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ABSTRACT
Background: ABO blood groups have been reported to have rheological significance and
association with different disease conditions. The non-O blood groups (A, B, and AB) have
shown more susceptibility to arterial and venous thrombotic diseases with no rheological
delineation. The determinants of these blood groups are based on the presence or absence of
the inherited antigenic substances on the erythrocyte membrane which are responsible for the
alterations in membrane and cytoskeletal properties that could affect the rheology of blood.
This study was therefore aimed at ascertaining how the varying membrane biochemical
antigenic architecture affects the erythrocyte’s rheological properties and that of the whole
blood. Methods: A total of 138 young healthy subjects were studied; they comprised 40, 38,
50 and 10 subjects divided into blood groups (A, B, and O and AB) respectively.
Hemorheological parameters such as Relative plasma viscosity (RPV), Hematocrit (HCT),
Plasma Fibrinogen concentration (PFC), White blood cell count (WBC), Red blood cell count
(RBC), Platelet count, Hemoglobin concentration (Hb) and Erythrocyte deformability (ED)
were analyzed. The transit time model (the higher the transit time, the lesser the deformability)
was used in analyzing RBC deformability. Results: We observed that blood group AB had
significantly higher values of PFC, RPV and Platelet counts but significantly lower transit time
(p<0.05, respectively) when compared with other blood groups. The transit times were in the
order of B>A>O>AB (p<0.05, respectively). Conclusion: In conclusion, blood group AB
seems to have a positive advantage of better RBC deformability despite its comparatively high
RPV. This shows that hemorheological variations exists amongst the ABO blood groups and
the red cell antigenic biochemistry may be a determinant of their membrane mechanical
properties. Also, a slight increase in Plasma Fibrinogen Concentration seems to have a
significantly profound effect on plasma viscosity and indeed RBC deformability via transit
times.
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INTRODUCTION1
The rheological property of blood can be evident in its
viscosity which is affected by packed cell volume,
plasma viscosity, red cell aggregation and red cell
deformability with plasma viscosity primarily
depending on the concentration of plasma proteins
especially, fibrinogen (Lewis, 2002). Deformability is
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an intrinsic cellular property of erythrocytes determined
by geometric and material properties of the cell
membrane (Chien, 1987). The fluidity of blood is thus
determined by the rheological properties of the plasma
and cellular phases and by the volume fraction
(hematocrit) of the cellular phase (Oguz and Herbert,
2003). In humans, Red blood cells (RBCs) are the most
prevalent types of cells in blood and are the major
determinants of the flow property of the whole blood
which is increasingly sensitive to hematocrit alterations
(Chien, 1975; Cokelet, 1987; Gunasekaran and
Mehmet, 2003).
The RBC membrane includes the lipid bilayer and its
associated proteins with an underlying cytoskeleton
(Aleksander and Paul, 2005). RBC membrane
variability which is concurrent with the ABO blood
group system is effectuated by the presence or absence
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TABLE 1: Some hemorheological parameters (Means ± SEM) measured in the different ABO blood groups.
Parameters

AB

PFC (g/l)

2.36 ±0.14

2.49 ± 0.20

2.38±0.12

3.22 ± 0.2

WBC count (103/µl)

4.72 ± 0.27

5.34 ± 0.45

4.95 ± 0.29

5.3 ± 0.54

RBC count (106/µl)

4.58 ± 0.15

4.70 ± 0.13

4.52 ± 0.15

4.53 ± 0.40

HgB conc. (g/dl)

12.54 ± 0.37

12.94 ± 0.37

12.84 ± 0.44

11.56 ± 0.93

HCT (%)

38.51 ± 0.97

38.6 ± 1.15

37.85 ± 1.26

36.32 ± 3.30

of specific antigenic markers on the red cell membrane
specifically on the Band 3 proteins which is the most
abundant integral protein of the RBC membrane upon
which the ABO typifications are anchored (Fakuda and
Fakuda, 1981; Cartron, 2008). The ABO antigen is a
carbohydrate based structure which are expressed on
the surface of red cells specifically on the band 3 and
Glycophorins (Cartron, 2008). Band 3 comprises of
25% of the total membrane and has a structural and
transporter role; it supports a number of RBC antigens
and is important for maintaining the flexibility of
RBCs. It also has a role in anion exchange as it
exchanges Cl- for HCO3-, thus removing CO2 from
tissues (Embury et al., 1984).
Experimental evidence so far has not shown decisive
copula between ABO red cell varying membrane
properties and its rheological significance; however,
previous studies have established alterations in
hemorheological parameters under pathological
conditions (Mohandas and Gallagher, 2008;
Parthasarathi and Lipowsky, 1999.). Case-control
studies have also implicated the non-O (A, B and AB)
blood groups to be independently associated with
venous thromboembolism (VTE) (Jenkins and
O’Donnell, 2006 and Ohira et al., 2007). In furtherance
to these reports, this study was designed to ascertain if
hemorheological disparity exist amongst the different
ABO blood groups as it may provide possible
explanation for prior findings especially in ABO
differential disposition to some cardiovascular diseases.
METHODS
Subjects:
The A total number of 138 subjects were randomly
selected and enrolled for this study. They were normal
healthy individuals with ages between 18-40 years.
They comprised of 40, 38, 50 and 10 subjects divided
into blood groups (A, B, and O and AB) respectively.
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Specimen collection:
Ten milliliters (10ml) of blood was collected from
cubital vein and divided appropriately into 0.5ml of
3.8% sodium citrate in a plastic containers and
Ethylene Diamine Tetra acetic acid (EDTA) plastic
containers. The blood collected into sodium citrate
plastic tube was centrifuged immediately and the
plasma separated and stored into stopper tubes and used
within 3 hours of collection for plasma fibrinogen
concentration (PFC). The EDTA blood sample was
used for red cell deformability, RPV, HCT, PFC, WBC
count, RBC count, Platelet count and Hb concentration.
Laboratory Analysis:
RBC Deformability: The Transit time model. The
EDTA blood samples were spun to separate plasma
from whole blood. HCT was adjusted to 30% with
saline – this is to equate the population of red cells in
each group and sample. Their transit times (sec/ml)
through tiny pores (5.0µm) were recorded as a function
of erythrocyte deformability.
PFC was analyzed using the Gravimetric Assay Method
(Mackie and Machin, 1989). RPV was determined
using the Method of Reid and Ugwu, (1987) while
automated Hema-Analyzer was used to estimate HCT,
WBC count, RBC count, Platelet count and Hb
concentration.
RESULTS
There were no statistically significant differences
observed between WBC count, RBC count Hb
concentration and HCT (P>0.05, respectively) while
PFC exhibited a significant increase (P<0.05) in Blood
group AB compared to other blood groups. Fig. 1
compares the RBC deformability of the different blood
groups. Transit time (a measure of RBC deformability)
for blood group B was significantly higher (P<0.05)
when compared with blood group O and AB but no
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significant difference was observed when the transit
time for A and B where compared (P>0.05).
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Fig. 1
RBC deformability (Means ± SEM) in different blood groups

Fig. 2
Relative plasma viscosity (Means ± SEM) in different
blood groups

The relative plasma viscosity for the different blood
groups are presented in Fig.1. RPV for blood group AB
was significantly higher (P<0.05) when compared with
other blood groups.

Fig. 3
Platelet count (Mean ± SEM) for the different blood groups
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Fig. 3 compares the Platelet count (Mean ± SEM) for
the different blood groups. The platelet count was
significantly higher in blood group AB when compared
with blood group B (P<0.05). No significant difference
was observed when compared with other blood groups
(P>0.05).
DISCUSSION
The role of under-membrane structure in regulating
erythrocyte shape and deformability have been well
reported and the flow properties of blood suspension
are influenced by both red blood cell deformation and
aggregation.
In
investigating
hemorheological
variations amongst the different ABO blood groups,
emphasis was on the RBC deformability, as rigidified
forms of erythrocytes has been postulated to produce
abnormal cell-endothelial interaction, blocking
capillary blood flow and inhibiting capillary exchange
at
important
areas
resulting
in
abnormal
microcirculation and acute organ dysfunction (Oguz
and Herbert, 2003).
In this study, we have demonstrated significantly
higher transit time in blood group B (P<0.05,
respectively) than blood groups O and AB. There was
no significant differences (P>0.05) observed between A
and B. The transit times recorded were in the order of
B>A>O>>AB. This indicates a faster deformability
function of Group AB compared with the rest. The
exact mechanism behind this observed difference is not
fully understood. It is plausible however, to relate the
viscoelastic nature and membrane properties of the B
red cells which contains D-galactose (with a molecular
weight of 186.156), with this observation; both
theoretical and experimental evidences are suggestive
of a critical role for the spectrin-based skeletal network
in determining membrane elasticity, the precise
structural basis of the effect remains uncertain
(Walensky et al., 2003; Bennett, 1989; Bennett and
Baines, 2001; Mohandas and An, 2006). The binding
of spectrin to various membrane complexes play a key
role in regulating membrane mechanical function
(Manno et al., 2002; An et al., 2005).
The reduced deformability in Group B and the
efficiency of blood group AB could therefore be due to
the influence of the biochemical composition and
property (composed of a terminal D-Galactose and Nacetyl Galactosamine) of the AB antigen on the
functionality of the Band 3 proteins and its complex
adjoining relation to spectrin. It is interesting therefore
to note that, decreased deformability in group B
indicates a reduced ability for oxygen delivery and
when coupled with the efficiency of antigen A in group
AB produced a seemingly synergistic efficacy as
observed in improved deformability and the ultimate
increase in tissue oxygen delivery
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We also recorded an increase in relative plasma
Viscosity in blood group AB with a concomitant
increase in PFC when compared with other blood
groups, the relative lower transit time appears a
compensatory mechanism for better oxygen delivery.
The literature richly supported the theory that plasma
viscosity is mainly dependent on PFC and an increase
in its concentration is proportionate to an increase in
plasma viscosity (Lowe, 1988; Oguz and Herbert,
2003; Ajayi et al., 2007; Imoru and Emeribe, 2008),
this is also evident in this study.
There were no significant differences in the values of
WBC and red cell indices within the ABO blood
groups. Our values for the red cell indices white blood
cells and platelets however, were in line with those of
Saathoff et al., (2008) and Benedict et al., (2012). Thus
emphasizing the fact that Sub-Saharan Africa has a
lower reference range for Hematological parameters
when compared with those obtainable in the western
world. De Maeyer and Adiels-Tegman (1985), adduced
the prevalence of parasitic infections such as malaria,
malnutrition and helminthes infestations in this region
to the low red cell indices.
Another interesting observation in this study is the
significantly higher platelet counts (P<0.05,
respectively) in blood group AB compared with other
blood groups. This proves a likelihood of higher risk of
clotting disorders especially thrombosis in AB than
other blood groups. Several recent studies indicated
increased risk of thrombosis by an association between
the AB alleles of the ABO blood group (Magaly et al.,
2009). Taiwo et al., (2012) suggested a positive
correlation between platelet count and fibrinogen
concentration. The non-O (A, B and AB) blood type is
the most important risk factor for venous
thromboembolism (blood clots in veins), making up
20% of attributable risk for the condition (CMAJ,
2013).
In Conclusion, this study has shown that
hemorheological variations exist amongst the ABO
blood groups. Blood group AB possess better red cell
deformability despite its high RPV, PFC and platelet
counts. It seems therefore that the improved
deformability may be compensatory to prevailing
factors of platelet activation in normal situations.
Biochemical properties of the red cell antigens could
therefore be a determinant of their membrane
mechanical properties and rheology of the whole blood.
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