different clinical forms of coronary
heart disease and yielded conflicting results. Some
studies reported independent relationships between the
neutrophil counts whereas others with lymphocyte, eo-
sinophil, monocyte counts or N/L ratio and CAD. In a
large Japan cohort of individuals free of disease at base-
line, elevated eosinophil, neutrophil and monocyte counts
were found to be correlated with the incidence of CAD
[21]. However, a high monocyte count was reported to
be strongly associated with the risk of CAD in 3779
middleaged French men [22]. A study in patients with
stable CAD, the total leucocytes and neutrophil counts
were associated with the presence and severity of CAD,
but the associations were not independent [23]. A meta-
analysis of seven long-term studies, involving a total of
30,374 participants indicated that neutrophil count may
be a stronger predictor of CAD risk than other leukocyte
components [24]. However, it is important to note that,
all of the cases involved in this analysis were either
cardiac death and nonfatal myocardial infarctions apart
from a few dozen cases of angina. The discrepant find-
ings among these studies may be explained, at least in
part, by the heterogenity of the inclusion criteria and the
difference in the populations studied.

To the best of our knowledge, the present study is the
first to examine the association between N/L ratio and
the presence and severity of CAD. A previous study de-
monstrated an association between the leukocyte and
neutrophil count and the severity and extent of CAD
assessed by Gensini score [25]. A study in Chinese pa-
tients with suspected or known CAD reported that the
neutrophil count is independently associated with the
angiographical characteristics of coronary atherosclerosis
[26]. However, the patients were not investigated with
respect to N/L ratio in these reports. Our major finding
that the elevated N/L ratio independently predicts the
presence of CAD is in line with the results of previous
follow-up studies investigating the prognostic value of
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N/L ratio in patients with CAD. Horne et al. Demon-
strated that the greatest risk prediction in long-term is
given by the N/L ratio in 3227 patients with either stable
CAD or acute myocardial infarction when compared
with total leukocytes or high neutrophil or low leukocyte
counts alone. In addition, the authors concluded that the
risk prediction achieved by the differential leukocyte
count was similar to or greater than highsensitivity C-
reactive protein, a well established inflammatory marker
[27]. Tamhane et al. demonstrated the N/L ratio as an
independent predictor of in hospital and 6 month mor-
tality in patients with acute coronary syndrome after
adjusting for GRACE (Global Registry of Acute Coro-
nary Events) score [9]. Nunez et al. identified N/L ratio
as a predictor of long-term mortality in patients with ST
segment elevation myocardial infarction, with a discrimi-
native ability than total leukocyte count [10]. In a recent
follow up study of angiographically stable CAD patients,
N/L ratio emerged an independent predictor of cardiac
mortality [11]. The N/L ratio is thought to be a valuable
marker for CAD than the neutrophil or lymphocyte count
alone, as it combines the two different parameters that
acts in opposite directions.

In the present study we found a negative correlation
between the lymphocyte count and the severity of co-
ronary atherosclerosis. Increasing evidence from experi-
mental models of atherosclerosis revealed an important
role of lymphocytes in regulating inflammatory response
in atherosclerosis development [28]. The relative lym-
phocyte count has been previously shown to have prog-
nostic utility in patients with CAD and congestive heart
failure [29,30]. Recently, lymphopenia was reported to
be associated with an increased risk for developing the
combin ed end point of death or MI in patients with acute
chest pain without enzymatic and electrocardiographic
change [31]. It has been proposed that the activation of
sympathetic nervous system in response to systemic
stress causes an elevation in serum cortisol and the
resultant shift in the leukocyte differential to a lower
percentage of lymphocytes [32,33]. The correlation we
found between the CAD and lymphopenia in the present
study supports the notion that lymphopenia may be in-
volved in the development of atherosclerosis.

The present study has some limitations including its
relatively small sample size and crosssectional design.
Due to the crosssectional design we cannot rule out the
possibility of the effect of unmeasured potential con-
founders on the development and severity of CAD. In
addition, because the CAD group included predomi-
nantly men, generalization of the results to women may
be uncertain.

In conclusion, compared with subjects without signifi-
cant CAD, the patients with CAD had lower lymphocyte
count and higher N/L ratio and these variables were cor-
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related significantly with the presence and severity of
CAD. Multivariate analysis identified N/L ratio as the
sole independent predictor of CAD after adjusting for
established cardiovascular risk factors. These findings
suggest that inflammation plays an important role in
coronary atherosclerosis and the addition of differential
leukocyte count and N/L ratio measurement to the clini-
cal evaluation, which can be determined by a routine
complete blood count test may be useful in predicting the
presence and severity of CAD.
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