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The particular interactions of the traditional cardiovascular risk
factors with different circulating specific leukocyte subtype counts in
blood: an observational study
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ABSTRACT

Objective: The pathogenesis of atherosclerosis is multifactorial, however the impact of inflammatory cells in this process is well known.
Different traditional cardiovascular risk factors (CVRFs) may have specifically different effects on leukocyte subtype. Thus, these special inter-
actions may induce different vascular involvement forms due to the altered endothelial damage and vascular repair mechanisms. The aim of
the present study was to investigate whether there is any specific relationship between the leukocyte subtypes and the traditional CVRFs and
to evaluate the independency of possible relationships.

Methods: The study had a cross-sectional observational design. The study population consisted of the patients who underwent coronary
angiography with a suspicion of coronary artery disease (CAD) at our institution in an outpatient manner. We enrolled 677 consecutive eligible
patients with CAD or normal coronary arteries (NCA) and investigated the associations of traditional CVRFs, demographic properties and bio-
chemical parameters including fasting plasma glucose (FPG), creatinine, serum uric acid level (SUA) and lipids with total circulating inflamma-
tory cell (WBC, leukocytes) and subtype counts including neutrophils (N), lymphocytes (L) and monocytes (M). As a dependent variable, total
leukocyte count and subtypes, and neutrophil/lymphocyte ratio (N/L ratio) which has been found to being related with increased vascular risk
and events were investigated in the groups determined by the presence or absence of CVRFs and CAD by the univariate analyses and then
multiple linear regression analyses.

Results: When we performed multiple linear regression analyses to determine the independent associations of inflammatory cell subtypes, we
have found that FPG had an independent incremental association with WBC (B+SE:4.2+1.4, p=0.004) and N (B+SE:4.2+1.2, p=0.001). Current
smoking had an independent incremental association with WBC and all cell subtypes (for WBC, N, L, and M: p+SE: 748+161, p<0.001; B+SE:
556+136, p<0.001; B+SE: 18569, p=0.007; B=SE: 38+20, p=0.061, respectively) and SUA had an independent incremental association with WBC
(B+SE: 115443, p=0.008), N (B+SE: 107+38, p=0.005) and M (B+SE: 26+6, p<0.001). Hypertension had an independent incremental association with
WBC (B+SE: 431+140, p=0.002) and N (B+SE: 315+118, p=0.008). Male gender had an independent incremental association with only M (B+SE:
52+20, p=0.010). Family history of CAD had an independent decremental association with WBC (B+SE: -327+139, p=0.019) and N (B+SE: -326+121,
p=0.007). Finally, age had an independent decremental association with WBC (B+SE: -32+7, p<0.001) and L (B+SE: -16+3, p<0.001). The N/L ratio
was independently related with increased age (p<0.001), FPG (p=0.003) and SUA (p=0.012).

Conclusion: Our study results demonstrate that leukocyte subtypes have different specific associations with traditional CVRFs. We found that
FPG affects specifically N while SUA affects specifically N and M, and current smoking affects nonspecifically on all cell subtypes. While
hypertension with N and male gender with M were specifically related, age and family history of CAD were only related to L. These different
interactions may lead to different endothelial damage and vascular repair mechanisms. (Anadolu Kardiyol Derg 2011; 11: 573-81)

Key words: Coronary artery disease, inflammatory cells, neutrophil, monocyte, lymphocyte, cardiovascular risk factors, neutrophil-to-lympho-
cyte ratio, regression analysis

Address for Correspondence/Yazisma Adresi: Dr. Sinan Altan Kocaman, Gazi Universitesi Tip Fakiiltesi, Kardiyoloji Anabilim Dali,
Besevler, 06500, Ankara- Turkey Phone: +90 312 202 56 29 Fax: +90 312 212 90 12 E-mail: sinanaltan@gmail.com )
The work partly presented at the 25. National Congress of the Turkish Society of Cardiology as a poster presentation, 22-25 October, 2009, Istanbul, Turkey.
Tiirk Kardiyol Dern Arg 2009; 37:109-241[P-189].
Accepted Date/Kabul Tarihi: 07.06.2011 Available Online Date/Cevrimici Yayin Tarihi: 12.09.2011
©Telif Hakki 2011 AVES Yayincilik Ltd. Sti. - Makale metnine www.anakarder.com web sayfasindan ulagilabilir.

©Copyright 2011 by AVES Yayincilik Ltd. - Available on-line at www.anakarder.com
doi:10.5152/akd.2011.158



574

Kocaman et al.
Circulating specific leukocyte subtypes

Anadolu Kardiyol Derg
2011; 11: 573-81

OZET

Amac: Aterosklerozun patogenezi ¢ok faktdrliidiir, bununla birlikte enflamasyon hiicrelerinin bu siiregteki etkin rolleri iyi bilinmektedir. Farkli gele-
neksel kardiyovaskiiler risk faktorleri (KVRF) Iokosit alt tipleri Gizerine 6zgiil olarak farkli etkilere sahip olabilirler ve bu ézel etkilesimler degdisen
endotel hasari ve vaskiiler onarim mekanizmalariyla farkli vaskiiler tutulum sekillerine sebep olabilir. Bu ¢alismanin amaci I6kosit alt tipleri ve gele-
neksel KVRF arasinda 6zgil bir iligkinin var olup olmadi§ini incelemek ve olasi iligkilerin bagimsizhigini degerlendirmekti.

Yontemler: Calisma gdzlemsel ve enine-kesitli olarak planlandi. Calisma popiilasyonu hastanemize ayaktan bagvuran ve koroner arter hastalg
(KAH) siiphesi ile koroner anjiyografileri yapilmis hastalardan olusturuldu. Koroner arter hastaligi ya da normal koroner arterleri (NKA) olan 677
ardigik, calisma kriterlerine uygun hasta dahil edildi. Geleneksel KVRF'leri, demografik 6zellikler ve aglik kan sekeri (AKS), kreatinin, serum {rik asit
(SUA) diizeyi ve lipit diizeylerinin periferik kan toplam enflamasyon hiicre sayisi (WBC, lokositler) ve nétrofil (N), lenfosit (L) ve monositleri (M)
iceren alt tiplerinin sayilari ile olan iligkileri arastirildi. Bagimli degisken olarak total I6kosit sayisi, alt tipleri ve artmig vaskaiiler risk ve olaylar ile
iliskili oldugu ortaya konmus olan nétrofil/lenfosit orani (N/L orani), KVRFlerinin ve KAH'nin varligi ya da yoklugu ile belirlenen gruplarda tek degis-
kenli ve daha sonra ¢ok degiskenli analizler ile arastirldi.

Bulgular: Lokosit alt tiplerinin bagimsiz 6ngdriiciilerini belirlemek igin goklu regresyon analizleri gergeklestirdigimizde, AKS'nin WBC (B+SE:4.2+1.4,
p=0.004) ve N (B+SE:4.2+1.2, p=0.001) ile bagimsiz arttirici bir iligkiye sahip oldugunu bulduk. Aktif sigara icimi WBC ve tiim hiicre alt tipleri ile bagim-
siz bir arttirici iligkiye sahipti (WBC, N, L ve M igin: 748161, p<0.001; B+SE: 556136, p<0.001; p+SE: 185+69, p=0.007 ve B+SE: 3820, p=0.061, sirasiyla)
ve SUA diizeyi WBC (B+SE: 115243, p=0.008), N (B+SE: 107+38, p=0.005) ve M (B+SE: 266, p<0.001) ile bagimsiz artirici bir iliskiye sahipti.
Hipertansiyon WBC (B+SE: 431140, p=0.002) ve N (B+SE: 315+118, p=0.008) ile artisimsal bir iliskiye sahipti. Erkek cinsiyet yalniz monosit sayisi ile
artisimsal bir iligkiye sahipti B+SE: 52+20, p=0.010). Koroner arter hastaligi igin aile dykiisii WBC (B+SE: -327+139, p=0.019) ve N (B+SE: -326+121,
p=0.007) sayisi ile ters iliskiye sahipti. Son olarak, yas WBC (B+SE: -32+7, p<0.001) ve L (B+SE: -16+3, p<0.001) ile bagimsiz azaltici bir iligkiye sahip-
ti. Artmis yas, AKS ve Urik asit bagimsiz olarak N/L orani ile ilikiliydi (p<0.001; p=0.003; p=0.012, sirasiyla).

Sonug: Bizim ¢alisma sonugclarimiz I6kosit alt tiplerinin geleneksel KVRF'leri ile farkli 6zgiil iligkilere sahip oldugunu ortaya koymaktadir. Biz SUA'nin
0zgiil olarak N ve M'leri etkiledigi ve aktif sigara igiminin 6zgiil olmayan bir sekilde tiim hiicre alt tiplerini etkilerken, AKS'nin 6zgiil olarak N'leri
etkiledigini bulduk. Hipertansiyon N ile ve erkek cinsiyet M ile 6zgiil olarak iliskiliyken, yas ve KAH igin aile dykiisii varligi sadece L ile iligkiliydi. Bu
farkli iligkiler farkl endotel hasari ve vaskiiler onarim mekanizmalarina yol agabilir. {fAnadolu Kardiyol Derg 2011; 11: 573-81)

Anahtar kelimeler: Koroner arter hastalifi, enflamasyon hiicreleri, nétrofil, monosit, lenfosit, kardiyovaskiiler risk faktdrleri, nétrofil-lenfosit

orani, regresyon analizi

Introduction

In recent years, it has been recognized that atherosclerosis
is an active, chronic inflammatory process. Inflammation is a
critical feature of atherosclerosis and its clinical manifestations.
The pathogenesis of atherosclerosis is multifactorial; however,
the effector roles of inflammatory cells in this process are well
known (1).

Although leukocyte subtypes play a crucial role in athero-
sclerosis (2-4), little attention has been paid to the different
relationships of leukocyte subtypes with traditional cardiovas-
cular risk factors (CVRFs), demographic properties and bio-
chemical parameters. Different CVRFs may have specifically
different peripheral effects on leukocyte subtype, through which
these particular interactions may induce different vascular
involvement forms due to the altered endothelial damage and
vascular repair mechanisms. These effects may be a prerequi-
site for initiation and progression of the coronary artery disease
(CAD) and may determine the type of vascular lesion with a dif-
ferent inflammatory milieu.

For a long time it has been believed that in vascular system,
the damaged endothelial cells can only be repaired or replaced
by the proliferation and migration of neighboring endothelial
cells (5). However, this concept has changed together with
determination of endothelial progenitor cells (EPC) having both
of stem cell and endothelial cell markers and being able to trans-
form into the endothelial phenotype (6-9). After first time defined
by Asaraha et al. (10), we have more knowledge about their
source, roles, levels and functionality. The peripheral effects of
CVRFs on progenitors were provided by many studies (11-13).

The relationship between leukocytes and increased cardio-
vascular risk is well known. Horne et al. (14) have aimed to deter-
mine the predictive ability of total white blood cell (WBC) count
and its subtypes for risk of death or myocardial infarction (MI) and
found that high neutrophil (N), monocyte (M) and low lymphocyte
(L) counts as well as high N/L ratio are independently related to
increased cardiovascular events. These findings were supported
by other studies (15-17). However, there are no studies on spe-
cific relationships between the inflammatory cells of atheroscle-
rosis and traditional CVRFs focusing particularly on N, L and M as
well as total circulating inflammatory cell count (WBC, white
blood cell count, leukocyte).

The aim of the present study was to investigate whether
there is any specific relationship between the leukocyte subtype
counts and the traditional CVRF, biochemical parameters and to
evaluate the independency of possible relationships.

Methods

Study design and patients

This study has a cross-sectional and observational design.
The Local Ethics review board approved the study protocol. All
the patients had given informed consent before the study. The
study population consisted of the patients who underwent coro-
nary angiography with a suspicion of CAD at Gazi University
School of Medicine in an outpatient manner between October
2005 and June 2006. The study population consisted of 677 eli-
gible consecutive patients. Five hundred and eight (75%) of 677
patients had CAD (men 76%, mean age: 60+10 years). One hun-
dred sixty nine patients (25%) had normal coronary arteries
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(NCA) without any stenotic lesion with visual assessment (men
53%, mean age: 5311 years).

As a dependent variable, total leukocyte count and subtypes,
and neutrophil/lymphocyte were investigated in the groups
determined by the presence or absence of CVRFs and CAD.

Total and differential leukocyte counts and biochemical
markers, which were obtained at most one week before coro-
nary angiography, were used for analyses. Patients with symp-
tomatic peripheral vascular disease (transient ischemic attack,
stroke, intermittent claudication, peripheral revascularization, or
amputation), evidence of ongoing infection or inflammation,
recent acute coronary syndrome either with or without
ST-segment elevation (one month before enrollment), hemato-
logical disorders, known malignancy and drug history included
anti-gout agent were excluded from the study.

Clinical variables and cardiovascular risk factors

Baseline characteristics were recorded during the direct
interview with the patient. Hypertension was defined as the
active use of antihypertensive drugs or documentation of blood
pressure more than 140/90 mmHg. Diabetes mellitus was defined
as fasting plasma glucose (FPG) levels over 126 mg/dl or glucose
level over 200 mg/dl at any measurement or active use antidia-
betic treatment. Smoking was defined as current smoking. The
family history for CAD was defined as a history of CAD or sudden
deathin a first-degree relative before the age of 55 years for men
and 65 years for women.

Traditional CVRFs were defined as presence of hyperten-
sion, diabetes mellitus, smoking status, and family history for
CAD. Demographic properties included age and gender, and bio-
chemical parameters included fasting plasma glucose (FPG),
creatinine, serum uric acid level (SUA) and lipids. Baseline char-
acteristics, predictor variables - presence of CAD and CVRFs,
outcome variables - leukocyte count and subtypes were includ-
ed the analyses.

Laboratory analyses

Fasting blood glucose, serum creatinine, total cholesterol,
HDL- cholesterol, LDL- cholesterol, and triglyceride levels were
recorded. Blood samples were drawn by venipuncture to per-
form routine blood chemistry. Serum uric acid (SUA) levels were
determined with enzymatic colorimetric method by clinical
chemistry auto-analyzer (Aeroset, Abbott Laboratory, Abbott
Park, IL, USA). Total and differential leukocyte counts were mea-
sured by an automated hematology analyzer (Coulter Gen-S,
COULTER Corp, Miami, USA). Absolute cell counts were used in
the analyses.

Statistical analysis

The SPSS statistical software (SPSS 15.0 for windows, Inc.,
Chicago, IL, USA) was used for all statistical calculations.
Continuous variables are given as meanxSD; categorical vari-
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ables are defined as percentage. Data were tested for normal
distribution using the Kolmogorov-Smirnov test. The Student's
t-test was used for the univariate analysis of the continuous
variables and the Chi-square test for the categorical variables.
Firstly, the inflammatory status of study population was assessed
by Student’s t-test as an univariate analysis between NCA and
CAD groups. After then, to compare the effect of each risk factor
on each leukocyte subtype, we performed univariate analyses
including Student’s t-test and ANOVA, in which different groups
were determined by FPG and the quartiles for SUA levels (for
categories of FPG: <100mg/dl, 100-126mg/dl and >126mg/dl and
for quartiles of SUA: Q1, 1.5-4.1 mg/dl; Q2, 4.2-5.0 mg/dl; Q3, 5.1-
6.2 mg/dl; Q4, 6.3-12.9 mg/dl). Lastly, we performed multiple lin-
ear regression models to assess multivariate relations between
total and differential leukocyte counts and the CVRFs in all
patients and also separately in NCA and CAD groups.

All tests of significance were two-tailed. Statistical signifi-
cance was defined as p<0.05.

Results

Inflammatory cells and presence of CAD (Table 1)

When the inflammatory status of study population was
assessed according to circulating inflammatory cells, WBC
(p<0.001), N (p<0.001) and M (p<0.001) were higher in patients
with CAD than those with NCA. Lymphocytes were not signifi-
cantly different between two groups.

The univariate relationships of leukocyte subtypes

with CVRFs (Table 2)

When the effects of each risk factor on each leukocyte sub-
type were compared in univariate analyses the following rela-
tionships were observed: age with L (p=0.001) negatively, male
gender with M (p<0.001) positively, hypertension with N (p=0.021)
positively, current smoking with N, L and M positively (p<0.001;
p<0.001; p=0.005, respectively), family history of CAD with N
(p=0.017) negatively, the categories for fasting plasma glucose
with N positively (<100mg/dl, 100-126mg/dl and >126mg/dI,
p=0.003), and the quartiles for SUA with M positively (Q1 to Q4,
p<0.001). While diabetes mellitus was positively related with N,
(p=0.019) and especially in patients with NCA was negatively
related with M. This reverse relation, which was confined to
NCA group was also verified by multivariate analysis. Lipids,
creatinine and other biochemical parameters except SUA and
FPG were not significantly related to leukocyte subtypes.

The multivariate relationships of leukocyte subtypes with

CVRFs (Tables 3-7)

When we performed multiple linear regression analyses to
determine the independent associations of inflammatory cell
subtypes, we have found that FPG had an independent incre-
mental association with WBC (B+SE:4.2+1.4, p=0.004) and N
(B+SE:4.2+£1.2, p=0.001). Current smoking had an independent
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Table 1. Characteristics of the study population

Variables NCA CAD p*
(n=169) (n=508)
Age, years 5311 60+10 <0.001
Gender, male, % 53 76 <0.001
Hypertension, % 53 59 0.08
Diabetes mellitus, % 17 29 <0.001
Family history, % 28 32 NS
Smoking, current, % 46 57 0.002
Total cholesterol, mg/dl 202+40 188+41 <0.001
LDL, mg/dI 123+32 116+35 0.001
HDL, mg/dI 46+12 43+10 <0.001
Triglycerides, mg/dl 164+89 147+76 0.002
Fasting plasma glucose, mg/dl| 103+25 127156 <0.001
Serum creatinine, mg/dl 1.0+£0.5 1.2£1.1 <0.001
Serum uric acid, mg/dl 4.69+1.35 5.59+1.66 | <0.001
Hemoglobin, mg/dl 14.0£1.7 13.9+1.8 NS
Platelets, 103/mm-3 243+72 247+77 NS
Leukocytes, mm-3 6959+1669 | 81172530 | <0.001
Neutrophils, mm-3 4084+1327 | 5100+£2331 | <0.001
Lymphocytes, mm-3 2170+683 2178+795 NS
Monocytes, mm-3 506+150 594+234 <0.001
Medications
Aspirin, % 60 70 NS
ACEi/ARB, % 44 52 NS
Calcium channel blockers, % 30 40 NS
B-blockers, % 38 36 NS
Statin, % 30 36 NS
Continuous variables are given as mean + SD and categorical variables are presented
as percentage values
*unpaired Student’s t-test and Chi-square test
ACEi - angiotensin-converting enzyme inhibitors, ARB - angiotensin |l receptor blockers,
CAD - coronary artery disease, HDL - high density lipoprotein, LDL - low density lipopro-
tein, NCA - normal coronary arteries

incremental association with WBC and all cell subtypes (for
WBC, N, L, and M: B+SE: 748+161, p<0.001; p+SE: 556+136,
p<0.001; B+SE: 185+69, p=0.007; p+SE: 38+20, p=0.061, respec-
tively). SUA had an independent incremental association with
WBC (B+SE: 115+43, p=0.008), N (B+SE: 107+38, p=0.005) and M
(B+SE: 26+6, p<0.001). Hypertension had an independent incre-
mental association with WBC (B+SE: 431+140, p=0.002) and N
(B+SE: 315118, p=0.008). Male gender had anindependentincre-
mental association with only M (B+SE: 52+20, p=0.010). Family
history of CAD had an independent decremental association with
WBC (B+£SE: -327+139, p=0.019) and N (B+SE: -326+121, p=0.007).
Finally, age had an independent decremental association with
WBC (B+SE: -32+7, p<0.001) and L (B+SE: -16+3, p<0.001). Similar
results were also obtained separately in both NCA and CAD sub-
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groups. The N/L ratio was independently related with increased
age (p<0.001), FPG (p=0.003) and SUA (p=0.012).

Discussion

Our study results demonstrate that leukocyte subtypes have
different specific associations with traditional CVRFs.

We found that FPG affects specifically N while SUA affects
specifically N and M, and current smoking affects nonspecifi-
cally on all cell subtypes. While hypertension with N and male
gender with M were specifically related, age and family history
of CAD were only related to L. Furthermore, these relationships
were independent of all confounding factors and CAD.

In an additional analysis, we also as a dependent variable
searched the N/L ratio which has been found to being related with
increased vascular risk and events in previous studies (14-17) and
found that it was independently related with increased age, FPG
and SUA.

Atherosclerosis is a multifactorial disease, with hypertension,
dyslipidemia, dysglycemia, smoking and other CVRFs. These fac-
tors cause endothelial injury and contribute to pathogenesis.

Atherosclerosis develops as a process occurring in vessel
wall, which begins with an active cellular and passive infiltrative
response to endothelial injury. Endothelial dysfunction is char-
acterized with dysfunction and loss of monolayer cells covering
the inside of the vessels, which is endothelium. Endothelial dys-
function is the first stage in atherosclerosis. The regenerative
capacity of endothelium provides protection against atheroscle-
rosis. Failure of the endothelial repair initiates atherosclerotic
inflammation and lesion formation, so-called plaque, especially
in non-laminar flow stress points in vascular bed (18).

In recent years, it has been recognized that atherogenesis
represents an active, inflammatory process rather than simply
passive injury with infiltration of lipids and other substances in
blood (19-22). Inflammation plays a critical key role in CAD and
other manifestations of atherosclerosis, in which immune mecha-
nisms interact with metabolic risk factors and hemodynamics to
initiate, propagate, and activate lesions in the arterial tree (23).
Leukocytes play a major role in these inflammatory processes
(24), which may be reparative or pathogenic in nature. The micro-
environments produced by CVRFs may determine these roles.
Inflammatory cells dominate in early atherosclerotic lesions. Their
functional molecules accelerate progression of the lesions, and
can elicit acute coronary syndromes. Monocytes (macrophages
in tissue) and T-lymphocytes are prevalent and pathogenic within
unstable plaques. The pathogenesis of atherosclerosis is multifac-
torial; however, the effector roles of inflammatory cells for plaque
formation is clear (1).

Blood-borne inflammatory and immune cells constitute an
important part of an atheroma. Chapman et al. (25) found that an
inflammatory cell subtype count, monocyte count, in blood was
a better cross-sectional marker for the presence of atheroscle-
rotic plaque than interleukine-6 (IL-6), high-sensitive C-reactive
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Table 2. The changes in leukocyte subtypes according to traditional cardiovascular risk factors
Risk factors WBC, mm3 p/F* |  Neutrophils, mm3 | p//* | Lymphocytes, nm3 | p//* | Monocytes, nm3 | p/F*
Age Overall | 73161686 | 7336+1577 | 0.916 | 4217£1397 | 4436+1376 | 0.164 | 2367+673 | 2099+700 | 0.001 | 538+161 | 553+193 | 0.492
<45 years NCA | 7029+1753 | 6847+1538 | 0477 | 4138+1446 | 4011+1243 | 0.554 | 2219+603 | 2122+702 | 0.366 | 500+141 | 503+147 | 0.885
>45 years CAD | 7872+1416 | 74541557 | 0.152 | 4371+1308 | 4535+1372| 0.525 | 2653+717 | 20964699 | <0.001| 613175 | 565+203 | 0.213
Gender Overall | 7215£1614 | 7381+1578 | 0.206 | 44311453 | 4397+1348 | 0.765 | 2093+721 | 2149693 | 0.335 | 497+163 | 574+196 | <0.001
Female NCA | 6788+1670 | 7007+1539 | 0.356 | 4024+1423 | 4071+1189 | 0.807 | 2114+705 | 2188+637 | 0451 | 459+134 | 544+141 | <0.001
Male CAD | 7537+1498 | 7460+1568 | 0.633 | 4740+1405 | 4462+1351| 0.052 | 2078+736 | 2143+704 | 0.379 | 526+176 | 581+207 | 0.010
Hypertension Overall | 72111563 | 7395+1610 | 0.162 | 4242+1259 | 4499+1426 | 0.021 | 21964666 | 2102+743 | 0.114 | 542+189 | 551+193 | 0.572
Absent NCA | 6758+1576 | 7038+1575 | 0.249 | 3918+1189 | 4140+1341| 0.255 | 2138587 | 2185+750 | 0.648 | 510+141 | 501147 | 0.675
Present CAD | 7429+1514 | 7507+1594 | 0617 | 4399+1265 | 4605+1406 | 0.124 | 2224+701 | 2078+737 | 0.043 | 558+207 | 569+205 | 0.618
Diabetes Mellitus| Overall | 7244+1665 | 7534+1520 | 0.053 | 4315+1355 | 4616+1387 | 0.019 | 21464706 | 2124+733 | 0.744 | 548+189 | 543+198 | 0.771
Absent NCA | 69631630 | 6577+1222 | 0.261 | 40711323 | 3811+895 | 0.345 | 2169+701 | 2140+522 | 0.844 | 519+145 | 424+104 | 0.002
Present CAD | 7383+1592 | 7695+1483 | 0.060 | 4436+1356 | 4736+1355| 0.038 | 2135+709 | 2132+763 | 0971 | 563+207 | 566+205 | 0.901
Smoking, current| Overall | 7100+1551 | 8019+1490 |<0.001 | 4260+1357 | 4813+1282|<0.001| 2070+694 | 2375:720 | <0.001| 535+191 | 587+186 | 0.005
Absent NCA | 6545+1440 | 8039+1391 |<0.001| 3820+1229 | 4731+1137 | <0.001| 2050+646 | 2504+641 | <0.001| 488+142 | 557+135 | 0.006
Present CAD | 7308+1529 | 8011+1536 |<0.001 | 4418+1341 | 4846+1340| 0.005 | 2081+710 | 2321+747 | 0.004 | 553+204 | 599+207 | 0.051
Family history | Overall | 73981566 | 7145+1629 | 0.068 | 4480+1373 | 4198+1318| 0.017 | 2149+730 | 2130+674 | 0.758 | 544+187 | 552+200 | 0.653
of CAD
Absent NCA | 6976+1631 | 6733+1446 | 0.335 | 4130+£1340 | 3809+1074| 0.129 | 2136683 | 22244655 | 0435 | 512+143 | 488+143 | 0.318
Present CAD | 7566+1494 | 7294+1669 | 0.090 | 4612+1334 | 4338+1372| 0.048 | 2160+747 | 2095680 | 0.391 | 558+202 | 575+212 | 0.421
Fasting plasma | Overall | 7185+ | 7341+ | 7646+ | 0.015 | 4259+ | 4402+ | 4734+| 0003 | 2164+ | 2115+ | 2125+ | 0.721 | 542+| 559+ | 554+ | 0.596
glucose 1620 | 1562 | 1548 | F=4.2 | 1393 | 1305 | 1408 | F=6.0 | 695 696 | 772 | F=03| 189 | 178 | 213 | F=05
T1 (<100 mg/dI) NCA | 7018+ | 6785+ | 6873+ | 0698 | 4111+ | 3981+| 4030+ | 0.844 | 2209+ | 2077+ | 2163+| 0533 | 498+| 519+ | 418+ | 0.561
T2 (100-126 mg/dl) 1738 | 1385 | 1417 | F=04 | 1454 | 1079 | 948 | F=02 | 718 637 | 524 | F=06| 143 | 145 | 134 | =06
T3 (>126 mg/dI) CAD | 7275+ | 7521+ | 7715+ | 0.038 | 4339+ | 4539+ | 4784+ | 0.016 | 2140+ | 2127+ | 2132+ | 0.986 | 566+ | 572+ | 562+ | 0.922
1549 | 1578 | 1486 | F=33 | 1357 | 1346 | 1378 | F=42 | 683 75 | 792 | F=001| 207 | 186 | 220 |F=0.08
Serum uric acid | Overall {7025+ | 7254+| 7505+ | 7450+ | 0.037 | 4247+ |4293+ | 4471+| 4573+ | 0.145| 2094+ | 2151+| 2249+ | 2007+ |0.029 | 479+ | 554+ | 569+ | 607+| <0.001
Q1 (1.5-4.1 mg/dl) 1673 | 1431|1589 | 1526 |F=2.9| 1498 | 1187 | 1347 | 1396 |F=1.8| 733 | 695 | 741 | 623 |F=3.0| 163 | 176 | 195 | 222 | F=114
Q2 (4.2-50mg/dl) | NCA |6780+ | 6721|7454+ | 7289+ 0.143 |4031+| 3977+ | 4265+ | 4150+ | 0.800| 2117+|2015+| 2418+ | 2305+ | 0.051 | 443+ | 494+ | 556+ | 616+ <0.001
Q3 (5.1-6.2 mg/dl) 1742 | 1585 | 1398 | 1272 |F=1.8| 1567 | 1145 | 1041 | 1175 |F=03| 663 | 630 | 671 | 662 |F=2.7| 127 | 124 | 129 | 147 | F=105
Q4 (6.3-129mg/dl)| CAD |7212+ | 7455+|7519+ | 7471+ 0.535 | 4411+ | 4413+ | 4529+ | 4628+ | 0.558| 2076|2202+ | 2203+ | 2968+ | 0.033 | 507+ | 553+ | 597+ | 605+ 0.003
1604 | 1322 | 1644 | 1559 |F=0.7| 1431 | 1187 | 1420 1417 |F=06| 786 | 713 | 755 | 609 |F=3.0| 183 | 188 | 209 | 230 | F=4.7
Continuous variables are given as meanSD (in mm-3)
*unpaired Student's t-test and ANOVA test
CAD - coronary artery disease, NCA - normal coronary arteries, WBC - white blood cell (leukocyte) counts, Q1 to Q4 are quartiles for serum uric acid and T1 to T3 are tertiles for fasting plasma glucose

protein (hsCRP), fibrinogen, and white blood cells. Furthermore,
Johnsen et al. (26) showed that monocyte count was an inde-
pendent predictor of future atherosclerotic plaque formation.
Except the patients with chronic kidney disease, cross-sectional
studies reported increased numbers of circulating monocytes in
individuals with prevalent atherosclerotic disease (27, 28).
Additionally, prospective studies suggested that monocyte count
can predict cardiovascular events independently (29, 30).
Recent research has focused on the use of inflammatory
biomarkers and cells (31) in the prediction of cardiovascular

risk. However, information is scant regarding the association
between particularly these inflammatory cells and CVRFs. To our
knowledge, our study is the first report focusing on the specific
relationships between CVRFs and leukocyte subtypes.

A recent research has shown that WBC count has signifi-
cant correlation with fasting (32) and postprandial glucose (33).
In another study, SUA was significantly and independently asso-
ciated with neutrophil count (34). In a recently published study,
hyperlipidemia-triggered neutrophilia was shown to promote
early atherosclerosis (35).
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Table 3. Effects of demographical and traditional cardiovascular risk factors, and laboratory parameters on leukocyte (white blood cell) count in blood

Variables Overall (n=677) CAD (n=541) NCA (n=136)

p+SE | Standardized | p* p+SE |Standardized | p* p+SE Standardized p*

coefficients coefficients coefficients

Age, years -32+7 -0.214 <0.001 -3148 -0.199 <0.001 -29+13 -0.194 0.022
Hypertension, + 4311140 0.136 0.002 | 321+168 0.102 0.056 7631254 0.244 0.003
Current smoking, + 748+161 0.202 <0.001 | 554+192 0.151 0.004 1122+292 0.311 <0.001
Family history of CAD, + -327+139 -0.097 0.019 | -311+164 -0.095 0.058 | -463+272 -0.135 0.091
Fasting plasma glucose, mg/dl | 4.2+1.4 0.125 0.004 4.7+1.5 0.159 0.002 -8.7+6 -0.109 NS
SUA, mg/dI 11543 0.114 0.008 94+49 0.098 0.054 234+100 0.180 0.021
CAD, + 574+162 0.164 <0.001
Constant 7260+455 <0.001 | 7985607 <0.001 | 7675+962 <0.001
R2 0.145 0.106 0.231
*Linear regression with stepwise method: dependent variable - leukocyte count, independent variables- age, gender, HT, DM, current smoking, family history of CAD, total cholesterol,
LDL, HDL, triglyceride, fasting plasma glucose, creatinine, SUA and presence of CAD
After exclusion of gender, DM, total cholesterol, LDL, HDL, triglyceride and creatinine variables from model, linear regression with enter method was performed
p+SE- Betaxstandard error, CAD - coronary artery disease, DM - diabetes mellitus, HDL - high density lipoprotein, HT - hypertension, LDL - low density lipoprotein, NCA - normal coro-
nary arteries, SUA - serum uric acid level

Table 4. Effects of demographical and traditional cardiovascular risk factors, and laboratory parameters on neutrophil count in blood

Variables Overall (n=677) CAD (n=541) NCA (n=136)

p+SE | Standardized | p* p+SE |Standardized | p* p+SE Standardized p*

coefficients coefficients coefficients

Hypertension, + 315118 0.116 0.008 | 277+143 0.101 0.054 | 447+221 0.176 0.036
Current smoking, + 556+136 0.176 <0.001 | 438+164 0.137 0.008 797+243 0.271 0.001
Family history of CAD, + -326+121 -0.114 0.007 | -323+144 -0.113 0.026 | -441+230 -0.159 0.058
Fasting plasma glucose, mg/dl | 4.2+1.2 0.153 0.001 4.7+1.3 0.190 <0.001 -5.9+5 -0.091 NS
SUA, mg/dI 107+38 0.124 0.005 109+43 0.129 0.012 115+86 0.110 NS
CAD, + 268+134 0.089 0.047
Constant 2905+256 <0.001 | 3152+318 <0.001 | 3799+669 <0.001
R2 0.107 0.081 0.127

glucose, creatinine, SUA and presence of CAD

nary arteries, SUA - serum uric acid level

*Linear regression with stepwise method: dependent variable - neutrophil count, independent variables- age, gender, HT, DM, total cholesterol, LDL, HDL, triglyceride, fasting plasma

After exclusion of age, gender, DM, total cholesterol, LDL, HDL, triglyceride and creatinine variables from model, linear regression with enter method was performed
B+SE- Betazstandard error, CAD - coronary artery disease, DM - diabetes mellitus, HDL - high density lipoprotein, HT - hypertension, LDL - low density lipoprotein, NCA - normal coro-

In another recent study, Tian et al. (36) searched the asso-
ciation between circulating specific leukocyte types and blood
pressure and found that blood pressure is specifically related to
N and L. Kawada et al. (37) showed an independent relationship
between N and hypertension. In the study by Yen et al., the
investigators searched the relation between hsCRP standard
CVRFs and WBC, neutrophils and monocytes. Although SUA and
L were not included analyses, several overlapping results were
obtained in multivariate analyses. While hsCRP was related to
nonspecifically all CVRFs, glucose was only related with N.
Smoking was, in a manner consistent with our findings, related
with WBC, N and M nonspecifically. Other than these, diastolic
blood pressure, body mass index, lipids were related WBC, N

and M (38). In our opinion, SUA could change the specificity of
these relationships and this is a limitation for their multivariate
analyses. Lavi et al. (39) searched the effect of smoking status
on leukocyte subtypes and found that smoking was related with
WBC, N, L and M. Although, in these studies, the investigators
had not focused specifically on the relationship between leuko-
cyte subtypes and CVRFs, their findings were consentient with
our results.

The specific detrimental peripheral effects of CVRFs on circulat-
ing leukocyte subtypes and also on vascular progenitors (11, 12) are
important to be recognized in the pathogenesis of atherosclerosis.
Since these different effects may lead to different kinds of defects in
endothelial function and vascular repair mechanisms, solutions that
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Table 5. Effects of demographical and traditional cardiovascular risk factors, and laboratory parameters on lymphocyte count in blood

Variables Overall (n=677) CAD (n=541) NCA (n=136)

p+SE | Standardized | p* p+SE |Standardized | p* p+SE Standardized p*

coefficients coefficients coefficients

Age, years -16+3 -0.251 <0.001 -20+4 -0.274 <0.001 -8.3+5 -0.132 0.093
Current smoking, + 185+69 0.112 0.007 108+83 0.063 NS 384+122 0.247 0.002
CAD, + 114167 0.072 0.089 - - - - - -
Constant 2970+164 - <0.001 | 3313+223 - <0.001 | 2497+270 - <0.001
R2 0.084 0.089 0.100
*Linear regression with stepwise method: dependent variable -lymphocyte count, independent variables- age, gender, HT, DM, current smoking, family history of CAD, total cholesterol,
LDL, HDL, triglyceride, fasting plasma glucose, creatinine, SUA and presence of CAD
After exclusion of gender, DM, HT, family history of CAD, total cholesterol, LDL, HDL, triglyceride, fasting plasma glucose, creatinine and SUA variables from model, linear regression with
enter method was performed
B+SE- Betazstandard error, CAD - coronary artery disease, DM - diabetes mellitus, HDL - high density lipoprotein, HT - hypertension, LDL - low density lipoprotein, NCA - normal coro-
nary arteries, SUA - serum uric acid level

Table 6. Effects of demographical and traditional cardiovascular risk factors, and laboratory parameters on monocyte count in blood

Variables Overall (n=677) CAD (n=541) NCA (n=136)

p+SE Standardized | p* p+SE |Standardized | p* p+SE Standardized p*

coefficients coefficients coefficients

Gender, male 52+20 0.121 0.010 52+28 0.102 0.061 50+23 0.175 0.032
Diabetes mellitus, + 15+19 0.033 NS 37+24 0.081 NS -77+29 -0.198 0.008
Current smoking, + 3820 0.082 0.061 3726 0.074 NS 34+25 0.104 NS
SUA, mg/dl 26+6 0.209 <0.001 24+7 0.185 <0.001 3449 0.305 <0.001
CAD, + 29+20 0.068 NS - - - - - -
Constant 340+31 - <0.001 | 373+44 - <0.001 322+40 - <0.001
R2 0.097 0.057 0.264

*Linear regression with stepwise method: dependent variable - monocyte count, independent variables - age, gender, HT, DM, current smoking, family history of CAD, total cholesterol,
LDL, HDL, triglyceride, fasting plasma glucose, creatinine, SUA and presence of CAD

After exclusion of age, HT, family history of CAD, total cholesterol, LDL, HDL, triglyceride, fasting plasma glucose, and creatinine variables from model, linear regression with enter
method was performed

B+SE- Betatstandard error, CAD - coronary artery disease, DM - diabetes mellitus, HDL - high density lipoprotein, HT - hypertension, LDL - low density lipoprotein, NCA - normal coro-
nary arteries, SUA - serum uric acid level

Table 7. Effects of demographical and traditional cardiovascular risk factors, and laboratory parameters on neutrophil / lymphocyte ratio in blood

Variables Overall (n=677) CAD (n=541) NCA (n=136)

p+SE | Standardized | p* (+SE | Standardized | p* B+SE Standardized p*

coefficients coefficients coefficients

Age, years 0.2+0.006 0.156 <0.001 | 0.02+0.01 0.163 0.001 0.02+0.01 0.121 NS
Family history of CAD, + -0.30.1 -0.088 0.041 | -0.3+0.2 -0.088 NS -0.4+0.3 -0.134 NS
Fasting plasma glucose, mg/dl |0.01+0.001 0.129 0.003 |0.01+0.001 0.169 0.001 {-0.003+0.01 -0.041 NS
SUA, mg/dI 0.1+0.04 0.109 0.012 | 0.1£0.04 0.159 0.002 | -0.05+0.1 -0.044 NS
Constant 0.3:0.4 - <0.001 | -0.2+0.5 - NS 1.9+1.0 - 0.048
R2 0.068 0.081 0.036
*Linear regression with stepwise method: dependent variable - neutrophil / lymphocyte ratio, independent variables - age, gender, HT, DM, current smoking, family history of CAD, total
cholesterol, LDL, HDL, triglyceride, fasting plasma glucose, creatinine, SUA and presence of CAD
After exclusion of gender, HT, DM, family history of CAD, presence of CAD, total cholesterol, LDL, HDL, triglyceride, and creatinine variables from model, linear regression with enter
method was performed
B+SE - Betatstandard error, CAD - coronary artery disease, DM - diabetes mellitus, HDL - high density lipoprotein, HT - hypertension, LDL - low density lipoprotein, NCA - normal coro-
nary arteries, SUA - serum uric acid level
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are more specific may be provided by understanding these relation-
ships to protect against the peripheral effects of CVRFs.

The CVRFs have detrimental effects on circulating progeni-
tors, which partially may be related to their peripheral effect on
inflammatory cells and the inflammatory pathological microenvi-
ronment as well as direct detrimental effects on progenitor cells
and blocking effects on the mobilization of progenitors from
bone marrow.

In our opinion, increase in circulating inflammatory cells,
which is induced by some uncontrolled CVRFs may lead to more
complicated diffuse and severe vascular involvement due to the
accelerated progression of atherosclerotic process. The plaque
stabilization providing a specific decrease in leukocyte subtypes
may be achieved by the controlling blood sugar, lowering uric
acid levels and cessation of smoking. In long term, these meth-
ods may provide a decrease in acute and chronic manifesta-
tions of atherosclerosis, such as, triggering of acute coronary
syndromes and recurrent adverse events.

In a recent intracoronary ultrasound study, atherosclerotic
plaque regression and simultaneous inflammatory cell count
suppression were achieved with statin therapy. In this study,
authors concluded that especially monocyte count may serve as
a simple marker of plaque regression with statins. Since athero-
sclerosis is characterized by recruitment of monocytes to the
arterial wall, monocyte count may be a more specific measure-
ment of inflammatory activity in the arterial wall than total leu-
kocyte count (40). In addition, these relationships between risk
factors and inflammatory cell subtypes may also provide a sim-
ple and risk factor-specific hiomarker for follow up in clinical
settings. Therefore, the easily measurable neutrophil, monocyte
counts by automatic counter can be used to determine the
effectiveness of risk factor modification and anti-atherogenic
treatment in clinical practice. In our opinion, if we know which
risk factor is associated with which specific cell subtype, we
can trace a specific cell subtype for related risk factor in indi-
vidual course of patient.

Study limitations

Our study had some limitations. The main limitation of our
study may be the absence of the other inflammatory markers in
the analyses. But, we focused more specifically on the relation-
ship between the circulating inflammatory cell subtypes and the
traditional CVRFs rather than the relationship between leuko-
cyte subtypes and coronary artery disease, therefore hsCRP is
not necessary to search the main goal in current study.

We assessed leukocyte and subtypes by an automatic cell
counter and more specific cell determinations could be per-
formed by a flow cytometer with cluster of differentiation (CDs)
antigens. Another limitation in current study, it is to have not
been done a work for in vitro cell functions, which may be in
reparative or pathological nature for physiologic and pathologi-
cal micro-circumstances. This kind of analysis would probably
provide additional information on atherosclerosis.
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Lastly, in our study, the patients included in the control group
were not completely normal. Although they have angiographi-
cally normal coronary arteries, they still have cardiac risk fac-
tors or may have cardiac syndrome-X. Therefore, the statistical
differences would be difficult to determine between normal and
pathologic group. Otherwise, our study population proved many
significant relations among study groups.

Conclusion

Our findings show special influences of age, FPG, SUA levels
and male gender, current smoking and presence of hypertension
on specific subtypes of circulating inflammatory cells. Further
studies with larger study populations would be warranted to dem-
onstrate whether the risk factor modification and anti-atherogen-
ic treatment could provide simultaneous decrease in specific cell
subtype count and number of adverse clinical events.

Conflict of interest: None declared.

References

1. Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. N Engl J Med 2005; 352: 1685-95. [CrossRef]

2. Gerrity RG. The role of the monocyte in atherogenesis: |. Transition
of blood-borne monocytes into foam cells in fatty lesions. Am J
Pathol 1981; 103: 181-90.

3. Gerrity RG. The role of the monocyte in atherogenesis: Il. Migration of
foam cells from atherosclerotic lesions. Am J Pathol 1981; 103: 191-200.

4. Moreno PR, Falk E, Palacios IF Newell JB, Fuster V, Fallon JT.
Macrophage infiltration in acute coronary syndromes. Implications
for plaque rupture. Circulation 1994; 90: 775-8. [CrossRef]

5. RossR, Glomset J, Harker L. Response to injury and atherogenesis.
Am J Pathol 1977; 86: 675-84.

6. Gulati R, Jevremovic D, Peterson TE, Witt TA, Kleppe LS, Mueske CS,
et al. Autologous culture-modified mononuclear cells confer vascular
protection after arterial injury. Circulation 2003; 108: 1520-6. [CrossRef]

7. He T, Smith LA, Harrington S, Nath KA, Caplice NM, Katusic ZS.
Transplantation of circulating endothelial progenitor cells restores
endothelial function of denuded rabbit carotid arteries. Stroke
2004, 35: 2378-84. [CrossRef]

8. Rauscher FM, Goldschmidt-Clermont PJ, Davis BH, Wang T, Gregg
D, Ramaswami P et al. Aging, progenitor cell exhaustion, and
atherosclerosis. Circulation 2003; 108: 457-63. [CrossRef]

9. Wassmann S, Werner N, Czech T, Nickenig G. Improvement of
endothelial function by systemic transfusion of vascular progenitor
cells. Circ Res 2006; 99: e74-83. [CrossRef]

10. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, et
al. Isolation of putative progenitor endothelial cells for angiogenesis.
Science 1997; 275: 964-7. [CrossRef]

11. Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C, Martin H, et
al. Number and migratory activity of circulating endothelial
progenitor cells inversely correlate with risk factors for coronary
artery disease. Circ Res 2001; 89: E1-7. [CrossRef]

12. Hill JM, Zalos G, Halcox JP Schenke WH, Waclawiw MA, Quyyumi
AA, etal. Circulating endothelial progenitor cells, vascular function,
and cardiovascular risk. N Engl J Med 2003; 348: 593- 600.
[CrossRef]


http://dx.doi.org/10.1056/NEJMra043430 
http://dx.doi.org/10.1016/0021-9150(94)93016-3 
http://dx.doi.org/10.1016/S0735-1097(03)82895-4 
http://dx.doi.org/10.1161/01.STR.0000141893.33677.5d 
http://dx.doi.org/10.1161/01.CIR.0000082924.75945.48 
http://dx.doi.org/10.1161/01.RES.0000246095.90247.d4 
http://dx.doi.org/10.1126/science.275.5302.964 
http://dx.doi.org/10.1161/hh1301.093953 
http://dx.doi.org/10.1056/NEJMoa022287 

Anadolu Kardiyol Derg
2011; 11: 573-81

13.

20.

21.

22.

23.

24,

25.

26.

Turan RG, Brehm M, Koestering M, Tobias Z, Bartsch T, Steiner S,
et al. Factors influencing spontaneous mobilization of CD34+ and
CD133+ progenitor cells after myocardial infarction. Eur J Clin
Invest 2007; 37: 842-51. [CrossRef]

Horne BD, Anderson JL, John JM, Weaver A, Bair TL, Jensen KR,
et al. Intermountain Heart Collaborative Study Group. Which white
blood cell subtypes predict increased cardiovascular risk? J Am
Coll Cardiol 2005; 45:1638-43. [CrossRef]

Nafez J, Nafez E, Bodi V, Sanchis J, Mifiana G, Mainar L, et al.
Usefulness of the neutrophil to lymphocyte ratio in predicting long-
term mortality in ST segment elevation myocardial infarction. Am J
Cardiol 2008; 101: 747-52. [CrossRef]

Papa A, Emdin M, Passino C, Michelassi C, Battaglia D, Cocci E
Predictive value of elevated neutrophil-lymphocyte ratio on
cardiac mortality in patients with stable coronary artery disease.
Clin Chim Acta 2008; 395: 27-31. [CrossRef]

Sabatine MS, Morrow DA, Cannon CP Murphy SA, Demopoulos LA,
DiBattiste PM, et al. Relationship between baseline white blood
cell count and degree of coronary artery disease and mortality in
patients with acute coronary syndromes: a TACTICS-TIMI 18 (Treat
Angina with Aggrastat and determine Cost of Therapy with an
Invasive or Conservative Strategy- Thrombolysis in Myocardial
Infarction 18 trial) substudy. J Am Coll Cardiol 2002; 40: 1761-8.
[CrossRef]

Gimbrone MA Jr, Topper JN, Nagel T, Anderson KR, Garcia-
Cardefia G. Endothelial dysfunction, hemodynamic forces, and
atherogenesis. Ann N'Y Acad Sci 2000; 902: 230-9. [CrossRef]
Ross R. Atherosclerosis-an inflammatory disease. N Engl J Med
1999; 340: 115-26. [CrossRef]

Libby P Vascular biology of atherosclerosis: overview and state of
the art. Am J Cardiol 2003; 91: 3A-6A. [CrossRef]

Libby P Molecular basis of the acute coronary syndromes.
Circulation 1995; 91: 2844 -50.

Falk E, Shah P, Fuster V. Coronary plaque disruption. Circulation
1995; 92: 657-71. [CrossRef]

Tomiyama H, Koji Y, Yambe M, Motobe K, Shiina K, Gulnisa Z, et al.
Elevated C-reactive protein augments increased arterial stiffness
in subjects with the metabolic syndrome. Hypertension 2005; 45:
997-1003. [CrossRef]

Hoffman M, Blum A, Baruch R, Kaplan E, Benjamin M. Leukocytes
and coronary heart disease. Atherosclerosis 2004; 172: 1-6.
[CrossRef]

Chapman CM, Beilby JP McQuillan BM, Thompson PL, Hung J.
Monocyte count, but not C-reactive protein or interleukin-6, is an
independent risk marker for subclinical carotid atherosclerosis.
Stroke 2004; 35: 1619 -24. [CrossRef]

Johnsen SH, Fosse E, Joakimsen O, Mathiesen EB, Stensland-
Bugge E, Njalstad I, et al. Monocyte count is a predictor of novel
plaque formation: a 7-year follow-up study of 2610 persons without
carotid plaque at baseline the Tromsg Study. Stroke 2005; 36: 715-9.
[CrossRef]

27.

28.

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kocaman et al.
Circulating specific leukocyte subtypes

581

Huang ZS, Wang CH, Yip PK, Yang CY, Lee TK. In hypercholesterol-
emia, lower peripheral monocyte count is unique among the major
predictors of atherosclerosis. Arterioscler Thromb Vasc Biol 1996;
16: 256-61. [CrossRef]

Nasir K, Guallar E, Navas-Acien A, Criqui MH, Lima JA. Relationship
of monocyte count and peripheral arterial disease: Results from
the National Health and Nutrition Examination Survey 1999-2002.
Arterioscler Thromb Vasc Biol 2005; 25: 1966-71. [CrossRef]

Horne BD, Anderson JL, John JM, Weaver A, Bair TL, Jensen KR,
et al. Which white blood cell subtypes predict increased
cardiovascular risk? J Am Coll Cardiol 2005; 45: 1638-43. [CrossRef]
Olivares R, Ducimetiére P Claude JR. Monocyte count: a risk factor
for coronary heart disease? Am J Epidemiol 1993; 137: 49-53.
Horne BD, Anderson JL, John JM, Weaver A, Bair TL, Jensen KR,
et al. Intermountain Heart Collaborative Study Group. Which white
blood cell subtypes predict increased cardiovascular risk? J Am
Coll Cardiol 2005; 45: 1638-43. [CrossRef]

Ganguli D, Das N, Saha |, Sanapala KR, Chaudhuri D, Ghosh S, et al.
Association between inflammatory markers and cardiovascular
risk factors in women from Kolkata, W.B, India. Arq Bras Cardiol
2011; 96: 38-46. [CrossRef]

Shim WS, Kim HJ, Kang ES, Ahn CW, Lim SK, Lee HC, et al. The
association of total and differential white blood cell count with
metabolic syndrome in type 2 diabetic patients. Diabetes Res Clin
Pract 2006; 73: 284-91. [CrossRef]

Ruggiero C, Cherubini A, Ble A, Bos AJ, Maggio M, Dixit VD, et al.
Uric acid and inflammatory markers. Eur Heart J 2006; 27: 1174-81.
Drechsler M, Megens RT, van Zandvoort M, Weber C, Soehnlein 0.
Hyperlipidemia-triggered  neutrophilia  promotes early
atherosclerosis. Circulation 2010; 122: 1837-45. [CrossRef]

Tian N, Penman AD, Mawson AR, Manning RD Jr, Flessner MF.
Association between circulating specific leukocyte types and
blood pressure: the atherosclerosis risk in communities (ARIC)
study. J Am Soc Hypertens 2010; 4: 272-83. [CrossRef]

Kawada T, Morihashi M, Ueda H, Sirato T. Neutrophil cell count is
related to hypertension in workers: a cross-sectional study. Vasc
Dis Prev 2007: 4; 225-8. [CrossRef]

Yen ML, Yang CY, Yen BL, Ho YL, Cheng WC, Bai CH. Increased high
sensitivity C-reactive protein and neutrophil count are related to
increased standard cardiovascular risk factors in healthy Chinese
men. Int J Cardiol 2006; 110:191-8. [CrossRef]

Lavi S, Prasad A, Yang EH, Mathew V, Simari RD, Rihal CS, et al.
Smoking is associated with epicardial coronary endothelial dysfunction
and elevated white blood cell count in patients with chest pain and
early coronary artery disease. Circulation 2007; 115: 2621-7. [CrossRef]
Tani S, Nagao K, Anazawa T, Kawamata H, Furuya S, Takahashi H,
et al. Association of leukocyte subtype counts with coronary
atherosclerotic regression following pravastatin treatment. Am J
Cardiol 2009; 104: 464-9. [CrossRef]


http://dx.doi.org/10.1111/j.1365-2362.2007.01876.x 
http://dx.doi.org/10.1016/j.jacc.2005.02.054 
http://dx.doi.org/10.1016/j.amjcard.2007.10.024 
http://dx.doi.org/10.1016/j.cca.2008.04.019 
http://dx.doi.org/10.1016/S0735-1097(02)81365-1 
http://dx.doi.org/10.1111/j.1749-6632.2000.tb06318.x 
http://dx.doi.org/10.1016/S1053-0770(99)90233-1 
http://dx.doi.org/10.1016/S0002-9149(02)03143-0 
http://dx.doi.org/10.1016/S0002-9149(99)80467-6 
http://dx.doi.org/10.1161/01.HYP.0000165018.63523.8a 
http://dx.doi.org/10.1016/S0021-9150(03)00164-3 
http://dx.doi.org/10.1161/01.STR.0000130857.19423.ad 
http://dx.doi.org/10.1161/01.STR.0000158909.07634.83 
http://dx.doi.org/10.1161/01.ATV.16.2.256 
http://dx.doi.org/10.1161/01.ATV.0000175296.02550.e4 
http://dx.doi.org/10.1016/j.jacc.2005.02.054 
http://dx.doi.org/10.1016/j.jacc.2005.02.054 
http://dx.doi.org/10.1590/S0066-782X2010005000165 
http://dx.doi.org/10.1016/j.diabres.2006.02.001 
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.961714 
http://dx.doi.org/10.1016/j.jash.2010.09.005 
http://dx.doi.org/10.2466/pms.104.3.733-738 
http://dx.doi.org/10.1016/j.ijcard.2005.07.034 
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.641654 
http://dx.doi.org/10.1016/j.amjcard.2009.04.009 



