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Summary 

Major bleeding (MB) events are feared and potentially fatal complications of anticoagulant 

treatment in patients with venous thromboembolism (VTE). Even though several clinical risk 

factors are associated with MB risk, the predictive power of currently available risk 

assessment models remain limited for VTE. The aim of this thesis was to identify biomarkers 

of MB risk during the first year after an incident VTE. 

 In all three papers included in this thesis, the study population consisted of subjects 

with incident VTE derived from the Tromsø study, a population-based cohort study with 

repeated measurements and blood sampling of the inhabitants in Tromsø. Participants were 

symptomatic VTE cases requiring treatment, who were diagnosed with objective criteria from 

1994 to 2012/16. Information on VTE characteristics, including blood sample measurements, 

was collected from the medical records at the University Hospital of North Norway (UNN). In 

the first paper, subjects were genotyped for prothrombotic single nucleotide polymorphisms 

(SNPs) in candidate biomarker genes, while D-dimer and platelet count, measured at VTE 

diagnosis, were assessed in the second and third papers. MB events were classified according 

to the International Society on Thrombosis and Haemostasis (ISTH) criteria and identified by 

review of medical records during the first year after VTE diagnosis.  

 In the first paper, we found no association between individual SNPs (rs6025 [Factor V 

Leiden], rs1799963 [Prothrombin G20210A], rs8176719 [ABO blood type], rs2066865 in 

FGG, and rs2036914 in F11) or number of risk alleles and MB risk. The results were similar 

after excluding patients with active cancer, and when restricting the analysis to the first three 

months after VTE. In the second paper, we excluded subjects with cancer and those who 

developed an in-hospital VTE prior to the analyses and found that a high D-dimer (upper 20th 

percentile) was associated with increased risk of MB. The risk was particularly pronounced in 

patients with deep vein thrombosis (DVT), provoked VTE and during the first three months 

after diagnosis. In the third paper, we found that platelet count measured at VTE diagnosis 

was associated with higher risk of MB in a dose-response manner. Furthermore, when platelet 

count was measured years prior to developing a VTE (at the Tromsø study inclusion), an 

increasing platelet count was also associated with a higher risk of MB.    

Our findings suggest that D-dimer and platelet count, which are already widely 

available for most of the VTE patients after the initial diagnostic investigation, may aid the 

identification of VTE patients at risk of MB during anticoagulant treatment. 
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Sammendrag 

Alvorlig blødning er en fryktet og potensielt fatal komplikasjon ved 

antikoagulasjonsbehandling av pasienter med venøs tromboembolisme (VTE). Selv om flere 

kliniske risikofaktorer er assosiert med blødningsrisiko er evnen til å predikere alvorlige 

blødninger begrenset med tilgjengelige risikomodeller for VTE. Målet med avhandlingen var 

å identifisere biomarkører for alvorlig blødningsrisiko etter førstegangs VTE.  

 I denne avhandlingen besto studiepopulasjonen i alle tre artiklene av individer med 

førstegangs VTE blant deltakere av Tromsøundersøkelsen, en populasjonsbasert kohortstudie 

med repeterte målinger og blodprøver av innbyggerne i Tromsø. Deltakerne var 

symptomatiske og behandlingskrevende VTE pasienter som fikk diagnosen bekreftet med 

objektive undersøkelser fra 1994 til 2012/16. Kliniske variabler og blodprøvesvar rundt 

innleggelsen for VTE ble innhentet fra medisinske journaler ved Universitetssykehuset Nord-

Norge (UNN). I den første artikkelen ble studiedeltakerne gensekvensert for protrombotiske 

genvarianter (single nucleotide polymorphisms [SNPs]) i mulige biomarkørgener, mens D-

dimer og blodplatetall målt ved VTE diagnose ble undersøkt i artikkel to og tre. Alvorlige 

blødninger ble klassifisert i henhold til International Society on Thrombosis and Haemostasis 

(ISTH) kriterier og identifisert ved gjennomgang av medisinske journaler det første året etter 

VTE diagnose. 

 I artikkel I fant vi ingen assosiasjon mellom individuelle SNPs (rs6025 [Factor V 

Leiden], rs1799963 [Prothrombin G20210A], rs8176719 [ABO blod type], rs2066865 i FGG, 

og rs2036914 i F11) eller antall risikoalleler og risiko for alvorlig blødning. Vi gjorde 

liknende funn etter at pasienter med aktiv kreft ble ekskludert fra analysen og når vi begrenset 

analysen til de første tre månedene. Pasienter med aktiv kreft og pasienter som utviklet VTE 

under sykehusinnleggelse ble utelatt fra analysene i artikkel II, hvor vi fant at høy D-dimer 

(øverste 20%) var assosiert med økt risiko for alvorlig blødning. Risikoen var spesielt uttalt 

hos pasienter med dyp venetrombose (DVT), pasienter med provosert VTE og i løpet av de 

først tre månedene etter diagnose. I artikkel III fant vi at blodplatetall målt ved VTE diagnose 

var assosiert med økt risiko for alvorlig blødning i et dose-respons forhold. Videre fant vi at 

økende blodplatetall målt flere år i forkant av VTE (ved inklusjon i Tromsøundersøkelsen), 

også var assosiert med økt risiko for alvorlig blødning. 

 Våre funn taler for at D-dimer og blodplatetall, som allerede er tilgjengelig hos de 

fleste VTE pasienter etter innledende diagnostikk, kan bidra til identifikasjon av VTE 

pasienter med forhøyet risiko for alvorlig blødningskomplikasjon av 

antikoagulasjonsbehandling.  
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1. Introduction 

 Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and 

pulmonary embolism (PE), is a severe and frequently recurring disease associated with great 

suffering and mortality. While treatment with anticoagulants efficiently lower the risk of a 

second thrombotic event and recurrence-related death, the risk of bleeding is concurrently 

increased, inflicting major bleeding (MB) events in 3-6% of VTE patients per year with 

modern treatment.1-3 If anticoagulants are withheld, a deadly or non-deadly recurrent 

thrombotic event can occur in up to 50% of patients within two weeks.4 Although a minimum 

of three months of anticoagulation is recommended for most cases of VTE, the ideal treatment 

duration is uncertain in patients at high risk of recurrence and depends on the risk of MB.5 It 

is therefore essential to obtain accurate assessment of MB risk in order to guide decisions 

regarding treatment duration in this situation. In addition, patients at high risk of MB may 

benefit from targeted preventive measures during the initial active treatment period, when the 

absolute risk of MB is highest.6,7   

Several clinical factors, such as advancing age and cancer, are associated with 

increased risk of MB and may identify high-risk VTE patients when combined in risk 

assessment models (RAMs).8 The HAS-BLED score, originally derived in patients with atrial 

fibrillation (AF), has recently been assessed in VTE patients with promising results.9 

However, most validation studies demonstrate that the HAS-BLED score and other currently 

available bleeding RAMs generally have inconsistent and modest to low ability to distinguish 

VTE patients at high risk of MB from those at low risk.10-12 Hence, improving risk prediction 

of MB in VTE patients has been identified as a major aim of future research.13  

  Biomarkers play a key role in the diagnostic work-up in subjects suspected of VTE14 

and recent studies indicate that biomarkers may also have a role in predicting risk of primary, 

recurrent and cancer-associated VTE.15,16 A biomarker is a measured characteristic of an 

individual indicative of normal biological processes, pathogenic processes, or biological 

responses to an exposure or intervention.17 A model combining age, biomarkers and clinical 

history (ABC-model) has recently outperformed the HAS-BLED score in patients with AF.18 

The potential of biomarkers to identify VTE patients at higher bleeding risk prior to 

anticoagulation has been scarcely investigated. The focus of this thesis is on the identification 

of biomarkers of MB risk during anticoagulant treatment in the first year after an incident 

VTE.  
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1.1 Venous thromboembolism 

DVT arises typically in the valve pockets of deep veins in the lower extremities, from 

where the thrombus may extend and cause obstruction of venous flow. A PE might occur if 

the thrombus dislodges or partly breaks off, travels through the bloodstream, and lodges in the 

narrow vasculature of the lungs.19 However, DVTs cannot be detected in up to half of all PE 

patients investigated with ultrasonography or magnetic resonance imaging.20 Alternative 

explanations on the origin of PE include de novo thrombus formation in the lung or 

embolization of a thrombus of cardiac origin. In support of the latter notion, AF has been 

associated with higher risk of PE than DVT, and explained 20% of PE events in the Tromsø 

study.21 In VTE patients, the residing venous thrombus may cause symptoms dependent on 

the extent of thrombosis, adequacy of collaterals and the severity of vascular occlusion and 

inflammation.19 Classical signs and symptoms of DVT include redness, swelling, heat, 

swollen superficial veins and pain of the affected extremity. The clinical features of PE are 

often less specific compared to DVT and may range from asymptomatic to circulatory 

collapse and death, but also include dyspnea, tachypnea, coughing and pleuritic chest pain.  

1.1.1 Epidemiology 

 VTE is considered the third most common cardiovascular disease after coronary heart 

disease and stroke, with an annual incidence of 1 to 2 per 1000 in the general population.22-24  

Long-term observational studies suggest that the overall incidence of VTE might be slightly 

increasing.25-27 Although the more extensive use of better diagnostic tools may explain the 

increase in PE rates, the prevalence of strong VTE risk factors, such as advanced age, cancer 

and obesity, are increasing and likely to impact VTE incidence rates.28 The annual incidence 

of VTE increases exponentially with age and is around 100 times more common in the elderly 

compared to young adolescents.29 Women at reproductive age have a higher incidence of 

VTE than men at the same age.29 However, when women-specific reproductive risk factors 

(e.g. pregnancy and oral contraceptives) are taken into account, the risk of a first VTE is 

higher in men compared to women across all ages.30 VTE incidence further varies according 

to ethnicity (e.g. relatively low in Asians and higher in Caucasians)31, which in part can be 

explained by an uneven distribution of both inherited (e.g. Factor V Leiden) and acquired 

(e.g. obesity) VTE risk factors observed across different regions.32,33  

After an incident VTE, short- and long-term complications frequently occur. The 

cumulative incidence of a recurrent VTE is 8-13% in the first year, and up to 30-36% within 

10 years after the index event.24,34-36 A second VTE tends to present at the same site as the 
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first, i.e. a PE is more likely to recur as a PE rather than a DVT.37,38 Although a recurrent VTE 

may be regarded as a complication of the first event, a second thrombotic event can be 

interpreted as an acute exacerbation of an underlying prothrombotic state.34 The risk of VTE 

recurrence declines rapidly within the first 6-12 months, then more modestly the following 

years but never declines to the baseline risk prior to the first event.34,36,39,40 The index VTE 

event can be classified as provoked if a transient (e.g. surgery) or persistent (e.g. cancer) 

major or minor risk factor is present in the 3 months prior to the event, and unprovoked if no 

such environmental factor is identifiable.41 However, risk factors may fluctuate, interact and 

display different magnitude of reversibility in individuals, which makes the classification 

somewhat arbitrary.41 Still, the risk of recurrent VTE has been shown to be around 8-fold 

higher in patients with unprovoked VTE compared to those with surgery-provoked VTE, 

affecting 1.0% and 7.9% within the first year after discontinuing anticoagulation, respectively, 

as demonstrated in a systematic review.42 Although there is considerable variation across 

cancer sites, cancer-associated VTE (CAT) is associated with a high risk of recurrence. In 

general, recurrence occurs in around 20% of cancer patients within the first year after an 

incident VTE, even after taking competing risk of death into account.43-45  

Post-thrombotic syndrome (PTS) is the most common long-term complication of VTE. 

Within two years after a DVT of the lower extremities, 20-50% of patients will develop PTS 

and 5-10% will have severe PTS.46,47 The clinical manifestation of PTS is typically 

characterized by chronic pain, heaviness, swelling, new varicose veins and venous ulcers in 

severe cases of the affected extremity.48 A proximal DVT, such as involvement of the iliac or 

common femoral vein, is associated with a 2 to 3-fold increased risk of PTS, compared to 

distal (calf) DVT.47 Other risk factors include a previous ipsilateral DVT, obesity, advanced 

age and inadequate anticoagulation. The presence and severity of PTS may be determined by 

the Villalta scale.49 The scale consists of five symptoms and six clinical signs that correlate 

well with patient-perceived quality of life and clinical measurements considered to be related 

to the underlying pathophysiology of PTS.50 Preventing a first DVT and a recurrent event 

with thromboprophylaxis has been regarded by some experts as the best way to prevent 

PTS.49 Elastic compression stockings (ECS) were widely accepted to be effective for the 

prevention and treatment of PTS. However, in a randomized placebo controlled (SOX) trial, 

Kahn et al did not find any benefit of ECS on the incidence of PTS two years after a proximal 

DVT.51 Several approaches including ECS, intermittent compression devices, exercise 

training programs, and catheter directed thrombolysis for selected patients might be 
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considered for the treatment of PTS.48 Overall, PTS is a substantial source of morbidity, 

disability and reduced quality of life after a DVT.52,53  

Chronic thromboembolic pulmonary hypertension (CTPH) is a debilitating long-term 

complication of VTE, affecting 0.5-4% of PE patients.54,55 CTPH is characterized by 

increased pulmonary vascular resistance secondary to fibrotic transformation of the non-

resolved thrombus and pulmonary artery.55 Symptoms such as hemoptysis and dyspnea may 

be present in CTPH, and eventually right-sided heart failure if the condition is left untreated. 

Previous splenectomy, infected ventriculo-atrial shunts, indwelling venous catheters and 

leads, thyroid replacement therapy, cancer and chronic inflammatory states have been 

proposed as risk factors for both VTE and CTPH, however, other more classic 

thromboembolic risk factors are lacking for CTPH.56 Life-long anticoagulation is 

recommended for CTPH, and pulmonary endarterectomy is regarded as the only curative 

treatment in operable patients.55 The main pathophysiological trigger for developing both 

CTPH and PTS after a VTE is impaired thrombus resolution.56  

Within the European Union alone, it is estimated that 370 000 VTE-related deaths 

occur every year.57 The 30-day risk of dying is about 2 to 3-fold higher in patients with PE 

(10-30%) compared to DVT (5-10%) in population-based and nationwide studies, and the 

overall one year all-cause mortality is about 22-30%.23,36,58 The same studies show that the 

risk of death is strikingly high within the first month and year after VTE, and after that 

approaches the same mortality as the general population. Cancer is a major cause of death in 

VTE patients, and it is related to a particularly poor prognosis when discovered 

simultaneously or within one year of a VTE, being associated with a one-year mortality of up 

to 60-80%.23,59 In a large population-based cohort study, the mortality of DVT has been 

shown to remain fairly constant over the last 30 years, while it has decreased for PE.58 

Considering VTE-related deaths of both incident and recurrent VTE and the associated 

morbidity in survivors, the overall burden of VTE is massive, despite advances in the VTE 

management.57,60 Of note, the majority of deaths occur as a consequence of hospital-acquired 

VTE, leaving VTE an important source of preventable deaths in hospitals, given the 

availability of effective treatment and prevention.57  

 1.1.2 Pathophysiology 

Human blood is kept fluid by dominance of anticoagulant activity within the intact 

vasculature. Ideally, clot formation is initiated only when procoagulant stimuli overcome the 

anticoagulant dominance at the site of and in response to a vascular injury. Primary 



13 
 

hemostasis includes the physiological processes of platelet activation, aggregation and 

adhesion at sites of vascular injury (platelet plug), while secondary hemostasis denotes the 

activation of coagulation factors, fibrin formation and plug stabilization. The hemostatic 

system has a vital role in orchestrating the cessation of a local bleeding, which requires a 

delicate balance of pro- and anticoagulant activity in time and space.61 Deviation from the 

hemostatic balance may lead to thrombin generation and clot formation not intended for 

hemostatic function, i.e. thrombosis.62,63  

Formation of thrombin takes place through a complex series of sequential activation of 

coagulation factors (F) known as the coagulation cascade. In a simplified overview, the 

cascade consists of an intrinsic, extrinsic and a common pathway that culminates in the 

formation of cross-linked fibrin (Figure 1). The extrinsic-, also called the tissue-factor-

pathway, is obligatory for physiological hemostasis, while the intrinsic pathway is not crucial 

for initiation of blood coagulation in vivo.63 Pathological activation of the extrinsic pathway 

may occur via tissue factor (TF) expression in activated monocytes, monocyte-derived 

microvesicles and possibly activated endothelial cells.64 TF and activated FVII form a 

complex that facilitates the activation of FX. Cellular RNA and polyphosphate released from 

activated platelets or bacteria are identified as activators of the intrinsic pathway.64 The 

intrinsic pathway was initially described by Davie and Ratnoff and MacFarlane as a waterfall-

based model involving the sequential activation of coagulation factors (XII, XI, IX, VIII) 

leading to the activation of FX, and ultimately thrombin formation and fibrin deposition.65,66 

Hence, the two pathways converge at coagulation factor X, which in its activated form 

facilitates cleavage of prothrombin to thrombin when co-factored by FVa. Dependent on the 

thrombin concentration, fibrin may influence the formation, structure and stability of a blood 

clot, as it generally forms a mesh that provides structural scaffold to a thrombus.67 Venous 

thrombi are typically composed of a larger proportion of red blood cells and fibrin (“red clot”) 

compared to arterial thrombi, which hold an abundance of platelet aggregates (“white clot”). 
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Figure 1 Simplified overview of the intrinsic (green), extrinsic (blue) and common pathway (red) of the 
coagulation cascade. Adapted from Mackman, J Clin Invest 201264 

 

Thrombin generation in the coagulation cascade is thoroughly regulated by feedback 

mechanisms, co-factors and perhaps most importantly, by the natural anticoagulants. Tissue 

factor pathway inhibitor (TFPI), antithrombin (AT) and protein C are the three major 

anticoagulants. TFPI blocks FXa and the TF/FVIIa complex.68 AT may inhibit all 

procoagulant proteins dependent on the presence of heparin and heparin-like 

glycosaminoglycans. In their presence, the anticoagulant activity of AT is enhanced 100 to 

1000-fold.69,70 Activated protein C (APC) exerts an anticoagulant effect by inhibition of FVa 

and FVIIIa.71 Animal studies have indicated the importance of these systems as mice lacking 

either of these anticoagulants do not survive.72 Defects in the regulation of clot formation can 

lead to either bleeding or thrombosis.72,73 
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Rudolf Virchow postulated that physiological alterations in blood flow, blood 

coagulability and the vessel wall were involved in venous thrombus formation.74 The 

procoagulant changes in these systems, i.e. reduction in blood flow/stasis, hypercoagulability 

and vessel wall injury/endothelial dysfunction are today collectively known as Virchow’s 

triad (Figure 2).75 Alterations in these systems remain important and relevant for our current 

understanding of thromboembolic disease, as most identified risk factors and thrombotic 

processes connect with one or more of the three pillars of the triad.64 Hypercoagulability, i.e. 

an abnormally increased tendency of blood clotting, may occur directly from acquired or 

inherited factors with an effect on thrombin generation, but also indirectly via the other 

elements of the triad. In the recess of venous valvular sinuses, where venous blood clots are 

most often formed, the endothelium is prone to dysfunction and subsequent downregulation of 

anticoagulant properties and promotion of prothrombotic processes.64,76 Hypoxia and 

inflammatory mediators are identified as causes of endothelial dysfunction at this site.64 As 

the innermost layer of the endothelium receives its oxygen supply from circulating 

erythrocytes, a gradient of increasing hypoxia towards the deepest recess of the valve pocket 

might occur due to vortical flow.76 Moreover, the local hypoxia promotes activation of 

leukocytes and platelets, which in turn might release TF-containing microvesicles.64 In sum, 

the local activation of the coagulation cascade overwhelm the protective anticoagulant 

pathways, initiating thrombus formation.  

 
Figure 2 Virchow's triad 
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1.1.3 Heritable prothrombotic risk factors 

There is a high heritability for VTE. Family and twin studies indicate that genetic 

factors account for 50-60% of the VTE risk.77,78 Knockout mice technology and lessons from 

clinically abnormal levels of clotting factors, regulators and natural anticoagulants have been 

instrumental in determining the function and the relative importance of these factors, ranging 

from necessary for life in utero (e.g. TF) to severe, moderate and mild forms of thrombosis 

and bleeding diathesis.68,79 For instance, increasing levels of FVIII are associated with 

increased risk of incident and recurrent VTE,80,81 while severe FVIII deficiency may result in 

a bleeding-prone state known as hemophilia A. Genome-wide-association studies (GWAS) 

have contributed substantially in discovering genetic risk factors for VTE, uncovering around 

half of the loci that have been robustly associated with VTE so far.82,83 In 2013, there were 16 

single nucleotide polymorphisms (SNPs) occurring at these loci that had been firmly 

associated with VTE susceptibility, most of them affecting the coagulation cascade.84,85 

Larger, more recent GWAS and GWAS meta-analysis replicated previous findings, and found 

novel variants and loci associated with VTE risk. However, the strength of the associations 

and effect sizes suggest that the most important common variants associated with VTE risk 

have been discovered.86-89 

Thrombophilia can be defined as a hypercoagulable state leading to a thrombotic 

tendency, and may occur either by gain of procoagulant or loss of anticoagulant function. In 

1965, Egeberg described the first family with an inherited AT-deficiency causing 

thrombophilia.90 The classical inherited loss-of-function thrombophilia occurs due to 

mutations leading to the quantitative or qualitative dysfunctional AT, protein C and protein 

S.91 Around 200 mutations have been identified in each of the genes coding for AT 

(SERPIN1), protein C (PROC) and protein S (PROS1). Hereditary loss-of-function 

thrombophilia is relatively rare,91 with a prevalence of AT, protein C and protein S deficiency 

in a healthy population of around 0.02-0.2% with variations across subtypes.91 AT deficiency 

is the most severe among inherited loss-of-function thrombophilias, with a 3 to 7-fold higher 

risk of VTE compared to protein C or S deficiency, and more than 50-fold increased risk of 

VTE when compared to individuals carrying no loss-of-function defect.69,91 In contrast, 

inherited gain-of-function thrombophilia is more common and typically less severe. In the 

1990s, the genetic details leading to APC resistance due to FVL, and the prothrombin 

G20210A mutation, associated with higher levels of prothrombin, were elucidated.92,93 
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Bertina and colleagues found that a single point mutation in F5 (G  A substitution) 

predicted the synthesis of the FVL, a variant of FV that was less susceptible to inhibition by 

the protein C system. Later, the prevalence of the FVL variant has been found to vary 

considerably in different ethnicities, from < 1% in populations of Asian origin to up to 7% in 

Caucasians.33,94 Heterozygous carriers of the FVL variant have a 2 to 5-fold increased risk of 

venous thrombosis.82 The prevalence of the prothrombin G20210A mutation is 1.7-3% in the 

European population.95 In 1969, Jick et al reported that VTE was less frequent in patients with 

blood type OO compared to other ABO blood types,96 an observation that later has been 

associated with lower levels of von Willebrand factor (vWF) and FVIII in those with blood 

type OO.97,98 A recent large nationwide register based study on healthy blood donors in 

Sweden and Denmark found that the population attributable risk of non-O blood groups was 

more than 30% for VTE events.99 Although the relative risk of VTE in subjects with non-O 

blood versus OO-blood type is fairly low, from 1.5 to 2.0-fold increased, the impact of ABO-

blood type in the general population is extensive due to the high prevalence of non-O blood 

groups (approximately 60%).84,99-101  

In a large case-control study, de Haan et al derived a parsimonious 5-SNP genetic risk 

score that could predict incident VTE with similar accuracy as a model of 31 SNPs associated 

with VTE.102 Regardless of SNP composition, an increasing number of risk alleles showed a 

dose-response association with VTE risk. Compared to subjects with two risk alleles 

(reference), the odds ratios (OR) varied from 0.4 in subjects with zero risk alleles to an OR of 

7.5 in those with ≥ 6 risk alleles. The same prothrombotic genotypes included in the 5-SNP 

risk score have later proved useful in predicting recurrent VTE in the MEGA study,103 and 

were also associated with an increased risk of VTE in patients with stroke.104 The five SNPs 

provided added predictive value when combined with acquired environmental VTE risk 

factors for both first and recurrent VTE.102,103 For incident VTE, the area under the curve 

(AUC) improved from 0.71 to 0.77 with the addition of the 5-SNP model to non-genetic risk 

factors in the validation cohort.102 

The 5-SNP model consisted of rs6025 (FVL) in F5, rs1799963 (prothrombin 

G20210A) in F2, rs8176719 (non-O blood type) in ABO, and two other genetic variants, one 

(rs2066865) in the fibrinogen gamma chain gene (FGG), and one (rs2036914) in the FXI gene 

(F11). The rs2066865 variant in FGG is present in 25-35% of Europeans and is associated 

with a 1.5 to 2-fold increased risk of DVT. The increased venous thrombosis risk is 

considered to be mediated by reduced plasma levels of fibrinogen gamma prime (γ’).84,102,105 
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Fibrinogen γ’ holds a unique binding site that appears critical for the expression of AT 

activity that develops during fibrin formation.105 The rs2036914 SNP is one of the genetic 

variants in the F11 locus that is independently associated with DVT risk.106 The SNP is 

thought to modulate plasma levels of FXI and is associated with a 1.4-fold increased risk of 

VTE. However, the variant(s) responsible for the association is not entirely clear, as F11 

haplotypes are more strongly associated with VTE risk than individual SNPs.107 The 

rs2036914 variant is very common, with a reported prevalence of 50-60% in European 

cohorts.106  

1.1.4 Acquired risk factors  

There are several acquired risk factors for VTE. Advanced age, obesity, cancer, 

hospitalization and surgery are among the high-impact risk factors that can readily be 

associated with blood hypercoagulability, reduced blood flow or changes in the vessel wall 

and placed in the conceptual framework of being a transient and/or persistent provoking 

factor.41  

High and advancing age is associated with a persistent and increasing risk of VTE, 

being regarded as one of the strongest risk factors for VTE.29,39,108,109 Although the basis for 

this association is uncertain, wear-and-tear on the vessels and their valves, higher levels of 

procoagulant factors in blood and accumulation of immobilizing conditions are proposed 

mechanisms that can explain the exponentially increased risk of VTE from the age of 45-

55.108,109 Age may be considered a risk factor in itself based on the observation that the same 

prothrombotic risk factors may lead to a VTE in an adult but not in a child.109 

Obesity, defined as a body mass index (BMI) above 30 kg/m2, is a modifiable risk 

factor for VTE associated with a 2 to 3-fold increased risk of VTE compared to persons with a 

normal BMI.110 An increasing BMI is associated with an increased risk of VTE in a dose-

response manner.111 Other anthropometric measures of obesity, such as waist circumference, 

have been shown to detect patients at high risk of VTE more precisely than BMI.112 

Moreover, weight gain in itself is associated with increased risk of VTE, particularly in 

already obese individuals, having around 4-fold higher risk of VTE compared to obese 

subjects with no weight gain.113 The underlying mechanisms for the association between 

obesity and VTE are not fully understood. However, venous stasis, chronic inflammation, 

increased coagulation activity and decreased fibrinolysis are proposed mechanisms.111 Results 

from three recent Mendelian randomization studies imply that obesity is causally related to 

VTE.114-116 Obesity has been found to account for around 30% of the population attributable 
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risk of unprovoked VTEs28 and is arguably the most important preventable risk factor for 

VTE, considering the growing epidemic of obesity worldwide.32  

Cancer is a major risk factor for VTE, associated with a 4 to 7-fold increased risk of 

VTE across all cancers, however with considerable variability according to type of cancer and 

treatment.117,118 About 20% of VTE cases could be attributed to malignancy.119 A differential 

risk of death in various cancers is however likely to impact the estimated rates of VTE in 

cancer patients unless corrected for.120 The risk of VTE appears to be particularly high in the 

first few months after cancer diagnosis and in the presence of distant metastases. Proposed 

explanations for this association include use of therapeutic interventions such as surgery, 

chemotherapy, erythropoietin-stimulating agents and hospitalization.121 Nevertheless, cancer 

seems to be a risk factor for VTE independent of these explanations as shown in the 

Scandinavian thrombosis and cancer study.122 Here, the risk was shown to be similar six 

months prior to and after a cancer diagnosis when taking competing risk by death into 

account, thus presumably excluding the influence of risk factors related to cancer diagnosis 

and treatment.122 Tumor cells can activate blood coagulation through multiple mechanisms, 

including expression of cancer procoagulant factors, proinflammatory cytokines, 

dysregulation of the fibrinolytic system, and by direct interaction with platelets and 

endothelial cells.117 Moreover, common and cancer-type specific pathways appear to 

contribute to CAT.123 For instance, lung cancer is associated with neutrophilia, which may 

enhance thrombosis by generating neutrophil extracellular traps (NETs), while TF-positive 

microvesicles appear to promote thrombosis predominantly in pancreatic cancer.123 Among 

the RAMs developed for VTE risk in cancer patients, the Khorana score is arguably the most 

widely used.124 The score has been expanded with the biomarkers D-dimer and soluble p-

selectin in the Vienna score, which appeared to improve the prediction of VTE in cancer 

patients.125 

Hospitalization represents an entity of VTE risk factors that can be associated with 

more than 50% of all VTE cases.57 Infections, immobility, surgery and fractures are common 

among hospitalized patients who develop a VTE.126 The population attributable risk is around 

20% for surgery alone.28 Compared with the occurrence of a community-acquired VTE, the 

rate of first or second hospital-related VTE was 35 times higher, i.e. 282 per 10000 person-

years versus 8.1 per 10000 person-years, in a large retrospective study.127 The length and 

number of hospitalizations and associated degree of immobilization affect the VTE risk 

considerably.128 Given the high incidence of VTE in hospitalized patients, the identification of 
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patients in need of VTE prophylaxis should be emphasized. In order to improve identification 

of hospitalized patients at high risk of VTE, the Padua score has been proposed.129 In this 

RAM, 11 VTE predictors are included, and those with a cumulative score of ≥ 4 (40% in the 

derivation study) are defined as being at high risk of VTE and in need of prophylaxis. 

Prophylaxis with low molecular weight heparin (LMWH) for two weeks has been found to 

significantly reduce the risk of VTE by 50% to 70% compared to placebo in RCTs.130-132 

Therefore, VTE prophylaxis with mainly LMWH or low dose unfractionated heparin (UFH) 

is recommended for hospitalized patients at high risk of VTE without risk of bleeding.133 

Severe and clinically relevant bleeding occurs in up to 3% of medically ill patients within 14 

days after admission, and the IMPROVE RAM has been proposed to stratify bleeding risk in 

hospitalized medical patients.134 The model identified about 10% of the population with a 

cumulative score ≥ 7, in which MB was more than 10 times more frequent compared to 

patients below this cut-off in the validation cohort. A gastroduodenal ulcer, bleeding 3 months 

before admission, platelet count < 50 x 109 cells/L and age ≥ 85 were the most strongly 

associated factors with bleeding among the 11 predictors in the IMPROVE model. The 

authors conclude that the model will allow physicians to identify patients in which 

pharmacologic thromboprophylaxis is safe. However, the results of a recent large validation 

study show that the model has low predictive power (AUC 0.63) and an IMPROVE score of ≥ 

7 was only associated with approximately 2-fold increased risk of MB.135   

The incidence of VTE is 2 to 5 times higher in pregnant women compared to non-

pregnant women of similar age, and up to 20 times higher in the postpartum period.136 The 

increased risk is explained by mechanical changes caused by the expanding uterus (i.e. 

increased venous stasis due to increased intra-abdominal pressure and compression of the 

vena cava) and hemostatic changes leading to blood hypercoagulability.137 During pregnancy 

there is a marked increase in procoagulant activity characterized by elevation of coagulation 

factors (e.g. factors VII, X, VIII) and a decrease in physiological anticoagulants manifested by 

a significant reduction in protein S, leading to APC resistance.138 Moreover, fibrinogen, tissue 

plasminogen activator, plasminogen activator inhibitor (PAI) 1 and PAI-2 levels are altered 

during pregnancy and at birth, with a net reduction in plasma fibrinolytic activity.139,140 

Shifting the hemostatic balance in favor of a hypercoagulable state during pregnancy has been 

thought to be important to minimize intrapartum blood loss.140   

Use of exogenous hormone supplements, such as combined oral contraceptives 

(COCs) and hormonal replacement therapy, is very common among women worldwide and is 
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associated with a 2 to 4-fold increased risk of VTE compared to non-users.141 The risk of VTE 

in COC users varies according to type of progestogen and dose of estrogen derivate, and the 

highest risk has been identified in the so-called third generation contraceptives.141 In women 

using COCs, smoking, a high BMI and genetic risk factors, such as non-O blood group and 

FVL, have been identified as additional risk factors for VTE.142 Women with FVL who use 

COCs have a 35-fold increased risk of VTE compared to non-users of COCs without FVL.143 

As the risk in women with only FVL is 2 to 7-fold increased, the combination of FVL and 

COC use is an example of gene-environmental interaction on the risk of VTE.141     

Usually, more than one or a combination of inherited and acquired environmental risk 

factors are required in order to overcome the threshold leading to a VTE.109 Rosendaal 

described a model that allows inherited and acquired thrombotic risk factors to interact in a 

dynamic manner over the course of a life-time, known as the thrombosis potential model.109 

The model emphasizes the strong age-dependency of VTE, as the same set of risk factors may 

lead to thrombosis in the elderly but not in children. Moreover, the model highlights how 

transient exposures with immediate and short-term effects on the risk of acute VTE can be 

triggers for a VTE event. Figure 3 shows the example of the thrombosis potential in a person 

with a fixed heritable risk factor (e.g. FVL) who is exposed to a transient provoking factor 

(e.g. hospitalization) in two occasions. The immediate effect of the transient risk factor is 

increased equivalently during the two occasions, however thrombosis only occurs when the 

thrombosis threshold is breached (Figure 3).  
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Figure 3 A thrombosis potential model showing the interactions between genetic (e.g. factor V Leiden) and 

environmental risk factors (e.g. hospitalization) for venous thrombosis over a life-span. The blue and green lines 

represent the thrombosis potential of a hereditary risk factor and age, respectively, and the red line indicates the 

combined thrombosis potential. The yellow lines represent the accumulated thrombosis potential taking 

provoking environmental risk factors into account. Note how the same provoking event leads to venous 

thrombosis only when the accumulated thrombosis potential surpasses the thrombosis threshold. Adapted from 

Rosendaal, Lancet 1999109  

 

1.2 Anticoagulant treatment for venous thromboembolism and mechanisms of action 

 Advances in the management and pharmacologic treatment of VTE are reflected in 

evolving guidelines and recommendations published in the last decades.5,144-147 

Anticoagulation with vitamin K antagonists (VKA) and LMWH or UFH has until recent years 

been the mainstay of VTE treatment since the RCT of Barritt and Jordan in 1960.4 Beneficial 

effects of heparin in VTE patients were documented years earlier in a few cases of PE in the 

pioneering work of Murray and Best.148 However, Barritt and Jordan provided the first robust 

evidence of a dramatic and efficient risk-reduction of recurrent VTE and recurrence-related 

death that outweighed the risk of bleeding in the acute treatment of VTE. Initially, 35 cases 

with incident PE were randomized to either 14 days of treatment with intravenous heparin and 

VKA anticoagulation (n=19), versus no anticoagulation (n=16). At this stage, allocation of 
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patients to the no treatment arm was prematurely stopped as five cases had a fatal recurrent 

PE and another five had non-fatal recurrences, versus zero recurrent events in the treatment 

arm.4 Although the primary study only included 35 cases, anticoagulant treatment was 

associated with a 90% risk reduction of recurrent VTE and all-cause mortality after two 

weeks of treatment, compared to no anticoagulation.  

 The direct thrombin inhibitor Dabigatran etexilate was the first among the direct oral 

anticoagulants (DOACs) to be approved by the U.S food and drug administration (FDA) in 

2014 for the treatment of VTE in the United States (earlier for thromboprophylaxis in 

orthopedic surgery). Soon after, the direct factor Xa inhibtors, i.e. Rivaroxaban, Apixaban and 

Edoxaban, were approved for use in VTE patients and endorsed in the 2016 American college 

of chest physicians’ (ACCP) guideline.5 At least six RCTs have compared DOACs with 

LMWH and Warfarin in VTE patients, all showing non-inferiority with regards to efficacy in 

preventing recurrent VTE and VTE-related death, while some,149,150 but not all,151-154 show a 

statistically significant lower risk of MB in patients using DOACs compared to the standard 

treatment. In subsequent non-interventional studies on VTE patients, the DOAC-associated 

lower risk of bleeding has largely been reproduced, although some results indicate DOAC-

specific variation with respect to effect sizes of risk reduction, both for overall MB and 

according to type of MB.1,2,155 Still, the annualized rates of MB in these studies are 3-5% and 

underscore that MB remains a considerable clinical problem in VTE patients treated with 

DOACs.1,2  

There is sound evidence supporting that an acute VTE should be treated with 

anticoagulants for a minimum of three months.156,157 The 2016 ACCP-guidelines 

recommended three months of anticoagulation for provoked DVTs and PEs, and all isolated 

distal DVTs. However, for unprovoked VTE, either proximal DVT or PE, the ideal treatment 

duration is uncertain and dependent on the estimated bleeding risk.5 Patients with moderate to 

low risk of bleeding are recommended extended treatment (no scheduled stop date), while 

patients estimated to have high risk of bleeding should stop at three months. RCTs show that 

extended treatment durations in unprovoked VTE are associated with substantial risk 

reduction of recurrence but also an increase in bleeding risk.158-160 In a blinded RCT allocating 

unprovoked VTE patients that had completed three months of anticoagulation to either 

placebo or 2 years with VKA, authors reported a 95% risk-reduction of recurrent VTE 

(efficacy) in patients continuing anticoagulation.158 However, 3.8% had an MB in the 

treatment arm versus zero in the placebo arm. In a similar RCT comparing 3 versus 6 months 
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of treatment duration, extended treatment (i.e. 6 months) was also associated with more MB 

events (3.5% versus zero).160 There is also compelling evidence showing that the benefit of 

extended treatment in unprovoked VTE is lost when the anticoagulation is discontinued,159 

suggesting that indefinite treatment should be considered, given that the MB risk is low. 

Low-intensity therapy with a target INR of 1.5-2.0 has been compared with 

conventional intensity (i.e. 2.0-3.0) as another strategy to optimize the net benefit of extended 

anticoagulant treatment.161,162 However, lowering the intensity of warfarin treatment has 

largely resulted in decreased efficacy without less bleeding.161 In contrast, low-dose Apixaban 

(2.5 mg twice daily) has been shown to be associated with similar safety and efficacy in 

preventing recurrence and recurrence-related deaths as the conventional dose (5 mg twice 

daily).163 However, only seven MB events occurred during follow up in this RCT. As 

estimates of the risk of MB during extended oral anticoagulation are limited, balancing the 

risks of bleeding and recurrence with extended anticoagulation remains difficult.  
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Figure 4 Overview of existing and emerging anticoagulant drugs and their targets in the coagulation cascade. 

Adapted from Wolberg et al. Nature 2015, Maclean and Tait, Drugs 200770,164 

 

 Anticoagulant drugs exert their mechanisms of action mainly through indirect or direct 

inhibition of the coagulation factors in the coagulation cascade (Figure 4). This way, 

anticoagulants do not aid in dissolving a thrombus, but rather impair the ability of forming 

fibrin, thus limiting thrombus growth. There are four vitamin K dependent coagulation factors 

- FX, FIX, FVII and prothrombin. When synthesized in the liver, these factors require the 

enzyme Vitamin K epoxide reductase (VKOR) to catalyze the formation of reduced vitamin K 

in order to achieve a biologically active state, providing subsequent gamma-carboxylation of 

the specific coagulation factors.165,166 VKAs, such as Warfarin, are inhibitors of VKOR. Thus, 

a VKA is technically not an antagonist to vitamin K, but an inhibitor of the enzyme that 

catalyzes its biologically active form. The heparins (LMWH and UFH) and synthetic heparin-

like drugs, such as Fondaparinux inhibit FXa and thrombin by accelerating the anticoagulant 

effect of AT.166 Heparins, being glycosaminoglycans, have varying molecular size and 
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saccharide chain length, which affect their anticoagulant capability.167 Heparin molecules 

with fewer than 18 saccharides (e.g. Fondaparinux) possess mainly anti-FXa inhibition while 

larger molecules (e.g. UFH) effectively inhibit thrombin.167 The DOACs, on the other hand, 

provide specific anticoagulant effect by inhibiting thrombin (Dabigatran) and FXa 

(Rivaroxaban, Apixaban and Edoxaban) in activated and bound forms. The pharmaco-

dynamics and -kinetics of anticoagulants may therefore vary widely, and onset of 

anticoagulation, renal clearance, interactions and half-lives are among the important clinical 

issues that warrant consideration in the anticoagulant treatment of VTE patients.  

1.2 Bleeding complications 

 VKAs and heparins were first discovered due to their anticoagulant effects leading to 

excessive bleedings.168 The first direct thrombin inhibitor, Hirudin, was discovered in the 

medicinal leech Hirudo medicinalis due to its “lack of blood coagulation”.168 To date, 

bleeding complications have been inseparable from all known anticoagulants in the treatment 

of VTE. In the landmark study of Barritt and Jordan, the only death recorded in the 

anticoagulant-arm was due to a combination of suppurative pneumonia and gastrointestinal 

bleeding, and three patients had to be administered vitamin K in the treatment-arm.4 Factors 

regarded to indicate risk of bleeding complications have changed over time, along with 

anticoagulant type, intensity and duration of anticoagulation recommended for VTE patients. 

For instance, while age > 60-75 years is among the most consistent predictors of MB risk in 

current RAMs,12,13 age was unrelated to bleeding risk in a 7-year follow-up study of 

outpatients treated with VKAs conducted in 1979.169 Moreover, early studies have included 

heterogeneous cases of bleeding with regards to bleeding severity and location, as definitions 

of “major, significant or serious” bleedings have varied widely due to lack of classification 

systems.169-172 Previous studies have also typically included patients with a range of 

indications for anticoagulation (e.g. ischemic and valvular heart disease), with distinct clinical 

characteristics and co-morbidities, likely to affect the risk of bleeding.169,171 

 In the treatment of acute VTE, MB typically occurs during the first months after 

anticoagulant initiation.6,7 In a clinical trial of VTE patients nearly half of all MBs occurred 

within 7 days, and 75% within 21 days after initiating anticoagulation.173 Possible 

explanations for the clustering phenomenon of MB events at the start of anticoagulation 

include concomitant administration of LMWH and VKA until the INR is in therapeutic range. 

There is also a wide intra- and interindividual variability in the dose-requirements for a 

therapeutic effect in patients treated with VKAs that may increase the risk of over-
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anticoagulation when anticoagulants are initiated for the first time.174,175 Furthermore, patients 

with a bleeding predisposition are more likely to experience an MB early after initiation of 

anticoagulation. It is plausible that patients prone to bleeding will discontinue anticoagulation 

during the early phase of treatment, and those continuing might be perceived to tolerate the 

treatment better.5,176 

1.2.1 Major bleeding 

 Bleedings may range from insignificant to fatal, and their clinical importance depends 

partly on the location and volume of the bleed. The International Society on Thrombosis and 

Haemostasis (ISTH) recommends specific criteria to define bleeding severities in non-surgical 

patients in order to enable valid comparisons between studies.177,178 Bleedings that are fatal 

and/or symptomatic in a critical area/organ (e.g. intracranial, retroperitoneal and 

intramuscular with compartment syndrome) and/or caused fall in hemoglobin level of 20 g/L 

or more, or leading to transfusion of two or more units of whole blood or red blood cells are 

defined as major. Less severe relevant bleedings have been termed clinically relevant non-

major bleeding (CRNMB), which in short are all symptomatic bleedings (e.g. more than 

expected for a clinical circumstance) that do not fit within the criteria for MB.178  

Overall, MB occurs in 0.5-13% of VTE patients per year during anticoagulant 

treatment.6,7,179,180 There are several potential reasons for the wide range of reported MB 

incidence, but striking differences are seen according to study design. In the Worcester VTE 

study, a community based study following 1567 VTE cases from 1999 to 2003, the 

cumulative incidence of MB was 12-13% each year, and 8% one month after VTE diagnosis.7 

In more recent observational studies of VTE patients treated with DOACs or VKAs, the 

annual rate of MB was 3-6%.1-3 In contrast, interventional studies reported lower bleeding 

rates. In the AMPLIFY study, an RCT comparing the efficacy and safety of Apixaban versus 

conventional VKA and LMWH for the treatment of VTE, the 6 month cumulative incidence 

of MB was 0.6% and 1.8% in the Apixaban- and VKA-arm, respectively.150 In a large meta-

analysis from 2003 which included mostly RCTs, the annual incidence of MB was close to 7 

per 100 patient-years.6 A potential reason for the discrepancy might be that RCTs of VTE 

patients investigating the safety of anticoagulants tend to exclude patients perceived to be at 

risk of bleeding. Other potential explanations for incidence differences include MB 

definitions and anticoagulation type and duration. The case-fatality of MB is estimated to be 

11-20% in a large register-based study and meta-analysis.181,182 Although the rate and severity 
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of MB complications vary across studies, the overall associated cost and clinical impact in 

VTE patients are substantial.6,183  

Patient-perceived risk of bleeding and physician’s clinical uncertainty regarding the 

benefit versus risk of bleeding with anticoagulants are identified as leading causes for the 

underuse of anticoagulants in patients with AF.184,185 It is therefore likely that uncertainties 

regarding MB risk contribute to underuse of anticoagulants in VTE patients due to fear of 

bleeding complications, ultimately limiting the benefit of anticoagulants. A recent Dutch 

study found that among VTE patients prescribed with a DOAC after a VTE, 20% had 

completely stopped taking DOACs after two months.186 A Cochrane systematic review found 

that less than 20% of hospitalized patients, medical and surgical patients, received the 

appropriate VTE prophylaxis despite well-documented benefit of VTE risk reduction and 

lowered costs with VTE prophylaxis.130-132,187 Accurate risk assessment of MB may therefore 

not only lead to a reduction in MB events, but also improve the adherence to the appropriate 

anticoagulant duration after an incident VTE. For unprovoked VTE specifically, MB risk 

assessment is a prerequisite to strike the ideal treatment duration and limit bleeding and 

recurrent VTE.188,189 

1.2.2 Major bleeding risk assessment 

 The major determinants of MB risk currently include the intensity and length of 

anticoagulant effect, clinical patient characteristics and co-morbidities and concomitant use of 

drugs that interfere with hemostasis (Table 1).5,176,190  
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Table 1 Factors associated with major bleeding risk in venous thromboembolism patients. 

Clinical patient 

characteristics 

Co-morbidities  Anticoagulant-

specific factors 

Concomitant 

medication 

Age8,191,192 Cancer8,43,192 Intensity/control193,194 Antiplatelet195 

History of 

bleeding191,196,197 

Metastatic 

cancer196 

*Duration158,198 NSAIDS195 

Previous stroke191,199 Reduced renal 

function/failure196 

  

Anemia200-202 Liver failure134,203   

Thrombocytopenia204,205 Diabetes191,206   

Alcohol abuse196,207 Hypertension208,209   
*Extended duration of anticoagulant treatment has been shown to be effective in preventing recurrent VTE but 

associated with an increased risk of MB. 

  Antiplatelet drugs, such as acetylsalicylic acid and clopidogrel, impair the primary 

hemostatic function of platelets by inhibiting the process of platelet activation.210 

Acetylsalicylic acid/Aspirin binds dose-dependently to cyclooxygenase enzymes (COX), 

leading to antiplatelet effects, especially via inhibition of thromboxane A2, a prostaglandin 

with an important role in platelet activation and aggregation.210 Clopidogrel binds irreversibly 

to the P2Y12 receptor on platelets, thereby impairing the effect of ADP on platelet 

aggregation, which normally binds to the P2Y12 receptor.210 Other non-steroidal anti-

inflammatory drugs (NSAIDS), such as Ibuprofen, are reversible and less selective inhibitors 

of COX-1. In a large RCT comparing Rivaroxaban with traditional anticoagulant treatment, 

15% used acetylsalicylic acid and 23% used NSAIDS during follow-up.195 The use of aspirin 

was associated with a 1.7-fold increased risk of MB compared to non-users, while NSAIDS 

use was associated with a 2.4-fold increased risk of MB.195 Other medications (e.g. 

antibiotics) and foods may interact with anticoagulants, especially VKAs, either potentiating 

or inhibiting the anticoagulant effect.211     

Although the liver synthesizes both pro- and anticoagulant factors, chronic liver 

disease is mostly characterized by clinical bleeding.212 The bleeding tendency in patients with 

liver failure correlates poorly with routine laboratory tests of coagulation (INR and activated 

partial thromboplastin time [APTT]).212 Hospitalized patients with chronic liver disease are 

not protected against VTE,213 suggesting that the balance in hemostasis is not simply on a 

one-dimensional scale in this context. In patients with chronic liver failure (INR ≥ 1.5), the 
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use of anticoagulation for VTE prophylaxis was associated with 3.6-fold higher risk of major 

and minor hemorrhage in a retrospective register-based study.203 Although liver function is a 

part of bleeding risk assessment,214 to what extent liver failure/function affects the risk of MB 

in patients with incident VTE has not been thoroughly documented.  

Alcohol consumption has been associated with altered levels of coagulation factors 

(e.g. FVII and fibrinogen), fibrinolytic factors (e.g. PAI-1) and platelet count in a crossover 

trial.215 Some epidemiological studies have pointed towards an association between alcohol 

consumption and risk of bleeding in VTE patients. For instance, a diagnosis of alcohol abuse 

was associated with more than 3-fold higher risk of MB in a register-based study of VTE 

patients.208 In a large cohort study in the United States, subjects with an alcohol-related 

hospitalization in the 18 months preceding a DVT diagnosis had a 2.6-fold higher risk of 

being re-admitted for bleeding compared to those without an alcohol-related hospital 

admission.196  

A history of bleeding is one of the most consistent independent risk factors for MB 

risk in VTE patients and is associated with 2.5 to 3.0-fold increased risk of MB compared to 

those without a previous bleed.191,196,200 Moreover, the association between a minor bleed and 

a subsequent MB was independent of the quality of anticoagulation in nearly 6000 VTE 

patients originating from a Dutch anticoagulation clinic.197 In a large study of patients on 

VKAs with more than 900 MBs, Van Rein et al used a case-crossover design to disentangle 

the nature of the association between a previous minor bleed and MB.216 Findings from the 

case-crossover study suggested that minor bleeds could be markers of fixed risk factors for 

MB, and the authors speculated that genetic coagulation-related factors could be candidate 

risk factors to explain the association.  

The net (anti- or prothrombotic) effect of certain risk factors on hemostasis is not 

always easily predicted. This is the case in cancer, which is associated with higher risk of not 

only first and recurrent VTE but also MB.40,43 The risk of both recurrence and MB was shown 

to correlate with cancer severity and could not be explained by sub-therapeutic or over-

anticoagulation.43 Observational studies have further revealed that genitourinary cancers are 

among the cancer sites that are most strongly associated with MB risk.43,217 The annualized 

incidence of MB was 15.7 per 100 patient-years in 181 patients with concomitant cancer and 

VTE diagnosis in an Italian cohort.43 During anticoagulant treatment for VTE, the relative risk 

of MB in patients with active cancer is about 2 to 3-fold higher compared to those without 

cancer.8,192,196 LMWH has been the anticoagulant of choice for the anticoagulant treatment of 
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CAT.5,218 However, results from at least four recent RCTs comparing DOACs with LMWH 

indicated that DOACs are non-inferior compared to LMWH with regards to efficacy, but 

possibly inferior with regards safety, i.e. MB risk.219-222 Collectively, the increased bleeding 

risk of DOACs appeared in part to be driven by genitourinary and gastrointestinal bleeding, 

especially in patients with cancer in these organs. A meta-analysis has also shown that 

anticoagulant treatment of CAT with DOACs was associated with a higher risk of MB and a 

trend for a higher risk of CRNMB compared to LMWH.223 DOACs may therefore be 

preferable for the treatment of CAT in patients with low bleeding risk and cancers not 

originating from gastrointestinal or genitourinary sites. 

Age above 60-75 years has consistently been associated with a 1.5 to 3.0-fold 

increased risk of MB in VTE patients.8,191,192 There are many potential factors associated with 

advanced age that are also related to MB risk, which may contribute to the association 

between high age and risk of bleeding in VTE patients. These include, but are not limited to, 

polypharmacy, risk of falls and a low level of physical activity.224-226 Moreover, the elderly 

may accumulate co-morbidities and acquire reduced organ functions (e.g. renal function) that 

might influence the risk of over-anticoagulation. The risk of dying from MB during VTE 

treatment is increased in the elderly above 60 years.227  

Chronic kidney disease and reduced renal function have been associated with around 

2-fold increased risk of MB in VTE patients,196,200 while other studies fail to find an 

independent association in multivariable analyses.192 Reduced clearance of anticoagulant 

drugs could lead to increased risk of over-anticoagulation and subsequent MB risk. Moreover, 

the effect of impaired renal function or chronic kidney disease on the hemostatic system is 

complex and associated with pro- and antithrombotic pathophysiologic mechanisms.228 

Uremic toxins are thought to reduce platelet activation, recruitment, adhesion and 

aggregation, which may ultimately lead to the platelet dysfunction seen in these patients. On 

the other hand, plasma procoagulation activities of FXII, FXI, FVIII, FVII and thrombin are 

significantly enhanced, while the natural anticoagulant system is decreased in parallel.228   

A history of stroke has been associated with bleeding risk in previous studies of 

patients using VKAs for different reasons,191,199 including AF in the HAS-BLED model.214 

However, a history of stroke is not included in most RAMs derived exclusively from VTE 

patients, and a recent cohort study with over 13,000 VTE cases could not find any association 

between a previous diagnosis of stroke and MB during anticoagulation.208 In contrast, a 

diagnosis of hypertension was independently associated with a 1.3-fold increased risk of MB 
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in the same study. Long-standing hypertension and periods of very high blood pressure can be 

linked to the occurrence of intra-cerebral hemorrhage via small and large vessel 

pathology.229,230 High blood pressure has been included as a predictor (either uncontrolled 

hypertension in men or systolic blood pressure > 160 mmHg) of MB in recent RAMs derived 

from VTE patients.209,231  

Data from RCTs and observational studies indicate that MB occurs more frequently in 

women compared to men during anticoagulation for VTE, regardless of anticoagulation 

type.150,152,154,232,233 Notably, while men are at higher risk of recurrence, it seems that women 

are at higher risk of MB in crude analysis.232 This association appears not to be related to sex 

per se, but other possibly sex-related factors, such as time in therapeutic range (TTR), body 

weight and co-morbidities.232,233  

In a recent study of PE patients who completed at least 3 months of anticoagulation, 

diabetes mellitus was associated with MB, with a 2-fold increased risk of MB in those with 

diabetes compared to those without diabetes.206 Previous studies have mainly shown diabetes 

to be associated with MB in univariate analysis but not in the presence of other risk 

factors.191,194 In the derivation cohort of the outpatient bleeding risk index - OBRI, diabetes 

was initially a risk factor, associated with a 2.2-fold increased risk of MB. However, in 

multivariable analyses, the association did not meet the criteria for significance, and diabetes 

was included as a composite co-morbidity item in the final model.191  

 Clinical risk factors and markers have been combined in various constellations in 

several RAMs to predict MB risk in VTE.191,199,200,234,235 The predictive capabilities have been 

promising in derivation stages, but have generally dropped drastically in external validation 

studies.10-12 Although the AUC alone is not sufficient for the full evaluation of a RAM, the 

AUCs ranged from 0.49 to 0.63 in these validations studies, making them unsuitable for 

clinical use.  

In summary, while MB risk assessment is pivotal to minimize risk of bleeding events 

and guide decisions on anticoagulant treatment duration, currently known predictors of MB 

risk have insufficient predictive capabilities when combined in RAMs for VTE. Identification 

of novel predictors of MB could improve the accuracy of MB risk assessment in VTE patients 

and ultimately the net benefit of anticoagulants in VTE patients.  
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1.2.3 Biomarkers of major bleeding risk  

 According to the Food and Drug Administration (FDA), a biomarker is “a defined 

characteristic that is measured as an indicator of normal biological processes, pathogenic 

processes, or biological responses to an exposure or intervention, including therapeutic 

interventions.”17 

Genetic factors have the potential of being useful biomarkers, as they are fixed within 

an individual, and not subjected to change after a VTE or VTE treatment. As an example, 

polymorphisms in the CYP2C9 gene influence the achieved anticoagulant effect of warfarin 

and is associated with a 3 to 4-fold higher rate of MB compared to random controls.236 

Notably, when including genetic information related to polymorphisms in VKORC1 and 

CYP2C9 genes with age and height, the explained variability of the anticoagulant effect was 

considerably improved.174 As discussed previously in section 1.3.3, the association between 

non-O blood groups and VTE risk has been explained by higher levels of vWF and FVIII in 

non-O blood groups carriers, compared to subjects with blood group OO.98 Notably, several 

studies have reported that subjects with blood group OO bleed more frequently than other 

ABO blood groups in various study populations and settings.237-240 These include patients 

with type 1 von Willebrand disease, patients with gastroduodenal ulcers, post-operative 

tonsillectomy bleeding and in patients hospitalized for epistaxis.237-240 A systematic review 

and meta-analysis of 22 studies of various patient-groups treated with anticoagulants found 

that the prevalence of OO blood group was significantly higher in bleeding patients than in 

controls, with a pooled OR of 1.33.241 A few studies have included VTE patients and 

investigated the risk of bleeding during anticoagulation according to ABO blood type.242,243 

The results have been somewhat conflicting in these studies, and there is a lack of data on the 

association between ABO blood groups and risk of MB in VTE patients.244 

 Carriers of FVL have recently been associated with a lower risk of MB compared to 

non-carriers in a registered-based study of thrombophilia-tested patients (RIETE).245 

Although the association was investigated in a VTE subgroup population and remains to be 

validated, the results substantiates a notion that genetic factors associated with increased VTE 

risk might be inversely associated with MB risk. FVL and non-O blood type were both 

included in the 5-SNP genetic risk score that have been associated with hypercoagulability 

and VTE risk, as previously mentioned.102 When combined with the other three SNPs in the 

5-SNP score, there was a dose response effect between increasing number of prothrombotic 

risk alleles and thrombosis risk. Although not fully elucidated for all 5 SNPs, the proposed 
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mechanisms for the association between each SNP and thrombosis risk likely reflect 

disturbances in different pathways of coagulation. To the best of our knowledge, no previous 

study has assessed the impact of multiple prothrombotic genotypes on the risk of MB in VTE 

patients. We hypothesized that an increasing number of prothrombotic risk alleles were 

protective of MB risk during the first year after an incident VTE.  

A few plasma biomarkers related to the hemostatic system have previously been 

associated with risk of bleeding during anticoagulant treatment.246,247 Case-control and cohort 

studies have reported that high levels of plasma soluble thrombomodulin are associated with a 

2 to 4-fold increased risk of MB compared to low levels of thrombomodulin.246,248 In a Dutch 

case-control study, patients treated with VKAs with thrombomodulin above ≥ 3.80 ng/mL 

(upper quartile) had a 3.3-fold increased risk of MB compared to thrombomodulin in the 

lower quartile.246 Authors speculated that higher levels of thrombomodulin would indicate 

endothelial damage, or alternatively, would reflect the natural anticoagulant properties of the 

protein C system.246 Elevated levels of plasma vWF have been associated with a 2.5 to 4.5-

fold increased risk of MB in patients with mixed indications for anticoagulation in cohort 

studies.249,250 vWF is considered an acute phase response protein involved in several 

inflammatory processes (e.g. recruitment of leukocytes) in addition to its essential role in 

hemostasis.251  In a cohort of patients with AF, vWF was a prognostic biomarker of MB that 

improved the predictive value of RAMs for both stroke in the CHA2DS2-VASc score and MB 

in the HAS-BLED model during anticoagulation.247 Based on these studies, plasma 

biomarkers of hemostatic system seem promising for the prediction of MB in VTE patients. 

However, blood samples were drawn at least 2-6 months after starting anticoagulation in the 

abovementioned studies, not allowing the assessment of the initial high risk period of MB in 

VTE.  

Deficiencies of plasma PAI-1 have been shown to be associated with life-long 

increased risk of bleeding due to hyperfibrinolysis in case-reports and family pedigrees.252,253 

Inversely, subjects with a reduced plasma fibrinolytic potential, assessed by plasma-based 

assays of clot lysis time, have been associated with increased risk of incident DVT.254 D-

dimer is a degradation product of cross linked fibrin and reflects activation of coagulation and 

fibrinolysis.255 Wells showed that a negative D-dimer test safely ruled out DVT in patients 

with a low clinical pre-test probability of DVT, which allowed to avoid unnecessary time- and 

cost consuming ultrasonography and hospital admissions.14 Moreover, elevated levels one 

month after discontinuing anticoagulation were associated with a higher risk of VTE 
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recurrence.256 D-dimer has been integrated in risk prediction models for VTE recurrence when 

measured at several time points after anticoagulation cessation.257-259 Recently, D-dimer levels 

measured during VKA treatment were associated with MB risk in patients predominantly with 

prosthetic heart valves and AF in a Swedish cohort study.260 Furthermore, the predictive 

accuracy of the HAS-BLED model improved with the addition of D-dimer in a large RCT-

derived study of patients with AF.261 Studies on VTE patients are lacking, and in the studies 

comprised of mainly other patient-groups, blood samples have been collected during 

anticoagulation. Whether D-dimer measured at VTE diagnosis can be used to assess risk of 

MB is largely unknown. As D-dimer is widely available for most VTE patients after the initial 

diagnostic work up, D-dimer represents a low-cost candidate biomarker of MB risk. 

Among hematological parameters, hemoglobin and platelet count have previously 

been associated with MB risk in VTE patients. The presence of anemia (mild and 

moderate/severe) was associated with a 1.5 to 2.0-fold increased risk of MB compared to 

normal hemoglobin levels in a register-based study.202 The risk of MB appeared to increase 

with the severity of anemia and remained statistically significant despite the fact that the 

cumulative incidence of discontinuing anticoagulation was higher in patients with moderate to 

severe anemia. Another register-based study found that patients with anemia, with or without 

cancer, had a 2.5 to 3-fold increased risk of MB compared to patients without anemia during 

anticoagulation.201  

Platelets play a fundamental role in hemostasis and the use of platelet inhibitors is 

associated with increased risk of bleeding as previously discussed. However, the relationship 

between platelet count and risk of MB in VTE patients remains unclear. Previous data have 

shown that both low and high platelet counts were associated with increased risk of MB in 

VTE patients.204,205,262 Elucidating the role of platelet count in MB risk assessment may be 

challenging, given the many diseases and conditions associated with abnormal platelet counts. 

Several conditions associated with VTE, such as cancer, liver disease, major surgery and 

trauma, can affect platelet count, but may also increase the bleeding risk during 

anticoagulation.5,263-265 Despite the influence of environmental factors on platelet count, 

genetics largely contribute  to the variation in platelet-related phenotypes.266 Family and twin 

studies indicate a high heritability of platelet count and platelet size related indices, including 

mean platelet volume (MPV).266-268 Moreover, the intra-individual variation in platelet count 

has been shown to be substantially less than the inter-individual variation in healthy 

subjects.269 Given that platelet counts are relatively stable within an individual and largely 
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genetically determined, a potential influence on the MB risk in VTE patients might be 

clarified by assessing platelet counts measured at different time points prior to VTE.   
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2. Aims of the thesis 
 

The overall aim of the thesis was to identify biomarkers of MB risk during the first year after 

an incident VTE.  

 

The specific aims of the thesis were 

A - To investigate the association between multiple prothrombotic genotypes and risk of MB 

during the first year after an incident VTE 

 

B - To investigate the role of D-dimer, measured at venous thromboembolism diagnosis, as a 

predictive biomarker of MB events during the first year after an incident VTE 

 

C - To investigate the association of platelet count measured prior to and at venous 

thromboembolism diagnosis with MB risk during the first year after an incident VTE 
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3. Methods 

3.1 Study population 

3.1.1 The Tromsø study – source population 

The Tromsø study is a single-center, population-based cohort study with repeated 

health surveys of the inhabitants of the Tromsø municipality.270 Since the first survey in 1974, 

the scope and research possibilities of the Tromsø study have expanded from a main focus on 

cardiovascular disease to a variety of health- and disease-related research questions, involving 

more than 50 research projects in Tromsø 7 (2015-16). The aim of the Tromsø study is to 

include a large, representative sample of the Tromsø population, with invitation of whole birth 

cohorts based on the official population registry. Overall, more than 45 000 unique 

individuals within the age range 25-97 years have participated in one or more of the Tromsø 

study surveys. The participation rates have been high, ranging from 66% to 85% of those 

invited. The papers in this thesis included participants from Tromsø 1-6 (paper II) and Tromsø 

4-6 (papers I and III) who developed an incident VTE between January 1, 1994 and 

December 31, 2016 (2012 for paper I). The population is limited with regard to ethnic 

diversity as there are relatively few immigrants and the vast majority is of Caucasian 

descent.270   

 

3.1.2 Identification and validation of VTE cases 

All first lifetime VTE events were identified by searching the hospital discharge 

diagnosis registry, the autopsy registry and the radiology procedure registry at the University 

Hospital of North Norway (UNN). International Classification of Diseases (ICD) codes were 

searched for by means of manual and electronic text searches in the discharge registry. From 

1994-98, the relevant ICD-9 codes were 325, 415.1, 451, 452, 453, 671.3, 671.4 and 671.9. 

From 1999-2016, the relevant ICD-10 codes were I26, I80, I81, I82, I67.6, O22.3, O22.5, 

O87.1, and O87.3. All relevant diagnostic procedures performed at the Department of 

Radiology at the UNN were systematically reviewed by trained personnel, and cases with 

objectively confirmed VTE were identified by the radiology procedure registry. VTE events 

causing or contributing to death were also identified in the autopsy registry, however not 

included in any analyses in this thesis.   

Trained personnel reviewed the medical records of each potential VTE case and 

recorded a valid VTE event only if it was symptomatic (signs and symptoms of DVT or PE), 
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objectively confirmed by diagnostic procedures (i.e. ultrasound or computed tomography), 

resulted in a diagnosis of a DVT or PE, and treatment was initiated (unless contraindications 

for treatment were specified). VTEs were classified as either DVT or PE. DVTs were 

recorded in upper and lower extremities, inferior vena cava, mesenteric veins, portal vein and 

cerebral vein sinuses. In case of concurrent DVT and PE, the event was recorded as a PE. 

3.2 Measurements 

   In the Tromsø study, measurements of height and weight were standardized with 

subjects wearing short-sleeved garments without shoes. Body mass index (BMI) was 

calculated as weight in kilograms divided by the square of height in meters (km/m2). Non-

fasting blood samples were drawn from an antecubital vein when participants were enrolled in 

the Tromsø study. Analyses and preparations (for storage) were done at the Department of 

Clinical Chemistry at the UNN. If participants attended more than one Tromsø survey and had 

repeated measurements of the same variable, the measurement closest (and prior) to the VTE 

event of each individual was used. 

 The medical records of each VTE patient were reviewed for the 12 weeks preceding 

the diagnosis, and clinical information and VTE risk factors (provoking factors) were 

recorded. A VTE was classified as provoked in the presence of VTE risk factors within the 12 

weeks preceding the VTE event, and as unprovoked if no such risk factor could be found. The 

provoking factors were major surgery, active cancer, trauma, or an acute medical condition 

(acute myocardial infarction, ischemic stroke, or major infectious disease), immobilization 

(bed confinement >3 days, wheel-chair confinement, or long-distance travel exceeding 4 

hours within the last two weeks prior to VTE event), or any other factor specifically described 

in the medical records to have provoked the VTE (e.g. intravascular catheter or plaster cast).    

 

3.3 Exposure assessment 

3.3.1 Prothrombotic genotypes 

DNA isolated from whole blood drawn at the Tromsø study was stored at -70° Celsius 

at the national CONOR biobank, located at the HUNT Biobank in Levanger, Norway. 

Genotyping was conducted at a collaborating institute at the University of California San 

Diego (UCSD), La Jolla, USA. Prothrombotic genotypes including rs6025 (FVL) in F5, 

rs1799963 (prothrombin G20210A) in F2, rs8176719 (non-O blood type) in ABO and 

rs2036914 in F11 were genotyped using the Sequenom platform, and rs2066865 in FGG with 
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the TaqMan platform, as described by Horvei et al.271 For Sequenom, which uses single-base 

extension followed by mass spectrometry to measure the molecular mass of extended primer, 

samples were genotyped with the sequenom iPlex Gold Assay according to the recommended 

protocol, with an initial input of 10-20 ng of DNA, and were analyzed with the MassARRAY 

Analyzer 4. For TaqMan, an initial input of 100 ng of DNA was used. Samples were 

genotyped with the Applied Biosystems 7900HT (Foster City, CA, USA) according to 

recommended protocol, and processed with SDS 2.4 (Thermo Fischer, Foster City, CA, 

USA). 

3.3.2 D-dimer  

D-dimer was measured in blood samples drawn for the initial diagnostic work-up in 

subjects suspected of VTE using two commercially available D-dimer assays. All blood 

samples were analyzed at the Department of Clinical Chemistry at the UNN. In the period 

from 1994-98, D-dimer was assessed with the NycoCard D-dimer (Nycomed Pharma, Oslo, 

Norway) assay, a bedside test based on immunofiltration principle. For the remaining period 

(1998-2016), D-dimer levels were determined using the STA-Liatest D-Di (Diagnostica 

Stago, Asnières, France) assay. The STA-Liatest is a quantitative, immuno-turbidimetric 

method using two monoclonal antibodies specific for D-dimer and covalently fixed onto latex 

microparticles.272 The first measurement of D-dimer available in the medical records at the 

time of VTE diagnosis was used if more than one measurement were available.  

3.3.3 Platelet count 

 As previously described in the Tromsø study,273 blood was drawn into a vacutainer 

tube, containing EDTA as anticoagulant (K3-EDTA 40 µL, 0.37 mol/L per tube), and 

analyzed within 12 hours by an automated blood cell counter (Coulter Counter®, Coulter 

Electronics, Luton, UK). Analyses and preparations (for storage) were done at the Department 

of Clinical Chemistry at the UNN. For platelet count measurements at VTE diagnosis, we 

considered the first blood sample drawn for the diagnostic work-up of VTE, as described in 

medical records of each VTE patient at the UNN. Blood samples were collected in 

vacutainers containing EDTA.  

3.4 Assessment of major bleeding events 

For each validated VTE, trained personnel searched the medical records at the UNN 

and recorded MB events during the 365 days following the thrombotic event. All advanced 

second-line care and emergency medicine, such as transfusion of blood products and surgical 

hematoma evacuation in the Tromsø region, is exclusively provided by the UNN. Situated in 
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the middle of Tromsø municipality, the UNN is the largest hospital in North Norway 

providing health services well beyond the borders of the municipality, with approximately 

250 kilometers to the nearest hospital offering comparable health services. In order to be 

considered as an MB event in the present thesis, MB had to occur within 365 days of the VTE 

event and without close relation to a surgical or post-operative setting. The severity of 

bleeding was in accordance with the criteria of the International Society on Thrombosis and 

Haemostasis (ISTH).177 In short, a bleeding event that was fatal, and/or symptomatic in a 

critical area or organ, and/or requiring blood transfusion of ≥ 2 units of whole blood or red 

blood cells or causing a fall in hemoglobin level of ≥ 2.0 g/dL, was considered major. In case 

of disagreement or uncertainty, the events were discussed in an endpoint committee to reach 

consensus.  
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4. Main results 

4.1 Paper I – Prothrombotic genotypes and major bleeding risk 

Genotypes associated with an increased risk of VTE could protect against MB during 

anticoagulant treatment for VTE due to a hypercoagulable state. Whether the risk of MB is 

reduced in parallel with an increasing number of prothrombotic genotypes after VTE 

diagnosis is unknown. Therefore, the aim of this study was to investigate the association 

between multiple prothrombotic genotypes and risk of MB in patients with VTE. There were 

676 patients with incident VTE derived from the Tromsø study who were genotyped for 

rs6025 (F5), rs1799963 (F2), rs8176719 (ABO), rs2066865 (FGG) and rs2036914 (F11) 

SNPs. MB events were recorded from medical records during the first year after a VTE using 

ISTH criteria. Cox regression models were used to calculate hazard ratios for MB events 

according to individual SNPs and categories of risk alleles (5-SNP score; 0-1, 2, 3 and ≥4).  

There were 50 MBs (IR 9.5 /100 person-years 95% CI 7.2-12.5) during follow-up. The 

median time to an MB was 33 days. The individual SNPs and number of risk alleles were not 

associated with MB risk. The HRs for MB per category increase of genetic risk score were 1.0 

(95% CI 0.8-1.3) for the total study population and 1.1 (95% CI 0.8-1.5) when patients with 

active cancer were excluded. Analyses restricted to the first 3 months after VTE yielded 

similar results. Results were similar in subgroups of DVT, PE, provoked and unprovoked 

VTE, with HRs per category increase of the genetic risk score ranging from 0.9 to 1.2. The 

one-year cumulative incidences of MB were 6.7%, 9.1%, 9.4% and 7.4% in patients with 0-1, 

2, 3, and ≥4 risk alleles, respectively. Our results indicate that prothrombotic genotypes, 

evaluated either as individual SNPs or as number of risk alleles included in a 5-SNP score, are 

not associated with a reduced risk of MB in VTE patients during anticoagulant treatment. 
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4.2 Paper II – D-dimer and major bleeding risk 

Prediction of MB risk during anticoagulant treatment for VTE remains a challenge. 

Some studies suggest that D-dimer may predict MB during anticoagulation. However, data on 

VTE patients are scarce. The purpose of this study was to investigate the role of D-dimer, 

measured at VTE diagnosis, as a predictive biomarker of MB events during the first year after 

an incident VTE. D-dimer and clinical characteristics were registered in 555 participants of 

the Tromsø studies 1-6, who developed a community acquired VTE without concomitant 

active cancer from 1994 to 2016. Bleeding events were identified in medical records during 

the first year after a VTE diagnosis, and MBs were defined according to ISTH criteria. There 

were 29 MB events (IR 5.7/100 person-years, 95% CI 4.0-8.2) during follow-up, most of 

them (62%) occurring within the first three months after the VTE, at a median of 35 days. D-

dimer levels were categorized at the 40th and 80th percentiles, setting the lowest category as 

the reference. The absolute risk of MB was highest during the first 3 months, especially in 

patients with D-dimer levels ≥80th percentile (≥8.3 µg/mL), with 28.8 MB events/100 person-

years (95% CI: 13.7-60.4). In a model adjusted for age, sex and planned duration of 

anticoagulant treatment, the HR of MB was 2.6 (95% CI 1.1-6.6) in subjects with D-dimer 

value ≥8.3 µg/mL at VTE diagnosis as compared to the reference (D-dimer ≤ 2.3 µg/mL). In a 

generalized additive regression model, the risk of MB increased linearly as a function of D-

dimer at levels > 7.0 µg/mL. The risk of MB was especially high in patients with a D-dimer 

above the 80th percentile presenting with DVT or provoked VTE. Results from subgroup 

analyses warrant careful interpretation due to few MB events. In this study, based on cancer-

free subjects who developed a VTE in the community setting, we found that D-dimer might 

serve as a predictive biomarker of MB risk, especially during the first three months after a 

VTE. Future studies are warranted to confirm our findings and to investigate whether D-dimer 

could improve existing RAMs of MB during anticoagulant treatment for VTE. 
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4.3 Paper III – Platelet count and major bleeding risk 

Platelets are fundamental in hemostasis, and platelet count represents an attractive 

candidate biomarker given its high availability at low cost and the fact that it has the potential 

to be a stable phenotype within an individual over time. Whether platelet count is associated 

with risk of MB in patients with VTE remains uncertain. We hypothesized that platelet counts 

measured at VTE diagnosis and several years before VTE were both associated with MB risk. 

The study population comprised 744 subjects with platelet count measurements available 

from Tromsø study enrollment (Tromsø 4-6) and at VTE diagnosis (1994-2016). MB events 

were recorded from medical records during the first year after a VTE using ISTH criteria. 

Cox-regression was used to calculate hazard ratios for MB across quartiles of platelet count 

based on the distribution measured at VTE diagnosis. There were 55 MBs (IR 9.1/100 person-

years, 95% CI 7.0-11.8) within the first year, occurring at a median of 35 days. A dose-

response trend for increased risk of MB by increasing quartiles of platelet count was 

observed. Compared to the lowest quartile of platelet count (≤192 x109L), a platelet count 

measurement in the highest quartile (≥300 x109L) was associated with a 4-fold (HR 4.3, 95% 

CI 1.7-10.9) increased risk of MB in an age- and sex-adjusted model. The corresponding HR 

in patients without active cancer was 4.0 (95% CI 1.4-11.4). When measured (on average) 7 

years before a VTE, a platelet count in the highest quartile versus the lowest was associated 

with a 2.5-fold (95% 0.9-6.7) increased risk of MB. In this study, we found that higher 

platelet counts were consistently associated with increased risk of MB after a VTE, when 

measured either at diagnosis or years before the thrombotic event. Our results indicate that 

platelet count is a stable risk marker of MB in VTE patients that may improve stratification of 

MB risk.
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5. General discussion 

5.1 Methodological considerations 

5.1.1 Study design 

 In the present thesis, a cohort of VTE patients was recruited from a population-based 

cohort study (the Tromsø study) and followed during the first year after VTE diagnosis, with 

the purpose to study biomarkers of MB. 

 In addition to being useful for determining the natural history and absolute risk of a 

disease,274 cohort studies are suitable to study and obtain risk estimates for predictive 

purposes.275 In a cohort study, a predefined group of people (cohort) is followed from the time 

of inclusion (baseline) until the outcome of interest or occurrence of other censoring events 

(e.g. death or study end). Study participants are classified according to exposure status, 

allowing differences in outcome to be investigated in exposed and non-exposed individuals 

during follow up. There are specific advantages inherent to the cohort study design. Because 

exposures are identified prior to the outcome, cohort studies enable a framework to study 

exposure and outcome with certainty regarding their temporal sequence. Although the 

question of causality (i.e. cause and effect) cannot be answered in a cohort study due to 

potential confounders (discussed in section 5.1.4), consistency and strength of the observed 

association, temporality between exposure and outcome, and a biological gradient (i.e. dose-

response) strengthen the claim of a potential causal association in a cohort study.276  

A clinical trial with random allocation of included subjects offers an “experiment” of 

causality which may support the hypothesis of causation most strongly, among Hills nine 

criteria of causality.276 Together with the temporal sequence of exposure and outcome, the 

random allocation of study participants is the key feature that makes RCTs suitable to make 

inferences on causality or comparisons of drug efficacy and safety. RCTs require vast human 

and material resources and must ensure that patients are subjected to a minimum risk of harm 

to maintain strict ethical soundness. For instance, in an RCT investigating the risk of bleeding 

(as a secondary safety outcome) of a specific anticoagulant treatment in VTE patients, it 

would be unethical to include patients at high risk of bleeding. Systematic exclusion of certain 

study participants (lack of eligibility) may result in differences between the included study 

population and the background population the study is intended to reflect.277 Implications of 

strict selection criteria include a potential lower representativeness of the study population 

compared to the target population. A high external validity (i.e. generalizability) is regarded 

as one of the main advantages of population-based cohorts.278 The features of a study that are 
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important for its generalizability, in addition to selection of study participants, are further 

discussed in section 5.1.2.  

 Our design merits some considerations beyond those that apply to most cohort studies. 

First, we were able to assess platelet count on two occasions, first at time of Tromsø study 

enrollment, and second at VTE diagnosis. Comparing the same biomarker at two time points, 

with several years between them, offered important insights on the nature of the association 

between platelet count on MB risk in paper III. Moreover, as the association was consistent 

for both time-points prior to MB, it seems highly unlikely that the association could be a 

consequence of other MB risk factors that affect platelet count. Second, as VTE is a result of 

multiple risk factors, sampling a cohort based exclusively on subjects with incident VTE may 

induce dependence between risk factors with potential implications for measures of effect 

sizes on the risk of MB. This phenomenon, known as index event bias, and other important 

sources of bias in cohort studies including selection bias, information bias and confounding279 

will be discussed in the following sections.  

 

5.1.2 Generalizability  

Bias reduces the validity of a study. The internal validity denotes to what extent the 

observed findings lead to correct (free of bias) inferences in the reference population, while 

the external validity, i.e. generalizability refers to the degree to which results may apply, be 

generalized, or be transported to subjects beyond the study population.280  

In the present thesis, VTE cases were identified with detailed procedures from a 

population-based cohort study with high participation rates to ensure the validity of the 

diagnosis. This likely yielded the identification of VTE patients that are representative of the 

VTE cases of the general population in Tromsø, which represents the source population in this 

thesis. As such, the characteristics of VTE patients included in trials investigating factors 

associated with MB risk might differ from the characteristics of our study population. 

Notably, the mean age across exposure categories was around 68 years in the papers of this 

thesis, and the proportion of patients with active cancer extended from 15% to 31%. It is 

therefore not surprising that the overall incidence rates of MB ranged from 5.7-9.5 per 100 

person-year in the present thesis, which were considerably higher than the rates observed in 

RCTs. Yet, our incidence rate is in agreement with other observational studies on MB risk in 

VTE patients.7,43 
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5.1.3 Bias 

A systematic error in the design or execution of a study resulting in incorrect estimates 

of a true association between exposure and outcome is termed bias. Numerous types of 

systematic errors have been identified and termed according to their mechanisms and sources, 

however most biases are related to selection of study participants (i.e. selection bias), 

measurements and classification of exposures and or outcomes (i.e. information bias), or the 

presence of confounding factors.281  

Bias in the estimated association on an outcome that arises from the procedures used 

to select individuals into the study or analysis is termed selection bias.280 Selection bias may 

overestimate or underestimate the true association depending on the net effect of selection on 

the exposures and outcomes. This type of bias is generally less likely to occur in cohort 

studies compared to case-control studies as non-exposed and exposed individuals are selected 

before the outcome has developed in cohort studies. Yet, there are subtypes of selection bias 

including differential loss to follow-up and non-response bias that warrant careful 

consideration in cohort studies. When there is a different probability of completing the study 

according to exposure status, there is a chance of bias due to differential loss to follow-up. For 

instance, if death occurs more frequently in an exposed group, the number of subjects at risk 

of developing the outcome of interest in the exposed group would be relatively lower as 

compared to those in the unexposed group. Consequently, crude cumulative incidences and 

relative risks may be overestimated.120 The so-called competing risk of death is a problem 

mostly in studies with high mortality due to high age or cancer.120,282 In the study populations 

included in our studies, the mean age and proportions of cancer across categorized groups 

ranged from 65-71 years and 15%-31%, respectively. Moreover, high levels of D-dimer and 

platelet count (paper II and III) have both been associated with increased mortality283,284 and 

cancer265,285 in previous studies. A statistical model conceived by Fine and Gray has been 

developed to take competing risk by death into account.286 Using statistical methods, the 

model includes death as a competing event rather than merely a censoring event, and 

estimates the competing risk-corrected sub-distribution hazard ratio and cumulative hazard.286 

We applied the Fine-Gray model in papers II and III to address our concern for competing 

risk by death on the associations of D-dimer and platelet count with MB risk. 

In population-based cohort studies like the Tromsø study, non-response bias may 

occur if the rate of non-responders is unequal across groups of people with different sets of 
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exposures and risks of outcomes. The distribution and relationship between exposure and 

outcome would potentially differ from the target population and therefore yield different 

associations in the study as compared to the target population. Participation rates in 

epidemiological studies have generally declined over the last decades, and investigations have 

recognized that marriage, female gender and high socioeconomic status consistently predict 

higher participation rates.287 In accordance with the aforementioned data, participation rates in 

the Tromsø study have declined from 81-85% in the first three surveys (1974-87) to 66%-

77% in the later three surveys (1994-2008),270 and non-attendees tended to be younger, 

unmarried and men. However, since our study population comprised those who developed 

VTE during follow up, and the incidence of VTE is low in the young population, the effect of 

such non-responder bias would presumably be low in our study. The attendance rates of the 

Tromsø study are high compared to other similar population-based cohort studies conducted 

at similar time points.287 Taken together, we considered the possibility of selection bias due to 

non-response bias in the Tromsø study to be low for the findings of the present thesis.  

Index event bias is a special type of selection bias, also termed collider-stratification 

bias, which can occur when study participants are selected based on the occurrence of a multi-

causal index event.288,289 This phenomenon can typically be seen in recurrence studies, and 

could explain several of the so-called paradoxes or recurrence, including the thrombophilia 

paradox.290 VTE is a result of multiple risk factors and a selection of only incident VTE 

events (as in a cohort of VTE patients) may induce dependence between these risk factors. 

For instance, VTE cases with a certain composition of risk factors, e.g. multiple 

prothrombotic risk alleles, might be more prone to lacking (or possessing) other specific risk 

factors (dependence), compared to those with another composition of risk factors. In our case, 

such potential dependence would theoretically only influence our results if the unknown risk 

factors were associated with MB risk. In that case, the effect on our results could be towards 

both under- and overestimation dependent on the direction of the potential association 

between the other specific unknown risk factors and MB.  

Information bias, a result of a systematic tendency to erroneously place participants 

in different exposure/outcome categories, can arise at different stages in cohort studies.281 

Non-perfect sensitivity/specificity of the procedure(s) to detect or measure exposure or 

outcome may result in erroneous classification of exposures and diseases. Accordingly, 

information bias may lead to either differential or non-differential misclassification.291 Non-

differential misclassification occurs when the probability of exposure misclassification is not 
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related to the disease status, or vice versa, if exposed and non-exposed people are equally 

likely to be misclassified according to disease status. Non-differential misclassification 

usually, although not always, biases ratio measures of association like the relative risk 

towards the null.291 Conversely, differential misclassification occurs when the probability of 

misclassification of exposure is different in diseased and non-diseased people, or the 

probability of misclassification of disease is different in exposed and non-exposed people. 

Differential misclassification can bias the observed effect estimate either towards or away 

from the null.291 Information on exposure status was derived from blood samples drawn either 

at Tromsø study enrollment or at VTE diagnosis, for all papers in the present study, and their 

analyses were performed prior to assessment of MB. 

In paper I, the quality of genotyping was assessed and classified according to several 

parameters, including Hardy-Weinberg equilibrium and call rate statistics. For both the 

Sequenom and TaqMan platforms, only genotypes of moderate or higher quality were eligible 

for use in paper I. When multiple attempts were made to genotype an individual, one of the 

highest quality genotypes across all attempts was chosen for each SNP.  

In paper II, D-dimer was assessed in consecutive patients under suspicion of VTE 

using two different D-dimer assays. The risk of misclassification is increased when applying 

different methods to ascertain exposure status, especially if the methods are based on different 

technical principles. The NycoMed assay is based on immunofiltration, while the STA-Liatest 

is a quantitative, latex enhanced immuno-turbidimetric method. The STA-Liatest has 

consistently been reported to have excellent analytical properties for the diagnosis of 

VTE,272,292 while there are conflicting results for the NycoMed assay.293,294 In our study 

population, 93.5% had D-dimer determined by the STA-Liatest. To assess possible 

misclassification introduced by the two assays, we conducted a sensitivity analysis restricted 

to subjects with D-dimer determined by the STA-Liatest. The results remained essentially 

similar in this analysis, and therefore it is unlikely that any substantial misclassification was 

introduced because of using two D-dimer assays. Moreover, D-dimer was modelled in wide-

ranging categories by initially dividing the study population into quintiles and then combining 

the quintiles into three categories. For most cases, small measurement errors in the D-dimer 

assessment would not impact on the category they resided in during the analysis. 

In the third paper, we assessed platelet counts derived from the Tromsø study at 

enrollment and at VTE diagnosis. According to the protocol of the Department of Clinical 

Chemistry at the UNN, blood samples were collected in EDTA-containing vacutainers for 
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measuring platelet count in patients suspected of VTE, similarly to the procedure of the 

Tromsø study. Here, non-fasting blood samples were collected in vacutainers containing 

EDTA as an anticoagulation and analyzed within 12 hours in an automated cell counter 

(Coulter Counter©).273 The time from blood sampling to analysis was probably substantially 

shorter for the measurement of platelet count at VTE diagnosis compared to the measurement 

at the Tromsø study.  

MB events were identified retrospectively in medical records, and we therefore rely on 

the accurate and scrupulous documentation of health personnel at the UNN for the correct and 

accurate identification and classification of MB events. We sought to limit the risk of falsely 

classifying a minor bleed as a major bleed by adhering to the criteria of the ISTH in the 

assessment of bleeding events. However, as authors of the ISTH criteria point out, there is a 

subjective component to the assessment and the presence of bleeding and its severity, both at 

clinical center and adjudication levels.177 There was uncertainty regarding the classification of 

a few bleeding events, in which case available data and information related to the bleeding 

was discussed in an endpoint committee. The source of doubt whether or not a bleeding event 

qualified as major was most often due to unclear or missing information in medical records of 

VTE patients. In some cases, medical records indicated that it was likely that the MB 

originated from or in relation to cancer-tissue, however it was unclear regarding the time-

course of signs and symptoms of bleeding, making it hard to judge the acuteness of the 

bleeding. In this case, the event would be included as long as it fulfilled the ISTH criteria. In 

another case discussed in the endpoint committee, a patient was admitted with extensive 

bleeding in the abdominal cavity, apparently fulfilling ISTH MB criteria. However, the 

patient had undergone a gastrointestinal surgery in the recent past, and a concomitant 

anastomosis leakage was suspected. In this case, the bleeding event would not be included 

because the patient would be considered surgical. These issues will presumably be present in 

other studies investigating MB in VTE patients. Unfortunately, we were unable to assess 

causes of death in VTE patients outside the UNN, which might have resulted in 

misclassification of the outcome, with an underestimation of the MB events. However, fatal 

bleeding is rare, and the rate of fatal MBs in our data (0.5 per 100 person-years in paper III) 

was similar to the reported frequency in the literature.295 Therefore, any MB due to sudden 

death that was not taken into account in our analysis would be very few, if any.    
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5.1.4 Confounding 

 Confounding is present when a non-causal association between an exposure and an 

outcome is observed as a result of the influence of a third variable (the confounder). As a 

general rule, a confounding variable is causally associated with the outcome, noncausally or 

causally associated with the exposure but is not an intermediate variable in the causal pathway 

between exposure and outcome.296 Under these criteria, an association is distorted if the 

confounder is differentially distributed across exposure status. A confounder may strengthen, 

weaken or reverse the association under investigation. The difference between confounding 

and bias is that risks that are due to confounding are a result of indirect association, and are 

therefore real but not causal, while biased results are spurious associations.297 Although 

randomization elegantly reduces the risk of differential distribution of confounders in exposed 

and non-exposed subjects, associations may also be confounded in RCTs due to randomly 

occurring differences with regards to important prognostic factors between compared 

groups.296 Observational studies rely on statistical modeling, including multivariable 

adjustment and stratification to assess and reduce confounding.  

The simplest method to assess the presence of confounding is by stratifying study 

participants according to the presumed confounder. It is achieved by dividing the data into 

subgroups on the presumed confounder of the association of interest. Stratification allows a 

straightforward and simultaneous examination of the possible presence of both confounding 

and effect modification (i.e. interaction).296 An obvious disadvantage of stratification is the 

reduction of the statistical power. Multivariate analysis refers to a series of analytical 

techniques, based on mathematical modelling, which are frequently used to carry out 

statistical adjustment – that is, the estimation of a certain measure of association between an 

exposure and an outcome while controlling for one or more confounding variables.  

 In the present work, there were several factors that could be potential confounders of 

the investigated associations. In paper II and III, we regarded age and cancer as confounders 

and tried to limit the impact of these factors by adjusting and stratifying/excluding the 

respective confounders. In paper II, we regarded the associations between cancer, D-dimer, 

VTE and MB risk to be so complex and heterogeneous that we opted for excluding cancer 

patients from all analyses. There were other variables that could be considered potential 

confounders, including co-morbidities and provoking factors (e.g. major infectious diseases 

and acute medical conditions), and a differential treatment duration. In all papers, we 

conducted stratified analyses in patients with provoked and unprovoked VTE to assess the 
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impact of VTE provoking factors such as trauma, surgery and infectious diseases, rather than 

multivariable adjustment. We adjusted for the planned treatment duration to limit the potential 

of differential length of treatment duration across categories. Including covariates into a 

statistical regression model can have drawbacks and should be considered only when 

appropriate. Increasing the number of covariates in a statistical model will affect the statistical 

power. Furthermore, adjustment of a presumed confounder will also adjust for all other 

variables related to it, and the results may be “overadjusted”.296 Overadjustment is considered 

to occur when adjustment is inadvertently carried out for a variable that is either in the causal 

pathway between the exposure and the outcome (a mediator) or so strongly related to the 

exposure or the outcome that their true relationship is distorted. As many factors implicated 

for MB risk, including VTE provoking factors, are based on heterogeneous and not well-

characterized associations, we regarded it most appropriate to conduct stratified analyses, as 

they offer the most straightforward interpretation. Given the observational nature of our 

studies, residual confounding can never be ruled out. Our results do not allow for any causal 

inferences but point towards the predictive potential of biomarkers of MB risk.  

5.1.5 Missing data 

 Missing data may be present in almost all epidemiological studies, including ours.298 

Missing data can have many explanations, including malfunction of technical equipment and 

measuring devices, loss of laboratory data or lack of documentation/registration. The 

distribution of missing data is important for the risk of bias. Bias is less likely to be 

introduced if data are missing at random, compared to data not missing at random. There are 

mainly three ways to handle missing data in epidemiological studies, either omitting variables 

that contain missing data, omitting subjects with missing data or imputing missing data.298  

In all papers of the present thesis, missing data regarding exposures were handled by 

excluding participants with lacking information. In paper I, 8% of subjects had missing data 

on genotypes; in paper II, 16% had missing data on D-dimer; in paper III, 17% had missing 

data on platelet count. For papers II and III, we compared the baseline characteristics of 

patients with non-missing with those with missing data on the exposure of interest. In both 

papers, no major differences were detected, indicating that data were most likely missing at 

random. 
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5.2 Discussion of main results 

5.2.1 Prothrombotic genotypes and risk of major bleeding 

In paper I, we found no association between an increasing number of prothrombotic 

risk alleles for rs6025 (FVL), rs1799963 (prothrombin G20210A), rs8176719 (non-O blood 

type), rs2066865 (FGG) and rs2036914 (F11) and the risk of MB during the first year after a 

VTE. The results were essentially similar in analyses restricted to patients without active 

cancer, and in subgroups of DVT, PE, provoked and unprovoked VTE. To the best of our 

knowledge, we were the first to address whether multiple prothrombotic genotypes were 

associated with MB risk in VTE patients derived from the general population.  

Prior to the present thesis, a few case-control studies have investigated the association 

between ABO blood groups and risk of bleeding in anticoagulated patients.242,243 Garcia et al. 

reported that that the risk of MB was 30% lower (OR 0.7, 95% CI 0.4-1.1) in carriers of non-

OO genotypes compared to carriers of the OO genotype during anticoagulant treatment with 

VKA for various indications (e.g. mechanical heart valve, VTE and AF).243 Franchini et al. 

found that the risk of bleeding was similar across phenotypes of ABO blood groups but noted 

differences in the distribution of ABO blood groups across indications for anticoagulation.242 

As the clinical characteristics and recommended duration/intensity of anticoagulation may 

vary considerably between subjects with AF, mechanical heart valves or VTE, the association 

between ABO blood types and MB risk may not necessarily be similar across subjects with 

various indications for anticoagulation. This may explain the apparently inconsistent results in 

the abovementioned studies. Moreover, cases and controls may differ from the general VTE 

population on baseline characteristics of potential importance for bleeding risk, as they were 

identified and selected from specialized anticoagulation/thrombosis clinics. Taken together, 

the generalizability to the VTE population may be limited since the proportion of VTE 

patients was 20-28% in the aforementioned studies. Tzoran et al. assessed the risk of MB 

according to the presence of FVL and prothrombin mutation in patients referred to 

thrombophilia-testing in the RIETE registry.245 The authors found no clear association 

between prothrombin G20210A and MB but found that carriers of FVL had half the risk (HR, 

0.50; 95% CI 0.25-0.99) of MB compared to non-carriers. The reasons for thrombophilia-

testing may reflect patients with systematic differences in characteristics of potential 

importance for bleeding risk when compared to the general VTE population, such as age, 

presence of cancer and family history of thrombotic diseases.245 For instance, the proportion 
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of cancer among carriers and non-carriers of the prothrombotic genotypes was relatively low 

(6%-11%) in their study compared to our study population (15%-28%). 

Our results indicate that the five SNPs assessed in our study do not protect against MB 

in VTE patients when evaluated individually or in a cumulative manner (i.e. by counting risk 

alleles). There was no indication of a dose-response relationship with an increasing number of 

risk alleles and MB risk across patients with DVT, PE, unprovoked, provoked or non-cancer-

associated VTE. The point estimates of the relative risk of MB in carriers of 2, 3 and ≥4, 

compared to 0-1 risk alleles ranged from 1.0 to 2.2 across main and subgroup analyses, and 

from 0.9 to 1.2 per category increase in the genetic risk score. Although we adjusted for 

planned treatment duration, we also estimated the risk of MB by number of alleles restricted 

to the first three months, when all participants were presumably on anticoagulation. The 

results of this sensitivity analysis were also close to unity per increase in risk allele category 

(HR 1.1, 95% CI 0.8-1.5), and we therefore regard it unlikely that potential differences across 

duration of anticoagulation could explain our results. Regarding the analyses of the individual 

SNPs, although carriership of ≥1 allele of the rs2036914 in the F11 seemed to be associated 

with increased risk of MB, especially in cancer-free patients, we interpret this finding 

cautiously. The width of the 95% CIs were notably wider for the F11 variant compared to the 

other SNPs, indicating particular uncertainty in this estimate.  

We can speculate that the cumulative hypercoagulable state driven by increasing risk 

alleles would not be sufficient to balance the mechanisms that induce an MB associated with 

anticoagulant treatment. Compared to the potentially 1000-fold increased inhibition of FXa 

and thrombin by heparins299 and the widespread reduction in functional coagulation factors 

(X, IX, VII and II) caused by VKAs, the hypercoagulable effects of prothrombotic genotypes 

on the coagulation system may be negligible. Taken together, it is unlikely that the 

prothrombotic variants included in the 5-SNP score would be of clinical relevance to improve 

discrimination between those with high and low risk of MB during anticoagulant treatment in 

VTE patients. 

Even though our results suggest that the mild hypercoagulability driven by the 

prothrombotic genotypes is not able to restrain a severe bleeding associated with 

anticoagulant treatment, such hypercoagulability could still be associated with less severe 

bleeding. This way, the outcome of CRNMB might have offered the opportunity to perform a 

sensitivity analysis to address this question. Thus, a limitation in our study is that we did not 

have information on less severe bleedings, e.g. CRNMB. Nevertheless, our primary aim was 
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to investigate the combined impact of the five SNPs on the outcome of MB, as the severe and 

potentially fatal bleeding complications are most relevant for the harm and net benefit 

assessments of anticoagulant treatment.5  

Other than chance, index event bias may be relevant for the observed null association. 

Our hypothesis was that multiple risk alleles would protect in a dose-response manner against 

MB risk in VTE patients. Such an effect would be similar but in an opposite direction to the 

effect on recurrent VTE.103 VTE is a result of multiple risk factors, and as discussed in section 

5.1.2, a selection of only incident VTE events may induce dependence between these risk 

factors. For example, an inverse association between number of prothrombotic risk alleles and 

other prothrombotic factors could arise in the incident VTE population. Given that these 

factors are also protective against bleeding, the effect measure of the risk of MB in carriers of 

prothrombotic genotypes compared to noncarriers may be shifted towards the null.  

Finally, the null association in our study could be a result of chance. The probability of 

missing true associations (type II-error) is related to the statistical power of the study. 

Although the so-called post hoc power analysis has been used to estimate the probability of 

type II-error after a study has been conducted, confidence intervals are more appropriate to 

estimate the magnitude of effects after results are obtained.300 The 95% CIs for the point 

estimate of 1.0 per category increase of the genetic risk score were 0.8 to 1.3 for the overall 

population. Across all subgroups in paper I, the results were essentially similar and 

consistently close to unity for the risk estimates by increasing category of risk alleles. 

  

5.2.2 D-dimer and risk of major bleeding 

 In paper II, we  found that high levels of D-dimer (≥ 8.3 µg/mL) were associated with 

increased risk of MB after a community-acquired VTE in patients without known active 

cancer. The association was especially pronounced during the initial three months after VTE 

diagnosis and in patients with provoked VTE. Among VTE cases with high D-dimer, the 3- 

and 12-month cumulative incidence of MB was 6.8% and 10.8% respectively, compared to 

2.2% and 3.6% in patients with D-dimer ≤ 2.3 µg/mL. Our findings support that there is a 

potential for D-dimer as biomarker of MB risk in VTE patients, particularly in the initial 

phase of anticoagulant treatment. 

 Prior to the present thesis, some studies reported an association between D-dimer 

measured during anticoagulation and MB,260 with data also showing that D-dimer could 
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improve prediction of MB in AF.18,261 Studies on VTE patients have been scarce, and in these 

studies, D-dimer was measured after treatment initiation with anticoagulants. It is well 

established that the absolute risk of MB is highest during the initial phase of anticoagulant 

treatment for VTE.6,173,194 Biomarkers of MB risk should therefore be assessed when 

anticoagulation is initiated in order to be relevant for the time-period in which there is the 

highest potential to avoid MB complications in VTE patients. Interestingly, a recent study 

compared bleeding RAMs in patients with acute PE and the ability of D-dimer measured at 

the day of admission to augment the discriminatory capacity of these RAMs for both MB and 

CRNMB.301 Elevated levels of D-dimer were associated with in-hospital bleeding, both MB 

and CRNMB events, and addition of D-dimer to RAMs augmented their predictive 

capabilities for MB risk in this study.301 Based on sensitivity and specificity assessment for 

MB, they reported an ideal cut-off of D-dimer at 5.8 µg/mL, which was associated with a 2.3-

fold increased risk of any bleeding (95% CI 1.05-5.00) in patients with a D-dimer level above 

this threshold. In contrast to our study, only in-hospital MBs were recorded during a median 

of 6.5 days after an acute PE in the abovementioned study.301 We found that the association 

between D-dimer and MB was less pronounced in subgroup analysis of PE patients compared 

to overall analysis. However, as there were few MB events in D-dimer categories of PE 

patients, the results of subgroup analysis warrant careful interpretation due to low statistical 

power.  

 In paper II we assessed D-dimer measured at VTE diagnosis and risk of MB. Because 

D-dimer has low specificity for the diagnosis of VTE as it is often elevated in patients 

hospitalized for other conditions or with cancer, we excluded subjects with active cancer and 

those already hospitalized for other conditions when the VTE occurred. After excluding these 

patients, there were still 38% provoked VTE events in our study. It is reasonable to assume 

that the MB risk might be overestimated due to competing risk of death in patients with 

higher D-dimer levels.120,302 However, as the results were only slightly attenuated in the 

competing risk of death analyses, it is unlikely that the association could be explained by 

increased mortality in cases with D-dimer in the upper category. Other medical conditions 

associated with provoked VTE, but not necessarily with higher short-term mortality, could be 

relevant for the association between D-dimer and MB. Although including status as either 

provoked or unprovoked VTE and acute medical conditions in the multivariable adjusted 

models yielded similar results, we regarded it most appropriate and clinically relevant to 

report stratified analyses. Yet, we cannot fully exclude that other unmeasured factors could 
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explain the association between D-dimer and MB risk. In view of our analyses of non-

hospitalized patients without known active cancer, we can conclude that the association 

between D-dimer and MB was unlikely driven by cancer, hospital-related factors or 

conditions associated with higher mortality in patients with elevated D-dimer levels.  

 The absolute risk of MB was high early after VTE diagnosis, and among patients with 

a D-dimer ≥ 8.3 µg/mL, the incidence rate was 28.8 per 100 person-years when analysis was 

restricted to the first 3 months. Although the relative risks between categories of D-dimer 

were similar in analyses of 12 months and 3 months of follow-up, the very high absolute risk 

in patients with high D-dimer levels indicate that D-dimer is most important as a biomarker 

for the short-term prediction of MB.  

As D-dimer is already widely available for most VTE patients, our results may have 

future clinical implications for the risk prediction of MB risk at time of VTE diagnosis 

without added costs or interventions. With substantial improvement in the predictive power of 

MB risk assessment, high-risk patients could ultimately benefit from preventive measures 

during the initial treatment phase. This might include choice of anticoagulant, tighter follow-

up, more aggressive approaches to target modifiable risk factors and stronger reluctance for 

co-medications such as antiplatelets and NSAIDS.   

 

5.2.3 Platelet count and risk of major bleeding 

 In paper III, an increasing platelet count, measured at VTE diagnosis, was associated 

with a higher risk of MB in a dose-response fashion during the first year after the VTE. 

Subjects with a platelet count in the upper quartile (≥ 300 x 109/L) had a 3-fold higher risk of 

MB during the first year after VTE diagnosis, compared to subjects with a platelet count in 

the lowest quartile (≤192 x 109/L). We found similar results after the exclusion of subjects 

with active cancer at time of diagnosis and in unprovoked and provoked VTE. When platelet 

counts were assessed on average 7 years prior to the VTE event in the same subjects, a 

similar, albeit somewhat attenuated, association was observed between an increasing platelet 

count and MB risk. Taken together, our results suggest that platelet count is a stable 

phenotype within an individual over time that may influence the individual susceptibility to 

MB after treatment initiation for VTE.  

The incidence rate of MB was 9.1 per 100 person-years in our study, which is in line 

with other observational studies conducted in the same time-period. In a population-based 
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observational study, Spencer et al. included 1567 incident VTE cases during 1999-2003 in the 

Worcester VTE study, and reported that MB occurred annually in 12-13% of patients.7 In the 

Worcester VTE study, 30% of VTE cases were cancer-related and around 50% were 

classified as provoked VTE (i.e. hospitalization, surgery, pregnancy, trauma or fracture within 

3 months of the event), which is similar to the proportions of active cancer and provoked 

events in our study.7 In 2002, Prandoni et al. reported an incidence rate of 10.6 per 100 

person-year in a prospective study of 842 VTE subjects, with a similar proportion of cancer-

related VTE as in our study.  

Prior to the present thesis, both platelet counts in the low (e.g. below 50-99 000/µL) 

and high ranges (e.g. above 450 000/µL) had been associated with increased risk of MB 

compared to platelet counts between these extremes, during anticoagulant treatment for 

VTE.205,262 As authors found that a “high” or “low” platelet count was associated with other 

bleeding risk factors (e.g. renal impairment, cancer and anemia), they speculated that an 

abnormal platelet count could be a sign of greater frailty and subsequent increased MB risk 

during anticoagulant treatment for VTE.262 Indeed, during derivation of the RIETE bleeding 

score, a platelet count below 100,000/mm3 was associated with 2.3-fold (95% CI 1.4-3.9) 

increased risk of MB in univariate analysis, but not in multivariate analysis after inclusion of 

other risk factors, such as cancer, anemia and creatinine levels to the statistical model.200 

Another study from the RIETE-registry showed that high and low platelet counts were 

associated with increased MB risk in VTE cases with or without cancer, suggesting that the 

association was independent of cancer and cancer-related factors (e.g. chemotherapy).204 

Several other known or unknown factors at the time of VTE diagnosis might influence the 

association between platelet count and MB. Based on the previous available data, the role of 

platelet count at VTE diagnosis as a biomarker for MB during VTE treatment remained 

largely unclear.  

Here, we found that increasing platelet counts were associated with higher MB risk in 

unselected VTE cases derived from the general population. The risk of MB increased around 

50% per quartile increase in the overall population (HR 1.5, 95% CI 1.2-1.8), compared to the 

lowest quartile (p for trend .003). The risk was 4-fold higher in subjects with a platelet count 

in the upper quartile compared to the lowest quartile in an age- and sex- adjusted model (HR 

4.3, 95% CI 1.7-10.9). In the fully adjusted model, in which competing risk by death and 

factors potentially associated with platelet count and MB were taken into account, a platelet 

count in the upper quartile was associated with a 3-fold increased risk of MB (SHR 3.2, 95% 
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CI 1.2-8.6) in comparison with the lowest quartile of platelet count. In VTE patients without 

cancer, the corresponding analysis yielded similar results (SHR 2.9, 95% CI 0.9-9.5). These 

findings suggest that the association could be in part, but not entirely, explained by other 

VTE-related factors with impact on the MB risk (e.g. cancer, acute medical conditions, renal 

function, hypertension, history of bleeding and anemia). A platelet count in the upper quartile 

was still associated with around 3-fold increased risk of MB in fully adjusted models in 

provoked and unprovoked VTE compared to a platelet count in the lowest quartile.  

When platelet count was assessed on average 7 years prior to VTE within the same 

individuals and platelet count cut-offs, we found a similar but less pronounced association 

compared to a platelet count measured at VTE diagnosis. In an age- and sex- adjusted model, 

the risk of MB increased per category increase (p for trend 0.08) of platelet count, with a 2.5-

fold higher risk of MB in the upper category versus the lowest category (HR 2.5, 95% CI 0.9-

6.7). Because differences in platelet size could potentially explain the association between 

platelet count and MB, we further adjusted HRs for MPV, a marker of platelet size and 

function shown to be inversely correlated with platelet count.303,304 After adjustment for MPV, 

risk estimates were somewhat attenuated (HR 2.0, 95% CI 0.7-5.6), suggesting the potential 

of platelet size and function, measured as MPV, to mediate the association between platelet 

count and MB. Platelet counts at VTE diagnosis correlated significantly with platelet counts 

measured at Tromsø study enrollment. Such findings reinforce the notion that platelet count is 

a stable phenotype within an individual over time, as previously demonstrated by others.268,269  

In light of the strong heritability of platelet indices, including platelet count and 

MPV,266,268,305 we can speculate that the association is driven by platelet phenotypes with 

different susceptibility to bleeding complications under anticoagulant treatment. Large and 

small platelets have been shown to substantially differ in their functional roles in the 

hemostatic system. Compared to small platelets, large platelets are associated with increased 

reactivity, shortened bleeding time, faster adhesion to collagen and aggregation ex vivo, and 

increased expression of glycoproteins on their membranes.306 Reticulated platelets, which are 

large and hyperactive platelets, display a prothrombotic profile, as recently revealed in 

transcriptome analysis.307 Moreover, results from epidemiological studies, including the 

Tromsø study, show that an increased MPV is associated with a higher risk of arterial 

cardiovascular disease308 and VTE,273 thereby supporting the higher prothrombotic potential 

of large platelets. It is of interest that in the presence of substantial thrombocytopenia (< 20 x 

109/L), a low MPV has been shown to be a stronger predictor of bleeding than platelet 
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count.309 Furthermore, small volume platelets are considered pathognomonic of Wiskott-

Aldrich syndrome, an X-linked disorder most often presenting early in life with 

thrombocytopenia and spontaneous and post-traumatic bleeding episodes.310 Although the 

pathophysiology and platelet function of Wiskott-Aldrich syndrome is not fully understood, 

reduced adhesiveness to collagen fibers and diminished ability to modulate membrane 

glycoprotein in response to thrombin have been reported,311,312 which could play a role in the 

bleeding phenotype of the syndrome. Taken together, several data suggest that platelet 

phenotype and volume are important for the risk of bleeding in patients with 

thrombocytopenia. In light of our findings, we can speculate that an increasing platelet count, 

even within a normal range, would be associated with a lower platelet reactivity, as reflected 

by a decrease in MPV, which could predispose to MB during anticoagulant treatment after a 

VTE.  

Platelet count, as a phenotype that is stable over time within an individual, seems a 

promising biomarker to improve stratification of major bleeding risk during anticoagulant 

treatment. However, the use of platelet count in risk assessment models in patients with VTE 

and AF has yielded controversial results, with studies using different cut-off values of platelet 

count.170,295,313 Whether an elevated platelet count at the appropriate cut-off value can improve 

discrimination of VTE patients with high and low risk of MB would require further 

investigation.  
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6. Conclusions 
 

• We found that the five common genetic variants, rs6024 (FVL), rs1799963 

(prothrombin G20210A), rs8176719 (non-O blood type), rs2066865 (FGG) and 

rs2036914 (F11), associated with increased VTE risk, were not associated with MB 

risk when modelled individually or in a 5-SNP genetic risk score. The 5-SNP genetic 

risk score was not associated with MB risk in subgroups of DVT, PE, provoked or 

unprovoked VTE. Our findings suggest that the genetic variants included in the 5-SNP 

score do not protect against MB, individually or additively, in VTE patients derived 

from the general population during the first year after a VTE.  

 

• We found that a high D-dimer (≥ 8.3 µg/mL), measured during the diagnostic work up 

for VTE, was associated with increased risk of MB, particularly during the first three 

months after diagnosis. Our results suggest that D-dimer assessed at the time of VTE 

diagnosis can predict MB risk in community-acquired VTE without known cancer. 

Additional studies are needed to validate the association and assess the predictive 

power of D-dimer in the presence of other relevant MB predictors.  

 
 

• We found that an increasing platelet count, measured several years before and at VTE 

diagnosis, is associated with a higher risk of MB during the first year after an incident 

VTE. Our findings suggest that a platelet count measured at VTE diagnosis is a stable 

phenotype within an individual over time that has the potential to improve risk 

stratification of MB after a VTE. 

 

https://www.ncbi.nlm.nih.gov/books/NBK326791/
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A B S T R A C T

Background: Genotypes associated with venous thromboembolism (VTE) may protect against bleeding due to a
hypercoagulable state. Whether the risk of major bleeding is reduced in parallel with an increasing number of
prothrombotic genotypes during anticoagulant treatment in VTE remains unknown.
Objectives: To investigate the association between multiple prothrombotic genotypes and risk of major bleeding
in patients with VTE.
Methods: Patients with incident VTE (n= 676) derived from the Tromsø Study were genotyped for rs6025 (F5),
rs1799963 (F2), rs8176719 (ABO), rs2066865 (FGG) and rs2036914 (F11) single nucleotide polymorphisms
(SNPs). Major bleeding events were recorded during the first year after VTE according to the International
Society on Thrombosis and Haemostasis criteria. Cox-regression was used to calculate hazard ratios with 95%
confidence intervals (CIs) for major bleeding adjusted for age, sex and duration of anticoagulation according to
individual prothrombotic SNPs and categories of risk alleles (5-SNP score; 0–1, 2, 3 and ≥4).
Results: In total, 50 patients experienced major bleeding (incidence rate: 9.5/100 person-years, 95% CI
7.2–12.5). The individual SNPs and number of risk alleles were not associated with major bleeding risk. The
hazard ratios for major bleeding per category increase of genetic risk score were 1.0 (95% CI 0.8–1.3) for the
total study population and 1.1 (95% CI 0.8–1.5) when patients with active cancer were excluded. Analyses
restricted to the first 3 months after VTE yielded similar results.
Conclusion: Our findings suggest that an increasing number of prothrombotic risk alleles is not protective against
major bleeding in VTE patients during anticoagulation.

1. Introduction

Bleeding is a dominant and potentially serious complication in pa-
tients undergoing anticoagulant treatment for venous thromboembo-
lism (VTE) [1]. The annual rates of major bleeding (MB) in VTE patients
during anticoagulant treatment have been reported to vary from 1% to
approximately 10% depending on the type of anticoagulant, patient
characteristics and study setting (clinical trials versus daily care) [2–7].
An accurate risk prediction of MB is crucial to make informed decisions
on VTE management and particularly to guide the treatment duration
in unprovoked VTE towards the highest net benefit. However, the
current prediction models for MB in VTE are mainly based on clinical
factors, and do not discriminate well between VTE patients at high and
low risk of MB in validation studies [8–11]. Extended knowledge on

risk factors associated with MB in VTE patients is a key step to improve
risk stratification of MB events during anticoagulant treatment.
Single nucleotide polymorphisms (SNPs) associated with increased

risk of VTE, such as factor V Leiden (FVL), prothrombin G20210A, and
non-O blood type [12], could be plausible candidate risk factors for MB.
The prothrombotic genotypes have been shown to be associated with a
hypercoagulable state [12] and could therefore have the potential to
counteract the risk of bleeding related to anticoagulation in VTE pa-
tients. For instance, FVL is associated with resistance to the natural
anticoagulant protein C [13], prothrombin G20210A with increased
plasma levels of prothrombin [14], and non-O blood type with in-
creased plasma levels of von Willebrand factor and coagulation factor
VIII [15]. The few studies addressing the impact of prothrombotic
genotypes on the risk of MB during anticoagulant therapy have
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suggested a decreased risk of MB in carriers of FVL [16] and non-O
blood types [17].
In the context of VTE, de Haan and colleagues developed a genetic

risk score originally based on 31 VTE-associated SNPs that was shown
to improve the risk prediction of first lifetime VTE [18]. The number of
prothrombotic risk alleles included in the genetic score was dose-de-
pendently associated with VTE risk (i.e. the more risk alleles present,
the higher the risk of VTE). A similar predictive performance and dose-
response relationship was found when the authors conceived a more
parsimonious score consisting of the 5 most strongly VTE-associated
SNPs, i.e. rs6025 (FVL) in F5, rs1799963 (prothrombin G20210A) in F2,
rs8176719 (non-O blood type) in ABO, rs2066865 in the fibrinogen
gamma gene (FGG) and rs2036914 in F11 [18]. Given that the me-
chanisms by which multiple prothrombotic genotypes affect the
thrombosis risk likely reflect different pathways in blood coagulation,
we hypothesized that an increasing number of prothrombotic risk al-
leles would have a dose-dependent protective effect on the risk of MB.
To the best of our knowledge, no previous study has assessed the impact
of multiple prothrombotic genotypes on the risk of MB. Therefore, we
aimed to investigate the association between multiple prothrombotic
genotypes and risk of MB during the first year after an incident VTE.

2. Methods

2.1. Study population

The study population originated from the Tromsø Study, a single-
center, population-based prospective cohort, with repeated health sur-
veys of the inhabitants of Tromsø, Norway [19]. Study participants
were recruited from the fourth (1994–1995), fifth (2001–2002) and
sixth (2007–2008) surveys of the Tromsø Study. The overall attendance
rates were high, achieving 77% in the fourth survey, 79% in the fifth
survey, and 66% in the sixth survey. In total, there were 30,371 unique
individuals aged 25–97 years who participated in at least one of the
surveys. The study was approved by the Regional Committee of Re-
search and Medical Health Ethics, and all study participants provided
informed written consent.
From the date of inclusion in one of the three surveys until the end

of follow-up at December 31, 2012, all potential first lifetime venous
thromboembolism (VTE) events were identified by searching the hos-
pital discharge diagnosis registry, the autopsy registry, and the radi-
ology procedure registry at the University hospital of North Norway
(UNN). Identified cases were adjudicated by trained personnel and
deemed as validated when signs and symptoms of deep vein thrombosis
(DVT) or pulmonary embolism (PE) were combined with objective
confirmation by radiological procedures, and resulted in a VTE diag-
nosis requiring treatment, as described in detail previously [20]. A total
of 737 objectively confirmed VTE cases were identified during follow-
up. Of these, 45 did not have blood samples available or of sufficient
quality for DNA analysis, and 16 were not successfully genotyped for
one or more of the SNPs of interest. Therefore, 676 VTE cases were
included in our study.

2.2. Clinical characteristics of VTE events

Information on clinical and provoking factors at the time of and
12 weeks preceding the VTE diagnosis was obtained for all eligible
patients by review of medical records at the UNN. In the case of a
concurrent DVT and PE diagnosis, the VTE event was classified as a PE.
Each VTE event was further classified as provoked if one or more of the
following risk factors were present: major surgery, trauma or acute
medical conditions (acute myocardial infarction, ischemic stroke, or
major infectious disease) within 12 weeks prior to VTE event, marked
immobilization (bed confinement> 3 days, wheel-chair, or long dis-
tance travel exceeding 4 h within the last 14 days prior to VTE event),

or any other factor specifically described in the medical records to have
provoked the VTE (e.g. intravascular catheter). Presence of known ac-
tive cancer at the time of VTE diagnosis was regarded as a provoked
VTE.
To account for type and duration of VTE treatment, we considered

the planned treatment (i.e. heparin or vitamin k antagonist [VKA]) and
duration of anticoagulation that were stated by the attending physi-
cians in the medical records at the time of VTE diagnosis. Duration of
anticoagulant therapy was categorized into 3, 6, 12, and>12 months,
as previously described [21].

2.3. Assessment of major bleeding (MB) events

The medical records for all participants were searched for MB events
occurring during the 365 days following the VTE. All second-line care
and advanced emergency medicine, such as transfusion of blood pro-
ducts, is exclusively provided by the UNN. The UNN is situated in the
middle of Tromsø municipality, with a vicinity of approximately
250 km to the nearest hospital providing comparable health-care
functions. Two reviewers (trained medical personnel from the UNN)
adjudicated the bleeding events independently in accordance with the
criteria proposed by the International Society on Thrombosis and
Haemostasis (ISTH) [22]. In short, a bleeding event that was fatal, and/
or symptomatic in a critical area or organ, and/or causing a fall in
hemoglobin level of ≥20 g/L, or requiring transfusion of ≥2 units of
whole blood or red blood cells, was considered major. In case of dis-
agreement, the event was discussed in an endpoint committee (HSJ and
JBH) to reach consensus.

2.4. Genotyping and quality control

Blood samples were collected from an antecubital vein at enroll-
ment in the Tromsø Study and the initial preparation of samples was
done at the department of Clinical Chemistry at the UNN. DNA was
isolated from whole blood and stored at −70°C at the national CONOR
biobank, located at the HUNT Biobank in Levanger, Norway. As pre-
viously described [23], we genotyped rs6025 (FVL) in F5, rs1799963
(prothrombin G20210A) in F2, rs8176719 (non-O blood type) in ABO
and rs2036914 in F11 with the Sequenom platform, and rs2066865 in
FGG with the TaqMan platform. For Sequenom, which uses single-base
extension followed by mass spectrometry to measure the molecular
mass of the extended primer, samples were genotyped with the Se-
quenom iPlex Gold Assay according to the recommended protocol, with
an initial input of 10–20 ng of DNA, and were analyzed with the
MassARRAY Analyzer 4. Only genotypes with a high quality score of “A
- Conservative” or “B - Moderate” were used. When multiple attempts
were made to genotype an individual, one of the highest-quality gen-
otypes across all attempts was chosen for each SNP. For TaqMan, an
initial input of 100 ng of DNA was used. Samples were genotyped with
the Applied Biosystems 7900HT (Foster City, CA, USA) according to the
recommended protocol, and processed with SDS 2.4 (Thermo Fisher,
Foster City, CA, USA).
Subjects were considered carriers of the prothrombotic risk gene

when one or two risk alleles were present. Individual SNP assessment
was done without differentiation between heterozygous and homo-
zygous carriers due to small number of homozygotes for most SNPs.
According to literature, risk alleles were defined as the variant asso-
ciated with increased VTE risk [12,18]. Among the SNPs studied,
rs2036914 in F11 was the only one with a minor allele associated with
reduced VTE risk, and in this case, we considered the common allele as
the risk allele. Similar to de Haan et al., a 5-SNP score was conceived by
counting the number of risk alleles from the five sequenced SNPs, with
a theoretical maximum number of ten risk alleles for an individual (i.e.
two risk alleles were counted for homozygous carriers) [18].
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2.5. Statistical analysis

Subjects were followed from the date of their first lifetime VTE to
the date of an incident MB, death, migration, or end of follow-up (i.e.
365 days after the first VTE), whichever came first. Subjects who died
or migrated out of the municipality of Tromsø were censored at the date
of the respective event. Statistical analyses were performed using
STATA version 15.0 (Stata Corporation LP, College Station, TX, USA).
Based on the 5-SNP score, we created categories of 0–1, 2, 3 and ≥4

risk alleles instead of performing analyses per-risk-allele, due to small
numbers. Crude incidence rates (IRs) with 95% confidence intervals
(CIs) of MB were calculated for the individual SNPs and categories of
the 5-SNP score, and expressed as number of events per 100 person-
years at risk. Cox proportional hazards regression models were used to
calculate hazard ratios (HRs) with 95% CIs for MB according to the
individual SNPs (reference: 0 risk allele) and categories of the 5-SNP
score (reference: 0–1 risk allele). HRs were adjusted for age and sex in a
first model with the addition of planned duration of anticoagulant
therapy in a second model. Risk estimates were adjusted for treatment
duration because knowledge of thrombophilia or family history of early
VTE onset might have resulted in the admitting physician planning
longer treatment with anticoagulation, which could affect the risk of
MB. In a separate sensitivity analysis, we also calculated HRs for MB by
risk alleles restricted to the first three months after VTE diagnosis, when
all subjects would be on anticoagulant treatment. For further sensitivity
purposes, we assessed the risk of MB after excluding subjects with
known cancer at time of VTE diagnosis, as cancer patients might be at
increased risk of bleeding during anticoagulation [24]. Finally, we
performed subgroup analyses according to clinical presentation (i.e.
DVT or PE) and presence of provoking risk factors (i.e. provoked or
unprovoked VTE events). The proportional hazard assumption was

assessed by evaluating the parallelism of the log-log survivor function
by categories of number of risk alleles, and tested with Schoenfeld re-
siduals.
The 1-year cumulative incidences of MB across categories of the 5-

SNP score were calculated and visualized in one minus Kaplan-Meier
(1-KM) plots for the overall population and after excluding those with
cancer at the time of VTE diagnosis.

3. Results

Baseline characteristics according to categories of prothrombotic
risk alleles derived from the 5-SNP score are shown in Table 1. In the
study population, the mean age and body mass index, the proportion of
DVT and PE, and the planned duration of anticoagulation did not
substantially differ across categories of risk alleles. Among patients in
the highest category of the genetic score (i.e. ≥4 risk alleles), the
proportion of men, subjects with active cancer at the time of VTE di-
agnosis and those treated with heparin tended to be lower, and the VTE
events were more likely to be unprovoked in comparison with patients
in the other categories.
Among the 676 patients with incident VTE, 50 had an MB within

1 year after the VTE event, resulting in an overall IR of 9.5 per 100
person-years (95% CI 7.2–12.5). The median time from incident VTE to
MB was 33 days (interquartile range 11–180 days). Characteristics of
MB events are presented in Table 2, showing that nearly half of the MB
episodes was classified as major due to symptomatic bleeding in a cri-
tical area or organ.
As depicted in Fig. 1, the distribution of VTE patients across number

of prothrombotic risk alleles of the 5-SNP score ranged from 0 to 6, with
a median number of 3. The IRs and HRs for MB according to individual
SNPs and categories of risk alleles of the 5-SNP score in the overall

Table 1
Baseline characteristics of venous thromboembolism (VTE) cases across categories of the 5-single nucleotide polymorphism (SNP) score.

Number of risk alleles

0–1
(n = 109)

2
(n = 179)

3
(n = 205)

≥4
(n = 183)

Age (years), mean ± SD 71 ± 12 68 ± 14 69 ± 14 67 ± 13
Sex (males) 46.0 (50) 51.0 (92) 46.0 (94) 40.0 (74)
BMI (kg/m2)a, mean ± SD 27.2 ± 4.7 27.1 ± 4.8 27.4 ± 4.6 27.3 ± 4.3
DVT 56 (61) 56 (101) 59 (121) 57 (104)
PE ± DVT 44 (48) 44 (78) 41 (84) 43 (79)
Provoked VTE 63 (69) 63 (112) 57 (117) 51 (94)
Unprovoked VTE 37 (40) 37 (67) 43 (88) 49 (89)
Active cancerb 27 (29) 28 (50) 25 (52) 15 (28)
Initial thrombolytic therapy 6 (7) 4 (8) 5 (10) 5 (9)
Planned treatment type
Heparinc 16 (17) 18 (32) 15 (30) 10 (19)
Heparin and VKAd 68 (74) 69 (124) 75 (153) 80 (147)

Planned duration of anticoagulation
≤3 months 36 (39) 36 (65) 36 (73) 37 (67)
>3 including 6 months 32 (35) 33 (59) 37 (76) 33 (61)
>6 including 12 months 22 (24) 26 (47) 20 (42) 19 (35)
>12 months 10 (11) 5 (8) 7 (14) 11 (20)

Abbreviations: body mass index (BMI); DVT, deep vein thrombosis; PE, pulmonary embolism; SD, standard deviation; VKA, vitamin K antagonist.
Categorical variables are shown as percentages with numbers in brackets, % (n).
a BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m2).
b Active cancer at the time of VTE diagnosis.
c Low molecular weight or unfractionated heparin.
d Low molecular weight or unfractionated heparin with VKA treatment.
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population are shown in Table 3. None of the individual SNPs were
associated with risk of MB. In the age- and sex-adjusted models, HRs for
MB were within the range 1.0 to 1.1 for rs6025 (F5), rs8176719 (ABO),
and rs2066865 (FGG). Further adjustment for planned duration of an-
ticoagulation did not materially change risk estimates. For rs2036914
in F11, the HR for MB was 2.0 (95% CI 0.8–5.0) in the fully adjusted
model, and for rs1799963 in F2, no individual carrying ≥1 risk allele
experienced MB. Similarly to the individual SNPs, the number of pro-
thrombotic risk alleles in the 5-SNP score had no impact on the risk of
MB (Table 3). In the model adjusted for age, sex, and planned duration
of anticoagulation, the HR for MB per category increase of genetic risk
score was 1.0 (95% CI 0.8–1.3). Compared to subjects with 0–1 risk
allele, the HRs for MB were 1.7 (95% CI 0.7–4.5), 1.6 (95% CI 0.6–4.0)
and 1.3 (95% CI 0.5–3.5) in carriers of 2, 3 and ≥4 risk alleles, re-
spectively. When analyses were restricted to the first 3 months of
follow-up, again there was no consistent association of the individual
SNPs or categories of the 5-SNP score with risk of MB (Supplementary
Table 1).
In sensitivity analysis, in which we excluded patients with known

active cancer at the time of VTE diagnosis, results were essentially si-
milar to the main analysis, with no significant associations between
prothrombotic genotypes and risk of MB (Table 4). Table 5 shows the
risk of MB by categories of the 5-SNP score according to subgroups of
VTE (provoked, unprovoked, DVT and PE). For unprovoked VTE, the
HR for MB per category increase of genetic risk score was 1.0 (95% CI
0.6–1.6) in the fully adjusted model. Analyses of the other subgroups
did not reveal any consistent association of MB risk across number of
prothrombotic risk alleles.
The 1-year cumulative incidences of MB across categories of the 5-

SNP score were estimated by 1-KM for the overall study population
(Fig. 2A) and after excluding subjects with active cancer at the time of
VTE diagnosis (Fig. 2B). As shown in Fig. 2A, the majority of the MB
events occurred in the first 3 months after the VTE. The 3-month cu-
mulative incidences of MB for subjects with 0–1, 2, 3 and ≥4 risk al-
leles were 2.0% (95% CI 0.5–7.9), 6.6% (95% CI 3.7–11.5), 6.7%, (95%
CI 3.9–11.2), and 4.1% (95% CI 2.0–8.5), respectively. Similar results
were found in patients without cancer (Fig. 2B).Fig. 1. Distribution (%) of patients with incident venous thromboembolism

(VTE) across number of risk alleles of the 5-single nucleotide polymorphism
(SNP) score.

Table 3
Risk of major bleeding (MB) by individual single nucleotide polymorphisms (SNPs) and number of prothrombotic risk alleles in patients with venous throm-
boembolism.

Risk allele MB events (n = 50) IR (95% CI)a HR (95% CI)b HR (95% CI)c

SNP (gene)
rs6025 (F5)
0 43 9.6 (7.1–13.0) Ref. Ref.
≥1 7 8.5 (4.1–17.9) 1.0 (0.4–2.2) 1.0 (0.4–2.2)

rs1799963 (F2)
0 50 9.7 (7.4–12.8) Ref. Ref.
≥1 0 – – –

rs8176719 (ABO)
0 17 10.2 (6.3–16.4) Ref. Ref.
≥1 33 9.1 (6.5–12.8) 1.0 (0.5–1.7) 1.0 (0.5–1.7)

rs2066865 (FGG)
0 26 9.1 (6.2–12.4) Ref. Ref.
≥1 24 9.8 (6.6–14.7) 1.1 (0.7–2.0) 1.2 (0.7–2.0)

rs2036914 (F11)
0 5 5.3 (2.2–12.8) Ref. Ref.
≥1 45 10.4 (7.7–13.9) 2.0 (0.8–5.0) 2.0 (0.8–5.0)

5-SNP score
0–1 6 7.0 (3.2–15.7) Ref. Ref.
2 15 11.3 (6.8–18.7) 1.7 (0.7–4.5) 1.7 (0.7–4.5)
3 17 10.8 (6.7–17.4) 1.6 (0.6–4.0) 1.6 (0.6–4.0)
≥4 12 7.9 (4.5–13.9) 1.3 (0.5–3.5) 1.3 (0.5–3.5)

Per category increase 1.0 (0.8–1.3) 1.0 (0.8–1.3)

a IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval.
b Adjusted for age and sex.
c Adjusted for age, sex and planned duration of anticoagulation.

Table 2
Characteristics of major bleeding in patients with venous thromboem-
bolism.

Major bleeding site % (n)

Gastrointestinal 36 (18)
Intramuscular/compartment syndrome 24 (12)
Intracranial 16 (8)
Urogenital 12 (6)
Retroperitoneal 6 (3)
Othera 6 (3)
ISTH major bleeding criteria
Fatal bleedingb 6 (3)
Critical area or organc 46 (23)
Blood transfusiond± hemoglobin falle 48 (24)

a Pericardial and subcutaneous/hematoma; ISTH, International
Society on Thrombosis and Haemostasis.
b Fatal outcome within one week after major bleeding.
c Intracranial, retroperitoneal, pericardial and intramuscular with

compartment syndrome.
d Bleeding leading to transfusion of ≥2 units of whole blood or red

cells.
e Bleeding causing a fall in hemoglobin level of ≥20 g/L.
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Table 4
Risk of major bleeding (MB) by individual single nucleotide polymorphisms (SNPs) and number of prothrombotic risk alleles in patients with venous throm-
boembolism (VTE) without active cancer at the time of VTE diagnosis.

Risk allele MB events (n = 35) IR (95% CI)a HR (95% CI)b HR (95% CI)c

SNP (gene)
rs6025 (F5)
0 28 7.5 (5.2–10.9) Ref. Ref.
≥1 7 9.5 (4.5–19.9) 1.5 (0.7–3.5) 1.6 (0.7–3.6)

rs1799963 (F2)
0 35 8.1 (5.8–11.3) Ref. Ref.
≥1 0 – – –

rs8176719 (ABO)
0 13 9.6 (5.5–16.5) Ref. Ref.
≥1 22 7.1 (4.7–10.6) 0.8 (0.4–1.5) 0.8 (0.4–1.5)

rs2066865 (FGG)
0 17 7.1 (4.4–11.3) Ref. Ref.
≥1 18 8.8 (5.5–13.9) 1.3 (0.7–2.5) 1.4 (0.7–2.6)

rs2036914 (F11)
0 2 2.6 (0.6–10.4) Ref. Ref.
≥1 33 8.9 (6.4–12.6) 3.6 (0.9–15.0) 3.5 (0.8–14.7)

5-SNP score
0–1 4 5.8 (2.2–15.5) Ref. Ref.
2 8 7.2 (3.6–14.4) 1.4 (0.4–4.8) 1.4 (0.4–4.7)
3 14 10.9 (6.5–18.4) 2.0 (0.6–6.0) 2.0 (0.7–6.2)
≥4 9 6.5 (3.4–12.5) 1.3 (0.4–4.3) 1.3 (0.4–4.4)

Per category increase 1.1 (0.8–1.5) 1.1 (0.8–1.5)

a IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval.
b Adjusted for age and sex.
c Adjusted for age, sex and planned duration of anticoagulation.

Table 5
Risk of major bleeding (MB) by number of prothrombotic risk alleles in subgroups of venous thromboembolism.

DVT (n = 387) MB events IR (95% CI)a HR (95% CI)b HR (95% CI)c

5-SNP score
0–1 3 6.2 (2.0–19.2) Ref. Ref.
2 10 13.9 (7.5–25.8) 2.2 (0.6–8.0) 2.2 (0.6–8.1)
3 10 10.7 (5.7–19.8) 1.7 (0.5–6.2) 1.7 (0.5–6.2)
≥4 5 5.7 (2.4–13.1) 1.0 (0.2–4.0) 1.0 (0.2–4.0)

Per category increase 0.9 (0.6–1.3) 0.9 (0.6–1.3)
PE (n = 289)
5-SNP score
0–1 3 8.2 (2.6–25.4) Ref. Ref.
2 5 8.2 (3.4–19.6) 1.2 (0.3–5.3) 1.3 (0.3–5.5)
3 7 11.0 (5.3–23.1) 1.5 (0.4–5.7) 1.6 (0.4–6.1)
≥4 7 10.9 (5.2–22.9) 1.8 (0.5–7.0) 1.9 (0.5–7.6)

Per category increase 1.2 (0.8–1.8) 1.2 (0.8–1.9)
Provoked (n = 392)
5-SNP score
0–1 4 8.2 (3.1–21.7) Ref. Ref.
2 11 14.6 (8.1–26.4) 2.0 (0.6–6.3) 2.0 (0.6–6.5)
3 12 15.6 (8.9–27.5) 1.9 (0.6–6.0) 2.0 (0.6–6.2)
≥4 8 11.5 (5.7–23.0) 1.6 (0.5–5.4) 1.7 (0.5–5.6)

Per category increase 1.1 (0.8–1.5) 1.1 (0.8–1.5)
Unprovoked (n = 284)
5-SNP score
0–1 2 5.5 (1.4–22.1) Ref. Ref.
2 4 6.9 (2.6–18.3) 1.4 (0.3–7.9) 1.4 (0.3–7.9)
3 5 6.2 (2.6–14.9) 1.2 (0.2–6.3) 1.2 (0.2–6.3)
≥4 4 4.8 (1.8–12.9) 1.0 (0.2–5.6) 1.0 (0.2–5.6)

Per category increase 1.0 (0.6–1.6) 1.0 (0.6–1.6)

SNP, single nucleotide polymorphism; DVT, deep vein thrombosis; PE, pulmonary embolism.
a IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval.
b Adjusted for age and sex.
c Adjusted for age, sex and planned duration of anticoagulation.
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4. Discussion

In this population-based cohort of 676 patients followed for 1 year
after their first lifetime VTE, we investigated whether the risk of MB
was stepwise reduced in parallel with an increasing number of pro-
thrombotic risk alleles. Using a genetic risk score based on five pro-
thrombotic SNPs, we found that the number of risk alleles was not as-
sociated with risk of MB. Likewise, none of the individual
prothrombotic SNPs were associated with risk of MB. Exclusion of pa-
tients with active cancer at the time of VTE diagnosis, restriction to the
first 3 months after VTE diagnosis, or subgroup analyses stratified by
unprovoked or provoked VTE and location (i.e. DVT or PE) yielded
essentially similar results. Our findings suggest that a hypercoagulable
state driven by prothrombotic genotypes is not able to restrain a severe
bleeding associated with anticoagulant treatment.
In our study, originated from the general population, the overall

rate of MB was 9.5 per 100 person-years, which was considerably
higher than the rate of about 1.0 per 100 person-years reported in
randomized controlled trials (RCTs) comprising VTE patients [2].
However, our results are not unexpected, as unselected patients derived
from the general population have more often serious comorbidities and
are managed under less intensive surveillance as compared to patients

selected into RCTs. Moreover, RCTs on the efficacy and safety of an-
ticoagulant treatment tend to exclude patients with a bleeding predis-
position. Of note, 24% of our patients (159 out of 676) had active
cancer at the time of VTE diagnosis, which is a well-known risk factor
for bleeding during anticoagulation [24]. Our rate of MB is in line with
a similar prospective cohort consisting of 842 VTE patients treated with
anticoagulant therapy during daily care, of whom 21.5% had known
cancer [7]. In the above mentioned study, the rate of MB was 10.6 per
100 person-years, and it was especially high in analysis restricted to
VTE patients with cancer (15.7 per 100 person-year). Another note-
worthy finding of our study was the fact that the majority of the MB
events occurred within the first 3 months after VTE. These results are in
accordance with previous data [25] and with the notion that patients
with an underlying predisposition to bleeding are more likely to de-
velop a MB event early after initiation of anticoagulation. Still, the
prothrombotic genotypes studied were not associated with risk of MB
even within the initial 3 months after VTE when the majority of MB
events occurred.
The association between prothrombotic genotypes and risk of MB

has been scarcely investigated in a VTE population under anticoagulant
treatment [16,17]. In a Dutch case-control study that used data from
the FACTors in ORal anticoagulation Safety (FACTORS) study [26],
Garcia et al. [17] found that the risk of MB during anticoagulation with
VKAs in non-OO blood group carriers was 30% lower than in carriers of
OO blood group. Even though risk estimates pointed towards a pro-
tective effect (odds ratios = 0.7, 95% CI 0.4–1.1), the 95% CIs were
somehow wide and included unity in the aforementioned report [17].
Furthermore, only 20% of 110 cases with MB and 220 controls without
MB presented VTE as an indication for anticoagulation, and bleeding
leading to hospitalization was also among the criteria to define MB
[17,26]. Admission to hospital can be influenced by other important
factors, such as support in the community and presence of comorbid-
ities [22], thus not necessarily reflecting the severity of a bleeding
event. In another study, Franchini et al. assessed the ABO blood group
phenotypes instead of genotypes in 183 cases with bleeding complica-
tions and 366 controls without bleeding during treatment with VKA, of
whom about 25% had VTE [27]. Even though bleeders met at most
grade 2 (mild blood loss) of a 4-grade World Health Organization
grading system, no association between ABO blood group and bleeding
was found [27]. Our results interpreted in light of the existing studies
indicate that there are no consistent data supporting a protective effect
of non-O blood type on the risk of MB in VTE patients during antic-
oagulation.
In a study derived from the RIETE-registry comprising 10,139 VTE

patients tested for thrombophilia, Tzoran et al. [16] investigated the
impact of FVL on the risk of MB during anticoagulation. Compared to
noncarriers, FVL carriers (n = 1384) had a 50% (HR 0.50, 95%
0.25–0.99) lower risk of MB. It is important to address that patients
undergoing thrombophilia testing generally do not share the clinical
characteristics of unselected VTE patients derived from a general po-
pulation. For instance, in the above mentioned study [16], the pro-
portion of VTE patients with cancer was relatively low (6%–11% among
carriers and noncarriers of the prothrombotic genotypes studied) as
compared to the present study (24%). Therefore, the study from Tzoran
et al. is not necessarily comparable to our population-based cohort.
It is of interest that minor bleeding has been shown to be associated

with subsequent increased risk of MB in patients treated with VKA,
independent of the quality of anticoagulation and other known risk
factors [28]. The association was confirmed and further explored by
van Rein et al. [29], who used a case-crossover design to untangle the
nature of such an association. Results from the case-crossover study
suggested that minor bleeds could be markers for fixed risk factors for
MB events, like genetic variants affecting blood coagulation. For in-
stance, the mild hypercoagulable state associated with FVL [13] has
been proposed to have offered evolutionary advantages in face of life-
threatening bleeding, such as during childbirth, warfare, or other

Fig. 2. Cumulative incidences (1-Kaplan-Meier) of major bleeding according to
categories of risk alleles of the 5-single nucleotide polymorphism (SNP) score in
overall venous thromboembolism (VTE) (A) and after excluding subjects with
active cancer at the time of VTE diagnosis (B).
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activities carrying high risks of trauma [30]. However, in the context of
bleeding related to anticoagulant treatment after a VTE, our study re-
vealed that neither the individual SNPs nor the increasing number of
prothrombotic risk alleles included in the 5-SNP score [18] were pro-
tective against an MB event in VTE patients. We can speculate that the
mild hypercoagulability driven by FVL and the other prothrombotic
genotypes would probably not be able to balance the mechanisms that
induce an MB associated with anticoagulant treatment. Alternatively,
our findings could be explained by a phenomenon called index event
bias [31]. VTE is a result of multiple risk factors, and a selection of only
incident VTE events (as in a cohort of VTE patients) may induce de-
pendence between these risk factors. For example, an inverse associa-
tion between carriership of prothrombotic genotypes and other pro-
thrombotic factors could arise in the incident VTE population. If these
other prothrombotic factors are also protective against bleeding, the
effect measure of the risk of MB in carriers of prothrombotic genotypes
compared to noncarriers may be shifted towards the null. Taken to-
gether, based on our findings, it is unlikely that the prothrombotic
genotypes included in the 5-SNP score would be of clinical relevance to
improve discrimination between those with high and low risk of MB
during anticoagulant treatment in VTE patients.
The inclusion of subjects derived from the general population is

among the main strengths of the present study. In comparison to sub-
jects included in RCTs, the clinical characteristics, comorbidities and
prevalence of cancer in our study participants are similar to those found
in real-life patients, thereby increasing the external validity of our re-
sults. Other strengths include the complete and validated registry of
VTE events, the exclusivity of UNN as the sole health care provider,
likely to receive all relevant MB events, and the strict criteria used to
define MB based on the ISTH recommendations [22]. Limitations also
need to be addressed. Given our sample size and number of MB cases,
the statistical power could have been limited to detect slight protective
effects of prothrombotic genotypes, especially among those in the up-
permost category of the genetic score (i.e. carriers of ≥4 risk alleles)
and in subgroups of VTE. Of note, the risk estimates of MB were above
1.0 in some subgroups, but the 95% CIs of these estimates were con-
siderably wide and included unity. It is important to address, that when
the 5-SNP score was analyzed per category increase in genetic risk
score, the risk estimates were 1.0 or around 1.0 both in overall and
subgroup analyses, as well as in sensitivity analyses, thereby suggesting
no protective effect of prothrombotic genotypes on MB risk in VTE
patients. We were not able to perform analyses stratified by planned
type of anticoagulant treatment (i.e. heparin or heparin and VKA) due
to the low number of participants in the heparin group (n= 98) and the
low number of MB events (n = 10). Moreover, we did not have in-
formation on concomitant use of drugs that might have affected the
bleeding risk, such as antiplatelet agents. However, it is very unlikely
that the type of anticoagulant, and the use of concomitant drugs, would
differ across categories of prothrombotic risk alleles and thereby serve
as potential confounders for the relationship between prothrombotic
genotypes and risk of MB. In this study, we did not have access to in-
formation on the actual duration of anticoagulant treatment. None-
theless, when we restricted our analyses to the first three months after
VTE diagnosis (i.e. a period during which all patients would be on
anticoagulant treatment), results were essentially similar to the overall
analyses, showing no consistent association between prothrombotic risk
alleles and risk of MB. Finally, an increasing number of prothrombotic
risk alleles could still be protective against clinically relevant non-major
bleedings (CRNMB). However, our study was not designed to evaluate
CRNMB, and future research is required to address this question.
In conclusion, our study suggests that prothrombotic genotypes,

evaluated either as individual SNPs or as number of risk alleles included
in a 5-SNP score, do not protect against MB in VTE patients during
anticoagulant treatment. Our findings further suggest that assessment
of prothrombotic genotypes is not helpful to improve patient stratifi-
cation of MB risk during anticoagulation for a VTE.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2020.04.008.
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Supplementary material 

Supplementary Table 1 Risk of major bleeding (MB) by individual single nucleotide 

polymorphisms (SNPs) and number of prothrombotic risk alleles during the first three months 

after venous thromboembolism 

Risk allele MB events (n = 33) IR (95% CI) HR (95% CI) † 

SNP (gene) 

rs6025 (F5)

0 29 23.8 (16.6-34.3) Ref. 

≥1 4 18.0 (6.8-47.9) 0.8 (0.3-2.4) 

rs1799963 (F2)

0 33 23.5 (16.7-33.0) Ref. 

≥1 0 - - 

rs8176719 (ABO) 

0 9 19.7 (10.3-37.9) Ref. 

≥1 24 24.4 (16.4-36.4) 1.3 (0.6-2.8) 

rs2066865 (FGG) 

0 15 19.3 (11.6-32.0) Ref. 

≥1 18 27.2 (17.1-43.2) 1.5 (0.7-3.0) 

rs2036914 (F11) 

0 3 11.7 (3.8-36.4) Ref. 

≥1 30 25.3 (17.7-36.2) 2.2 (0.7-7.0) 

5-SNP score 

0-1 2 8.2 (2.2-34.6) Ref.  

2 11 29.5 (16.5-53.7) 3.8 (0.8-17.2) 

3 13 29.9 (17.4-51.6) 3.5 (0.8-15.7) 

≥4 7 17.3 (8.2-36.3) 2.2 (0.5-10.7) 

Per category increase 1.1 (0.8-1.5) 

† Adjusted for age and sex 

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval 
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Introduction

Anticoagulant therapy (AT) is the cornerstone in the treat-
ment of venous thromboembolism (VTE). Extended AT
effectively prevents recurrent events, but at the cost of
bleeding complications.1–3 The reported annual risk of

major bleeding (MB) varies in the range of 1 to 4%4–6 and
is dependent on the choice of anticoagulant, intensity of
anticoagulation, and duration of treatment.6–8 The MB risk
is particularly high within the first months of AT,2 with a
case-fatality rate of 11% during the initial 3 months of
anticoagulation.9
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► biomarker

Abstract Identification of patients at risk of major bleeding is pivotal for optimal management of
anticoagulant therapy in venous thromboembolism (VTE). Studies have suggested that
D-dimer may predict major bleeding during anticoagulation; however, this is scarcely
investigated in VTE patients. We aimed to investigate the role of D-dimer, measured at
VTE diagnosis, as a predictive biomarker of major bleeding. The study population
comprised 555 patients with a first community-acquired VTE (1994–2016), who were
identified among participants from the Tromsø study. Major bleeding events were
recorded during the first year after VTE and defined according to the criteria of the
International Society on Thrombosis and Haemostasis. Cox-regression was used to
calculate hazard ratios (HRs) with 95% confidence intervals (CIs) adjusted for age, sex,
and duration of anticoagulant therapy. In total, 29 patients experiencedmajor bleeding
(incidence rate: 5.7/100 person-years, 95% CI: 4.0–8.2). The major bleeding risk was
highest during the first 3 months, especially in patients with D-dimer �8.3 µg/mL
(upper 20th percentile), with 28.8 major bleedings/100 person-years (95% CI: 13.7–
60.4). Patients with D-dimer �8.3 µg/mL had a 2.6-fold (95% CI: 1.1–6.6) higher risk of
major bleeding than patients with D-dimer �2.3 µg/mL (lower 40th percentile). Major
bleeding risk according to D-dimer �8.3 versus �2.3 µg/mL was particularly pro-
nounced among those with deep vein thrombosis (HR: 4.6, 95% CI: 1.3–16.2) and
provoked events (HR: 4.2, 95% CI: 1.0–16.8). In conclusion, our results suggest that D-
dimer measured at diagnosis may serve as a predictive biomarker of major bleeding
after VTE, especially within the initial 3 months.
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Even though initially promising in derivation studies,10–12

prediction models developed to stratify risk of MB in VTE
patients have demonstrated inconsistent discriminative
powers in validation studies.13–16 The existing prediction
models mainly apply the same traditional predictors for
bleeding such as age, history of bleeding, previous stroke,
and cancer.10–12 Identification of novel predictors for bleed-
ing in VTE patients is therefore an essential step for the
development of a more accurate prediction score for MB,
capable of guiding clinical decision-making in the future.

D-dimer, a global biomarkerof activationof the coagulation
andfibrinolytic systems, isuseful toexcludeaVTE-diagnosis in
the diagnostic work-up of suspected acute VTE.17 Moreover,
elevated D-dimer is used to identify patients at high risk of
VTE-recurrence after discontinuation of AT.18,19 Interestingly,
elevated D-dimer levels have also been shown in conditions
associated with increased bleeding risk, such as disseminated
intravascular coagulation and acute abdominal aortic dissec-
tion.20,21 Furthermore, high D-dimer levels appeared to pre-
dict MB during AT.22 However, studies on VTE patients are
scarce,23 andwhetherD-dimermeasured at VTEdiagnosis can
beused to assess riskofMB is largely unknown. Informationon
D-dimerat thetimeofVTEdiagnosis is easilyavailable formost
patients with community-acquired VTE, as D-dimer is fre-
quently used for the diagnosticwork-up ofVTE.24Weaimed to
investigate the roleofD-dimer,measuredatVTEdiagnosis, asa
predictivebiomarkerofMBeventsduring thefirst yearafter an
incident VTE.

Methods

Study Population
The source population comprised subjects participating in
�1 of the six currently completed surveys of the Tromsø
study (Tromsø 1–6), who were still alive and inhabitants of
Tromsø by January 1, 1994 (n ¼ 33,885). The Tromsø study is
a single-center, population-based prospective cohort, with
repeated health surveys of the inhabitants of Tromsø, Nor-
way.25 Overall, participation rates were high, ranging from
85% in Tromsø 2 to 66% in Tromsø 6, with an average of 78.5%
for the six surveys. The study was approved by the Regional
Committee of Medical and Health Research Ethics, and all
participants gave their informed written consent.

All potential first lifetime VTE cases were identified from
January 1, 1994 to December 31, 2016 by searching the
hospital discharge diagnosis registry, the autopsy registry,
and the radiology procedure registry at the University Hos-
pital of North Norway (UNN). The UNN is the only hospital
serving the source population and all outpatient care for
diagnostic assessment and treatment of VTE is exclusively
provided at this hospital. The medical records of each poten-
tial VTE case were reviewed by trained personnel, and a VTE
event was confirmed and registered as a validated VTEwhen
clinical signs and symptoms of proximal or distal deep vein
thrombosis (DVT) or pulmonary embolism (PE) were com-
bined with objective confirmation by diagnostic procedures,
and resulted in a VTE diagnosis requiring treatment, as
described in detail previously.26 Using the aforementioned

strategy, a total of 986 objectively confirmed VTE cases were
identified. D-dimer has low specificity for the diagnosis of
VTE as it is often elevated in patients hospitalized for other
conditions or with cancer.27–29 We therefore excluded sub-
jects with active cancer (n ¼ 230) and those already hospi-
talized for other conditions (n ¼ 108) when the VTE
occurred. Moreover, subjects with high clinical suspicion
leading to a VTE diagnosis without the aid of D-dimer
measurement were also excluded (n ¼ 93), leaving 555
VTE patients eligible for this study. These patients were
followed for 365 days, and all bleeding events occurring in
this period were recorded by thorough review of medical
records.

Clinical Characteristics
Information on clinical and provoking factors at the time of
and 12 weeks preceding the VTE diagnosis was obtained for
all eligible patients. Patients with provoked VTE were those
with major surgery, trauma, or an acute medical condition
(acute myocardial infarction, ischemic stroke, or major
infectious disease) within 12 weeks prior to VTE event,
marked immobilization (confined to bed >3 days, wheel-
chair, or long-distance travel exceeding 4 hours within the
last 14 days prior to VTE event), or any other factor speci-
fically described in themedical records to have provoked the
VTE (e.g., intravascular catheter).

Even though the study population was originated from a
prospective cohort study (the Tromsø study), data collection
for the present study was conducted retrospectively. To
account for treatment duration in the present study, we
considered the planned duration of anticoagulation that was
objectively described by the attending physicians in the
medical records at the time of VTE diagnosis. Duration of
ATwas categorized into 3, 6, and 12 months according to the
preplanned length of AT. When the treatment duration was
not specified by the treating physician (n ¼ 42), subjects
were categorized into 3 months if the incident event was a
provoked DVT, 6 months if it was an unprovoked DVT, and
12 months if it was a PE.

Outcome Assessment of Major Bleeding
For each study participant, MB events occurring during the
365 days following the VTE were identified by thorough
reviewof themedical records at the UNN. This hospital is the
exclusive provider of advanced health care, including trans-
fusion of blood products and emergency medicine in a
vicinity of 250 km, and all subjects with a significant bleed-
ing event in the Tromsø region are likely to be admitted at
this hospital. Two reviewers (trainedmedical personnel from
the UNN) adjudicated the bleeding events independently in
accordance with the criteria proposed by the International
Society on Thrombosis and Haemostasis.30 In short, a bleed-
ing event that was fatal, and/or symptomatic in a critical area
or organ, and/or requiring blood transfusion of �2 units of
red blood cells or causing a fall in hemoglobin level of�20 g/L
was consideredmajor. In case of disagreement, the event was
discussed in an endpoint committee (H.S.J. and J.B.H.) to
reach consensus.
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D-Dimer Measurement
Blood samples were drawn for the diagnostic work-up of
VTE, before initiation of AT. D-dimer was determined using
two commercially available kits at theDepartment of Clinical
Chemistry at the UNN,31 and a D-dimer value <0.5 μg/mL
was defined as a negative test in the diagnostic work-up of
patients with suspected VTE. The NycoCard D-dimer assay
(Nycomed Pharma, Oslo, Norway), based on immunometric
flow-through principle, was used in the period 1994 to 1998.
It was succeeded by the STA-Liatest D-Di assay (Diagnostica
Stago, Asnières-sur-Seine, France) for the remaining period
(1998–2016). The Stago assay quantified D-dimer by the
immuno-turbidimetric method (liquid reagent) within a
range of 0.27 to 20 µg/mL, which determined the levels of
D-dimer available in this study.

Statistics
Subjects were followed from the date of their first VTE to the
date of an incidentMB, death, migration from Tromsø, or end
of follow-up (i.e., 365 days after the first VTE), whichever
came first. The patients were followed for 1 year, regardless
of the length of anticoagulation. Thus, the follow-up time
included both time-on and time-off anticoagulant treat-
ment. Subjects who died or migrated were censored at the
time of the respective event. Statistical analyses were per-
formed with STATA version 15.0 MP (Stata Corp. College
Station, Texas, United States).

D-dimer levels were initially divided into quintiles. The
two lowest (Q1–2) and the two middle-upper (Q3–4) quin-
tiles were combined to achieve better statistical power (i.e., a
more robust reference category), and to enable the assess-
ment ofMB risk according to the highest D-dimer levels (Q5).
The two lowest quintiles (Q1–2) were set as the reference.

Crude incidence rates (IRs) with 95% confidence intervals
(CIs) of MB were calculated across D-dimer categories and
expressed as number of events per 100 person-years at risk.
Cox proportional hazards regression models were used to
estimate hazard ratios (HRs) with 95% CIs for MB. The HRs
were estimated using the following models: the first model
was adjusted for age and sex, and the secondwas additionally
adjusted for the planned duration of AT. Since a large severe
thrombus could result in both high D-dimer levels and
prolonged treatment, the treatment length was added as a
potential confounder in the second model. The proportional
hazards assumption was verified by evaluating the paralle-
lism in the log–log survivor function by the categorical
division of D-dimer. Further, the association between D-
dimer levels andMB, adjusted for age, sex, and duration of AT,
was visualized by a generalized additive regression plot
using R version 3.4.4, to assess potential nonlinear effects
of D-dimer levels on MB risk. D-dimer was modeled with a
smoothing spline fit in a Cox proportional hazards model.

Due to potentially higher all-cause mortality rates in the
upper D-dimer category, we additionally performed compet-
ing risk by death analyses and calculated subdistribution
hazard ratios (SHRs) to limit overestimation of the relative
risk differences of MB between D-dimer categories.32,33 The
1-year cumulative incidences of MB across D-dimer cate-

gories were visualized in traditional one minus Kaplan–
Meier (1-KM) plots and in cumulative incidence function
plots corrected for competing risk by death.

We performed subgroup analyses stratified by clinical
presentation (i.e., DVT and PE with or without DVT) and
presence of provoking risk factors at the time of VTE diagnosis
(i.e., unprovoked and provoked events). For overall VTE, we
also assessed the risk of MB in analyses restricted to the first
3 months after VTE diagnosis (i.e., the period in which all
patientswould be on anticoagulant treatment). For sensitivity
purposes, we performed analyseswherewe excluded patients
who received thrombolytic therapy (systemic or catheter-
directed) for VTE treatment, as these patients might be at
increased bleeding risk.3 We also did sensitivity analyses
where patients were censored at the time they stopped antic-
oagulant treatment (estimated according to the planned dura-
tionofanticoagulation), toassess the riskofbleedingaccording
to D-dimer restricted to the time on anticoagulant treatment.

Results

Baseline characteristics according to D-dimer categories are
shown in►Table 1. D-dimer levels were in the ranges of�2.3,
2.4 to 8.2, and�8.3 µg/mL in the lowest (Q1–2),middle (Q3–4),

Table 1 Baseline characteristics of venous thromboembolism
(VTE) cases across categories of D-dimer

D-dimer, quintiles Q1–2
(n ¼ 225)

Q3–4
(n ¼ 219)

Q5
(n ¼ 111)

Range (µg/mL) �2.3 2.4–8.2 �8.3

Age (y), mean � SD 64 � 15 67 � 14 69 � 14

Sex (males) 44.0 (99) 56.2 (123) 50.5 (56)

Previous stroke 3.6 (8) 5.5 (12) 10.8 (12)

Thrombolytic therapy 1.8 (4) 6.9 (15) 10.8 (12)

Planned duration of anticoagulation

� 3 mo 24.9 (56) 16.9 (37) 9.9 (11)

> 3 including 6 mo 43.6 (98) 48.0 (105) 38.7 (43)

> 6 including 12 mo 24.4 (55) 26.0 (57) 37.8 (42)

> 12 mo 7.1 (16) 9.1 (20) 13.5 (15)

VTE characteristics

DVT 57.8 (130) 60.7 (133) 46.0 (51)

PE � DVT 42.2 (95) 39.3 (86) 54.0 (60)

Unprovoked 64.0 (144) 59.8 (131) 60.4 (67)

Provoked 36.0 (81) 40.2 (88) 39.6 (44)

Trauma 12.0 (27) 10.0 (22) 10.8 (12)

Surgery 12.4 (28) 13.7 (30) 12.6 (14)

Acute medical
condition

4.4 (10) 7.8 (17) 13.5 (15)

Confined to
bed >3 days

1.8 (4) 1.8 (4) 2.7 (3)

Abbreviations: DVT, deep vein thrombosis; mo, months; PE, pulmonary
embolism; SD, standard deviation.
Note: Categorical variables are shown as percentages with numbers in
brackets, % (n).
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and upper (Q5) categories, respectively. The mean age and
proportion of subjects with acute medical conditions preced-
ing the VTE were higher in the upper than in the lower
categories of D-dimer. Moreover, a higher proportion received
thrombolytic therapy, and the planned duration of AT was
longer in the highest category of D-dimer. The proportion of
patients with PE was higher in the upper category, whereas
DVTsweremore frequent in the two lowest categories.Of note,
missing information on duration of AT was similarly distrib-
uted across the lowest (7.6%), middle (7.3%), and upper (8.1%)
D-dimer categories. The baseline characteristics of the overall
study population can be found in►Supplementary Table S1 .

Of the 555 patients with incident VTE, 29 had a MB event
within 1 year after the incident VTE, yielding an overall IR of
5.7 per 100 person-years (95% CI: 4.0–8.2). The median and
mean times from VTE diagnosis to MBwere 35 and 113 days,
respectively.MBs that were intramuscular with symptoms of
compartment syndrome and gastrointestinal bleedingswere
most frequent (27.6%), followed by intracranial MBs (17.2%)
(►Table 2).

The 1-year cumulative incidences of MB across categories
of D-dimer were estimated by 1-KM (►Fig. 1A), and in the
presence of death as competing risk (►Fig. 1B), as displayed
in►Fig. 1. The cumulative incidence of MB was considerably
higher for the upper D-dimer category than for the lower and

middle D-dimer categories (►Fig. 1A). The results remained
essentially similar after taking competing risk by death into
account (►Fig. 1B). Themajorityof theMB events occurred in
thefirst 3months after the VTE, and the 3-month cumulative
incidences of MBwere 2.2%, 2.5%, and 6.8% for patients in the
lower, middle, and upper categories of D-dimer, respectively
(►Fig. 1B). At 12 months the cumulative incidences for the
lower, middle, and upper categories were 3.6%, 4.1%, and
10.8%, respectively (►Fig. 1B).

The 3-month and 12-month IRs and HRs of MB in the
overall population according to D-dimer categories are pre-
sented in►Table 3. At 12months, the crude IR ofMBwas 13.1
per 100 person-years (95% CI: 7.5–23.1) in the upper cate-
gory of D-dimer, versus 4.6 (95% CI: 2.4–8.9) and 3.8 (95% CI:
1.9–7.5) per 100 person-years in the middle and lower
categories, respectively. In the model adjusted for age, sex,
and duration of AT, patients with a D-dimer in the upper
category (�8.3 µg/mL) had a 2.6-fold higher risk of MB (HR:
2.6, 95% CI: 1.1–6.6) compared with those with a D-dimer in
the lowest category (�2.3 µg/mL). When analyses were
restricted to thefirst 3months of follow-up, the crude overall
IR of MB was 13.9 per 100 person-years (95% CI: 8.8–22.1),
and likewise the risk increased across categories of D-dimer,
with an IR in the upper category of 28.8 per 100 person-years
(95% CI: 13.7–60.4). Exclusion of patients who received
thrombolytic therapy (n ¼ 31) yielded similar results as
the main analyses (►Supplementary Table S2). The general-
ized additive regression plot revealed that the risk of MB
started to increase at D-dimer levels >7.0 µg/mL (►Fig. 2).

Stratification according to specific subgroups (provoked,
unprovoked, DVT, and PE) revealed that the association
between D-dimer and MB was particularly pronounced
among patients with DVTs and provoked events. In age-,
sex-, and duration of AT-adjusted models, the HRs of MB
according to D-dimer �8.3 versus �2.3 µg/mL were 4.6 (95%
CI: 1.3–16.2) for patients with DVT and 4.2 (95% CI: 1.0–16.8)
for those with provoked VTE (►Table 4). In contrast, a D-
dimer �8.3 µg/mL was associated with a marginally
increased risk of MB in patients with PE (HR: 1.7, 95% CI:

Table 2 Sites of major bleeding (MB) in patients with venous
thromboembolism

Bleeding site MB, % (n)

Intramuscular/compartment syndrome 27.6 (8)

Gastrointestinal 27.6 (8)

Intracranial 17.2 (5)

Urogenital 13.8 (4)

Othera 13.8 (4)

aOther sites of MB included pericardial, retroperitoneal, and subcutaneous
(hematoma).

Fig. 1 One year cumulative incidence of major bleeding by categories of D-dimer estimated by 1-Kaplan–Meier (A) and in the presence of death
as competing event (B).
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0.4–6.9) or unprovoked events (HR: 1.5, 95% CI: 0.4–5.9), but
the results were not statistically significant. As in the overall
analyses (►Table 3), the results were only slightly attenuated
in the competing risk model (►Table 4), as demonstrated by
the SHRs.

Among the 29 MB events, only one case occurred after the
preplanned treatment length. Sensitivity analyses restricted to
the timeonanticoagulant treatment showedessentially similar
results (►Supplementary Table S3 and ►Supplementary

Fig. S1).

Discussion

In this population-based cohort study of patients with a first
lifetime community-acquired VTE, we found that patients
with high D-dimer levels (�8.3 µg/mL) had 2.6-fold higher
risk of a MB during the 1 year of follow-up compared with
those with D-dimer levels �2.3 µg/mL. The risk of MB was
highest during the first fewmonths after the VTE. In patients

with high D-dimer, the 3-month cumulative incidence of MB
was 6.8%, whereas the cumulative incidence for the entire
12-month follow-up was 10.8%. The risk of MB among
patients with D-dimer �8.3 µg/mL was especially high for
those with DVTs and provoked events. Our findings suggest
that a highD-dimer value at VTE diagnosis identifies patients
at increased risk of MB events, particularly in the initial
phase of anticoagulant treatment.

In the present study, the overall 1-year IR of MB was 5.7
per 100 person-years, which is comparable to previously
reported rates of MB in patients treated with warfarin.34

Consistent with previous data,2 we found that the IR of MB
was notably high during the first 3 months after VTE,
especially in those with high D-dimer (28.8 MBs per 100
person-years). Possible explanations for the initially high
bleeding risk may include overanticoagulation due to the
wide intra- and interindividual variability in the dose-
requirements in patients treated with vitamin K antagonists
(VKAs),35,36 and the initial administration of concomitant
lowmolecular weight heparin. Furthermore, patients with a
bleeding predisposition are more likely to experience a MB
early after initiation of AT.3

Our results are consistent with previous studies on atrial
fibrillation,37,38 such as the ARISTOTLE-trial,37 where
patientswith a D-dimer�1,123 µg/L had a twofold increased
risk of MB compared with those with a D-dimer <423 µg/L.
To date, only a few studies, with substantial differences in
designs and sample sizes, have examined the association of
D-dimer with risk of MB in VTE patients.22,23 In line with our
results, a study of 1,707 PE patients from the RIETE-registry
found that a D-dimer �4.2 µg/mL was associated with
increased risk of MB within 15 days of PE diagnosis.23 In a
study comprising 719 patients treated with VKA for at least
2 months before inclusion, of whom only 11% had VTE, Lind
et al found that high D-dimer levels, measured during AT,
were associated with increased risk of MB.22 To the best of
our knowledge, the present study is the first to provide data
on the association between D-dimer and risk of MB in a
cohort of community-acquired VTE, encompassing both DVT
and PE, without active cancer at the time of VTE diagnosis.

Table 3 Incidence rates (IRs) and risk of major bleeding (MB) by categories of D-dimer at 12 and 3 months of follow-up after
incident venous thromboembolism

12 mo (D-dimer, µg/mL) MB IR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

Q1–2 �2.3 8 3.8 (1.9–7.5) Ref. Ref. Ref.

Q3–4 2.4–8.2 9 4.6 (2.4–8.9) 1.1 (0.4–2.9) 1.1 (0.4–2.8) 1.0 (0.4–2.6)

Q5 �8.3 12 13.1 (7.5–23.1) 2.9 (1.1–7.1) 2.6 (1.1–6.6) 2.5 (1.0–6.3)

3 mo

Q1–2 �2.3 5 9.3 (3.9–22.4) Ref. Ref. Ref.

Q3–4 2.4–8.2 6 11.7 (5.3–26.1) 1.2 (0.4–3.9) 1.2 (0.4–3.9) 1.2 (0.4–3.8)

Q5 �8.3 7 28.8 (13.7–60.4) 2.6 (0.8–8.4) 2.6 (0.8–8.6) 2.5 (0.7–8.8)

Abbreviations: CI, confidence interval; HR, hazard ratio; mo, months; SHR, subdistribution hazard ratio.
aPer 100 person-years.
bAdjusted for age and sex.
cAdjusted for age, sex, and planned duration of anticoagulation. SHR denotes the HR after taking competing risk by death into account.

Fig. 2 The risk of major bleeding (MB) as a function of D-dimer
adjusted for age, sex, and planned treatment duration in a generalized
additive regression model. The solid line shows hazard ratios (HRs),
enclosed by shaded area showing 95% confidence intervals. The
distribution of D-dimer is shown as density plots at the bottom, and in
quintiles at the vertical lines.
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In our study, the risk of MB in patients with high D-dimer
levels was most pronounced among those with provoked
events. It is reasonable to assume an overestimation of the
MB risk for comorbidities with high mortality rates.33,39,40

However, the risk estimates for MB remained essentially
similar when the competing risk of death was taken into
account. Hence, our findings suggest that the association
between high D-dimer and MB risk in subjects with provoked
VTE could not be explained by an overestimation due to high
mortality rates. Still, other medical conditions associatedwith
increased riskofprovokedDVT,butnotnecessarilywithhigher
mortality within the first year after an incident VTE, could be
relevant for the association between D-dimer and MB.29,41

Several studies have shown that elevated D-dimer is asso-
ciated with increased risk of recurrence in patients with
unprovoked VTE.18,19 Using data from the Tromsø study, we
recently reported that a low D-dimer (�1.5 µg/mL), measured
at first VTE diagnosis, was associated with a low recurrence
risk, particularly among patients with DVTs and unprovoked
events.31 In the present study, we found that a high D-dimer,
also measured at VTE diagnosis, was associated with risk of
MB. Intuitively, for the purpose ofdiscriminating betweenVTE
patients at high risk of either MB or recurrent VTE, such a
predictive factor may appear noninformative, as D-dimer is
associated in the same direction for both outcomes. However,
the risk of MB and recurrence seemed to be most pronounced
in different parts of the spectrum of D-dimer values. Only the
very high levels of D-dimer (>7.0 µg/mL) were predictive of
MB, whereas the recurrence risk did not further increase for
D-dimer levels>1.5 µg/mL (threshold effect).31Moreover, the
risk of MB and recurrence displayed different patterns in

cumulative incidence curves. For recurrence, the risk gradually
increased over years in patientswith a D-dimer�1.5 µg/mL,31

whereas for MB, the risk rapidly increased within the first
3 months after the incident VTE in patients with a D-dimer
�8.3 µg/mL.

Our findings have potential clinical implications for the
management of VTE during anticoagulation. D-dimer may be
used as a predictive biomarker for MB to guide decisions on
duration of AT, particularly in combination with clinical pre-
dictors ofMB.13 Importantly, thismay be achievedwithout the
need for additional blood sampling or cost as D-dimer is
measured at VTE diagnosis in most patients. Given that the
absolute risk and potential to preventMB is highest during the
first fewmonths of anticoagulation, D-dimermayhave clinical
utility for the short-term management of VTE. Improved
assessment of individual bleeding risk may impact clinical
management, such as the choice of anticoagulant drug, careful
supervision of anticoagulation, prompt investigation of minor
gastrointestinal or urogenital bleeding to eliminate possible
sources of future MB, or avoidance of concomitant therapies
that may cause bleeding (e.g., antiplatelet agents and nonster-
oidal anti-inflammatory drugs).42 Moreover, after a first
unprovoked event, identification of patients at high risk of
bleeding is of utmost importance for decisions on extended
duration of AT.43 Even though we found relatively weak
associations betweenD-dimer levels and riskofMB inpatients
with unprovoked events, the potential of D-dimer as a con-
tributing building block in a prediction model in this specific
patient group remains to be determined. Finally, during the
study period, the majority of the patients in our study were
treated with VKAs, as direct oral anticoagulants (DOACs)

Table 4 Incidence rates (IRs) and risk of major bleeding (MB) by categories of D-dimer in subgroups of venous thromboembolism

DVT (n ¼ 314) (D-dimer, µg/mL) MB IR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

Q1–2 �2.3 4 3.2 (1.2–8.5) Ref. Ref. Ref.

Q3–4 2.4–8.2 6 4.9 (2.2–10.9) 1.5 (0.4–5.3) 1.1 (0.3–4.1) 1.1 (0.3–3.9)

Q5 �8.3 8 19.9 (10.0–39.8) 5.0 (1.4–17.7) 4.6 (1.3–16.2) 4.4 (1.1–18.1)

PE (n ¼ 241)

Q1–2 �2.3 4 4.5 (1.7–11.9) Ref. Ref. Ref.

Q3–4 2.4–8.2 3 3.8 (1.2–11.8) 0.8 (0.2–3.6) 0.8 (0.2–3.6) 0.8 (0.2–3.3)

Q5 �8.3 4 7.5 (2.8–20.0) 1.7 (0.4–6.8) 1.7 (0.4–6.9) 1.5 (0.3–7.8)

Unprovoked (n ¼ 342)

Q1–2 �2.3 5 3.6 (1.5–8.7) Ref. Ref. Ref.

Q3–4 2.4–8.2 5 4.1 (1.7–9.9) 1.1 (0.3–3.9) 1.1 (0.3–3.9) 1.1 (0.3–3.7)

Q5 �8.3 4 6.7 (2.5–17.8) 1.7 (0.5–6.5) 1.5 (0.4–5.9) 1.5 (0.3–6.1)

Provoked (n ¼ 213)

Q1–2 �2.3 3 3.9 (1.3–12.2) Ref. Ref. Ref.

Q3–4 2.4–8.7 4 5.0 (1.9–13.2) 1.0 (0.2–4.5) 0.8 (0.2–3.7) 0.8 (0.2–3.5)

Q5 �8.8 8 23.9 (12.0–47.8) 4.2 (1.0–16.9) 4.2 (1.0–16.8) 3.6 (0.9–14.8)

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; HR, hazard ratio; PE, pulmonary embolism; SHR, subdistribution hazard ratio.
aPer 100 person-years.
bAdjusted for age and sex.
cAdjusted for age, sex, and planned duration of anticoagulation. SHR denotes the HR after taking competing risk by death into account.
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became available for clinical practice in Norway around 2012.
Therefore, future studies are needed to confirm ifD-dimer also
is a predictive biomarker of bleeding in patients treated with
DOACs.

The inclusion of subjects derived from the general popu-
lation is among the main strengths of the present study. In
contrast, bleeding complications are often studied as a safety
outcome in randomized clinical trials, which tend to include
selected patients compared with those from population-
based studies, whose clinical characteristics more likely
reflect real-life patients. Other strengths include the pro-
spective design, complete and validated registry of VTE
events, and the exclusivity of UNN as the sole health care
provider, likely to receive all relevant MB events. The study
also has some limitations. Our results are not generalizable to
patients already hospitalized for other conditions or with
active cancer when the VTE occurred. For this patient group,
however, D-dimer may already be of limited clinical utility
given its reduced specificity in the diagnostic work-up of
VTE.27,28 Even though the UNN is the sole health care
provider within a geographically well-defined region, we
cannot rule out the unlikely possibility that a MB event was
not captured due to the retrospective collection of data. In
this study, we did not have access to information on the
actual duration of anticoagulant treatment, and we based
our adjustments on the preplanned treatment length. This
could have led to misclassification of treatment length in
some patients. Nevertheless, when we restricted our ana-
lyses to the first 3months after VTE diagnosis (i.e., the period
in which all patients would be on anticoagulant treatment),
the results were essentially similar to the overall analyses,
showing an increased risk of MB associated with a high D-
dimer value (�8.3 µg/mL). Unfortunately, we did not have
information on the concomitant use of drugs that might
affect the bleeding risk, such as the use of antiplatelet
medication. Approximately 14% of eligible patients were
excluded because of missing D-dimer values. Of these, there
were three MB events, yielding an IR of 3.5 per 100 person-
years (95% CI: 1.1–10.9), whichwas lower comparedwith the
rate of the included population. However, this ratewas based
on few MBs, and clinical characteristics were not widely
different in those with measured and missing D-dimer (data
not shown). Taken together, missing values of D-dimer was
presumably at random, and would unlikely introduce selec-
tion bias. We used two different assays to measure D-dimer
levels, which might have led to misclassification due to
varying analytical properties across D-dimer assays.44 How-
ever, the STA-Liatest, which has consistently reported excel-
lent analytical properties,45,46 was used for 93.5% of the
study population, thus limiting misclassification. Moreover,
in sensitivity analysis restricted to subjects with D-dimer
determined by the STA-Liatest, the results remained essen-
tially the same (data not shown). Finally, our results should
be interpretedwith caution due to lownumbers ofMB events
and limited statistical power, mainly in subgroup analyses.

In conclusion, our findings suggest that high levels of D-
dimer (� 8.3 µg/mL), measured at the time of first VTE
diagnosis, identify patients at increased risk of MB, particu-

larly during the first 3 months of AT. Future studies are
warranted to confirm our findings and to investigate
whether D-dimer at VTE diagnosis could improve risk stra-
tification of MB when added to existing prediction models.

Funding
K.G. Jebsen TREC is supported by an independent grant
from Stiftelsen K.G. Jebsen. The publication charges for
this article have been funded by a grant from the pub-
lication fund of UiT - The Arctic University of Norway.

Conflict of Interest
None declared.

References
1 Kearon C, Gent M, Hirsh J, et al. A comparison of three months of

anticoagulation with extended anticoagulation for a first episode
of idiopathic venous thromboembolism. N Engl J Med 1999;340
(12):901–907

2 Linkins LA, Choi PT, Douketis JD. Clinical impact of bleeding in
patients taking oral anticoagulant therapy for venous throm-
boembolism: a meta-analysis. Ann Intern Med 2003;139(11):
893–900

3 Schulman S, Beyth RJ, Kearon C, Levine MN. Hemorrhagic com-
plications of anticoagulant and thrombolytic treatment: Amer-
ican College of Chest Physicians Evidence-Based Clinical Practice
Guidelines (8th Edition). Chest 2008;133(6, Suppl):257S–298S

4 Beyer-Westendorf J, Förster K, Pannach S, et al. Rates, manage-
ment, and outcome of rivaroxaban bleeding in daily care: results
from the Dresden NOAC registry. Blood 2014;124(06):955–962

5 Ost D, Tepper J, Mihara H, Lander O, Heinzer R, Fein A. Duration of
anticoagulation following venous thromboembolism: a meta-
analysis. JAMA 2005;294(06):706–715

6 Veeger NJ, Piersma-Wichers M, Tijssen JG, Hillege HL, van der
Meer J. Individual time within target range in patients treated
with vitamin K antagonists: main determinant of quality of
anticoagulation and predictor of clinical outcome. A retrospective
study of 2300 consecutive patients with venous thromboembo-
lism. Br J Haematol 2005;128(04):513–519

7 van Es N, CoppensM, Schulman S, Middeldorp S, Büller HR. Direct
oral anticoagulants compared with vitamin K antagonists for
acute venous thromboembolism: evidence from phase 3 trials.
Blood 2014;124(12):1968–1975

8 Middeldorp S, Prins MH, Hutten BA. Duration of treatment with
vitamin K antagonists in symptomatic venous thromboembolism.
Cochrane Database Syst Rev 2014;(08):CD001367

9 CarrierM, Le Gal G,Wells PS, RodgerMA. Systematic review: case-
fatality rates of recurrent venous thromboembolism and major
bleeding events among patients treated for venous thromboem-
bolism. Ann Intern Med 2010;152(09):578–589

10 Ruíz-Giménez N, Suárez C, González R, et al; RIETE Investigators.
Predictive variables for major bleeding events in patients present-
ing with documented acute venous thromboembolism. Findings
from the RIETE Registry. Thromb Haemost 2008;100(01):26–31

11 Kuijer PM,Hutten BA, PrinsMH, Büller HR. Prediction of the riskof
bleeding during anticoagulant treatment for venous thromboem-
bolism. Arch Intern Med 1999;159(05):457–460

12 Beyth RJ, Quinn LM, Landefeld CS. Prospective evaluation of an
index for predicting the risk of major bleeding in outpatients
treated with warfarin. Am J Med 1998;105(02):91–99

13 Piovella C, Dalla Valle F, Trujillo-Santos J, et al; RIETE Investigators.
Comparison of four scores to predict major bleeding in patients
receiving anticoagulation for venous thromboembolism: findings
from the RIETE registry. Intern Emerg Med 2014;9(08):847–852

TH Open Vol. 3 No. 1/2019

D-Dimer and Risk of Major Bleeding Johnsen et al. e83



14 Scherz N, Méan M, Limacher A, et al. Prospective, multicenter
validation of prediction scores for major bleeding in elderly
patients with venous thromboembolism. J Thromb Haemost
2013;11(03):435–443

15 Kooiman J, vanHagenN, IglesiasDel Sol A, et al. TheHAS-BLEDscore
identifies patients with acute venous thromboembolism at high
risk of major bleeding complications during the first six months of
anticoagulant treatment. PLoS One 2015;10(04):e0122520

16 Klok FA, Niemann C, Dellas C, Hasenfuß G, Konstantinides S,
Lankeit M. Performance of five different bleeding-prediction
scores in patients with acute pulmonary embolism. J Thromb
Thrombolysis 2016;41(02):312–320

17 Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in
the diagnosis of suspected deep-vein thrombosis. N Engl J Med
2003;349(13):1227–1235

18 Verhovsek M, Douketis JD, Yi Q, et al. Systematic review: D-dimer
to predict recurrent disease after stopping anticoagulant therapy
for unprovoked venous thromboembolism. Ann InternMed 2008;
149(07):481–490, W94

19 Bruinstroop E, Klok FA, Van De Ree MA, Oosterwijk FL, Huisman
MV. Elevated D-dimer levels predict recurrence in patients with
idiopathic venous thromboembolism: a meta-analysis. J Thromb
Haemost 2009;7(04):611–618

20 Carr JM, McKinney M, McDonagh J. Diagnosis of disseminated
intravascular coagulation. Role of D-dimer. Am J Clin Pathol 1989;
91(03):280–287

21 Suzuki T, Distante A, Zizza A, et al; IRAD-Bio Investigators.
Diagnosis of acute aortic dissection by D-dimer: the International
Registry of Acute Aortic Dissection Substudy on Biomarkers
(IRAD-Bio) experience. Circulation 2009;119(20):2702–2707

22 LindM, BomanK, Johansson L, NilssonTK, Järvholm LS, Jansson JH.
D-dimer predicts major bleeding, cardiovascular events and all-
cause mortality during warfarin treatment. Clin Biochem 2014;
47(7–8):570–573

23 Lobo JL, Zorrilla V, Aizpuru F, et al; RIETE Investigators. D-dimer
levels and 15-day outcome in acute pulmonary embolism. Find-
ings from the RIETE Registry. J Thromb Haemost 2009;7(11):
1795–1801

24 Righini M, Perrier A, DeMoerloose P, Bounameaux H. D-Dimer for
venous thromboembolism diagnosis: 20 years later. J Thromb
Haemost 2008;6(07):1059–1071

25 Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njølstad I.
Cohort profile: the Tromso Study. Int J Epidemiol 2012;41(04):
961–967

26 Braekkan SK, Mathiesen EB, Njølstad I, Wilsgaard T, Størmer J,
Hansen JB. Family history of myocardial infarction is an indepen-
dent risk factor for venous thromboembolism: the Tromsø study.
J Thromb Haemost 2008;6(11):1851–1857

27 Miron MJ, Perrier A, Bounameaux H, et al. Contribution of non-
invasive evaluation to the diagnosis of pulmonary embolism in
hospitalized patients. Eur Respir J 1999;13(06):1365–1370

28 Lee AY, Julian JA, Levine MN, et al. Clinical utility of a rapidwhole-
blood D-dimer assay in patients with cancer who present with
suspected acute deep venous thrombosis. Ann Intern Med 1999;
131(06):417–423

29 Lippi G, Bonfanti L, Saccenti C, Cervellin G. Causes of elevated D-
dimer in patients admitted to a large urban emergency depart-
ment. Eur J Intern Med 2014;25(01):45–48

30 Schulman S, Kearon C; Subcommittee on Control of Anticoagula-
tion of the Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis. Definition
of major bleeding in clinical investigations of antihemostatic
medicinal products in non-surgical patients. J Thromb Haemost
2005;3(04):692–694

31 Bjøri E, Johnsen HS, Hansen JB, Braekkan SK. D-dimer at venous
thrombosis diagnosis is associated with risk of recurrence.
J Thromb Haemost 2017;15(05):917–924

32 Di Castelnuovo A, de Curtis A, Costanzo S, et al; MOLI-SANI Project
Investigators. Association of D-dimer levels with all-cause mor-
tality in a healthy adult population: findings from the MOLI-SANI
study. Haematologica 2013;98(09):1476–1480

33 Andersen PK, Geskus RB, de Witte T, Putter H. Competing risks in
epidemiology: possibilities and pitfalls. Int J Epidemiol 2012;41
(03):861–870

34 Khan F, Datta YH. Risk of bleeding during long-term anticoagula-
tion with warfarin: a tertiary care center experience. Blood
Coagul Fibrinolysis 2015;26(01):110–112

35 Sconce EA, Khan TI, Wynne HA, et al. The impact of CYP2C9 and
VKORC1 genetic polymorphism and patient characteristics upon
warfarin dose requirements: proposal for a new dosing regimen.
Blood 2005;106(07):2329–2333

36 Franchini M, Mengoli C, Cruciani M, Bonfanti C, Mannucci PM.
Effects on bleeding complications of pharmacogenetic testing for
initial dosing of vitamin K antagonists: a systematic review and
meta-analysis. J Thromb Haemost 2014;12(09):1480–1487

37 Christersson C, Wallentin L, Andersson U, et al. D-dimer and risk
of thromboembolic and bleeding events in patients with atrial
fibrillation–observations from the ARISTOTLE trial. J Thromb
Haemost 2014;12(09):1401–1412

38 Siegbahn A, Oldgren J, Andersson U, et al. D-dimer and factor VIIa
in atrial fibrillation - prognostic values for cardiovascular events
and effects of anticoagulation therapy. A RE-LY substudy. Thromb
Haemost 2016;115(05):921–930

39 Ay C, Posch F, Kaider A, Zielinski C, Pabinger I. Estimating risk of
venous thromboembolism in patientswith cancer in the presence
of competingmortality. J ThrombHaemost 2015;13(03):390–397

40 Lau B, Cole SR, Gange SJ. Competing risk regression models for
epidemiologic data. Am J Epidemiol 2009;170(02):244–256

41 Monreal M, Kakkar AK, Caprini JA, et al; RIETE Investigators. The
outcome after treatment of venous thromboembolism is different
in surgical and acutely ill medical patients. Findings from the
RIETE registry. J Thromb Haemost 2004;2(11):1892–1898

42 Schulman S. Tossing a coin or using common sense. J Thromb
Haemost 2013;11(03):432–434

43 Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE
disease: CHEST guideline and expert panel report. Chest 2016;
149(02):315–352

44 Dempfle CE. D-dimer testing and venous thromboembolism: four
view points. J Thromb Haemost 2005;3(02):377–379

45 Ghanima W, Abdelnoor M, Mowinckel MC, Sandset PM. The
performance of STA-Liatest D-dimer assay in out-patients with
suspected pulmonary embolism. Br J Haematol 2006;132(02):
210–215

46 Waser G, Kathriner S, Wuillemin WA. Performance of the auto-
mated and rapid STA Liatest D-dimer on the STA-R analyzer.
Thromb Res 2005;116(02):165–170

TH Open Vol. 3 No. 1/2019

D-Dimer and Risk of Major Bleeding Johnsen et al.e84



Supplementary Table S1 Baseline characteristics of the
overall population

Number of patients 555

Age (y), mean � SD 66 � 15

Sex (males) 50.0 (278)

Previous stroke 5.8 (32)

Thrombolytic therapy 6.6 (31)

Duration of anticoagulation

� 3 mo 18.7 (104)

> 3 including 6 mo 44.3 (246)

> 6 including 12 mo 27.8 (154)

> 12 mo 9.2 (51)

VTE characteristics

DVT 56.6 (314)

PE � DVT 43.4 (241)

Unprovoked 61.6 (342)

Provoked 38.4 (213)

Trauma 11.0 (61)

Surgery 13.0 (72)

Acute medical condition 7.6 (42)

Confined to bed >3 days 2.0 (11)

Abbreviations: DVT, deep vein thrombosis; mo, months; PE, pulmonary
embolism; SD, standard deviation.
Note: Categorical variables are shown as percentages with numbers in
brackets, % (n).

Supplementary Table S2 Incidence rates (IRs) and risk of major bleeding (MB) by categories of D-dimer after incident venous
thromboembolism, with the exclusion of patients who received thrombolytic treatment (n ¼ 31)

Overall (n ¼ 524) (D-dimer, µg/mL) MB IR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

Q1–2 �2.3 8 3.8 (1.9–7.6) Ref. Ref. Ref.

Q3–4 2.4–8.2 9 4.8 (2.5–9.2) 1.2 (0.4–3.0) 1.1 (0.4–3.0) 1.1 (0.4–2.8)

Q5 �8.3 10 11.8 (6.4–22.0) 2.6 (1.0–6.7) 2.4 (0.9–6.3) 2.2 (0.8–6.0)

Abbreviations: CI, confidence interval; HR, hazard ratio; SHR, subdistribution hazard ratio.
aPer 100 person-years.
bAdjusted for age and sex.
cAdjusted for age, sex, and planned duration of anticoagulation.

Supplementary Table S3 Incidence rates (IRs) and risk of major bleeding (MB) by categories of D-dimer with follow-up restricted
to time on anticoagulant therapy

(D-dimer, µg/mL) MB IR (95% CI)a HR (95% CI)b SHR (95% CI)b

Q1–2 �2.3 7 5.7 (2.7–12.1) Ref. Ref.

Q3–4 2.4–8.2 9 7.2 (3.7–13.8) 1.2 (0.4–3.3) 1.2 (0.5–3.2)

Q5 �8.3 12 17.8 (10.1–31.4) 2.9 (1.1–7.4) 2.7 (1.0–7.1)

Abbreviations: CI, confidence intervals; HR, hazard ratio; SHR, subdistribution hazard ratio.
Note: Time on anticoagulant therapy was determined according to the planned duration of anticoagulation described in the medical records at
venous thromboembolism diagnosis.
aPer 100 person-years.
bAdjusted for age and sex.

Supplementary Fig. S1 One year cumulative incidence of major
bleeding by categories of D-dimer estimated by 1-Kaplan–Meier with
follow-up restricted to time on anticoagulant therapy.
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Platelet count and risk of major bleeding in venous thromboembolism
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1K.G Jebsen – Thrombosis Research and Expertise Center (TREC), Department of Clinical Medicine, UiT the Arctic University of Norway, Tromsø, Norway
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Abstract

The relationship between platelet count and risk of major bleeding in patients with venous
thromboembolism (VTE) during anticoagulation remains unclear. We therefore investigated the
association between platelet count, measured at VTE diagnosis and before the thrombotic
event, and risk of major bleeding. Participants comprised 744 patients with incident VTE
derived from the Tromsø Study. Major bleedings were recorded during the first year after
VTE. Cox-regression was used to calculate hazard ratios (HRs) for major bleeding across platelet
count quartiles.
There were 55 major bleedings (incidence rate 9.1/100 person-years, 95% confidence interval
[CI] 7.0–11.8). The major bleeding risk increased across quartiles of platelet count measured at
VTE diagnosis (P for trend<0.02). In the age- and sex-adjusted model, subjects with platelet
count in the highest quartile (≥300x109/L) had a 4.3-fold (95% CI 1.7–10.9) higher risk of major
bleeding compared to those with platelet count in the lowest quartile (≤192x109/L), and
exclusion of patients with cancer yielded similar results. When platelet count was measured
on average 7 years before a VTE, the corresponding HR was 2.5 (95% CI 0.9–6.7). Our results
suggest that increasing platelet count, assessed several years before and at VTE diagnosis, is
associated with a higher risk of major bleeding, and could be a stable individual marker of
major bleeding risk in VTE-patients.
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Introduction

Major bleeding events are feared and severe complications of
anticoagulant therapy associated with high costs, morbidity
and mortality in the treatment of venous thromboembolism
(VTE) [1–4]. Depending on type, intensity and duration of
anticoagulation, major bleeding has been reported to occur
annually in 3 to 9 per 100 person-years in non-interventional
studies of VTE patients [5–7]. The assessment of major
bleeding risk is essential to guide decisions regarding treat-
ment duration in unprovoked VTE [3]. Furthermore, an accu-
rate risk stratification of major bleeding may identify patients
at high risk of bleeding, who would benefit from targeted
preventive measures during the initial period of anticoagulant
treatment. Known risk factors for major bleeding are predo-
minantly of clinical nature, such as advanced age, active
cancer and co-morbidities, which display only modest discri-
minatory ability when combined in risk assessment models
for major bleeding risk [8–10]. The addition of biomarkers to
clinical risk factors and age improved prediction of major

bleeding in patients with atrial fibrillation in the ABC-model
[11]. Therefore, biomarkers could be promising candidates to
improve discrimination between those at high and low risk of
major bleeding during anticoagulant treatment in VTE.

Platelets are potential attractive biomarkers for bleeding given
their crucial role in hemostasis [12], and the fact that measure-
ment of platelet count is inexpensive and easily obtainable.
However, the relationship between platelet count and risk of
major bleeding in VTE patients remains unclear. For instance,
previous data have shown that both low and high platelet counts
were associated with increased risk of major bleeding in VTE
patients [13,14]. Elucidating the role of platelet count in the risk
of major bleeding may be challenging, as several conditions
associated with VTE can affect platelet count but also increase
the bleeding risk during anticoagulation, such as cancer, liver
disease, major surgery, and trauma [3,15–18]. It is noteworthy
that even though environmental factors influence platelet count,
genetics largely contribute to variation in platelet-related pheno-
types [19]. Indeed, family and twin studies indicate a high herit-
ability of platelet count and indices related to platelet size,
including mean platelet volume (MPV) [19–21]. Moreover, the
intra-individual variation in platelet count has been shown to be
substantially less than the inter-individual variation in healthy
subjects [22]. In light of available data, platelet count appears to
be a stable phenotype within an individual over time.

As a potentially stable phenotype, an individual’s platelet
count could influence the predisposition to bleeding during expo-
sure to anticoagulant therapy. In order to clarify the association of
platelet count with risk of major bleeding in VTE patients under
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anticoagulant treatment, we hypothesized that platelet count mea-
sured at the time of VTE diagnosis and several years before the
thrombotic event were both associated with major bleeding. To
address our study hypothesis, we investigated the association
between platelet count, measured at VTE diagnosis, and risk of
major bleeding during the first year after an incident VTE. Then,
using the same study population, we explored whether platelet
count assessed several years prior to the incident VTE was asso-
ciated with major bleeding.

Methods

Study Population

Study participants originated from the fourth (1994–95), fifth
(2001–02) and sixth (2007–08) surveys of the Tromsø study,
a single-center, population-based cohort in Tromsø, Norway
[23]. Members of the population living in the municipality of
Tromsø were invited to participate in the surveys, and altogether

30 371 unique individuals aged 25–97 years participated.
Identification and subsequent adjudication of potential VTE
cases from the source population have been previously described
in detail [24]. In short, potential VTE cases were identified by
searching the hospital discharge diagnosis registry, the autopsy
registry, and the radiology procedure registry at the University
hospital of North Norway (UNN). Identified cases were adjudi-
cated by trained personnel and only included when signs and
symptoms of deep vein thrombosis (DVT) or pulmonary embo-
lism (PE) were combined with objective confirmation by radiolo-
gical procedures that resulted in a VTE diagnosis requiring
treatment. The study was approved by the Regional Committee
of Research and Medical Health Ethics, and all study participants
provided informed written consent.

From the date of inclusion in one of the three surveys until
December 31 2016, a total of 918 participants developed an
incident VTE (Figure 1). Seventeen participants who died on
the same day of their VTE diagnosis were excluded, leaving
901 eligible study participants. Among these, 29 participants did

Figure 1. Flowchart illustrating the composition of the study population. VTE, venous thromboembolism.
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not have any measurement of platelet count. Of the remaining 872
participants, 17 had missing platelet count values at Tromsø study
enrollment and 111 at VTE diagnosis and were therefore
excluded. The resulting study population consisted of 744 VTE
cases with available platelet count measurement at Tromsø study
enrollment and VTE diagnosis (Figure 1).

Clinical Characteristics of VTE Events

Medical records were searched at time of and 12 weeks preceding
the VTE diagnosis for clinical information on VTE characteristics
and provoking factors. Factors that classified the VTE event as
provoked were major surgery, trauma or acute medical conditions
(acute myocardial infarction, ischemic stroke, or major infectious
disease) within 12 weeks prior to VTE event, marked immobiliza-
tion (confined to bed >3 days, wheel-chair, or long-distance travel
exceeding 4 hours within the last 14 days prior to VTE event), or any
other factor(s) specifically described in the medical records to have
provoked the VTE (e.g. intravascular catheter or plaster cast).
Presence of known active cancer at the time of VTE diagnosis was
regarded as a provoked VTE. In the case of a concurrent DVT and
PE diagnosis, the VTE event was classified as a PE.

The presence of comorbidities, such as hypertension, renal dys-
function, and anemia, was assessed in medical records of VTE
patients. A systolic blood pressure above 160 mmHg defined hyper-
tension. The estimated glomerular filtration rate (eGFR) was calcu-
lated with the chronic kidney disease epidemiology collaboration
equation based on creatinine levels, age, gender and race [25].
Anemia was defined as a hemoglobin level below 11.5 g/dL for
women and below 13.0 g/dL for men at VTE diagnosis. A history of
bleeding was recorded if a previous bleeding event was specifically
noted in the medical records of VTE cases.

To account for type and duration of VTE treatment, we con-
sidered the planned treatment (i.e. heparin, vitamin k antagonist
[VKA] or direct oral anticoagulant) and duration of anticoagula-
tion that were stated by the attending physicians in the medical
records at the time of VTE diagnosis. Duration of anticoagulant
therapy was categorized into 3, 6, 12, and more than 12 months,
as previously described [26].

Platelet Count Measurements

Measurement of platelet-related phenotypes at Tromsø study enroll-
ment, i.e. platelet count and MPV, has previously been described
elsewhere [24]. Briefly, non-fasting blood samples were collected
from an antecubital vein into 5-mL vacutainers containing EDTA as
an anticoagulant (K3- EDTA 40 µL, 0.37 mol/L per tube), and
analyzed within 12 hours in an automated blood cell counter
(Coulter Counter®, Coulter Electronics, Luton, UK). For the platelet
count measurement at VTE diagnosis, we considered the first blood
sample drawn for the diagnostic work-up of VTE, as described in the
medical records of each VTE patient at the UNN. According to the
protocol of the Department of Clinical Chemistry at the UNN, blood
samples were collected in vacutainers containing EDTA.

Major Bleeding Events

The medical records for all study participants were searched for
bleeding events during the 365 days following the VTE at the UNN.
All second-line care and advanced emergency medicine, such as
transfusion of blood products, is exclusively provided by the UNN.
The UNN is situated in the middle of Tromsø municipality, with
a vicinity of approximately 250 km to the nearest hospital providing
comparable health-care functions. Two reviewers (trained medical
personnel from the UNN) adjudicated the bleeding events indepen-
dently in accordance with the criteria proposed by the International

Society on Thrombosis and Hemostasis (ISTH) [27]. In short,
a bleeding event that was fatal, and/or symptomatic in a critical area
or organ, and/or requiring blood transfusion of≥2 units ofwhole blood
or red blood cells or causing a fall in hemoglobin level of≥20 g/L, was
considered major. In case of disagreement, the event was discussed in
an endpoint committee (HSJ and JBH) to reach consensus.

Statistical Analyses

Subjects were followed from the date of their first VTE to the
date of an incident major bleeding, death, migration, or end of
follow-up (i.e. 365 days after the first VTE), whichever came
first. Subjects who died or migrated out of the municipality of
Tromsø were censored at the time of the respective event.
Statistical analyses were performed with STATA version 15.0
MP (Stata Corp. College Station, Texas, United States).

Platelet count was divided into quartiles based on platelet
count distribution measured at VTE diagnosis, and the first quar-
tile was set as the reference. Crude incidence rates (IRs) with 95%
confidence intervals (CIs) of major bleeding were calculated
across quartiles of platelet count and expressed as number of
events per 100 person-years at risk. Cox proportional hazards
regression models were used to estimate hazard ratios (HRs)
with 95% CIs for major bleeding. HRs were adjusted for age
and sex in a first model, with the addition of body mass index
(BMI) and planned duration of anticoagulation therapy to
a second model. Risk estimates were adjusted for treatment dura-
tion because knowledge of platelet count at VTE diagnosis might
have influenced the decision on preplanned treatment length. In
a final fully adjusted model, we included surgery, acute medical
conditions, eGFR, hypertension, history of bleeding and anemia.
The proportional hazards assumption was assessed by evaluating
the parallelism of the log-log survivor function across quartiles of
platelet count, and tested using Schoenfeld residuals. In order to
assess potential non-linearity between platelet count and major
bleeding risk, the association was visualized by a generalized
additive regression plot using R version 3.6.1. Platelet count
was modeled with a smoothing spline fit in a Cox model adjusted
for age, sex, BMI and planned duration of treatment.

The risk of death has been reported to be higher in elderly with
high and low platelet counts compared to those with a normal
platelet count [28]. We therefore additionally performed compet-
ing risk by death analyses and calculated the sub-distribution
hazard ratios (SHRs) to limit overestimation of the relative risk
differences of major bleeding between platelet count categories
[29]. The 1-year cumulative incidences of major bleeding across
platelet count quartiles were visualized in traditional one minus
Kaplan-Meier (1-KM) plots and in cumulative incidence function
plots corrected for competing risk by death.

In addition to possible chemotherapy-induced thrombocytope-
nia, cancer has the potential to induce thrombocytosis [17].
Cancer is also a well-known risk factor for bleeding during antic-
oagulation in VTE [3], and we therefore conducted a sensitivity
analysis excluding all patients with active cancer at VTE diag-
nosis. Using a similar rationale, we stratified analyses according
to provoking status, as cases with provoked VTE are more likely
to be exposed to factors that may affect platelet count and risk of
major bleeding, such as major surgery and trauma [3,18].

Platelet count measured at Tromsø study enrollment was cate-
gorized using the same cutoff values as for platelet count at VTE
diagnosis. HRs for major bleeding were adjusted for age and sex
in a first model, and BMI was added to a second model. It is well
established, and previously shown in the Tromsø study [24], that
platelet count is negatively correlated with MPV, an indice of
platelet size. Platelet size is regarded as a marker of platelet
function, with studies showing that large platelets are more

DOI: https://doi.org/10.1080/09537104.2020.1769052 Platelet count and bleeding risk 3



reactive and adhere and aggregate faster ex vivo than small plate-
lets [30,31]. Therefore, differences in platelets size could poten-
tially explain the association between platelet count and major
bleeding. In order to investigate the potential of platelet size,
measured as MPV, to mediate the association between platelet
count and major bleeding, we further adjusted HRs for MPV
measured at Tromsø study enrollment.

Results

Baseline characteristics across quartiles of platelet count mea-
sured at VTE diagnosis are presented in Table I. The mean age
and proportion of male subjects decreased across increasing
quartiles of platelet count. Subjects in the highest quartile were
more likely to have anemia, active cancer, provoked VTE, recent
surgery and acute medical conditions compared to those in the
lower quartiles. The planned treatment type and duration of antic-
oagulant therapy did not appear to vary in any consistent manner
across quartiles of platelet count.

Among the 744 patients with incident VTE, there were 55
major bleeding events within 1 year of VTE diagnosis during
605 person-years (IR 9.1 per 100 person-years, 95% CI 7.0–11.8),
with a median time from VTE events to major bleeding of
35 days (interquartile range [IQR] 11–183 days). Major bleeding

characteristics and classification according to ISTH criteria are
presented in Supplemental Table I. Three bleeding events were
fatal (within 1 week), and 40% of the major bleedings were
symptomatic in critical areas or organs.

The crude IRs and relative risks for major bleeding according to
quartiles of platelet count measured at VTE diagnosis are presented
in Table II. IRs for major bleeding increased across quartiles of
platelet count, from 3.8 per 100 person-years (95% CI 1.7–8.6) in
the lowest category (≤192 x109/L) to 12.8 per 100 person-years
(95% CI 8.1–20.3) in the highest category (≥300 x109/L). Likewise,
in the age- and sex-adjusted model, HRs for major bleeding
increased with increasing platelet count in a dose-response fashion.
Compared to the first quartile, HRs for major bleeding were 2.7
(95% CI 1.0–6.9), 3.1 (95% CI 1.2–8.0) and 4.3 (95% CI 1.7–10.9)
for quartiles 2 to 4, respectively. Further adjustment for BMI and
planned duration of anticoagulant treatment yielded essentially simi-
lar results (Table II). With additional adjustments for surgery, acute
medical conditions, eGFR, hypertension, history of bleeding and
anemia, the risk estimates were somewhat attenuated, with an HR of
3.4 (95%CI 1.3–8.8) for the highest vs. the lowest quartile of platelet
count, with virtually no changes in risk estimates after taking the
presence of death as competing event (HR 3.2, 95% CI 1.2–8.6). In
all models of the overall population, there was a trend (P for trend
≤0.02) for increased risk ofmajor bleeding by increasing quartiles of

Table I. Baseline characteristics according to quartiles of platelet count measured at venous thromboembolism diagnosis.

Quartiles of platelet count (109/L)

≤192 (n = 192)
193–239
(n = 192)

240–299
(n = 174) ≥300 (n = 186)

Age (years), mean±SD 71 ± 12 70 ± 13 70 ± 13 66 ± 14
Sex, males 61 (117) 51 (98) 42 (73) 40 (75)
BMIa (kg/m2), mean±SD 27.2 ± 4.4 27.6 ± 4.3 27.7 ± 4.9 27.2 ± 5.0
Hypertensionb 18 (34) 18 (35) 22 (38) 12 (23)
eGFR (ml/min/1.732), mean±SD 67.1 ± 24.4 70.7 ± 22.8 73.6 ± 23.1 78.6±24.5
Previous stroke 8 (15) 6 (11) 8 (14) 9 (16)
History of bleedingc 4 (8) 6 (11) 4 (7) 9 (17)
Anemiad 36 (69) 26 (49) 29 (51) 47 (87)
Active cancere 26 (49) 19 (36) 21 (37) 31 (57)
VTE characteristics
DVT 55 (106) 58 (111) 62 (108) 56 (105)
PE ± DVT 45 (86) 42 (81) 38 (66) 44 (81)
Unprovoked 47 (91) 44 (85) 47 (82) 33 (61)
Provoked 53 (101) 56 (107) 53 (92) 67 (125)
Trauma 9 (18) 8 (16) 9 (15) 9 (17)
Surgery 10 (20) 12 (23) 16 (28) 21 (39)
Acute medical conditionsf 11 (21) 12 (23) 9 (16) 19 (35)
Immobilizationg 24 (47) 24 (46) 18 (31) 20 (38)
Initial thrombolytic therapy 7 (13) 4 (8) 4 (7) 4 (7)
Planned treatment type
Heparinh 21 (40) 18 (34) 16 (28) 23 (43)
Heparinh and VKA 63 (120) 71 (136) 68 (118) 61 (114)
DOAC 6 (11) 3 (6) 7 (13) 6 (12)
Planned duration of anticoagulation
≤3 months 19 (36) 23 (45) 26 (46) 30 (55)
>3 including 6 months 39 (75) 42 (80) 37 (64) 28 (52)
>6 including 12 months 29 (56) 26 (49) 24 (42) 27 (51)
>12 months 13 (25) 9 (18) 13 (22) 15 (28)

Categorical variables are shown as percentages with numbers in brackets, % (n).
SD, standard deviation; BMI, body mass index; VKA, vitamin K antagonist; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; PE,
pulmonary embolism; eGFR, estimated glomerular filtration rate.

aBMI was calculated as weight in kilograms divided by the square of height in meters (kg/m2) in the Tromsø study.
bSystolic blood pressure >160 mmHg.
cA history of bleeding was present if a previous bleeding event was specifically noted in the medical records of VTE cases.
dhemoglobin <11.5 g/dL for women and <13.0 g/dL for men.
eActive cancer at the time of VTE diagnosis.
fAcute myocardial infarction, ischemic stroke or major infectious disease within 12 weeks prior to VTE.
gConfined to bed >3 days, wheel-chair, or long-distance travel exceeding 4 hours within the last 14 days prior to VTE event.
hLow molecular weight heparin or unfractionated heparin.
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platelet count. In the sensitivity analysis, the risk estimates were
slightly attenuated after excluding patients with cancer, and the HRs
were 1.9 (95% CI 0.6–5.7), 1.8 (95% CI 0.5–6.1) and 2.9 (95% CI
0.9–9.5) for quartiles 2 to 4, respectively, compared to the first
quartile in the fully adjusted model (Table II). Supplemental
Table II describes the stepwise adjustment for the aforementioned
covariates for the overall population and those without cancer. In
analyses stratified according to planned type of anticoagulant, the
results did not appear to differ substantially between subjects treated
with heparins+VKAs compared to subjects treated with heparins
only, even though therewere relatively few individuals in the heparin
group (Supplemental Table III).

Figure 2a shows the risk of major bleeding as a continuous
function of platelet count. As indicated in the density plot, the
major bleeding risk increased linearly within the 25–75th percentile
range of platelet count (192–299 x 109/L). The 1-year cumulative
incidences of major bleeding across quartiles of platelet count were
estimated by 1-KM (Figure 3a), and by the cumulative incidence

function in the presence of competing risk by death (Figure 3b).
The cumulative incidences of major bleeding increased with
increasing quartiles of platelet count (Figure 3a), and the results
remained essentially similar after taking competing risk by death
into account (Figure 3b). The majority of the major bleeding events
occurred in the first 3 months after the VTE, and the 3-month
cumulative incidences of major bleeding were 1.6%, 4.3%, 5.2%
and 6.2% for quartiles 1–4, respectively (Figure 3b). Of note, in the
six major bleeding events occurring among patients in the lowest
quartile, platelet counts ranged from 123 to 181 x 109/L.

In subgroups (Table III), the HRs for major bleeding in
patients with provoked VTE were similar in quartiles 2–4 com-
pared to the reference, ranging from 3.5 (95% CI 1.0–12.7) to 4.5
(95% CI 1.3–16.0) in the age- and sex-adjusted models. For
unprovoked VTE, subjects with a platelet count in the two highest
quartiles had a 2- to 3-fold higher risk of major bleeding com-
pared to those with a platelet count in the first quartile, but CIs
were wide and included unity.

Table II. The 1-year risk of major bleeding according to quartiles of platelet count measured at venous thromboembolism diagnosis.

Quartiles of
platelet count (109/L) Major bleeding IR (95% CI) HR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

All VTE patients
≤192 6 3.8 (1.7–8.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
193–239 15 9.2 (5.6–15.3) 2.7 (1.0–6.9) 2.7 (1.0–7.0) 2.4 (0.9–6.3) 2.5 (1.0–6.5)
240–299 16 11.0 (6.7–17.9) 3.1 (1.2–8.0) 3.2 (1.2–8.2) 2.8 (1.1–7.4) 3.1 (1.2–8.0)
≥300 18 12.8 (8.1–20.3) 4.3 (1.7–10.9) 4.4 (1.7–11.2) 3.4 (1.3–8.8) 3.2 (1.2–8.6)
p for trend .002 .002 .01 .02
VTE patients without cancer
≤192 5 4.1 (1.7–9.8) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
193–239 9 6.3 (3.3–12.2) 1.9 (0.6–5.6) 2.0 (0.7–5.9) 1.8 (0.6–5.4) 1.9 (0.6–5.7)
240–299 9 7.2 (3.7–13.8) 2.0 (0.7–6.1) 2.1 (0.7–6.4) 1.6 (0.5–5.2) 1.8 (0.5–6.1)
≥300 13 11.6 (6.8–20.0) 4.0 (1.4–11.4) 4.2 (1.5–12.1) 2.8 (0.9–8.5) 2.9 (0.9–9.5)
p for trend .01 .01 .08 .09

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio.
aAdjusted for age and sex.
bAdjusted for age, sex, body mass index and planned duration of anticoagulant therapy.
cAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions (acute myocardial infarction,
ischemic stroke, or major infectious disease), estimated glomerular filtration rate, hypertension (systolic blood pressure >160 mmHg), history of
bleeding (specifically noted in the medical records of VTE cases), and anemia (hemoglobin level below 11.5 g/dL for women and below 13.0 g/dL
for men at VTE diagnosis).

SHR denotes the HR after taking competing risk by death into account.

Figure 2. The risk of major bleeding as a continuous function of platelet count measured at venous thromboembolism diagnosis (a, adjusted for age,
sex, body mass index and planned duration of anticoagulation) and at Tromsø study enrollment (b, adjusted for age, sex and body mass index) in
a generalized additive regression model. The solid line shows hazards ratios, enclosed by shaded areas indicating 95% confidence intervals. The
distribution of platelet count is shown in a density plot at the bottom, and vertical lines indicate quartile cutoffs.
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In our cohort, the median time from blood sampling in
Tromsø 4–6 to VTE diagnosis was 6.8 years (IQR 3.1–9.2).
There was a positive correlation between platelet count assessed
at Tromsø study enrollment and VTE diagnosis (Spearman’s
rho = 0.52, P < .001). Moreover, as expected, platelet count at
Tromsø study enrollment was negatively associated with MPV
(Spearman’s rho = −0.42, P < .001). As described in Table IV,
the risk of major bleeding increased with increasing platelet
count measured several years before the incident VTE. In the
age- and sex adjusted model, subjects in the highest category of
platelet count (i.e. ≥300 x 109/L) had a 2.5-fold (HR 2.5, 95%
0.9–6.7) higher risk of major bleeding after developing a VTE
compared to subjects with a platelet count in the lowest category
(i.e. ≤192 x 109/L). Risk estimates did not materially change
after adjusting for BMI, but were somehow attenuated when
MPV was added to the regression models, mainly for the highest
category of platelet count (HR 2.0, 95% CI 0.7–5.6). When the
risk of major bleeding was visualized as a function of platelet
count measured at Tromsø study enrollment, the association
displayed a pattern similar to the results for platelet count
assessed at VTE diagnosis (Figure 2b).

Discussion

In this study, we found that an increasing platelet count measured
at VTE diagnosis was associated with a higher risk of major
bleeding in a dose-response fashion during the first year after

the VTE. Exclusion of patients with active cancer and subgroup
analyses stratified by provoked and unprovoked VTE yielded
similar results. When platelet count was measured in the same
study participants several years prior to the development of the
incident VTE, an increasing platelet count was also associated
with a higher risk of major bleeding. Our results suggest that
platelet count is a stable phenotype within an individual over time
that may influence the susceptibility to bleeding during antic-
oagulant treatment after a VTE.

In our study of patients derived from the general population,
the overall major bleeding rate of 9.1 per 100 person-years was
considerably higher than the rate of about 1.0 per 100 person-
years found in randomized controlled trials (RCTs) involving
VTE patients [32]. However, unselected patients derived from
the general population have more often serious comorbidities
and are managed under less intensive surveillance as compared
to patients selected into RCTs. In addition, RCTs evaluating the
efficacy and safety of anticoagulants are more likely to exclude
patients with a bleeding predisposition. Notably, 24% of our
patients had active cancer at the time of VTE diagnosis, which
is an established risk factor for bleeding during anticoagulation
[3]. Our rate of major bleeding is in agreement with a prospective
cohort comprising 842 VTE patients treated with anticoagulant
therapy in the community [33]. In this study, the rate of major
bleeding was 10.6 per 100 person-years, and it was particularly
high in analysis restricted to VTE patients with cancer (15.7 per
100 person-year). Another clinically relevant finding in our study
was the fact that the median time from incident VTE to major
bleeding was 35 days, with the majority of the major bleeding
events occurring within the first 3 months after VTE. These
results are consistent with previous data [1] and underscore the
concept that patients with an underlying predisposition to bleed-
ing are more likely to develop a major bleeding shortly after
initiation of anticoagulant therapy.

To the best of our knowledge, we are the first to investigate the
association of platelet count, measured within the same subjects
prior to and at VTE diagnosis, with risk of major bleeding. A few
previous studies have explored the relationship between platelet
count and major bleeding in VTE [13,14,34]. In a study compris-
ing 3012 VTE patients, Yamashita et al. assessed the influence of
platelet count at VTE diagnosis on the risk of major bleeding
[34], and reported a higher risk of major bleeding in patients with
a moderate to severe thrombocytopenia (<100 x 109/L) compared
to those with no thrombocytopenia (>150 x 109/L). Apparently,
these findings are in contrast with our results. However, the study
by Yamashita et al. is not necessarily comparable to the present
study. For example, the platelet count cutoffs were determined
according to clinical preferences in their study (i.e. 100 x 109/L
and 150 x 109/L) and these cutoffs are included within the lowest
quartile in our analyses. Furthermore, the authors did not treat
death as a competing risk in their analyses, which could have led
to an overestimation of the association between thrombocytopenia
and major bleeding. The relationship between platelet count mea-
sured at VTE diagnosis and major bleeding was also investigated
in the RIETE registry [13,14]. Di Micco et al. assessed the three-
month risk of major bleeding in 43078 VTE patients according to
categories of platelet counts ranging from <80 x 109/L to >450
x 109/L [13]. In patients with and without cancer, both the highest
(>450 x 109/L) and lowest (<80 x 109/L) categories were asso-
ciated with increased risk of major bleeding when compared to
a platelet count ranging from 150 to 300 x 109/L [13]. Similar to
our findings, Di Micco et al. found that a high platelet count was
associated with increased risk of major bleeding.

Here we found a dose-response relationship between an
increasing platelet count, assessed at VTE diagnosis, and risk of
major bleeding. Although the statistical power in sensitivity and
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Figure 3. One-year cumulative incidence of major bleeding by quartiles
of platelet count measured at venous thromboembolism diagnosis esti-
mated by 1-Kaplan-Meier (a) and in the presence of death as competing
event (b).
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subgroup analyses were limited due to the lower number of
participants, cancer or other comorbidities with high mortality
rates did not appear to substantially contribute to this relationship,
as risk estimates were only slightly attenuated after excluding
patients with active cancer and when competing risk of death
was taken into account [29]. Other comorbidities or conditions,
including surgery, acute medical conditions (acute myocardial
infarction, ischemic stroke and major infectious disease), hyper-
tension, renal function (i.e. eGFR), history of bleeding and ane-
mia appeared to partially explain the relationship, as adjustment
for these conditions had a marginal impact on the risk estimates,
with an increasing platelet count still being associated with
a higher risk of major bleeding. Moreover, a positive association
between platelet count and major bleeding risk was found not
only in patients with provoked VTE but also in those with unpro-
voked events, albeit less pronounced in the latter group with the
95% CIs of risk estimates including unity. Thus, transient factors
related to provoked VTEs that can induce an increase in platelet
count, like major surgery or trauma [18], did not seem to con-
tribute to a great extent to the relationship between platelet count
and major bleeding.

In the present study, a platelet count measured on average 7 years
prior to the incident VTE still showed a dose-response relationship
with major bleeding in analyses adjusted for age, sex, and BMI,
although the confidence intervals of risk estimates included unity.
When compared to the lowest quartile of platelet count, the highest
quartile was associated with a 2.5-fold (95% CI 0.9–6.8) higher risk
of major bleeding. Furthermore, the platelet count measured at VTE
diagnosis displayed a significant positive correlation with the plate-
let count measured several years before the thrombotic event. Such
findings reinforce the notion that platelet count is a stable phenotype
within an individual over time, as previously demonstrated by others
[20,22]. This notion is consistent with the high degree of heritability
reported for some platelet-related phenotypes, including platelet
count and indices of platelet size, such as MPV [19–21]. In our
study, platelet count and MPV, measured at Tromsø study enroll-
ment, showed a negative moderate correlation, and the impact of
platelet count on major bleeding risk was somehow attenuated after
adjusting for MPV. This finding suggests that differences in platelet
size could partly explain the association between platelet count and
major bleeding. Large and small platelets have been shown to sub-
stantially differ in their functional roles in the hemostatic system.

Table III. The 1-year risk of major bleeding according to quartiles of platelet count measured at venous thromboembolism diagnosis in provoked and
unprovoked cases.

Quartiles of
platelet count (109/L) Major bleeding IR (95% CI) HR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

Provoked
≤192 3 4.0 (1.3–12.5) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
193–239 13 15.8 (9.2–27.2) 4.1 (1.2–14.4) 4.3 (1.2–15.1) 3.5 (1.0–12.5) 3.8 (1.1–13.6)
240–299 10 14.0 (7.5–25.9) 3.5 (1.0–12.7) 3.7 (1.0–13.6) 3.3 (0.9–12.4) 3.6 (1.0–13.2)
≥300 13 15.4 (8.9–26.5) 4.5 (1.3–16.0) 4.7 (1.3–16.6) 3.7 (1.0–13.5) 3.4 (1.0–12.3)
p for trend .04 .04 .08 .08
Unprovoked
≤192 3 3.7 (1.2–11.4) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
193–239 2 2.5 (0.6–10.0) 0.8 (0.1–4.7) 0.8 (0.1–4.6) 0.7 (0.1–4.5) 0.7 (0.1–4.1)
240–299 6 8.1 (3.6–18.0) 2.4 (0.6–10.1) 2.3 (0.6–9.9) 1.7 (0.4–7.6) 1.8 (0.3–9.9)
≥300 5 8.9 (3.7–21.4) 3.3 (0.8–14.4) 3.3 (0.8–14.6) 2.7 (0.6–12.4) 2.7 (0.5–13.7)
p for trend .05 .05 0.1 0.2

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio.
aAdjusted for age and sex.
bAdjusted for age, sex, body mass index and planned duration of anticoagulant therapy.
cAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, estimated glomerular filtration rate, hypertension (systolic blood
pressure >160 mmHg), history of bleeding (specifically noted in the medical records of VTE cases), and anemia (hemoglobin level below 11.5 g/dL
for women and below 13.0 g/dL for men at VTE diagnosis)

SHR denotes the HR after taking competing risk by death into account.

Table IV. The 1-year risk of major bleeding in patients with venous thromboembolism according to platelet count measured at Tromsø study
enrollment.

Categories of
platelet count (109/L) Major bleeding IR (95% CI) HR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c

≤192 6 6.0 (2.7–13.3) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
193–239 18 9.3 (5.9–14.8) 1.7 (0.7–4.2) 1.7 (0.7–4.2) 1.6 (0.6–4.0) 1.5 (0.6–3.8)
240–299 19 9.7 (6.2–15.2) 1.9 (0.8–4.9) 1.9 (0.8–4.9) 1.7 (0.6–4.4) 1.6 (0.6–4.1)
≥300 12 10.5 (5.9–18.4) 2.5 (0.9–6.7) 2.5 (0.9–6.8) 2.0 (0.7–5.6) 1.9 (0.6–5.5)
p for trend .08 .07 .2 .3

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio.
aAdjusted for age and sex.
bAdjusted for age, sex and body mass index.
cAdjusted for age, sex, body mass index and mean platelet volume.
Categories of platelet count measured at Tromsø study enrollment were established using the same cutoff points of platelet count assessed at VTE
diagnosis.

SHR denotes the HR after taking competing risk by death into account.
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Compared to small platelets, large platelets are associated with
increased reactivity, shortened bleeding time, faster adhesion to
collagen and aggregation ex vivo, and increased expression of gly-
coproteins on their membranes [30,31]. Reticulated platelets, which
are large and hyperreactive platelets, display a prothrombotic profile,
as recently revealed in transcriptome analysis [35].Moreover, results
from epidemiological studies, including the Tromsø Study, show
that an increased MPV is associated with a higher risk of arterial
cardiovascular disease [36] and VTE [24], thereby supporting the
higher prothrombotic potential of large platelets [24]. It is of interest
that in the presence of substantial thrombocytopenia (<20 x 109/L),
a low MPV has been shown to be a stronger predictor of bleeding
than platelet count [37]. In light of these data, we can speculate that
an increasing platelet count, even within a normal range, would be
associated with a lower platelet reactivity, as reflected by a decrease
in MPV, which could predispose to major bleeding during antic-
oagulant treatment after a VTE.

Platelet count, as a phenotype that is stable over time within
an individual, seems a promising biomarker to improve stratifi-
cation of major bleeding risk during anticoagulant treatment.
However, the use of platelet count in risk assessment models in
patients with VTE and atrial fibrillation has yielded controversial
results, with studies using different cutoff values of platelet count
[38–40]. Whether an elevated platelet count at the appropriate
cutoff value can improve discrimination of VTE patients with
high and low risk of major bleeding would require further
investigation.

The inclusion of subjects derived from the general popula-
tion, the complete and validated registry of VTE events, and the
strict criteria used to define major bleeding based on the ISTH
recommendations are among the main strengths of the present
study. Additionally, the exclusivity of UNN as the sole health-
care provider enhances the probability to capture all relevant
major bleeding events. The study also has some limitations.
There were 157 subjects (17% of eligible participants) with
missing values on platelet count who were excluded from our
analyses (Figure 1). However, there were no substantial differ-
ences in the baseline characteristics among subjects with and
without missing values of platelet count (data not shown), indi-
cating that missing values was presumably at random. The num-
ber of major bleeding events was low in some subgroups, which
could have resulted in limited statistical power. Our results
should therefore be interpreted with caution, especially in sub-
group analysis. Only a few patients (15 out of 744 subjects
included in the analyses) had a platelet count <100 x 109/L at
the time of VTE diagnosis. Therefore, we were not able to
evaluate the role of moderate to severe thrombocytopenia on
the risk of major bleeding. It is noteworthy that the association
between platelet count and major bleeding was less pronounced
when platelet count was measured at Tromsø study enrollment as
compared to the assessment at VTE diagnosis. Even though
platelet count is subject to less intra-individual compared to
inter-individual variability [22], individual changes due to
advancing age or environmental factors (such as onset of dis-
eases) may occur over time [18,41]. In our cohort study, with
a long period of follow-up, values of platelet count might have
changed over time in participants with or without a major bleed-
ing event. This could have led to an underestimation of the
association between platelet count measured at Tromsø study
enrollment and major bleeding, due to regression dilution bias,
a phenomenon that occurs in the long-term follow-up of cohort
studies [42]. Unfortunately, we did not have information on
concomitant use of drugs that might have affected the bleeding
risk, such as antiplatelet agents. However, we conducted
a sensitivity analysis excluding VTE cases with a known medical
history of myocardial infarction or stroke (n = 131), as these

would be the most likely users of antiplatelet medication
(Supplemental Table IV). The association between an increasing
platelet count and major bleeding remained, albeit somewhat
attenuated compared to the main analyses, suggesting that the
association was not primarily driven by antiplatelet medications.
Finally, MPV is not commonly part of the diagnostic work-up for
subjects with suspected acute VTE, and information on MPV at
VTE diagnosis was therefore not available.

In conclusion, our results suggest that an increasing platelet
count, measured several years before and at VTE diagnosis, is
associated with a higher risk of major bleeding during the
first year after an incident VTE. Our findings imply that
a platelet count measured at VTE diagnosis is a stable phenotype
within an individual over time that has the potential to improve
risk stratification of major bleeding after a VTE.
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Supplementary material 

Supplemental Table 1. Characteristics of major bleeding events in patients with venous thromboembolism 

Major bleeding site  % (n) 

   Gastrointestinal  36 (20) 

   Intracranial  18 (10) 

   Intramuscular/compartment syndrome  15 (8) 

   Urogenital   13 (7) 

   Retroperitoneal  5 (3) 

   Other*  13 (7) 

ISTH major bleeding criteria   

   Fatal bleedinga  5 (3) 

   Critical area or organb  40 (22) 

   Blood transfusionc ± hemoglobin falld 55 (30) 

ISTH, International Society on Thrombosis and Haemostasis. 

*Pericardial, intra-abdominal and subcutaneous/intramuscular/hematoma.  
aFatal outcome within one week after major bleeding, without other specified cause of death. 
bIntracranial, retroperitoneal, pericardial and intramuscular with compartment syndrome. 
cBleeding leading to transfusion of ≥ 2 units of whole blood or red cells. 
dBleeding causing a fall in hemoglobin level of ≥20 g/L.



 

 

Supplemental Table 2. The one-year risk of major bleeding according to quartiles of platelet count measured at venous thromboembolism 
diagnosis 

Quartiles of  
Platelet count (109/L)  

Major bleeding 
 

IR (95% CI) 
 

HR (95% CI)a HR (95% CI)b HR (95% CI)c HR (95% CI)d 

All VTE patients       
≤192  6 3.8 (1.7-8.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
193-239  15 9.2 (5.6-15.3) 2.7 (1.0-6.9) 2.7 (1.0-7.0) 2.7 (1.0-7.0) 2.6 (1.0-6.8) 
240-299  16 11.0 (6.7-17.9) 3.1 (1.2-8.0) 3.2 (1.2-8.2) 3.3 (1.3-8.5) 3.2 (1.2-8.2) 
≥300  18 12.8 (8.1-20.3) 4.3 (1.7-10.9) 4.4 (1.7-11.2) 4.7 (1.8-12.0) 4.3 (1.7-11.0) 
p for trend   .002 .002 .001 .002 
VTE patients without cancer      
≤192  5 4.1 (1.7-9.8) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
193-239  9 6.3 (3.3-12.2) 1.9 (0.6-5.6) 2.0 (0.7-5.9) 2.0 (0.7-5.9) 1.9 (0.6-5.7) 
240-299  9 7.2 (3.7-13.8) 2.0 (0.7-6.1) 2.1 (0.7-6.4) 2.1 (0.7-6.5) 2.1 (0.7-6.3) 
≥300  13 11.6 (6.8-20.0) 4.0 (1.4-11.4) 4.2 (1.5-12.1) 4.3 (1.5-12.3) 3.8 (1.3-11.1) 
p for trend   .01 .01 .01 .01 

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio. 
aAdjusted for age and sex. 
bAdjusted for age, sex, body mass index and planned duration of anticoagulant therapy. 
cAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy and surgery. 
dAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery and acute medical conditions (acute myocardial infarction, 
ischemic stroke, or major infectious disease). 
 
 
 



 

 

Continued 
HR (95% CI)e HR (95% CI)f HR (95% CI)g HR (95% CI)h SHR (95% CI)h 

     
1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
2.4 (0.9-6.3) 2.4 (0.9-6.3) 2.2 (0.8-5.8) 2.4 (0.9-6.3) 2.5 (1.0-6.5) 
2.8 (1.1-7.3) 2.8 (1.1-7.3) 2.8 (1.0-7.3) 2.8 (1.1-7.4) 3.1 (1.2-8.0) 

3.9 (1.5-10.2) 3.9 (1.5-10.2) 3.6 (1.4-9.5) 3.4 (1.3-8.8) 3.2 (1.2-8.6) 
.005 .005 .007 .01 .02 

     
1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
1.8 (0.6-5.4) 1.8 (0.6-5.4) 1.6 (0.5-5.0) 1.8 (0.6-5.4) 1.9 (0.6-5.7) 
1.5 (0.5-4.8) 1.5 (0.5-5.0) 1.6 (0.5-5.0) 1.6 (0.5-5.2) 1.8 (0.5-6.1) 
3.1 (1.0-9.2) 3.0 (1.0-8.9) 2.9 (1.0-8.6) 2.8 (0.9-8.5) 2.9 (0.9-9.5) 

.05 .07 .07 .08 .09 
 
eAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions and estimated glomerular filtration rate 
(eGFR).  
fAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions, eGFR and hypertension (systolic blood 
pressure > 160 mmHg). 
gAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions, eGFR, hypertension and 
 history of bleeding (specifically noted in the medical records of VTE cases). 
hAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions, eGFR, hypertension,  
history of bleeding and anemia (hemoglobin level below 11.5 g/dL for women and below 13.0 g/dL for men at VTE diagnosis). 
SHR denotes the HR after taking competing risk by death into account. 
 
 
 



 

 

 
Supplemental Table 3. The one-year risk of major bleeding according to quartiles of platelet count measured at venous 
thromboembolism diagnosis stratified by planned type of anticoagulant 

Quartiles of  
Platelet count (109/L)  

Major bleeding 
 

IR (95% CI) 
 

HR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c 

Heparin and VKA (n=488)      
≤192  3 2.8 (0.9-8.6) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
193-239  9 7.4 (3.8-14.2) 3.2 (0.9-12.0) 3.3 (0.9-12.3) 3.5 (0.9-13.0) 3.4 (09-13.0) 
240-299  11 10.5 (5.8-19.0) 4.1 (1.1-14.6) 4.2 (1.2-15.0) 3.1 (0.8-11.5) 3.2 (0.8-12.3) 
≥300  10 10.0 (5.4-18.6) 5.3 (1.4-19.5) 5.4 (1.5-20.0) 4.5 (1.2-17.1) 4.4 (1.1-17.1) 
p for trend   .008 .007 .04 .03 
Heparin (n=145)      
≤192  1 4.1 (0.6-28.9) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
193-239  4 18.2 (6.8-48.4) 5.2 (0.6-48.5) 5.0 (0.5-47.5) 3.4 (0.3-36.7) 5.5 (0.7-43.3) 
240-299  2 10.7 (2.7-42.6) 3.1 (0.3-35.5) 3.2 (0.3-36.8) 6.0 (0.4-92.8) 5.3 (0.5-56.8) 
≥300  6 28.1 (12.6-62.6) 6.8 (0.8-57.2) 6.6 (0.8-55.0) 4.1 (0.4-47.3) 4.3 (0.6-31.0) 
p for trend   .09 .1 .3 .2 

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio; VKA, vitamin k antagonist. 
*Information on anticoagulation type was missing in 34 subjects. 
aAdjusted for age and sex. 
bAdjusted for age, sex, body mass index and planned duration of anticoagulant therapy. 
cAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions (acute myocardial infarction, 
 ischemic stroke, or major infectious disease), estimated glomerular filtration rate, hypertension (systolic blood pressure > 160 mmHg),  
history of bleeding (specifically noted in the medical records of VTE cases), and anemia (hemoglobin level below 11.5 g/dL for women and below 13.0 g/dL 
for men at VTE diagnosis). 
SHR denotes the HR after taking competing risk by death into account 



 

 

Supplemental Table 4. The one-year risk of major bleeding according to quartiles of platelet count measured at venous 
thromboembolism diagnosis after excluding subjects with previous myocardial infarction or stroke  

Quartiles of  
Platelet count (109/L)  

Major bleeding 
 

IR (95% CI) 
 

HR (95% CI)a HR (95% CI)b HR (95% CI)c SHR (95% CI)c 

All VTE patients (n=613)      
≤192  5 4.1 (1.7-10.0) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 
193-239  11 7.8 (4.3-14.1) 1.9 (0.7-5.6) 2.0 (0.7-5.7) 1.9 (0.6-5.5) 2.0 (0.7-6.0) 
240-299  12 9.9 (5.6-17.4) 2.4 (0.8-6.9) 2.4 (0.9-7.0) 2.4 (0.8-7.1) 2.7 (0.9-8.1) 
≥300  16 13.2 (8.1-21.5) 3.8 (1.4-10.5) 3.9 (1.4-10.6) 3.1 (1.1-8.7) 2.9 (1.0-8.7) 
p for trend   .006 .005 .03 .04 

IR, incidence rate per 100 person-years; HR, hazard ratio; CI, confidence interval; SHR, sub-distribution hazard ratio. 
aAdjusted for age and sex. 
bAdjusted for age, sex, body mass index and planned duration of anticoagulant therapy. 
cAdjusted for age, sex, body mass index, planned duration of anticoagulant therapy, surgery, acute medical conditions (acute myocardial infarction, 
 ischemic stroke, or major infectious disease), estimated glomerular filtration rate, hypertension (systolic blood pressure > 160 mmHg),  
history of bleeding (specifically noted in the medical records of VTE cases), and anemia (hemoglobin level below 11.5 g/dL for women and below 13.0 g/dL 
for men at VTE diagnosis). 
SHR denotes the HR after taking competing risk by death into account. 
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