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Introduction

Inflammation is a key feature of atherosclerosis, and leu-
kocyte count is a marker of inflammation that is widely avail-
able in clinical practice. Numerous epidemiological and clini-
cal studies have shown leukocytosis to be an independent
predictor of future cardiovascular events, both in healthy
individuals free of coronary heart disease, and in patients
with stable angina, unstable angina, or a history of myocar-
dial infarction. This relationship has been observed in pro-
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Abstract

Aim: To explore the relationship between differential leucocyte count and coro-
nary atherosclerosis. Methods: The study population consisted of 507 consecu-
tive patients (376 male and 131 female) who underwent coronary angiography for
suspected or known coronary atherosclerosis. The patients’ smoking and drink-
ing habits were investigated, and anthropometric measurements, serum
measurements, and hematological measurements were conducted for every patient.
The severity of coronary atherosclerosis was defined by using Gensini’s score
system. One-way ANOVA, Spearman’s correlation analysis, and multivariate
stepwise linear regression analysis were employed to explore the relationship
between differential leucocyte count and coronary atherosclerosis. Results: One-
way ANOVA indicated that the diastolic blood pressure, glucose, urea, creatinine,
leukocyte count, neutrophil count, monocyte count, hemoglobin, and platelet
count differed among the groups according to Gensini’s score, the tertile values
of which were used as cutoff points. Spearman’s correlation analysis suggested
that Gensini’s score was significantly correlated with age, diastolic blood pressure,
glucose, urea, creatinine, leukocyte count, neutrophil count, monocyte count,
hemoglobin, and erythrocyte count, respectively. Multivariate stepwise linear
regression analysis show that neutrophil count ($=0.247, P=0.000), age (f=0.141,
P=0.001), glucose (p=0.173, P=0.000), creatinine ($=0.088, P=0.063), hemoglobin
(B=-0.168, P=0.013) and sex (men were coded as 1 and women were coded as 2;
[=-0.121, P=0.012) were significantly independently associated with the Gensini’s
score. Conclusion: The independent association of neutrophil count with the
angiographical characteristics of coronary atherosclerosis, as estimated by
Gensini’s score, strongly suggests that granulocytosis may play a role in the
development of coronary atherosclerosis.

spective and retrospective cohort studies, as well as in case-
control studies™. The relationship is strong, consistent,
temporal, dose-dependent, and biologically plausible.
Elevated differential cell counts, including eosinophil,
neutrophil, and monocyte counts, also predict the future
incidence of coronary heart disease!®. Clinical studies sug-
gest that neutrophil infiltration is actively associated with
acute coronary events. The high number of neutral endopep-
tidase-positive neutrophils in ruptured plaques, compared
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with eroded plaques, may reflect differences in the underly-
ing pathophysiological mechanisms®. However, there is
little information available about the association between
the angiographical characteristics of coronary atherosclero-
sis as estimated by conventional coronary angiography and
circulating leukocyte count.

Gensini’s scoring system assigns a severity score for a
stenosed vessel depending on the degree of luminal narrow-
ing and the importance of its location®. Therefore, we evalu-
ated the association between the angiographical character-
istics of coronary atherosclerosis and circulating leukocyte
count.

Materials and methods

Study subjects The study population consisted of 507
consecutive patients who underwent coronary angiography
for suspected or known coronary atherosclerosis at the First
Affiliated Hospital of Nanjing Medical University, Nanjing,
China, from 2004 to 2005. Patients with spastic angina pec-
toris (ie, acetylcholine-positive) were excluded. Patients with
2-week infectious processes before catheterization, heart
failure (Killip class =2 after acute myocardial infarction), he-
patic dysfunction, vascular disease (aortitis treated with
prednisolone), familial hypercholesterolemia, thyroid
dysfunction, or adrenal dysfunction were also excluded. This
study was approved by the Ethics Committee of the First
Affiliated Hospital of Nanjing Medical University and in-
formed consent was obtained from all patients.

Coronary angiography Coronary arteries were cannu-
lated by using the Judkins techniquel™ with 5F catheters,
and recorded on Kodak, 35 mm Cinefilm at a rate of 30 frames
per second. When stenotic coronary arteries were found,
the presence of stenosis was determined by using a com-
puter-assisted coronary angiography analysis system
(Mipron 1; Kontron) after the direct intracoronary injection
of isosorbide dinitrate (ISDN; 2.5 mg in 5 mL solution over
20 s). One minute after the injection of ISDN through the
Judkins catheter, coronary angiography was performed from
several projections. The severity of coronary atherosclero-
sis was measured by using Gensini’s scoring system, based
on the hypothesis that the severity of coronary heart dis-
ease is a consequence of the functional significance of vas-
cular narrowing and the extent of the area perfused by the
involved vessel or vessels. In this scoring system, a greater
reduction of the lumen diameter is assigned a higher score
than a distal lesion.

Cigarette smoking and alcohol intake The subjects’
cigarette smoking and alcohol intake habbits were assessed
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by means of a standardized questionnaire. Past or current
smokers were asked about the number of cigarettes smoked
per day, and those who reported smoking at least 1 cigarette
per day during the preceding year were classified as current
smokers. With regard to smoking status, subjects were clas-
sified as “never a smoker” and “smoker” (including “for-
merly a smoker” and “currently a smoker”). Subjects who
reported consuming at least 50 g alcohol/week were regarded
as “current drinkers”. Subjects were classified as “never a
drinker” and “drinker” (including “formerly a drinker” and
“currently a drinker”).

Anthropometric measurements Anthropometric mea-
surements were taken after the patients had removed their
shoes and upper garments and had donned an examining
gown. Each measurement was performed twice and the av-
erage was used in the analysis. Height was measured to the
nearest 0.1 cm using a wall-mounted stadiometer. Weight
was measured to the nearest 0.1 kg using a hospital balance
beam scale. Body mass index (BMI) was calculated as weight
(kg) divided by the square of height (m?). Blood pressure
was measured in the right arm with the participant seated
and the arm bared. Three readings were recorded for each
individual, and the average was recorded.

Hematological measurements Blood samples from ev-
ery patient were taken at admission to the coronary unit and
measurements including total leukocyte count, neutrophil
count, eosinophil count, lymphocyte count, monocyte count,
basophil count, hemoglobin, erythrocyte count, and platelet
count were carried out by an automated blood analyzer.

Laboratory measurements The 12-h fasting blood
samples were taken in the morning and the sera were stored
at-70 °C immediately after centrifugation until being assayed.
All laboratory measurements were conducted at the Central
Clinical Laboratory at the First Affiliated Hospital of Nanjing
Medical University. Total cholesterol, triglyceride, fasting
blood glucose, urea, creatinine, and uric acid were deter-
mined by enzymatic procedures on an automated
autoanalyzer (AU 2700 Olympus, 1st Chemical Ltd, Japan).
The laboratory was monitored for the precision and accu-
racy of glucose and lipid measurements by the surveillance
program. Measurements of agency-assigned quality con-
trol samples showed no consistent bias over time within or
between surveys.

Statistical analysis Data analysis was performed using
the Statistical Package for the Social Sciences (SPSS for
Windows, version 10.0; SPSS, Chicago, IL, USA). Patients
were classified into 3 groups with low, intermediate, and high
Gensini’s scores using the tertile values as cutoff points, so
that each group had an approximately equal number of pa-
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tients to minimize any bias that may have been produced in
the statistical analysis. Results for continuous variables are
expressed as mean=SD and comparisons of continuous vari-
ables were analyzed by the one-way analysis of variance
(ANOVA). Categorical variables were compared among the
groups of patients by a chi-squared analysis. The Spearman
two-way test was used to assess the relationship between 2
quantitative variables. We assessed independent predic-
tors of Gensini’s score with multiple regression analysis.
Differences were considered to be significant if the null hy-
pothesis could be rejected with >95% confidence. All P
values are 2-tailed.

Results

Clinical and biochemical characteristics in patients
grouped according to Gensini’s score Table 1 show the
clinical and biochemical characteristics in patients grouped
according to Gensini’s score, tertile values of which were
used as cutoff points. Patients in tertiles I, Il, and 111 had an
increasingly higher Gensini’s score. The frequency distri-
bution of sex (P=0.009) and smoking status (P=0.000) were
different among the 3 groups, and drinking status was simi-

lar among the 3 groups. The distribution levels of BMI,
systolic blood pressure, total cholesterol, triglyceride, uric
acid, eosinophil count, basophil count, and lymphocyte
count were similar among the 3 groups (P>0.05), whereas
those of age (P=0.000), diastolic blood pressure (P=0.011),
fasting blood glucose ( P=0.000), urea (P=0.012), creatinine
(P=0.005), leukocyte count (P=0.000), neutrophil count (P=
0.000), monocyte count (P=0.000), hemoglobin (P=0.000),
erythrocyte count (P=0.008) and platelet count (P=0.019) dif-
fered among the groups.

Spearman correlations between Gensini’s score and leu-
kocyte count, anthropometric measurements, and biochemi-
cal characteristics in patients Table 2 shows the results of
Spearman correlations between Gensini’s score and leuko-
cyte count, anthropometric measurements, and biochemical
characteristics in patients. The Spearman correlation analy-
sis indicated that the level of Gensini’s score was signifi-
cantly correlated with age (r=0.225, P=0.000), DBP ( r=-0.106,
P=0.017), fasting blood glucose (r=0.195, P=0.000), urea (r=
0.137, P=0.002), creatinine (r=0.165, P=0.000), leukocyte
count (r=0.303, P=0.000), neutrophil count (r=0.326,
P=0.000), monocyte count (r=0.253, P=0.000), hemoglobin
(r=-0.133, P=0.003), and erythrocyte count (r=-0.094, P=

Table 1. Clinical and biochemical characteristics in patients grouped according to Gensini’s score (the tertile values of which were used as cutoff points).

Variables Gensini’s score Parameter
0-4.0 4.1-34 >34.1 F value or P

(n=169) (n=166) (n=172) x? value value
Agela 59.07+10.48 61.77+11.76 64.46+10.07 10.669 0.000
Sex/M-F* 111/58 130/36 135/37 9.517 0.009
BMI/kg-m™ 24.79+3.41 24.87%3.2 24.61+3.15 0.277 0.758
Smoker/Y-N* 109/60 67/99 80/92 21.370 0.000
Drinker/Y-N* 134/35 123/43 134/38 1.277 0.528
SBP/mmHg 133.63+20.40 131.96+21.80 130.67+20.91 0.850 0.428
DBP/mmHg 80.09+11.74 79.17+11.92 76.40+11.58 4.572 0.011
Cholesterol/mmol-L* 4.10+0.93 4.12+0.97 4.04+1.05 0.278 0.757
Triglyceride/mmol-L™* 1.66+1.08 1.64+1.04 1.70+1.14 0.133 0.857
Glucose/mmol-L* 4.81+1.06 5.11+1.32 5.92+2.81 14.949 0.000
Urea/mmol-L* 5.25+1.78 5.71+2.02 6.06+3.28 4.468 0.012
Creatinine/umol-L* 71.57+18.55 73.79+20.21 79.30+26.79 5.324 0.005
Uric acid/pmol-L* 351.84+88.83 355.03+95.74 364.05+102.99 0.715 0.490
10°xLeukocyte/L™ 6.02+1.61 6.89+2.31 8.22+3.54 30.174 0.000
10°xNeutrophil/L™ 3.61+1.31 4.45+2.08 5.61+3.18 31.558 0.000
10°xEosinophil/L* 0.13+0.10 0.15+0.11 0.17+0.17 2.943 0.054
10°xLymphocyte/L™* 1.79+0.55 1.74+0.59 1.76+0.75 0.262 0.770
10°xMonocyte/L™* 0.47+0.25 0.53+0.22 0.65+0.42 14.718 0.000
10°xBasophil/L* 0.029+0.047 0.029+0.039 0.036+0.044 1.757 0.174
Hemoglobin/g-L™* 134.90+£15.56 132.73+£17.98 127.59+18.64 7.838 0.000
10*?xErythrocyte/L™* 4.43£0.61 4.42+0.63 4.24+0.68 4.859 0.008
10°xPlatelet/L™* 170.89+55.88 188.75+63.52 187.32+71.88 4.019 0.019
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Table 2. Spearman correlations between Gensini’s score and leuko-
cyte count, anthropometric measurements, and biochemical charac-
teristics in patients.

Variables Gensini’s score

Correlation coefficient P value
Agela 0.225 0.000
Body mass index/kg-m -0.021 0.636
Systolic blood pressure/mmHg -0.041 0.359
Diastolic blood pressure/mmHg -0.106 0.017
Cholesterol/mmol-L™* -0.007 0.885
Triglyceride/mmol-L* -0.014 0.763
Glucose/mmol-L™* 0.195 0.000
Urea/mmol-L™* 0.137 0.002
Creatinine/umol-L* 0.165 0.000
Uric acid/pmol-L™* 0.071 0.117
10°xLeukocyte/L™ 0.303 0.000
10°xNeutrophil/L* 0.326 0.000
10°xEosinophil/L™ 0.040 0.372
10°xLymphocyte/L™* -0.063 0.161
10°xMonocyte/L™ 0.253 0.000
10°xBasophil/L™* 0.079 0.076
Hemoglobin/g-L* -0.133 0.003
10*2xErythrocyte/L* -0.094 0.035
10°xPlatelet/L™* 0.077 0.084

0.035), whereas a significant correlation was not found be-
tween Gensini’s score and Body Mass Index, SBP, total
cholesterol, triglyceride, uric acid, eosinophil count, baso-
phil count, lymphocyte count, or platelet count.

Multiple linear regression analysis with Gensini’s score
as dependent variable To examine the independent associa-
tions between Gensini’s score and leukocyte count, multiple
linear regression analysis was performed. In this model,
Gensini’s score was used as the dependent variable and the
independent variables included age, sex, smoking status,
drinking status, body mass index , SBP, DBP, total cholesterol,
triglyceride, fasting blood glucose, urea, creatinine, uric acid,
leukocyte count, neutrophil count, eosinophil count, baso-
phil count, lymphocyte count, hemoglobin, erythrocyte
count, and platelet count. In the final model (Table 3), neu-
trophil count ($=0.247,P=0.000), age (3=0.141, P=0.001), glu-
cose ($=0.173, P=0.000), creatinine (3=0.088, P=0.063), hemo-
globin ($=-0.168, P=0.013) and sex (men were coded as 1 and
women were coded as 2; f=-0.121, P=0.012) were significantly
independently associated with Gensini’s score.

Discussion

Cardiovascular disease is the leading cause of death in
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the world™®. One of its most insidious forms is coronary
heart disease due to atherosclerosis”. Although many risk
factors for coronary heart disease have been identified, they
do not fully account for all cases of the disease. Thus,
searches are underway for additional biological markers and
especially inflammatory markers for the disease. Numerous
epidemiological and clinical studies have shown leukocyte
count to be an independent risk factor for coronary heart
disease, a risk factor for future cardiovascular events in indi-
viduals apparently without cardiovascular disease, and a
prognostic marker of future events in patients who already
have cardiovascular disease!l. Although leukocyte count
appears to be an independent predictor of cardiovascular
events, some of its predictive ability can be explained by its
interdependence with smoking. Therefore, further studies
are needed to clarify just how prominent a role leukocytes
play in the pathogenesis of coronary heart disease, as well
as the clinical implications. Obviously, there is a need to
determine the degree to which leukocyte count is indepen-
dent of smoking and other risk factors 2.,

The present study was conducted to evaluate the asso-
ciation between the angiographical characteristics of coro-
nary atherosclerosis and leukocyte count in patients with
suspected coronary heart disease. The main finding of the
present study is that the neutrophil count is significantly
associated with Gensini’s score according to one-way
ANOVA, the Spearman correlation, and multiple linear
stepwise regression analysis in these 507 Chinese subjects.
This finding is consistent with results from previous studies,
in which leukocytosis has been consistently shown to be an
independent risk factor for coronary heart disease regard-
less of disease status!?l. Furthermore, this study suggests a
link between inflammatory and coronary atherosclerosis.

Our study is the first to document the independent asso-
ciation of neutrophil count with the angiographical charac-
teristics of coronary atherosclerosis, which were approxi-
mated by using Gensini’s score in Chinese subjects, and
which is in agreement with the results of previous studies.
In a meta-analysis of 1764 cases of coronary heart disease
from 7 long-term prospective studies, involving a total of
30 374 participants, the association of coronary heart dis-
ease with neutrophil count was somewhat stronger than that
with other specific leucocyte components®. In a prospec-
tive cohort study of 55 patients with non-ST segment eleva-
tion acute coronary syndromes and angiographically docu-
mented coronary disease, acute inflammatory markers such
as neutrophil count were higher among patients with mul-
tiple angiographically complex plagues than among those
without®. The results from an immunohistochemical study
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Table 3. Predictors of Gensini’s score from multiple linear regression among patients.
Variable Unstandardized coefficient Standardized coefficients t P
B SE (B)
Constant 5.230 19.782 — 0.264 0.792
10°xNeutrophil/L* 3.635 0.636 0.247 5.718 0.000
Agela 0.456 0.142 0.141 3.210 0.001
Glucose/mmol-L™* 3.309 0.822 0.173 4.027 0.000
Creatinine/umol-L™* 0.141 0.076 0.088 1.866 0.063
Hemoglobin/g-L™* -0.362 0.145 -0.168 -2.493 0.013
Sex -9.777 3.880 -0.121 -2.520 0.012

on coronary artery segments suggest that neutrophil infil-
tration is actively associated with acute coronary events!l,
Granulocytosis affects the development of coronary athero-
sclerosis through multiple pathological mechanisms that me-
diate inflammation, cause proteolytic and oxidative damage
to the endothelial cells, plug the microvasculature, induce
hypercoagulability, and promote infarct expansion(?.

Moreover, another finding of this study is that age
(B=0.141,P=0.001), creatinine (umol/L; 3=0.088,P=0.063), glu-
cose (mmol/L; f=0.173, P=0.000), hemoglobin (g/L; 3=-0.168,
P=0.013), and sex (men were coded as 1 and women were
coded as 2, $=-0.121, P=0.012) were significantly associated
with Gensini’s score after adjusting for the other cardiovas-
cular risk factors. The results of the Atherosclerosis Risk in
Communities study, a community-based study of risk fac-
tors for coronary heart disease (CHD) in middle-aged people
indicated that high serum creatinine was associated with
almost a 3-fold risk of coronary heart disease among middle-
aged people with anemia (anemia was defined as hemoglo-
bin <130 g/L in men and <120 g/L in women), whereas no
increased risk was found in people with high serum creati-
nine in the absence of anemia®™. Another study found a
relationship between low hemoglobin level and adverse
cardiovascular outcomes in women with suspected ischemial™,
Several investigations as well as prospective studies have
shown a significant correlation between glucose metabo-
lism and atherosclerosis in patients without diabetes, and
have shown that the glycemic milieu correlates with the car-
diovascular risk according to a linear model™?, In addition,
the present study demonstrated that age and being male
were independent risk factors for coronary atherosclerosis,
which was consistent with results from other studies™!.

A limitation of the present study is that the subjects
were from one center rather than multiple centers, which may
result in selective bias; however, given the large size sample
of this study, it may minimize the bias. In fact, the present

study is only a cross-sectional study rather than a retro-
spective study. And the other limitation of the study is that
it provides no information regarding the cause and effect
relationship between neutrophil count and coronary
atherosclerosis. Although the correlation between neutro-
phil count and coronary atherosclerosis is significant in the
present study, the clinical significance of this finding re-
quires further investigation.

In conclusion, the independent association of neutro-
phil count with the angiographical characteristics of coro-
nary atherosclerosis as approximated by Gensini’s score
strongly suggests that granulocytosis may play a role in the
development of coronary atherosclerosis. Thus, it may prove
to be an equally informative, but less expensive and more
readily available risk marker than other currently available
risk factors. Further studies are required, however, to deter-
mine the implications of using the leukocyte count to predict
clinical risk and outcome.
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SCI Impact Factor of Acta Pharmacologica Sinica increased to 1.125

According to the latest Journal Citation Report 2004 (JCR 2004) published by Institute for Scientific Information
(IS, USA), we are greatly pleased to announce that the Science Citation Index (SCI) Impact Factor of Acta
Pharmacologica Sinica (APS) has risen from 0.884 to 1.125, ranking the 132nd out of 187 journals in the category of
PHARMACOLOGY & PHARMACY, and the 49th out of 125 journals in the category of CHEMISTRY,
MULTIDISCIPLINARY. APS is continued to be the only journal listed in the SCI in Chinese Pharmacology and
Pharmacy and the latest impact factor is ranking the 8th out of 71 Chinese journals listed in SCI.

Here we would like to share the good news with all our authors, reviewers, and readers. Without your long-term
contribution, APS cannot achieve such a progress! Hope to have your support continuously!
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