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ABSTRACT

Background

Routine analyses for thrombophilia include determination of the presence of factor V Leiden
and prothrombin 20210A polymorphisms. However, the usefulness of these determinations is
controversial and the clinical benefit remains questioned because of the moderate risk of asso-
ciated thrombosis in carriers. In the search for clusters of thrombotic risk factors to estimate
individual risk better, we studied the effect of ABO blood group, a highly prevalent factor with
mild prothrombotic features, on the risk and severity of venous and arterial thromboses in car-
riers of these polymorphisms.

Design and Methods

We genotyped the ABO blood group in 981 carriers of factor V Leiden or prothrombin 20210A
polymorphisms. In order to avoid the over-representation of a particular genotype and to sup-
press confounding factors, we included only non-related heterozygous carriers without addition-
al genetic risk factors. We studied 609 patients with venous thromboembolism (287 with fac-
tor V Leiden, and 322 with prothrombin 20210A), 174 patients with myocardial infarction (78
with factor V Leiden, and 96 with prothrombin 20210A), and 198 controls (96 with factor V
Leiden, and 102 with prothrombin 20210A).

Results

Non-00 blood group did not increase the risk of myocardial infarction in carriers of factor V
Leiden or prothrombin 20210A. However, non-00 blood group contributed significantly to the
expression of venous thrombosis associated with both factorV Leiden (OR: 1.76; 95%Cl: 1.06-
2.91) and prothrombin 20210A (OR: 2.17; 95%CI: 1.33-3.53). Exclusion of A-A2 and A20 from
the non-00 blood group (because factor Vlll-von Willebrand factor levels are similar in these
and the 00 blood group) increased the thrombotic risk. Finally, non-00 blood group was asso-
ciated with an earlier onset in symptomatic carriers of these polymorphisms.

Conclusions

Our study suggests that non-00 blood group increases the risk and severity of venous throm-
bosis in carriers of prothrombotic polymorphisms. Thus, ABO phenotyping or genotyping analy-
ses may be valuable components in assessing future thrombophilic risk profiles and might have
implications for the policy of thrombosis prophylaxis and treatment.
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Introduction

The large proportion of patients with venous throm-
boembolism (VTE) carrying factor V Leiden (FVL) or
the prothrombin 20210A allele (PT) explains why
these polymorphisms have been included worldwide
in routine analyses of thrombophilia." However, the
usefulness of their determination is controversial and
the clinical benefit remains questioned. The identifica-
tion of asymptomatic subjects carrying genetic anom-
alies that increase the risk of a clinically relevant disor-
der such as VTE may have serious ethical implications.
Moreover, there is considerable uncertainty as to how
this information should be used in the optimal man-
agement of carriers in terms of both the need for and
the effectiveness of antithrombotic interventions.” The
reason for such uncertainty is the relatively low risk of
VTE associated with these polymorphisms, and the
knowledge that VTE is a polygenic and multifactorial
disease. Thus, these polymorphisms should be regard-
ed as risk factors for thrombosis, whose clinical
expression generally depends on the coexistence of
additional thrombophilic mutations or environmental
conditions that provoke the development of VTE.
Examples of the effects of gene-gene interactions in
VTE are the higher risk and greater severity of throm-
bosis in homozygous carriers, or subjects with combi-
nations of distinct gene defects.'

These common genetic variants show a very mild
association with arterial thrombotic diseases (1.17 for
FVL and 1.31 for PT, according to a recent meta-analy-
sis including 66155 cases and 91307 controls).® These
results probably reflect the very complex nature of
these disorders, in which the effect of a single func-
tional polymorphism is too small to be consistently
related to risk.

In this framework, it seems appropriate to evaluate
the relevance of gene-gene interactions on thrombotic
risk. Unfortunately, few studies have addressed such a
possibility, particularly in arterial thrombosis.*

Numerous studies have clearly demonstrated a clini-
cally important effect of ABO blood group on in vivo
hemostasis. Up to 20 studies consistently demonstrat-
ed that individuals with non-00 blood group have a
significantly increased risk (ranging from 1.8 to 2.5-
fold) of VTE.®® An association between ABO group
and risks of ischemic heart disease and peripheral vas-
cular disease has also been recognized.” In contrast,
the 00 blood group is overrepresented among patients
with bleeding disorders.”* Interestingly, non-00 blood
group seems to significantly increase the risk of VTE in
carriers of FVL.****% Unfortunately, these conclusions
were drawn from studies with limited statistical
power because of the small numbers of carriers, partic-
ularly among controls.

The objective of this study was to examine the role
of the ABO blood group on the risk of arterial and
venous thromboses in carriers of FVL or PT.
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Design and Methods

Subjects and genotyping

To analyze the role of the ABO blood group as a
genetic modulator of the thrombotic risk associated
with two prothrombotic polymorphisms, FVL and PT,
a multicenter collaborative case-control study was per-
formed. Six Spanish hospitals participated in the study.
In order to reduce the interference from other factors,
only unrelated subjects were included and they had to
have only a single (known) prothrombotic defect.
Thus, individuals homozygous or double heterozygous
for FVL or PT, who have a strong thrombotic risk, were
not recruited. Similarly, patients with any of these
polymorphisms and a strong thrombotic risk factor,
such as known malignant disorders, antithrombin, pro-
tein C or protein S deficiency, or antiphospholipid anti-
bodies, were also excluded.

Patients were recruited from a large series of consec-
utive patients with VTE or myocardial infarction who
fulfilled these requirements from the six Spanish hospi-
tals. In brief, we recruited 783 Caucasian patients: 609
with VTE (287 heterozygous carriers of FVL, and 322
heterozygous carriers of PT) and 174 with myocardial
infarction (78 heterozygous carriers of FVL, and 96 het-
erozygous carriers of PT). Venous thrombotic events
were confirmed by objective methods such as venogra-
phy or compression ultrasonography for deep venous
thrombosis and ventilation-perfusion lung scan for pul-
monary embolism. The diagnosis of myocardial infarc-
tion required the presence of at least two of the follow-
ing criteria: typical chest pain lasting more than 30 min-
utes; creatine kinase elevation exceeding twice the
upper normal limit with a concomitant rise in the level
of the creatine kinase MB isoenzyme; presence of new
Q waves or new or presumed new abnormal ST-T fea-
tures. We also recruited 198 unrelated Caucasian con-
trol subjects (96 heterozygous carriers of FVL, and 102
heterozygous carriers of PT) who came from the same
regions as the patients. These control subjects were
mainly blood donors and had neither a documented
history of vascular disease, nor a personal history of
arterial or venous thrombotic disease.

Patients and controls were fully informed of the aim
of this study. All subjects included gave their informed
consent to participation in the study, which was per-
formed according to the declaration of Helsinki, as
amended in Edinburgh in 2000. The study was
approved by the Ethics Committee of the hospitals
involved.

Genetic identification of FVL, PT and ABO blood
group was performed essentially as described else-
where %%

Statistical analysis

Continuous variables are expressed as means + stan-
dard deviations, and as percentages for categorical vari-
ables. Comparisons between groups were done using
an unpaired, Student’s-t test or a 3’ test, as appropriate.



Univariate statistical analysis was performed with the
% test. The strength of the association of major risk fac-
tors and the combinations of polymorphisms with the
occurrence of disease was estimated using 2x2 tables
and calculating the odds ratio (OR) with Epilnfo soft-
ware (Centre for Disease Control, Atlanta, Georgia,
USA) and the Cornfield method for the calculation of
95% confidence intervals (CI). Multivariate analysis
was performed using multiple logistic regression (Enter
method), with the SPSS statistical package for
Windows 11.0 software (Chicago, Illinois, USA).
Differences with a two-tailed p value <0.05 were con-
sidered statistically significant.

Results

Distribution of ABO genotypes

Table 1 shows the clinical features of patients and
controls in all the groups studied. The method used for
blood group genotyping discriminates A:, Az, O1, Og,
and B alleles.® We identified all possible genotypes
except the O:0: genotype. The distribution of ABO
genotypes and alleles in the groups studied are shown
in Table 2. The distribution of ABO genotypes observed
in controls was similar to that described in the Spanish
population.”

Risk of myocardial infarction

The ABO genotype did not modify the risk of
myocardial infarction in carriers of the FVL or PT poly-
morphisms. Thus, none of the non-00 genotypes
(including or excluding A> homozygotes or A>-O com-
binations) was associated with an increased risk of
myocardial infarction when compared with the risk in
individuals with 00 genotypes (Table 3). Multivariate
analysis including classical cardiovascular risk factors
confirmed the low relevance that the combination of
non-00 genotypes with FVL or PT polymorphisms has
in such a complex disease (Table 8).

Risk of VTE

Our results confirm previous studies that found an
increased risk of VTE among carriers of FVL who had a
non-O blood group.”*** Thus, the prevalence of non-
00 genotypes was significantly higher in symptomatic
carriers of FVL (71.1%) than in asymptomatic ones
(68.3%) (p=0.021; OR: 1.76; 95% CI: 1.06-2.91) (Table
3). Exclusion of A2 homozygotes or A2-O combinations
from the non-00 blood group increased the differences
between patients and controls (Table 3).

Interestingly, we observed a similar effect on the risk
of venous thrombosis when the non-00 blood group
was combined with the PT polymorphism. Indeed,
non-00 blood group increased the risk of VTE in het-
erozygous carriers of the PT polymorphism by 2.17-
fold; when excluding A2 homozygotes or A>-O combi-
nations from the non-00 group, the risk was increased
yet further (2.85-fold) (Table 3).

Finally, among symptomatic patients with VTE, a
non-00 blood group was associated with younger age
at the onset of thromboembolism (FVL carriers:

ABO and prothrombotic polymorphisms in thrombosis.

Table 1. Clinical features of subjects included in the study.

FV Leiden PT 202104
Group VIE ~ Myocardial Control VIE  Myocardial Control
infarction infarction
Number 287 78 96 322 96 102
Age: mean+SD 459+ 558+  45.6% 46.3+  51.8+ 457+l
16.9° 16.9 15.1 155 17.0* 4.2
Male sex (%) 137 53 39 161 66 56
(47.7%)  (67.9%)° (40.6%) (50.0%) (68.8%)" (54.9%)
Hyperlipidemia(%) ND 29 13 ND 47 14
(37.2%)" (13.5%) (49.0%)" (13.7%)
Hypertension (%)  ND 28 15 ND 36 11
(35.9%)"  (15.6%) (37.5%)"  (10.8%)
Diabetes (%) ND 35 3 ND 28 4
(44.9%)  (3.1%) (29.2%)  (3.9%)
Smoker (%) ND 30 24 ND 45 27
(38.5%)  (25.0%) (46.9%)" (26.5%)

“Age of the first thrombotic episode for VIE and myocardial infarction patients.
'p<0.0S vs. respective control group; ND: not determined.

Table 2. Distribution of ABO genotypes and alleles.

FV Leiden PT 20210A

VIE Myocardial ~ Control VTE
N=287 infarction N=78 N=96

Myocardial ~ Control
N=322 infarction N=96 N=102

Genotype
AIAl  23(8.0%) 4(5.1%)  3(3.1%) 44(13.7%) 9(9.4%) 9 (8.8%)
AA2  9(31%)  4(5.1%) 0 15(4.7%) 2(2.1%  1(10%)
A101 103 24 32 101 21 26
(35.9%) (30.8%)  (33.3%) (31.4%) (21.9%)  (25.5%)
A102  2(0.7%) 1(1.3%) 0 6(1.9%)  4(4.2%) 0
AB  15(5.2%) 5(6.4%)  1(1.0%) 20(6.2%) 4(4.2%) 4(3.9%)
BO1 34(11.8%) 6(7.7%  7(7.3% 29(9.0%) 8(8.3% 3(2.9%)
B02  1(0.3%) 1(1.3%) 1(1.0%  4(1.2%  1(1.0%) 0
BB 4 (1.4%) 0 1(1.0%  2(0.6%)  1(1.0%) 2 (2.0%)
A2B 1(0.3%) 0 2(21%)  2(0.6%) 0 0
A201 12(42%) 6(7.7%)  8(8.3%) 11(3.4%)  4(4.2%) 11(10.8%)
A202 0 0 1(1.0%  2(0.6%  1(1.0%) 0
A2A2 0 0 0 0 0 1(1.0%)
0101 74(25.8%) 24(30.8%) 32(33.3%) 69 (21.4%) 35 (36.5%) 38 (37.3%)
0102 9(31%)  3(38% 8(83% 17(53% 6(6.2%) 7(6.9%)
0202 0 0 0 0 0 0
Allele
Al 175 42 39 230 49 49
(0.305) (0.269) (0.203) (0.357) (0.255)  (0.240)
B 59 12 13 59 15 11
(0.103) (0.077) (0.068) (0.091) (0.078)  (0.054)
A2 22 10 11 30 7 14
(0.038) (0.064) (0.057) (0.047) (0.036)  (0.069)
01 306 87 119 296 109 123
(0.533) (0.558) (0.620) (0.460) (0.568)  (0.603)
02 12 5 10 29 12 7
(0.021) (0.032) (0.052) (0.045) (0.063)  (0.034)
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47.7+18.3 years in 00 group patients vs. 45.2+16.4 years
in non-00 group patients; p=0.254; PT carriers:
50.0+15.9 years in 00 group patients vs. 45.0+£15.2 years
in non-00 group patients, p=0.011).

Discussion

Numerous studies have reported significant associa-
tions between different ABO blood groups and a variety
of diverse, and occasionally bizarre, phenotypic charac-
teristics (including higher intelligence in group A: indi-
viduals, increased criminality in group B individuals,
and more severe hangovers in group A individuals).**”
Many of these early association studies reached con-
flicting conclusions, and interpretation of their results
was further compromised by the small number of sub-
jects involved. Consequently, for many years all report-
ed associations with ABO group were viewed with
some scepticism. This may explain why, despite an
unequivocal role of the ABO blood group in VTE,*® this
prothrombotic genetic risk factor is not usually studied
in analyses of thrombophilia. However, the moderate
thrombotic risk associated with non-00 blood group
(OR: 1.8-2.5), and the high prevalence in the general
population of prothrombotic non-00 genotypes
(>50%), make the ABO blood group of general interest
in thrombosis, particularly considering thrombosis as a
multigenic and complex disease.*® Complex traits can
be understood by assuming an interaction between dif-
ferent mutations in candidate susceptibility genes. In
this framework, the prothrombotic ABO genotypes
might increase the risk of both venous and arterial
thromboses in carriers of other prothrombotic risk fac-
tors.

The design of our study does not enable additive or
synergistic associations to be determined and we can
only evaluate the risk associated with blood group in
carriers of prothrombotic polymorphisms. However,
this information is valuable, as our study includes a rel-
evant number of carriers (patients and controls) of

these prothrombotic polymorphisms. Moreover, exclu-
sion of related family members avoided the over-repre-
sentation of particular genotypes. We also excluded
symptomatic carriers with additional risk factors from
the study in order to minimize confounding factors.

Our results suggest that the combination of non-00
blood group with FVL or PT does not significantly
increase the risk of myocardial infarction, supporting
the concept that this is a very complex disorder in
which the risk associated with mild prothrombotic
genetic defects, such as FVL, PT or ABO blood group,
even in combination, is low. In contrast, our results
confirm the significant contribution of non-00 blood
group to the expression of VTE associated with FVL
(Table 4). Furthermore, this is the first report suggesting
that non-00 blood group also significantly increases the
risk of VTE in carriers of PT, in contrast to two small
studies that found no effect.”

There is increasing evidence that elevated factor VIII
-von Willebrand factor levels may represent an impor-
tant risk factor for VIE.* Thus, the higher concentra-
tions of von Willebrand factor and factor VIII present in
subjects with non-00 blood group® could explain the
risk of VTE associated with these blood groups, and
their effect of increasing the risk of venous thrombosis
in carriers of FVL or PT. In agreement, exclusion of A2O
and A2A: genotypes from the non-00 blood group (A2
allele has been associated with lower levels of factor
VIII and von Willebrand factor, similar to those
observed in 00 subjects)™” further increases the risk of
VTE in both FVL and PT carriers. The mechanism by
which non-00 blood group increases the risk of throm-
bosis in carriers of FVL was explained by the effect of
these two factors on the activated protein C pathway.
High factor VIII levels are associated with decreased
responsiveness to activated protein C,* which is fur-
ther impaired by FVL** Moreover, FVL is a defective
co-factor in the inactivation of activated factor VIII by
activated protein C.” All these effects result in a more
pronounced activated protein C resistance. The mech-
anism is similar to the small additional effect of oral

Table 3. Effect of ABO blood group on thrombotic risk in carriers of prothrombotic polymorphisms.

FV Leiden PT 20210A

Group VIE Myocardial infarction Control VIE Myocardial infarction ~ Control

N=287 N=78 N=96 N=322 N=96 N=102
00 83 (28.9%) 27 (34.6%) 40 (41.7%) 86 (26.7%) 41 (42.7%) 45 (44.1%)
Non-00 204 (71.1%) 51 (65.4%) 56 (58.3%) 236 (73.3%) 55 (57.3%) 57 (55.9%)
Crude analysis p=0.021 p=0.342 p=0.001 p=0.842
OR (95% Cl) 1.76 (1.06-2.91) 1.35 (0.69-2.63) 217 (1.33-3.53) 1.06 (0.58-1.93)
Multivariate analysis p=1.000 p=0.877
OR (95% Cl) 1.00 (0.47-2.13) 0.95 (0.47-1.91)
00 +A 95 (33.1%) 33 (42.3%) 49 (51.0%) 99 (30.7%) 46 (47.9%) 57 (55.9%)
Non-00 - A, 192 (66.9%) 45 (57.7%) 47 (49.0%) 223 (69.3%) 50 (52.1%) 45 (44.1%)
Crude analysis p=0.002 p=0.251 p< 0.001 p=0.262
OR (95% Cl) 2.11 (1.28-3.46) 1.42 (0.75-2.72) 2.85 (1.76-4.62) 1.38 (0.76-2.51)
Multivariate analysis p=0.386 p=0.374
OR (95% Cl) 1.39 (0.66-2.93) 1.37 (0.68-2.76)

00 group includes 0:05; 0:0: and 0:0: genotypes. Non-OO group includes AiAi, AiAz A2Az AiOs, AiOz, A20, A0z, AiB, A2B, BO1, BO:, and BB genotypes. Az group
includes A201, A20: and AzA: genotypes. Covariates in multivariate analysis for myocardial infarction include age, sex, and cardiovascular risk factors.
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Table 4. Influence of the non-00 blood group on the risk of venous
thrombosis in heterozygous carriers of factor V Leiden.

Study (reference) Patients Controls Odds
This study 287 96 1.8
Morelli et al. 92 14 5.1
Ohira et al. ® 51 32 2.6
Robert et al. * 137 32 39
Hiltunen et al. * 7 14 45

contraceptive use on the activated protein C sensitivity
ratio in FVL carriers, which also increases the risk of
thrombosis.” However, as suggested elsewhere, ABO
blood group may have additional consequences on
other factors that might also contribute to the risk of
thrombosis,** and deserve additional investigation,
particularly to explain the higher thrombotic risk
observed in carriers of PT.

These results suggest that non-00 blood group, prob-
ably by association with higher factor VIII-von
Willebrand factor levels, significantly increases the risk
of VTE, and contributes substantially to the incidence
of VTE in carriers of FVL or PT. The impact of one pro-
thrombotic factor differs according to the baseline risk
of the population. It would, therefore, be interesting to
study the contribution of these combinations in specif-
ic populations (such as in the elderly). Finally, it would
be valuable to determine the role of non-00 blood
group in the risk of venous thrombosis when combined
with other risk factors, whether genetic (deficiencies of
antithrombin, protein C or protein S) or acquired (sur-
gery, immobilization, pregnancy, oral contraceptives).

VTE is a multicausal disease in which several risk fac-
tors, both genetic and acquired, have to occur simulta-

ABO and prothrombotic polymorphisms in thrombosis.

neously to cause thrombosis. Thus, most individuals
with a single thrombophilic risk factor (particularly
with common prothrombotic polymorphisms such as
FVL and PT) are asymptomatic. Moreover, the risk of
recurrence or the duration of anticoagulant therapy is
generally not altered by thrombophilia. Therefore, in
the vast majority of cases, genetic testing for throm-
bophilia is of limited value to the symptomatic patient,
and provides minimal benefit over and above the fam-
ily history, and yet raises serious ethical concerns relat-
ed to insurance and social security issues in asympto-
matic carriers of single thrombophilic defects.”*
Accordingly, it is necessary to identify clusters of risk
factors to estimate an individual’s risk of thromboem-
bolic events better. Our results suggest that non-00
blood group significantly increases the risk of VTE in
carriers of FVL or PT. This and the high prevalence in
Caucasian population of the non-00 blood group indi-
cate that ABO phenotyping or genotyping analyses may
be valuable components in assessing future throm-
bophilic risk profile and might have implications for
the policy of thrombosis prophylaxis and treatment.

Authorship and Disclosures

AM, AO: experimental work, collection, organiza-
tion, and analysis of all data and review of the manu-
script; JC, VV: project planning, design of the study,
experimental work, data interpretation and analysis,
manuscript writing; FE, JRG-P, RL, JE PL, FM, AE and
IA: collection of clinical data, experimental work,
analysis of data, review of the manuscript. All authors
approved the final version of the manuscript. The
authors reported no potential conflicts of interest.

al. Venous thromboembolic disease

trations in patients with venous

References and ABO blood type. A cooperative thromboembolic disease. Lancet
study. Lancet 1969;1:539-42. 1972; 1:1152-4.

1. Franco RE Reitsma PH. Genetic risk 7. Nefzger MD, Hrubec Z, Chalmers 15. Allan TM. ABO blood groups and
factors of venous thrombosis. Hum TC. Venous thromboembolism and age groups in surgical venous throm-
Genet 2001;109:369-84. blood-group. Lancet 1969;1:887. boembolism. Atherosclerosis 1976;

2. Bauer KA. Role of thrombophilia in 8. Hill H, Loudon NB, Pitcher CS, 23: 141-2.
deciding on the duration of anticoag- Pocock VM. Venous thromboembol-  16. Jick H, Porter J. Thrombophlebitis of
ulation. Semin Thromb Hemost ic disease and ABO blood type. the lower extremities and ABO
2004; 30:633-7. Lancet 1969;1:623. blood type. Arch Intern Med 1978;

3. Ye Z, Liu EH, Higgins JP, Keavney 9. Talbot S, Wakley EJ, Ryrie D, 138:1566-7.

BD, Lowe GD, Coﬁins R, etal. Seven Langman MJ. ABO blood-groups and ~ 17. White LE. Retinal venous occlusion
haemostatic gene polymorphisms in venous thromboembolic disease. and ABO blood-groups. N Z Med ]
coronary disease: meta-analysis of Lancet 1970;1:1257-9. 1978;87:124-6.

66,155 cases and 91,307 controls. 10. Allan TM. Venous thromboem- 18. Robinson WM, Roisenberg I. Venous
Lancet 2006;367:651-8. bolism and blood-group. Lancet thromboembolism and ABO blood

4. Butt C, Zheng H, Randell E, Robb D, 1970; 1:308. groups in a Brazilian population.
Parfrey P, Xie YG. Combined carrier ~ 11. Bates M. Venous thromboembolic Hum Genet 1980;55: 129-31.
status of prothrombin 20210A and disease and ABO blood type. Lancet  19. Wautrecht JC, Galle C, Motte S,
factor XIII-A Leu34 alleles as a strong 1971;1:239. Dereume JP, Dramaix M. The role of
risk factor for myocardial infarction: ~ 12. Westerholm B, Wiechel B, Eklund G. ABO blood groups in the incidence
evidence of a gene-gene interaction. Oral contraceptives, venous throm- of deep vein thrombosis. Thromb
Blood 2003;101:3037-41. boembolic disease, and ABO blood Haemost 1998;79:688-9.

5. Roldan V, Gonzalez-Conejero R, type. Lancet 1971;2:664. 20. Schleef M, Strobel E, Dick A, Frank J,
Marin E Pineda ], Vicente V, Corral J.  13. Allan TM. ABO blood-groups and Schramm W, Spannagl M. Rela-
Five prothrombotic polymorphisms venous thromboembolism. Lancet tionship between ABO and secretor
and the prevalence of premature 1971; 2:1209-10. geno 1pe with plasma levels of fac-
myocardial infarction. Haemato- 14. Talbot S, Wakley EJ, Langman M]J. tor VIII and von Willebrand factor in
logica 2005;90:421-3. A19 A29 B, and O blood-groups, thrombosis patients and control indi-

6. Jick H, Slone D, Westerholm B, Lewis blood-groups, and serum viduals. Br ] Haematol 2005;128:

Inman WH, Vessey MP, Shapiro S, et

triglyceride and cholesterol concen-

100-7.

haematologica | 2008; 93(5) | 733 |



A. Minano et al.

21. Mercier B, Oger E, Le Gal G, Mottier

D, Ferec C. Phenotypic but not allel-
group association
with risk of venous thrombosis.

ic ABO blood
Thromb Haemost 2005;93:388-9.

22. Tirado I, Mateo J, Soria JM, Oliver
A, Martinez-Sanchez E, Vallve C, et
al. The ABO blood group genotype
and factor VIII levels as independent

risk factors for venous thromboem-
bolism. Thromb Haemost 2005;93:

468-74.

23. Larsen TB, Johnsen SP, Gislum M,
Moller CA, Larsen H, Sorensen HT.
ABO blood groups and risk of
venous thromboembolism during
pregnancy and the puerperium. A
population-based, nested case-con-
trol study. ] Thromb Haemost 2005;

3:300-4.

24. Morelli VM, De Visser MC, Vos HL,
Bertina RM, Rosendaal FR. ABO
blood group genotypes and the risk
of venous thrombosis: effect of fac-
tor V Leiden. ] Thromb Haemost

2005;3:183-5.

25. Ohira T, Cushman M, Tsai MY,
Zhang Y, Heckbert SR, Zakai NA, et
al. ABO blood group, other risk fac-
tors and incidence of venous throm-

Longitudinal

Investigation of Thromboembolism

Etiology (LITE). ] Thromb Haemost

boembolism: the

2007;5:1455-61.

26. Wu O, Bayoumi N, Vickers MA,

Clark P. ABO(H) blood groups and
systematic
review and meta-analysis. ] Thromb

vascular disease: a

Haemost 2008;6:62-9.

27. Quiroga T, Goycoolea M, Panes O,
Aranda E, Martinez C, Belmont S, et
al. High prevalence of bleeders of
unknown cause among patients

inherited mucocutaneous

bleeding. A prospective study of 280

CF Haema-

with

patients and 299 controls.
tologica 2007; 92:357-65.

28. Gill JC, Endres-Brooks J, Bauer PJ,

| 734 | haematologica | 2008; 93(5)

29.

30.

31.

32.

33.

34.

35.

Marks W] Jr, Montgomery RR. The
effect of ABO blood group on the
diagnosis of von Willebrand disease.
Blood 1987;69:1691-5.

Ionescu DA, Marcu I, Bicescu E.
Cerebral  thrombosis, cerebral
haemorrhage, and ABO blood-
groups. Lancet 1976;1:278-80.
Gonzalez Ordonez AJ], Medina
Rodriguez JM, Martin L, Alvarez V,
Coto % The O blood group protects
against venous thromboembolism
in individuals with the factor V
Leiden but not the prothrombin
(factor I G20210A) mutation. Blood
Coagul Fibrinolysis 1999;10:303-7.
Robert A, Aillaud MF, Eschwege V,
Randrianjohany A, Scarabin Y,
Juhan-Vague 1. ABO blood group
and risk of venous thrombosis in
heterozygous carriers of factor V
Leiden. Thromb Haemost 2000;83:
630-1.

Procare-GEHT Group. ABO blood
group but not haemostasis genetic
polymorphisms significantly  influ-
ence thrombotic risk: a study of 180
homozygotes for the factor V Lei-
den mutation. Br ] Haematol 2006;
135:697-702.

Hiltunen L, Rautanen A, Rasi V,
Kaaja R, Kere ], Krusius T, et al. An
unfavorable combination of factor V
Leiden with age, weight, and blood
group causes high risk of pregnancy-
associated venous thrombosis: a
population-based nested case-con-
trol study. Thromb Res 2007;119:
423-32.

Corral ], Zuazu-Jausoro I, Rivera J,
Gonzalez-Conejero R, Ferrer F
Vicente V. Clinical and analytical rel-
evance of the combination of pro-
thrombin 20210A/A and factor V
Leiden: results from a large family.
Br ] Haematol 1999;105:560-3.
Olsson ML, Chester MA. A rapid
and simple ABO genotype screening

36.

37.

38.

39.

40.

41.

42.

43.

44,

method using a novel B/O2 versus
A/QO2 discriminating nucleotide sub-
stitution at the ABO locus. Vox Sang
1995;69:242-7.

Garratty G. Blood groups and dis-
ease: a historical perspective.
Transfus Med Rev 2000;14:291-301.
Greenwell P. Blood group antigens:
molecules seeking a function¢
Glycocon;j ] 1997;14:159-73.

Lane DA, Grant PJ. Role of hemosta-
tic gene polymorphisms in venous
and arterial thrombotic disease.
Blood 2000;95:1517-32.

Martinelli I. Von Willebrand factor
and factor VIII as risk factors for
arterial and venous thrombosis.
Semin Hematol 2005;42:49-55.
O'Donnell J, Laffan MA. The rela-
tionship between ABO histo-blood
group, factor VII and von
Willebrand factor. Transfus Med
2000;11:343-51.

de Visser MC, Rosendaal FR, Bertina
RM. A reduced sensitivity for acti-
vated protein C in the absence of
factor V Leiden increases the risk of
venous thrombosis. Blood 1999;93:
1271-6.

Varadi K, Rosing J, Tans G, Pabinger
I, Keil B, Schwarz HP. Factor V
enhances the cofactor function of
protein S in the APC-mediated inac-
tivation of factor VIII: influence of
the factor VR506Q mutation.
Thromb Haemost 1996;76:208-14.
Vandenbroucke JP, Koster T, Briet E,
Reitsma PH, Bertina RM, Rosendaal
FR. Increased risk of venous throm-
bosis in oral-contraceptive users
who are carriers of factor V Leiden
mutation. Lancet 1994;344:1453-7.
Lochhead P, Miedzybrodzka Z. The
essential role of genetic counseling
in inherited thrombophilia. Semin
Hematol 2007;44:126-9.



