
Genome-wide association studies have
reported that ABO blood type locus is
an important genetic determinant of

venous and arterial thrombosis,1,2 leading to
renewed interest in the association between
ABO blood type and venous and arterial
thrombosis. This challenges conventional
thoughts on genetic screening for throm-
bophilia, which presently does not include ABO
blood type. 

Individuals with an A or B blood type have an
increased risk of venous thromboembolism and
myocardial infarction compared with individuals
with O blood type.3–6 Earlier studies concluded
that ABO antigen expression determines von

Willebrand factor levels;7–11 however, recent find-
ings from genome-wide association studies sug-
gest that ABO antigens may also exert their
effect through other pathways.12–16 Both factor V
Leiden R506Q and prothrombin G20210A muta-
tions have been consistently associated with
increased risk of venous thrombosis but not con-
sistently associated with the risk of arterial
thrombosis.17–19

In this study, we tested the hypothesis that
ABO blood type, alone and in combination with
the factor V Leiden R506Q and prothrombin
G20210A mutations, is associated with the risk
of venous thromboembolism and myocardial
infarction in the general population. 
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Background: ABO blood type locus has been
reported to be an important genetic determi-
nant of venous and arterial thrombosis in
genome-wide association studies. We tested
the hypothesis that ABO blood type alone and
in combination with mutations in factor V Lei-
den R506Q and prothrombin G20210A is asso-
ciated with the risk of venous thromboem-
bolism and myocardial infarction in the
general population.

Methods: We used data from 2 Danish studies
that followed members of the general public
from 1977 through 2010. We obtained the
genotype of 66 001 white participants for
ABO blood type, factor V Leiden R506Q and
prothrombin G20210A. We calculated hazard
ratios (HRs) and population attributable risk.
Our main outcome measures were venous
thromboembolism and myocardial infarction.

Results: The multivariable adjusted HR for
venous thromboembolism was 1.4 (95% confi-
dence interval [CI] 1.3–1.5) for non-O blood
type  (v. O blood type). For the factor V Leiden
R506Q mutation, the adjusted HR was 2.2

(95% CI 2.0–2.5) for heterozygous participants
and 7.0 (95%CI 4.8–10) for  homozygous par-
ticipants (v. participants without the muta-
tion). For prothrombin G20210A, the adjusted
HR was 1.5 (95%CI 1.2–1.9) for heterozygous
participants and 11 (95% CI 2.8–44) for
homozygous participants (v. participants with-
out the mutation). When we combined ABO
blood type and factor V Leiden R506Q or pro-
thrombin G20210A genotype, there was a
stepwise increase in the risk of venous throm-
boembolism (trend, p < 0.001). The popula-
tion attributable risk of venous thromboem-
bolism was 20% for ABO blood type, 10% for
factor V Leiden R506Q and 1% for prothrom-
bin G20210A. Multivariable adjusted HRs for
myocardial infarction by genotypes did not
differ from 1.0.

Interpretation: ABO blood type had an addi-
tive effect on the risk of venous thromboem-
bolism when combined with factor V Leiden
R506Q and prothrombin G20210A mutations;
blood type was the most important risk factor
for venous thromboembolism in the general
population.
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Methods

Study cohort
The study was approved by Herlev Hospital,
Copenhagen University Hospital and by Danish
ethical committees, and the study was conducted
according to the Declaration of Helsinki. Written
informed consent was obtained from all partici-
pants. 

All study participants were white and of
Danish descent. The participants were ran-
domly selected from 2 similar, but independent,
study cohorts recruited from the adult Danish
general population. The Copenhagen General
Population Study (n = 56 960) is a prospective
study initiated in 2003,20 and the Copenhagen
City Heart Study (n = 9041) is a prospective
study initiated in 1976.20,21 Participants aged 20–
100 years were selected based on the Central
Population Register number. All participants
answered similar questionnaires, which were
each reviewed with an examiner. Objective
clinical parameters (current smoking status,
body mass index [BMI], diabetes mellitus,
hypertension, use of oral contraceptives) were
measured by similar methods. Participants in
the 2 studies were recruited from different parts
of Copenhagen, and there was no overlap of
individuals between the 2 studies. Follow-up
was 100% complete in both studies. 

Outcome measures
Our definition of venous thromboembolism was
based on the International Classification of Dis-
eases (ICD), 8th and 10th editions (ICD-8:
451.00, 451.08–09, 451.90, 451.92, 671.01–03,
671.08–09; ICD-10: I80.1–3, O22.3, O87.1).
Myocardial infarction was defined as ICD-8
code 410 and ICD-10 codes I21–I22. In both
studies, information on all hospital admission
dates and diagnoses (including emergency
department, outpatient and hospital admission)
and all death dates and diagnoses were obtained
from the Danish National Patient Register and
the national Danish Register of Causes of Death
using the unique Danish Central Person Register
numbers from January 1, 1977, through August
8, 2010. These ICD codes have been previously
studied in these cohorts, using identical criteria
for case ascertainment.20,22

Other covariables
We obtained information on current smoking sta-
tus, BMI, diabetes mellitus, hypertension and use
of oral contraceptives. Diabetes mellitus was self-
reported, and the use of oral hypoglycemic agents
or insulin, a nonfasting plasma glucose greater
than 11 mmol/L and/or a diagnosis of diabetes

mellitus was collected from the national registers
(ICD-8 codes 249–250; ICD-10 codes E10–E11,
E13–E14). Hypertension was classified as sys-
tolic blood pressure above 140 mm Hg, diastolic
blood pressure above 90 mm Hg, or the use of
antihypertensive medication. We recorded the use
of oral contraceptives among premenopausal
women.

Genotyping and biochemical analysis
We determined ABO genotype from single-
nucleotide polymorphisms in the ABO gene
using TaqMan assays (Applied Biosystems). Par-
ticipants with type O blood were defined 
as being homozygous for polymorphism
rs8176719. Those with type B blood were
homozygous for rs8176746 or heterozygous for
both rs8176719 and rs8176746. Participants with
type A blood had neither polymorphism. Partici-
pants with AB blood type were heterozygous for
rs8176746 only. The genotypes were validated
by sequencing.

All genotypes were in Hardy–Weinberg equi-
librium, and the frequencies of the A, B, AB and O
blood types were consistent with those in the Dan-
ish general population.23 Genotyping for factor V
Leiden R506Q (mutation rs6025) and prothrombin
G20210A (mutation rs1799963) was done as
reported previously24,25 or by using TaqMan assays
(Applied Biosystems).

We calculated the plasma level of low-density
lipoprotein cholesterol using the Friedewald
equation if triglycerides were below 4 mmol/L;
they were measured directly at higher levels. We
measured the following using standard hospital
assays: plasma levels of total cholesterol, high-
density lipoprotein cholesterol, platelets, mean
platelet volume, leukocytes, coagulation factors
(II, VII, X), international normalized ratio, acti-
vated partial thromboplastin time, high-sensitivity
C-reactive protein and complement C3. All
analyses were performed on fresh samples on the
day of attendance. Data on these variables were
only available for participants in the Copenhagen
General Population Study.

Statistical analysis
We assessed the association between the factor V
Leiden R506Q and prothrombin G20210A muta-
tions, ABO blood type, and risk of venous throm-
boembolism or myocardial infarction. We used
log-rank tests and Cox regression models with
age as the time scale, automatically adjusted for
age. For the trend tests, participants without the
mutations (noncarriers) were coded as 0, het-
erozygous participants were coded as 1 and
homozygous participants were coded as 2. Cox
models were left truncated with delayed entry in
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1977, and individuals were censored at events,
death, emigration or end of follow-up (August 8,
2010). We excluded individuals who had an event
before 1977. Multivariable models were adjusted
for age, sex, current smoking, BMI, systolic
blood pressure and diabetes mellitus. Missing
values among potential confounders (< 1%) used
in the multivariable models were imputed using
multiple imputation. Tests of interaction in Cox
multivariable models were performed by intro-
ducing a 2-factor interaction term.

We calculated population attributable risks
based on significant hazard ratios (HRs) using the
formula [f(HR–1)]/[1+f(HR–1)], where f is the
frequency of the risk factor in the population at
baseline, and HR is the HR for venous throm-
boembolism. For ranking the risk factors by pop-
ulation attributable risk, we used dichotomized
baseline risk factors (current v. nonsmoker;
hypertension v. no hypertension; diabetes v. no
diabetes; BMI > 25 v. ≤ 25 kg/m2; O blood type
v. non-O blood type; heterozygous or homozy-
gous for factor V Leiden R506Q mutation v. no
mutation; heterozygous or homozygous for pro-
thrombin G20210A mutation v. no mutation).
Because age was adjusted for automatically in the

Cox regression model, we did not include this
risk factor in the ranking analysis.

We evaluated differences in mean values for
primary hemostasis, coagulation and inflamma-
tory parameters using Wilcoxon rank sum tests
and tests for trend.

Results

Individuals in the Copenhagen City Heart Study
were more likely to be current smokers, have
lower systolic blood pressure, higher plasma
cholesterol levels and use statins less often than
individuals in the Copenhagen General Popula-
tion Study (Table 1).

Venous thromboembolism
In the combined studies, which included 2279
venous thromboembolism events, the multivari-
able adjusted HR for venous thromboembolism
was 1.4 (95% confidence interval [CI] 1.3–1.5)
among individuals with non-O blood type (v. O
blood type) (p < 0.001; Table 2). Among individ-
uals with the factor V Leiden R506Q mutation,
the corresponding HRs (v. noncarriers) were 2.2
(95% CI 2.0–2.5) for heterozygous individuals
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Table 1: Characteristics of the included participants  

Characteristic 

Median (IQR)* 

Copenhagen General 
Population Study† 

n = 56 960 

Copenhagen City 
Heart Study† 

n = 9 041 Combined  

No. of women 31 537 5 025 36 562 

No. of men 25 423 4 016 29 439 

Age, yr 60 (50–70) 60 (47–70) 60 (50–70) 

Smoking status,‡ no. (%) 12 001 (21) 4 419 (49) 16 420 (25) 

BMI 26 (23–29) 25 (23–28) 26 (23–28) 

BMI > 25 kg/m2, no. (%) 32 245 (57) 4 541 (50) 36 786 (56) 

Systolic blood pressure, mm Hg 140 (128–152) 136 (122–152) 140 (126–152) 

Diabetes mellitus, no. (%) 2 964 (5) 416 (5) 3 380 (5) 

Use of oral contraceptives,§ no. (%) 1 917 (6) 335 (7) 2 252 (6) 

Cholesterol, mmol/L 5.6 (4.9–6.3) 6.1 (5.3–6.9) 5.6 (4.9–6.4) 

Low-density lipoprotein cholesterol, 
mmol/L 

3.2 (2.6–3.8) 3.7 (3.0–4.5) 3.2 (2.6–3.9) 

High-density lipoprotein cholesterol, 
mmol/L 

1.6 (1.3–1.9) 1.5 (1.2–1.9) 1.6 (1.3–1.9) 

Triglycerides, mmol/L 1.4 (1.0–2.1) 1.5 (1.1–2.2) 1.4 (1.0–2.1) 

Use of lipid lowering medication, no. 
(%) 

5 593 (10) 286 (3) 5 879 (9) 

Note: BMI = body mass index, IQR = interquartile range. 
*Unless stated otherwise. 
†Values were obtained at study examination in both the Copenhagen General Population Study and the Copenhagen City 
Heart Study. 
‡Includes past and current smokers. 
§Among premenopausal women. 



and 7.0 (95% CI 4.8–10) for homozygous indi-
viduals (trend, p < 0.001). Among those with the
prothrombin G20210A mutation, the adjusted
HR was 1.5 (95% CI 1.2–1.9) for heterozygous
individuals and 11 (95% CI 2.8–44) for homozy-
gous individuals (trend, p < 0.001) (Table 2).
Similar results were observed in the individual
studies (Appendix 1, available at www .cmaj .ca
/lookup /suppl /doi :10.1503 /cmaj .121636 / - /DC1)
and when deep venous thrombosis and pulmonary
embolism were considered separately (Appendix 2,
available at www .cmaj .ca /lookup /suppl /doi
:10.1503 /cmaj .121636 / - /DC1).

When we combined ABO blood type with fac-
tor V Leiden R506Q or prothrombin G20210A
genotypes, there were stepwise increases in the
risk of venous thromboembolism (trend, p <
0.001) (Figure 1). When we combined factor V
Leiden R506Q and prothrombin G20210A geno-

types, there was also a stepwise increase in the risk
of venous thromboembolism (trend, p < 0.001).
There was no statistically significant multiplicative
interaction for any combination of genotypes.

Myocardial infarction
In the combined studies (2708 myocardial infarc-
tion events), the multivariable adjusted HR for
myocardial infarction was 1.1 (95% CI 1.0–1.1)
among individuals with non-O blood type (v. O
blood type) (p = 0.2; Table 2). Among those with
the factor V Leiden R506Q mutation, the corre-
sponding adjusted HRs (v. those without the
mutation) were 1.0 (95% CI 0.9–1.2) for het-
erozygous individuals and 0.9 (95% CI 0.4–2.1)
for homozygous individuals (trend, p = 1.0).
Among those with the prothrombin G20210A
mutation, the HR was 1.3 (95% CI 1.0–1.7) for
heterozygous individuals (p = 0.04). There were
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Table 2: Risk of venous thromboembolism and myocardial infarction among participants in the Copenhagen General Population 
Study and the Copenhagen City Heart Study 

Event; blood type or 
mutation Participants* Events 

Events per 
10 000 

person-years 

Age- and sex- 
adjusted HR 

(95% CI) p value‡ 
Fully adjusted 
HR† (95% CI) p value‡ 

Venous thromboembolism      

ABO blood type      < 0.001  < 0.001 

 O 25 906    718 8.4 1.0  1.0  

 Non-O 40 095 1 561 11.9 1.4 (1.3–1.5)  1.4 (1.3–1.5)  

Factor V Leiden (R506Q)     < 0.001  < 0.001 

Noncarrier 60 435 1 891 9.5 1.0  1.0  

Heterozygous     5 420    359 20.4 2.2 (2.0–2.5)  2.2 (2.0–2.5)  

Homozygous       145     28 63.0 7.0 (4.8–10)  7.0 (4.8–10)  

Prothrombin G20210A      < 0.001  < 0.001 

Noncarrier 64 623 2 211 10.4 1.0  1.0  

Heterozygous    1 369     65 14.6 1.5 (1.1–1.9)  1.5 (1.2–1.9)  

Homozygous           8       2 77.7 10 (2.6–41)  11 (2.8–44)  

Myocardial infarction      

ABO blood type      0.2  0.2 

O 25 900 1 035 12.4 1.0  1.0  

Non-O 40 087 1 673 13.0 1.0 (1.0–1.1)  1.1 (1.0–1.1)  

Factor V Leiden (R506Q)     0.8  1.0 

Noncarrier 60 423 2 486 12.7 1.0  1.0  

Heterozygous    5 419    217 12.4 1.0 (0.9–1.1)  1.0 (0.9–1.2)  

Homozygous       145        5 10.9 0.8 (0.4–2.0)  0.9 (0.4–2.1)  

Prothrombin G20210A      0.1  0.04 

Noncarrier 64 610 2 644 12.7 1.0  1.0  

Heterozygous   1 369      64 14.8 1.3 (1.0–1.7)  1.3 (1.0–1.7)  

Homozygous          8        0 0.0 –  –  

Note: CI = confidence interval, HR = hazard ratio. 
*The numbers of participants varies slightly because of the exclusion of participants with events before 1977. 
†Adjusted for age, sex, current smoking status, body mass index, systolic blood pressure and diabetes mellitus. 
‡p values are for Wald test or test of trend; genotypes were coded 0, 1 or 2 for noncarrier, heterozygous or homozygous, respectively.  



no myocardial infarction events among the 8 par-
ticipants who were homozygous for the pro-
thrombin G20210A mutation (Table 2). Similar
results were observed in the individual studies
(Appendix 3, available at www .cmaj .ca /lookup
/suppl /doi :10.1503 /cmaj .121636 / - /DC1).

When we combined ABO blood type and fac-
tor V Leiden R506Q or prothrombin G20210A
genotype, there was no consistent increased risk
of myocardial infarction (Figure 2). This was also
true for combinations of factor V Leiden R506Q
and prothrombin G20210A genotypes. There was
no statistically significant multiplicative interac-
tion for any combination of genotypes.

Risk factors for venous thromboembolism
We ranked the risk factors for venous throm-
boembolism according to population attributable
risk in the combined studies (Figure 3). The pop-

ulation attributable risk of venous thromboem-
bolism was 20% for ABO blood type, 10% for
factor V Leiden R506Q and 1% for prothrombin
G20210A. For comparison, BMI of 25 kg/m2 or
higher and current smoking had population
attributable risks of 16% and 6%, respectively.

Primary hemostasis, coagulation
and inflammatory parameters
We measured biochemical markers of primary
hemostasis, coagulation and inflammation accord-
ing to ABO blood type, factor V Leiden R506Q
and prothrombin G20210A in the Copenhagen
General Population Study (Table 3). Although
we observed some differences between geno-
types in these parameters, the effect sizes were
generally modest. Non-O versus O blood type
was associated with reduced activated partial
thromboplastin time.
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Blood type + factor V Leiden R506Q

Participants Events
Adjusted HR 

(95% CI) Venous thromboembolism

O type + noncarr   rier   23 717 600 1.0 (ref) p < 0.001

Non-O type + no   oncarrier   36 719 1 292 1.4 (1.3-1.5)

O type + heteroz   zygous   2 147 112 2.2 (1.8-2.7)

Non-O type + he   terozygo   ous 3 273 247 3.1 (2.7-3.6)

O type + homozy   ygous   42 6 6.9 (3.1-15)

Non-O type + ho   omozygou   us 103 22 9.4 (6.2-14)

Blood type + p     prothrom     mbin G20210A
O type + noncarr   rier   25 385 700 1.0 (ref) p < 0.001

Non-O type + no   oncarrier   39 239 1 512 1.4 (1.3-1.5)

O type + heteroz   zygous   519 17 1.3 (0.8-2.0)

Non-O type + he   terozygo   ous 850 48 2.2 (1.6-2.9)

O type + homozy   ygous   2 1 41 (5.8-293)

Non-O type + ho   omozygou   us 6 1 8.3 (1.2-59)

Factor V Leiden      n R506Q      Q + prothrombin G20      0210A
Noncarrier + non  ncarrier  59 162 1 837 1.0 (ref) p < 0.001

Noncarrier + hete  erozygou  us 1 267 54 1.5 (1.1-1.9)

Heterozygous + n  noncarrie  er 5 319 348 2.2 (2.0-2.5)

Heterozygous + h  heterozy  gous 100 10 4.0 (2.2-7.5)

Homozygous + n  noncarrie  r 143 27 6.9 (4.7-10)

Noncarrier + hom  mozygous  s 7 1 6.5 (0.9-46)

Homozygous + h  heterozyg  gous 2 1 69 (10-494)

Heterozygous + h  homozyg  gous 1 1 124 (17-880)

Homozygous + h  homozygo  ous 0 0 –

0.5 1.0 2.0 4.0 8.0 16 32 64 128 

HR (95% CI)

Group

Figure 1: Risk of venous thromboembolism by ABO blood type, factor V Leiden R506Q and prothrombin G20210A mutations among
66 001 individuals in the Copenhagen General Population Study and the Copenhagen City Heart Study. Hazard ratios (HR) with 95%
confidence intervals (CIs) were adjusted for age, sex, current smoking status, body mass index, systolic blood pressure and diabetes
mellitus. p values are for trend across genotype combinations coded 0 through 6 or 0 through 8, depending on the number of geno-
type combinations.



Interpretation
We found an additive effect of non-O blood type
and prothrombin G20210A genotype on the risk
of venous thromboembolism. We also found an
11-fold increased risk of venous thromboem-
bolism among participants who were homozy-
gous for the prothrombin G20210A mutation;
previous general population studies have been
underpowered to address this question. The addi-
tive effect of ABO blood type and factor V Lei-
den R506Q mutation and the additive effect of
factor V Leiden R506Q and prothrombin
G20210A mutations on the risk of venous
thromboembolism confirms the findings of pre-
vious studies.19,25,26

We also found that non-O blood type was the
most important risk factor for venous throm-
boembolism, constituting 20% of the population
attributable risk for venous thromboembolism,

compared with 10% for factor V Leiden R506Q
and 1% for prothrombin G20210A mutations.
This suggests that ABO blood type should be
included in genetic screening for thrombophilia.

In accordance with the results of a previous
study,27 we found that the population attributable
risks of venous thromboembolism for a BMI of
25 or higher was large. In our study, ABO blood
type, factor V Leiden R506Q and prothrombin
G20210A mutations were not consistently asso-
ciated with myocardial infarction, which is also
consistent with the findings of previous stud-
ies.17–19 A meta-analysis that included more than
60 000 patients with coronary artery disease and
more than 90 000 controls found a significant,
although slight association, between this disease
and the presence of factor V Leiden and G20210
prothrombin mutations.19 There was, however, an
indication of publication bias in these studies.
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Blood type + factor V Leiden R506Q

ParticipantsGroup Events HR (95% CI) Myocardial infarction

O type + noncarr   rier   23 717 950 1.0 (ref) p = 0.5

Non-O type + no   oncarrier   36 719 1 536 1.1 (1.0-1.1)

O type + heteroz   zygousO type + heterozygous 2 147 84 1.0 (0.8-1.3)

Non-O type + he   terozygoNon-O type + heterozygous 3 273 133 1.0 (0.9-1.3)

O type + homozy   ygousO type + homozygous 42 1 0.7 (0.1-4.7)

Non-O type + ho   omozygou   us 103 4 1.0 (0.4-2.6)

Blood type + p     rothrom     mbin G20210A
O type + noncarr   rier   25 385 1 013 1.0 (ref) p = 0.04

Non-O type + no   oncarrier   39 239 1 631 1.0 (1.0-1.1)

O type + heteroz   zygous   519 22 1.2 (0.8-1.9)

Non-O type + he   terozygo   ous 850 42 1.4 (1.1-2.0)

O type + homozy   ygous   2 0 –

Non-O type + ho   omozygou   us 6 0 –

Factor V Leiden      n R506Q      Q + prothrombin G20      0210A
Noncarrier + non  ncarrier  59 162 2 429 1.0 (ref) p = 0.7

Noncarrier + hete  erozygou  us 1 267 57 1.2 (1.0-1.6)

Heterozygous + n  noncarrie  er 5 319 210 1.0 (0.9-1.1)

Heterozygous + h  heterozy  gous 100 7 2.4 (1.1-5.0)

Homozygous + n  noncarrie  r 143 5 0.9 (0.4-2.1)

Noncarrier + hom  mozygous  s 7 0 –

Homozygous + h  heterozyg  gous 2 0 –

Heterozygous + h  homozyg  gous 1 0 –

Homozygous + h  homozygo  ous 0 0 –

HR (95% CI)
0.5 1.0 2.0 4.0 8.0 

Figure 2: Risk of myocardial infarction by ABO blood type, factor V Leiden R506Q and prothrombin G20210A mutations among 66 001
individuals in the Copenhagen General Population Study and the Copenhagen City Heart Study. Hazard ratios (HR) with 95% confi-
dence intervals (CIs) were adjusted for age, sex, current smoking status, body mass index, systolic blood pressure and diabetes melli-
tus. p values are for trend across genotype combinations coded 0 through 6 or 0 through 8, depending on the number of genotype
combinations.
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Mechanistically, the association between
ABO blood type and venous thromboembolism
can be partly explained by increased levels of
von Willebrand factor and/or factor VIII in the
blood of non-O individuals,11 because higher
levels of these factors are risk factors for venous
thromboembolism.28,29 Von Willebrand factor
distributes ABO antigens on the surface of the
membrane,30 which may cause reduced clear-
ance of von Willebrand factor by ADAMST13
metalloproteinase. As well, 66% of the total
variation in plasma levels of von Willebrand
factor is genetically determined, and 30% of
this genetic component can be explained by
ABO blood type.8 Individuals with a non-O
blood type have 25%–30% higher plasma levels
of von Willebrand factor than individuals with
type O blood;8,9,11 this likely explains our obser-
vation of reduced activated partial thromboplas-
tin time among individuals with non-O blood
type compared to O blood type. However,
although the increased risk of venous throm-
boembolism among those with non-O blood
type has consistently been linked to the associa-
tion with von Willebrand factor levels,31 recent
findings from genome-wide association studies
suggest that ABO antigens may also exert their
effect through other pathways.12–16

Factor V Leiden R506Q is a single base
mutation in the factor V gene, which eliminates
1 of its 3 activated protein C cleavage sites.17

Consequently, factor V is inactivated at a lower
rate, leading to increased production of thrombin
and increased risk of venous thromboembolism.
Prothrombin G20210A is a single base mutation
in the untranslated region of the gene promoter,
which leads to increased production of pro-
thrombin,32 causing prothrombin levels to be ele-
vated by about 30% in heterozygous individuals
and 70% in homozygous individuals.18 This
increase ultimately leads to increased risk of
venous thromboembolism.

Strengths and limitations
Our study included a large number of partici-
pants from genetically homogenous cohorts fol-
lowed over a long period, which allowed us to
calculate prospective risk estimates, even for rare
mutations. Follow-up was 100% complete for the
included cohorts. As well, the results from the 2
included prospective cohorts were consistent,
which supports that our findings are valid.

Our findings may not necessarily apply to eth-
nic backgrounds and nationalities other than white
Danes. However, because we studied genetic fac-
tors that are found universally but at different fre-
quencies, we expect that our results should be gen-
eralizable to most backgrounds and nationalities. 
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Another potential limitation is the risk of mis-
classification of genotypes and diagnoses. Thus,
some venous thromboembolism events may not
have been recorded at hospitals, which is less
likely for myocardial infarction. We determined
ABO blood type by genotyping the single
nucleotide polymorphisms specific to the 3
major alleles of ABO. Although these polymor-
phisms are mostly conserved, there are excep-
tions. For example, there are O alleles that lack
the 261delG mutation analyzed in our study.
Therefore, the frequency of the O allele may
have been slightly underestimated. However, the
frequencies of the A, B, AB and O alleles were
consistent with those seen in the Danish general
population.23 We confirmed the genotyping
results by DNA sequencing, and all genotypes
were in Hardy–Weinberg equilibrium. Diagnoses
of venous thromboembolism and myocardial
infarction have previously been validated.33,34 We
therefore believe that misclassification of geno-
types and diagnoses is a minor problem in our
study. 

Finally, because few individuals were
homozygous for factor V Leiden and prothrombin
G20210A mutations, interpretation of the results
from these subgroups should be done with caution.

Conclusion
We found an additive effect of ABO blood type on
risk of venous thromboembolism when combined
with factor V Leiden R506Q and prothrombin
G20210A; ABO blood type was the most impor-
tant risk factor for venous thromboembolism in
the general population. This suggests that ABO
blood type should be considered for inclusion in
genetic screening for thrombophilia.
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