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Abstract
Aim: The aim of study was to: 1) examine the relationship between ABO blood groups and extent of coronary atherosclerosis in patients with chronic
coronary artery disease (CAD), 2) compare ABO blood groups distribution in CAD patients and general population, 3) examine possible differences in
traditional risk factors frequency in CAD patients with different ABO blood groups.
Materials and methods: In the 646 chronic CAD patients (72.4% males) coronary angiograms were scored by quantitative assessment using multiple angiographic scoring system, Traditional risk factors were self reported or measured by standard methods. ABO blood distribution of patients
was compared with group of 651 healthy blood donors (74.6% males).
Results: Among all ABO blood group patients there was no significant difference between the extent of coronary atherosclerosis with regard to all
the three scoring systems: number of affected coronary arteries (P = 0.857), Gensini score (P = 0.818), and number of segments narrowed > 50% (P
= 0.781). There was no significant difference in ABO blood group distribution between CAD patients and healthy blood donors. Among CAD patients,
men with blood group AB were significantly younger than their pairs with non-AB blood groups (P = 0.008). Among CAD patients with AB blood
group, males < 50 yrs were significantly overrepresented when compared with the non-AB groups (P = 0.003).
Conclusions: No association between ABO blood groups and the extent of coronary atherosclerosis in Croatian CAD patients is observed. Observation that AB blood group might possibly identify Croatian males at risk to develop the premature CAD has to be tested in larger cohort of patients.
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Introduction
Several studies have suggested the possibility of
ABO blood groups antigens to participate in
pathogenesis of CAD. However, most of these
studies reported a significant relationship between
ABO blood groups and acute coronary events, especially acute myocardial infarction and sudden
cardiac death (1-3). As possible links between ABO
blood groups and CAD pathogenesis authors emphasized increased prothrombotic state, higher
prevalence of traditional cardiovascular risk factors, and higher level of systemic inflammatory response revealed in patients with different ABO
blood groups (4-6). Association between ABO
blood groups and chronic CAD has been significantly less investigated.
http://dx.doi.org/10.11613/BM.2013.043

Atherosclerosis is a chronic inflammatory process
in which initiation and progression involve many
cell types, such as: platelets, endothelial cells,
monocytes, macrophages, and smooth muscle
cells (7). Along with their expression on red blood
cells, ABO antigens are highly expressed on the
surface of endothelial cells and platelets (8). Moreover, blood group antigens are presented on key
receptors controlling cell proliferation, adhesion,
and motility (9). In this context it should be also
mentioned that a series of GWAS have linked the
ABO locus to circulating levels of soluble intercellular adhesion molecule-1, soluble P-selectin, soluble E-selectin, and angiotensin-converting enzyme, proteins which blood levels in humans corBiochemia Medica 2013;23(3):351–9
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relate with increased risk of cardiovascular events
(10,11). Also, some recent GWASs and their metaanalyses support this potential role for ABO genotypes in modulating circulating levels of total and
LDL cholesterol, as well as phytosterols, established causal risk factors for atherosclerotic heart
diseases (12). Overall, these associations with cardiovascular risk biomarkers suggest a complex role
of ABO in atherosclerotic cardiovascular diseases.
Because initiation and progression of atherosclerosis involve interactions between activated endothelial cells, platelets, and inflammatory cells,
we hypothesized that ABO antigens play an important role in cell-cell interactions, which goes
along with the presence of traditional cardiovascular risk factors, resulting in different progression
of atherosclerosis, and consequently in different
extent of CAD in patients with different ABO blood
groups.
Previous studies on chronic CAD patients estimated extent of coronary atherosclerosis using single
angiographic scoring system (13-16). So far, the
only studies that have investigated the association
between ABO blood groups and CAD in the Croatian population included patients with an acute
myocardial infarction. Although results of first
study confirmed the association of non-OO blood
group genotypes with an increased risk of thrombosis, neither study demonstrated the association
between particular ABO genotypes and an increased risk of myocardial infarction (17,18).
In the present study, we aimed to investigate the
relationship between ABO blood groups and the
extent of coronary atherosclerosis in patients with
chronic CAD using multiple angiographic scoring
system. Also, we aimed to compare ABO blood
groups distribution in CAD patients and general
population and to examine possible differences in
traditional risk factors frequency in CAD patients
with different ABO blood groups.

Materials and methods
Subjects
An observational study had been conducted from
the beginning of 2009 until the end of 2010 in the
Biochemia Medica 2013;23(3):351–9		
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Department of Cardiology, Split University Hospital Centre, Split, Croatia. In total, 646 patients with
chronic CAD (468 [72.4%] males) undergoing coronary angiography had been consecutively enrolled. After noninvasive cardiology testing, coronary angiography was performed in patients with
angina symptoms despite optimal medical treatment, as well as in patients who have experienced
sudden cardiac arrest, in patients with a high pretest probability of having left main or 3-vessel disease, in patients suspected for CAD who cannot
undergo noninvasive testing and in patients with
other indications, including patients with uncertain diagnosis on noninvasive testing, high-risk occupational requirements, clinically suspected nonatherosclerotic causes of ischemia or possible vasospasm with need for provocative testing, multiple hospital admissions, or an overriding patient
desire for definitive diagnosis of the presence or
absence of obstructive disease (19).
The distribution of ABO blood groups in patients
were compared with the frequency of the blood
groups in healthy controls, which consisted of 651
consecutive blood donors (486 [74.6%] males) with
no symptoms and clinical signs of cardiovascular
diseases, recruited in study during regular activities in the Department of Blood Transfusion, Split
University Hospital Centre, Split, Croatia, from October until December 2010.
The study was conducted according to the principles of the Declaration of Helsinki after the approval from the local ethics committee had been
obtained. The informed consent from the participants was not required due to the observational
character of the study.
Collection of data
Residents in cardiology filled out the questionnaire on the demographic and clinical characteristics (age, sex, height, weight, systolic and diastolic
blood pressure), the patients self-reported presence
of traditional cardiovascular risk factors (arterial hypertension, diabetes, hypercholesterolemia, hypertriglyceridemia, cigarette smoking), and values of
laboratory parameters measured during the study
(total cholesterol - TC, LDL cholesterol - LDL-C, HDL
cholesterol - HDL-C, triglyceride - TG, glucose).
http://dx.doi.org/10.11613/BM.2013.043
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The presence of cardiovascular risk factors was defined as:
• diabetes mellitus - fasting blood glucose > 6.9
mmol/L or non-fasting glucose level > 11
mmol/L, and/or use of antidiabetic medication;
• arterial hypertension - systolic blood pressure >
140 mmHg, diastolic blood pressure > 90
mmHg, or previous use of antihypertensive
drugs;
• hypercholesterolemia - TC > 4.5 mmol/L, LDL-C
> 2.5 mmol/L, or previous use of lipid-lowering
therapy;
• hypertriglyceridemia – TG > 1.8 mmol/L;
• overweight – BMI (weight/height2) > 25 kg/m2;
• cigarette smoking was categorized as non
smoking or ever smoking; while
• premature CAD was defined as a symptomatic
CAD which emerged in men < 50 years and
women < 55 years of age (19).
Laboratory methods
Blood samples had been collected in the morning,
before angiographic procedure, after a fasting period of 12 hours. Serum, obtained from a blood
collected in a vacuum tube, after centrifugation at
1500 x g for 10 minutes, had been used for TC,
LDL-C, HDL-C, TG, and glucose measurement. For
ABO blood typing blood sample collected with
EDTA had been used.
All laboratory tests were performed immediately
after the sample reception in the Department of
Clinical Biochemistry, Split University Hospital Center, Split, Croatia.
Plasma concentrations of glucose, TG, TC and
HDL-C (after selective precipitation with Immuno
AG, Vienna, Austria) were measured by standard
enzymatic methods on a Beckman Coulter AU 640
(Beckman Coulter, Tokyo, Japan). LDL-C was calculated using Friedwald equation. If TG concentration was above 3 mmol/L, HDL-C and LDL-C were
measured by direct immunoinhibition method
(Olympus Diagnostica, Lismeehan, Ireland) and
homogeneous assay (Randox Laboratories, Crumlin, United Kingdom), respectively.
ABO blood groups were determined in the Department of Blood Transfusion, Split University Hospihttp://dx.doi.org/10.11613/BM.2013.043
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tal Centre, Split, Croatia, by commercially available
hemagglutination techniques (Erytype S ABO Microplates, Biotest, Dreieich, Germany). Typing had
been performed within 3 hours from sampling.
Methodology related to angiography
Selective coronary arteriography was carried out
by Judkins technique using the femoral or radial
route, viewing the results under fluoroscopy. The
four cardinal epicardial vessels for assessment of
stenotic lesions were LM, LAD, such as diagonal
branches, RCx, obtuse marginal branches and the
RCA. Angiographic scoring was performed by cardiologist who was blinded by the other studies result. For the purpose of this study, percentage of
stenoses were graded on the RAO for left coronary
injections and LAO for right coronary injections.
Coronary angiograms were interpreted visually,
analyzed in two orthogonal views, and scored by
quantitative assessment of the coronary tree involving three criteria such as:
• number of affected coronary arteries: 1-, 2- or
3-vessel disease;
• modified GS which grades narrowing of the lumens of the coronary arteries as: grade 1 for
1-25% narrowing, 2 for 26-50% narrowing, 4 for
51-75% narrowing, 8 for 76-90% narrowing, 16
for 91-99% narrowing and 32 for total occlusion. These scores were then multiplied by a
factor taking the importance of the lesion’s position in the coronary arterial tree into account:
factor 5 for the LM coronary artery; 2.5 for the
proximal LAD, proximal RCx or proximal RCA;
1.5 for the mid region of the LAD; 1 for the distal LAD or mid-distal region of the RCx or RCA;
and 0.5 for one of the smaller branches. Total
GS was expressed as the sum of the scores
along entire coronary arteries (20);
• number of segments of coronary arteries narrowed > 50%.
Statistical analysis
Categorical data (gender, coronary risk factors, affected vessels, ABO blood groups) were presented
as counts or proportions (percentages) and quantitative data (age, laboratory parameters, number
of affected vessels and segments narrowed > 50%,
Biochemia Medica 2013;23(3):351–9
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modified GS) were presented as mean and standard deviation (mean ± SD), and median with minimal to maximal range (min-max). The Kolmogorov-Smirnov test was used to verify the hypothesis
of normal distribution of the quantitative variables.
The differences between the frequency of ABO
blood groups in CAD patients and healthy blood
donors were tested using χ2-test. The difference
between ABO blood groups were first assessed using the χ2-test for independent samples for categorical data and one-way analysis of variance
(ANOVA) for independent samples with Bonferroni
or Tamhane’s T2 post-hoc multiple comparisons as
appropriate for quantitative data. Demographic
and clinical characteristics, frequency of coronary
risk factors and extent and severity of atherosclerotic lesions on coronary arteries were then tested
for one blood group (group X) versus other ABO
blood groups comprised of non-X group (e.g.
blood group AB vs. non-AB blood groups) using
parametric Student’s t-test for independent samples or non-parametric Mann-Whitney U-test for
independent samples to determine the difference
between quantitative variables and χ2-test or Fisher’s exact test for independent samples to calculate the difference between categorical data. All
statistical tests were two-sided. A P-value < 0.05
was considered statistically significant.
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) for Windows, version 19.0 (SPSS Inc., Chicago, Illinois, USA)
and MedCalc Statistical Software (MedCalc Software, version 12.0, Mariakerke, Belgium).

Results
There was no significant difference in ABO group
distribution between the group of CAD patients
and healthy blood donors (Figure 1). No significant
difference regarding gender structure and age was
observed between patients and controls.
Differences in incidence of self-reported traditional CAD risk factors between patients with different
ABO blood groups were not significant. Namely,
overweight, arterial hypertension, diabetes mellitus, hypercholesterolemia, hypertriglyceridemia
Biochemia Medica 2013;23(3):351–9		
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Figure 1. Frequency of ABO blood groups in the group of CAD

patients and healthy blood donors.
P values refers simultaneous comparison of all four blood
groups; χ2-test.

and cigarette smoking were present with similar
frequencies in patients with all four blood groups
(Table 1).
In analyzing differences in values of traditionally
risk factors measured during the study (Table 1),
the significantly lower HDL-C level was observed
in CAD patients with blood group B. Differences in
values of glucose, TC, LDL-C and TG did not reach
the level of statistical significance. Significantly
more males below 50 years were observed among
CAD patients with blood group AB (Table 1).
Among CAD patients, men with blood group AB
were significantly younger than their pairs with
non-AB blood groups (60 ± 10 vs. 65 ± 10 yrs; P =
0.008). Also, in CAD patients with AB blood group,
males younger than 50 years were overrepresented (36.7% vs. 15.6%; P = 0.003). The other differences in demographic and laboratory parameters
were not of statistical significance.
Differences in the extent of coronary atherosclerosis between ABO blood groups patients with regard to all three scoring systems were not significant (Table 2). In all blood groups the most frequently affected coronary artery was LAD, followed by RCA and RCx. Also, the same sequence
was observed with regard to extent of coronary
atherosclerosis expressed in GS and number of >
50% stenoses, with the most prominent changes
on the LAD.
http://dx.doi.org/10.11613/BM.2013.043
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Table 1. Patients’ characteristics according to ABO blood groups.
ABO blood group
Parameters

A
(N = 267)

B
(N = 106)

AB
(N = 45)

O
(N = 228)

P

Demographics parameters (N [%] of pts.)
Males

191 (71.5)

84 (79.2)

30

163 (71.5)

0.331†

Age [years; median (min-max)]

62 (37-84)

61 (36-81)

59 (41-77)

64 (36-85)

0.131‡

Coronary risk factors reported by patients (N [%] of pts.; mean ± SD)
27.88 ± 3.67

28.06 ± 3.89

28.18 ± 4.58

28.12 ± 3.57

0.883‡

25-30

142 (53.2)

57 (53.8)

20

133 (58.3)

0.539§

> 30

66 (24.7)

27 (25.5)

15

58 (25.4)

0.659§

Arterial hypertension

193 (72.3)

70 (66.0)

33

176 (77.2)

0.194†

Diabetes mellitus

122 (45.7)

52 (49.1)

16

102 (44.7)

0.499§

Hypercholesterolemia

204 (76.4)

82 (77.4)

38

179 (78.5)

0.810†

Hypertriglyceridemia

89 (33.3)

45 (42.5)

19

86 (37.7)

0.325§

Cigarette smoking

84 (31.5)

31 (29.2)

15

57 (25.0)

0.396§

Males < 50 years

25 (13.1)

12 (14.3)

8

11 (6.7)

0.012§

Females < 55 years

18 (23.7)

3 (13.6)

3

9 (13.8)

0.449§

Glucose (mmol/L)

7.11 ± 2.52

7.63 ± 3.05

6.75 ± 2.37

7.24 ± 2.73

0.225‡

Total cholesterol (mmol/L)

5.21 ± 1.24

5.11 ± 1.17

5.06 ± 1.07

5.08 ± 1.21

0.616‡

LDL-cholesterol† (mmol/L)

3.07 ± 1.03

2.27 ± 1.31

2.83 ± 0.83

2.97 ± 1.02

0.165‡

HDL-cholesterol‡ (mmol/L)

1.29 ± 0.48

1.17 ± 0.30

1.27 ± 0.32

1.21 ± 0.33

0.026‡

Triglycerides (mmol/L)

1.77 ± 1.03

2.13 ± 1.36

1.89 ± 0.95

1.87 ± 1.28

0.065‡

Body mass index (kg/m2)

Premature CAD

Laboratory parameters (mean ± SD)

CAD – coronary artery disease; LDL-cholesterol – low-density lipoprotein cholesterol; HDL-cholesterol – high-density lipoprotein
cholesterol.
P – values refers simultaneous comparison of all four blood groups.
†χ2-test
‡ANOVA
§Fisher’s exact test
P values lower than level of significance are distinguished by bolding.

Discussion
The present study did not show any relationship
between ABO blood groups and extent of atherosclerotic lesion of coronary arteries in Croatian patients with chronic CAD. It did not also reveal significant differences in ABO blood group distribution between CAD patients and healthy blood donors, or significant differences in frequency of traditional coronary risk factors in CAD patients with
different ABO blood groups.
http://dx.doi.org/10.11613/BM.2013.043
		

Despite numerous studies on the relationship between ABO blood groups and CAD, the link between these entities is still unclear. Most of these
studies investigated the relationship between ABO
blood groups and acute forms of CAD (1-3,6,17).
The higher frequency of CAD patients with non-O
blood groups suggested a protective anti-atherogenic effect of the blood group O (6,13). Moreover,
Biochemia Medica 2013;23(3):351–9
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Table 2. Coronarography scoring according to ABO blood groups
ABO blood group
A
(N = 267)

B
(N = 106)

AB
(N = 45)

O
(N = 228)

P

2.13 ± 1.10

2.09 ± 1.09

2.09 ± 1.04

2.19 ± 1.10

0.857†

LM

74 (27.7)

23 (21.7)

12

53 (23.2)

0.552‡

LAD

213 (79.8)

82 (77.4)

35

183 (80.3)

0.930§

RCx

163 (61.0)

66 (62.3)

24

152 (66.7)

0.315§

RCA

190 (71.2)

74 (69.8)

35

162 (71.1)

0.790§

Total

63.13 ± 58.97

59.99 ± 59.27

54.17 ± 60.83

61.95 ± 63.02

0.818†

LAD

22.92 ± 26.53

23.52 ± 29.29

15.22 ± 19.91

23.25 ± 27.35

0.299†

RCx

12.81 ± 19.96

11.25 ± 16.43

13.19 ± 21.78

13.87 ± 21.82

0.745†

RCA

21.80 ± 29.37

22.27 ± 29.06

19.42 ± 26.59

21.15 ± 29.35

0.948†

Coronary arteries
No. of affected vessels (mean ± SD)
Affected vessels (N [%] of pts.)

Modified Gensini score (mean±SD)

No. of segments narrowed > 50% (mean ± SD)
Total

2.21 ± 1.97

2.09 ± 1.95

2.02 ± 1.91

2.29 ± 2.14

0.781†

LAD

0.82 ± 0.87

0.76 ± 0.88

0.62 ± 0.75

0.83 ± 0.89

0.475†

RCx

0.58 ± 0.83

0.58 ± 0.77

0.51 ± 0.70

0.58 ± 0.80

0.962†

RCA

0.71 ± 0.82

0.71 ± 0.89

0.78 ± 0.95

0.82 ± 0.94

0.565†

LM – left main; LAD – left anterior descending coronary artery; RCx – circumflex coronary artery; RCA – right coronary artery.
P – values refers simultaneous comparison of all four blood groups.
†ANOVA
‡Fisher’s exact test
§χ2-test.

association between increased risk for arterial and
venous thromboembolic events, intermittent claudications and cerebral ischemia in patients with
non-O blood groups and over-representing of the
patients with blood group O in patients with inherited bleeding tendencies have further strengthen this thinking (21-23). Recently, He et al. reported
that in cohort with total number of participants
exceeds 90,000, those individuals with non-O
blood group had an age-adjusted hazard ratio for
risk of developing CAD. A meta-analysis of other
cohorts which include over 114,000 participants,
also showed significant pooled relative CAD risk in
non-O blood group patients. Among them, those
with O blood group were significantly less likely to
CAD development in comparison with particular
non-O blood groups (24).
Biochemia Medica 2013;23(3):351–9		
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However, some authors reported opposite observations. For example, Mitchell showed that the
rate of cardiovascular mortality was increased in
towns with a higher prevalence of blood group O
(3). Furthermore, he concluded that cardiovascular
disease might be more lethal in subjects with
blood group O and that differences in blood group
O distribution in different parts of Britain might
provide an explanation for the geographic variation in ischemic heart disease (3).
Finally, in accordance with our results, some reports revealed that there is no relationship between ABO blood groups and CAD, denying the
pathophysiological link between these entities
(17,25,26).
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Until date, only several studies have investigated
possible relationship between angiographycally
determined atherosclerotic changes in stable CAD
and ABO blood groups (13-16). In Polish population
advanced atherosclerosis of coronary arteries in
non-O cardiac bypass surgery patients has been
described. Authors found that there is significantly
more frequent left main stenoses in patients with
group A, and single-vessel disease in patients with
blood group AB (15). In Hungarians who underwent coronary angiography, it has been observed
that blood group A predominates among patients
with positive coronarography, while blood group
O was less frequent except in Hungarian population (16). In patients from Northern Finland, undergoing coronary artery by-pass grafting surgery,
blood group B was associated with a higher angiographic score, but that findings had no implication on postoperative course (14). To the best of
our knowledge, there is no study about possible
association between ABO blood groups and extent of coronary atherosclerosis in patients with
chronic CAD, estimated according to multiple scoring systems that were applied in our study. In that
context, it is important that our results did not
confirm the hypothesis, suggesting no association
between ABO blood groups and extent of coronary atherosclerosis in Croatian CAD patients.
Also, in our study there was no difference in distribution of the ABO blood groups between CAD patients and healthy blood donors. Moreover, ABO
blood groups distribution in both groups were
similar with that revealed in the general Croatian
population (17,18).
Some authors reported different frequency of the
traditional cardiovascular risk factors in CAD patients with different ABO blood groups. In the Brazilians, patients with blood group A were younger
than patients with other blood groups, while in
the Lithuanians has been observed significantly
higher incidence of blood group B in women
younger than 45 years suffering from coronary
atherosclerosis (27,28). Also, it has been reported
that non-O blood groups were significantly associated with both family history and hypercholesterolemia (13). In our study, it was observed that differences in frequency of traditionally cardiovascuhttp://dx.doi.org/10.11613/BM.2013.043
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lar risk factors between ABO blood groups were
decreased HDL-C level in patients with blood
group B and significantly younger age of men with
blood group AB. It is possible, therefore, to conclude that AB blood group might possibly identify
Croatian males at risk to develop the premature
CAD. On the other hand, it also revealed that difference in the values of HDL-C did not have any
clinical implications.
However, our results do not exclude the possible
association between ABO blood groups and acute
coronary events. Although coronary angiography
is the standard for evaluating the extent and severity of CAD, it does not demonstrate the overall
of atherosclerotic plaque in the coronary artery
wall, or its activity and rupture tendency which is
the predisposition for the development of acute
coronary events (7). It is possible that ABO antigens
regain higher impact on the pathogenesis of acute
coronary syndromes (unstable angina pectoris,
acute myocardial infarction, sudden cardiac death)
(1-3). In addition to this argument, results of previous studies have shown that there are significantly
higher absolute levels of von Willebrand factor in
patients with acute coronary syndrome in relation
to levels of this factor in stable CAD patients (6). It
is plausible that ABO modulation of von Willebrand factor related thrombosis accounts for the
ABO association with acute cardiovascular events.
Also, ABO antigens are known to be carried by several platelet glycoproteins, and platelet endothelial cell adhesion molecule, which may also act as
potential modulators of the ABO blood groups association with arterial thrombosis and acute cardiovascular events (10,29). However, the widespread clinical usefulness of GWASs, including that
for ABO locus, is limited by paradox relates to the
highly significant probability values reported for
common disease variants despite very small effect
sizes, which required further studies in order to
define the clinical and therapeutic possibilities
(30).
The limitations of our study are related to the type
of study, which is observational in nature. Furthermore, lack of information on CAD risk factors in
control group, because in this article control group
had been used mainly in the describing of blood
Biochemia Medica 2013;23(3):351–9
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group distribution in general population and
chronic CAD Croatian patients. The small sample
of patients, especially in AB blood group, could influence on observation that AB blood group may
be possible marker of CAD precocity in younger
Croatian population. Finally, ABO blood typing in
the study did not rely on molecular techniques, as
in many studies mentioned in discussion.

Blood groups and chronic coronary artery disease

In conclusion, results of our study suggest no association between ABO blood groups antigens
and the extent of coronary atherosclerosis in Croatian patients with chronic CAD. Observation that
AB blood group might possibly identify Croatian
males at risk to develop the premature CAD should
be tested in the larger prospective cohort study.
Potential conflict of interest
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