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oronary heart disease (CHD) remains a serious health problem. The
reports revealed that CHD has caused 11.2% global deaths. Al-
though crude mortality rate for CHD remains stable, this number

increases rapidly with age.1-3 Atherosclerosis of coronary arteries, the main
cause of CHD, is a complex inflammatory disorder that causes the changes
in the cells of the arterial wall and the blood components.4,5 Several in-
flammatory biomarkers such as troponin, C reactive protein (CRP), and B-
type natriuretic peptide (BNP) or pro-BNP are used to stratify the risk of
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AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To determine the correlation between complete blood count and the risk of
coronary heart disease (CHD). MMaatteerriiaall  aanndd  MMeetthhooddss::  All CHD patients treated in Aisyiyah Hospi-
tal during January 2011 to December 2017 were enrolled for the study. Information related to de-
mographic, clinical, and complete blood count were extracted from medical record. Multiple logistic
regression test was employed to evaluate the correlation between complete blood count and CHD
incidence. In addition, a meta-analysis was also conducted to summarize findings from other re-
gions. RReessuullttss::  A total of 516 CHD patients and 102 controls were included in our study. We found
that elevated hemoglobin (OR 95%CI=4.92 [2.02-12.01], p=0.002), leukocyte (OR 95%CI=5.35
[3.17-9.03], p=0.001), hematocrit (OR 95%CI=2.31 [1.40-3.83], p=0.010), eosinophil (OR 95%CI=
2.78 [1.68-4.26], p=0.001), and monocyte (OR 95%CI=1.31 [0.80-2.16], p=0.023) were associated
with the incidence of CHD. Furthermore, our meta-analysis revealed that elevated levels of leuko-
cyte, eosinophil, and monocyte increased the risk of CHD approximately 3.57, 5.34, and 2.77 times,
respectively. CCoonncclluussiioonn::  There is strong evidence that elevated levels of leukocyte, eosinophil, and
monocyte are the risk factor for CHD.
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ÖÖZZEETT  AAmmaaçç::  Tam kan ayımı ile koroner kalp hastalığı (KKH) arasında korelasyon olup olmadığını
araştırmak amaçlandı. GGeerreeçç  vvee  YYöönntteemmlleerr::  Aisyiyah Hastanesi’nde Ocak 2011-Aralık 2017 arasında
tedavi gören tüm KKH hastaları çalışma kapsamına alındı. Hastalarla ilgili demografik bilgiler, kli-
nik veriler ve tam kan sayımları tıbbi kayıtlardan alındı. Aradaki bağlantıyı incelemek için multipl
lojistik regresyon analizi yapıldı. KKH insidansı analizine ilaveten diğer yayınlardan elde edilen
özet verilerin meta-analizi yapıldı. BBuullgguullaarr::  Toplam 516 KKH hastası ve 102 kontrol kişisi çal-
ışmaya alındı. KKH insidansı ile ilişkili olarak hemoglobin (OR %95 GA=4,92 [2,02-12,01] p=0,002,
lökosit (OR %95 GA=5,35 [3,17-9,03] p=0,001, hematokrit (OR %95 GA=2,31 [1,40-3,83] p=0,010,
eozinofil (OR %95 GA=2,78 [1,68-4,26] p=0,001 ve monosit (OR %95 GA=1,31 [0,80-2,16] p=0,023
değerlerini yükselmiş olarak bulduk. Üstelik, yaptığımız meta-analize göre, KKH riskinde yüksel-
miş lökosit, eozinofil ve monosit değerlerinin yaklaşık 3,57; 5,34; ve 2,77 kat artma yarattığını sap-
tadık (sırasıyla). SSoonnuuçç::  KKH risk faktörü olarak yükselmiş lökosit, eozinofil ve monosit değerlerinin
kuvvetli etkin olduğu tespit edilmiştir.
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CHD.6 Moreover, a high-sensitivity CRP (hs-CRP)
is one of the commonest predictor being used in
predicting recurrent events, myocardial infarction,
or restenosis after percutaneous coronary inter-
vention.7 However, its usage in developing coun-
try is not routinely performed because of the cost.
In fact, most of deaths due to CHD occur in low-
and middle-income countries.1,2

The complex interaction between endothelial
cells, smooth muscle cells, leukocytes, and platelets
has been known to have a pivotal role in inflam-
matory response in atherosclerosis.8 This interac-
tion has been proven by the previous studies, such
as: elevated levels of leukocytes have long been
known to correlate with an increased risk of death,
aortic arch plaque thickness in CHD patients, aor-
tic atheroma progression in stroke patient, and in-
creased risk of mortality in patients with
intracranial atherosclerotic disease.8-11 Another
study also revealed that elevated neutrophil levels
were associated with increased the risk of major-
adverse cardiac events in CHD patients.12 In addi-
tion, other complete blood count components, such
as hematocrit, platelet count, and erythrocyte sed-
imentation rate are also associated with the risk of
CHD and the combination of leukocyte count with
other complete blood count components could im-
prove the ability to predict the risk of CHD.13,14 As-
sessment of these blood components is inexpensive
and widely available. Therefore, the aim of this
study was to investigate the possibility of complete
blood count as the predictor of CHD.

MATERIAL AND METHODS

STUDY DESIGNS AND PATIENTS

A retrospective study was conducted in Aisyiyah
Hospital, Malang, Indonesia. The target population
was all CHD patients treated in Aisyiyah Hospital
during January 2011 to December 2017. The in-
clusion criteria were (1) suffered from CHD (the
diagnosis of CHD was established according to
standard protocol including anamnesis, physical
examination, electrocardiogram, and laboratory
findings) and (2) aged over 18 years. Patients with
one of these clinical conditions (renal dysfunction
(creatinine ≥1.5 mg/dL), hepatic disorder, con-

comitant inflammatory disease, neoplastic disease,
systemic disorder, acute or chronic infectious dis-
ease, haematological disorder, and on medications
which could affect complete blood count) were ex-
cluded. Information related to gender, age, diag-
nosis, body mass index, mean arterial blood
pressure, the level of blood glucose, low-density
lipoprotein (LDL), urea and creatinin and com-
plete blood count was extracted from medical
record. We used total sampling method. Controls
were obtained from healthy and or non-CHD in-
dividuals with age-and gender-matched recorded
in Aisyiyah Hospital. Our study was approved by
the local ethics committee and was conducted in
accordance with the Declaration of Helsinki. In-
formed written consent was waived because our
study was a retrospective.

STUDY VARIABLES

In our study, the response variable was the inci-
dence of CHD. While, the explanatory variables
were hematocrit (%), concentration of hemoglobin
(g/dl), and the levels of erythrocyte, leukocyte,
thrombocyte, eosinophil, basophil, neutrophil,
monocyte, and lymphocyte (cell/µL). Those vari-
able measurements, measured using XS-800i
Hematology Analyzer (Sysmex Europe GmbH,
Norderstedt, Germany), were retrieved from med-
ical record.

STATISTICAL ANALYSIS

The association between complete blood count and
the risk of CHD was analyzed using multiple logis-
tic regression. Statistically significant was consid-
ered if the p value was less than 0.05. We used the
Statistical Package of Social Sciences 17.0 software
(SPSS Inc., Chicago, IL) to analyze the data. 

META-ANALYSIS DESIGN

We also performed a meta-analysis to investigate
the correlation between complete blood count and
the risk of CHD. The approach of meta-analysis
was adapted from the previous studies.15,16 Briefly,
we collected articles concerning the correlation be-
tween complete blood count and the risk of CHD
to calculate the pooled odd ratios (ORs) and (5%
confidence intervals (95%CIs). 



Jonny Karunia FAJAR et al. Tur ki ye Kli nik le ri J Med Sci. 2019;39(1):56-64

58

ELIGIBILITY CRITERIA AND DATA EXTRACTION 
FOR META-ANALYSIS

The inclusion criteria for this study were: (1) stud-
ies with the following designs: retrospective,
prospective, cross-sectional, randomized-con-
trolled trials (RCTs), controlled before-and-after
studies, and cross-over studies; (2) investigating the
correlation between complete blood count and the
risk of CHD; and (3) providing sufficient data to
calculate OR 95% CI. We extracted the following
information from each study: (1) name of the first
author; (2) year of publication; (3) country of ori-
gin; (4) sample sizes of cases and controls, and (5)
levels of blood cells count. 

SEARCH STRATEGY AND LITERATURE
FOR META-ANALYSIS

We searched published articles up to June 20th,
2018 in PubMed and Embase with no language re-
strictions. For searching stategy, we used the com-
bination of the following key words: (complete
blood count or CBC or hematocrit or hemoglobin
or erythrocyte or leukocyte or thrombocyte or
eosinophil or basophil or neutrophil or monocyte
or lymphocyte) and (coronary artery disease or
coronary heart disease or ischemic heart disease or
myocardial infarct (MI) or CHD or CAD or IHD or
MI or angina). The publication languages were lim-
ited to English.

STATISTICAL ANALYSIS FOR META-ANALYSIS

The correlation between complete blood count and
the risk of CHD was determined by calculating
pooled ORs and 95% CIs. We used Z-tests to esti-

mate the significance of pooled ORs (statistically
significant was considered if the p value was less
than 0.05). For evaluating the heterogeneity, we
used a Q-test. We used a random effects model to
calculate the OR 95% CI if heterogeneity existed
(P<0.10). While, if heterogeneity was not existed,
we used a fixed effects model. Moreover, we used
Egger’s test to evaluate the publication bias (statis-
tically significant was considered if the p value was
less than 0.05). For all statistical testing in our
meta-analysis, we used a Comprehensive Meta-
analysis (CMA, New Jersey, USA) 2.0 software to
analyze the data. 

RESULTS

CHARACTERISTICS OF PATIENTS

A total of 516 CHD patients and 102 controls were
analyzed. The average age of the CHD patients
were 59.5 (±12.32) years old with the average of
body mass index (BMI) was 25.12 (±3.82 kg/m2)
(Table 1). Other baseline characteristics of the pa-
tients such as mean arterial blood pressure and the
level of blood glucose, LDL, urea, and creatinine
are presented in (Table 1). The data showed no sig-
nificant different between case and control. This
indicated that the data was homogeneous.  

ASSOCIATION BETWEEN COMPLETE BLOOD CELLS
COUNT AND CHD

The average number of complete blood cells count
in 516 CHD patients are presented in (Table 2). We
found that the elevated levels of hemoglobin,
leukocyte, hematocrit, eosinophil, and monocyte

Mean ± SD

Characteristic Case (n=516) Control (n=102) p

Age (years) 59.50 ± 12.32 58.62 ± 16.31 0.083

Body mass index (kg/m2) 25.12 ± 3.82 24.28 ± 4.35 0.061

Mean arterial blood pressure (mmHg) 112.86 ± 16.68 115.69 ± 22.53 0.127

Blood glucose (mg/dl) 158.63 ± 79.64 164.86 ± 60.07 0.473

Low density lipoprotein (mg/dl) 116.53 ± 28.87 118.62 ± 25.33 0.516

Urea (mg/dl) 33.32 ± 28.83 34.28 ± 22.17 0.741

Creatinine (mg/dl) 1.12 ± 0.66 1.18 ± 0.54 0.388

TABLE 1: Baseline characteristic of case and control included in the study.

SD: standard deviation. 
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were associated with the risk of CHD (Table 2).
While, other components of blood cells count such
as erythrocyte, thrombocyte, basophil, neutrophil,
and lymphocyte had no significant association with
the risk of CHD.

META-ANALYSIS

Based on the search strategy, we identified 56 962
potentially relevant papers. Of those, by reading
their titles and abstracts, we excluded 56 943 papers
because of irrelevance. Moreover, by reading the full
texts, we excluded three papers because of reviews;
ten papers because of no sufficient data; and another
paper because of study bias. Figure 1 displays the
flowchart of inclusion process in our study. Totally,
we included five studies in the meta-analysis.

We found some studies have been conducted
previously to assess the correlation between the

complete blood count and CHD. Details were as
follows: seven studies concerning the correlation
between hematocrit and CHD, five studies con-
cerning the association between hemoglobin and
CHD, 16 studies concerning the association be-
tween leukocyte and CHD, eight studies concern-
ing the correlation between eosinophil and CHD,
and four studies concerning the association be-
tween monocyte and CHD.17,22-46 Of those; only
leukocyte, eosinophil and monocytes were com-
patible for meta-analysis. 

We found 16 papers evaluating the correlation
between leukocyte and the risk of CHD; seven ret-
rospective studies, four cross sectional studies, four
cohort studies, and one meta-analysis study. Of 16
studies, five studies were compatible for meta-
analysis with a total of 889 CHD patients and 4306
controls (Table 3).22,29-43

Mean (±SD)

Complete blood count Cases (n = 516) Controls (n = 102) OR [95%CI] p

Hemoglobin (g/dL) 13.86 ± 1.52 12.33 ± 1.78 4.92 [2.02 - 12.01] 0.002

Erythrocytes (cell/µL) 4.74 ± 0.72 4.48 ± 0.62 2.10 [0.88 - 5.03] 0.097

Leukocytes (cell/µL) 8805.12 ± 3019.03 5174.58 ± 936.57 5.35 [3.17 - 9.03] 0.001

Hematocrit (%) 40.63 ± 4.58 38.23 ± 5.74 2.31 [1.40 - 3.83] 0.010

Thrombocytes (cell/µL) 268.20 ± 58.04 268.02 ± 62.86 1.00 [0.99 - 1.02] 0.640

Eosinophils (cell/µL) 0.18 ± 0.22 0.08 ± 0.12 2.78 [1.68 - 4.62] 0.001

Basophils (cell/µL) 0.03 ± 0.12 0.02 ± 0.08 1.19 [0.73 - 1.97] 0.484

Neutrophils (cell/µL) 6.84 ± 4.43 4.93 ± 0.62 2.99 [1.80 - 2.16] 0.314

Monocytes (cell/µL) 0.72 ± 0.28 0.68 ± 0.25 1.31 [0.80 - 2.16] 0.023

Lymphocytes (cell/µL) 1.68 ± 0.53 1.66 ±0.64 1.06 [0.65 - 1.75] 0.808

TABLE 2: The average number and standard deviation of complete blood count in the study.

Note: SD: standard deviation; OR: Odds ratio; 95% CI: 95% confidence interval.

No. CHD vs. control OR 95%CI p pH pE

1. Leukocytes 3.57 1.84-6.93 0.0001 0.0001 0.766

2. Eosinophils 5.34 1.17-24.77 0.0310 0.0001 1.034

3. Monocytes 2.77 2.11-3.64 0.0001 0.1220 0.150

TABLE 3: Summary of meta-analysis regarding the association between blood cell count and the risk of CHD.

CHD: Coronary heart disease; OR: odds ratio; 95%CI: 95% confidence interval; pH: p heterogeneity; pE: p Egger.
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We found that elevated leukocyte had a sig-
nificant association with the incidence of CHD (OR
95%CI=3.57 [1.84-6.93], p<0.001) (Table 3, Figure
2 A). 

For the association between eosinophil and
CHD, eight studies were identified; four retrospec-
tive studies, three cross sectional studies and one
cohort study.30,38-40,43-46 Of these, five studies and our
results with a total 513 CHD patients and 3998 con-
trols were included in our meta-analysis.30,38-40,43

The results found that elevated eosinophil count
had the significant association with the risk of CHD
(OR 95%CI = 5.34 [1.17-24.77], p=0.031) (Table 3,
Figure 2 B). Four previous studies evaluating the
correlation between monocyte count and the risk
of CHD were identified.30,38,39,47 Of these studies,
three studies combined with our study with a total
of 393 CHD patients and 3871 controls were in-
cluded in our meta-analysis.30,38,39 The result re-
vealed that elevated monocyte was correlated with
the risk of CHD (OR 95%CI=2.77 [2.11-3.64],
p<0.001) (Table 3, Figure 2 C). 

Evidence for heterogeneity was found in
eosinophil and leukocyte (P<0.001) and therefore,
data was analyzed using random effects model.
Using Egger test, we found no publication bias
(P>0.05). Forest plots the association between
[leukocyte, eosinophil, and monocyte] and [the risk
of CHD] are presented in (Figure 2 A-C).

DISCUSSION

Atherosclerosis, the main cause of CHD, is a mul-
tifactoral disease that involves chronic inflamma-
tion at every stage.48 The inflammation process in
atherosclerosis is a complex, and consist of several
steps.49 Complete blood count has been proven to
be associated with inflammation and here we re-
ported the association between complete blood
count and CHD.50 Our report is the first study con-
ducted to assess the association between complete
blood count and CHD in Indonesia. The first study
was conducted in Japan.17 Basically, the concept of
this study is similar to the previous studies and

FIGURE 1: Selection of articles for inclusion in meta-analysis.
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therefore our results are expected to be able to be
used as the comparison. 

Several studies have shown that leukocytosis
is an independent risk factors of CHD.8,40 There are
several theories that explain the role of leukocytes
in CHD. Leukocytes cause vascular injury through
several ways, including damage to the endothelial
cells caused by proteolytic and oxidative, plug the
microvasculature through binding to the ischemic
endothelium via the leukocyte integrin CD
11b/CD18, induce hypercoagulability by increased
expression of tissue factor on leukocyte, promote
infarct expansion by releasing pro-inflammatory
cytokines, and destabilize of coronary artery
plaques.51,52,54-56

Our study revealed that leukocytes count in-
creased the risk of CHD by 5.35. Although these
results indicated very small impact, our meta-
analysis revealed that elevated leukocyte increased
the odds of having CHD by 3.57 times (OR 95%CI=
3.57 [1.84-6.93], P<0.001). A previous meta-analy-
sis also found that there was a significant associa-
tion between leukocyte and the risk of CHD (OR
95%CI: 1.33 [1.17-1.50] P=0.001.37

Studies have identified that increased levels of
almost all leukocyte sub-types, including mono-
cytes, eosinophils, neutrophils, and lymphocytes
were associated with increased risk of CHD.39,45,57,58

We identified eight studies that have been con-
ducted to assess the correlation between
eosinophils count and the risk of CHD. Two retro-
spective studies  and three cross sectional studies
showed that there was a significant correlation be-
tween eosinophil count and the risk of CHD, but
other studies found no association.30,38-40,43-46 Our
retrospective study and meta-analysis found that
eosinophil count had the significant association
with the risk of CHD. 

The mechanism how eosinophils involved in
CHD pathogenesis is still unclear. However, the in-
teraction between eosinophils, platelets, and en-
dothelium has the important role in thrombosis.
Several studies have suggested the possible mecha-
nism of eosinophils in thrombosis. First, eosinophils
granules activate platelets and as the result, larger
and hyper-reactive platelets accelerate the forma-
tion of thrombin.59 Second, eosinophils synthesis
and release some bioactive mediators, such as

FIGURE 2: Forest plot regarding the association between leukocytes (A), eosinophils (B), monocytes (C) and the risk of CHD (cases vs. controls).
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leukotriene C4, histamine, and prostaglandin D2
from mast cells and basophils. These bioactive
mediators are though to have an important role
in cardiovascular system.60 Third, degranulating
eosinophils release toxic cationic protein that is a
cytotoxic property in CHD.60 This toxin stimulates
the formation of mural thrombin throught binding
to anion-binding exosite of thrombomodulin.61 As
a result, thrombomodulin is unable to form throm-
bomodulin-thrombin complex, a potent inhibitor
of coagulation, and therefore it loses antithrom-
botic role.62

Several studies found that monocytes have
pivotal roles in the pathogenesis of CHD.30,38,39,47 A
cohort study and three retrospective studies found
that elevated monocyte count had the significant
association with the risk of CHD.30,38,39,47 These re-
sults were consistent with our study. Our meta-
analysis also indicated that elevated monocyte was
a risk factor for CHD. Monocytes have central role
for plaque development in CHD patient.63 Mono-
cytes are short – lived cells, and do not proliferate
in the blood. The functions of monocytes in home-
ostatic conditions are involved in scavenging dead
cells and toxic molecules. Monocytes also have a
pivotal role in the renewal of resident tissue
macrophages and dendritic cells.64

During atherosclerosis, monocytes are recruited
into intima and subintima through the luminal en-
dothelium and interact with the endothelial adhe-
sion molecule via specific integrin receptors
macrophage adhesion ligand-1 (Mac-1).64-66 This
process is facilitated by platelets that secrete factors
influencing the monocyte-macrophage pheno-
type.65 In intima, monocytes phagocytose toxic
molecules such as oxidized LDL through their scav-
enger receptors. Furthermore, monocytes produce
inflammatory cytokines and differentiate into den-
dritic cells, macrophages or foam cells.64

There were several limitations in the study.
First, in this study did not include data regarding
the factors associated with CHD such as smoking,
physical activity, and non modifiable factors of

CHD. Second, we have no data concerning cardiac
end point. Therefore, the severity levels of CHD
could not be measured. Third, false negative results
might be occurred in this study due to the small
sample size. Therefore, further studies involving a
larger sample size are required to determine the ac-
tual association. Fourth, the study regarding the as-
sociation between complete blood count and the
risk of CHD is very limited. Therefore, we could
not perform meta-analysis on all complete blood
count components. 

CONCLUSION

In conclusion, our study indicates that elevated
leukocytes, hemoglobin, hematocrit, eosinophils,
and monocyte are correlated with the incidence of
CHD in our population. Our meta-analysis reveals
the evidence that leukocyte, eosinophil, and mono-
cyte are the risk factor for CHD.

SSoouurrccee  ooff  FFiinnaannccee

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct
connection with the research subject, nor from a company that
provides or produces medical instruments and materials which
may negatively affect the evaluation process of this study.

CCoonnfflliicctt  ooff  IInntteerreesstt

No conflicts of interest between the authors and / or family
members of the scientific and medical committee members or
members of the potential conflicts of interest, counseling, ex-
pertise, working conditions, share holding and similar situa-
tions in any firm.

AAuutthhoorrsshhiipp  CCoonnttrriibbuuttiioonnss
IIddeeaa//CCoonncceepptt::  Jonny Karunia Fajar, Aditya Indra Mahendra;
DDeessiiggnn::  Jonny Karunia Fajar; CCoonnttrrooll//SSuuppeerrvviissiioonn::  Teuku Heri-
ansyah, Mohammad Saifur Rohman; DDaattaa  CCoolllleeccttiioonn  aanndd//oorr  PPrroo--
cceessssiinngg::  Jonny Karunia Fajar, Aditya Indra Mahendra, Fredo
Tamara, Bagus Aulia Mahdi; AAnnaallyyssiiss  aanndd//oorr  IInntteerrpprreettaattiioonn::
Jonny Karunia Fajar, Aditya Indra Mahendra; LLiitteerraattuurree  RReevviieeww::
Jonny Karunia Fajar, Aditya Indra Mahendra, Fredo Tamara,
Bagus Aulia Mahdi; WWrriittiinngg  tthhee  AArrttiiccllee::  Jonny Karunia Fajar,
Aditya Indra Mahendra, Fredo Tamara, Bagus Aulia Mahdi; CCrriitt--
iiccaall  RReevviieeww::  Teuku Heriansyah, Mohammad Saifur Rohman;
MMaatteerriiaallss::  Teuku Heriansyah, Mohammad Saifur Rohman.



Jonny Karunia FAJAR et al. Tur ki ye Kli nik le ri J Med Sci. 2019;39(1):56-64

63

1. World Health Organization (WHO). WHO Dis-
ease and Injury Country Estimates. Geneva:
World Health Organization; 2009.

2. World Health Organization (WHO). Statistical
Information System (WHOSIS). Geneva:
World Health Organization; 2010.

3. Nowbar AN, Howard JP, Finegold JA, Asaria
P, Francis DP. 2014 global geographic analy-
sis of mortality from ischaemic heart disease
by country, age and income: statistics from
World Health Organisation and United Na-
tions. Int J Cardiol. 2014;174(2):293-8. [Cross-
ref] [PMC]

4. Libby P, Theroux P. Pathophysiology of coro-
nary artery disease. Circulation. 2005;111(25):
3481-8. [Crossref]

5. Sanchis-Gomar F, Perez-Quilis C, Leischik
R, Lucia A. Epidemiology of coronary heart
disease and acute coronary syndrome. Ann
Transl Med. 2016;4(13):256. [Crossref]
[PMC]

6. Alberto P, Francesca I, Chiara S, Ranuccio N.
Acute coronary syndromes: from the labora-
tory markers to the coronary vessels. Bio-
marker Insight. 2006;1:123-30. [Crossref]

7. Biasucci LM. C-reactive protein and second-
ary prevention of coronary events. Clin Chim
Acta. 2001;311(1):49-52. [Crossref]

8. Selcuk H, Dinc L, Selcuk MT, Maden O, Tem-
izhan A. The relation between differential
leukocyte count, neutrophil to lymphocyte ratio
and the presence and severity of coronary ar-
tery disease. Open Journal of Internal Medi-
cine. 2012;2:163-9. [Crossref]

9. Elkind MS, Sciacca R, Boden-Albala B,
Homma S, Di Tullio MR. Leukocyte count is
associated with aortic arch plaque thickness.
Stroke. 2002;33(11):2587-92. [Crossref]

10. Sen S, Hinderliter A, Sen PK, Simmons J,
LeGrys VA, Beck J, et al. Association of
leukocyte count with progression of aortic
atheroma in stroke/transient ischemic attack
patients. Stroke. 2007;38(11):2900-5.
[Crossref]

11. Ovbiagele B, Lynn MJ, Saver JL, Chimowitz
MI. Leukocyte count and vascular risk in
symptomatic intracranial atherosclerosis.
Cerebrovasc Dis. 2007;24(2-3):283-8. [Cross-
ref]

12. Huang G, Zhong XN, Zhong B, Chen YQ, Liu
ZZ, Su L, et al. Significance of white blood cell
count and its subtypes in patients with acute
coronary syndrome. Eur J Clin Invest.
2009;39(5):348-58. [Crossref]

13. Majid M, Fatemi O. Components of the com-
plete blood count as risk predictors for coro-
nary heart disease: in-depth review and
uptake. Tex Heart Inst J. 2013;40(1):17-29.

14. Uysal HB, Dağlı B, Akgüllü C, Avcil M, Zencir
C, Ayhan M, et al. Blood count parameters
can predict the severity of coronary artery dis-
ease. Korean J Intern Med. 2016;31(6):1093-
100. [Crossref] [PMC]

15. Fajar JK. The association of ectonucleotide
pyrophosphatase/phosphodiesterase 1
(ENPP1) K121Q gene polymorphism with the
risk of type 2 diabetes mellitus inEuropean,
American, and African populations: a meta-
analysis. J Health Sci. 2016;6(2):76-86.
[Crossref]

16. Fajar JK. The β fibrinogen gene G-455A poly-
morphism in Asian subjects with coronary
heart disease: a meta analysis. Egypt J Med
Hum Genet. 2017;18(1):19-28. [Crossref]

17. Carter C, McGee D, Reed D, Yano K, Stem-
mermann G. Hematocrit and the risk of coro-
nary heart disease: the Honolulu Heart
Program. Am Heart J. 1982;105(4):674-9.
[Crossref]

18. Gotoh S, Hata J, Ninomiya T, Hirakawa Y, Na-
gata M, Mukai N, et al. Hematocrit and the risk
of cardiovascular disease in a Japanese com-
munity: the Hisayama Study. Atherosclerosis.
2015;242(1):199-204. [Crossref]

19. Gagnon DR, Zhang TJ, Brand FN, Kannel
WB. Hematocrit and the risk of cardiovascu-
lar disease--the Framingham Study: a 34-year
follow-up. Am Heart J. 1994;127(3):674-82.
[Crossref]

20. Zhong Y, Lin SL, Schooling CM. The effect of
hematocrit and hemoglobin on the risk of is-
chemic heart disease: a Mendelian random-
ization study. Prev Med. 2016;91:351-5.
[Crossref]

21. Kunnas T, Solakivi T, Huuskonen K, Kalela A,
Renko J, Nikkari ST. Hematocrit and the risk
of coronary heart disease mortality in the
TAMRISK study, a 28-year follow-up. Prev
Med. 2009;49(1):45-7. [Crossref]

22. Brown DW, Giles WH, Croft JB. Hematocrit
and the risk of coronary heart disease mortal-
ity. Am Heart J. 2001;142(4):657-63. [Cross-
ref]

23. Sorlie PD, Garcia-Palmieri MR, Costas R Jr,
Havlik RJ. Hematocrit and risk of coronary
heart disease: the Puerto Rico Heart Health
Program. Am Heart J. 1981;101(4):456-61.
[Crossref]

24. Sabatine MS, Morrow DA, Giugliano RP, Bur-
ton PB, Murphy SA, McCabe CH, et al. Asso-
ciation of hemoglobin levels with clinical
outcomes in acute coronary syndromes. Cir-
culation. 2005;111(16):2042-9. [Crossref]

25. Chonchol M, Nielson C. Hemoglobin levels
and coronary artery disease. Am Heart J.
2008;155(3):494-8. [Crossref]

26. Padmanaban P, Toora BD. Hemoglobin:
emerging marker in stable coronary artery dis-
ease. Chron Young Sci. 2011;2(2):109-10.
[Crossref]

27. Shah AD, Nicholas O, Timmis AD, Feder G,
Abrams KR, Chen R, et al. Threshold haemo-
globin levels and the prognosis of stable coro-
nary disease: two new cohorts and a
systematic review and meta-analysis. PLoS
Med. 2011;8(5):e1000439. [Crossref] [PMC]

28. Doganer YC, Rohrer JE, Aydogan U, Bernard
ME, Barcin C. Haemoglobin levels correlates
with the presence of coronary artery disease.
J Eval Clin Pract. 2015;21(5):937-42. [Cross-
ref]

29. Furman MI, Becker RC, Yarzebski J, Saveg-
eau J, Gore JM, Goldberg RJ. Effect of ele-
vated leukocyte count on in-hospital mortality
following acute myocardial infarction. Am J
Cardiol. 1996;78(8):945-8. [Crossref]

30. Olivares R, Ducimetière P, Claude JR. Mono-
cyte count: a risk factor for coronary heart dis-
ease? Am J Epidemiol. 1993;137(1):49-53.
[Crossref]

31. Zouridakis EG, Garcia-Moll X, Kaski JC. Use-
fulness of the blood lymphocyte count in pre-
dicting recurrent instability and death in
patients with unstable angina pectoris. Am J
Cardiol. 2000;86(4):449-51. [Crossref]

32. Barron HV, Harr SD, Radford MJ, Wang Y,
Krumholz HM. The association between white
blood cell count and acute myocardial infarc-
tion mortality in patients >or=65 years of age:
findings from the cooperative cardiovascular
project. J Am College Cardiol. 2001;38(6):
1654-61. [Crossref]

33. Hajj-Ali R, Zareba W, Ezzeddine R, Moss AJ.
Relation of the leukocyte count to recurrent
cardiac events in stable patients after acute
myocardial infarction. Am J Cardiol.
2001;88(11):1221-4. [Crossref]

34. Lee CD, Folsom AR, Nieto FJ, Chambless LE,
Shahar E, Wolfe DA. White blood cell count
and incidence of coronary heart disease and
ischemic stroke and mortality from cardiovas-
cular disease in African-American and white
men and women. Am J Epidemiol.
2001;154(8):758-64. [Crossref]

35. Sabatine MS, Morrow DA, Cannon CP, Mur-
phy SA, Demopoulos LA, DiBattiste PM, et al.
Relationship between baseline white blood
cell count and degree of coronary artery dis-
ease and mortality in patients with acute coro-
nary 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(10):1761-8. [Crossref]

REFERENCES

https://doi.org/10.1016/S0735-1097(02)02484-1
https://doi.org/10.1093/aje/154.8.758
https://doi.org/10.1016/S0002-9149(01)02080-X
https://doi.org/10.1016/S0735-1097(01)01613-8
https://doi.org/10.1016/S0002-9149(00)00963-2
https://doi.org/10.1093/oxfordjournals.aje.a116601
https://doi.org/10.1016/S0002-9149(96)00473-0
https://doi.org/10.1111/jep.12409
https://doi.org/10.1111/jep.12409
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3104976
https://doi.org/10.1371/journal.pmed.1000439
https://doi.org/10.4103/2229-5186.82971
https://doi.org/10.1016/j.ahj.2007.10.031
https://doi.org/10.1161/01.CIR.0000162477.70955.5F
https://doi.org/10.1016/0002-8703(81)90136-8
https://doi.org/10.1067/mhj.2001.118467
https://doi.org/10.1067/mhj.2001.118467
https://doi.org/10.1016/j.ypmed.2009.04.015
https://doi.org/10.1016/j.ypmed.2016.09.003
https://doi.org/10.1016/0002-8703(94)90679-3
https://doi.org/10.1016/j.atherosclerosis.2015.07.014
https://doi.org/10.1016/0002-8703(83)90493-3
https://doi.org/10.1016/j.ejmhg.2016.06.002
https://doi.org/10.17532/jhsci.2016.358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094927
https://doi.org/10.3904/kjim.2015.199
https://doi.org/10.1111/j.1365-2362.2009.02107.x
https://doi.org/10.1159/000105681
https://doi.org/10.1159/000105681
https://doi.org/10.1161/STROKEAHA.107.489658
https://doi.org/10.1161/01.STR.0000034400.71491.10
https://doi.org/10.4236/ojim.2012.23025
https://doi.org/10.1016/S0009-8981(01)00558-7
https://doi.org/10.1177/117727190600100013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4958723
https://doi.org/10.21037/atm.2016.06.33
https://doi.org/10.1161/CIRCULATIONAHA.105.537878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4045191
https://doi.org/10.1016/j.ijcard.2014.04.096
https://doi.org/10.1016/j.ijcard.2014.04.096


Jonny Karunia FAJAR et al. Tur ki ye Kli nik le ri J Med Sci. 2019;39(1):56-64

64

36. Mueller C, Neumann FJ, Perruchoud AP,
Buettner HJ. White blood cell count and long
term mortality after non-ST elevation acute
coronary syndrome treated with very early
revascularisation. Heart. 2003;89(4):389-92.
[Crossref] [PMC]

37. Wheeler JG, Mussolino ME, Gillum RF,
Danesh J. Associations between differential
leucocyte count and incident coronary heart
disease: 1764 incident cases from seven
prospective studies of 30,374 individuals.
Eur Heart J. 2004;25(15):1287-92. [Cross-
ref]

38. Afiune Neto A, Mansur Ade P, Avakian SD,
Gomes EP, Ramires JA. [Monocytosis is an
independent risk marker for coronary artery
disease]. Arq Bras Cardiol. 2006;86(3):240-4.
[Crossref]

39. Yun KH, Oh SK, Park EM, Kim HJ, Shin SH,
Lee EM, et al. An increased monocyte count
predicts coronary artery spasm in patients with
resting chest pain and insignificant coronary
artery stenosis. Korean J Intern Med.
2006;21(2):97-102. [Crossref]

40. Nadimi AE, Ahmadi J, Mehrabian M. Periph-
eral eosinophil count and allergy in patients
with coronary artery disease. Acta Med In-
dones. 2008;40(2):74-7.

41. Ates AH, Canpolat U, Yorgun H, Kaya EB,
Sunman H, Demiri E, et al. Total white blood
cell count is associated with the presence,
severity and extent of coronary atherosclero-
sis detected by dual-sourcemultislice com-
puted tomographic coronary angiography.
Cardiol J. 2011;18(4):371-7.

42. Twig G, Afek A, Shamiss A, Derazne E, Tzur
D, Gordon B, et al. White blood cell count and
the risk for coronary artery disease in young
adults. PloS One. 2012;7(10):e47183. [Cross-
ref] [PubMed]

43. Jiang P, Wang DZ, Ren YL, Cai JP, Chen BX.
Significance of eosinophil accumulation in the
thrombus and decrease in peripheral blood in
patients with acute coronary syndrome. Coron
Artery Dis. 2015;26(2):101-6. [Crossref]
[PubMed]

44. Borczuk AC, van Hoeven KH, Factor SM. Re-
view and hypothesis: the eosinophil and peri-
partum heart disease (myocarditis and
coronary artery dissection) ecoincidence or
pathogenetic significance? Cardiovasc Res.
1997;33:527-32. [Crossref]

45. Umemoto S, Suzuki N, Fujii K, Fujii A, Fujii T,
Iwami T, et al. Eosinophil counts and plasma
fibrinogen in patients with vasospastic angina

pectoris. Am J Cardiol. 2000;85(6):715-9.
[Crossref]

46. Verdoia M, Schaffer A, Cassetti E, Di Giovine
G, Marino P, Suryapranata H, et al. Absolute
eosinophils count and the extent of coronary
artery disease: a single centre cohort study. J
Thromb Thrombolysis. 2015;39(4):459-66.
[Crossref] [PubMed]

47. Gillum RF, Mussolino ME, Madans JH. Counts
of neutrophils, lymphocytes, and monocytes,
cause-specific mortality and coronary heart
disease: the NHANES-I epidemiologic follow-
up study. Ann Epidemiol. 2005;15(4):266-71.
[Crossref] [PubMed]

48. Paoletti R, Gotto AM Jr, Hajjar DP. Inflamma-
tion in atherosclerosis and implication for ther-
apy. Circulation. 2004;109(23 Suppl 1):III20-6.
[Crossref]

49. Libby P, Ridker PM, Maseri A. Inflammation
and atherosclerosis. Circulation. 2002;105(9):
1135-43. [Crossref] [PubMed]

50. Farhangi MA, Keshavarz SA, Eshraghian M,
Ostadrahimi A, Saboor-Yaraghi AA. White
blood cell count in women: relation to inflam-
matory biomarkers, haematological profiles,
visceral adiposity, and other cardiovascular
risk factors. J Health Popul Nutr.
2013;31(1):58-64. [Crossref] [PubMed]

51. Fuster V, Lewis A. Mechanisms leading to my-
ocardial infarction: insights from studies of
vascular biology. Circulation. 1994;90(4):
2126-46. [Crossref] [PubMed]

52. Madjid M, Awan I, Willerson JT, Casscells
SW. Leukocyte count and coronary heart dis-
ease: implications for risk assessment. J Am
Coll Cardiol. 2004;44(10):1945-56. [Crossref]
[PubMed]

53. Hong LF, Li XL, Luo SH, Guo YL, Liu J, Zhu
CG, et al. Relation of leukocytes and its sub-
sets count with the severity of stable coronary
artery disease in patients with diabetic melli-
tus. PloS One. 2014;9:1-7. [Crossref]

54. Horwitz LD, Kaufman D, Kong Y. An antibody
to leukocyte integrins attenuates coronary
vascular injury due to ischemia and reperfu-
sion in dogs. Am J Physiol. 1997;272(2 Pt
2):H618-24. [PubMed]

55. Barron HV, Cannon CP, Murphy SA, Braun-
wald E, Gibson CM. Association between
white blood cell count, epicardial blood flow,
myocardial perfusion, and clinical outcomes in
the setting of acute myocardial infarction: a
thrombolysis in myocardial infarction 10 sub-
study. Circulation. 2000;102(19):2329-34.
[Crossref] [PubMed]

56. Ernst E, Hammerschmidt DE, Bagge U, Ma-
trai A, Dormandy JA. Leukocytes and the risk
of ischemic diseases. JAMA. 1987;257(17):
2318-24. [Crossref] [PubMed]

57. Avanzas P, Quiles J, López de Sá E, Sánchez
A, Rubio R, García E, et al. Neutrophil count
and infarct size in patients with acute myocar-
dial infarction. Int J Cardiol. 2004;97(1):155-6.
[Crossref] [PubMed]

58. Sakatani T, Hadase M, Kawasaki T, Kamitani
T, Kawasaki S, Sugihara H. Usefulness of the
percentage of plasma lymphocytes as a prog-
nostic marker in patients with congestive heart
failure. Jpn Heart J. 2004;45(2):275-84.
[Crossref] [PubMed]

59. Ulfman LH, Joosten DP, van Aalst CW, Lam-
mers JW, van de Graaf EA, Koenderman L, et
al. Platelets promote eosinophil adhesion of
patients with asthma to endothelium under
flow conditions. Am J Respir Cell Mol Biol.
2003;28(4):512-9. [Crossref] [PubMed]

60. Peterson ED, Shaw LJ, Califf RM. Risk strati-
fication aftermyocardial infarction. Ann Intern
Med. 1997;126(7):561-82. [Crossref]
[PubMed]

61. Zientek DM, King DL, Dewan SJ, Harford PH,
Youman DJ, Hines TR. Hypereosinophilic syn-
drome with rapid progression of cardiac in-
volvement and early echocardiographic
abnormalities. Am Heart J. 1995;130(6):1295-
8. [Crossref]

62. Séguéla PE, Acar P. Hypereosinophilic
heart disease. In: da CruzE, Ivy D, Jaggers
J, eds. Pediatric and Congenital Cardiology,
Cardiac Surgery and Intensive Care. 1st ed.
London: Springer-Verlag; 2014. p.2439-51.
[Crossref]

63. Imanishi T, Ikejima H, Tsujioka H, Kuroi A,
Ishibashi K, Komukai K, et al. Association of
monocyte subset counts with coronary fibrous
cap thickness in patients with unstable angina
pectoris. Atherosclerosis. 2010;212(12):628-
35. [Crossref] [PubMed]

64. Woollard KJ, Geissmann F. Monocytes in
atherosclerosis: subsets and functions. Nat
Rev Cardiol. 2010;7(2):77-86. [Crossref]
[PubMed]

65. Ley K, Miller YI, Hedrick CC. Monocyte and
macrophage dynamics during atherogenesis.
Arterioscler Thromb Vasc Biol. 2011;31(7):
1506-16. [Crossref] [PubMed]

66. Jaipersad AS, Lip GY, Silverman S, Shantsila
E. The role of monocytes in angiogenesis and
atherosclerosis. J Am College Cardiol.
2014;63(1):1-11. [Crossref] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/24140662
https://doi.org/10.1016/j.jacc.2013.09.019
https://www.ncbi.nlm.nih.gov/pubmed/21677293
https://doi.org/10.1161/ATVBAHA.110.221127
https://www.ncbi.nlm.nih.gov/pubmed/20065951
https://doi.org/10.1038/nrcardio.2009.228
https://www.ncbi.nlm.nih.gov/pubmed/20615506
https://doi.org/10.1016/j.atherosclerosis.2010.06.025
https://doi.org/10.1007/978-1-4471-4619-3_11
https://doi.org/10.1016/0002-8703(95)90161-2
https://www.ncbi.nlm.nih.gov/pubmed/9092324
https://doi.org/10.7326/0003-4819-126-7-199704010-00012
https://www.ncbi.nlm.nih.gov/pubmed/12654641
https://doi.org/10.1165/rcmb.4806
https://www.ncbi.nlm.nih.gov/pubmed/15090704
https://doi.org/10.1536/jhj.45.275
https://www.ncbi.nlm.nih.gov/pubmed/15336829
https://doi.org/10.1016/j.ijcard.2003.06.028
https://www.ncbi.nlm.nih.gov/pubmed/3553628
https://doi.org/10.1001/jama.1987.03390170074031
https://www.ncbi.nlm.nih.gov/pubmed/11067784
https://doi.org/10.1161/01.CIR.102.19.2329
https://www.ncbi.nlm.nih.gov/pubmed/9124417
https://doi.org/10.1371/journal.pone.0090663
https://www.ncbi.nlm.nih.gov/pubmed/15542275
https://doi.org/10.1016/j.jacc.2004.07.056
https://www.ncbi.nlm.nih.gov/pubmed/7718033
https://doi.org/10.1161/01.CIR.90.4.2126
https://www.ncbi.nlm.nih.gov/pubmed/23617205
https://doi.org/10.3329/jhpn.v31i1.14749
https://www.ncbi.nlm.nih.gov/pubmed/11877368
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1161/01.CIR.0000131514.71167.2e
https://www.ncbi.nlm.nih.gov/pubmed/15780773
https://doi.org/10.1016/j.annepidem.2004.08.009
https://www.ncbi.nlm.nih.gov/pubmed/25079972
https://doi.org/10.1007/s11239-014-1120-3
https://doi.org/10.1016/S0002-9149(99)00846-2
https://doi.org/10.1016/S0008-6363(96)00257-X
https://www.ncbi.nlm.nih.gov/pubmed/25340316
https://doi.org/10.1097/MCA.0000000000000186
https://www.ncbi.nlm.nih.gov/pubmed/23077568
https://doi.org/10.1371/journal.pone.0047183
https://doi.org/10.1371/journal.pone.0047183
https://doi.org/10.3904/kjim.2006.21.2.97
https://doi.org/10.1590/S0066-782X2006000300013
https://doi.org/10.1016/j.ehj.2004.05.002
https://doi.org/10.1016/j.ehj.2004.05.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769274
https://doi.org/10.1136/heart.89.4.389

