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Abstract 

Background: The proportion of venous thromboembolism (VTE) events that can be attributed to 

established prothrombotic genotypes has been scarcely investigated in the general population. We 

aimed to estimate the proportion of VTEs in the population that could be attributed to established 

prothrombotic genotypes using a population-based case-cohort. 

 

Methods: Cases with incident VTE (n=1,493) and a randomly sampled sub-cohort (n=13,069) were 

derived from the Tromsø Study (1994-2012) and the Nord-Trøndelag Health (HUNT) Study (1995-

2008). DNA-samples were genotyped for 17 single nucleotide polymorphism (SNPs) associated with 

VTE. Hazard ratios with 95% confidence intervals (CIs) were estimated in Cox regression models. 

Population attributable fraction (PAF) with 95% bias-corrected CIs (based on 10,000 bootstrap 

samples) were estimated using a cumulative model where SNPs significantly associated with VTE were 

added one-by-one in ranked order of the individual PAFs. 

 

Results: Six SNPs were significantly associated with VTE (rs1799963 [Prothrombin], rs2066865 [FGG], 

rs6025 [FV Leiden], rs2289252 [F11], rs2036914 [F11] and rs8176719 [ABO]. The cumulative PAF for 

the six-SNP model was 45.3% (95% CI 19.7-71.6) for total VTE and 61.7% (95% CI 19.6-89.3) for 

unprovoked VTE. The PAF for prothrombotic genotypes was higher for DVT (52.9%) than for PE (33.8%), 

and higher for those aged <70 years (66.1%) than for those aged ≥70 years (24.9%). 

 

Conclusions: Our findings suggest that 45-62% of all VTE events in the population can be attributed to 

known prothrombotic genotypes. The PAF of established prothrombotic genotypes was higher in DVT 

than in PE, and higher in the young than in the elderly.  
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What is known on this topic What does this paper add? 
 

• Venous thromboembolism (VTE) has a 
strong heritable component 

• Several prothrombotic genotypes have 
been identified 

• The proportion of VTEs in the population 
that can be attributed to known 
prothrombotic genotypes is unclear 

 
• We have estimated the population 

attributable fraction (PAF) of prothrombotic 
genotypes in VTE 

• We show that 45-62% of all VTE events in 
the population can be attributed to five 
known prothrombotic genotypes 

• A higher proportion of VTEs can be 
attributed to prothrombotic genotypes in 
the young than in the elderly 
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Introduction 

Venous thromboembolism (VTE) manifests clinically as deep vein thrombosis (DVT) or pulmonary 

embolism (PE), and is recognized as a multicausal disease that develops in a complex interplay between 

environmental, acquired and inherited risk factors (1). The inheritance of VTE follows a multifactorial 

non-Mendelian pattern, which indicates polygenic contribution (2). Since the discovery of 

antithrombin deficiency in 1965 (3), improved molecular insights and technological advances have led 

to the identification of more than 50 single-nucleotide polymorphisms (SNPs) associated with VTE risk 

(4-9). In a large case-control study, deHaan and colleagues investigated the performance of 31 SNPs 

for prediction of incident VTE (10). They found that a parsimonious model comprising the five SNPs 

most strongly associated with VTE (i.e., rs6025 [FV Leiden], rs1799963 [Prothrombin], rs8176719 

[ABO], rs2066865 [FGG] and rs2036914 [F11] performed as well as the full 31-SNP model, suggesting 

that a substantial amount of the genetic predisposition of VTE could be attributed to relatively few 

prothrombotic variants. 

 Several measures can be used to evaluate the genetic contribution to the development and 

burden of disease, such as heritability, sibling recurrence risk, impact on the overall genetic variance 

or population attributable fraction (PAF) (11). In a public health perspective, the PAF is of interest, as 

it reflects the proportion of cases in a population that is attributable to the risk factor, and indicates 

by what proportion the incidence of disease would decrease if the risk factor could hypothetically be 

removed (12). The proportion of VTEs in the population that can be attributed to the already 

established prothrombotic genotypes has so far been fragmentarily investigated. In a case-control 

study from 2011, Heit et al. reported a joint PAF of 40% for the SNPs F5 (rs6025), F2 (rs1799963), ABO 

(rs8176719), and ABO (rs2519093) (13). Since then, other prothrombotic genotypes have been 

identified, and the joint PAF of these genotypes has, to our knowledge, not been assessed in a cohort 

of unselected VTE patients within a wide age range. The risk of VTE increases exponentially with age 

(14), and previous studies have indicated a higher PAF in the young than in the elderly for some 
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individual genotypes (15). However, the joint PAF of prothrombotic genotypes has not been well 

quantified and compared between different age groups in the same population.  

Previous studies have shown that the FV Leiden (FVL) mutation is associated with a higher risk 

of DVT than of PE, also referred to as the FVL paradox (16). To what extent this applies to the other 

genotypes, and whether the joint PAF of prothrombotic genotypes differs in DVT and PE is not well 

addressed. 

The aim of the present study was to estimate the proportion of VTEs in the population that 

could be attributed to the established VTE-related SNPs, individually and in a cumulative model. 

Moreover, we aimed to assess the PAF in different age groups and in clinical phenotypes (DVT and PE). 

 

 

Methods 

Study population 

Participants were recruited from the fourth survey of the Tromsø Study (Tromsø 4, 1994-95) and the 

second survey of the Nord-Trøndelag Health Study (HUNT 2, 1995-97). These are two Norwegian 

population-based cohort studies of the inhabitants in Tromsø municipality and Nord-Trøndelag 

County, respectively. In Tromsø 4, the entire population aged ≥25 years was invited, and 77% (27,158) 

participated. In HUNT 2, all inhabitants aged ≥20 years were invited and 71% (66,140) participated. 

Detailed methodology of the Tromsø Study (17) and the HUNT Study (18) have been published 

elsewhere. 

 The participants were followed from the date of enrolment in the respective studies until the 

date of incident VTE, migration, death or to the end of follow-up, whichever occurred first. Follow-up 

ended on December 31, 2012 in the Tromsø Study and on December 31, 2008 in the HUNT Study. The 

process of VTE identification and adjudication in the Tromsø Study (19) and the HUNT Study (20) have 

previously been described in detail. In the Tromsø Study, VTE events were identified by searching the 

hospital discharge diagnosis registry, the radiology procedure registry and the autopsy registry at the 
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University Hospital of North Norway (UNN). The medical records were reviewed by trained personnel 

and the adjudication criteria were signs and symptoms of DVT or PE, combined with objective 

confirmation by a radiological procedure that resulted in treatment unless contraindications were 

specified. In the HUNT Study, VTE events were identified by searching the discharge diagnosis registry 

and the radiology procedure registry at two local hospitals (Levanger and Namsos) and the discharge 

diagnosis registry at the tertiary-care center of the region, St. Olavs Hospital in Trondheim. Two 

physicians reviewed the medical records and the adjudication criterion for VTE was objective 

confirmation by a radiological procedure. 

 The composition of the case-cohort is summarized in Supplementary figure 1. In total, there 

were 1,493 incident VTE events during follow-up, and these were included as cases in the present 

study. From the Tromsø and HUNT cohorts, 13,072 individuals without previous VTE were randomly 

selected for the sub-cohort. As all participants in the original cohort had an equal chance of being 

selected for the sub-cohort, 217 VTE cases were included in the sub-cohort. Participants who were not 

officially registered as inhabitants of Tromsø or Nord-Trøndelag at baseline (n=3) were excluded from 

the study. Both studies were approved by the Regional Committees for Medical and Health Research 

Ethics, and all participants signed an informed consent form prior to inclusion. 

 

Classification of VTE 

All events were classified as either PE (with or without DVT) or isolated DVT, and as provoked or 

unprovoked based on the presence of provoking factors at the time of diagnosis. In the Tromsø Study, 

provoking factors were: surgery or trauma (within the previous 8 weeks), acute medical conditions 

(acute myocardial infarction, ischemic stroke or major infectious disease), active cancer, marked 

immobilization (bedrest ≥ 3 days, confined to wheelchair, or long-distance travel for ≥ 4 days within 

the previous 14 days), or another provoking factor described by a physician in the medical record (e.g. 

intravascular catheters). In the HUNT Study, provoking factors were: trauma or surgery, cancer (active 

malignancy at the time of the event or within 6 months after the event), marked immobilization 
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(paresis, paralysis, prolonged bedrest due to acute medical illness, or > 8h travel) within the previous 

3 months, pregnancy or puerperium at the time of the event or use of oral contraceptives at the time 

of the event or up to one month prior to the event. 

 

Baseline measurements  

Baseline information in both studies was obtained from physical examinations, blood samples and self-

administered questionnaires. Body height and weight were measured with participants wearing light 

clothes and no shoes. Body mass index (BMI) was calculated as weight in kilograms divided by the 

square of height in meters (kg m-2). Information on diabetes and arterial cardiovascular disease (CVD; 

myocardial infarction, stroke and angina) was collected via self-report.  

 

Selection of SNPs and genotyping 

Based on current knowledge on the genetics of VTE, 17 SNPs with established associations with VTE 

risk were selected for genotyping in the present study (5, 6). The Tromsø sample was genotyped using 

the Sequenom and the TaqMan platforms, as previously described (21). The HUNT sample was 

genotyped using the Illumina HumanCore Exome array. 

 Individuals were classified as carriers (≥1 risk allele) or non-carriers (0 risk alleles), and no 

differentiation was made between hetero- and homozygous carriers in the analyses. For the SNPs 

rs4524 (F5), rs2036914 (F11), rs1801020 (F12) rs1039084 (STXBP5) and rs1613662 (GP6) the major 

allele was defined as the risk allele (5, 6, 22, 23) . For the rs8176719 SNP in the ABO gene, the G allele 

tags non-O blood type (risk group), while homozygous carriers for deletion at this site are phenotyped 

as blood type O (reference group) (24). 

 

Statistical analysis 

Statistical analyses were performed with STATA version 15.1 (Stata Corp, College Station, TX, USA). For 

each participant, person-years of follow-up were accrued from the date of enrolment in the respective 
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study (The Tromsø Study: 1994-95 and the HUNT Study: 1995-97) to the date of incident VTE, 

migration, death or to the end of the study period (The Tromsø Study: December 31, 2012 and the 

HUNT Study: December 31, 2008). 

 For each SNP, hazard ratios (HRs) of VTE with 95% CIs were estimated in Cox proportional 

hazards regression models with non-carriers (0 risk alleles) as the reference group. Age was used as 

time scale with the age at enrolment defined as entry time, and the age at incident VTE or censoring 

defined as exit time. The analyses were adjusted for age (as time scale), sex and BMI. The proportional 

hazards assumption was evaluated on the basis of Schoenfeld residuals. 

Several measures can be used to evaluate the impact of a risk factor on the development and 

burden of disease. In a public health perspective, the population attributable fraction (PAF) is of large 

interest, as it expresses the proportion of cases in a population that can be attributed to a risk factor. 

PAF is also known as the “preventable fraction” as it indicates the proportion by which the incidence 

of disease would decrease if the risk factor could (hypothetically) be removed and the distribution of 

all other risk factors remained unchanged (25, 26). For SNPs significantly associated with VTE risk in 

the Cox regression models, PAFs were calculated using the formula 𝑝𝑝(𝐻𝐻𝐻𝐻−1)
𝑝𝑝(𝐻𝐻𝐻𝐻−1) +1

 , where p is the 

prevalence in the population (i.e. the sub-cohort) and HR is the risk of VTE in carriers compared with 

non-carriers of the respective risk allele (25).  A cumulative PAF model was constructed by adding SNPs 

one-by-one into a combined dichotomous exposure variable (i.e., carriers of ≥1 risk allele of any of the 

added SNPs were categorized as exposed and those with zero risk alleles were categorized as 

unexposed). The corresponding PAF for each SNP-combination was calculated based on prevalence 

and estimated HR of VTE for the combined exposure variable. The SNPs were added in order of the 

size of the individual PAFs, starting with the two SNPs with the highest PAF values. For all PAF 

estimates, 95% bias-corrected CIs were calculated based on 10 000 bootstrap samples. Separate PAF 

estimates were calculated for total and unprovoked VTE, for PE and DVT, and by age group (<70 or ≥70 

years). Participants with missing information on SNPs included in the PAF model (n=185; 13 cases and 

172 in the sub-cohort) and BMI (n=91; 11 cases and 80 in the sub-cohort) were excluded from these 
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analyses in order to have an identical sample at each step. Due to the high risk allele frequency for the 

F5 SNP rs4524 (92.4% with ≥1 risk allele), PAF was not estimated for this variant. 

 

Results 

The mean age of the study population was 51 ± 17 years (range: 19-97 years). Baseline characteristics 

of the VTE cases and the sub-cohort are shown in Table 1. Mean age, BMI, systolic blood pressure and 

prevalence of arterial CVD and diabetes were higher in VTE cases compared with the sub-cohort.  

The allele frequency and risk allele distribution in cases and the subcohort are shown in Table 

2.  With the exception of rs3813948 (C4BPB) and rs1063857 (vWF), the risk allele frequencies for all 

SNPs were higher among cases. Likewise, the proportions of individuals genotyped with ≥1 risk alleles 

were higher among the cases for the majority of SNPs. The allele frequencies in the subcohort 

resembled those previously reported in Caucasian populations (5, 6, 27). 

 The HRs of VTE for the individual SNPs are shown in Table 3. Of the initially 17 included SNPs, 

seven were significantly associated with VTE risk. These were (multivariable adjusted HRs): rs6025 

(FVL; HR: 2.32, 95% CI 2.01-2.68), rs4524 (F5; HR: 1.52, 95% CI 1.20-1.92), rs1799963 (F2; HR: 1.51, 

95% CI 1.05-2.17), rs8176719 (ABO; HR: 1.38, 95% CI 1.24-1.54), rs2289252 (F11; HR: 1.24, 95% CI 1.11-

1.38), rs2036914 (F11; HR: 1.22, 95% CI 1.07-1.40) and rs2066865 (FGG; HR: 1.18, 95% CI 1.06-1.30). 

For DVT and PE the risk estimates differed for FVL, which was more strongly associated with DVT (HR: 

2.92, 95% CI 2.46-3.47) than with PE (HR: 1.52 95% CI 1.17-1.98). 

 Table 4 shows the individual PAFs for the six SNPs associated with VTE risk, as well as the HRs 

and prevalences used in the PAF calculations. Ranked in descending order, the overall proportion of 

cases in the population attributable to the individual SNPs (i.e. PAF) was 18.9% (95% CI 10.8-26.4) for 

rs8176719 (ABO), 14.3% (95% CI 1.4-26.7) for rs2036914 (F11), 13.1% (95% CI 3.8-20.3) for rs2289252 

(F11), 8.0% (95% CI 5.3-10.8) for rs6025 (FVL), 6.8% (95% CI 1.2-10.5) for rs2066865 (FGG) and 0.7% 

(95% CI -0.4-1.7) for rs1799963 (F2). The PAF was higher for DVT than for PE for rs8176719 (ABO, 21.2% 

vs. 15.6%) and for rs6025 (FVL, 11.2% vs. 3.3%).  Analyses stratified by age revealed that the PAFs were 
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higher among those aged <70 years for rs8176719 (ABO, 28.7% vs. 10.6%), rs2036914 (F11, 20.4% vs. 

9.5%) and rs2066865 (FGG, 11.3% vs. 2.9%), while the estimates for the remaining SNPs were 

comparable between the age groups (Table 5). 

 The cumulative PAF estimates are shown in Figures 1-3. The PAF increased stepwise with the 

addition of each SNP until five SNPs were added. These SNPs were rs8176719 (ABO), rs2036914 (F11), 

rs2289252 (F11), rs6025 (FVL) and rs2066865 (FGG). For total VTE, the cumulative PAF for this model 

was 45.3% (95% CI 19.7-71.2) (Figure 1, Panel A), while for unprovoked VTE the corresponding PAF was 

61.7% (95% CI 19.6-89.3) (Figure 1, Panel B). The cumulative PAF was higher for DVT (52.9%) than for 

PE (33.8%). For total VTE, the cumulative PAF was higher in those aged <70 years (66.1%, 95% CI 25.5-

90.3) compared with those aged ≥70 years (24.9%, 95% CI -13.3-54.6). The HRs that formed the basis 

for the cumulative PAF models are shown in Supplementary figures 2-4. 

 

Discussion 

In the present study, we estimated the proportion of VTEs in the population that could be attributed 

to already established prothrombotic genotypes. We found that a combination of six SNPs in a 

cumulative PAF model accounted for 45% of all VTEs and 62% of all unprovoked VTEs in the general 

population. A larger proportion of the VTEs could be attributed to genotypes in the young (66%) than 

in the elderly (25%), and the cumulative PAF was also higher in DVT (53%) than in PE (34%).  

 When the SNPs associated with VTE risk were added in the cumulative model, the PAF estimate 

increased until five SNPs were added. The SNPs that were included were rs8176719 (ABO), rs2036914 

(F11), rs2289252 (F11), rs6025 (FVL) and rs2066865 (FGG), and the summary PAF for this model 

suggested that 45% of the VTE events in the population could be attributed to these variants. This is in 

accordance with a previous study reporting a joint PAF of 35% for three of these SNPs (i.e., rs1799963, 

rs6025 and rs8176719) (13). Interestingly, four of the SNPs were also included in the 5-SNP genetic risk 

score developed by deHaan and colleagues, which was found to have similar discriminatory accuracy 

as a risk score comprised of 31 SNPs (10).  
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 In accordance with previous studies, we found that the non-O blood type (rs8176719) had the 

largest impact on VTE in the population, accounting for 19% of all events (13, 24, 28). The relatively 

large contribution from this variant is explained by a weak-to-moderate effect size combined with a 

relatively high prevalence. Our PAF estimate is in accordance with reports from a population-based 

cohort which reported a PAF of 20% for non-O blood type (24), while the estimates derived from case-

control studies tended to be higher (30-40%) (13, 28). Further, we found that the two F11 SNPs 

contributed significantly to VTE in the population, with PAFs of 13-14%. However, our PAF estimates 

were markedly lower than those previously reported in a case-control study (24-28%) (22). For FVL and 

the prothrombin mutation G2021A, our PAF estimates were in accordance with previous studies (13, 

24, 28-30), although considerable variations exist between geographical locations due to differences 

in prevalence (31). For instance, in the Netherlands and in southern Sweden, the high prevalence of 

the FVL mutation yielded PAF estimates of 20-50% (31). In addition, the observed differences in 

reported PAF estimates could to some extent be explained by differences in study design, as higher 

estimates are typically reported in case-control studies. If the distribution of exposure in the control 

population differs from that of the source population, the true effect may be overestimated, and 

consequently, the PAF will also be overestimated.  

Though we are not aware of previous studies investigating the joint PAF for unprovoked VTE, 

our findings of a stronger genetic influence is in accordance with studies reporting higher prevalence 

of thrombophilia among patients with unprovoked VTE (32). Higher effect sizes in unprovoked 

compared with total or provoked VTE have been suggested for several prothrombotic genotypes, 

including the prothrombin G2021A mutation and FVL (30). The observation that 60% of the 

unprovoked events can be attributed to these genotypes, highlights the need for unraveling novel 

genetic or environmental risk factors for unprovoked VTE. The characteristics of yet unknown 

genotypes may be either common variants with very low effect sizes, or extremely rare or private 

mutations with large effect sizes. In a recent genome-wide/transcriptome-wide association study 

(GWAS/TWAS) including >30000 VTE cases and >170000 controls from 18 studies in the INVENT 
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consortium, 16 novel susceptibility loci for VTE were identified (27). However, the effect sizes (odds 

ratios) for these variants were small, ranging from 0.80 to 1.14. Furthermore, the INVENT consortium 

also performed an exome-wide array analysis based on data from 11 studies to identify novel 

associations with VTE for low-frequency variants (33). While associations with previously known loci 

were confirmed, no new variants were identified, and larger studies with sequencing data were 

requested (33). In the other end of the continuum, rare mutations with large effect sizes may be 

identified in family studies. Importantly, variants with these characteristics will have a small impact on 

the burden of VTE at the population level. 

Using the cumulative model, we found that the PAF of prothrombotic genotypes was higher 

for DVT than for PE. This difference appeared to be mainly driven by a higher PAF for DVT by the 

individual SNPs in ABO and FVL. For ABO, previous studies have not reported major differences in the 

risk of DVT and PE (16). Accordingly, the hazard ratios for DVT (HR 1.46) and PE (HR 1.29) according to 

ABO status were not statistically different in our study, but the resulting individual PAF estimates were 

21.2% for DVT and 15.6% for PE. For FVL, the risk estimates for DVT were significantly higher than for 

PE, and the individual PAFs were 11.2% in DVT and 3.3% in PE. The higher risk of DVT than of PE in 

subjects with FVL, is well recognized and often referred to as the “FVL paradox” (16). This phenomenon 

could be explained by the formation of more stable clots less susceptible for embolization in patients 

with FVL. Indeed, a recent experimental study in mice reported that thrombi in FVL carriers were larger 

and embolized less compared with wild type (34). 

In the present study, we found that the prothrombotic genotypes exerted a stronger influence 

on the occurrence of VTE among individuals <70 years. The higher PAF for prothrombotic genotypes 

in the younger age group was particularly explained by higher HRs of VTE for the SNPs rs8176719 

(ABO), rs2303914 (F11) and rs2066865 (FGG). An age effect has previously been reported for the 

association between family history and the risk of VTE, with the highest effect sizes observed in the 

younger age groups (35, 36). Further, the proportion of cases with a prothrombotic genotype has been 

reported to be significantly higher among those aged 20 years or younger (49.3%) compared with those 
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aged 70 years and older (21.9%), suggesting that individuals with a genetic susceptibility experience 

VTE at a younger age (32). As aging is associated with an accumulation of acquired and environmental 

risk factors, the relative contribution of the genetic factors may be diluted. The age effect may also be 

explained by the phenomenon ‘attrition of susceptibles’ where those highly vulnerable are likely to 

develop thrombosis early in life, and an apparently resilient elderly population (15).  

 Main strengths of our study include the recruitment of participants from a general population 

cohort with a wide age range, unselected and objectively validated VTEs, and comprehensive 

information on a large number of prothrombotic genotypes.  Our findings are derived from a Caucasian 

population, which lowers the risk of population stratification, but limits the generalizability of the 

results to other ethnicities. The PAF is specific for the population it is derived from, and differences in 

allele frequency between populations have implications for the relevance of the mutation and the 

occurrence of thrombosis. PAF depends on both the prevalence of the risk factor and its effect size. 

Importantly, these estimates are only valid under the assumption that the risk factor is causal and are 

also specific for the population from which they were derived (26, 31). Although PAF is a useful tool to 

study the impact of genetic factors, its direct dependence on prevalence might lead to overestimation 

when the prevalence is very high (11, 37). Due to a high prevalence in the cumulative PAF model, the 

percentages may be overestimated. Finally, the rs8176719 used in this study is not optimal for 

evaluating VTE risk mediated by the ABO locus as it does not take into account the A2 and O2 blood 

groups which are associated with a lower risk of VTE compared to A1 and B (38). However, as the 

prevalence of A2 and O2 in the population is low (haplotype frequencies <5% and <1%, respectively), 

this is likely to have a negligible influence on our estimated PAF. 

In conclusion, we found that 45% of all VTEs and 62% of the unprovoked VTEs in the population 

could be attributed to established prothrombotic genotypes, and that this was mainly explained by 

five SNPs. The proportion of events that could be attributed to genes was higher in the young than in 

the elderly, and higher in DVT than in PE. 
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Figure legends: 
 

Figure 1. Cumulative population attributable fraction (PAF) with 95% confidence intervals of total 

(Panel A) and unprovoked (Panel B) venous thromboembolism (VTE) based on increasing number of 

single-nucleotide polymorphisms (SNPs). SNPs were added in ranked order of the individual PAF 

estimates (Table 4) 

 
 
Figure 2. Cumulative population attributable fraction (PAF) of deep vein thrombosis (DVT) and 

pulmonary embolism (PE) based on increasing number of single-nucleotide polymorphisms (SNPs) 

 
 
Figure 3. Cumulative population attributable fraction (PAF) of venous thromboembolism based on 

increasing number of single-nucleotide polymorphisms stratified by age (< and ≥ 70 years) 
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Tables and figures 

Table 1. Baseline characteristics of the venous thromboembolism (VTE) cases and the sub-cohort 

 VTE cases (n=1493) Sub-cohort (n=13069) 

Age (years), mean ± SD 61 ± 15 51 ± 17 

Sex (female), % (n) 52.9 (790) 52.9 (6909) 

Body mass index (kg m2), mean ± SD 27.4 ± 4.4 26.2 ± 4.1 

Systolic blood pressure (mm Hg), mean ± SD 145 ± 23 138 ± 22 

Arterial cardiovascular disease*, % (n) 14.3 (213) 8.3 (1083) 

Diabetes, % (n) 4.3 (64) 3.1 (410) 

*Myocardial infarction, stroke or angina 

SD standard deviation 
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Table 2. Allele frequency (AF) and distribution of risk alleles in the venous thromboembolism (VTE) 

cases and the sub-cohort 

   VTE cases (n=1493)*  Sub-cohort (n=13069)* 

Gene SNP 
 AF  

(%) 
1 risk allele 

(%, n) 
2 risk alleles 

(%, n) 
 AF  

(%) 
1 risk allele 

(%, n) 
2 risk alleles  

(%, n) 
F5 rs4524  76.6 36.7 (547) 58.3 (870)  72.9 39.2 (5122) 53.2 (6954) 

FVL rs6025  7.7 14.4 (214) 0.5 (8)  3.4 6.5 (854) 0.1 (15) 

SERP rs2227589  9.8 17.2 (257) 1.1 (17)  8.7 15.8 (2069) 0.8 (107) 

C4BPB rs3813948  7.4 13.7 (205) 0.5 (8)  7.7 14.2 (1848) 0.6 (78) 

KNG1 rs710446  42.1 46.6 (695) 18.8 (281)  41.2 48.4 (6325) 17.0 (2224) 

FGG rs2066865  27.3 37.4 (559) 8.6 (128)  24.0 36.3 (4740) 5.8 (756) 

F11 rs2036914  57.3 49.6 (739) 32.5 (484)  53.1 50.2 (6533) 28.0 (3646) 

F11 rs2289252  43.4 48.8 (727) 19.0 (284)  39.2 47.4 (6188) 15.5 (2021) 

F12 rs1801020  76.3 34.8 (431) 58.9 (728)  74.4 38.0 (4865) 55.4 (7092) 

F13 rs5985  28.8 40.5 (496) 8.5 (104)  26.7 39.1 (4983) 7.1 (907) 

STXBP5 rs1039084  53.8 48.1 (718) 29.7 (443)  51.5 50.4 (6582) 26.3 (3431) 

F2 rs3136520  3.1 5.9 (87) 0.2 (3)  3.0 5.8 (763) 0.1 (16) 

F2 rs1799963  1.0 2.1 (31) -  0.7 1.3 (173) - 

vWF rs1063857  37.8 48.3 (695) 13.7 (197)  38.1 46.6 (5489) 14.8 (1744) 

TC2N rs1884841  44.5 50.7 (755) 19.1 (285)  43.0 48.2 (6299) 18.9 (2471) 

GP6 rs1613662  86.0 23.2 (346) 74.4 (1110)  82.6 28.7 (3749) 68.3 (8917) 

ABO rs8176719  43.1 51.3 (764) 17.4 (260)  38.3 46.3 (6027) 15.2 (1978) 

AF allele frequency; SNP single-nucleotide polymorphism 
*Not all participants have data on all SNPs 
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Table 3. Incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals (CIs) for venous thromboembolism by individual single-nucleotide 
polymorphisms (SNPs) 

  Venous thromboembolism  Deep vein thrombosis  Pulmonary embolism 

  0 risk 
alleles 

≥1 risk 
alleles HR (95% CI)*  0 risk alleles ≥1 risk 

alleles HR (95% CI)*  0 risk alleles ≥1 risk 
alleles HR (95% CI)* 

Gene SNP Events Events ≥1 vs. 0 risk alleles  Events Events ≥1 vs. 0 risk alleles  Events Events ≥1 vs. 0 risk alleles 

FVL rs6025 1258 221 2.32 (2.01-2.68)  719 159 2.92 (2.46-3.47)  539 62 1.52 (1.17-1.98) 

F5 rs4524 75 1406 1.52 (1.20-1.92)  50 829 1.34 (1.01-1.79)  25 577 1.87 (1.25-2.79) 

F2 rs1799963 1446 30 1.51 (1.05-2.17)  860 15 1.26 (0.76-2.10)  586 15 1.88 (1.13-3.14) 

ABO rs8176719 464 1015 1.38 (1.24-1.54)  266 612 1.45 (1.26-1.68)  198 403 1.29 (1.09-1.53) 

F11 rs2289252 474 1006 1.24 (1.11-1.38)  283 596 1.23 (1.06-1.41)  191 410 1.25 (1.05-1.48) 

F11 rs2036914 265 1214 1.22 (1.07-1.40)  159 719 1.21 (1.02-1.44)  106 495 1.24 (1.01-1.53) 

FGG rs2066865 799 683 1.18 (1.06-1.30)  468 412 1.21 (1.06-1.38)  331 271 1.13 (0.97-1.33) 

GP6 rs1613662 36 1445 1.16 (0.83-1.62)  18 861 1.39 (0.87-2.22)  18 584 0.93 (0.58-1.49) 

F13 rs5985 621 593 1.11 (0.99-1.24)  376 355 1.10 (0.95-1.28)  245 238 1.13 (0.94-1.34) 

TC2N rs1884841 444 1034 1.11 (0.99-1.24)  265 612 1.10 (0.95-1.27)  179 422 1.12 (0.94-1.34) 

SERP rs2227589 1212 269 1.09 (0.96-1.25)  728 151 1.02 (0.85-1.21)  484 118 1.20 (0.98-1.47) 

STXBP5 rs1039084 327 1154 1.09 (0.97-1.23)  177 702 1.22 (1.04-1.44)  150 452 0.94 (0.78-1.13) 

vWF rs1063857 543 885 1.03 (0.92-1.15)  326 524 1.02 (0.88-1.17)  217 361 1.05 (0.89-1.24) 

F2 rs3136520 1377 90 1.04 (0.84-1.29)  819 53 1.03 (0.78-1.36)  558 37 1.07 (0.77-1.50) 

KNG1 rs710446 516 966 1.02 (0.92-1.13)  309 571 1.00 (0.87-1.15)  207 395 1.05 (0.88-1.24) 

F12 rs1801020 78 1148 0.97 (0.77-1.22)  40 692 1.14 (0.83-1.57)  38 456 0.79 (0.57-1.10) 

C4BPB rs3813948 1270 211 0.97 (0.84-1.13)  764 115 0.87 (0.72-1.06)  506 96 1.12 (0.90-1.40) 

*Adjusted for age (as time scale) and sex and body mass index 
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Table 4. Population attributable fraction (PAF) of venous thromboembolism (VTE), deep vein 
thrombosis (DVT) and pulmonary embolism (PE) for individual single-nucleotide polymorphisms 
(SNPs) 

Gene SNP HR (95% CI)* Sub-cohort prevalence† PAF (95% CI) 

ALL     

   ABO rs8176719 1.38 (1.23-1.54) 0.62 18.9 (10.8-26.4) 

   F11 rs2036914 1.21 (1.06-1.39) 0.78 14.3 (1.4-26.7) 

   F11 rs2289252 1.24 (1.11-1.38) 0.63 13.1 (3.8-20.3) 

   FVL rs6025 2.31 (2.00-2.66) 0.07 8.0 (5.3-10.8) 

   FGG rs2066865 1.17 (1.06-1.30) 0.42 6.8 (1.2-10.5) 

   F2 rs1799963 1.54 (1.07-2.21) 0.01 0.7 (-0.4-1.7) 

DVT     

   ABO rs8176719 1.44 (1.24-1.66) 0.62 21.2 (10.8-31.5) 

   F11 rs2036914 1.20 (1.01-1.43) 0.78 13.6 (-2.6-29.1) 

   F11 rs2289252 1.22 (1.06-1.41) 0.63 12.3 (1.4-23.3) 

   FVL rs6025 2.90 (2.44-3.44) 0.07 11.2 (7.9-14.9) 

   FGG rs2066865 1.20 (1.05-1.37) 0.42 7.6 (0.0-15.4) 

   F2 rs1799963 1.28 (0.77-2.14) 0.01 0.4 (-0.7-1.7) 

PE     

   ABO rs8176719 1.30 (1.10-1.54) 0.62 15.6 (2.7-28.2) 

   F11 rs2036914 1.23 (1.00-1.52) 0.78 15.5 (-3.7-34.1) 

   F11 rs2289252 1.27 (1.07-1.50) 0.63 14.3 (1.2-27.3) 

   FVL rs6025 1.52 (1.17-1.97) 0.07 3.3 (0.2-6.8) 

   FGG rs2066865 1.14 (0.97-1.34) 0.42 5.6 (-3.2-14.8) 

   F2 rs1799963 1.93 (1.16-3.23) 0.01 1.2 (-0.4-3.0) 

*Adjusted for age (as time scale), sex and body mass index; †≥1 risk allele 
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Table 5. Population attributable fraction (PAF) of venous thromboembolism (VTE) for individual 
single-nucleotide polymorphisms (SNPs) stratified by age group (< and ≥ 70 years). 

Gene SNP HR (95% CI)* Sub-cohort prevalence† PAF (95% CI) 

<70 years     

   ABO rs8176719 1.65 (1.40-1.96) 0.62 28.7 (16.7-34.6) 

   F11 rs2036914 1.33 (1.09-1.62) 0.78 20.4 (3.9-35.3) 

   F11 rs2289252 1.26 (1.07-1.48) 0.63 13.9 (0.6-24.6) 

   FVL rs6025 2.31 (1.88-2.85) 0.07 8.1 (4.2-13.1) 

   FGG rs2066865 1.30 (1.12-1.51) 0.42 11.3 (3.0-20.5) 

   F2 rs1799963 1.51 (0.90-2.52) 0.01 0.7 (-0.7-2.0) 

≥70 years     

   ABO rs8176719 1.19 (1.03-1.38) 0.61 10.6 (2.6-23.1) 

   F11 rs2036914 1.13 (0.95-1.35) 0.79 9.5 (-9.1-23.5) 

   F11 rs2289252 1.23 (1.06-1.43) 0.63 12.8 (-0.7-23.6) 

   FVL rs6025 2.30 (1.88-2.81) 0.07 7.9 (4.7-11.2) 

   FGG rs2066865 1.07 (0.93-1.23) 0.41 2.9 (-2.7-11.3) 

   F2 rs1799963 1.56 (0.94-2.60) 0.01 0.7 (-0.6-2.0) 

*Adjusted for age (as time scale), sex and body mass index; †≥1 risk allele 
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Figure 1. Cumulative population attributable fraction (PAF) with 95% confidence intervals of total 

(Panel A) and unprovoked (Panel B) venous thromboembolism (VTE) based on increasing number of 

single-nucleotide polymorphisms (SNPs). SNPs were added in ranked order of the individual PAF 

estimates (Table 4) 
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Figure 2. Cumulative population attributable fraction (PAF) of deep vein thrombosis (DVT) and 

pulmonary embolism (PE) based on increasing number of single-nucleotide polymorphisms (SNPs) 
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Figure 3. Cumulative population attributable fraction (PAF) of venous thromboembolism based on 

increasing number of single-nucleotide polymorphisms stratified by age (< and ≥ 70 years) 
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