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Abstract

Background: Atherosclerotic coronary artery disease (CAD) has long been shown to involve chronic low-grade subclinical inflammation.
However, whether there is association between hematological indices assessed by complete blood count (CBC) and coronary atherosclerotic
burden has not been well studied. Materials and Methods: Consecutive 868 patients without known CAD who presented with acute chest pain
to emergency department and underwent coronary artery calcium (CAC) scoring evaluation by multi-detector cardiac computed tomography
were included in our study. Clinical characteristics and CBC indices were compared among different CAC groups. Results: The cohort
comprised 60% male with a mean age of 61 (SD = 14) years. Median Framingham risk of CAD was 4% (range 1-16%). Median CAC score
was 0 (IQR 0-43). Higher CAC groups had significantly higher Framingham risk of CAD than lower CAC groups (P < 0.001). Among
different CAC categories, there was no statistically significant difference in hemoglobin level (p 0.45), mean corpuscular volume (p 0.43),
mean corpuscular hemoglobin (p 0.28), mean corpuscular hemoglobin volume (p 0.30), red cell distribution width (0.42), total white blood
cell counts (p 0.291), neutrophil counts (p 0.352), lymphocyte counts (p 0.92), neutrophil to lymphocyte ratio (p 0.68), monocyte count
(p 0.48), and platelet counts (p 0.25). Conclusion: Our study did not detect significant association between hematological indices assessed
with CBC and coronary calcification in symptomatic patients without known CAD.
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Introduction

Atherosclerotic coronary artery disease (CAD) has
long been shown to involve inflammatory processes.
Numerous pathways and markers have been studied in
order to detect the presence and evolution of this disease.
The role of various biological inflammatory markers as
risk factors and prognosticators has been elucidated in
different CAD patients ranging from population-based
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asymptomatic subjects!!! to patients with myocardial
infarction undergoing coronary artery bypass graft
surgery (CABG).” In addition, since the earlier phase of
CAD involves asymptomatic coronary artery calcification
(CAQ), there have also been different studies examining
the relationship between multiple classic as well as novel
biological markers of inflammation and CAC. However,
most of the current studies that investigated associations
between inflammatory biomarkers and CAC used novel
markers that might not be readily available clinically in
general hospital settings and they were conducted in
asymptomatic subjects. Data with classic inflammatory
markers derived from complete blood count (CBC)
such as red blood cell indices, white blood cell indices,
and platelet counts is still conflicting and sparse in
symptomatic patients. Whether various blood cell counts
and ratios can reflect presence and/or extent of CAC in
this population with CAD is still uncertain.
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The objective of our study is to examine the relationship
between hematological indices assessed with CBC and
CAC in symptomatic patients without known history
of CAD.

Materials and Methods

Study protocol and patient selection

This study is a cross-sectional analysis of a prospective
observational cohort study examining usefulness of
CAC score in triaging chest pain patients presenting
at emergency department in our hospital, which is
described elsewhere.P! Subjects were consecutive
patients older than 18 years who were admitted
under observational status for further evaluation of
acute chest pain of unknown cardiac significance
but suggestive of myocardial ischemia within the
previous 24 hours. The decision to discharge patients
home, admit patients under observational status,
or admit patients under full admission status is
determined by emergency department physicians
or the patient’s personal physician. The chest pain
observation protocol includes performing serial
12-lead electrocardiograms (EKGs), troponin level, and
a stress test. Exclusion criteria included patients with
non-cardiac chest pain based on clinical assessment
(e.g., pleuritic, musculoskeletal chest pain), history
of CAD based on previous coronary angiography or
prior coronary revascularization, elevated troponin
in initial blood samples, new or presumably new ST-
segment elevation or depression (21 mm) on baseline
electrocardiogram, hemodynamic or clinical instability
defined by systolic blood pressure <90 mmHg or
clinically significant atrial/ventricular arrhythmia,
known or suspected pregnancy and patients who
were not to provide informed consent. In this analysis,
patients without complete CBC information were also
excluded. None of the investigators were involved
in clinical management of enrolled patients beyond
interpretation of their images. Institutional Review
Board approval was obtained for this study.

Blood cell counts

CBC information used in this analysis was from blood
samples drawn on initial emergency department
encounter. RBC indices (hemoglobin, Hb; mean
corpuscular volume, MCV; mean corpuscular
hemoglobin, MCH; mean corpuscular hemoglobin
concentration, MCHC and red blood cell distribution
width, RDW), WBC counts with differentials (neutrophil;
lymphocyte; neutrophil-to-lymphocyte ratio, NLR; and
monocytes), and platelet counts data were collected. NLR
was calculated by dividing absolute neutrophil count by
absolute lymphocyte count.

CAC scoring

CAC scoring was performed within 24 hours after
admission from emergency department. CAC score
was measured by a 16-slice multi-detector computed
tomography (CT) scanner (Philips Precedence, Philips
Healthcare, Eindhoven, The Netherlands). Images were
acquired during a single breath hold, using prospective
EKG gating with imaging triggered at 75% of the R-R
interval (collimation 8 x 2.5 mm, voltage 120 keV,
current 75 mA). CAC score was calculated, as previously
described by Agatston et al.l Patients were categorized
into four groups based on their CAC extent: Absent
CAC (CAC score = 0), mild CAC (CAC score 1-100),
moderate CAC (CAC score 101-400), and severe CAC
(CAC score > 400).

Data gathering and processing

During the observation period, all clinical information
was collected including demographic information,
cardiovascular history, and blood samples for lipid
profiles, cardiac biomarkers and renal function tests.
Cardiovascular history included information on
cardiovascular symptoms; history of hypertension,
diabetes mellitus, dyslipidemia, smoking, peripheral
arterial disease, carotid artery disease, abdominal
aortic aneurysm; family history of CAD and
current cardiovascular medication profiles. Clinical
information was used to calculate Framingham CAD
10-year risk score. 10-year risk of CAD was analyzed
from the score. Data were examined for outliers by
outlier labeling method.®! Outliers (less than 5% of
all cohorts) were winsorized. All continuous variables
were examined for nature of distribution. Logarithmic
transformation was performed on all non-normally
distributed variables.

Statistical analysis

Patients were divided into four different categories based
on their CAC score. Descriptive statistics for studied
variables are presented as mean (standard deviation, SD)
for normally distributed variables, median (interquartile
range, IQR) for non-normally-distributed variables
and frequency (percentage) of categorical variables.
Spearman correlation was performed between study
variables and CAC score. Analysis of variance (ANOVA)
and Student’s t-test were used to identify differences in
means between CAC categories. Kruskal-Wallis H test
and Wilcox-Mann-Whitney U-test were used to examine
differences in medians between CAC categories. y?
analysis was used to identify significant heterogeneity in
the frequencies. Univariable and multivariable analysis
were performed with binary logistic regression and
linear regression. Logarithmic transformation of CAC
score was used for linear regression test. Each CBC index
was adjusted for Framingham CAD risk in multivariable
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analysis. All statistical tests were performed with IBM
SPSS/PASW Statistics 20 (SPSS Inc., Chicago, IL). A
two-tailed P value < 0.05 was considered statistically
significant.

Results

Study population characteristics

Consecutive 868 patients, who underwent Agatston
CAC scoring during observation period and had CBC
performed, were included in the final analysis. Baseline
and study clinical characteristics are shown in Table 1.

The median CAC score in our study population was 0
(IQR 0-43). Most (522 of 866, 60.3%) had absent CAC,
followed by 21.8% (189 of 866) with mild CAC, 10.0% (87
of 866) with moderate CAC, and 7.9% (68 of 866) with
severe CAC. Mean age of patients in absent CAC group
was lower than patients with CAC (overall P = 0.021).
However, only patients with mild CAC were significantly
older than patients with absent CAC (P = 0.013), but
not patients with moderate CAC (P = 0.074) or severe
CAC (P = 0.054). Higher CAC groups had significantly
higher 10-year risk for CAD than lower CAC groups
predicted by Framingham risk score (overall P <0.001).
Compared to absent CAC group, mild CAC, moderate
CAC, and severe CAC all had higher 10-year risk for
CAD (P < 0.001 for every group). Moderate CAC and
severe CAC had statistically higher CAD risk than mild
CAC (P =0.008 and P <0.001, respectively). Severe CAC
had higher CAD risk than moderate CAC, although it
was not statistically significant (P = 0.066). There was
no statistically significant difference in gender (overall
P =0.443) or BMI (overall P = 0.459) among CAC groups.

Blood counts and CAC

Overall, all hematological indices were within the
normal limit according to our laboratory references
as demonstrated in Figures 1 and 2. There was no

statistically significant difference in hemoglobin level
(p 0.45), mean corpuscular volume (p 0.43), mean
corpuscular hemoglobin (p 0.28), mean corpuscular
hemoglobin volume (p 0.36), red cell distribution width
(0.42), total WBC counts (P = 0.29), relative neutrophil
counts (P = 0.88), absolute neutrophil counts (P = 0.35),
relative lymphocyte counts (P = 0.85), absolute
lymphocyte counts (P = 0.92), NLR (P = 0.68), relative
monocyte count (p 0.35), absolute monocyte count
(p 0.48) or platelet counts (P = 0.25) among the 4 CAC
categories. After reclassifying patients into dichotomous
categories: absent CAC (CAC score = 0) and present
CAC (CAC score > 0) or absent-to-mild CAC (CAC score
<100) and moderate-to-severe CAC (CAC score > 100),
there was still no significant difference between all cell
counts or NLR.

In correlation analysis, MCH had weak but significant
association with CAC score (coefficient 0.075, P = 0.03).
Examination on other hematological indices did not
show statistically significant correlation with CAC score
including hemoglobin (P =0.79), MCV (P =0.17), MCHC
(P =0.11), RDW (P = 0.64), total WBC counts (P = 0.18),
relative neutrophil counts (P = 0.63), absolute neutrophil
count (P = 0.17), relative lymphocyte counts (P = 070),
absolute lymphocyte count (P = 0.76), NLR (P = 0.77),
relative monocyte counts (P = 0.24), absolute monocyte
count (P =0.66), and platelet counts (P = 0.54). With all of
the above analysis separately performed for each gender,
no statistically significant differences or correlations
were shown.

In regression model analyses, higher MCH was found
to have significant univariate association with higher
absolute CAC score (P = 0.03); however, after adjustment
with Framingham risk, the association diminished
and did not reach the predefined significant threshold
(P = 0.09). Other hematological indices were not
associated with either presence of CAC or CAC score
as shown in Table 2.

Table 1: Baseline characteristics

Variables All CACS 0 CACS 1-100 CACS 101-400 CACS > 400 P value
N =866 N =522 =189 N =87 N =68

Age, year (SD) 61 (14) 60 (13) 63 (13) 63 (14) 63 (14) 0.021

Male, 1 (%) 521 (60.2) 314 (60.2) 118 (62.4) 54 (62.1) 35 (51.5) 0.443

BMI, kg/m?(SD) 30.6 (7.2) 30.6 (7.5) 31.0 (6.6) 29.8 (6.7) 29.7 (6.7) 0.459

ATP III group, No. (%)

Low 315 (36.4) 265 (50.8) 39 (20.6) 7 (8.0) 4 (5.9) <0.001

Moderate 250 (28.9) 150 (28.7) (31.7) 30 (34.5) 10 (14.7)

Moderately high 135 (15.6) 36 (6.9) (27.0) 25 (28.7) 23 (33.8)

High 166 (19.2) 71 (13.6) 39 (20.6) 25 (28.7) 31 (45.6)

Framingham 10-year 4 (1-16) 2 (1-6) 8 (3-16) 12 (5-21) 20 (11-21) <0.001

CAD risk, % (IQR)

CACS = Coronary artery calcium score, BMI = Body mass index, ATP = Adult treatment panel, CAD = Coronary artery disease
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Figure 1: Mean + 95% confidence interval of red blood cell indices (hemoglobin level, mean corpuscular volume, MCV; mean corpuscular
hemoglobin, MCH; mean corpuscular hemoglobin concentration, MCHC:; red cell distribution width, RDW) and platelet level among different
coronary artery calcium score categories (0, 1-100, 101-400, >400)
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Figure 2: Mean + 95% confidence interval of white blood cell (WBC) indices including absolute/relative neutrophil counts, absolute/relative
lymphocyte counts, absolute/relative monocyte counts, neutrophil-to-lymphocyte ratio (Neu: Lymp ratio) among different coronary artery
calcium score categories (0, 1-100, 101-400, >400)
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Discussion

Role of inflammation in the pathogenesis of
atherosclerotic CAD has been extensively studied for
the past decades. There is evidence of inflammation
in every stage of the disease from the very beginning
of atherosclerosis when fatty streaks are formed on
the vascular wall. This is demonstrated by presence
of leukocytes in fatty streaks and their transformation
into foam cells. This eventually leads to atherosclerotic
plaque formation and to myocardial infarction.[! As
further evidence, medications with anti-inflammatory
effect such as aspirin, statins, and steroids have
been shown to affect clinical outcomes in various
populations of CAD."! In addition, in patients with
systemic inflammatory disorders such as rheumatoid
arthritis (RA), it has been illustrated that prevalence
of atherosclerotic CAD is increased and progression of
CAC is accelerated compared to those without RA.*!

The main finding of this study is the lack of statistically
significant association between CAC detected by cardiac
CT and hematological indices using CBC, which is readily
available clinically in symptomatic patients without
known CAD. This finding is inconsistent with a recently
published cardiac CT-based study by Korkmaz et al.l"
which demonstrated a strong relationship between
total WBC counts and presence of Agatston CAC score
(OR 1.7; 95%CI 1.3-2.1, P < 0.001) as well as extent of
CAC (correlation coefficient 0.57, P < 0.001). However,
their study was conducted in asymptomatic patients in
contrast to our study. WBC count along with its absolute
and relative differential counts, mainly neutrophil and
lymphocyte, have also been investigated sporadically
in other CAD populations for various outcomes. In
asymptomatic subjects, Suzuki et al."™ showed that low
relative lymphocyte count was an independent predictor
for long-term CAD events in patients with type 2 diabetes
mellitus. In symptomatic CAD, Han et al.' exhibited that
high NLR was associated with worse clinical outcomes
including mortality, non-fatal myocardial infarction, and
ischemic stroke in patients with ST-elevation myocardial
infarction (STEMI) undergoing primary percutaneous
intervention (PCI). Likewise, Soylu et al.'™! described the
role of NLR as an independent predictor for no-reflow
development in a similar patient population. In addition,
their study also showed a statistically significant
inverse correlation between corrected Thrombolysis
in Myocardial Infarction (TIMI) frame counts and
lymphocyte counts. However, total WBC counts and
neutrophil counts did not show significant correlation
as such. Correspondingly, Rashidi et al.”) examined
CAD patients undergoing CABG surgery and found
that increased total WBC counts preoperatively was an
independent predictor for recurrence of ischemic events
within 1 year of surgery.

Relationship between CAC and other inflammatory
markers has also been extensively studied. Most
investigations demonstrated positive but weak association
between these biological markers and presence or extent
of CAC. After adjustment with baseline characteristics
such as body mass index, the associations were lost.
C-reactive protein (CRP) is one of the most studied
markers. It has been shown that, in asymptomatic subjects
without apparent CAD, high CRP was associated with the
presence of CAC (CAC score > 0) and CAC score >10.0114
In addition, value of CRP was also shown to correlate
with value of CAC score. In contrast, Redberg et al.*
demonstrated an inverse relationship between high
CRP and CAC detected by electron beam CT (EBCT)
in postmenopausal women. However, their population
size was modest and comprised high proportion of
patients without CAC (44%). Other markers that have
been described in association with CAC in recent
literature include fibrinogen,** monocyte chemotactic
protein-1 (MCP-1),"! resistin,"! lipoprotein-associated
phospholipase A2 (Lp-PLA2),!! tumor necrosis factor
alpha (TNF-0),"* beta fibroblast growth factor (3-FGF),!"
and interleukin-6 (IL-6).M! In addition, relationships
between clinical events or other surrogates and these
inflammatory biomarkers have also been examined.
Those markers are not only limited to the aforementioned
markers but also include interleukin-18,1'"1 gelatinase-
associated lipocalin,™! vaspin,! macrophage migration
inhibiting factor (MMIF),?" and fetuin-A.!

In summary, we have demonstrated the lack of
significant association between CBC indices and CAC
in symptomatic patients suspected for CAD. These
findings are in contrary to most of the other current
studies in literature, regarding inflammatory markers
and CAD. This discrepancy might possibly be from
robustness of CBC indices in detecting chronic low level
of inflammation in atherosclerotic CAD, heterogeneity
between previous studies and our studies in the studied
population, definition of each CAD group as well as
imaging modalities to detect CAC. Nevertheless, our
findings suggest that none of CBC indices can be used
reliably as a marker of CAC in clinical setting.

The limitation of this study is the single-center cross-
sectional nature of examining association between
the hematological indices and CAC score. Causal
relationship cannot be established from this study
design. Also some patients did not have CBC performed,
so we excluded those patients from the study. This might
create a bias in our series.

Conclusion

Our study did not detect significant association between
Agatston coronary artery calcification score and
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hematological indices assessed with CBCs including
hemoglobin level, MCV, MCH, MCHC, RDW, total WBC
counts, absolute/relative neutrophil counts, absolute/
relative lymphocyte counts, neutrophil-to-lymphocyte
ratio, absolute/relative monocyte counts, and platelet
counts in symptomatic patients without history of
CAD. The findings were in contrast with the previously
reported data and potentially suggested that CBC
indices could not be used reliably as a marker of CAD
in clinical setting.
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