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ABSTRACT
Studies have associated ABO blood groups with cardiovascular risk events in the general population and no 
significant association has yet been reported in sickle cell disease (SCD) patients. This study uses the atherogenic 
indices to evaluate the potential cardiovascular disease (CVD) risk of ABO blood groups in SCD patients. 
Lipoprotein concentrations were assayed in 200 SCD patients and 100 control subjects with normal haemoglobin 
using the enzymatic colorimetric method. The atherogenic indices were calculated and compared among the 
various blood groups to show which of the blood group has elevated atherogenic risk of CVD. The means total 
cholesterol, triglycerides and low-density lipoprotein cholesterol levels were highest in blood group A and lowest 
in blood group O while high-density lipoprotein cholesterol level was lowest in blood group A and highest in 
blood group O. All the atherogenic indices were highest in blood group A and lowest in blood group O. The mean 
levels of lipoprotein variables and atherogenic indices were not significantly different between the blood group B 
and AB. Atherogenic index of plasma (AIP), cardiac risk ratio (CRR) and atherogenic coefficient (AC) correlated 
positively (r=0.348,p=0.005; r=0.236, p=0.05; r=0.238,p=0.05) respectively with blood group A. Similarly AIP, 
CRR and AC correlated positively (r=0.316, p=0.05; r=0.311,p=0.05; r=0.310, p=0.05) with blood group B. On the 
other hand, AIP and AC failed to correlate with blood group AB but CRR correlated (r=0.321,p=0.05) with blood 
group AB. All the atherogenic indices did not correlate significantly with blood group O. Atherogenic indices 
were higher in non-O blood groups than blood group O. Patients with non-O blood groups may require detail 
evaluations and closer monitoring than those with blood group O with respect to CVD risk.
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IntroductIon

The human blood group phenotype is determined by the presence of A or B antigen on the extra-cellular surface of 
the red blood cells. These antigens are made up of glycoproteins and glycolipids that are also present on a variety 
of tissues such as epithelium, sensory neurons, platelet and vascular endothelium (He etal, 2012). The biochemical 
compositions of ABO group system are terminal carbohydrate molecules that are synthesized by the sequential 
action of the enzymes ABO glycosyltransferase. The transferase A (α-1,3-N- acetylgalactosaminyltransferase) and 
transferase B (β-1,3-N-acetylgalactosaminytransferase) genes encode proteins associated with the ABO blood group 
system (Zhang etal, 2012). Any addition of specific monosaccharides to a common basic core precursor antigen H 
differentiates A from B antigens (Zhang etal, 2012), (Eastlund, 1998). On the other hand, blood O consists of only the 
basic H antigen without the addition of monosaccharide due to the deletion of guanine-258 in the region of the gene 
encoding the N-terminus of the protein (Jenkens and Donnell, 2006), (Storry and Olsson, 2009).
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ABO blood groups have been associated with the risk of cardiovascular diseases (CVDs), but no sufficient study 
has been done to prove it (Zera etal, 2015) and no significant association has yet been reported in Sickle cell disease 
patients. We previously reported the higher atherogenic index of plasma in SCD patients with chronic kidney 
disease than subjects with normal haemoglobin (Emokpae etal, 2010). Some studies have shown that blood group A 
and B are at higher risk of developing CVDs compared to blood group O (Emokpae etal, 2010), (Erikssen etal, 1980), 
(Nydegger etal, 2003). However, reports on the association of ABO blood group with CVD have not been consistent 
as some failed to show significant differences between the frequency of blood group and CVDs (Platt etal, 1985). 
No study to the best of our knowledge has used the atherogenic index of plasma to evaluate the relationship of 
ABO blood group with risk of CVDs. The association between total cholesterol (TC), triglyceride (TG), low-density 
lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c) with CVDs is recognized. Studies 
have indicated that about half of all CVD events occur in patients in whom plasma lipid levels are within normal 
limits (Amirzadegan etal, 2006), and it may be difficult to predict those at risk using conventional lipid profile 
parameters only (Blaton, 1997). Therefore, lipoprotein-related indices are used in clinical settings to indicate better 
those at risk of CVD events. The mathematical models used to assess how much atherogenic LDL-c is driving 
progression of CVD events (Emokpae etal, 2013) include: cardiac risk ratio (CRR) which measures the ratio of TC 
to HDL-c value (Tariq and Ali, 2012), atherogenic coefficient (AC) which is calculated by subtracting the value of 
HDL-c from TC, all divided by HDL-c value and atherogenic index of plasma (AIP), calculated as log(TG/HDL-c) 
is an indicator of plasma atherogenicity which is a significant independent predictor of CVD events (John and 
Brunzell, 2008). This study seeks to use atherogenic indices to evaluate the potential CVD risk among ABO blood 
group in SCD patients.

MaterIals and Methods

This study was conducted at the Department of Medical Laboratory Science, University of Benin, Benin City. The 
study subjects were Sickle cell disease patients in steady clinical state who were on a routine visit to the clinic. While 
the controls were apparently healthy subjects with normal haemoglobin who were recruited from among the staff and 
students of the University.
Sample collection: Five milliliters (5mL) of blood was collected ascetically in a fasting state with 4mL dispensed into 
a plain container while 1mL was dispensed into EDTA container. The anticoagulated blood was used for blood group 
determination using tile method. The blood in the plain container was allowed to clot at room temperature and was 
centrifuged at 2000rpm for 10 minutes. The supernatant serum was separated into another container that was stored 
at -20oC for two weeks prior to analyses for lipid parameters. Total cholesterol, TG, and HDL-c were assayed by 
enzymatic colorimetric technique using reagents supplied by Randox Laboratories, UK. The low-density lipoprotein 
cholesterol (LDL-c) was calculated using Friedewald equation16. AIP was calculated as log[TG/HDL-c) with TG and 
HDL-c expressed in molar concentration15.Cardiac risk ratio (CRR) and AC were calculated as previously described7.
Statistical Analysis: Statistical analysis was performed using the Statistical package for Social Sciences (SPSS 16, 
Chicago USA). Students’ t-test and ANOVA were used to compare mean values of the lipoprotein fractions and the 
atherogenic indices among the different blood groups. Results were expressed as mean±standard error of mean and 
p<0.05 was considered statistically significant.

results

The results obtained are as shown in tables 1, 2 and 3. The study was conducted in 200 adult SCD patients (mean age 
21±05years), and 100 apparently healthy HbAA controls (mean age 22±04).The lipoprotein variables were significantly 
lower in SCD patients compared to controls while atherogenic indices were significantly higher in SCD patients than 
controls. Table 2 shows that the means TC,TG and LDL-c levels were highest in blood group A and lowest in blood 
group O while HDL-c level was lowest in blood group A and highest in blood group O. All the atherogenic indices 
were highest in blood group A and lowest in blood group O. The mean levels of lipoprotein variables and atherogenic 
indices were not significantly different between the blood group B and AB. Total cholesterol, TG and LDL-c were 
significantly higher in blood group A than blood group B and blood group AB but higher than blood group O. The 
HDL-c levels in blood group B and AB were significantly higher than blood group A but lower than blood group 
O. The atherogenic indices of blood group B and AB were significantly lower than in blood group A but higher 
than blood group O. Table 3 shows that AIP, CRR and AC correlated positively (r=0.348,p=0.005; r=0.236, p=0.05; 
r=0.238,p=0.05) respectively with blood group A. Similarly AIP, CRR and AC correlated positively (r=0.316,p=0.05; 
r=0.311,p=0.05; r=0.310, p=0.05) with blood group B. On the other hand, AIP and AC failed to correlate with blood 
group AB but CRR correlated (r=0.321,p=0.05) with blood group AB. All the atherogenic indices did not correlate 
significantly with blood group O.
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Table 1: Comparison of lipid profile and atherogenic indices in SCD patients with control (HbAA) subjects

Variables SCD patients Control Subjects (HbAA) p-value

Number of Subjects 200 100

Total cholesterol (mmol/L) 3.20±0.14 4.38±0.14 0.001

Triglycerides (mmol/L) 1.16±0.04 1.20±0.09 0.001

HDL-c (mmol/L) 0.70±0.15 1.08±0.05 0.001

LDL-c (mmol/L) 1.96±0.12 2.60±0.01 0.001

AIP 0.22±0.03 0.05±0.04 0.001

CRR 4.56±0.02 4.05±0.02 0.001

AC 3.56±0.02 3.05±0.02 0.001

Table 2: Distribution of measured variables among ABO blood group types in Sickle cell disease patients

Measured variables Blood Group A Blood Group B Blood Group AB Blood Group O

Number of Subjects 70 42 12 76

Age (years) 20.5±0.01b 21.3±0.02c 18.0±0.03a 21.1±0.04c

Total Cholesterol(mmolo/L) 3.81±0.14c 3.52±0.15b 3.47±0.14b 3.18±0.12a

Triglycerides (mmol/L) 1.13±0.05c 1.10±0.04a 1.13±0.04a 1.06±0.04b

HDL-cholesterol(mmol/L) 0.56±0.03b 0.62±0.04a 0.63±0.05a 0.71±0.03c

LDL-cholesterol(mmol/L) 2.70±0.01c 2.39±0.03b 2.98±0.06c 1.99±0.09a

AIP 0.30±0.01c 0.25±0.03b 0.25±0.03b 0.17±0.03a

CRR 6.80±0.15c 5.66±0.04b 5.50±0.08b 4.47±0.02a

AC 5.80±0.05c 4.67±0.04b 4.50±0.08b 3.47±0.02a

a=p>0.05; b=p<0.05; c= p<0.001

Table 3: Correlation of atherogenic indices among ABO blood groups in Sickle cell disease patients

Blood Groups  Atherogenic Indices

 AIP  CRR  AC

R-value p-value R-value p-value R-value p-value

A 0.348 0.005 0.236 0.05 0.238 0.05

B 0.316 0.05 0.311 0.05 0.31 0.05

AB 0.350 0.10 0.321 0.05 0.312 0.10

O 0.201 0.10 0.198 0.10 0.196 0.10

dIscussIon

The data presented in this study shows that the atherogenic indices were higher in SCD patients than controls. 
The atherogenic indices were also higher in blood group A compared to blood group B, AB and O with blood 
group O having the lowest atherogenic indices. The atherogenic indices correlated significantly with blood group 
A and B but not with blood group O. The data suggest that the potential atherogenic risk was higher in blood 
group A, B and AB than O. Epidemiological studies have associated CVD events with ABO blood group (Zhang 
etal, 2012), (Tarjan etal, 1995), (Wazirali etal, 2005) but none has studied the atherogenic indices to show their 
potential contributions to CVD events observed which are different between the various blood group systems. 
Our observation is consistent with previous reports (He etal, 2012), (Friedewald etal, 1972), (Whincup etal, 1990). 
Significantly elevated risk incident of coronary heart disease (CHD) was observed in subjects with blood group 
A or B or AB compared to blood group O (He etal, 2012). The incidence of Ischaemic heart disease and CHD 
were reported to be higher in patients with blood group A (Whincup etal, 1990) in British men. In a Pakistani 
cohort study, it was observed that the prevalence of CHD was higher in patients with blood group A than the 
other blood groups (Tarjan etal, 1995). On the other hand, the report from the Northwich Park heart study stated 
that the incidence of IHD was significantly higher in patients with blood group AB compared to those with O, 
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A or B(Wazirali etal, 2005).The reason for the differences in risk of CVD events in different blood groups is not 
completely clear. Apart from the effect of the ABO blood group system on lipoprotein levels other mechanisms 
have been proposed (Fox etal, 1986). It was suggested that ABO blood group system exerts profound influence 
on blood haemostasis via modulation of the von Willebrand factor and factor VIII, the concentrations which have 
been reported to be 25% higher in non-O blood groups than in group O subjects (Biswas etal, 2013), (Franchini and 
Lippi, 2015). Others have suggested that ABO blood group system may have a wider impact on CVD events than 
simply through modulation of thrombosis (Zhang etal, 2012). Genetic studies have associated ABO locus with 
circulating levels of soluble intercellular adhesion molecule 1, soluble P-selectin and soluble E-selectin (Franchini 
et al, 2007), (Gaudreault et al, 2012). The loss of glycosyltransferase function in blood blood group O may confer 
some protection against the development of CVD while genotypes relating to specific A and B blood groups and 
glycosyltransferase function may adversely impact on the endothelial function, lipoproteins and CVDs (Zhang 
etal, 2012). In conclusion, the atherogenic indices were higher in non-O blood groups than blood group O. Patients 
with non-O blood groups may require detail evaluations and closer monitoring than those with blood group O 
with respect to CVD risk.
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