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Abstract Background: The mechanisms linking ABO blood group to coronary atherosclerosis
is inconsistent and not fully understood.
Objectives: To investigate the relationship between ABO blood groups with coronary athero-
sclerotic markers (coronary artery calcification (CAC), coronary plaque presence and coronary
luminal stenosis (CAD)) and pericardial fat volume (PFV) in patients with suspected coronary
artery disease assessed by Multidetector CT angiography (MDCT).
Patients and methods: Two hundred twenty consecutive patients who underwent 64-slice
MDCT angiography for assessment of coronary artery disease were recruited. Of these, 180 pa-
tients (97 females (54%) and 83 males (46%) with a mean age of 51.7 � 12 years) were found to
be eligible and were enrolled in the study.
Results: We classified the blood groups into O blood group (51.6%) and non O blood group
(38%). There were no significant differences in the distribution of CAC, CAD, PFV and
coronary plaque presence between different blood groups (P > 0.05). The distribution
of major cardiovascular risk factors did not differ significantly among the ABO blood
groups, except for a significant association between O blood group and smoking
(P Z 0.04).

Adjustment for age and sex showed no significant associations between blood groups
with coronary atherosclerotic markers or PFV (P > 0.05). Non O blood group were signif-
icantly correlated with CAC (P Z 0.01), coronary plaque (P Z 0.04) and PFV (P Z 0.03)
after adjustment for CAD and CAC.
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Conclusion: No significant relationship were observed between ABO blood groups with
coronary atherosclerotic markers and PFV. Non O blood group showed a significant cor-
relation with CAC and PFV after adjustment for CAC and CAD.
ª 2016 Association for Research into Arterial Structure and Physiology. Published by Else-
vier B.V. All rights reserved.

Introduction

ABO blood group antigens are glycoproteins and glycolipids
expressed on the surface of red cells, platelets and endo-
thelial cells acting as a principle agents for endothelial cell
proliferation and their expression is partially dependent on
racial origin.1,2

In the last two decades, several studies have been re-
ported that ABO blood groups are linked with a risk of
coronary artery disease and ABO blood groups could play a
role in the coronary atherosclerosis process through a
modulation in the vascular endothelial hemostasis.2e5

However, the potential mechanism linking ABO groups
with coronary artery disease remains unclear and little is
known regarding the association of blood groups with sub-
clinical atherosclerosis and cardiac fat deposits.

Recently, the important role of coronary artery calcifi-
cation (CAC) and pericardial fat volume (PFV) as an imaging
markers of subclinical coronary atherosclerosis assessed by
multidetector CT (MDCT) have been reported in several
large follow-up studies for assessing the extent and early
coronary endothelial dysfunction that may precede the
development of mature atherosclerotic changes of coro-
nary artery disease.6e9

The main aim of our study was to investigate the rela-
tionship between ABO blood groups with coronary athero-
sclerotic markers (CAC, coronary plaque presence and
coronary luminal stenosis) and PFV in patients with sus-
pected coronary artery disease.

Patients and methods

This cross-sectional study was carried out at the Cardiology
Center at Al-Sader Teaching Hospital. Informed consent was
obtained from all individual participants included in the
study. The study was approved by our institution. Two
hundred twenty consecutive Iraqi patients with intermedi-
ate pretest probability of ischemic heart disease based on
their age, sex and cardiac symptoms who underwent 64-
slice MDCT angiography for assessment of coronary artery
disease (CAD) were recruited between January 2014 and
June 2015. Of these, 180 patients were found to be eligible
and were enrolled in the study.

Forty patients were excluded because of a poor exami-
nation technique or motion artifact (n Z 6), aortic root
anomalies or dissection (n Z 2), difficulty in accurate
pericardial fat volume calculation or segmentation of fat
(n Z 10), or data were missing (n Z 22).

Using standard physician-based questionnaires, a history
of conventional cardiac risk factors for CAD was obtained
from each patient at the time of coronary MDCT

angiography examination including a positive family history
of premature CAD (occurring before the age of 55 years in
men and before 65 years in women), current smoking his-
tory (more than 10 cigarettes per day in the last year), a
history of hypertension or use of anti-hypertension medi-
cations, hyperlipidemia was defined as total cholesterol
�200 mg/dl or triglyceride levels �150 mg/dl or use of lipid
lowering drugs, a history of diabetes mellitus or use of in-
sulin or diabetic lowering drugs and obesity with a body
mass index �30. Patients were asked to report their blood
type (A, B, AB, O, or unknown) in the questionnaires.

CT scan protocol

CT coronary angiography was performed with a 64-slice
scanner (Aquilon 64, v. 4.51 ER 010; Toshiba Medical Sys-
tems, Tochigi, Japan). Before multi-slice CT angiography
was performed, a non-contrast CT was obtained to calcu-
late the calcium score according to the Agatston for total
heart calcium (summed across all lesions identified within
coronary arteries) using a sequence scan with a slice
thickness of 3 mm.

Coronary calcification area was defined as at least three
contiguous voxels with a CT density >130 Hounsfield units.
When the patient’s heart rate was more than 65 beat per
minute, a b-blocker (metoprolol; 20e120 mg orally) was
given before the scan. A bolus of 80 ml contrast medium
(Omnipaque; 350 mg/ml iodine) was injected intravenously
at a rate 5 ml/s, followed by 30 ml of normal saline. The
scan was obtained from the aortic arch to the level of the
diaphragm during a single breath hold. Using retrospective
ECG-gating and ECG-dependent tube current modulation,
the following parameters were performed: collimation,
width 32.5 � 32.5 cm; slice thickness, 0.5 mm; rotation
time, 0.35 s; tube voltage, 120 kV; maximum effective tube
current, 890 mA; and table feed, 0.3 mm/rotation at 75% of
ReR cardiac cycle. Examination time took w10 s. MDCT
images were rearranged using a smooth kernel (B25f) with a
slice thickness of 0.5 mm (increment of 0.3 mm). CT data
sets were transferred to a dedicated workstation (Vitrea 2
Workstation; Vital Image, Plymouth, MN, USA) for image
analysis.

For the analysis of coronary atherosclerotic markers
detected by MDCT, severity of coronary artery stenosis was
visually graded as normal (normally appearing lumen), non-
obstructive with a mean lumen diameter reduction of <50%
or obstructive with a mean lumen diameter reduction of
�50% in a single vessel by comparing the lumen diameter of
the narrowest segment with that of a more proximal or
distal normal segment in two orthogonal projections and
multiple if there was non-obstructive and obstructive

ABO groups and subclinical coronary disease 37



lesions in the same patient. A calcified plaque was defined
as a structure of >1 mm within and/or adjacent to a cor-
onary vessel lumen consisting of calcium only. The calcium
score was categorized as CAC Z 0 (zero), 1e99 (mild),
100e399 (moderate) and �400 (extensive calcification).

For coronary computed tomography (CT) analysis, a
calcified plaque was defined as a structure of >1 mm within
and/or adjacent to a coronary vessel lumen consisting of
calcium only. The severity of coronary artery stenosis was
visually graded as either normal (normally appearing
lumen), non-significant stenosis (with a mean lumen
diameter reduction of <50%), or significant stenosis (with a
mean lumen diameter reduction of �50% in a single vessel)
by comparing the lumen diameter of the narrowest
segment with that of a more proximal or distal normal
segment in two orthogonal projections.

CAD was defined when patients had one significant cor-
onary stenosis and more. The calcium score was catego-
rized as <10 (no or minimal calcification), 10e99 (mild),
100e400 (moderate) and >400 (extensive calcification).

PFV was defined as any fatty tissue located within the
pericardial sac and measured three-dimensionally with the
contrast-enhanced phase. PFV measured three-
dimensionally with the contrast-enhanced phase. The
layer of the pericardium was manually traced and a three-
dimensional image of the heart was constructed. Then the
PFV was quantified by calculating the total volume of the
tissue whose CT density ranged from �250 to �20 HU within
the pericardium by using three D workstation.10 All MDCT
images were assessed by two independent radiologists with
more than 5 years’ experience in coronary MDCT angiog-
raphy interpretation.

Statistical analysis

Data are presented as mean � standard deviation or as
numbers with percentages, as appropriate. Categorical
data are expressed as frequencies and group comparisons
were performed using Pearson’s chi-square test. Contin-
uous variables are presented as mean � standard deviation
and were compared using the Student’s t-test or analysis of
variance, as appropriate. A P-value of less than 0.05 was
considered statistically significant. The statistical analysis
was processed using SPSS ver.13.

Results

This study comprised 180 patients (97 females (54%) and 83
males (46%) with a mean age of 51.7 � 12 years and range
from 34 to 71 years) with a prior history of chest pain
(n Z 130), dyspnea (n Z 30), an equivocal exercise toler-
ance test (n Z 12), syncope (n Z 3) and other (n Z 5) who
underwent 64-slice MDCT angiography examinations for
assessment of CAD. PFV mean was 91.6 � 57.5 cm3 and
mean coronary calcium score was 79 � 200 with CAC (cor-
onary calcium score >0) percentage of 42.7% in the whole
sample. The frequency for blood group A, B, AB, O and
unknown was 32(17.7), 22(12.5%),14(7.7)93 (51.6%) and 19
(10.5%) respectively. The prevalence of the ABO groups in
our study was similar to that reported in Saudi Arabia as

both Iraq and Saudi Arabia in general share the same
ethnicity.11

Patient characteristics are summarized in Table 1.
For statistical analysis, we classified the blood groups

into O blood group (51.6%) and non O blood group (38%).
There were no significant differences in the distribution

of CAC, CAD, PFV and coronary plaque presence between
different blood groups (P > 0.05; Table 2).

The distribution of major cardiovascular risk factors
(hypertension, diabetes, hyperlipidemia, BMI, family his-
tory, age and male) did not differ significantly among the
ABO blood groups, except for a significant association be-
tween O blood group and smoking (P Z 0.04).

Adjustment for age and sex showed no significant asso-
ciations between blood groups with coronary atheroscle-
rotic markers or PFV.

O blood group: The mean coronary calcium score was
75 � 193 and PFV mean was 92 � 62 cm3.

No significant correlations had been observed between O
blood group and coronary atherosclerotic markers even
after adjustment for CAD, CAC, age and sex.

Non O blood group: The mean coronary calcium score
was 74 � 155 and PFV mean was 95 � 59 cm3.

After adjustment for coronary calcium score grades, non
O blood group were significantly correlated with PFV in

Table 1 Patients characteristics.

Parameter No. (%) or mean � SD

Age (years) 53 � 11
Male 83(46)
Female 97(54)
Risk factors

Hypertension 77(43)
obesity 67(37)
Family history 35(19)
Diabetes mellitus 37(21)
Hyperlipidemia 34(19)
Smoking 15(8)
Coronary atherosclerotic markers

Coronary plaque
Present 71(40)
Absent 108(60)
Coronary artery disease

Normal arteries 109(61)
Non-obstructive lesion 17(9)
Obstructive lesion 25(14)
Multiple lesions 29(16)
Coronary calcification groups

Zero 103(57)
Mild calcification 46(26)
Moderate calcification 16(9)
Extensive calcification 15(8)
Pericardial fat volume 91.6 � 57 cm3

Blood group frequency

O 93(52)
A 32(18)
B 22(12)
AB 14(8)
Unknown 19(10)
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patients with moderate CAC (P Z 0.03) and coronary pla-
que presence (P Z 0.04) in mild CAC group (CAC Z 1e99).
Non O blood group patients tended to have a higher CAC
level compared to patients with O blood group after
adjustment for CAD (P Z 0.01).

Discussion

In the present study, no significant relationship were
observed between ABO blood groups with coronary
atherosclerotic markers and PFV in patients with suspected
coronary artery disease.

To the best of the authors’ knowledge, there is no study
highlights the potential relationship between ABO groups
with CAC and PFV using MDCT in patients with suspected
CAD.

The results of studies regarding the association between
ABO blood groups and coronary atherosclerosis have been
inconsistent.

Several epidemiological studies in different populations,
including American, Norwegian, British and Hungarian
populations have been showed an association between non
O blood group and CAD.3,4,12,13

On the other hand, other studies reported no significant
relationship between ABO blood group and the risk of
CAD.1,14,15

Furthermore, Asian studies also showed inconsistent
relationship between ABO blood groups and CAD.16e18

Biswas S et al. studied the relationship of ABO blood
group in 250 individuals from Asian Indian Bengali popula-
tion of India and they found that AB blood group decreases
the risk of CAD in healthy controls while the O blood group
increases the risk of CAD.16

The role of variations in the distribution of blood groups
in various parts of the world as a possible cause for these
inconsistent results has been suggested by the results of an
Iranian prospective study of 10,621 patients enlisted for
CABG reported that the prevalence of CAD is markedly
higher in blood group O patients than in all other ABO blood
groups, which is in contrast with other studies done in
Europe and the United States.17

A Turkish cohort study conducted in 470 patients with
acute ST elevation myocardial infarction showed that ABO
blood groups were not be significantly correlated with the

risk and development of acute myocardial infarction and
the prevalence and of ABO blood groups was similar be-
tween patients with acute myocardial infarction and con-
trol group.18

The inconsistencies in the association between ABO
blood group and cardiovascular disease may be attributed
to the difference in racial and ethnic background of popu-
lation who have been enrolled in the studies and selection
criteria for inclusion in the study design.

Another result of our study was that non O blood group
was significantly correlated with PFV, coronary plaque
presence and had a higher level of CAC compared to pa-
tients with O blood group after adjustment for CAC and CAD
respectively.

Evidences from conventional coronary angiography
based studies have been reported the role of increased
prothrombotic state and levels of systemic inflammatory
response as a possible cause for the significant correlation
between ABO blood group and the risk of coronary artery
disease.1,5

However, the links that explains the complex role of ABO
blood groups to CAD pathogenesis remains unclear.

The role of inflammatory markers and LDL-C metabolism
associated with ABO blood groups variants has been sug-
gested by a meta-analysis study that showed a significant
CAD risk in non-O blood group individuals compared to O
blood group individuals.19

A genome-wide association studies reported that Blood
group non O genotypes had greater odds of myocardial
infarction in patients with angiographic CAD than did blood
group O suggesting that a specific genetic loci may be
implicated in the process of coronary atherosclerosis
whereas others predispose to subsequent acute myocardial
infarction through plaque rupture.20

The significant association between non O blood group
with PFV and CAC in our study might be less conclusive due
to the small size of our sample after adjustment.

However, this association could highlight the complex
role of ABO in the pathogenesis of coronary atherosclerosis.

There were several limitations in this study. First, the
study was a single center investigation, and the population
was not randomly selected, as it involved only patients with
intermediate pretest probability of ischemic heart disease
based on physician referral. There is, therefore, the pos-
sibility of selection bias. Second, the number of patients
was relatively small, especially when the study population
was divided into subgroups. Third, a causal relationship
between ABO blood groups with coronary atherosclerotic
markers and PFV cannot be established because of the
cross-sectional nature of our study. Fourth, estimation
error may occur as the blood group in our study was self-
reported and not rely on molecular techniques.

Conclusion, the findings of our study suggest no signifi-
cant relationship between different ABO blood groups with
coronary atherosclerotic markers and PFV. The relationship
between non O blood group with PFV, CAC and coronary
plaque presence should be tested in larger follow ups
studies to clarify its significance and role in coronary
atherosclerosis.

Compliance with ethical standards: All procedures per-
formed in studies involving human participants were in
accordance with the ethical standards of the institutional

Table 2 Distribution of coronary atherosclerotic markers
and PFV between O and non O blood groups.

O Blood
group

Non O blood
group

P Value

Coronary artery disease (CAD)

Normal coronaries 57(61%) 42(62%) 0.9
Non-obstructive lesion 7(8%) 7(10%) 0.5
Obstructive lesion 11(12%) 11(16%) 0.4
Multiple lesions 18(19%) 8(12%) 0.1
CAC

Zero 56(60%) 36(53%) 0.3
>0 37(40%) 32(47%) 0.3
PFV 92 � 62 cm3 95 � 59 cm3 0.5
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