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ABSTRACT 

Treament with oral anticoagulation is highly effective in reducing the burden 

of thromboembolic complications in several clinical conditions. The number 

of patients receiving oral anticoagulation is growing steadily. In Sweden 

about 1.5 percent of the population receives treatment. Although the 

treatment is highly effective in preventing thromboembolic complications, it 

is also associated with a substantial increase in the risk of bleeding. In 

clinical practice every physician has to balance the potential benefit of 

treatment against the risk of bleeding complications in the individual 

patient. 

To aid in this decision making, risk scores addressing the likelihood of 

thromboembolic events, as well as the risk of bleeding complications, have 

been developed. These scores are imperfect and, to some degree limited by 

the fact that the risk factors predictive of thromboembolic events are also 

often associated with bleeding complications. The addition of biomarkers 

has the potential to increase the predictive ability of risk scores and further 

enhance the net benefit of oral anticoagulant treatment in the individual 

patient. In this thesis several potential biomarkers for thromoboembolic and 

haemorrhagic complications of anticoagulant therapy have been investigated 

in a longitudinal cohort study of 719 patients with a median follow-up time 

of 4.2 years. 

Thrombomodulin is a key component in the generation of activated protein 

C and hence, a coagulation inhibitor. Conversely, it is also a key component 

in the inhibition of fibrinolysis by activation of trombin-activated fibrinolysis 

inhibitor. In warfarin-treated patients we demonstrate that thrombomodulin 

predicts an increased risk of bleeding complications, but not cardiovascular 

events. Thus, thrombomodulin has potential as a biomarker specifically for 

bleeding complications. 

Von Willebrand factor plays a central and intricate role in the aggregation of 

platelets and low levels of VWF have been associated with bleeding as a 

manifestation of von Willebrand’s disease. In our study we noted that high 

levels of von Willebrand factor predict an increased risk of cardiovascular as 

well as all-cause mortality, possibly as an expression of endothelial 

dysfunction. We also noted that high levels of WVF seem to be associated 

with serious bleeding complications. 

Decreased renal function is usually measured by an increase in the levels of 

creatinine and cystatin C, or a decrease in the calculated glomerular filtration 
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rate. A decrease in kidney function is regarded as a marker of an increased 

risk of bleeding complications. We investigated all the mentioned markers of 

kidney function and no association with bleeding complications became 

apparent. However, a clear association between a decrease in kidney 

function and mortality was noted. Our findings indicate that the emphasis on 

impaired kidney function as a risk marker needs to be shifted from bleeding 

complications toward thromboembolic events. 

Fibrinolysis is important in containing coagulation and several constituents 

of the fibrinolytic pathway have been shown to predict cardiovascular events 

and mortality. We found that fibrinolytic factors seem to predict 

cardiovascular events in patients with oral anticoagulation and that D-dimer 

also predicts bleeding complications. 

In conclusion, we have found several biomarkers which exhibit different 

predictive abilities in patients with oral anticoagulation. It is likely that 

biomarkers, either alone, in combination, or as ancillary components of risk 

scores, can contribute to improved risk stratification in patients with oral 

anticoagulation.  
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SUMMARY IN SWEDISH / 
SAMMANFATTNING PÅ SVENSKA 

 

Behandlingen med blodförtunnande mediciner ökar och idag behandlas 1.5% 

av befolkningen. Den dominerande substansen är warfarin men nya 

läkemedel har utvecklats och introduceras nu i klinisk medicin.  Nyttan av 

blodförtunnande medicinering för att förebygga blodproppar är otvetydig vid 

ett flertal tillstånd. All blodförtunnande medicinering, både etablerade och 

nya, är förknippad med en ökad risk för allvarliga blödningskomplikationer. 

Idag används ett flertal riskmarkörer för blödning respektive blodproppar 

under behandling med antikoagulantia för att värdera nyttan med 

behandling för patienten. Värderingen av riskerna för den enskilde patienten 

är ändå svår, då merparten av riskfaktorerna är associerade både till en ökad 

risk för blödning, men även en ökad risk för blodproppar. Syftet med den här 

avhandlingen var att hitta nya biomarkörer med potential att förbättra 

riskvärderingen vid behandling med blodförtunnande medicin. 

Avhandlingen bygger på en population bestående av 719 patienter med 

blodförtunnande behandling vilka följdes under drygt 4 år. Samtliga 

patienter lämnade blodprover innan registreringen av 

blödningskomplikationer, blodproppar och dödsfall inleddes. Associationen 

mellan blödningar, död och kardiovaskulära händelser och nivåer av 

thrombomodulin, von Willebrand faktor, cystatin C, kreatinin, D-dimer, tPA 

och tPA/PAI-1 komplexet undersöktes. 

Thrombomodulin är en central komponent i hemostasen. Höga nivåer av 

thrombomodulin var i vår population av waranbehandlade patienter 

kopplade till en ökad risk för blödningskomplikationer men inte för 

kardiovaskulära händelser. 

von Willebrand faktor spelar en viktig roll i processen när kroppens 

blodplättar aggregerar. I detta material var höga nivåer av von Willebrand 

faktor associerade inte bara till kardiovaskulära händelser och död utan även 

till blödningskomplikationer hos waranbehandlade patienter. 

Nedsatt njurfunktion, uttryckt som höga nivåer av cystatin C eller kreatinin 

eller lågt eGFR, uppvisade en koppling till framtida risk för kardiovaskulära 

händelser och död. Något samband med blödningskomplikationer kunde 

inte påvisas. 



vii 
 

D-dimer som en markör för fibrinolysen, kroppens blodproppsupplösande 

system, visade en association både till blödningar men även till 

kardiovaskulära händelser. 

Sammanfattningsvis har ett flertal biomarkörer potential att förbättra 

riskvärderingen vid blodförtunnande behandling.  Användandet av vissa 

markörer försvåras av att riskerna för blödningar såväl som för 

kardiovaskulära händelser ökar med stigande nivåer av markörerna. En 

kombination av markörer kan möjligen förfina riskvärderingen för patienter 

med blodförtunnande behandling ytterligare och bör undersökas i framtida 

studier. Nedsatt njurfunktion förefaller vara associerad framför allt med en 

ökad risk för kardiovaskulära händelser men inte blödningskomplikationer. 
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APTT   activated prothrombin time 

AT   antithrombin 

AUC   area under the curve 

BMI   body mass index 

CI   confidence interval 

CRP    C-reactive protein 

CVD  Cardiovascular disease 

CYP  cytochrome P 

eGFR  estimated glomerular filtration rate 

ECG   electrocardiogram 

ELISA   enzyme linked immunosorbent assay 

EPCR    endothelial protein C receptor 

FDP   fibrin degradation products 

GFR   glomerular filtration rate 

HR   hazard ratio 

IL-6   interleukin 6 

INR   international normalized ratio 

ISI  international sensitivity index 

LH-  likelihood ratio negative 

LH+   likelihood ratio positive 

LMWH  low molecular weight heparin 

NPV   negative predictive value 

NSAID   non-steroidal anti-inflammatory drugs 

OAC    oral anticoagulant 

PAI 1   plasminogen activator inhibitor type 1 

PC   protein C 

PPV   positive predictive value 

PTT   prothrombin time 

sTM    soluble thrombomodulin 

TAFI    thrombin activatable fibrinolysis inhibitor 

TAT  thrombin-antithrombin complex 

TF    tissue factor 

TIA   transient ischemic attack 

TM   thrombomodulin 

TNF-α   tumor necrosis factor-alpha 

tPA    tissue type plasmin activator 

tPA/PAI-1 complex the complex formed between  tPA  and PAI-1  



ix 
 

TXA2  tromboxane A2 

uKA   urokinase type activator 

VKA   vitamin K antagonist 

VKOR  vitamin K epoxide reductase 

VTE   venous thromboembolism 

WP  Weibel-Palade bodies 

WRN  warfarin-related nephropathy 

VWF   von Willebrand factor 



x 
 

ORIGINAL PAPERS

 

The thesis is based on the following papers: 

 

I. Lind M, Boman K, Johansson L,  Nilsson T K,  Öhlin AK, Slunga Järvholm 

L, Jansson JH. Thrombomodulin as a marker of bleeding complications 

during warfarin treatment. Arch Intern Med. 2009 Jul 13;169(13):1210-5. 

 

II. Lind M, Boman K, Johansson L, Nilsson T K, Slunga Järvholm L, Jansson 

JH. Von Willebrand factor predicts major bleeding and mortality during oral 

anticoagulant treatment. J Intern Med. 2012 Mar;271(3):239-46 

 

III. Lind M, Boman K, Johansson L, Nilsson T K, Slunga Järvholm L, 

Jansson JH.  Cystatin C and creatinine as markers of bleeding and mortality 

during oral anticoagulant  treatment. Submitted 

 

IV. Lind M, Boman K, Johansson L, Nilsson T K, Slunga Järvholm L, 

Jansson JH. Impact of fibrinolytic factors on bleeding, morbidity and 

mortality during warfarin treatment. In manuscript. 

 

Published papers have been reprinted with the permission of the publishers.

http://www.ncbi.nlm.nih.gov/pubmed?term=lind%20VWF


INTRODUCTION 

1 
 

INTRODUCTION 

Treatment with oral anticoagulants 

In the early 1920’s, Schoefield investigated an outbreak of a bleeding 

disorder among cattle in North America. He found that the disease occurred 

in animals grazing on yellow sweet clover (Melilotus officinalis) containing 

dicumarol, a by-product of coumarin resulting from mold infestation of the 

plant.1 Dicumarol possesses a potent anticoagulant effect and several 

analogues were later synthesized. One of the analogues was named warfarin, 
2 the principle anticoagulant drug in healthcare for more than 5 decades, 

whose use has increased steadily. Despite its advantages, no other drug is 

responsible for as many adverse events. Significant resources are allocated to 

monitor and adjust treatment with warfarin. Additionally, anticoagulant 

therapy is initiated in patients with increasing age and multiple co-morbid 

conditions leading to a higher risk of bleeding complications. In Skellefteå, a 

community with a population of approximately 75.000, over 1.400 patients 

are presently receiving oral anticoagulants (OAC).  

Vitamin K antagonists (VKA), predominantly warfarin, are the preferred oral 

anticoagulant for the prevention of stroke in patients with atrial fibrillation.3 

However, this is likely to change since several new pharmacological therapies 

are being introduced.4, 5, 6 The new anticoagulant drugs will not change the 

clinical dilemma of balancing the desire to decrease the risk of 

thromboembolic events against the increased risk of bleeding complications. 

Haemostasis 

Hemostasis represents a balance between procoagulant and anticoagulant 

factors which has evolved over time to protect against fatal haemorrhage and 

thrombosis.  The main components of haemostasis are platelets, coagulation 

factors, fibrinolysis and vessel integrity.7 Coagulation is initiated when a 

vessel is injured and cells bearing tissue factor (TF) are exposed to plasma. 

Platelets adhere to von Willebrand factor (VWF) at the site of injury 8, 9 and 

aggregate due to released ADP and Tromboxane A2 ( TXA2) 10  resulting in a 

primary haemostatic plug. Fibrinogen is then transformed into fibrin by the 

coagulation cascade located on activated cell surfaces.11 A local fibrinolytic 

response with the activation of plasmin helps to restrict coagulation at the 

site of injury, 12 while activation of the protein C anticoagulant pathway turns 

off further thrombin generation in a thrombomodulin dependent process. 

The end result is the formation of a durable sealing of a damaged vessel 

without the formation of excess thrombus, reflecting a haemostatic process 
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in balance. Definitive haemostasis is then achieved by the addition of fibrin 

produced by the coagulation cascade. In order to contain coagulation, a local 

fibrinolytic response with the formation of plasmin and degradation of fibrin 

is important. 

Coagulation 

Coagulation is a process often represented by an organized succession of 

reactions resulting in the formation of thrombin from prothrombin and the 

subsequent formation of fibrin from soluble fibrinogen. The process of 

coagulation is often described by a waterfall cascade with stepwise activation 

of factors of the coagulation. The cascade model supports the existence of an 

intrinsic and an extrinsic pathway leading up to a common pathway 

described in Figure 1.12 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The cascade model of coagulation 
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pathway, and the prothrombin time test (PTT), which reflects the extrinsic 

pathway.13 

Over time it has become evident that there are clinical observations that are 

hard to explain by applying the cascade model of coagulation in vivo. For 

instance, it is not clear why factor VII deficiency should lead to bleeding 

when the intrinsic pathway is unaffected.13 An alternative, cell-based model 

of coagulation has therefore been suggested and is described in Figure 2.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Overview of the cell-based model of haemostasis 
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vessel, no clots are formed.  When a vessel is damaged, larger components of 

the haemostasis such as VWF, platelets, and factor VIII are able to reach the 

small amounts of thrombin generated in the initiation phase. The thrombin 

activates platelets and factor V and VIII and this phase is called the 

amplification phase. In the third and final stage, entitled the propagation 

phase, factors IXa and VIIIa combine on the surface of activated platelets 
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and activate factor X, which then combines with factor V and activates large 

amounts of thrombin. Thrombin then acts on fibrinogen producing fibrin 

monomers which then polymerize and form a stable fibrin clot. Surplus 

thrombin that escapes the site of injury is neutralized in the circulation by 

antithrombin, forming enzymatically inactive thrombin-antithrombin 

complexes (TAT) which are rapidly cleared from the circulation, mainly in 

the liver. Alternatively, thrombin can become bound to endothelial surface 

Thrombomodulin (TM). 

When thrombin is bound to thrombomodulin its substrate specificity 

changes from fibrinogen to protein C. The thrombin-thrombomodulin 

complex then catalyzes the conversion of protein C to activated protein C 

(APC) which inactivates factors Va and VIIIa and thereby down regulates the 

coagulation cascade.15 

Fibrinolysis 

In order to dissolve clots formed in vessels and balance the deposition of 

fibrin with its subsequent removal, the fibrinolytic system is essential. This 

allows for concentration of coagulation activity at the site of injury while 

maintaining fluidity elsewhere in the vascular system.11, 12, 16 Initiation of 

fibrinolysis begins with the activation of plasminogen to plasmin by the 

plasmin activators in the presence of fibrin.  Plasmin activators bound to 

fibrin are protected from inactivation by alfa- 2 -antiplasmin and 

Plasminogen Activator Inhibitor type 1 (PAI-1), but circulating plasmin 

activators are rapidly inactivated.11 There is a link between coagulation and 

fibrinolysis in the form of thrombin activated fibrinolysis inhibitor (TAFI).17, 

18 Thrombin bound to thrombomodulin inhibits fibrinolysis by activating 

TAFI to TAFIa, which modifies fibrin thereby reducing its co-factor activity 

in the activation of plasminogen.15 Thrombomodulin also changes the 

substrate specificity for thrombin so that instead of acting on fibrinogen, 

thrombin in complex with thrombomodulin converts protein C into APC. In 

conclusion, an increased activity of coagulation leads to a suppression of 

fibrinolysis.15  
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Figure 3. Schematic view of fibrinolysis 

Haemostasis and inflammation 

There is a bidirectional relationship between inflammation and 
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dependent 20 and TF has also been found on inflammatory cells in 
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Several inhibitors of coagulation are affected by inflammation. Antithrombin 

(AT) concentrations drop during an inflammatory state due to increased 
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liver.24 Levels of protein S 25 and protein C drop during inflammation, mainly 
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Similarly, downregulation of thrombomodulin in conjuction with increasing 

levels of cytokines leads to decreased levels of APC .27, 28  The changes in the 

levels of AT and activated protein C leads to a diminished inhibition of 

coagulation.  
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effect on fibrinolysis is inhibition.29 In conclusion, inflammation leads to an 

increased activation of coagulation mediated mainly by an increased 

expression of TF. There is also a decrease in the inhibition of coagulation as 

well as decreased fibrinolysis during inflammation. These changes results in 

an imbalance of haemostasis leading to a prothrombotic state. 

Several components of haemostasis affect the inflammatory response. Factor 

Xa, thrombin, and fibrin activate endothelial and mononuclear cells and, 

secondarily, the synthesis of IL-6 and IL-8 increases.30, 31  Antithrombin acts 

as an inhibitor of inflammation in several different ways. The main pathway 

is by inhibiting thrombin. 32 AT also induces prostaglandin release from 

endothelial cells which inhibits platelet activation and decreases endothelial 

synthesis of cytokines.33, 34 APC has a well established role as a modulator of 

inflammation in sepsis.35, 36 The effects of APC on inflammation is thought to 

be mediated via binding to epidermal growth factor receptor (EGFR), 37  

leading to transcriptional effects that are anti-inflammatory.38, 39  In Figure 4 

the effects of haemostasis and inflammation on each other is shown. 
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Warfarin therapy 

Warfarin is a coumarin derivative which is administered orally as a racemic 

mixture of two isomers and absorbed from the gastrointestinal tract with 

almost 100% bioavailability.40, 41, 42 Maximum blood concentrations are 

reached after 90 minutes of oral administration and the half-life is between 

36 and 42 hours.43  Warfarin inhibits the production of vitamin K-dependent 

coagulation factors by interfering with the cyclic interconversion of vitamin 

K and its 2,3 epoxide.44 Vitamin K is a cofactor for the posttranslational 

carboxylation of glutamate residues to γ-carboxyglutamates on the N-

terminus of several vitamin K-dependent coagulation factors (II, VII, IX and 

X).45 The coagulation factors require γ-carboxylation for their biological 

activity and carboxylation, in turn, requires the reduced form of vitamin K 

(vitamin KH2) which is linked to the oxidation of vitamin KH2 to vitamin K 

epoxide. Vitamin K epoxide is then recycled through two reductase steps.46 

The first step is sensitive to vitamin K antagonism, while the other step is 

not.47 Supplementation with vitamin-K renders substrate available for the 

insensitive enzyme and the effect of the VKA is thereby reversed. 

Supplementation with large doses can cause VKA resistance for several days 

due to accumulation of vitamin K in the liver.48 

The anticoagulant factors protein C and S are also diminished by warfarin 

therapy and, due to their shorter half life in plasma than vitamin K-

dependent coagulation factors, a procoagulant state arises during the 

initiation of warfarin therapy.49 This needs to be considered during the initial 

phase of warfarin therapy, not only during treatment of venous 

thromboembolism, but even during treatment of atrial fibrillation.5 

Monitoring of treatment 

The dose response of warfarin is influenced by genetic as well as 

environmental factors. Polymorphisms of the gene encoding for specific 

cytochrome P450 enzymes (2C9) 50 and mutations in the coding of the 

vitamin K epoxide reductase complex (VKORC1) 51, 52 affect the dose required 

for anticoagulant effect. Other drugs, dietary factors, as well as concomitant 

diseases can affect the warfarin response in an individual patient.53 In order 

to achieve an optimal warfarin treatment, monitoring is therefore needed.  

Initially a prothrombin test (PT) expressed in seconds or as a ratio compared 

to normal subjects was used to monitor the effect of warfarin.54 The 

prothrombin test is prolonged by reduction in factors II, VII, and X and is 

performed by adding calcium and a phospholipid rich extract of tissue 

(thromboplastin) to citrated plasma.55 Preparations of thromboplastin vary 
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in their responsiveness to warfarin 56 and in order to adjust for this the 

international normalized ratio (INR) has been introduced. The 

responsiveness of a PT test could be measured as ISI values with an ISI value 

of 1.0 reflecting a highly sensitive test.  Higher values represent a less 

sensitive test. From the ISI value an INR can be calculated using a standard 

preparation of thromboplastin and calibrating the local test to it.57  An INR 

can then be determined by the formula: 

 

 Log INR = ISI x log-observed PT ratio 

 

Today most anticoagulation centres use the INR standard when monitoring 

warfarin treatment. 

The optimal testing interval for monitoring the anticoagulant effect is not 

known, but it is likely that a more lengthy period between controls is 

adequate as demonstrated by Schulman et al.58 

Optimal level of INR 

Several studies have investigated the optimal interval of INR for different 

indications.  A level of INR between 2.0 and 3.0 is regarded as an optimal 

range for most indications.53  It has also been shown that an INR of 2.0 or 

greater not only reduces the frequency of stroke in patients with atrial 

fibrillation, but also the severity.59 

The exception to the above recommended INR interval is patients with 

prosthetic heart valves in which a value as high as 3.5 is recommended.60 

Indications for treatment 

Warfarin is used in several conditions, but the most common indications are 

atrial fibrillation, deep venous thrombosis, and prosthetic heart valves.48 

Atrial fibrillation 

Atrial fibrillation is a common disorder with an increasing incidence as age 

increases; the prevalence of atrial fibrillation has been shown to be about 

0.95 - 3.0%.61, 62 Atrial fibrillation significantly increases the risk of stroke 63 

and treatment with oral anticoagulants is highly effective in preventing 
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stroke in this group of patients.64, 65, 66, 4-6 The relative risk reduction has 

been reported as being as high as 71 %.67 

Treatment and prevention of venous embolism 

Anticoagulation has been shown to be highly effective in the treatment of 

pulmonary embolism 68 as well as in the treatment of deep venous 

thrombosis in the extremities.69 Warfarin is effective in preventing a 

recurrent thrombosis both in patients with pulmonary embolism and venous 

thrombosis. The optimal duration of treatment is not known and is likely to 

differ between a first episode of thrombosis 70, 71 versus a recurrent episode 

of thrombosis, 72 and, likewise, between a provoked versus an unprovoked 

thrombosis.73, 74 Other factors that could affect the duration of treatment are 

malignancy, thrombophilia and the extent of thrombosis.69 

Warfarin has also been studied as a preventive treatment after orthopaedic 75 

and gynaecologic surgery.76 

Prosthetic heart valves 

The risk of thromboembolic complication in patients with mechanical heart 

valves is substantial, being as high as 12% per year in the aortic position and 

up to 22% per year for mitral valves.77  These statistics are likely to be lower 

in patients with more modern mechanical valves.78 Warfarin reduces the risk 

of thromboembolism in patients with prosthetic heart valves and represents 

standard therapy in all patients with mechanical heart valves today.79  The 

optimal target INR in patients with prosthetic heart valves has been 

investigated in several studies.80, 81, 82 Even an extreme target value of INR 

(9.0) does not offer additional protection against thromboembolism over a 

moderate target INR (2.65).82  It is possible that the addition of low dose of 

aspirin could enhance to the preventive effect of warfarin treatment, but at 

the expense of more bleeding complications.83 

In pregnancy, warfarin is associated with an increased risk of embryopathy 

and is sometimes substituted with heparin or low molecular weight heparins 

(LMWH). In patients with prosthetic heart valves the latter approach have 

been associated with a dramatic increase in valvular thrombosis.84  

Other indications 

Warfarin is also established as a therapeutic option in several other 

conditions. In idiopathic pulmonary hypertension it is thought that warfarin 

prohibits the formation of small thrombi in the pulmonary arterial tree, 
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thereby limiting the progression of the disease.85 Clinical studies supporting 

this notion are sparse. Based on a systematic analysis in 2006 86 it is clear 

that large prospective studies are lacking and that the beneficial effect of 

warfarin in idiopathic pulmonary hypertension needs to be viewed with 

some caution. 

In patients with acute coronary syndromes warfarin have been proven 

beneficial, both as a single therapy and in combination with aspirin.87, 88 The 

effect on risk reduction with the addition of warfarin to aspirin is substantial 

even when compared with the addition of clopidogrel to aspirin.89 Warfarin 

after a myocardial infarction has never been fully implemented. It is possible 

that a fear of bleeding complications, the fact that later studies failed to 

demonstrate any effect of low fixed dose warfarin in addition to aspirin,90 

and the need of monitoring of warfarin treatment have persuaded clinicians 

to opt for clopidogrel instead of warfarin as an addition to aspirin. 

Risk factors, risk markers and determinants 

There are very few conditions (exposures) that always lead to a particular 

outcome and in order to deal with this fact the term “risk” is often used. Risk 

is defined as the probability that an event will occur.91 The term “risk factor” 

is often used in medical research, but there are many uncertainties regarding 

its implications. There is no agreement as to whether a risk factor should be 

truly causal or only associated with an outcome and to what degree an 

association must be demonstrated in order to be conclusive. Likewise, there 

are also discrepancies as to whether a risk factor should be immutable or 

modifiable. Beck has suggested a definition of risk factor that has gained 

wide acceptance: “an environmental, behavioural, or biologic factor 

confirmed by temporal sequence in longitudinal studies, which if present 

directly increases the probability of a disease occurring, and if absent 

reduces the probability. Risk factors are part of the causal chain, or expose 

the host to the causal chain. Once disease occurs, removal of the risk factor 

may not result in a cure.”92 From this definition it follows that a risk factor 

per se does not have to be causal, rather only linked to the causal chain. The 

question of causality is complex, but some guidance can be found in the 

viewpoints published by Bradford Hill.93 

In Last´s A Dictionary of Epidemiology, a “risk marker” is defined as “an 

attribute or exposure that is associated with an increased probability of 

disease, but is not necessarily a causal factor.” A “determinant” is described 

as “an attribute or exposure that increases the probability of disease or other 

specified outcomes.”94 In this thesis, the use of the terms “risk factor”, “risk 

marker” and “determinant” refer to the above mentioned definitions. 
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Implications of bleeding complications  

Besides the immediate effect and risks associated with a major bleeding 

event there also appears to be an association with long-term adverse 

outcome.95 The most obvious explanation for this association would be the 

fact that predictors of bleeding seem to be almost identical to predictors for 

ischemic events and, accordingly, that a bleeding event would act as a 

marker of increased risk of future ischemic events and mortality.96, 97  There 

are other possible explanations as well. For example, anaemia in itself is 

known to be associated with adverse outcome in patients with acute coronary 

syndromes, 98 and a sudden drop in hematocrit might induce hypoxia with 

subsequent maladaptive changes.97 

It is also common that anticoagulants and antithrombotic medication are 

discontinued during a bleeding episode and this might increase the 

propensity to thrombosis.99  

Finally, transfusion of whole blood could be a culprit in the observed 

increase in risk. It has been shown that transfusion in the absence of shock 

or hemodynamic instability is not consistently associated with a positive 

effect on survival.100, 101, 102 It is also known that transfusion could alter the 

immunologic response 103 and the long term consequence of this is not fully 

understood. In general, a restrictive transfusion strategy is associated with a 

more favourable outcome.104 

In conclusion, there is evidence that bleeding complications carry 

significance not only on short term, but also on long term prognosis. It is 

likely that the event itself, either by inducing adaptive changes or by 

influencing treatment, is responsible for part of this increased risk in 

mortality. The identification of patients at high risk for bleeding 

complications are therefore of great importance. 

Determinants of bleeding complications during oral 

anticoagulant treatment 

When initiating vitamin K antagonist treatment it is important to take into 

consideration the risk of bleeding complications since a high risk profile 

could render the treatment with a net clinical effect that is negative. Linkins 

et al. performed a meta-analysis on studies involving patients with venous 

thromboembolism treated with oral anticoagulation which showed a high 

case fatality rate of 13.4% for major bleeding events indicating the 

seriousness of this complication.105  Compared to placebo, warfarin increased 

the risk of bleeding complications rather modestly, 1.0% compared to 1.3% in 
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patients with atrial fibrillation.106 However, the risk of intracranial bleedings 

have been shown to increase substantially with warfarin therapy with a 

relative risk of 10 for patients with warfarin treatment compared to the 

general population.107 

Evaluating the risk of bleeding in clinical practice is complex since there are 

several parameters to be considered. There is some evidence that the risk of 

bleeding complications varies with the treatment indication,108  most likely 

reflecting a varied patient population with different underlying risks. The 

incidence of serious bleeding complications vary a great deal between 

studies, ranging from as low as 2% per year 109 to approximately 13%.110 A 

large proportion of this difference can be attributed to differences in the 

classification of bleedings. Furthermore, there seems to be a difference 

between patients on chronic treatment with warfarin and patients with newly 

initiated treatment since the risk of bleeding complications seems to be 

highest during the first months of treatment.111, 108 

Age 

Clinical studies are often composed of a population with a relative low mean 

age 112  which could explain why it has been difficult to identify advancing age 

as a risk factor for bleeding complications. Today an increasing body of 

evidence is gathering for age as a consistent risk factor for bleeding 

complication during oral anticoagulation.107, 113, 114, 115, 108, 116, 117 

Previous gastrointestinal bleeding 

Previous bleeding from the gastrointestinal tract has been associated with an 

increased risk of bleeding during warfarin treatment in some studies.118, 119, 117  

However, these results have not been definitively confirmed 109, 120 and it is 

not clear how these results would be affected by modern eradication 

treatment of peptic ulcer disease. 

Previous non-bleeding peptic ulcer has not been shown to be associated with 

future bleeding complications during oral anticoagulation.108, 121 

Time in range 

The time in therapeutic range has been shown to correlate with both 

thromboembolic and bleeding events. Less time in therapeutic range is 

associated with an increased risk of both bleeding and thromboembolic 

events.116, 122 A more recent study have indicated that the variability in INR 
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analyzed by calculating standard deviation of transformed INR is a better 

predictor, both of bleeding and mortality.123 

Gender 

Studies have yielded diverging results regarding the bleeding risk 

attributable to gender. Earlier studies have found no association between 

gender and the risk of bleeding.114, 116 In a more recent study, Roldan et al. 

found that women had a higher risk of major bleeding compared to men in 

multivariate analysis.124  In a study of first time users of warfarin by Lindh et 

al., male gender was associated with an increased risk of severe bleeding 

events.125 As it stands today, no definite conclusion can be drawn regarding 

the risk of bleeding complications related to gender from the available data. 

This somewhat conflicting data needs to be investigated further since even a 

small increase in the risk of bleeding complication in women could affect the 

clinical benefit and potentially also affect the choice of anticoagulant 

treatment, especially in younger women with atrial fibrillation and no other 

risk factor for stroke.126, 127 

Renal function 

A decrease in renal function is regarded as a risk factor for bleeding 

complications and is also stated as such in several guidelines.128, 129 The 

evidence for an association is weak 109, 118, 119, 121, 130 and it is only when kidney 

function is evaluated in combination with specific co-morbidities that a 

significant association has been shown.118 More recent studies have shown 

that a severe decrease in kidney function is associated with an increased risk 

of bleeding complications compared to patients with a mild to moderate 

decrease in kidney function, 131 which in part could be explained by 

procedurally-related bleedings in the group of patients with a severe 

decrease in kidney function, at least for a sub-group with minor bleeding 

complications. In a systematic analysis from 2007 investigating dose-

adjusted warfarin in patients with a severe decrease in renal function, 132,  133  

all studies lacked a comparison group with patients with normal renal 

function, so any comparison of bleeding events has to be made from 

historical data. In short, there is no prospective study comparing the risk 

with warfarin treatment with no treatment in patients with severely impaired 

renal function. 

In the SPORTIF trial, which compared ximelgatran with warfarin in patients 

with atrial fibrillation, there was no significant association between a 

decrease in kidney function and risk of bleeding following multivariate 

analysis for patients with warfarin treatment.134 In a population with atrial 
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fibrillation, impaired kidney function (creatinine >200 µmol/l or a need for 

dialysis) was associated with an increased risk of bleeding.135  The incidence 

of bleeding was similar in patients with and without warfarin treatment, 

indicating that treatment with warfarin does not potentiate the risk 

associated with a decrease in kidney function. In that study the number of 

events was small and some caution when interpreting the data is therefore 

needed. 

Studies investigating VKA treatment in patients with mildly to moderately 

decreased in kidney function have been equivocal. A recent study in patients 

with atrial fibrillation indicated that patients with a moderate decrease in 

eGFR (calculated by the Cockroft-Gault equation) were at a higher risk of 

bleeding complications, both during warfarin and rivaroxaban therapy.136 

There was a substantial difference in age between the group with lower eGFR 

and the group with normal eGFR, namely 79 vs. 71 years. No adjustment for 

age was reported and thus it is not clear if the increased bleeding risk is 

simply an expression of increased age.  A more resent study have indicated a 

substantial reduction in the risk of stroke without increased risk of bleedings 

for  warfarin treatment in patients with stage 3 chronic kidney disease.137 

Due to the low number of bleeding events these findings needs confirmation. 

In conclusion, the evidence for an increased risk of bleeding complications in 

patients with a mild to moderate decrease in renal function is sparse at best. 

Furthermore, it is not clear if treatment with VKA potentiates a pre-existing 

tendency to bleeding complications in this patient group. 

VKA and concomitant pharmacotherapies 

Aspirin increases the risk of bleeding in VKA-treated patients. In a meta-

analysis, the relative risk of intracranial haemorrhage (ICH) when combining 

aspirin with warfarin was 2.4 compared to warfarin alone.138 Turpie et al. 

investigated the addition of 100 mg of aspirin to warfarin and noted a 

significant rise in the frequency of minor bleedings and a trend toward more 

major bleedings.83  The concomitant use of clopidogrel and aspirin is 

associated with a steep increase in the risk of bleeding.139, 140 

Paracetamol is associated with an increase in INR values 141, 142 and one study 

has indicated that the incidence of gastrointestinal bleeding was higher in 

patients given paracetamol in combination with warfarin treatment 

compared to warfarin alone. No adjustment for confounders was made and it 

is possible that the intake of paracetamol is an expression of increased co-

morbidity and, thereby, an increased risk of bleeding.143  In VKA-treated 

patients, non-steroidal anti-inflammatory drugs (NSAID) are associated with 
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an increased risk of gastrointestinal bleeding compared to warfarin 

treatment without NSAID.144 

Selective serotonin reuptake inhibitors have been shown to increase the risk 

of bleeding complications (HR 3.49) during warfarin treatment.145  These 

findings are supported in two retrospective studies.146, 147 

There are several other medications that interact with warfarin and 

necessitating a closer monitoring of INR values.148 

Pharmacogenetics 

The CYP2C9 enzyme is responsible for the hydroxylation and metabolic 

clearance of the S-enantiomer of warfarin.149 There are 2 alleles with a lower 

dose requirement of warfarin 150, 50 and possibly an increased risk of bleeding 

complications, at least during the initiation of therapy.151, 152, 153 Vitamin K 

epoxide reductase (VKORC1) polymorphisms have been shown to be 

associated with lower dose needed to achieve a therapeutic INR value. This 

association is stronger than other related polymorphisms, such as those 

related to CYP2C9.154  

The identification of polymorphisms influencing dose requirements of 

warfarin could be of value before initiating therapy and it is possible that an 

implementation of genetic testing could reduce initial bleeding 

complications. It is reasonable to assume that in patients on long term VKA 

treatment, genetic polymorphisms are unlikely to affect the bleeding risk 

since the dose of warfarin is adjusted according to INR. 

A much more rare mutation in factor IX is known to affect bleeding tendency 

in warfarin-treated patients not detected by standard INR measurements.155, 
156 This is a result of a disproportional reduction in the levels of factor IX 

activity. Due to the low prevalence of the mutation it is not likely that it will 

affect routine healthcare. 

Other potential determinants of bleeding complications 

The presence of a malignancy is associated with an increase in the risk of 

bleeding complications.108, 157, 158 Some studies have shown an increased risk 

of bleeding after a previous ischemic stroke.115, 130  There are indications that 

a history of diabetes might be associated with an increased risk of bleedings, 
159 but a recent study did not show any significant association between 

history of diabetes and major bleeding complications.124  Hypertension has 

been associated with an increased risk of bleeding in multiple studies.160-162  
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Determinants of thromboembolic events in atrial fibrillation 

Diabetes, 106, 163 hypertension, advanced age, previous stroke 106, 163, 164 and 

congestive heart failure 165 have all shown associations with an increased risk 

of stroke during atrial fibrillation. It has also been shown that patients with 

atrial fibrillation without previous stroke (or TIA), hypertension, diabetes 

and coronary heart disease have a similar risk of stroke as an age-matched 

population without atrial fibrillation, (1/100 patient years).166 

When applying these risk factors in risk stratification score such as CHADS2, 

validation studies have shown an increasing risk of stroke for each additional 

risk factor present.167   

Declining renal function has also been suggested as an additional risk factor 

for stroke. In a cohort of patients with atrial fibrillation and no warfarin 

treatment, Go et al. noted that a lower eGFR was associated with an 

increased risk of thromboembolic events and that in combination with 

proteinuria this risk was enhanced independent of other risk factors.168 

These findings indicate that a decrease in kidney function, measured as a 

calculated glomerular filtration rate, could complement risk stratification 

analysis in patients with atrial fibrillation. 

Risk factors for cardiovascular disease 

As early as the 1950’s, our understanding of risk factors responsible for the 

development of cardiovascular diseases began to grow. In a well known study 

from Framingham, three independent risk factors were described: weight, 

cholesterol and hypertension. In a more recent publication, the 

INTERHEART-study, it was concluded that most of the modifiable risk for 

cardiovascular disease could be explained by eight variables.169  The risk 

factors were: high blood lipids, smoking, hypertension, diabetes, obesity, 

psychosocial factors, a low consumption of fruit & vegetables, and alcohol, 

and, additionally, a lack of regular physical activity. 

Risk factors for venous thromboembolism 

Venous thrombosis is usually formed as a result of damage of the vessel wall, 

alterations in blood flow, or the presence of a hypercoagulable state. These 

factors are often referred to as Virchow´s triad and often accompany 

conditions which increase the risk of subsequent formation of venous 

thrombosis.  
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All types of surgery increases the risk of venous thrombosis, but patients that 

undergo orthopaedic, vascular or neurosurgery seem to be at an especially 

high risk.170 Immobilization and hospitalization for acute medical disorders 

confer an increase in the risk of venous thrombosis that is most pronounced 

for patients with myocardial infarction, respiratory failure and infectious 

diseases.171  For women, pregnancy and the period immediately postpartum 

are associated with a substantial increase in this risk, 172 as is the use of oral 

contraceptives 173, 174  and hormone replacement therapy.175  

Trousseau was the first to recognize a connection between cancer and VTE 

with an increased risk of thrombosis in patients with malignancies. 

Conversely, it has also been noted that the incidence of malignancy is much 

higher in patients with a diagnosed VTE.176, 177 

In addition to the risk factors already mentioned there are clinical conditions 

identifiable by biochemical markers, often referred to as thrombophilias. 

These include mutations in factor V, called factor V Leiden 178, mutations in 

factor II, G20210A, 179, 180 and deficiencies of antithrombin, protein C and 

protein S.181, 182 Additionally, the presence of antibodies towards 

phospholipids, the antiphospholipid antibody syndrome, increases the risk 

of VTE.183 

Other conditions that have been associated with an increased risk of venous 

thrombosis include, among others, trauma, nephrotic syndrome, age, 

previous venous thromboembolism, the use of central venous catheters and 

high levels of factors VIII and XI.184 Recently, evidence indicating that risk 

factors for atherosclerotic diseases in general might be associated to VTE 

have been introduced 185 and the presence of any one out of 33 autoimmune 

diseases has been reported to increase the risk of a pulmonary embolism.186    

Risk stratification scores 

In order to estimate not only the risk of bleeding, but also the risk of 

thromboembolic events, several risk scores have been developed. The 

HEMORR2HAGES 187   and HAS-BLED scores 135 are the most well known for 

estimating the risk of bleeding complications during VKA treatment. The 

clinical utility of the HEMORR2HAGES  score has been questioned since 

there is evidence that two-thirds of patients in an elderly population have 

similar risks for thromboembolic events (according to CHADS2) as for 

bleeding complications.188 The HAS-BLED score was developed and 

evaluated in patients with atrial fibrillation in the Euro Heart Survey cohort 

and SPORTIF study.134  Patients with higher values were at an increased risk 

of bleeding complications (see Table 1), yet, unfortunately, no concomitant 
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data regarding incidence of thromboembolic events are available. The 

clinical usefulness of HAS-BLED is hampered by the fact that it is unknown 

if the net benefit of warfarin treatment in an individual patient outweighs the 

bleeding risk at a given score.  

For the prediction of stroke risk, other scores have been developed. The most 

widely used is the CHADS2 
167 which is being replaced by the newly 

introduced CHA2DS2 –VASc 126, 127 as summarized in Table 2. For each point 

increase in the score there is an increase in the risk of a future stroke and 

higher scores strengthen the indication for oral anticoagulation (see Table 1).  

An absolute cut-off value, identifying a high stroke risk, is not clear and it 

might be that this threshhold exists at different points in different 

populations as indicated in a study by Hobbs et al.  In elderly patients the 

risk scores seem to lose their ability to grade the risk of a future stroke and 

the predictive accuracy of the score were rather low.189 

Evidence is accumulating that a high CHADS2 score might also be associated 

with an increased risk of bleeding complications and in a recent publication 

of  more than 18,000 patients treated with warfarin or dabigatran it was 

shown that with increasing CHADS2 score the risk of bleeding complications 

increased significantly.190  As seen in Table 2, the parameters for prediction 

of thromboembolic and hemorrhagic events share the same risk factors to 

some extent. For example, the additional risk factors of previous bleeding, 

renal impairment and labile INR have been associated with a higher risk of 

both hemorrhagic and thromboembolic events. Comparing hemorrhagic 

versus thromboembolic risk scores is not straightforward: the net clinical 

benefit of anticoagulant treatment subsides as the risk of bleeding 

complications predominates as demonstrated in Table 1. Some guidance 

could come from a recent retrospective population study which showed that 

the net benefit of anticoagulation compared to no anticoagulant treatment in 

patients with atrial fibrillation seem to be the highest in patients with a high 

CHADS2 or CHA2DS2 –VASc scores and a high HAS-BLED score.191  These 

findings indicate that the use of risk scores to evaluate the net clinical benefit 

is challenging. A high risk of stroke often goes hand-in-hand with a high risk 

of bleeding complications and that additional investigations with a 

prospective, randomized design and, perhaps the addition of biomarkers, are 

needed. 
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Table 1. Risk of an adverse event according to risk-score 

  CHA2DS2VASc HAS-BLED 

Points Stroke % / year Bleeding % / year 

0 - 1.2 

1 1.3 2.8 

2 2.2 3.6 

3 3.2 6 

4 4 9.5 

5 6.7 7.4 

6 9.8 - 

7 9.6 - 

8 6.7 - 

9 15.2 - 

 

Table 2. CHA2DS2VASc and HAS-BLED score, abbreviations and 

corresponding clinical characteristic. 

 

Point Risk factor Letter Letter Characteristic Point 

1 
Congestive heart failure/ 
LV dysfunction 

C H Hypertension 1 

1 Hypertension H A 
Abnormal liver or  
renal function 

1 or 2 

2 Age ≥ 75 years A2 S Stroke 1 

1 Diabetes mellitus D B Bleeding 1 

2 
Stroke/TIA/  
Thromboembolism 

S2 L Labile INR´s 1 

1 Vascular disease V E Age >65 years 1 

1 Age 65-74 years A D Drugs or Alcohol 1 or 2 

1 Female sex Sc       
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Biomarkers  

The definition of a biomarker was standardized by a NIH working group in 

2001 as  “ a characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes, or 

pharmacological responses to a therapeutic intervention”. Biomarkers can be 

further classified depending on their intended use as antecendent, screening, 

diagnostic, staging, and prognostic biomarkers.192  Depending on the 

intendent use of a biomarker the desired properties of a biomarker can vary.  

A high specificity, sensitivity, predictive value, and large likelihood ratio are 

important for a biomarker. When applying a biomarker in clinical medicine 

other factors such as the laboratory and biological variability need to be 

considered as well.193 

When looking for suitable biomarkers for thromboembolic and bleeding 

events during oral anticoagulation one needs to consider the mechanisms of 

not only oral anticoagulation, but also of stroke and cardiovascular diseases. 

In general populations, multiple biomarkers have been investigated.  CRP, 

VWF, fibrinogen, D-dimer, PAI-1 activity and factor VIIIc are all claimed to 

have a predictive value in addition to conventional clinical risk factors in the 

prediction of cardiovascular diseases.194, 195  The predictive ability of different 

biomarkers is less well investigated in patients under VKA treatment. 

Thrombomodulin 

Thrombomodulin is a transmembrane glycoprotein expressed on the 

endothelial cell surface 196 and it is also found in, thrombocytes 197 and many 

other cell types.198, 199, 200 Thrombomodulin on the endothelial surface 

undergoes endocytosis and subsequent degradation and, to some extent, 

proteolytic release from the cell surface before later being secreted in the 

urine.201 Thrombomodulin present in plasma or urine is denoted soluble 

thrombomodulin (sTM) and has a half life of about 10-15 min in plasma 

before elimination by the kidneys.202  At least 7 distinct fragments compose 

sTM, each retaining enzymatic activity and the ability to activate protein C. 

There are indications that the distribution of fragments might differ between 

diseases.203  The expression of TM is transcriptionally up-regulated by 

several factors such as thrombin, vascular endothelial growth factor, 

histamine and statins. Hypoxia, TNF-α & IL-1β, transforming growth factor- 

β and oxidized LDL all have been found to downregulate TM expression.204 

The biological roles of TM are divergent and impact coagulation, 

inflammation, and cell proliferation.205 Thrombomodulin plays an important 

role in both coagulation and fibrinolysis (see Figure 3). TM binds to 
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thrombin forming a complex that activates protein C, which in turn 

inactivates factors Va and VIIIa resulting in the inhibition of thrombin 

formation 15 and an anticoagulant effect. In addition, thrombomodulin 

inhibits fibrinolysis by activating thrombin activatable fibrinolysis inhibitor 

(TAFI ).18 

High levels of sTM have been suggested as a marker of endothelial cell 

dysfunction 206, 207 or damage.208  Elevated levels of sTM have been found in 

pre-eclampsia, lupus,209 diabetes, 210 and disseminated intravascular 

coagulation. 211 However, prospective studies have shown an increased risk 

for cardiovascular events both for low212 and high 213, 214  concentrations of 

sTM as well as an inverse relationship between levels of sTM and the risk of 

diabetes mellitus type 2. 215 

A small, prospective cohort study reported that the number of serious 

bleeding episodes increased exponentially through quartiles of the sTM 

distribution. 216 In addition, in a retrospective case-control study on VKA-

treated patients a similar association was found for sTM. 217  

The diurnal variation of thrombomodulin has been shown to be minimal 218 

which reduces the parameter of sampling time in epidemiological studies. 

von Willebrand factor 

Von Willebrand factor is a large, multimeric glycoprotein which mediates 

platelet adhesion, aggregation and also acts as a carrier for factor VIII.219 It is 

synthesized either in endothelial cells or megakaryocytes and stored as pro-

VWF in Weibel–Palade (WP) bodies or alpha-granules. 220 The rate of pro-

VWF synthesis is known to be influenced by estrogens, corticosteroids and 

thyroid hormone.221, 222 Pro-VWF is processed during the secretory pathway 

and becomes multitimeric.223  VWF is released into the circulation either 

constitutively or in a regulated manner from WP bodies.  Most of the 

circulating VWF consists of proteolytic fragments of larger multimers 

indicating that a regulated release from WP bodies is the dominant pathway 

for the release of VWF in to the circulation.224, 225 The majority of the 

circulating VWF originates from endothelial cells 226 and several substances 

such as desmopressin, epinephrine, adenosine, prostacyclin, vasopressin, 227  

as well as hypoxia and shear stress 228, 229 have been shown to increase the 

secretion of VWF  in cultured endothelial cells. 

Plasma levels of VWF are mainly regulated by genetic factors (75%) indicated 

by the close relationship with the ABO blood grouping 230 where individuals 

with blood group 0 have the lowest values of VWF.231  Age, 232, 233 diabetes, 
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234 and inflammation 233, 235 are also associated with higher VWF levels in 

plasma. 

The degradation of VWF occurs by proteolysis by the ADAMTS-13 

protease.236 The clearance of VWF is much less well understood, but 

experiments on rats have indicated that clearance occurs primarily in the 

liver.237, 238, 239 Several studies have documented VWF’s ability to predict 

future cardiovascular disease, both in healthy populations, 240, 241  as well as 

in a high risk population.232, 242 The mechanism for this association is not 

clear, but VWF is regarded as a marker of endothelial damage and 

dysfunction 243, 244 which could indicate a possible role of VWF in the 

arteriosclerotic process, but this is contradicted by the finding that patients 

with severe von Willebrand disease do not have less intimal plaques than 

healthy controls.245 

In warfarin-treated patients, VWF seems to be associated with an increased 

risk of bleeding. Oddly, high levels of VWF seem to increase the risk of 

bleeding in VKA-treated patients.246, 124 

D-dimer 

D-dimer is a marker of fibrin degradation and its formation depends on 

three enzymes, thrombin, factor XIIIa, and plasmin.247 The D-dimer antigen 

remains undetected until it is revealed by the degradation of cross-linked 

fibrin by plasmin. D-dimer measured in plasma may be derived from soluble 

fibrin before incorporation into a fibrin clot or it may come from high 

molecular weight complexes released from an insoluble clot.248  Modern D-

dimer assays use monoclonal antibodies to detect an epitope that is present 

on the factor XIIIa cross-linked fragment of fibrin, but not on fibrinogen or 

non-cross-linked fibrin degradation products and each assay has an unique 

specificity.249  

D-dimer has a well-established role in the exclusion of venous 

thromboembolism, both deep venous thrombosis 250 and pulmonary 

embolism.251 It has also been proven to help predict the risk for recurrent 

venous thromboembolism.252 

Plasma levels of D-dimer are elevated in patients with atrial fibrillation not 

receiving warfarin and the introduction of warfarin normalizes these levels 

indicating that D-dimer could be a marker of thrombotic risk in patients with 

atrial fibrillation.253 Clinical studies have yielded conflicting results, but 

there are studies indicating that D-dimer is associated with cardiovascular 

events as well as with an increased risk of haemorrhage in patients with 
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atrial fibrillation and warfarin therapy.254 These findings were not confirmed 

by Roldan et al.255 In the Caerphilly Study, D-dimer was significantly 

associated with cardiovascular disease and ischemic stroke even when 

adjusting for conventional risk factors.195  Mahe et al. found a threshold 

value for D-dimer below which the risk of a cardiovascular event is very low 

(1.7% per year) in patients with pre-existing atrial fibrillation. The finding is 

somewhat difficult to interpret since anticoagulant treatment differed and 

the group with VKA therapy had significantly lower D-dimer levels than the 

groups not receiving oral anticoagulant and no stratification for VKA 

treatment was presented.256 

In conclusion, there is conflicting evidence regarding D-dimer as a predictor 

of ischemic and possibly hemorrhagic events in warfarin treated patients. 

The predictive value of D-dimer in patients with ongoing VKA therapy is not 

clear. 

The complex between tPA and PAI-1 

Tissue plasmin activator in plasma is largely bound to its inhibitors PAI-1, C1 

inhibitor and antiplasmin 257, 258 and only a small percent of the unbound 

antigen represents in vivo activity. 

Methods to measure the complexes of tPA have been developed and the 

complex between PAI-1 and tPA correlates strongly with tPA antigen in 

plasma as well as with PAI-1 activity.259 The complex between tPA and PAI-1 

has been shown to predict re-infarction.260, 261 A prospective, nested, case-

control study from northern Sweden noted an association between the 

complex and the development of a first stroke.262 

A recent publication by Wennberg et al. concluded that after adjusting for 

inflammatory markers and other potential confounding variables, the 

tPA/PAI-1 complex was not significantly associated with myocardial 

infarction.263 To my knowledge no association between the tPA/PAI-1 

complex and mortality has been found.  

Tissue plasminogen activator 

Tissue plasminogen activator (tPA) is a protease which cleaves plasminogen 

into plasmin and initiates fibrinolysis.264 The efficacy of tPA is greatly 

enhanced in the presence of fibrin.  The majority of tPA in plasma is bound 

to its inhibitors (PAI-1 and antiplasmin, among others) and only a small 

fraction is present as free, active tPA.  tPA is usually measured as tPA antigen 

which reflects the total amount of tPA, and is inversely correlated to tPA 
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activity.265 Accordingly, high levels of tPA antigen could reflect ineffective 

fibrinolysis.               

In several studies, high levels of tPA have been associated with ischemic 

stroke 266 as well as myocardial infarction.267 After adjusting for traditional 

risk factors, Smith et al. could not corroborate these findings since the 

relation between tPA and CVD or ischemic stroke was attenuated and non-

significant after adjustment.195 

In patients on oral anticoagulant treatment, tPA has been associated with 

cardiovascular events 268 and cardiovascular mortality.269 

Cystatin C 

Cystatin C was discovered in the 1960’s 270, 271 and its presence in blood was 

confirmed by Grubb et al.272  Cystatin C belongs to a family of cysteine 

protease inhibitors which play an important role in intracellular 

metabolism.273 Cystatin C is produced by all nucleated cells. To some extent 

its production can be influenced by corticosteroids, 274, 275 thyroid hormones, 
276 inflammation, 277 and muscle mass.278 The relationship between muscle 

mass and cystatin C is most likely due to the fact that muscle cells constitute 

the largest group of nucleated cells in the body. The impact of muscle mass 

on cystatin C is less than on creatinine.279 It is known that in people under 

60 years of age, women have lower values of cystatin C than men 280 and that 

cystatin C levels are affected by age.  Levels are higher in people over 50-60 

years of age.281, 282   

Cystatin C is filtered freely in the glomeruli and is reabsorbed in the tubuli 

were it is catabolised 283 and no circadian variation in cystatin C 

concentrations exists, 284 making it suitable as a marker of  GFR.  As a 

marker of GFR, cystatin C has superior performance when compared to 

creatinine in the range between 60 and 79 mL/min per 1.73m2. 285 In some 

groups, such as paediatric populations, 286 transplanted patients, 287 

diabetics, 288, and the elderly, 289 using cystatin C instead of creatinine could 

be advantageous. 

Cystatin C has been studied as a biomarker in epidemiology. In a prospective 

study, Shlipak et al. showed that cystatin C is a predictor of death and 

cardiovascular events, 290 a finding collaborated by Zethelius et al. in 2008. 
291 Other studies have proven cystatin C to be associated with mortality in 

patients with heart failure 292, 293 and ischemic heart disease.294 
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Creatinine and eGFR 

Creatinine is an amino acid derivate with a molecular mass of 113 kD and is 

the final product of creatinine phosphate catabolism. Creatinine in plasma is 

generated by skeletal muscle and it is also absorbed from digested food. It is 

filtered by the glomerulus and is also secreted by the proximal tubules. The 

clearance of creatinine thus exceeds the glomerular filtration rate.295  Since 

the level of creatinine in plasma is determined by its excretion and 

generation, the main determinants of the plasma concentration of creatinine 

are muscle mass and kidney function.  

Other factors that can affect creatinine levels are medications that inhibit the 

secretion of creatinine without affecting GFR, for example trimethoprim.296 

It is known that tubular secretion of creatinine varies among and within 

individual patients 297 and in patients with low GFR the extrarenal secretion 

of creatinine can increase, mainly due to increased degradation in the 

intestine. 

Levels of creatinine in plasma correlate weakly to all-cause mortality, 290 but 

a more robust association has been found when the inverse relationship 

between the glomerular filtration rate and creatinine is used to calculate an 

estimated glomerular filtration rate (eGFR).298, 299 There are several 

equations for calculating eGFR.  Two of the most widely accepted are the 

Cockcroft-Gault 300 and the Modification of Diet in Renal Disease (MDRD) 

equations.301 All equations have a common denominator in that they try to 

adjust for the inherent variation in creatinine values related to age, sex, 

racial group, and muscle mass. Both equations have been reported to be less 

accurate in populations without chronic kidney disease.302 

In a study from 2009, Go et al. noted that a lower eGFR, calculated by the 

MDRD equation, was significantly associated with an increased risk of 

thromboembolic events in patients with atrial fibrillation off warfarin 

treatment.168 

C- reactive protein 

C-reactive protein is a well-studied acute phase reactant closely linked to 

inflammation. It is synthesised in the liver and is widely used in different 

clinical settings. CRP has a constant half-time and its concentration is only 

dependent on the rate of synthesis.303 Large prospective studies have 

demonstrated a clear association between CRP and cardiovascular disease, 

stroke, and mortality.194 A recent Mendelian randomization study indicates 

that genetic markers related to CRP concentration are not associated with 
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coronary heart disease and it follows that CRP in itself does not seem to 

contribute to the development of coronary heart disease, 304 representing a 

risk marker rather than a risk factor. 

In patients with atrial fibrillation, the levels of CRP add to the conventional 

CHADS2 risk score in predicting mortality.305 CRP levels are also correlated 

with the levels of haemostatic variables such as VWF.306 

Storage of samples in epidemiological studies 

In epidemiological studies blood samples are often frozen and stored for 

some time before analysis is made. For fibrinolytic factors there are 

indications that a period of protracted preservation has negligible effects on 

the results of analysis, however changes in reagent kits could affect the 

results.307 Analysis is preferably made at the same time, with the same 

reagents for all subjects.  For CRP and D-dimer, one study has indicated that 

prolonged storage time does not affect the stability of the tests.308 Long-term 

storage of cystatin C does not seem to introduce a significant variance.309 

Several different types of blood specimen collection tubes have been 

investigated: serum, EDTA plasma, citrated plasma, and Stabilyte plasma.310, 

311 Citrated plasma collection tubes is regarded as the golden standard for 

long-term storage in haemostatic factor projects.310 

 In conclusion, there is evidence that storage of blood samples for future 

analysis does not introduce a significant bias when analysing the above-

mentioned markers, especially if all samples are analyzed at the same time 

using the same reagent kits. 
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OBJECTIVES 

 

The objective of this thesis was to investigate if specific biomarkers can 

independently predict future bleeding complications, cardiovascular events, 

and mortality during long-term oral anticoagulant treatment. 

 

The specific aims of this thesis were: 

 

 to investigate the association between soluble thrombomodulin, and 

von Willebrand factor and the risk of bleeding complications and 

mortality as well as cardiovascular events. 

 to investigate if renal function, reflected by creatinine, eGFR, and 

cystatin C, is associated with an increased risk of cardiovascular 

events, mortality or risk of bleeding complications. 

 to investigate the association between factors of the fibrinolytic 

system and cardiovascular events, all-cause mortality, and bleeding 

complications. 
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MATERIAL AND METHODS 
 

Study population 

In 1996, the Umeå catchment area was inhabited by approximately 120,000 

people and the Skellefteå catchment area by 80,000 people. Patients were 

recruited from the anticoagulation clinics at Umeå University Hospital and 

Skellefteå County Hospital. About 90 % of patients with oral anticoagulation 

in the Skellefteå catchment area were monitored at the anticoagulation 

clinic; for Umeå the corresponding number was 80%. In the corresponding 

registers a total of 1,204 patients on oral anticoagulant treatment were 

identified, out of which 957 were considered to have a treatment indication 

for at least 3 months. All patients were invited to participate in our study by 

written invitation and given essential information. All 847 patients that gave 

their written consent were asked to donate blood samples at a planned INR 

testing.  All participants had been treated with warfarin for at least 2 months 

prior to blood sampling. 

A total of 11 patients died before blood sampling could be carried out, while 

15 patients stopped their treatment. In 102 patients no study blood samples 

were collected at the initial INR testing. The final study cohort is described 

in Figure 5. 

In total, 356 patients from the Skellefteå anticoagulation clinic were 

identified and asked to complete a questionnaire regarding hypertension, 

diabetes, self-reported weight and height, previous bleeding peptic ulcer, and 

previous peptic ulcer disease.  INR values from the registers at the time of 

blood sampling were retrieved for the patients monitored at the Skellefteå 

clinic. 
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Non fatal cardiovascular events 
n=75 

Clinically relevant bleeding 
n=113 

All cause mortality 
n=161 

Available for sampling 
n = 847 

Included in study 
n = 719  

Deceased, stopped 
tretment or no blood 

sample 
n =128 

 

Patients monitored at the warfarin clinics in 
Umeå and Skellefteå 

n=1204  

Duration of treatment 3 months or more, 
invited to participate 

n=957 
 

No reply or declined to 
participate 

 n=110  

Inhabitans Skellefteå 
catchment area 

n =80000 

Inhabitans Umeå catchment 
area 

n=120000 

Major bleeding 
n=73 

Cardiovascular mortality 
n=110 

 
 

 

Figure 5. Study population as described in paper II. 

Study design 

The papers in this thesis are all based on a longitudinal cohort study where 

blood samples and clinical characteristics were collected before outcome 

events.  
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Follow-up 

The date of blood sampling was set as the inclusion date. Patients were 

followed until event, cessation of anticoagulant treatment, migration, or 

until 12/31/2001. Events occurring within 5 days after cessation of 

anticoagulant treatment were included in the study as were events occurring 

more than 2 days after restarting anticoagulant treatment.  

The hospital records for all patients admitted to hospital were reviewed for 

possible events. Records from the Department of Medicine, Cardiology, 

Surgery, Ear Nose and Throat, Ophthalmology, Urology, Neurology, 

Neurosurgery, and Orthopaedic surgery were reviewed. Possible events were 

recorded. Death certificates were obtained for all fatalities, regardless as to 

whether they occurred in hospital or not. 

Classification of events 

All events were registered and a panel of three experts reached consensus 

regarding classification. Major bleeding were classified according to 

Schulman et al., and encompassed fatal or symptomatic bleedings in a 

critical area or organ, i.e. intracranial, intraspinal, intraocular, 

retroperitoneal, intraarticular, or intramuscular, or bleedings causing a fall 

in haemoglobin level of 20 gL-1 or more, or leading to transfusion of two or 

more units of whole blood or red cells.312 In addition, all bleedings that did 

not fulfill the criteria for major bleeding, but were considered to be the 

primary cause for admission to hospital or extended hospitalization, were 

registered. These bleeding events were combined with major bleedings into 

the variable clinically relevant bleedings.  

Myocardial infarctions were classified according to MONICA criteria.313 A 

definite infarction fulfilled any of the following criteria: 

 typical serial ECG progression, or 

 elevated cardiac enzymes to more than twice the upper limit of 

normal in combination with typical symptoms and abnormal ECG 

changes, or 

 elevated cardiac enzymes to more than twice the upper limit of 

normal in combination with a probable ECG changes and atypical 

symptoms. 
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For fatal myocardial infarctions an autopsy finding consistent with recent 

myocardial infarction was also classified as myocardial infarction. 

Stroke, both hemorrhagic and ischemic, was classified according to WHO 

criteria.314 An event was classified as a stroke if clinical signs of focal (or 

global) disturbances of cerebral function lasted more than 24 hours with no 

apparent cause other than a vascular origin. All transient ischemic attacks, 

silent brain infarctions, strokes caused by trauma, subdural haemorrhage, 

subarachnoidal haemorraghe, and acute stroke with concomitant brain 

tumour were excluded. A CT scan excluding an intracranial haemorrhage 

was needed for definite diagnosis of an ischemic stroke. Strokes that were 

judged to be primarily ischemic in origin with later hemorrhagic 

transformation were classified as ischemic strokes and not bleeding 

complications. All other intracranial bleedings were classified as a major 

bleeding complication. 

Deep venous thrombosis and pulmonary embolism were classified according 

to findings on flebography, ultrasound, angiography, computer tomography, 

or autopsy. Rethrombsis was classified as an increase in the extent of the 

previously affected area in combination with symptoms. Peripheral arterial 

embolism required clinical symptoms plus objective verification either on 

angiography, at operation, or autopsy.  

The cause of death was ascertained from death certificates. Deaths caused by 

stroke (both ischemic and hemorrhagic), intracranial haemorrhage, 

myocardial infarction, heart disease, or vascular diseases (i.e. aortic 

aneurysms) were classified as cardiovascular deaths.  

Statistical analyses 

Variables were tested for normal distribution with Q-Q plots; skewed 

variables were logarithmically transformed before being included in the 

analysis. All markers were analyzed both as continuous variables and as 

tertiles for comparing low, intermediate, and high levels and for detecting 

non-linear associations. For sTM, further investigations were made by 

dividing the variables in to quintiles and decentiles since no association with 

mortality was found for the continuous variable or tertiles. Spearman 

correlation coefficients were used to evaluate relationships between the 

variables.  

The Mann-Whitney two independent samples test was used for continuous 

variables and the chi-square test for categorical variables when comparing 

baseline characteristics between the Umeå and Skellefteå cohorts. 
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Time to event was analyzed using the Cox proportional hazard model. The 

assumption of proportional hazard was confirmed graphically using Kaplan-

Meier survival curves.  

All variables were included in a univariate Cox regression analysis and 

variables with a p-value of less than 0.20 were included in multivariate Cox 

regression models in order to estimate the effects of different determinants 

when controlling for covariates.  A p-value of <0.05 (two-sided) was 

considered statistically significant. Individuals with missing values were 

excluded from the analysis.   

With a statistical power of 80 %, a hazard ratio (HR) of <0.44 or >2.0 was 

calculated to be significant at the 5% level for events with a prevalence of 2% 

per treatment year when comparing tertiles of biomarkers. 

For continuous variables the results were presented as HR’s and 95 % 

confidence intervals (CI) per increment in standard deviation for 

biochemical markers and per ten year increment for age. For tertiles the 

lowest tertile was used as reference.  Direct age adjustment was made in ten 

year intervals for incidence of events. 

Interaction analyses were made by dichotomizing the analyzed variables and 

then plotting the HR´s to check for interaction on the additive scale. We also 

checked for an interaction on the multiplicative scale where appropriate.  

In order to ascertain which of the variables predicted each of the events 

independently, variables which showed significant associations in the 

multivariate analysis in their respective original study were included in a 

new multivariate model. Cox regression analysis with backward elimination 

was performed for each endpoint and variables with a p-value of >0.10 was 

eliminated in each step.  

The predictive ability of the variables in this thesis was evaluated by 

calculation of predictive values and likelihood ratios. Predictive values were 

calculated for all events during the whole follow-up period. 

Statistic analyses were made with SPSS software version 15-17 (SPSS Inc., 

Chicago, IL, USA) 
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Blood sampling 

Blood samples were collected at a planned INR check. Samples were drawn 

at baseline with a minimum of stasis and collected in standard siliconized, 

plasma tubes containing 0.13 mol/L sodium citrate. After centrifugation the 

plasma samples were frozen and stored at – 70 C until analyzed.  

Laboratory procedures 

The inter-assay coefficients of variation (CV %) for individual analyses are 

presented in Table 3. 

 

Table 3. Inter-assay coefficients for analysis performed in the different 

papers. 

 

Biomarker Interassay coefficient of variance in our hands, % 

Thrombomodulin <6.0 

Von Willebrand factor 4.1 

C-reactive protein 3.6 

D-dimer 7.3 

Cystatin C 5.4 

Creatinine 3.0 

tPA antigen 10.7 

tPA/PAI-1 complex 6.3 

 

CRP was analysed with an automated method (IMMULITE Diagnostic 

Products Corporation, Los Angeles, California). Von Willebrand factor was 

measured using ELISA (DAKO, Denmark) and presented as kUL-1.Analysis 

of thrombomodulin was made by Ann-Kristin Öhlin at the Department of 

Clinical Chemistry, Malmö, by a method described by Öhlin et al.315 The 

analysis is an in-house ELISA method in which the antibodies sTM43b and 

sTM531 were used. John Morser at Berlex Biosciences, California, and the 

company PAION, Aachen, Germany, provided the antibodies.  

The whole study population was analyzed at the same time and the 

laboratory staff was blinded to the event status. 

Measurement of fibrinolytic factors 

When measuring tPA one can measure free tPA (tPA activity) or tPA antigen 

which includes tPA bound to its inhibitors. Figure 6 illustrates the different 



MATERIAL AND METHODS 

34 
 

states of tPA in plasma. In paper four, tPA antigen which also is referred to 

as tPA mass concentration was measured.  

 

tPA 

PAI-1 

Other 
inhibitors 

tPA 

tPA 

Active tPA 

tPA/PAI-1 
complex 

tPA antigen 

 
 

Figure 6. Schematic figure of tPA presence in the circulation 

The mass concentration of tPA and tPA/PAI-1 complex was determined with 

enzyme-linked immunosorbent assay (ELISA). The reagent kits used – 

Imulyse tPA (for tPA mass concentration) and TintElize tPA/PAI-1 (for 

tPA/PAI-1 complex mass concentration) – were purchased from Biopool.  

The method for measuring the tPA/PAI-1 complex is based on a 2-site ELISA 

which utilizes a polyclonal antibody toward tPA as a “catch antibody” and a 

horseradish peroxidase-conjugated monoclonal antibody toward PAI-1 for 

measuring purposes. 

D-dimer was measured with an enhanced microlatex immunoassay method 

Sta-Liatest D-Di (Diagnostica Stago, Asnieres sur Seine, France). 

Measurement of markers of kidney function 

Creatinine was analysed on a Hitachii 911 multianalyser (Roche, Mannheim, 

Germany) with kits from Roche/Boehringer (Crea plus, enzymatic method).  

Cystatin C was measured by immunoparticle turbidimetry on a Hitachi 911 

instrument with reagents from DAKO, Copenhagen, Denmark. Calculated 

glomerular filtration rate (eGFR) was estimated by the four variables 

Modification of Diet in Renal Disease (MDRD) Study equation. (GFR = 175 x 

standardized serum creatinine-1.154 x age-0.203 x 1.212 [if black] x 0.742 [if 

female]).302  
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We also categorized eGFR into 4 groups reflecting either normal kidney 

function (>90 mL/min/1.73 m2), or mildly (61 to 90 mL/min/1.73 m2), 

moderately (30 to 60 mL/min/1.73 m2) or severely (< 30 mL/min/1.73 m2) 

reduced according to the Kidney Disease Outcome Quality Initiative of the 

National Kidney Foundation.316  

Ethical considerations 

The study complied with the Declaration of Helsinki and was approved by 

the Research Ethics Committee of Umeå University. All data analyses were 

performed on anonymous data sets without possibility of identification of 

individual patients and were made on personal computers without access to 

the Internet. All patients gave their written informed consent. Data was 

presented only on group level and the risk of violating the integrity of 

individual patients must be considered to be very low. Blood samples were 

drawn at the same time as a regular INR sampling and no extra 

venepuncture was required in the collection process. The additional risk 

added by the collection process was minimal. Patients were not informed 

about the results of our analyses. 
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RESULTS 

 

Baseline 

Baseline characteristic of the study population is presented in Table 4. 

 

Table 4. Baseline characteristics 

  Study cohort (n=719) 

Mean age at inclusion, years (SD) 70 (11) 

Female, no. (%)  268 (37) 

Cystatin C , mg/L, mean (SD) 1.1 (0.4) 

Creatinine,  µmol/L, mean (SD) 84(28) 

Calculated glomerular filtration rate, mL/min/1.73 m2, mean (SD) 77 (21) 

CRP, mg/L, mean (SD) 7.0 (14.9) 

Thrombomodulin, mean ng/ml (SD 6.1 (2.8) 

Von Willebrand factor, mean kU L-1 (SD)  1.61 (0.59) 

tPA, ng/mL, mean (SD) 12.4 (5.6) 

tPA/PAI-1 complex, ng/mL,  mean (SD)  8.99 (5.40) 

D-dimer, µgram/L, mean (SD) 0.28 (0.72) 

Indications for OAC treatment, no. (%) 

prosthetic heart valve 248 (35) 

atrial fibrillation 228 (32) 

venous thromboembolism 83 (11) 

ischemic stroke 73 (10) 

peripheral arterial thromboembolism 40(6) 

miscellaneous 40 (6) 

not defined 7(1) 

 

There were fewer women (37%) than men. Mean follow-up time was 4.2 

years and the maximum follow-up time was 5.6 years. The majority of 

patients at the Skellefteå anticoagulation clinic had a therapeutic INR at the 

time of blood sampling. In the whole population, prosthetic heart valve was 
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the most common indication for warfarin treatment, followed by atrial 

fibrillation. It is notable that baseline CRP was relatively high.  

Data on baseline variables are presented for the entire study cohort. When 

comparing the two catchment areas, patients from Skellefteå were 

significantly older, had atrial fibrillation as indication for treatment 

significantly more often, and also had significantly higher values of D-dimer 

and cystatin C. For Umeå patients the presence of a prosthetic heart valve 

was a more common indication for treatment. 

No other baseline characteristics differed significantly between the two 

catchment areas. 

From the Skellefteå warfarin clinic there were additional baseline data 

available that are presented in Table 5. It is notable that INR was in 

therapeutic interval at the time of inclusion (baseline) in 86% of the cases 

Table 5. Additional baseline data available from the Skellefteå warfarin 

clinic. 

 

 n=356 

INR  at the time of inclusion, %  

< 2.0 9 

2.0-3.5 86 

>3.5 5 

Body-mass index, kg/m2, mean (SD) 25.4 (3.8) 

History of  

hypertension, no. (%)* 161 (45) 

peptic ulcer, no. (%)* 48 (14) 

bleeding peptic ulcer, no. (%)* 21 (6) 

diabetes, no. (%)* 48 ( 14) 

 

Bleeding events 

During follow-up 113 clinically relevant bleedings and 73 major bleedings 

occurred. The locations of the bleedings are presented in Table 6. 

Gastrointestinal and intracranial bleedings were the most common locations.   
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Table 6.  Site of bleeding 

 Clinically relevant bleeding Major bleeding 

 n=113 n=73 

Epitaxis 8 1 

Hematuria 8 2 

Aortic aneurysm 5 5 

Gastointestinal 40 29 

Intracranial 17 17 

Soft tissue 17 9 

Other* 18 10 

   

* perioperative, gynecologic, retroperitoneal, renal, pericardial tamponade, haemoptysis, 

hemarthrosis, ocular. 

 

In Table 7 the proportions of bleeding at different INR is presented. The 

majority of the bleedings occurred at a therapeutic level of INR (2.0-3.5). 

There were 11 fatal bleedings (0.4% per treatment year).  

Table 7. INR at the time of bleeding events 

 

INR at time of event 

 

Major 

no. (%) 

Clinically relevant bleedings 

no. (%) 

Subtherapeutic (< 2.0) 9 (12) 15 (13) 

Therapeutic (2.0 - 3.5) 44 (61) 73 (65) 

Supratherapeutic (>3.5) 20 (27) 25 (22) 

 

 

Cardiovascular events and all-cause mortality 

The occurrence of endpoints and the use of respective endpoints in the 

different papers of the thesis are shown in Table 8. 
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Table 8. Cardiovascular events and mortality endpoints in the thesis 

publications. 

  

  Paper 1 Paper 2 Paper 3 Paper 4 

All-cause mortality, n=161 x x x x 

Cardiovascular mortality, n = 110 x x x x 

Non-fatal cardiovascular events, n = 75 x x x x 

Myocardial infarction, n = 47    x 

Ischemic stroke, n =  42       x 

Non-fatal cardiovascular events were comprised of arterial embolisation, 

myocardial infarction, and ischemic stroke that caused hospitalization. A 

total of 75 non-fatal cardiovascular events occurred during follow-up; 36 

patients had a myocardial infarction, 39 patients had a stroke, and 7 patients 

suffered an arterial embolus. Seven patients had both a myocardial 

infarction and a non-fatal stroke and were included in the non-fatal 

cardiovascular events group based on which occurred first. 

Myocardial infarction and stroke, fatal or non-fatal, leading to 

hospitalization occurred in 47 and 42 patients, respectively. A total of 161 

deaths were recorded during oral anticoagulation, of which cardiovascular 

death was registered as the cause in 110 patients.  

Correlations  

 

Correlations between biomarkers and age are presented in Table 9.   
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Result of the individual papers 

In Table 10 and 11 the HR and 95% CI are presented for all the studied 

biomarkers in the different papers of the thesis.  

Table 10. Univariate and multivariate analysis of biomarkers for major and 

clinically relevant bleedings. Results presented per increment in standard 

deviation for continuous varibles. Hazard ratios and 95% confidence 

intervalls 

 

Univariate Multivariate Univariate Multivariate

Creatinine,  µ mol/L 0.90(0.68-1.19) - 0.98 (0.80-1.20) -

Low 1 - 1 -

Intermediate 0.76 (0.43-1.35) - 0.89 (0.56-1.42) -

High 0.94 (0.54-1.63) - 1.0 (0.64-1.58) -

Cystatin C, mg/L 1.28 (1.01-1.60) 1.08 (0.83-1.43) 1.35 (1.12-1.61) 1.13 (0.91-1.40)

Low 1 1 1 1

Intermediate 0.92 (0.51-1.67) 0.69 (0.37-1.28) 1.20 (0.74-1.94) 0.83 (0.52-1.42)

High 1.60 (0.92-2.78) 1.06 (0.58-1.95) 1.92 (1.21-3.04) 1.21 (0.73-2.0)

CRP, mg/L 1.02 (0.81-1.28) - 1.0 (0.83-1.20) -

Low 1 - 1 -

Intermediate 0.68 (0.37-1.23) - 0.65 (0.40-1.06) -

High 1.22 (0.72-2.08) - 1.25 (0.82-1.92) -

eGFR mL/min/1.73 m2 1.0 (0.99-1.01) - 0.99 (0.99-1.01) -

Low 1 - 1

Intermediate 1.01 (0.57-1.78) - 0.94 (0.60-1.47) -

High 0.93 (0.52-1.65) - 0.78 (0.49-1.25) -

Age by 10 y 1.50 (1.17-1.93) 1.41 (1.07-1.86) 1.57 (1.28-1.92) 1.51 (1.20-1.89)

Sex 1.31 (0.82-2.08) - 1.09 (0.75-1.59) -

D-dimer, µgram/L, 1.33 (1.06-1.67) 1.27 (1.01-1.60) 1.16 ( 0.96-1.40) -

Low 1 1 1

Intermediate 1.32 ( 0.72-2.42) 1.29 ( 0.70-2.36) 1.03 ( 0.64-1.65) -

High 1.83 ( 1.04-3.24) 1.67 ( 0.94-2.97) 1.34 (0.86-2.10) -

tPA, ng/mL. 0.97(0.77-1.22) - 0.94 ( 0.79-1.14) -

Low  1 -  1 -

Intermediate  0.81(0.46-1.44) - 0.97 ( 0.62-1.52) -

High  0.94(0.55-1.64) - 0.88 ( 0.56-1.38) -

tPA/PAI-1 complex, ng/mL  1.05(0.83-1.33) - 1.02 ( 0.84-1.23) -

Low  1 -  1 -

Intermediate  1.03(0.59-1.79) - 1.08.( 0.69-1.69) -

High  0.97(0.55-1.70) - 0.97 ( 0.61-1.53) -

VWF 1.33 (1.06-1.66) 1.22 (0.96-1.55) 1.26 (1.06-1.51) 1.13 (0.93-1.37)

Low 1 1 1 1

Intermediate 1.49 (0.80-2.79) 1.32 (0.70-2.49) 1.38 (0.85-2.26) 1.19 (0.72-1.95)

 High 2.53 (1.41-4.56) 2.1 (1.45-3.85) 2.19 (1.38-3.48) 1.72 (1.07-2.77)

sTM 1.44 (1.21-1.71) 1.39(1.16-1.66) 1.39 (1.20-1.60) 1.33 (1.14-1.54)

Low 1 1 1 1

Intermediate 1.99 (1.02-3.88) 1.82 (0.93-3.55) 2.11 (1.24-3.59) 1.87 (1.09-3.19)

High 2.69 (1.41-5.14) 2.33 (1.21-4.48) 2.74 (1.63-4.61) 2.29 (1.35-3.89)

n=73 n=113

Major bleeding Clinically relevant bleeding
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Table 11.Univariate and multivariate analysis of biomarkers for 

cardiovascular and all-cause mortality and non fatal cardiovascular events. 

Results presented per increment in standard deviation for continuous 

varibles. Hazard ratios and 95% confidence intervalls 

 

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Creatinine,  µ mol/L 1.15 (0.91-1.46) - 1.17 (1.02-1.33) 1.14 (0.95-1.37) 1.23 (1.01-1.56) 1.19 (1.03-1.38)

Low 1 - 1 1 1 1

Intermediate 0.90 (0.50-1.63) - 1.23 (0.75-2.60) 1.33 (0.81-2.17) 1.26 (0.83-1.89) 1.34 (0.92-2.10)

High 1.19 (0.68-2.10) - 1.48 (0.92-2.39) 1.23 (0.82-1.85) 1.51 (1.01-2.25) 1.23 (0.82-1.85)

Cystatin C, mg/L 1.41 (1.13-1.78) 1.20 (0.88-1.42) 1.83 (1.55-2.15) 1.65 (1.36-2.0) 1.89 (1.65-2.16) 1.63(1.39-1.91)

Low 1 1 1 1 1 1

Intermediate 2.42 (1.25-4.69) 1.87 (0.94-3.73) 2.34 (1.29-4.25) 1.86 (1.01-3.46) 2.23 (1.36-3.64) 1.63 (0.98-2.70)

High 3.32 (1.72-6.39) 2.29 (1.11-4.74) 4.94 (2.83-8.63) 3.43 (1.85-6.34) 4.71 (2.97-7.45) 2.79 (1.69-4.59)

CRP, mg/L 1.11 (0.89-1.39 1.03 (0.97-1.10) 1.26 (1.05-1.51) 1.14 (0.94-1.79) 1.37 (1.18-1.60) 1.15 (0.98-1.36)

Low 1 - 1 1 1 1

Intermediate 1.20 (0.69-2.10) - 1.23 (0.76-1.99) 1.23 (0.74-2.05) 1.52 (0.99-2.28) 1.34 (0.86-2.07)

High 1.31 (0.74-2.31) - 1.73 (1.09-2.75) 1.37 (0.82-2.29) 2.06 (1.38-3.06) 1.49 (0.96-2.32)

eGFR mL/min/1.73 m2 1.0 (0.98-1.01) - 0.99 (0.98-1.0) 1.0 (0.99-1.01) 0.99(0.98-0.99) 1.0 (0.99-1.01)

Low 1 - 1 1 1 1

Intermediate 0.84 (0.47-1.52) - 0.83 (0.53-1.30) 1.01(0.64-1.59) 0.75 (0.52-1.09) 0.96 (0.65-1.40)

High 0.88 (0.50-1.55) - 0.55 (0.33-0.89) 0.80 (0.48-1.33) 0.55 (0.37-0.83) 0.87 (0.58-1.32)

Age by 10 y 1.48 (1.16-1.89) 1.41 (1.06-1.88) 1.59 (1.29-1.96) 1.28 (1.02-1.61) 1.76 (1.47-2.10) 1.41 (1.16-1.72)

Sex 0.68 (0.41-1.11) 0.55 (0.33-0.94) 0.91 (0.61-1.34) - 0.90 (0.65-1.25) -

D-dimer, µgram/L, 1.30 (1.02-1.65) 1.23 ( 0.96-1.56) 1.32 (1.10-1.60) 1.21 ( 0.99-1.47) 1.38 (1.18-1.62) 1.25 (1.06-1.47)

Low 1 1 1 1 1 1

Intermediate 1.68 (0.94-3.0) 1.63 ( 0.97-2.91) 1.22 (0.73-2.04) 1.09 ( 0.65-1.85) 1.41 ( 0.92-2.18) 1.23 (0.79-1.91)

High 1.46 (0.80-2.68) 1.30 ( 0.71-2.40) 2.05 (1.29-3.27) 1.63 (1.02-2.64) 2.29 (1.54-3.42) 1.72 (1.14-2.59)

tPA, ng/mL. 1.24 ( 0.98-1.56) 1.15 (0.91-1.47) 1.12 (0.93-1.35) 1.01 (0.83-1.23) 1.22 ( 0.83-1.82) 1.01 ( 0.85-1.19)

Low 1 1 1 1 1 1

Intermediate 1.96 (1.07-3.59) 1.84 (1.02-3.37.) 1.06 (0.68-1.67) 0.89 ( 0.56-1.42) 1.02 ( 0.69-1.50) 0.85 (0.57-1.26)

High 1.81( 0.98-3.36) 1.58 ( 0.85-2.92) 0.98 ( 0.62-1.57) 0.74 (0.46-1.19) 1.19 ( 0.82-1.74) 0.87 (0.59-1.28)

tPA/PAI-1 complex, ng/mL 1.37 (1.09-1.73) 1.36 ( 1.06-1.73) 1.11( 0.92-1.03) - 1.14 (0.97-1.33) 1.01 (0.98-1.04)

Low 1 1 1 - 1 1

Intermediate 2.27 (1.21-4.29) 1.99 (1.05-3.78) 1.39 ( 0.88-2.19) - 1.39 ( 0.95-2.03) 1.00 (0.68-1.49)

High 2.44 (1.30-4.60) 2.27 (1.21-4.28) 1.16 (0.72-1.87) - 1.12 (0.96-1.31) 0.93 (0.62-1.40)

VWF 1.36 (1.09-1.69) 1.22 (0.96-1.55) 1.68 (1.40-2.01) 1.46 (1.19-1.79) 1.77 (1.52-2.05) 1.48 (1.25-1.76)

Low 1 1 1 1 1 1

Intermediate 1.09 (0.61-1.94) 0.91 (0.51-1.64) 2.71 (1.51-4.83) 2.20 (1.22-3.97) 2.75 (1.69-4.46) 2.07 (1.25-3.41)

 High 1.68 (0.97-2.91) 1.28 (0.73-2.56) 4.37 (2.50-7.63) 3.21 (1.79-5.74) 4.53 (2.85-7.20) 2.99 (1.63-4.43)

sTM 1.09 (0.51-2.33) - 1.20(1.02-1.42) 1.06(0.87-1.30) 1.16(1.0-1.34) 0.98(0.82-1.42)

Low 1 - 1 1 1 1

Intermediate 1.12 (0.64-1.94) - 1.31 (0.79-2.19) 1.17 (0.7-1.95) 1.34 (0.89-2.03) 1.16 (0.76-1.76)

High 1.01 (0.57-1.71) - 1.78 (1.09-2.91) 1.5 (0.91-2.47) 1.59 (1.06-2.4) 1.27 (0.84-1.93)

Non fatal cardiovascular events Cardiovascular mortality All-cause mortality

n=75 n=110 n=161
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Thrombomodulin as a marker of bleeding complications during 

warfarin treatment (Paper I) 

We investigated the association between soluble thrombomodulin and 

bleeding complications, as well as all-cause mortality and non-fatal 

cardiovascular events, during oral anticoagulation Baseline values of sTM 

are shown in Table 4, page 37. 

Thrombomodulin showed significant associations with an increased risk of 

bleeding complications, both for major and clinically relevant bleedings (see 

Table 10). For sTM as a continuous variable, the HR per increment in 

standard deviation was 1.39 (95% CI 1.20-1.60) for a major bleeding event. 

These results remained significant after adjustment for age and CRP in a 

multivariate analysis.  For the patients recruited from the clinic in Skellefteå, 

INR values at the time of inclusion were available and demonstrated no 

significant relationship with measured sTM values or subsequent bleeding 

events.  

There were no associations between sTM expressed either as a continuous 

variable or grouped in tertiles and all-cause mortality or cardiovascular 

mortality (see Table 11). In order to investigate a potential non-linear 

association, sTM was further divided in to quintiles and decentiles without 

detection of any significant association.  

Age was significantly associated to bleeding complications, mortality and 

non-fatal cardiovascular events. Stratification for age did not show any 

synergistic effects between age and sTM. For clinically relevant bleedings, 

stratification for sex showed that women with a sTM value in the highest 

tertile had a HR of 3.21 (95% CI 1.34-7.67) when compared to the lowest 

tertile. The age-adjusted incidence of clinically relevant bleeding for women 

in the highest tertile was 7.1 per 100 treatment years. Corresponding HR for 

men with a sTM value in the highest tertile was 1.85 (95% CI 0.95-3.61) 

compared to men with a sTM value in the lowest tertile. The age-adjusted 

incidence for men in the highest tertile of sTM was 5.0 per 100 treatment 

years. Age-adjusted incidence of major and clinically relevant bleedings in 

the study population is presented in Figure 7. 

After excluding patients with a supratherapeutic value (INR>3.5) at the time 

of bleeding the results for sTM remained significant as a continuous variable 

(HR 1.32, 95% CI 1.11-1.57). 

After additional adjustment for creatinine in the multivariate model sTM 

remained significantly associated with clinically relevant and major 
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bleedings. HR 1.36 (95% CI 1.17-1.57) and HR 1.44 (95% CI 1.21-1.70) per 

increment in standard deviation respectively. 
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Figure 7. Age-adjusted incidence of bleedings in tertiles of sTM. 
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Von Willebrand factor predicts major bleeding and mortality 

during oral anticoagulant treatment (Paper II) 

The second publication investigated the association between VWF and risk 

of bleeding complications, cardiovascular mortality, and all-cause mortality. 

Baseline values for VWF are presented in Table 4. Survival plots for tertiles 

of VWF and different endpoints are shown in Figure 8. 

VWF, as a continuous variable and as a tertile, was associated with both 

cardiovascular and all-cause mortality in the univariate Cox regression 

analysis. After adjustment for age, CRP, and creatinine in the multivariate 

analysis the associations remained significant. 

VWF also showed an association with bleeding complications. In univariate 

analysis, VWF, expressed both as a continuous variable and the highest 

tertile, was associated to clinically relevant bleedings, as well as major 

bleedings. In multivariate analysis, however, only the highest tertile 

remained significantly associated to bleeding complications with a HR of 

1.72 (95% CI 1.07-2.77) for clinically relevant bleedings, and a HR of 2.1 

(95% CI 1.45-3.85) for major bleedings. For VWF as a continuous variable 

the association became attenuated and no longer significant. 

The incidence of major bleeding complications in the highest tertile of VWF 

was 4.1 per 100 treatment years and 1.6 per 100 treatment year for the lowest 

tertile. Stratification for age showed that people over 70 years and with a 

VWF level in the third tertile had a HR of 6.6 (95% CI  3.8-11.7) for major 

bleeding complications compared to the rest of the population.  
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A B 

C D 

Figure 8. Survival plots illustrating proportions free of event in different 

tertiles of von Willebrand factor for major bleedings (A), clinically relevant 

bleedings (B),  cardiovascular mortality (C), and all-cause mortality (D). 



RESULTS 

47 
 

Cystatin C and creatinine as markers of bleeding and mortality 

during oral anticoagulant  treatment (Paper III) 

The purpose of this study was to investigate the relationships between 

selected markers of kidney function and both bleeding events and 

cardiovascular events.  We chose to investigate the following markers: 

cystatin C, creatinine, and eGFR. 

The baseline distributions of the different values are presented in Table 4. 

None of the markers displayed any significant associations with bleeding 

complications in multivariate analysis. Cystatin C, creatinine, and eGFR 

were all associated to all-cause mortality in the univariate Cox regression 

analysis (see Table 11). In multivariate analysis only creatinine and cystatin C 

remained significantly associated to all–cause mortality. For cystatin C there 

was also an association to cardiovascular mortality. After adjusting for 

hypertension and diabetes (available from the Skellefteå clinic), the findings 

for cystatin C remained significant regarding the associations with all-cause 

and cardiovascular mortality. For non-fatal cardiovascular events only 

cystatin C demonstrated a significant association. 

 

Figure 9 shows the age adjusted incidence of mortality in different tertiles of 

the different markers of kidney function.  There is a substantial increase in 

the incidence of all-cause and cardiovascular mortality with increasing levels 

of cystatin C. No increase in the incidence of bleeding complications as the 

levels of cystatin C increases was seen. 

When analyzing only patients with atrial fibrillation as indication for 

treatment the findings for cystatin C could be confirmed. The continuous 

variable of cystatin C showed a HR of 1.91 (95% CI 1.37-2.68) for all-cause 

and of 1.90 (95% CI 1.24-2.89) for cardiovascular mortality. The highest 

tertile of cystatin C, compared to the lowest, remained significantly 

associated with all-cause and cardiovascular mortality, HR 4.69 (95% CI 

1.73-12.69) and HR 7.16 (95% CI 2.00-25.56), respectively. 
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Figure 9. Age adjusted incidence of all-cause mortality, cardiovascular 

mortality, and major bleedings in tertiles for markers of kidney function 
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Impact of fibrinolytic factors on bleeding, morbidity and 

mortality during warfarin treatment (Paper IV) 

In the fourth paper of the thesis we investigated the different components of 

the fibrinolytic system in relation to cardiovascular events, mortality, and 

bleeding complications. 

For major bleedings a significant association was seen for D-dimer, but not 

for the other variables as demonstrated in Table 10. After adjustment for age, 

hypertension, body mass index, and diabetes available from the Skellefteå 

clinic, D-dimer remained significantly associated with major bleedings, HR 

1.43 (95% CI: 1.03-1.98). Neither tPA, tPA/PAI-1 complex, nor D-dimer were 

associated with clinically relevant bleedings. 

This study also investigated the associations between fibrinolytic variables 

and myocardial infarction or ischemic stroke, including both fatal and non-

fatal events. For myocardial infarction, D-dimer HR 1.37 (95% CI 1.02-1.84) 

and tPA/PAI-1 complex HR 1.56 (95% CI 1.15-2.13) as continuous variables 

showed significant associations in multivariate analysis. The highest tertile 

of tPA/PAI-1 complex also remained associated with myocardial infarction in 

the multivariate analysis HR 2.99 (95%CI 1.25-7.14). Only age was 

significantly associated with ischemic stroke in multivariate analysis.  

A separate analysis was made for non-fatal cardiovascular events (ischemic 

stroke, myocardial infarction, and arterial emboli). For non-fatal 

cardiovascular events only tPA/PAI-1 complex remained associated in 

multivariate analysis.  

Aside from age, only the highest tertile of D-dimer was significantly 

associated to all-cause and cardiovascular mortality. 
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General results (Papers I-IV) 

Associations with all-cause mortality 

The age-adjusted incidence of variables that were significantly associated to 

all-cause mortality in any of the papers are show in Figure 10. 
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Figure 10. Age-adjusted incidence of all-cause mortality per 100 treatment 

years in different tertiles for cystatin C, von Willebrand factor (VWF), C-

reactive protein (CRP), and D-dimer. 

Associations with bleeding events 

As depicted in Figure 11, the age-adjusted incidence of major bleeding events 

in tertiles, for variables significantly associated with major bleeding events in 

multivariate analysis, are shown. sTM, VWF, and D-dimer are all associated 

with major bleeding events. sTM and VWF are also associated with clinically 

relevant bleedings. 
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Figure 11. Age-adjusted incidence of major bleeding per 100 treatment 

years in different tertiles for von Willebrand factor (VWF), D-dimer, and 

thrombomodulin. 

 

Backward elimination 

For each endpoint, backward elimination was performed for variables 

significantly associated with the outcome in each paper. 

For all-cause and cardiovascular mortality, age, D-dimer, VWF, CRP, and 

cystatin C were included in the analysis. After stepwise elimination of non-

significant variables (P<0.10), age, cystatin C, and VWF remained in the 

final model for all-cause and cardiovascular mortality. Age was the only 

variable that remained significantly associated with non-fatal cardiovascular 

events, while cystatin C and tPA/PAI-1 complex were eliminated.  

For bleeding events, the associations for VWF and D-dimer became 

attenuated and no longer significant and only sTM and age remained 

significant in the final model. 
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Predictive value of the variables 

Bleeding 

Table 12 summarizes the positive predictive value (PPV), negative predictive 

value (NPV), positive likelihood ratio (LH+), and negative likelihood ratio 

(LH-) for sTM and VWF.  Variables dichotomized at the low and the high 

tertiles. 

 

Table 12. Predictive values and likelihood ratios for bleeding events during 

4.2 years of follow-up. Variables dichotomized at the low and the high 

tertiles. 

 

 

All-cause mortality 

Biomarkers associated with all-cause mortality in Cox regression analysis 

(CRP, cystatin C, VWF, and D-dimer) were dichotomized at their median. 

The positive predictive value (PPV), negative predictive value (NPV), 

likelihood ratio positive (LH+), and likelihood ratio negative (LH-) were 

calculated and are presented in Table 13.  

    PPV NPV LR+ LR- 

Clinically relevant bleeding     

Low vs intermediate/high     

 Thrombomodulin 0.2 0.91 1.26 0.51 

 
Von Willebrand factor 0.18 0.88 1.1 0.74 

Low/intermediate vs high     

 Thrombomodulin 0.22 0.87 1.87 0.43 

 
Von Willebrand factor 0.2 0.86 1.31 0.56 

Major bleeding     

Low vs intermediate/high     

 Thrombomodulin 0.12 0.94 1.24 0.53 

 
Von Willebrand factor 0.14 0.92 1.72 0.66 

Low/intermediate vs high     

 Thrombomodulin 0.12 0.93 1.17 0.68 

  
Von Willebrand factor 0.14 0.92 1.41 0.96 
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Table 13. Predictive values and likelihood ratios of CRP, VWF, D-dimer, 

and cystatin C for all-cause mortality during 4.2 years of follow-up. Variables 

are dichotomised at the median. 

 

    PPV NPV LR+ LR- 

All-cause mortality       

 CRP 0.48 0.43 1.19 0.83 

 VWF 0.45 0.32 1.44 0.6 

 D-dimer 0.43 0.41 1.37 0.72 

  Cystatin C 0.42 0.3 1.7 0.52 

 

Combining biomarkers 

Based on the results of publications 1 and 2, we investigated if sTM could be 

of value in identifying patients at low risk of bleeding complications in a 

population at high or low risk of mortality as defined by VWF levels. 

The population was stratified according to low or high VWF (dichotomized at 

median), Cox multivariate regression analysis showed that a sTM value in 

the lowest tertile of sTM was still significantly associated with a lower risk of 

clinically relevant bleeding than levels in the highets tertile of sTM (see Table 

12). There was a similar trend for major bleedings, but significance was not 

reach, possibly due to lack of power. 

In patients with low values of VWF, sTM did not distinguish between low 

risk patients to any significant degree as shown in Table 14 and Figure 13. 

Table 14. Multivariate analysis for clinically relevant bleedings including 

age per 10  year increment interval and tertiles of thrombomodulin in 

patients with a VWF level above (n=359) and below (n=360) median. HR 

and 95% CI are presented. 

 

  

 
High VWF Low VWF 

Age 1.4 (1.04 - 1.89) 1.46 (1.09-1.94) 

Thrombomodulin   

Low (n=78) 1 1 

Intermediate (n=118) 2.19 (0.88-5.43) 1.74 (0.88-3.44) 

High (n=144) 3.05 (1.28-7.30) 1.63 (0.77-3.45) 
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The incidence of clinically relevant bleeding, as well as all cause mortality are 

depicted in Figures 12 and 13. In patients with a VWF level above median the 

incidence of clinically relevant bleedings was 3.1 per 100 treatment years in 

patients with a low sTM value and 5.0 per 100 treatment years for patients 

with the highest sTM values. For patients with a VWF below median the 

incidence of clinically relevant bleedings was not consistently increased with 

higher tertiles of sTM.  
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Figure 12. Age-adjusted incidence of clinically relevant bleedings and all-

cause mortality in tertiles of thrombomodulin in patients with a VWF level 

above median (n=359). 
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Figure 13. Age-adjusted incidence of clinically relevant bleedings and all-

cause mortality in tertiles of thrombomodulin in patients with a VWF level 

below median (n=360) 
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DISCUSSION 
 

General discussion 

Methodological considerations 

The study design in this thesis is a longitudinal cohort study. The cohort 

study has several advantages. Most importantly, cases and controls are 

derived from the same population and blood sampling was made before the 

occurrence of outcome events. This allows for estimations of event rates in 

exposure groups.317 In order to account for time at risk, Cox regression 

analysis was used. 

It is important to reflect over the internal and external validity of the study in 

order to interpret the data and its transferability to clinical conditions. 

Internal Validity 

Assesment of exposure variables 

A known diurnal variation exists for tPA and tPA/PAI-1 complex. Blood 

sampling was done in conjunction with a planned INR sampling that was 

carried out in a standardized fashion with the majority of sampling occurring 

in the morning, thus making this type of bias less likely. The interassay 

coefficients of the studied variables were all below 10% except for tPA (CV 

10.7%). This is considered acceptable. All blood samples were analysed at the 

same time and with the same reagents in order to restrict the influence of 

various reagents kits. The laboratory staff that performed the analyses were 

blinded to the clinical outcome.  The plasma samples were stored for 4 to 5 

years. For tPA, tPA/PAI-1 complex, CRP, D-dimer, and cystatin C, we known 

that storage time introduces very little variance in the analyses.307, 308, 309  

Sampling was obtained at a single time point, the findings must therefore be 

interpreted in the light of having only one measurement at baseline and the 

effects of changes during the entire observation period could not be 

examined. 

The levels of VWF are significantly lower for persons with blood group O 318 

and this effect was not adjusted for. Von Willebrand’s disease occurs in 

about 1 % of the population 319 and is often associated with low levels of 

VWF.231  No patient with known von Willebrand’s disease was included in 

the study. 
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Confounders 

Time in therapeutic range (TTR) is not adjusted for in the statistical models 

and we know that this variable can affect the risk of both bleeding and 

thromboembolic events.320 However, we have observed that a majority of 

bleedings occurred at therapeutic INR values and that, as a population, 

warfarin treated patients in Sweden have a high time in therapeutic range. 

An association between INR at sampling or event and the exposure variables 

could not be found. Only one patient was lost to follow-up due to migration 

and was followed until the date of migration. 

Unfortunately, we only had access to data for potential confounders 

(specifically weight, height, hypertension, diabetes, peptic ulcer, and 

previous peptic ulcer disease) from the Skellefteå anticoagulation clinic. The 

results for the biomarkers were not affected when adjustment for these 

confuonders was made. We did not adjust for the potential confounders of 

CHADS2, CHA2DS2VASC and HASBLED.    

Evaluation of outcome 

In order to find all non-fatal events, both bleeding-related and 

thromboembolic, we studied patient records from all episodes which 

required hospitalization regardless of the diagnosis. One investigator (ML) 

searched for events in hospital records in both Umeå and Skellefteå. All 

potential events were registered and later classified by three investigators 

that were blinded to the biochemical results. Thus, the risk of 

misclassification of non-fatal events is presumed to be low. We used well-

defined criteria for all outcome measurements 

We used death certificates for classification of fatal events regardless of 

whether ancillary data was available from hospital records. This approach 

was used to insure that the classifications would not differ between patients 

that died at home and those that died in hospital.  

In a separate study we evaluated different search strategies for finding 

bleeding complications. We searched the records for patients for a wide 

range of diagnoses related to bleeding. In doing so we were able to identify 

an additional 26% of major bleedings and an additional 23% of clinically 

relevant bleedings compared to a method using only diagnosis registries. For 

clinically relevant bleedings, this translates into a bleeding frequency per 

year of 2.9 % for the method based on diagnosis registries versus 3.9% for 

the method used in this thesis. For major bleedings the corresponding 

numbers are 1.8% and 2.4%, respectively. 
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External validity 

The cohort was recruited in a clinical population of warfarin-treated patients 

in two hospital-based clinics. The vast majority of the patients in the 

catchment area attended the clinics, making a selection bias unlikely. A high 

percentage of the invited VKA-treated patients were included; only 4.8 % of 

invited patients decline to participate. It is likely that the study population 

reflects a clinically representative sample of VKA-treated patients. There 

were no exclusion criteria other than not being on warfarin treatment for at 

least 2 months prior to enrollment and having a planned treatment of at 

least 3 additional months. Collection of blood samples was done prior to 

outcome endpoints and patients were followed-up prospectively. 

Our finding of annual incidences of bleeding of 2.4% and 3.9% for major and 

clinically relevant bleeding events, respectively, are relatively low, but in the 

same range as that which has been reported previously.320 

The demographics of present day warfarin-treated patients has changed 

compared to our study population mainly by an increase in the proportion of 

patients with atrial fibrillation as a treatment indication, and by an increase 

in age. We know that these trends could affect the risk of bleeding 108 and 

thromboembolic events and, as a result, we have conducted a subgroup 

analysis on patients with atrial fibrillation. The findings presented in this 

thesis are adjusted for age and the results for patients with atrial fibrillation 

were consistent with the results for the study cohort as a whole.  This 

suggests that our results are likely to be applicable even to a contemporary 

population of warfarin-treated patients. 

Although the proportion of warfarin-treated patients in the population has 

increased steadily in later years, the incidence of intracranial bleeding has 

been shown to be on the decrease.321 It is possible that the selection of 

patients suitable for warfarin treatment has improved, as well as the 

monitoring of treatment, and that the incidence of bleeding complications in 

today’s warfarin-treated population is lower than indicated in our study. 

However, a recent study on a warfarin-treated population in Sweden noted 

an incidence of bleeding complications that are in concordance with our 

findings.320 
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Individual papers 

Thrombomodulin as a marker of bleeding complications during 

warfarin treatment (Paper I) 

We found that soluble thrombomodulin was significantly associated with 

bleeding complications, both clinically relevant and major bleedings. There 

were no associations between sTM and mortality or non-fatal cardiovascular 

events.  We also conducted a subgroup analysis on patients with atrial 

fibrillation with similar findings. When stratifying for gender it was notable 

that women had a higher HR for bleeding events than men. The reason for 

this difference is not clear and needs to be evaluated in future studies. 

From previous studies we know that sTM is associated with an increased risk 

of bleeding events 216, 217 as well as mortality 322 in patients with warfarin 

treatment and in patients without warfarin treatment.323, 324 We could not 

find any association between sTM and mortality in our population.  

Previous studies have given conflicting results regarding sTM and its relation 

to myocardial infarction. In a study by Salomaa, an inverse relationship to 

incident myocardial infarction was shown.212 No description of the method 

by which sTM was determined is given in the paper. Thögersen et al., in a 

nested, case-control study, noted that high values of sTM could be associated 

to an increased risk of developing a first-ever myocardial infarction during 

follow-up.213  It is notable that the results in this study were derived from a 

subgroup analysis on women, and that no such relationship was found for 

men. In a more recent cohort study by Morange et al., no association 

between sTM and the development of myocardial infarction or angina could 

be demonstrated.325 It is known that sTM is composed of several different 

fragments and the use of different antibodies in different sTM assays makes 

it difficult to compare results between studies.  The evidence for a potential 

link between high levels of sTM and myocardial infarction is sparse and 

conflicting. 

It is not clear if the high levels of measured sTM reflect an increase in 

expression, an increased proteolytic release of endothelial bound 

thrombomodulin, or a decreased clearance. When adjustment for kidney 

function was made by incorporating creatinine in the multivariate model, 

findings for sTM were not substantially affected indicating that a decreased 

renal clearance is not likely to explain the findings. Endothelial dysfunction 

as part of an inflammatory reaction is also contradicted by our findings as 

the data were unaffected by adjustment for CRP, as would be expected in 

that case. 
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 sTM is a vital part of both coagulation and fibrinolysis and an increased 

expression of sTM on endothelial cells could alter the haemostatic balance 

mainly due to more extensive inhibition of coagulation via the protein C 

pathway.15 This would result in an increased risk of bleeding. 

One also has to consider the possibility that the sTM measured in plasma is 

not indicative of an underlying process which affects haemostasis, but that 

the fragments of sTM in and of themselves affect coagulation, shifting the 

balance toward anticoagulation. From previous studies we know that 

fragments of sTM exhibit protein C activating potential.203, 315  In our 

population with a relative low prevalence of bleeding events, it is likely that 

the negative predictive value of a low sTM value is the most useful clinical 

marker in that it identifies patients at a low risk of bleeding. 

Von Willebrand factor predicts major bleeding and mortality 

during oral anticoagulant treatment (Paper II) 

The main finding presented in the second publication is the association 

between VWF and cardiovascular mortality, all-cause mortality, as well as 

bleeding events during warfarin treatment. One previous study has indicated 

that high levels of VWF could be related to bleeding events during warfarin 

treatment 246 and this could be confirmed in our study. In addition, Roldan 

et al. have published a study showing an association between high levels of 

VWF and cardiovascular events and bleeding events suppoorting our 

results.255 

VWF plays an important part in primary haemostasis and, intuitively, it is 

difficult to explain the finding of an association between a high level of VWF 

and an increased bleeding risk. Some guidance might come from the study 

by Vincentelli et al. which showed that low levels of the highest multimers of 

VWF can be present despite normal levels of VWF antigens and, in fact, 

could be related to an increased risk of bleeding complications.326 This 

finding is further strengthened by the fact that we know that the large 

multimers of VWF are necessary for an optimal haemostasis.327  In our study 

we measured VWF antigen and it is unclear to what extent this reflect the 

functional activity of VWF, but it is possible that an increase in antigen also 

reflects an increased proteolysis of larger multimeres, the main source of 

VWF in plasma in people without VKA treatment.225 

The connection between high levels of VWF and cardiovascular events and 

mortality is established.233, 328  The mechanism is not entirely clear, but VWF 

is considered to be a marker of endothelial dysfunction243 and there is a 

known association between markers of inflammation, such as CRP, and 
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VWF.306 In patients with impaired kidney function, levels of VWF are known 

to be elevated 329 and renal dysfuntion is, in itself, associated with mortality 

and cardiovascular events.299 We adjusted for CRP and creatinine in this 

study without substantial alterations of hazard ratios, indicating that high 

levels of VWF are not merely an expression of inflammation or impaired 

kidney function. 

The dual association of VWF with bleeding as well as cardiovascular events 

makes clinical application more difficult. There is also an indication that 

VWF could add to the predictive value of CHADS2 when predicting stroke 

risk in atrial fibrillation patients.124  VWF antigen appears hopeful as a 

marker for future cardiovascular events, but the clear association to bleeding 

complications makes it less useful. 

Cystatin C and creatinine as markers of bleeding and mortality 

during oral anticoagulant  treatment (Paper III) 

In the third paper, cystatin C, creatinine, and eGFR were studied. Cystatin C 

was independently associated with all-cause and cardiovascular mortality, as 

well as non-fatal cardiovascular events. Cystatin C appeared more strongly 

associated to mortality than creatinine, for which only the association with 

all-cause mortality remained significant after adjustment for age. In the 

univariate analysis, eGFR showed similar associations as creatinine, but after 

adjustment for age in the multivariate analyses the associations with 

mortality became attenuated and non-significant. 

The relationship between cystatin C and mortality or cardiovascular events 
291, 290 is well known, but has not to my knowledge been shown in a 

population of VKA-treated patients. There are several ways in which cystatin 

C could be related to cardiovascular events. First, it is known that cystatin C 

is superior to creatinine in identifying patients with an early, mild decrease 

in kidney function 330 and it is possible that the increased risk of vascular 

events can be attributed to kidney function. This is somewhat contradicted 

by the findings of Menon et al., who showed that cystatin C has a better 

predictive value for mortality than iohexol clearance, 331  indicating that 

cystatin C reflects not just decreased kidney function. There is also a clear 

association between inflammatory markers and cystatin C, 277, 332 however 

the associations with cardiovascular events in our study and in previous 

studies remain even after adjustment for CRP in the multivariate analysis.333 

Finally, it has been shown that cystatin C is associated with the number of 

coronary artery stenosis in patients with a GFR > 90 mL/min/1.73m2.334 

This could indicate that there is a direct effect of cystatin C on the vascular 

wall possibly related to its role as a protease inhibitor. 
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A new potential complication of warfarin therapy has been suggested 

recently, namely warfarin-related nephropathy (WRN).335  WRN is thought 

to occur in some patients when INR becomes supratherapeutic. In patients 

with chronic kidney disease an association between an INR above 3.0 and an 

increase in serum creatinine followed by a more rapid deteriation of kidney 

function has been seen.336 In a subset of patients that developed a rise in 

creatinine, renal biopsies have confirmed the presence of casts of red blood 

cells in the tubuli.335 In a retrospective study by Brodsky et al. in 2011, 

indications that WRN might also exist in patients without chronic kidney 

disease was noted.337 An intriguing explanation of the predictive ability of 

cystatin C for all-cause mortality and cardiovascular mortality is that cystatin 

C could identify a subset of warfarin-treated patients at high risk for 

deterioration of kidney function and death. 

Although the mechanism for cystatin C and its association with 

cardiovascular events is not fully understood, it seems clear that cystatin C 

adds predictive value to both the measurement of kidney function and 

markers of inflammation in the prediction of cardiovascular events.  The 

latter is also confirmed in our study. 

We could not find any significant association between creatinine, eGFR, or 

cystatin C and bleeding complications.  In published guidelines, decreased 

kidney function is regarded as a risk marker for bleeding complications 

during oral anticoagulation.129 There is little evidence for a linear association 

since most studies have failed to show any increased risk for bleeding 

complications in patients with mild to moderate decrease in kidney 

function.131, 137 Roldan et al. noted an association between impaired kidney 

function and major bleeding events, but not clinically relevant bleeding 

events. The definition of impaired kidney function was not stated in the 

paper and it is therefore not possible to further interpret these results with 

regard to patients with mild to moderate renal impairment.255 It is notable 

that eGFR is often used to assess kidney function in cohort studies. eGFR is 

used to correct the inherent associations of creatinine with age, sex, and 

muscle mass. One study has indicated that the age and sex differences for 

creatinine persist after applying the MDRD algorithm and that the variance 

of eGFR values in the population is mainly determined by age differences.338  

Age is consistently associated with both bleeding events and mortality 113, 117 

and adjustment for age in multivariate analyses seems appropriate before 

evaluating the predictive value of eGFR. In clinical medicine, eGFR is often 

used to screen for impaired kidney function. New oral anticoagulants are 

excreted by the kidneys to different extents 339 and a decrease in kidney 

function could lead to a prolonged half-time 340 and an increase in 

concentrations.341 Increased concentrations of anticoagulants have the 



DISCUSSION 

63 
 

potential to increase the risk of bleeding and since there is presently no 

available method to measure concentration of newer oral anticoagulants, 

their accumulation might be overlooked. It has been shown that estimation 

of GFR by the MDRD formula301 seems to underestimate GFR,  295  while 

estimation by the Cockroft-Gault formula300 seems to overestimate GFR.295  

Cystatin C is less affected by age, muscle mass, and sex when compared to 

creatinine. It is possible that a cystatin C-based GFR estimate would be more 

reliable in screening for impaired renal function before initiation of oral 

anticoagulation, especially in patients without known kidney impairment 

and with an eGFR between 60 and 90 mL/min/1.73m2. Larger prospective 

studies are needed to evaluate which method of determining kidney function 

is preferable in patients with oral anticoagulant treatment.  

In summary, our findings further underscore the superiority of cystatin C as 

a marker of cardiovascular risk as compared to creatinine or eGFR. The lack 

of an association between all three markers of kidney function and bleeding 

complications during warfarin treatment is important. Patients with a mild 

to moderate increase in markers of kidney function should be considered 

foremost to be at an increased risk of cardiovascular events, and not bleeding 

complications.  A recent study indicates that in patients with atrial 

fibrillation and a moderate decrease in kidney function, use of adjusted-dose 

warfarin is effective in preventing stroke and does not increase the risk of 

bleeding complications when compared to aspirin or aspirin & low fixed dose 

warfarin. Some caution is prompted due to a limited number of bleeding 

events in both groups in this study.137 

For warfarin, continuous monitoring of INR offers an advantage in patients 

with decreased kidney function. For the newer anticoagulants it is not clear 

how to best monitor patients with mild to moderate renal impairment. This 

needs to be taken into consideration when initiating oral anticoagulant 

treatment 

Impact of fibrinolytic factors on bleeding, morbidity and 

mortality during warfarin treatment (Paper IV) 

Fibrinolytic factors displayed different predictive profiles. The complex 

between tPA and PAI-1 was associated with both myocardial infarction and 

non-fatal cardiovascular events, while D-dimer was associated with 

mortality, major bleeding complications, and myocardial infarction. In 

multivariate analysis no significant association between tPA and the 

different outcomes were found. 
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Following idiopathic venous thromboembolism, D- dimer has been shown to 

predict a higher risk of recurrent venous thromboembolism in non-warfarin 

treated patients 252 and, additionally, cardiovascular events and occult 

cancer.342 Previous studies regarding D-dimer in patients with oral 

anticoagulation have yielded conflicting results regarding D-dimer and risk 

for cardiovascular events in patients with VKA.124, 268 Our finding for D-

dimer supports an association of D-dimer with adverse events during oral 

anticoagulation. 

When interpreting the findings regarding D-dimer it is important to bear in 

mind that the levels of D-dimer have been shown to be affected by 

therapeutic warfarin treatment, in some cases resulting in normalization of 

D-dimer values after initiation of treatment.253, 268  This reduction of D-dimer 

seems to be dose-dependent since low dose warfarin (INR <1.2) did not 

reduce D-dimer levels.343, 344 A study of a Japanese population revealed that 

an INR of 1.5 to 2.0 was as effective as an INR above 2.0 in lowering D-

dimer. It was also shown that D-dimer levels were significantly higher in 

older people and that a higher dose of warfarin might therefore be required 

to normalize their values.345 Mahé et al. have identified a group of patients 

with atrial fibrillation and D-dimer levels lower than 334 ng/ml as having an 

extremely low risk of cardiovascular events. The data presented in that study 

were not adjusted for age and other potential confounders, such as 

treatment. In the group with low D-dimer levels, the incidence of 

cardiovascular events was 1.9% compared to 7.6% in the group with elevated 

D-dimer levels, thus indicating that D-dimer could be of value when 

identifying patient at an increased risk of cardiovascular events. In the same 

study it was also noted that a rise in D-dimer during follow-up preceded a 

cardiovascular event. No data regarding levels of D-dimer and the risk of 

bleeding was presented.256 

Treatment with new oral anticoagulants has been associated with a reduction 

in D-dimer.346, 347 It is possible that measuring D-dimer could identify 

patients at increased risk of cardiovascular events irrespective of the type of 

oral anticoagulant treatment. 

In warfarin-treated patients, the predictive value of tPA has only been 

evaluated in one previous study in which an association between tPA and 

mortality 269 was found. This finding was not corroborated in the present 

study.  A separate study has indicated that tPA levels are increased in 

patients with atrial fibrillation.348  It is not clear if the levels of tPA are 

affected by anticoagulant treatment, but withdrawal of apecoumarol did not 

increase the levels of tPA, thus indicating that tPA might not be affected by 

VKA treatment.349 After adjustment for age in the multivariate analysis, no 
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significant association between tPA and stroke could be seen in our 

population. 

The tPA/PAI-1 complex is associated to an increased risk of stroke 262 and 

recurrent myocardial infarction, 260 as well as a first myocardial infarction, 
261 but has not previously been studied in a warfarin-treated population. We 

found an association between myocardial infarction and non-fatal 

cardiovascular events and the complex between tPA and PAI-1 in warfarin-

treated patients.  It is known that tPA/PAI-1 complex correlates with 

triglycerides and BMI and we did not adjust for these variables in this study. 

The results should be interpreted cautiously. 

In conclusion, among the studied markers of fibrinolysis we found that D-

dimer shows the best potential as a clinically useful marker of cardiovascular 

events in patients with oral anticoagulation. 

Limitations 

There are some limitations that need to be considered. Questionnaire data 

was only available from the Skellefteå warfarin clinic which hampered our 

ability to adjust for these risk factors. We did not have access to data on 

CHADS2, CHA2DS2VASc, or HASBLED, and the addititive value of the 

biomarkers could not be determined. Socioeconomic factors, smoking and 

alcohol consumtion were not adjusted for and the possibility of residual 

confounding needs to be considered.  

Sampling was made at one occasion, which dilutes the precision of the 

biomarkers. It must be remembered that our findings are only applicable to a 

population on  long-term oral anticoagulant treatment. 

Due to a limited population size the power to detect associations is limited as 

described by the power calculation in the methods section. Absence of an 

association in our study should be interpreted with caution. 

Clinical utility 

The biomarkers studied in this thesis have different predictive abilities and 

the potential clinical utilization differs between them. sTM appears to have 

the potential to discriminate patients with a low risk of bleeding 

complications from patients with a high risk. One possible application of 

sTM measurement is as a complement to risk scores, for example in patients 

with a medium to high CHADS2 and a perceived increased bleeding risk 

where a low sTM level may argue for a net benefit of warfarin treatment. 



DISCUSSION 

66 
 

VWF has already been tested in addition to risk scores and seems to add 

predictive power irrespective of score, both for bleeding and cardiovascular 

events.124, 350 Measurement of VWF levels seem to be of somewhat limited 

value in clinical practice since patients with a high level will have a high risk 

of both cardiovascular events and bleeding complications. Analyzing VWF, 

therefore, will most likely not increase the likelihood of identifying patients 

with an increased net benefit of treatment. 

Markers of kidney function, such as cystatin C, creatinine, and eGFR are in 

use in routine healthcare today. The findings in this thesis further emphasize 

that a mild to moderate decrease in kidney function, as measured by these 

markers, is more indicative of an increased risk of cardiovascular event 

rather than an increased risk of bleeding. 

We found that cystatin C has a higher predictive potential as a marker of 

cardiovascular risk in patients with OAC when compared to creatinine. With 

the introduction of new anticoagulant treatments dependent on renal 

excretion, a large number of patients will need to be monitored regularly for 

signs of decline in kidney function, which may influence the net clinical 

benefit of treatment.  eGFR, as estimated by MDRD algorithm, has recently 

been shown to classify 32 % of patients into the wrong kidney function class 

according to the KDOQI chronic kidney disease classification when 

compared with glomerular filtration rate measured by 51Cr-EDTA 

clearance.351  In comparison with new oral anticoagulants, warfarin could be 

advantageous in patients with decreased kidney function due to its 

established monitoring procedures. 

D-dimer is an established marker of venous thromboembolism.  More and 

more evidence is gathering that the level of D-dimer is correlated to the level 

of anticoagulant effect achieved, irrespective of type of oral anticoagulant.346, 
347 Our findings indicate that D-dimer is a marker of the risk of 

cardiovascular events and bleedings. 

Future perspectives on biomarkers 

Today we know that estimating the risk of thromboembolic events and 

bleeding complications based solely on clinical risk scores is suboptimal.189, 

352, 190  As a group, patients with a high risk of thromboembolic events are 

likely to have a net benefit of oral anticoagulant treatment although they also 

have an increased risk of bleeding complications. Biomarkers offer the 

possibility to further enhance detection of patients with a net clinical benefit 

of oral anticoagulant treatment.124 
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Do biomarkers add to the predictive value of known risk scores such as 

HASBLED and CHA2DS2VASc?  

The biomarkers we have investigated are far from ready for clinical 

application and more studies on specific biomarkers and their use in patients 

with oral anticoagulant treatment is needed. The findings in our cohort of 

warfarin-treated patients needs to be verified in other settings and several 

questions need to be addressed. Are the results valid for patients on 

treatment with new oral anticoagulants? Is the predictive ability of 

biomarkers different in patients planned for treatment than in patients on 

continuous treatment? Are levels of biomarkers affected by oral 

anticoagulant treatment?  These questions can not be answered from the 

data in our study. 

To address these concerns a prospective cohort study investigating 

biochemical markers in patients planned for treatment with OAC would be 

the next logical step in evaluating the utility of biomarkers. Blood samples 

should be taken prior to treatment, early after initiation of treatment, and 

also when patients are on chronic treatment with either warfarin or new oral 

anticoagulants. Adjustment for CHA2DS2VASc and HASBLED should be 

done.   

Randomized controlled trials (RCT) are expensive and time consuming to 

undertake and when investigating new markers in patients with increased 

risk of adverse events there are several practical and ethical considerations 

to be made. Initiating new RCT´s solely to investigate biomarkers is 

therefore not easily carried out, but an intriguing possibility would be to use 

data from the large, randomized controlled trials comparing new oral 

anticoagulants with warfarin that have been conducted during the last few 

years.4, 6, 5  Analyzing biomarkers in this setting would most likely add to our 

current knowledge. 

Evaluation of kidney function and D-dimer 

Assessment of kidney function is of great importance in patients treated with 

new oral anticoagulants. Studies investigating how to evaluate and best 

monitor kidney function are needed.  Due to the inability of present 

equations to estimate kidney function correctly it might be necessary to 

directly measure glomerular filtration rate in patients with eGFR below 60 

mL/min/1.73 m2. Cystatin C, being less influenced by sex, muscle mass, and 

other confounders, might have advantages when monitoring kidney 

function. Our current knowledge of the balance between the risk of bleedings 
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and the risks of thromboembolic events in patients with a mild to moderate 

decrease in kidney is limited.  The addition of markers of kidney function 

both to risk scores for bleeding, as well as to risk scores for thromboembolic 

events, are needed to further clarify the optimal use of oral anticoagulants in 

this group of patients. 

Further studies regarding D-dimer and the prediction of cardiovascular 

events are needed. One question that needs answering is if D-dimer, as a 

marker of endogenous fibrinolytic activity, can be used to determine patient 

response to anticoagulant treatment. It is also of importance to investigate if 

monitoring of D-dimer levels is of value in tailoring anticoagulant treatment. 

This research may even be extended to other preventive measures such as 

treatment of hypertension and hyperlipidemia. 
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CONCLUSIONS 

In patients with long-term oral anticoagulant treatment: 

 

 increased levels of thrombomodulin are associated with bleeding 

complications.  No association between thrombomodulin and risk of 

cardiovascular events or mortality was found. 

 

 Increased levels of von Willebrand factor is associated with 

cardiovascular events, mortality, and bleeding complications, 

irrespective of CRP levels and age. 

 

 increased levels of cystatin C is associated with mortality and 

cardiovascular events, but not with bleeding complications. 

 

 increased levels of creatinine are associated with all-cause mortality, 

but not cardiovascular events or bleeding complications. 

 

 eGFR is not asscociated with mortality, cardiovascular events or 

bleeding complications. 

 

 increased levels of D-dimer are associated with mortality, 

myocardial infarction, and bleeding complications. 

 

 increased levels of tPA/PAI-1 complex are associated with a risk of 

myocardial infarction and non-fatal cardiovascular events, but not 

with mortality or bleeding complications.  

 

 tPA levels are not associated with mortality, cardiovascular events, 

or bleeding complications. 

 

 

 

 

 

 

 

 

 



ACKNOWLEDGEMENTS 

70 
 

ACKNOWLEDGEMENT 

I would like to express my sincere gratitude to the following persons who all 

contributed to this thesis in different ways: 

My supervisor, Professor Jan-Håkan Jansson, for your support and for 

sharing your knowledge in the fields of epidemiology, cardiology and 

coagulation . 

My co-supervisor, Lars Johansson, for your insightful comments and 

invaluable input on this thesis. 

My co-supervisor, Professor Kurt Boman for your support and input.  

My co-author, Professor Torbjörn K Nilsson, for sharing your vast 

knowledge in the fields of clinical chemistry and fibrinolysis.  

My co-authors, Lisbeth Slunga-Järvholm and Ann-Kristin Öhlin. 

My clinical supervisor, Dr. Eva Åberg, for your support and guidance during 

my residency. 

Dr. Thomas Suh, for your skillful proofreading. 

All my collegues at the Department of Medicine and Geriatrics, Skellefteå 

County Hospital. 

Patrik and Maria Wennberg, Karin Burman, Marie Tjernqvist, Mona 

Olofsson, Bengt Norrfors, Lars-Michael Lundmark, Jonas Andersson, Jenny 

Herneståhl-Boman and Anette Broberg at Forskningenheten Skellefteå. 

 

Vidar, Maud, Elenor, and Patrik for your support. 

Maria, Adrian and Frank for your support and encouragement 

This study was supported by generous grants from the County Council of 

Västerbotten, the Heart Foundation of Northern Sweden, the Foundation for 

Medical Research in Skellefteå, and the Joint Committee of Northern 

Sweden Health Care Region 



REFERENCES 

71 
 

REFERENCES 

 
1. Schofield F. Damaged sweet clover: The cause of a new disease in cattle simulating 

hemorrhagic septicemia. J Am Vet Med Assoc. 1924;64:553 
2. Link KP. The discovery of dicumarol and its sequels. Circulation. 1959;19:97-107 
3. Singer DE, Albers GW, Dalen JE, Fang MC, Go AS, Halperin JL, Lip GY, Manning 

WJ. Antithrombotic therapy in atrial fibrillation: American college of chest physicians 
evidence-based clinical practice guidelines (8th edition). Chest. 2008;133:546S-592S 

4. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, 
Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis 
BS, Darius H, Diener HC, Joyner CD, Wallentin L. Dabigatran versus warfarin in 
patients with atrial fibrillation. N Engl J Med. 2009;361:1139-1151 

5. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G, Halperin 
JL, Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz SD, Fox KA, 
Califf RM. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J 
Med.365:883-891 

6. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, Al-Khalidi 
HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD, Ezekowitz JA, Flaker 
G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser SH, 
Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL, Pais P, Parkhomenko A, 
Verheugt FW, Zhu J, Wallentin L. Apixaban versus warfarin in patients with atrial 
fibrillation. N Engl J Med.365:981-992 

7. Hoffbrand AV, Moss,  P.A.H. Essential haemathology. Wiley-Blackwell; 2011. 
8. Schmugge M, Rand ML, Freedman J. Platelets and von willebrand factor. Transfus 

Apher Sci. 2003;28:269-277 
9. Ruggeri ZM. Structure of von willebrand factor and its function in platelet adhesion 

and thrombus formation. Best Pract Res Clin Haematol. 2001;14:257-279 
10. Jennings LK. Mechanisms of platelet activation: Need for new strategies to protect 

against platelet-mediated atherothrombosis. Thromb Haemost. 2009;102:248-257 
11. Davie EW, Fujikawa K, Kisiel W. The coagulation cascade: Initiation, maintenance, 

and regulation. Biochemistry. 1991;30:10363-10370 
12. Collen D, Lijnen HR. Basic and clinical aspects of fibrinolysis and thrombolysis. 

Blood. 1991;78:3114-3124 
13. Hoffman M. Remodeling the blood coagulation cascade. J Thromb Thrombolysis. 

2003;16:17-20 
14. Hoffman M, Monroe DM, 3rd. A cell-based model of hemostasis. Thromb Haemost. 

2001;85:958-965 
15. Nesheim M. Thrombin and fibrinolysis. Chest. 2003;124:33S-39S 
16. Irigoyen JP, Munoz-Canoves P, Montero L, Koziczak M, Nagamine Y. The 

plasminogen activator system: Biology and regulation. Cell Mol Life Sci. 1999;56:104-
132 

17. Bajzar L, Manuel R, Nesheim ME. Purification and characterization of tafi, a 
thrombin-activable fibrinolysis inhibitor. J Biol Chem. 1995;270:14477-14484 

18. Bajzar L, Morser J, Nesheim M. Tafi, or plasma procarboxypeptidase b, couples the 
coagulation and fibrinolytic cascades through the thrombin-thrombomodulin 
complex. J Biol Chem. 1996;271:16603-16608 

19. Levi M, van der Poll T. Inflammation and coagulation. Crit Care Med.38:S26-34 
20. van der Poll T, Levi M, Hack CE, ten Cate H, van Deventer SJ, Eerenberg AJ, de Groot 

ER, Jansen J, Gallati H, Buller HR, et al. Elimination of interleukin 6 attenuates 
coagulation activation in experimental endotoxemia in chimpanzees. J Exp Med. 
1994;179:1253-1259 

21. van der Poll T, Buller HR, ten Cate H, Wortel CH, Bauer KA, van Deventer SJ, Hack 
CE, Sauerwein HP, Rosenberg RD, ten Cate JW. Activation of coagulation after 
administration of tumor necrosis factor to normal subjects. N Engl J Med. 
1990;322:1622-1627 

22. Libby P, Aikawa M. Stabilization of atherosclerotic plaques: New mechanisms and 
clinical targets. Nat Med. 2002;8:1257-1262 



REFERENCES 

72 
 

23. Levi M, van der Poll T, Buller HR. Bidirectional relation between inflammation and 
coagulation. Circulation. 2004;109:2698-2704 

24. Vary TC, Kimball SR. Regulation of hepatic protein synthesis in chronic inflammation 
and sepsis. Am J Physiol. 1992;262:C445-452 

25. Taylor FB, Jr., Dahlback B, Chang AC, Lockhart MS, Hatanaka K, Peer G, Esmon CT. 
Role of free protein s and c4b binding protein in regulating the coagulant response to 
escherichia coli. Blood. 1995;86:2642-2652 

26. Eckle I, Seitz R, Egbring R, Kolb G, Havemann K. Protein c degradation in vitro by 
neutrophil elastase. Biol Chem Hoppe Seyler. 1991;372:1007-1013 

27. Nawroth PP, Stern DM. Modulation of endothelial cell hemostatic properties by 
tumor necrosis factor. J Exp Med. 1986;163:740-745 

28. Faust SN, Levin M, Harrison OB, Goldin RD, Lockhart MS, Kondaveeti S, Laszik Z, 
Esmon CT, Heyderman RS. Dysfunction of endothelial protein c activation in severe 
meningococcal sepsis. N Engl J Med. 2001;345:408-416 

29. Petaja J. Inflammation and coagulation. An overview. Thromb Res.127 Suppl 2:S34-
37 

30. Sower LE, Froelich CJ, Carney DH, Fenton JW, 2nd, Klimpel GR. Thrombin induces 
il-6 production in fibroblasts and epithelial cells. Evidence for the involvement of the 
seven-transmembrane domain (std) receptor for alpha-thrombin. J Immunol. 
1995;155:895-901 

31. van der Poll T, de Jonge E, Levi M. Regulatory role of cytokines in disseminated 
intravascular coagulation. Semin Thromb Hemost. 2001;27:639-651 

32. Roemisch J, Gray E, Hoffmann JN, Wiedermann CJ. Antithrombin: A new look at the 
actions of a serine protease inhibitor. Blood Coagul Fibrinolysis. 2002;13:657-670 

33. Harada N, Okajima K, Kushimoto S, Isobe H, Tanaka K. Antithrombin reduces 
ischemia/reperfusion injury of rat liver by increasing the hepatic level of prostacyclin. 
Blood. 1999;93:157-164 

34. Uchiba M, Okajima K, Murakami K. Effects of various doses of antithrombin iii on 
endotoxin-induced endothelial cell injury and coagulation abnormalities in rats. 
Thromb Res. 1998;89:233-241 

35. Toltl LJ, Swystun LL, Pepler L, Liaw PC. Protective effects of activated protein c in 
sepsis. Thromb Haemost. 2008;100:582-592 

36. Mosnier LO, Zlokovic BV, Griffin JH. The cytoprotective protein c pathway. Blood. 
2007;109:3161-3172 

37. Esmon CT. New mechanisms for vascular control of inflammation mediated by 
natural anticoagulant proteins. J Exp Med. 2002;196:561-564 

38. Hancock WW, Grey ST, Hau L, Akalin E, Orthner C, Sayegh MH, Salem HH. Binding 
of activated protein c to a specific receptor on human mononuclear phagocytes 
inhibits intracellular calcium signaling and monocyte-dependent proliferative 
responses. Transplantation. 1995;60:1525-1532 

39. White B, Schmidt M, Murphy C, Livingstone W, O'Toole D, Lawler M, O'Neill L, 
Kelleher D, Schwarz HP, Smith OP. Activated protein c inhibits lipopolysaccharide-
induced nuclear translocation of nuclear factor kappab (nf-kappab) and tumour 
necrosis factor alpha (tnf-alpha) production in the thp-1 monocytic cell line. Br J 
Haematol. 2000;110:130-134 

40. Breckenridge A. Oral anticoagulant drugs: Pharmacokinetic aspects. Semin Hematol. 
1978;15:19-26 

41. O'Reilly RA. Vitamin k and the oral anticoagulant drugs. Annu Rev Med. 1976;27:245-
261 

42. Wittkowsky AK. Warfarin and other coumarin derivatives: Pharmacokinetics, 
pharmacodynamics, and drug interactions. Semin Vasc Med. 2003;3:221-230 

43. Kelly JG, O'Malley K. Clinical pharmacokinetics of oral anticoagulants. Clin 
Pharmacokinet. 1979;4:1-15 

44. Whitlon DS, Sadowski JA, Suttie JW. Mechanism of coumarin action: Significance of 
vitamin k epoxide reductase inhibition. Biochemistry. 1978;17:1371-1377 

45. Stenflo J, Fernlund P, Egan W, Roepstorff P. Vitamin k dependent modifications of 
glutamic acid residues in prothrombin. Proc Natl Acad Sci U S A. 1974;71:2730-2733 

46. Fasco MJ, Hildebrandt EF, Suttie JW. Evidence that warfarin anticoagulant action 
involves two distinct reductase activities. J Biol Chem. 1982;257:11210-11212 

47. Stafford DW. The vitamin k cycle. J Thromb Haemost. 2005;3:1873-1878 



REFERENCES 

73 
 

48. Hirsh J, Dalen J, Anderson DR, Poller L, Bussey H, Ansell J, Deykin D. Oral 
anticoagulants: Mechanism of action, clinical effectiveness, and optimal therapeutic 
range. Chest. 2001;119:8S-21S 

49. D'Angelo A, Vigano-D'Angelo S, Esmon CT, Comp PC. Acquired deficiencies of 
protein s. Protein s activity during oral anticoagulation, in liver disease, and in 
disseminated intravascular coagulation. J Clin Invest. 1988;81:1445-1454 

50. Furuya H, Fernandez-Salguero P, Gregory W, Taber H, Steward A, Gonzalez FJ, Idle 
JR. Genetic polymorphism of cyp2c9 and its effect on warfarin maintenance dose 
requirement in patients undergoing anticoagulation therapy. Pharmacogenetics. 
1995;5:389-392 

51. Rost S, Fregin A, Ivaskevicius V, Conzelmann E, Hortnagel K, Pelz HJ, Lappegard K, 
Seifried E, Scharrer I, Tuddenham EG, Muller CR, Strom TM, Oldenburg J. Mutations 
in vkorc1 cause warfarin resistance and multiple coagulation factor deficiency type 2. 
Nature. 2004;427:537-541 

52. Harrington DJ, Underwood S, Morse C, Shearer MJ, Tuddenham EG, Mumford AD. 
Pharmacodynamic resistance to warfarin associated with a val66met substitution in 
vitamin k epoxide reductase complex subunit 1. Thromb Haemost. 2005;93:23-26 

53. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G. Pharmacology and 
management of the vitamin k antagonists: American college of chest physicians 
evidence-based clinical practice guidelines (8th edition). Chest. 2008;133:160S-198S 

54. Quick AJ, Stanley-Brown M, Bancroft FW. A study of the coagulation defect in 
hemophilia and in jaundice.*. The American Journal of the Medical Sciences. 
1935;190:501-510 

55. Owren PA. Thrombotest. A new method for controlling anticoagulant therapy. Lancet. 
1959;2:754-758 

56. Latallo ZS, Thomson JM, Poller L. An evaluation of chromogenic substrates in the 
control of oral anticoagulant therapy. Br J Haematol. 1981;47:307-318 

57. Hillarp A, Egberg N, Nordin G, Stigendal L, Fagerberg I, Lindahl TL. Local inr 
calibration of the owren type prothrombin assay greatly improves the intra- and 
interlaboratory variation. A three-year follow-up from the swedish national external 
quality assessment scheme. Thromb Haemost. 2004;91:300-307 

58. Schulman S, Parpia S, Stewart C, Rudd-Scott L, Julian JA, Levine M. Warfarin dose 
assessment every 4 weeks versus every 12 weeks in patients with stable international 
normalized ratios: A randomized trial. Ann Intern Med.155:653-659 

59. Hylek EM, Go AS, Chang Y, Jensvold NG, Henault LE, Selby JV, Singer DE. Effect of 
intensity of oral anticoagulation on stroke severity and mortality in atrial fibrillation. 
N Engl J Med. 2003;349:1019-1026 

60. Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, Filippatos G, Flachskampf F, 
Hall R, Iung B, Kasprzak J, Nataf P, Tornos P, Torracca L, Wenink A. Guidelines on 
the management of valvular heart disease: The task force on the management of 
valvular heart disease of the european society of cardiology. Eur Heart J. 
2007;28:230-268 

61. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE. Prevalence 
of diagnosed atrial fibrillation in adults: National implications for rhythm 
management and stroke prevention: The anticoagulation and risk factors in atrial 
fibrillation (atria) study. Jama. 2001;285:2370-2375 

62. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, Seward JB, 
Tsang TS. Secular trends in incidence of atrial fibrillation in olmsted county, 
minnesota, 1980 to 2000, and implications on the projections for future prevalence. 
Circulation. 2006;114:119-125 

63. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for 
stroke: The framingham study. Stroke. 1991;22:983-988 

64. Petersen P, Boysen G, Godtfredsen J, Andersen ED, Andersen B. Placebo-controlled, 
randomised trial of warfarin and aspirin for prevention of thromboembolic 
complications in chronic atrial fibrillation. The copenhagen afasak study. Lancet. 
1989;1:175-179 

65. Stroke prevention in atrial fibrillation study. Final results. Circulation. 1991;84:527-
539 

66. The effect of low-dose warfarin on the risk of stroke in patients with nonrheumatic 
atrial fibrillation. The boston area anticoagulation trial for atrial fibrillation 
investigators. N Engl J Med. 1990;323:1505-1511 



REFERENCES 

74 
 

67. Andersen LV, Vestergaard P, Deichgraeber P, Lindholt JS, Mortensen LS, Frost L. 
Warfarin for the prevention of systemic embolism in patients with non-valvular atrial 
fibrillation: A meta-analysis. Heart. 2008;94:1607-1613 

68. Barritt DW, Jordan SC. Anticoagulant drugs in the treatment of pulmonary embolism. 
A controlled trial. Lancet. 1960;1:1309-1312 

69. Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota AJ. 
Antithrombotic therapy for venous thromboembolic disease: American college of 
chest physicians evidence-based clinical practice guidelines (8th edition). Chest. 
2008;133:454S-545S 

70. Schulman S, Rhedin AS, Lindmarker P, Carlsson A, Larfars G, Nicol P, Loogna E, 
Svensson E, Ljungberg B, Walter H. A comparison of six weeks with six months of 
oral anticoagulant therapy after a first episode of venous thromboembolism. Duration 
of anticoagulation trial study group. N Engl J Med. 1995;332:1661-1665 

71. Kearon C, Gent M, Hirsh J, Weitz J, Kovacs MJ, Anderson DR, Turpie AG, Green D, 
Ginsberg JS, Wells P, MacKinnon B, Julian JA. A comparison of three months of 
anticoagulation with extended anticoagulation for a first episode of idiopathic venous 
thromboembolism. N Engl J Med. 1999;340:901-907 

72. Schulman S, Granqvist S, Holmstrom M, Carlsson A, Lindmarker P, Nicol P, Eklund 
SG, Nordlander S, Larfars G, Leijd B, Linder O, Loogna E. The duration of oral 
anticoagulant therapy after a second episode of venous thromboembolism. The 
duration of anticoagulation trial study group. N Engl J Med. 1997;336:393-398 

73. Prandoni P, Lensing AW, Buller HR, Cogo A, Prins MH, Cattelan AM, Cuppini S, 
Noventa F, ten Cate JW. Deep-vein thrombosis and the incidence of subsequent 
symptomatic cancer. N Engl J Med. 1992;327:1128-1133 

74. Levine MN, Hirsh J, Gent M, Turpie AG, Weitz J, Ginsberg J, Geerts W, LeClerc J, 
Neemeh J, Powers P, et al. Optimal duration of oral anticoagulant therapy: A 
randomized trial comparing four weeks with three months of warfarin in patients with 
proximal deep vein thrombosis. Thromb Haemost. 1995;74:606-611 

75. Powers PJ, Gent M, Jay RM, Julian DH, Turpie AG, Levine M, Hirsh J. A randomized 
trial of less intense postoperative warfarin or aspirin therapy in the prevention of 
venous thromboembolism after surgery for fractured hip. Arch Intern Med. 
1989;149:771-774 

76. Taberner DA, Poller L, Burslem RW, Jones JB. Oral anticoagulants controlled by the 
british comparative thromboplastin versus low-dose heparin in prophylaxis of deep 
vein thrombosis. Br Med J. 1978;1:272-274 

77. Baudet EM, Puel V, McBride JT, Grimaud JP, Roques F, Clerc F, Roques X, Laborde 
N. Long-term results of valve replacement with the st. Jude medical prosthesis. J 
Thorac Cardiovasc Surg. 1995;109:858-870 

78. Cannegieter SC, Rosendaal FR, Wintzen AR, van der Meer FJ, Vandenbroucke JP, 
Briet E. Optimal oral anticoagulant therapy in patients with mechanical heart valves. 
N Engl J Med. 1995;333:11-17 

79. Mok CK, Boey J, Wang R, Chan TK, Cheung KL, Lee PK, Chow J, Ng RP, Tse TF. 
Warfarin versus dipyridamole-aspirin and pentoxifylline-aspirin for the prevention of 
prosthetic heart valve thromboembolism: A prospective randomized clinical trial. 
Circulation. 1985;72:1059-1063 

80. Turpie AG, Gunstensen J, Hirsh J, Nelson H, Gent M. Randomised comparison of two 
intensities of oral anticoagulant therapy after tissue heart valve replacement. Lancet. 
1988;1:1242-1245 

81. Altman R, Rouvier J, Gurfinkel E, D'Ortencio O, Manzanel R, de La Fuente L, 
Favaloro RG. Comparison of two levels of anticoagulant therapy in patients with 
substitute heart valves. J Thorac Cardiovasc Surg. 1991;101:427-431 

82. Saour JN, Sieck JO, Mamo LA, Gallus AS. Trial of different intensities of 
anticoagulation in patients with prosthetic heart valves. N Engl J Med. 1990;322:428-
432 

83. Turpie AG, Gent M, Laupacis A, Latour Y, Gunstensen J, Basile F, Klimek M, Hirsh J. 
A comparison of aspirin with placebo in patients treated with warfarin after heart-
valve replacement. N Engl J Med. 1993;329:524-529 

84. Salazar E, Izaguirre R, Verdejo J, Mutchinick O. Failure of adjusted doses of 
subcutaneous heparin to prevent thromboembolic phenomena in pregnant patients 
with mechanical cardiac valve prostheses. J Am Coll Cardiol. 1996;27:1698-1703 



REFERENCES 

75 
 

85. Johnson SR, Granton JT, Mehta S. Thrombotic arteriopathy and anticoagulation in 
pulmonary hypertension. Chest. 2006;130:545-552 

86. Johnson SR, Mehta S, Granton JT. Anticoagulation in pulmonary arterial 
hypertension: A qualitative systematic review. Eur Respir J. 2006;28:999-1004 

87. Smith P, Arnesen H, Holme I. The effect of warfarin on mortality and reinfarction 
after myocardial infarction. N Engl J Med. 1990;323:147-152 

88. Hurlen M, Abdelnoor M, Smith P, Erikssen J, Arnesen H. Warfarin, aspirin, or both 
after myocardial infarction. N Engl J Med. 2002;347:969-974 

89. Herlitz J. [warfarin and asa combination is impressive. Drugs with old tradition 
reduce reinfarction and stroke after coronary syndrome]. Lakartidningen. 
2006;103:2208-2209 

90. Herlitz J, Holm J, Peterson M, Karlson BW, Haglid Evander M, Erhardt L. Effect of 
fixed low-dose warfarin added to aspirin in the long term after acute myocardial 
infarction; the lowasa study. Eur Heart J. 2004;25:232-239 

91. Burt BA. Definitions of risk. J Dent Educ. 2001;65:1007-1008 
92. Beck JD. Risk revisited. Community Dent Oral Epidemiol. 1998;26:220-225 
93. Hill AB. The environment and disease: Association or causation? Proc R Soc Med. 

1965;58:295-300 
94. Last J. A dictionary of epidemiology. 4 th ed. New york: Oxford university press, 2001.  
95. Budaj A, Eikelboom JW, Mehta SR, Afzal R, Chrolavicius S, Bassand JP, Fox KA, 

Wallentin L, Peters RJ, Granger CB, Joyner CD, Yusuf S. Improving clinical outcomes 
by reducing bleeding in patients with non-st-elevation acute coronary syndromes. Eur 
Heart J. 2009;30:655-661 

96. Lip GY, Andreotti F, Fauchier L, Huber K, Hylek E, Knight E, Lane D, Levi M, Marin 
F, Palareti G, Kirchhof P. Bleeding risk assessment and management in atrial 
fibrillation patients. Executive summary of a position document from the european 
heart rhythm association [ehra], endorsed by the european society of cardiology [esc] 
working group on thrombosis. Thromb Haemost.106:997-1011 

97. Steg PG, Huber K, Andreotti F, Arnesen H, Atar D, Badimon L, Bassand JP, De 
Caterina R, Eikelboom JA, Gulba D, Hamon M, Helft G, Fox KA, Kristensen SD, Rao 
SV, Verheugt FW, Widimsky P, Zeymer U, Collet JP. Bleeding in acute coronary 
syndromes and percutaneous coronary interventions: Position paper by the working 
group on thrombosis of the european society of cardiology. Eur Heart J.32:1854-1864 

98. Sabatine MS, Morrow DA, Giugliano RP, Burton PB, Murphy SA, McCabe CH, Gibson 
CM, Braunwald E. Association of hemoglobin levels with clinical outcomes in acute 
coronary syndromes. Circulation. 2005;111:2042-2049 

99. Collet JP, Montalescot G, Blanchet B, Tanguy ML, Golmard JL, Choussat R, Beygui F, 
Payot L, Vignolles N, Metzger JP, Thomas D. Impact of prior use or recent withdrawal 
of oral antiplatelet agents on acute coronary syndromes. Circulation. 2004;110:2361-
2367 

100. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G, Tweeddale 
M, Schweitzer I, Yetisir E. A multicenter, randomized, controlled clinical trial of 
transfusion requirements in critical care. Transfusion requirements in critical care 
investigators, canadian critical care trials group. N Engl J Med. 1999;340:409-417 

101. Hebert PC, Yetisir E, Martin C, Blajchman MA, Wells G, Marshall J, Tweeddale M, 
Pagliarello G, Schweitzer I. Is a low transfusion threshold safe in critically ill patients 
with cardiovascular diseases? Crit Care Med. 2001;29:227-234 

102. Wu WC, Rathore SS, Wang Y, Radford MJ, Krumholz HM. Blood transfusion in 
elderly patients with acute myocardial infarction. N Engl J Med. 2001;345:1230-1236 

103. Opelz G, Sengar DP, Mickey MR, Terasaki PI. Effect of blood transfusions on 
subsequent kidney transplants. Transplant Proc. 1973;5:253-259 

104. Hill SR, Carless PA, Henry DA, Carson JL, Hebert PC, McClelland DB, Henderson 
KM. Transfusion thresholds and other strategies for guiding allogeneic red blood cell 
transfusion. Cochrane Database Syst Rev. 2002:CD002042 

105. Linkins LA, Choi PT, Douketis JD. Clinical impact of bleeding in patients taking oral 
anticoagulant therapy for venous thromboembolism: A meta-analysis. Ann Intern 
Med. 2003;139:893-900 

106. Risk factors for stroke and efficacy of antithrombotic therapy in atrial fibrillation. 
Analysis of pooled data from five randomized controlled trials. Arch Intern Med. 
1994;154:1449-1457 



REFERENCES 

76 
 

107. Sjalander A, Engstrom G, Berntorp E, Svensson P. Risk of haemorrhagic stroke in 
patients with oral anticoagulation compared with the general population. J Intern 
Med. 2003;254:434-438 

108. Palareti G, Leali N, Coccheri S, Poggi M, Manotti C, D'Angelo A, Pengo V, Erba N, 
Moia M, Ciavarella N, Devoto G, Berrettini M, Musolesi S. Bleeding complications of 
oral anticoagulant treatment: An inception-cohort, prospective collaborative study 
(iscoat). Italian study on complications of oral anticoagulant therapy. Lancet. 
1996;348:423-428 

109. Bleeding during antithrombotic therapy in patients with atrial fibrillation. The stroke 
prevention in atrial fibrillation investigators. Arch Intern Med. 1996;156:409-416 

110. Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S. Major hemorrhage and 
tolerability of warfarin in the first year of therapy among elderly patients with atrial 
fibrillation. Circulation. 2007;115:2689-2696 

111. Steffensen FH, Kristensen K, Ejlersen E, Dahlerup JF, Sorensen HT. Major 
haemorrhagic complications during oral anticoagulant therapy in a danish 
population-based cohort. J Intern Med. 1997;242:497-503 

112. White RH, Beyth RJ, Zhou H, Romano PS. Major bleeding after hospitalization for 
deep-venous thrombosis. Am J Med. 1999;107:414-424 

113. Hutten BA, Lensing AW, Kraaijenhagen RA, Prins MH. Safety of treatment with oral 
anticoagulants in the elderly. A systematic review. Drugs Aging. 1999;14:303-312 

114. Pengo V, Legnani C, Noventa F, Palareti G. Oral anticoagulant therapy in patients 
with nonrheumatic atrial fibrillation and risk of bleeding. A multicenter inception 
cohort study. Thromb Haemost. 2001;85:418-422 

115. Optimal oral anticoagulant therapy in patients with nonrheumatic atrial fibrillation 
and recent cerebral ischemia. The european atrial fibrillation trial study group. N 
Engl J Med. 1995;333:5-10 

116. van der Meer FJ, Rosendaal FR, Vandenbroucke JP, Briet E. Bleeding complications 
in oral anticoagulant therapy. An analysis of risk factors. Arch Intern Med. 
1993;153:1557-1562 

117. Wallvik J, Själander A, Johansson L, Bjuhr O, Jansson JH. Bleeding complications 
during warfarin treatment in primary healthcare centres compared with 
anticoagulation clinics. Scand J Prim Health Care. 2007;25:123-128 

118. 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;105:91-99 

119. White RH, McKittrick T, Takakuwa J, Callahan C, McDonell M, Fihn S. Management 
and prognosis of life-threatening bleeding during warfarin therapy. National 
consortium of anticoagulation clinics. Arch Intern Med. 1996;156:1197-1201 

120. Gitter MJ, Jaeger TM, Petterson TM, Gersh BJ, Silverstein MD. Bleeding and 
thromboembolism during anticoagulant therapy: A population-based study in 
rochester, minnesota. Mayo Clin Proc. 1995;70:725-733 

121. Fihn SD, McDonell M, Martin D, Henikoff J, Vermes D, Kent D, White RH. Risk 
factors for complications of chronic anticoagulation. A multicenter study. Warfarin 
optimized outpatient follow-up study group. Ann Intern Med. 1993;118:511-520 

122. White HD, Gruber M, Feyzi J, Kaatz S, Tse HF, Husted S, Albers GW. Comparison of 
outcomes among patients randomized to warfarin therapy according to anticoagulant 
control: Results from sportif iii and v. Arch Intern Med. 2007;167:239-245 

123. Lind M, Fahlen M, Kosiborod M, Eliasson B, Oden A. Variability of inr and its 
relationship with mortality, stroke, bleeding and hospitalisations in patients with 
atrial fibrillation. Thromb Res. 2012;129(1):32-5  

124. Roldan V, Marin F, Muina B, Torregrosa JM, Hernandez-Romero D, Valdes M, 
Vicente V, Lip GY. Plasma von willebrand factor levels are an independent risk factor 
for adverse events including mortality and major bleeding in anticoagulated atrial 
fibrillation patients. J Am Coll Cardiol. 2011; 21;57(25):2496-504  

125. Lindh JD, Holm L, Dahl ML, Alfredsson L, Rane A. Incidence and predictors of severe 
bleeding during warfarin treatment. J Thromb Thrombolysis. 2008;25:151-159 

126. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk 
stratification for predicting stroke and thromboembolism in atrial fibrillation using a 
novel risk factor-based approach: The euro heart survey on atrial fibrillation. 
Chest.137:263-272 



REFERENCES 

77 
 

127. Olesen JB, Lip GY, Hansen ML, Hansen PR, Tolstrup JS, Lindhardsen J, Selmer C, 
Ahlehoff O, Olsen AM, Gislason GH, Torp-Pedersen C. Validation of risk stratification 
schemes for predicting stroke and thromboembolism in patients with atrial 
fibrillation: Nationwide cohort study. BMJ. 2011; 31;342:d124. 

128. Schulman S, Beyth RJ, Kearon C, Levine MN. Hemorrhagic complications of 
anticoagulant and thrombolytic treatment: American college of chest physicians 
evidence-based clinical practice guidelines (8th edition). Chest. 2008;133:257S-298S 

129. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, Van Gelder IC, Al-
Attar N, Hindricks G, Prendergast B, Heidbuchel H, Alfieri O, Angelini A, Atar D, 
Colonna P, De Caterina R, De Sutter J, Goette A, Gorenek B, Heldal M, Hohloser SH, 
Kolh P, Le Heuzey JY, Ponikowski P, Rutten FH. Guidelines for the management of 
atrial fibrillation: The task force for the management of atrial fibrillation of the 
european society of cardiology (esc). Eur Heart J.31:2369-2429 

130. Secondary prevention in non-rheumatic atrial fibrillation after transient ischaemic 
attack or minor stroke. Eaft (european atrial fibrillation trial) study group. Lancet. 
1993;342:1255-1262 

131. Limdi NA, Beasley TM, Baird MF, Goldstein JA, McGwin G, Arnett DK, Acton RT, 
Allon M. Kidney function influences warfarin responsiveness and hemorrhagic 
complications. J Am Soc Nephrol. 2009;20:912-921 

132. Elliott MJ, Zimmerman D, Holden RM. Warfarin anticoagulation in hemodialysis 
patients: A systematic review of bleeding rates. Am J Kidney Dis. 2007;50:433-440 

133. Vazquez E, Sanchez-Perales C, Garcia-Cortes MJ, Borrego F, Lozano C, Guzman M, 
Gil JM, Liebana A, Perez P, Borrego MJ, Perez V. Ought dialysis patients with atrial 
fibrillation be treated with oral anticoagulants? Int J Cardiol. 2003;87:135-139; 
discussion 139-141 

134. Lip GY, Frison L, Halperin JL, Lane DA. Comparative validation of a novel risk score 
for predicting bleeding risk in anticoagulated patients with atrial fibrillation: The has-
bled (hypertension, abnormal renal/liver function, stroke, bleeding history or 
predisposition, labile inr, elderly, drugs/alcohol concomitantly) score. J Am Coll 
Cardiol.57:173-180 

135. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user-friendly 
score (has-bled) to assess 1-year risk of major bleeding in patients with atrial 
fibrillation: The euro heart survey. Chest.138:1093-1100 

136. Fox KA, Piccini JP, Wojdyla D, Becker RC, Halperin JL, Nessel CC, Paolini JF, 
Hankey GJ, Mahaffey KW, Patel MR, Singer DE, Califf RM. Prevention of stroke and 
systemic embolism with rivaroxaban compared with warfarin in patients with non-
valvular atrial fibrillation and moderate renal impairment. Eur Heart J.32:2387-2394 

137. Hart RG, Pearce LA, Asinger RW, Herzog CA. Warfarin in atrial fibrillation patients 
with moderate chronic kidney disease. Clin J Am Soc Nephrol.6:2599-2604 

138. Hart RG, Benavente O, Pearce LA. Increased risk of intracranial hemorrhage when 
aspirin is combined with warfarin: A meta-analysis and hypothesis. Cerebrovasc Dis. 
1999;9:215-217 

139. Zhao HJ, Zheng ZT, Wang ZH, Li SH, Zhang Y, Zhong M, Zhang W. "Triple therapy" 
Rather than "Triple threat": A meta-analysis of the two antithrombotic regimens after 
stent implantation in patients receiving long-term oral anticoagulant treatment. 
Chest.139:260-270 

140. Schalekamp T, Klungel OH, Souverein PC, de Boer A. Effect of oral antiplatelet agents 
on major bleeding in users of coumarins. Thromb Haemost. 2008;100:1076-1083 

141. Mahe I, Bertrand N, Drouet L, Bal Dit Sollier C, Simoneau G, Mazoyer E, Caulin C, 
Bergmann JF. Interaction between paracetamol and warfarin in patients: A double-
blind, placebo-controlled, randomized study. Haematologica. 2006;91:1621-1627 

142. Hylek EM, Heiman H, Skates SJ, Sheehan MA, Singer DE. Acetaminophen and other 
risk factors for excessive warfarin anticoagulation. Jama. 1998;279:657-662 

143. Johnsen SP, Sorensen HT, Mellemkjoer L, Blot WJ, Nielsen GL, McLaughlin JK, 
Olsen JH. Hospitalisation for upper gastrointestinal bleeding associated with use of 
oral anticoagulants. Thromb Haemost. 2001;86:563-568 

144. Battistella M, Mamdami MM, Juurlink DN, Rabeneck L, Laupacis A. Risk of upper 
gastrointestinal hemorrhage in warfarin users treated with nonselective nsaids or cox-
2 inhibitors. Arch Intern Med. 2005;165:189-192 



REFERENCES 

78 
 

145. Wallerstedt SM, Gleerup H, Sundstrom A, Stigendal L, Ny L. Risk of clinically 
relevant bleeding in warfarin-treated patients--influence of ssri treatment. 
Pharmacoepidemiol Drug Saf. 2009;18:412-416 

146. Cochran KA, Cavallari LH, Shapiro NL, Bishop JR. Bleeding incidence with 
concomitant use of antidepressants and warfarin. Ther Drug Monit.33:433-438 

147. Hauta-Aho M, Tirkkonen T, Vahlberg T, Laine K. The effect of drug interactions on 
bleeding risk associated with warfarin therapy in hospitalized patients. Ann Med. 
2009;41:619-628 

148. Holbrook AM, Pereira JA, Labiris R, McDonald H, Douketis JD, Crowther M, Wells 
PS. Systematic overview of warfarin and its drug and food interactions. Arch Intern 
Med. 2005;165:1095-1106 

149. Kaminsky LS, Zhang ZY. Human p450 metabolism of warfarin. Pharmacol Ther. 
1997;73:67-74 

150. Haining RL, Hunter AP, Veronese ME, Trager WF, Rettie AE. Allelic variants of 
human cytochrome p450 2c9: Baculovirus-mediated expression, purification, 
structural characterization, substrate stereoselectivity, and prochiral selectivity of the 
wild-type and i359l mutant forms. Arch Biochem Biophys. 1996;333:447-458 

151. Aithal GP, Day CP, Kesteven PJ, Daly AK. Association of polymorphisms in the 
cytochrome p450 cyp2c9 with warfarin dose requirement and risk of bleeding 
complications. Lancet. 1999;353:717-719 

152. Higashi MK, Veenstra DL, Kondo LM, Wittkowsky AK, Srinouanprachanh SL, Farin 
FM, Rettie AE. Association between cyp2c9 genetic variants and anticoagulation-
related outcomes during warfarin therapy. Jama. 2002;287:1690-1698 

153. Lindh JD, Holm L, Andersson ML, Rane A. Influence of cyp2c9 genotype on warfarin 
dose requirements--a systematic review and meta-analysis. Eur J Clin Pharmacol. 
2009;65:365-375 

154. Schwarz UI, Ritchie MD, Bradford Y, Li C, Dudek SM, Frye-Anderson A, Kim RB, 
Roden DM, Stein CM. Genetic determinants of response to warfarin during initial 
anticoagulation. N Engl J Med. 2008;358:999-1008 

155. Oldenburg J, Quenzel EM, Harbrecht U, Fregin A, Kress W, Muller CR, Hertfelder 
HJ, Schwaab R, Brackmann HH, Hanfland P. Missense mutations at ala-10 in the 
factor ix propeptide: An insignificant variant in normal life but a decisive cause of 
bleeding during oral anticoagulant therapy. Br J Haematol. 1997;98:240-244 

156. Chu K, Wu SM, Stanley T, Stafford DW, High KA. A mutation in the propeptide of 
factor ix leads to warfarin sensitivity by a novel mechanism. J Clin Invest. 
1996;98:1619-1625 

157. Kuijer PM, Hutten BA, Prins MH, Buller HR. Prediction of the risk of bleeding during 
anticoagulant treatment for venous thromboembolism. Arch Intern Med. 
1999;159:457-460 

158. Prandoni P, Lensing AW, Piccioli A, Bernardi E, Simioni P, Girolami B, Marchiori A, 
Sabbion P, Prins MH, Noventa F, Girolami A. Recurrent venous thromboembolism 
and bleeding complications during anticoagulant treatment in patients with cancer 
and venous thrombosis. Blood. 2002;100:3484-3488 

159. Ariesen MJ, Tangelder MJ, Lawson JA, Eikelboom BC, Grobbee DE, Algra A. Risk of 
major haemorrhage in patients after infrainguinal venous bypass surgery: 
Therapeutic consequences? The dutch boa (bypass oral anticoagulants or aspirin) 
study. Eur J Vasc Endovasc Surg. 2005;30:154-159 

160. Landefeld CS, Goldman L. Major bleeding in outpatients treated with warfarin: 
Incidence and prediction by factors known at the start of outpatient therapy. Am J 
Med. 1989;87:144-152 

161. Launbjerg J, Egeblad H, Heaf J, Nielsen NH, Fugleholm AM, Ladefoged K. Bleeding 
complications to oral anticoagulant therapy: Multivariate analysis of 1010 treatment 
years in 551 outpatients. J Intern Med. 1991;229:351-355 

162. Lundstrom T, Ryden L. Haemorrhagic and thromboembolic complications in patients 
with atrial fibrillation on anticoagulant prophylaxis. J Intern Med. 1989;225:137-142 

163. The efficacy of aspirin in patients with atrial fibrillation. Analysis of pooled data from 
3 randomized trials. The atrial fibrillation investigators. Arch Intern Med. 
1997;157:1237-1240 

164. Patients with nonvalvular atrial fibrillation at low risk of stroke during treatment with 
aspirin: Stroke prevention in atrial fibrillation iii study. The spaf iii writing committee 
for the stroke prevention in atrial fibrillation investigators. Jama. 1998;279:1273-1277 



REFERENCES 

79 
 

165. Echocardiographic predictors of stroke in patients with atrial fibrillation: A 
prospective study of 1066 patients from 3 clinical trials. Arch Intern Med. 
1998;158:1316-1320 

166. van Walraven C, Hart RG, Wells GA, Petersen P, Koudstaal PJ, Gullov AL, Hellemons 
BS, Koefed BG, Laupacis A. A clinical prediction rule to identify patients with atrial 
fibrillation and a low risk for stroke while taking aspirin. Arch Intern Med. 
2003;163:936-943 

167. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation 
of clinical classification schemes for predicting stroke: Results from the national 
registry of atrial fibrillation. Jama. 2001;285:2864-2870 

168. Go AS, Fang MC, Udaltsova N, Chang Y, Pomernacki NK, Borowsky L, Singer DE. 
Impact of proteinuria and glomerular filtration rate on risk of thromboembolism in 
atrial fibrillation: The anticoagulation and risk factors in atrial fibrillation (atria) 
study. Circulation. 2009;119:1363-1369 

169. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, 
Pais P, Varigos J, Lisheng L. Effect of potentially modifiable risk factors associated 
with myocardial infarction in 52 countries (the interheart study): Case-control study. 
Lancet. 2004;364:937-952 

170. White RH, Zhou H, Romano PS. Incidence of symptomatic venous thromboembolism 
after different elective or urgent surgical procedures. Thromb Haemost. 
2003;90:446-455 

171. Alikhan R, Cohen AT, Combe S, Samama MM, Desjardins L, Eldor A, Janbon C, 
Leizorovicz A, Olsson CG, Turpie AG. Risk factors for venous thromboembolism in 
hospitalized patients with acute medical illness: Analysis of the medenox study. Arch 
Intern Med. 2004;164:963-968 

172. McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie JA, Carty MJ, Greer 
IA. Risk factors for pregnancy associated venous thromboembolism. Thromb 
Haemost. 1997;78:1183-1188 

173. Venous thromboembolic disease and combined oral contraceptives: Results of 
international multicentre case-control study. World health organization collaborative 
study of cardiovascular disease and steroid hormone contraception. Lancet. 
1995;346:1575-1582 

174. Lidegaard O, Nielsen LH, Skovlund CW, Skjeldestad FE, Lokkegaard E. Risk of 
venous thromboembolism from use of oral contraceptives containing different 
progestogens and oestrogen doses: Danish cohort study, 2001-9. Bmj.343:d6423 

175. Jick H, Derby LE, Myers MW, Vasilakis C, Newton KM. Risk of hospital admission for 
idiopathic venous thromboembolism among users of postmenopausal oestrogens. 
Lancet. 1996;348:981-983 

176. Baron JA, Gridley G, Weiderpass E, Nyren O, Linet M. Venous thromboembolism and 
cancer. Lancet. 1998;351:1077-1080 

177. Sorensen HT, Mellemkjaer L, Steffensen FH, Olsen JH, Nielsen GL. The risk of a 
diagnosis of cancer after primary deep venous thrombosis or pulmonary embolism. N 
Engl J Med. 1998;338:1169-1173 

178. Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ, de Ronde H, van der 
Velden PA, Reitsma PH. Mutation in blood coagulation factor v associated with 
resistance to activated protein c. Nature. 1994;369:64-67 

179. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic variation in the 
3'-untranslated region of the prothrombin gene is associated with elevated plasma 
prothrombin levels and an increase in venous thrombosis. Blood. 1996;88:3698-3703 

180. Hillarp A, Zoller B, Svensson PJ, Dahlback B. The 20210 a allele of the prothrombin 
gene is a common risk factor among swedish outpatients with verified deep venous 
thrombosis. Thromb Haemost. 1997;78:990-992 

181. Martinelli I, Mannucci PM, De Stefano V, Taioli E, Rossi V, Crosti F, Paciaroni K, 
Leone G, Faioni EM. Different risks of thrombosis in four coagulation defects 
associated with inherited thrombophilia: A study of 150 families. Blood. 
1998;92:2353-2358 

182. Koster T, Rosendaal FR, Briet E, van der Meer FJ, Colly LP, Trienekens PH, Poort SR, 
Reitsma PH, Vandenbroucke JP. Protein c deficiency in a controlled series of 
unselected outpatients: An infrequent but clear risk factor for venous thrombosis 
(leiden thrombophilia study). Blood. 1995;85:2756-2761 



REFERENCES 

80 
 

183. Galli M, Luciani D, Bertolini G, Barbui T. Lupus anticoagulants are stronger risk 
factors for thrombosis than anticardiolipin antibodies in the antiphospholipid 
syndrome: A systematic review of the literature. Blood. 2003;101:1827-1832 

184. Kyrle PA, Eichinger S. Deep vein thrombosis. Lancet. 2005;365:1163-1174 
185. Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Cardiovascular risk 

factors and venous thromboembolism: A meta-analysis. Circulation. 2008;117:93-102 
186. Zoller B, Li X, Sundquist J, Sundquist K. Risk of pulmonary embolism in patients with 

autoimmune disorders: A nationwide follow-up study from sweden. Lancet.379:244-
249 

187. Gage BF, Yan Y, Milligan PE, Waterman AD, Culverhouse R, Rich MW, Radford MJ. 
Clinical classification schemes for predicting hemorrhage: Results from the national 
registry of atrial fibrillation (nraf). Am Heart J. 2006;151:713-719 

188. Somme D, Corvol A, Lazarovici C, Lahjibi-Paulet H, Gisselbrecht M, Saint-Jean O. 
Clinical usefulness in geriatric patients of combining chads2 and hemorr2hages 
scores to guide antithrombotic prophylaxis in atrial fibrillation. Aging Clin Exp 
Res.22:289-294 

189. Hobbs FD, Roalfe AK, Lip GY, Fletcher K, Fitzmaurice DA, Mant J. Performance of 
stroke risk scores in older people with atrial fibrillation not taking warfarin: 
Comparative cohort study from bafta trial. Bmj.342:d3653 

190. Oldgren J, Alings M, Darius H, Diener HC, Eikelboom J, Ezekowitz MD, Kamensky G, 
Reilly PA, Yang S, Yusuf S, Wallentin L, Connolly SJ. Risks for stroke, bleeding, and 
death in patients with atrial fibrillation receiving dabigatran or warfarin in relation to 
the chads2 score: A subgroup analysis of the re-ly trial. Ann Intern Med.155:660-667 

191. Olesen JB, Lip GY, Hansen PR, Lindhardsen J, Ahlehoff O, Andersson C, Weeke P, 
Hansen ML, Gislason GH, Torp-Pedersen C. Bleeding risk in 'real world' patients with 
atrial fibrillation: Comparison of two established bleeding prediction schemes in a 
nationwide cohort. J Thromb Haemost.9:1460-1467 

192. Biomarkers and surrogate endpoints: Preferred definitions and conceptual 
framework. Clin Pharmacol Ther. 2001;69:89-95 

193. Vasan RS. Biomarkers of cardiovascular disease: Molecular basis and practical 
considerations. Circulation. 2006;113:2335-2362 

194. Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, Thompson SG, Collins R, Danesh 
J. C-reactive protein concentration and risk of coronary heart disease, stroke, and 
mortality: An individual participant meta-analysis. Lancet.375:132-140 

195. Smith A, Patterson C, Yarnell J, Rumley A, Ben-Shlomo Y, Lowe G. Which hemostatic 
markers add to the predictive value of conventional risk factors for coronary heart 
disease and ischemic stroke? The caerphilly study. Circulation. 2005;112:3080-3087 

196. Esmon CT, Owen WG. Identification of an endothelial cell cofactor for thrombin-
catalyzed activation of protein c. Proc Natl Acad Sci U S A. 1981;78:2249-2252 

197. Suzuki K, Nishioka J, Hayashi T, Kosaka Y. Functionally active thrombomodulin is 
present in human platelets. J Biochem (Tokyo). 1988;104:628-632 

198. Boffa MC, Jackman RW, Peyri N, Boffa JF, George B. Thrombomodulin in the central 
nervous system. Nouv Rev Fr Hematol. 1991;33:423-429 

199. McCachren SS, Diggs J, Weinberg JB, Dittman WA. Thrombomodulin expression by 
human blood monocytes and by human synovial tissue lining macrophages. Blood. 
1991;78:3128-3132 

200. Raife TJ, Lager DJ, Madison KC, Piette WW, Howard EJ, Sturm MT, Chen Y, Lentz 
SR. Thrombomodulin expression by human keratinocytes. Induction of cofactor 
activity during epidermal differentiation. J Clin Invest. 1994;93:1846-1851 

201. Ishii H, Majerus PW. Thrombomodulin is present in human plasma and urine. J Clin 
Invest. 1985;76:2178-2181 

202. Reinhart K, Bayer O, Brunkhorst F, Meisner M. Markers of endothelial damage in 
organ dysfunction and sepsis. Crit Care Med. 2002;30:S302-312 

203. Uehara S, Gotoh K, Handa H. Separation and characterization of the molecular 
species of thrombomodulin in the plasma of diabetic patients. Thromb Res. 
2001;104:325-332 

204. Koutsi A, Papapanagiotou A, Papavassiliou AG. Thrombomodulin: From haemostasis 
to inflammation and tumourigenesis. Int J Biochem Cell Biol. 2008;40:1669-1673 

205. Van de Wouwer M, Collen D, Conway EM. Thrombomodulin-protein c-epcr system: 
Integrated to regulate coagulation and inflammation. Arterioscler Thromb Vasc Biol. 
2004;24:1374-1383 



REFERENCES 

81 
 

206. Blann AD, Lip GY. Endothelial integrity, soluble adhesion molecules and platelet 
markers in type 1 diabetes mellitus. Diabet Med. 1998;15:634-642 

207. Takahashi H, Ito S, Hanano M, Wada K, Niwano H, Seki Y, Shibata A. Circulating 
thrombomodulin as a novel endothelial cell marker: Comparison of its behavior with 
von willebrand factor and tissue-type plasminogen activator. Am J Hematol. 
1992;41:32-39 

208. Ishii H, Uchiyama H, Kazama M. Soluble thrombomodulin antigen in conditioned 
medium is increased by damage of endothelial cells. Thromb Haemost. 1991;65:618-
623 

209. Kawakami M, Kitani A, Hara M, Harigai M, Suzuki K, Kawaguchi Y, Ishii H, Kazama 
M, Kawagoe M, Nakamura H. Plasma thrombomodulin and alpha 2-plasmin 
inhibitor-plasmin complex are elevated in active systemic lupus erythematosus. J 
Rheumatol. 1992;19:1704-1709 

210. Tanaka A, Ishii H, Hiraishi S, Kazama M, Maezawa H. Increased thrombomodulin 
values in plasma of diabetic men with microangiopathy. Clin Chem. 1991;37:269-272 

211. Asakura H, Jokaji H, Saito M, Uotani C, Kumabashiri I, Morishita E, Yamazaki M, 
Matsuda T. Plasma levels of soluble thrombomodulin increase in cases of 
disseminated intravascular coagulation with organ failure. Am J Hematol. 
1991;38:281-287 

212. Salomaa V, Matei C, Aleksic N, Sansores-Garcia L, Folsom AR, Juneja H, Chambless 
LE, Wu KK. Soluble thrombomodulin as a predictor of incident coronary heart 
disease and symptomless carotid artery atherosclerosis in the atherosclerosis risk in 
communities (aric) study: A case-cohort study. Lancet. 1999;353:1729-1734 

213. Thogersen AM, Jansson JH, Boman K, Nilsson TK, Weinehall L, Huhtasaari F, 
Hallmans G. High plasminogen activator inhibitor and tissue plasminogen activator 
levels in plasma precede a first acute myocardial infarction in both men and women: 
Evidence for the fibrinolytic system as an independent primary risk factor. 
Circulation. 1998;98:2241-2247 

214. Jansson JH, Boman K, Brannstrom M, Nilsson TK. Increased levels of plasma 
thrombomodulin are associated with vascular and all-cause mortality in patients on 
long-term anticoagulant treatment. Eur Heart J. 1996;17:1503-1505 

215. Thorand B, Baumert J, Herder C, Meisinger C, Koenig W. Soluble thrombomodulin as 
a predictor of type 2 diabetes: Results from the monica/kora augsburg case-cohort 
study, 1984-1998. Diabetologia. 2007;50:545-548 

216. Jansson JH, Boman K, Brännstrom M, Nilsson TK. High concentration of 
thrombomodulin in plasma is associated with hemorrhage: A prospective study in 
patients receiving long-term anticoagulant treatment. Circulation. 1997;96:2938-
2943 

217. van der Heijden JF, Rekke B, Hutten BA, van der Meer FJ, Remkes MG, Vermeulen 
M, Buller HR, Reitsma PH. Non-fatal major bleeding during treatment with vitamin k 
antagonists: Influence of soluble thrombomodulin and mutations in the propeptide of 
coagulation factor ix. J Thromb Haemost. 2004;2:1104-1109 

218. Hsu CD, Iriye B, Johnson TR, Witter FR, Hong SF, Chan DW. Elevated circulating 
thrombomodulin in severe preeclampsia. Am J Obstet Gynecol. 1993;169:148-149 

219. Sadler JE. Von willebrand factor: Two sides of a coin. J Thromb Haemost. 
2005;3:1702-1709 

220. Sadler JE. Biochemistry and genetics of von willebrand factor. Annu Rev Biochem. 
1998;67:395-424 

221. Dalton RG, Dewar MS, Savidge GF, Kernoff PB, Matthews KB, Greaves M, Preston 
FE. Hypothyroidism as a cause of acquired von willebrand's disease. Lancet. 
1987;1:1007-1009 

222. Harrison RL, McKee PA. Estrogen stimulates von willebrand factor production by 
cultured endothelial cells. Blood. 1984;63:657-664 

223. Vischer UM, Wagner DD. Von willebrand factor proteolytic processing and 
multimerization precede the formation of weibel-palade bodies. Blood. 1994;83:3536-
3544 

224. Sporn LA, Marder VJ, Wagner DD. Inducible secretion of large, biologically potent 
von willebrand factor multimers. Cell. 1986;46:185-190 

225. Furlan M, Robles R, Affolter D, Meyer D, Baillod P, Lammle B. Triplet structure of 
von willebrand factor reflects proteolytic degradation of high molecular weight 
multimers. Proc Natl Acad Sci U S A. 1993;90:7503-7507 



REFERENCES 

82 
 

226. Nichols TC, Samama CM, Bellinger DA, Roussi J, Reddick RL, Bonneau M, Read MS, 
Bailliart O, Koch GG, Vaiman M, et al. Function of von willebrand factor after crossed 
bone marrow transplantation between normal and von willebrand disease pigs: Effect 
on arterial thrombosis in chimeras. Proc Natl Acad Sci U S A. 1995;92:2455-2459 

227. Kaufmann JE, Vischer UM. Cellular mechanisms of the hemostatic effects of 
desmopressin (ddavp). J Thromb Haemost. 2003;1:682-689 

228. Pinsky DJ, Naka Y, Liao H, Oz MC, Wagner DD, Mayadas TN, Johnson RC, Hynes 
RO, Heath M, Lawson CA, Stern DM. Hypoxia-induced exocytosis of endothelial cell 
weibel-palade bodies. A mechanism for rapid neutrophil recruitment after cardiac 
preservation. J Clin Invest. 1996;97:493-500 

229. Galbusera M, Zoja C, Donadelli R, Paris S, Morigi M, Benigni A, Figliuzzi M, Remuzzi 
G, Remuzzi A. Fluid shear stress modulates von willebrand factor release from human 
vascular endothelium. Blood. 1997;90:1558-1564 

230. de Lange M, Snieder H, Ariens RA, Spector TD, Grant PJ. The genetics of 
haemostasis: A twin study. Lancet. 2001;357:101-105 

231. Gill FM. Congenital bleeding disorders: Hemophilia and von willebrand's disease. 
Med Clin North Am. 1984;68:601-615 

232. Thompson SG, Kienast J, Pyke SD, Haverkate F, van de Loo JC. Hemostatic factors 
and the risk of myocardial infarction or sudden death in patients with angina pectoris. 
European concerted action on thrombosis and disabilities angina pectoris study 
group. N Engl J Med. 1995;332:635-641 

233. Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley A, Lowe GD, 
Pepys MB, Gudnason V. C-reactive protein and other circulating markers of 
inflammation in the prediction of coronary heart disease. N Engl J Med. 
2004;350:1387-1397 

234. Jensen T, Bjerre-Knudsen J, Feldt-Rasmussen B, Deckert T. Features of endothelial 
dysfunction in early diabetic nephropathy. Lancet. 1989;1:461-463 

235. Haverkate F, Thompson SG, Duckert F. Haemostasis factors in angina pectoris; 
relation to gender, age and acute-phase reaction. Results of the ecat angina pectoris 
study group. Thromb Haemost. 1995;73:561-567 

236. Levy GG, Nichols WC, Lian EC, Foroud T, McClintick JN, McGee BM, Yang AY, 
Siemieniak DR, Stark KR, Gruppo R, Sarode R, Shurin SB, Chandrasekaran V, Stabler 
SP, Sabio H, Bouhassira EE, Upshaw JD, Jr., Ginsburg D, Tsai HM. Mutations in a 
member of the adamts gene family cause thrombotic thrombocytopenic purpura. 
Nature. 2001;413:488-494 

237. Roussi J, Turecek PL, Andre P, Bonneau M, Pignaud G, Bal dit Sollier C, Schlokat U, 
Dorner F, Schwarz HP, Drouet L. Effects of human recombinant, plasma-derived and 
porcine von willebrand factor in pigs with severe von willebrand disease. Blood 
Coagul Fibrinolysis. 1998;9:361-372 

238. Stoddart JH, Jr., Andersen J, Lynch DC. Clearance of normal and type 2a von 
willebrand factor in the rat. Blood. 1996;88:1692-1699 

239. Turecek PL, Gritsch H, Pichler L, Auer W, Fischer B, Mitterer A, Mundt W, Schlokat 
U, Dorner F, Brinkman HJ, van Mourik JA, Schwarz HP. In vivo characterization of 
recombinant von willebrand factor in dogs with von willebrand disease. Blood. 
1997;90:3555-3567 

240. Meade TW, Cooper JA, Stirling Y, Howarth DJ, Ruddock V, Miller GJ. Factor viii, abo 
blood group and the incidence of ischaemic heart disease. Br J Haematol. 
1994;88:601-607 

241. Folsom AR, Wu KK, Rosamond WD, Sharrett AR, Chambless LE. Prospective study of 
hemostatic factors and incidence of coronary heart disease: The atherosclerosis risk in 
communities (aric) study. Circulation. 1997;96:1102-1108 

242. Jansson JH, Nilsson TK, Johnson O. Von willebrand factor, tissue plasminogen 
activator, and dehydroepiandrosterone sulphate predict cardiovascular death in a 10 
year follow up of survivors of acute myocardial infarction. Heart. 1998;80:334-337 

243. Blann AD. Plasma von willebrand factor, thrombosis, and the endothelium: The first 
30 years. Thromb Haemost. 2006;95:49-55 

244. Conway DS, Pearce LA, Chin BS, Hart RG, Lip GY. Prognostic value of plasma von 
willebrand factor and soluble p-selectin as indices of endothelial damage and platelet 
activation in 994 patients with nonvalvular atrial fibrillation. Circulation. 
2003;107:3141-3145 



REFERENCES 

83 
 

245. Sramek A, Bucciarelli P, Federici AB, Mannucci PM, De Rosa V, Castaman G, Morfini 
M, Mazzucconi MG, Rocino A, Schiavoni M, Scaraggi FA, Reiber JH, Rosendaal FR. 
Patients with type 3 severe von willebrand disease are not protected against 
atherosclerosis: Results from a multicenter study in 47 patients. Circulation. 
2004;109:740-744 

246. Garcia AA, van der Heijden JF, Meijers JC, Rosendaal FR, Reitsma PH. The 
relationship between abo blood group and the risk of bleeding during vitamin k 
antagonist treatment. J Thromb Haemost. 2006;4:1418-1420 

247. Adam SS, Key NS, Greenberg CS. D-dimer antigen: Current concepts and future 
prospects. Blood. 2009;113:2878-2887 

248. Kornberg A, Francis CW, Marder VJ. Plasma crosslinked fibrin polymers: 
Quantitation based on tissue plasminogen activator conversion to d-dimer and 
measurement in normal and patients with acute thrombotic disorders. Blood. 
1992;80:709-717 

249. Dempfle CE. Validation, calibration, and specificity of quantitative d-dimer assays. 
Semin Vasc Med. 2005;5:315-320 

250. Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, Dreyer J, Kovacs G, Mitchell 
M, Lewandowski B, Kovacs MJ. Evaluation of d-dimer in the diagnosis of suspected 
deep-vein thrombosis. N Engl J Med. 2003;349:1227-1235 

251. Kruip MJ, Slob MJ, Schijen JH, van der Heul C, Buller HR. Use of a clinical decision 
rule in combination with d-dimer concentration in diagnostic workup of patients with 
suspected pulmonary embolism: A prospective management study. Arch Intern Med. 
2002;162:1631-1635 

252. Palareti G, Cosmi B, Legnani C, Tosetto A, Brusi C, Iorio A, et al. D-dimer testing to 
determine the duration of anticoagulation therapy. N Engl J Med. 2006; 
26;355(17):1780-9. 

253. Lip GY, Lowe GD, Rumley A, Dunn FG. Increased markers of thrombogenesis in 
chronic atrial fibrillation: Effects of warfarin treatment. Br Heart J. 1995;73:527-533 

254. Sadanaga T, Sadanaga M, Ogawa S. Evidence that d-dimer levels predict subsequent 
thromboembolic and cardiovascular events in patients with atrial fibrillation during 
oral anticoagulant therapy. J Am Coll Cardiol.55:2225-2231 

255. Roldan V, Marin F, Muina B, Torregrosa JM, Hernandez-Romero D, Valdes M, 
Vicente V, Lip GY. Plasma von willebrand factor levels are an independent risk factor 
for adverse events including mortality and major bleeding in anticoagulated atrial 
fibrillation patients. J Am Coll Cardiol.57:2496-2504 

256. Mahe I, Bergmann JF, Chassany O, Dit-Sollier CB, Simoneau G, Drouet L. A 
multicentric prospective study in usual care: D-dimer and cardiovascular events in 
patients with atrial fibrillation. Thromb Res. 2011 Sep 12. [Epub ahead of print]  

257. Thorsen S, Philips M. Isolation of tissue-type plasminogen activator-inhibitor 
complexes from human plasma. Evidence for a rapid plasminogen activator inhibitor. 
Biochim Biophys Acta. 1984;802:111-118 

258. Booth NA, Walker E, Maughan R, Bennett B. Plasminogen activator in normal 
subjects after exercise and venous occlusion: T-pa circulates as complexes with c1-
inhibitor and pai-1. Blood. 1987;69:1600-1604 

259. Nordenhem A, Wiman B. Plasminogen activator inhibitor-1 (pai-1) content in 
platelets from healthy individuals genotyped for the 4g/5g polymorphism in the pai-1 
gene. Scand J Clin Lab Invest. 1997;57:453-461 

260. Wiman B, Andersson T, Hallqvist J, Reuterwall C, Ahlbom A, deFaire U. Plasma levels 
of tissue plasminogen activator/plasminogen activator inhibitor-1 complex and von 
willebrand factor are significant risk markers for recurrent myocardial infarction in 
the stockholm heart epidemiology program (sheep) study. Arterioscler Thromb Vasc 
Biol. 2000;20:2019-2023 

261. Nordenhem A, Leander K, Hallqvist J, de Faire U, Sten-Linder M, Wiman B. The 
complex between tpa and pai-1: Risk factor for myocardial infarction as studied in the 
sheep project. Thromb Res. 2005;116:223-232 

262. Johansson L, Jansson JH, Boman K, Nilsson TK, Stegmayr B, Hallmans G. Tissue 
plasminogen activator, plasminogen activator inhibitor-1, and tissue plasminogen 
activator/plasminogen activator inhibitor-1 complex as risk factors for the 
development of a first stroke. Stroke. 2000;31:26-32 

263. Wennberg P, Wensley F, Di Angelantonio E, Johansson L, Boman K, Rumley A, Lowe 
G, Hallmans G, Danesh J, Jansson JH. Haemostatic and inflammatory markers are 



REFERENCES 

84 
 

independently associated with myocardial infarction in men and women. Thromb 
Res.  

264. Nilsson TK, Boman K, Jansson JH. Clinical aspects of fibrinolysis. (1991). Stockholm, 
sweden. Almquist & wiksell international.  

265. Eliasson M, Evrin PE, Lundblad D, Asplund K, RÃ¥nby M. Influence of gender, age 
and sampling time on plasma fibrinolytic variables and fibrinogen: A population 
study. Fibrinolysis. 1993;7:316-323 

266. Ridker PM, Hennekens CH, Stampfer MJ, Manson JE, Vaughan DE. Prospective 
study of endogenous tissue plasminogen activator and risk of stroke. Lancet. 
1994;343:940-943 

267. Thøgersen AM, Jansson JH, Boman K, Nilsson TK, Weinehall L, Huhtasaari F, 
Hallmans G. High plasminogen activator inhibitor and tissue plasminogen activator 
levels in plasma precede a first acute myocardial infarction in both men and women: 
Evidence for the fibrinolytic system as an independent primary risk factor. 
Circulation. 1998;98:2241-2247 

268. Vene N, Mavri A, Kosmelj K, Stegnar M. High d-dimer levels predict cardiovascular 
events in patients with chronic atrial fibrillation during oral anticoagulant therapy. 
Thromb Haemost. 2003;90:1163-1172 

269. Brännstrom M, Jansson JH, Boman K, Nilsson TK. Endothelial haemostatic factors 
may be associated with mortality in patients on long-term anticoagulant treatment. 
Thromb Haemost. 1995;74:612-615 

270. Clausen J. Proteins in normal cerebrospinal fluid not found in serum. Proc Soc Exp 
Biol Med. 1961;107:170-172 

271. Butler EA, Flynn FV. The occurrence of post-gamma protein in urine: A new protein 
abnormality. J Clin Pathol. 1961;14:172-178 

272. Lofberg H, Grubb AO. Quantitation of gamma-trace in human biological fluids: 
Indications for production in the central nervous system. Scand J Clin Lab Invest. 
1979;39:619-626 

273. Abrahamson M. Human cysteine proteinase inhibitors. Isolation, physiological 
importance, inhibitory mechanism, gene structure and relation to hereditary cerebral 
hemorrhage. Scand J Clin Lab Invest Suppl. 1988;191:21-31 

274. Cimerman N, Brguljan PM, Krasovec M, Suskovic S, Kos J. Serum cystatin c, a potent 
inhibitor of cysteine proteinases, is elevated in asthmatic patients. Clin Chim Acta. 
2000;300:83-95 

275. Risch L, Herklotz R, Blumberg A, Huber AR. Effects of glucocorticoid 
immunosuppression on serum cystatin c concentrations in renal transplant patients. 
Clin Chem. 2001;47:2055-2059 

276. Fricker M, Wiesli P, Brandle M, Schwegler B, Schmid C. Impact of thyroid 
dysfunction on serum cystatin c. Kidney Int. 2003;63:1944-1947 

277. Knight EL, Verhave JC, Spiegelman D, Hillege HL, de Zeeuw D, Curhan GC, de Jong 
PE. Factors influencing serum cystatin c levels other than renal function and the 
impact on renal function measurement. Kidney Int. 2004;65:1416-1421 

278. Macdonald J, Marcora S, Jibani M, Roberts G, Kumwenda M, Glover R, Barron J, 
Lemmey A. Gfr estimation using cystatin c is not independent of body composition. 
Am J Kidney Dis. 2006;48:712-719 

279. Hari P, Bagga A, Mahajan P, Lakshmy R. Effect of malnutrition on serum creatinine 
and cystatin c levels. Pediatr Nephrol. 2007;22:1757-1761 

280. Galteau MM, Guyon M, Gueguen R, Siest G. Determination of serum cystatin c: 
Biological variation and reference values. Clin Chem Lab Med. 2001;39:850-857 

281. Erlandsen EJ, Randers E, Kristensen JH. Reference intervals for serum cystatin c and 
serum creatinine in adults. Clin Chem Lab Med. 1998;36:393-397 

282. Finney H, Newman DJ, Price CP. Adult reference ranges for serum cystatin c, 
creatinine and predicted creatinine clearance. Ann Clin Biochem. 2000;37 ( Pt 1):49-
59 

283. Jacobsson B, Lignelid H, Bergerheim US. Transthyretin and cystatin c are catabolized 
in proximal tubular epithelial cells and the proteins are not useful as markers for 
renal cell carcinomas. Histopathology. 1995;26:559-564 

284. Conti M, Zater M, Lallali K, Durrbach A, Moutereau S, Manivet P, Eschwege P, Loric 
S. Absence of circadian variations in urine cystatin c allows its use on urinary samples. 
Clin Chem. 2005;51:272-273 



REFERENCES 

85 
 

285. Roos JF, Doust J, Tett SE, Kirkpatrick CM. Diagnostic accuracy of cystatin c 
compared to serum creatinine for the estimation of renal dysfunction in adults and 
children--a meta-analysis. Clin Biochem. 2007;40:383-391 

286. Filler G, Bokenkamp A, Hofmann W, Le Bricon T, Martinez-Bru C, Grubb A. Cystatin 
c as a marker of gfr--history, indications, and future research. Clin Biochem. 
2005;38:1-8 

287. White C, Akbari A, Hussain N, Dinh L, Filler G, Lepage N, Knoll GA. Chronic kidney 
disease stage in renal transplantation classification using cystatin c and creatinine-
based equations. Nephrol Dial Transplant. 2007;22:3013-3020 

288. Perkins BA, Nelson RG, Ostrander BE, Blouch KL, Krolewski AS, Myers BD, Warram 
JH. Detection of renal function decline in patients with diabetes and normal or 
elevated gfr by serial measurements of serum cystatin c concentration: Results of a 4-
year follow-up study. J Am Soc Nephrol. 2005;16:1404-1412 

289. Finney H, Bates CJ, Price CP. Plasma cystatin c determinations in a healthy elderly 
population. Arch Gerontol Geriatr. 1999;29:75-94 

290. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB, Siscovick DS, 
Stehman-Breen C. Cystatin c and the risk of death and cardiovascular events among 
elderly persons. N Engl J Med. 2005;352:2049-2060 

291. Zethelius B, Berglund L, Sundstrom J, Ingelsson E, Basu S, Larsson A, Venge P, 
Arnlov J. Use of multiple biomarkers to improve the prediction of death from 
cardiovascular causes. N Engl J Med. 2008;358:2107-2116 

292. Shlipak MG, Katz R, Fried LF, Jenny NS, Stehman-Breen CO, Newman AB, Siscovick 
D, Psaty BM, Sarnak MJ. Cystatin-c and mortality in elderly persons with heart 
failure. J Am Coll Cardiol. 2005;45:268-271 

293. Alehagen U, Dahlstrom U, Lindahl TL. Cystatin c and nt-probnp, a powerful 
combination of biomarkers for predicting cardiovascular mortality in elderly patients 
with heart failure: Results from a 10-year study in primary care. Eur J Heart Fail. 
2009;11:354-360 

294. Jernberg T, Lindahl B, James S, Larsson A, Hansson LO, Wallentin L. Cystatin c: A 
novel predictor of outcome in suspected or confirmed non-st-elevation acute coronary 
syndrome. Circulation. 2004;110:2342-2348 

295. Cirillo M. Evaluation of glomerular filtration rate and of albuminuria/proteinuria. J 
Nephrol.23:125-132 

296. Berglund F, Killander J, Pompeius R. Effect of trimethoprim-sulfamethoxazole on the 
renal excretion of creatinine in man. J Urol. 1975;114:802-808 

297. Levey AS, Berg RL, Gassman JJ, Hall PM, Walker WG. Creatinine filtration, secretion 
and excretion during progressive renal disease. Modification of diet in renal disease 
(mdrd) study group. Kidney Int Suppl. 1989;27:S73-80 

298. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the 
risks of death, cardiovascular events, and hospitalization. N Engl J Med. 
2004;351:1296-1305 

299. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, 
Coresh J, Gansevoort RT. Association of estimated glomerular filtration rate and 
albuminuria with all-cause and cardiovascular mortality in general population 
cohorts: A collaborative meta-analysis. Lancet.375:2073-2081 

300. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. 
Nephron. 1976;16:31-41 

301. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method 
to estimate glomerular filtration rate from serum creatinine: A new prediction 
equation. Modification of diet in renal disease study group. Ann Intern Med. 
1999;130:461-470 

302. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function--measured and 
estimated glomerular filtration rate. N Engl J Med. 2006;354:2473-2483 

303. Pepys MB, Hirschfield GM. C-reactive protein: A critical update. J Clin Invest. 
2003;111:1805-1812 

304. Wensley F, Gao P, Burgess S, Kaptoge S, Di Angelantonio E, Shah T, Engert JC, Clarke 
R, Davey-Smith G, Nordestgaard BG, Saleheen D, Samani NJ, Sandhu M, Anand S, 
Pepys MB, Smeeth L, Whittaker J, Casas JP, Thompson SG, Hingorani AD, Danesh J. 
Association between c reactive protein and coronary heart disease: Mendelian 
randomisation analysis based on individual participant data. Bmj.342:d548 



REFERENCES 

86 
 

305. Hermida J, Lopez FL, Montes R, Matsushita K, Astor BC, Alonso A. Usefulness of 
high-sensitivity c-reactive protein to predict mortality in patients with atrial 
fibrillation (from the atherosclerosis risk in communities [aric] study). Am J Cardiol. 
2012 Jan 1;109(1):95-9 

306. Lippi G, Franchini M, Targher G, Poli G, Guidi GC. The significance of evaluating 
conventional inflammatory markers in von willebrand factor measurement. Clin Chim 
Acta. 2007;381:167-170 

307. Hernestal-Boman J, Jansson JH, Nilsson TK, Eliasson M, Johansson L. Long-term 
stability of fibrinolytic factors stored at -80 degrees c. Thromb Res.125:451-456 

308. Lewis MR, Callas PW, Jenny NS, Tracy RP. Longitudinal stability of coagulation, 
fibrinolysis, and inflammation factors in stored plasma samples. Thromb Haemost. 
2001;86:1495-1500 

309. Gislefoss RE, Grimsrud TK, Morkrid L. Stability of selected serum proteins after long-
term storage in the janus serum bank. Clin Chem Lab Med. 2009;47:596-603 

310. Nilsson TK, Boman K, Jansson JH, Thogersen AM, Berggren M, Broberg A, Granlund 
A. Comparison of soluble thrombomodulin, von willebrand factor, tpa/pai-1 complex, 
and high-sensitivity crp concentrations in serum, edta plasma, citrated plasma, and 
acidified citrated plasma (stabilyte) stored at -70 degrees c for 8-11 years. Thromb 
Res. 2005;116:249-254 

311. Hultdin J, Nilsson TK. Analysis of cystatin c, creatinine, albumin, lipids and 
lipoprotein concentrations in serum and acidified citrate plasma (stabilyte) tubes 
compared. Clin Chem Lab Med. 2004;42:978-981 

312. Schulman S, Kearon C. Definition of major bleeding in clinical investigations of 
antihemostatic medicinal products in non-surgical patients. J Thromb Haemost. 
2005;3:692-694 

313. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, Pajak A. 
Myocardial infarction and coronary deaths in the world health organization monica 
project. Registration procedures, event rates, and case-fatality rates in 38 populations 
from 21 countries in four continents. Circulation. 1994;90:583-612 

314. Stegmayr B, Asplund K. Measuring stroke in the population: Quality of routine 
statistics in comparison with a population-based stroke registry. Neuroepidemiology. 
1992;11:204-213 

315. Öhlin AK, Larsson K, Hansson M. Soluble thrombomodulin activity and soluble 
thrombomodulin antigen in plasma. J Thromb Haemost. 2005;3:976-982 

316. K/doqi clinical practice guidelines for chronic kidney disease: Evaluation, 
classification, and stratification. Am J Kidney Dis. 2002;39:S1-266 

317. Essebag V, Genest J, Jr., Suissa S, Pilote L. The nested case-control study in 
cardiology. Am Heart J. 2003;146:581-590 

318. Gill JC, Endres-Brooks J, Bauer PJ, Marks WJ, Jr., Montgomery RR. The effect of abo 
blood group on the diagnosis of von willebrand disease. Blood. 1987;69:1691-1695 

319. Rodeghiero F, Castaman G, Dini E. Epidemiological investigation of the prevalence of 
von willebrand's disease. Blood. 1987;69:454-459 

320. Wieloch M, Sjalander A, Frykman V, Rosenqvist M, Eriksson N, Svensson PJ. 
Anticoagulation control in sweden: Reports of time in therapeutic range, major 
bleeding, and thrombo-embolic complications from the national quality registry 
auricula. Eur Heart J.32:2282-2289 

321. Huhtakangas J, Tetri S, Juvela S, Saloheimo P, Bode MK, Hillbom M. Effect of 
increased warfarin use on warfarin-related cerebral hemorrhage: A longitudinal 
population-based study. Stroke.42:2431-2435 

322. Jansson JH, Boman K, Brännstrom M, Nilsson TK. Increased levels of plasma 
thrombomodulin are associated with vascular and all-cause mortality in patients on 
long-term anticoagulant treatment. Eur Heart J. 1996;17:1503-1505 

323. Johansson L, Jansson JH, Boman K, Nilsson TK, Stegmayr B, Hallmans G. 
Prospective study on soluble thrombomodulin and von willebrand factor and the risk 
of ischemic and hemorrhagic stroke. Thromb Haemost. 2002;87:211-217 

324. Olivot JM, Labreuche J, Aiach M, Amarenco P. Soluble thrombomodulin and brain 
infarction: Case-control and prospective study. Stroke. 2004;35:1946-1951 

325. Morange PE, Simon C, Alessi MC, Luc G, Arveiler D, Ferrieres J, Amouyel P, Evans A, 
Ducimetiere P, Juhan-Vague I. Endothelial cell markers and the risk of coronary heart 
disease: The prospective epidemiological study of myocardial infarction (prime) 
study. Circulation. 2004;109:1343-1348 

http://www.ncbi.nlm.nih.gov/pubmed?term=hermida%20c-reactive%20protein


REFERENCES 

87 
 

326. Vincentelli A, Susen S, Le Tourneau T, Six I, Fabre O, Juthier F, Bauters A, Decoene 
C, Goudemand J, Prat A, Jude B. Acquired von willebrand syndrome in aortic 
stenosis. N Engl J Med. 2003;349:343-349 

327. Sugimoto M, Matsui H, Mizuno T, Tsuji S, Miyata S, Matsumoto M, Matsuda M, 
Fujimura Y, Yoshioka A. Mural thrombus generation in type 2a and 2b von willebrand 
disease under flow conditions. Blood. 2003;101:915-920 

328. Wannamethee SG, Whincup PH, Shaper AG, Rumley A, Lennon L, Lowe GD. 
Circulating inflammatory and hemostatic biomarkers are associated with risk of 
myocardial infarction and coronary death, but not angina pectoris, in older men. J 
Thromb Haemost. 2009;7:1605-1611 

329. Wannamethee SG, Shaper AG, Lowe GD, Lennon L, Rumley A, Whincup PH. Renal 
function and cardiovascular mortality in elderly men: The role of inflammatory, 
procoagulant, and endothelial biomarkers. Eur Heart J. 2006;27:2975-2981 

330. Shlipak MG, Praught ML, Sarnak MJ. Update on cystatin c: New insights into the 
importance of mild kidney dysfunction. Curr Opin Nephrol Hypertens. 2006;15:270-
275 

331. Menon V, Shlipak MG, Wang X, Coresh J, Greene T, Stevens L, Kusek JW, Beck GJ, 
Collins AJ, Levey AS, Sarnak MJ. Cystatin c as a risk factor for outcomes in chronic 
kidney disease. Ann Intern Med. 2007;147:19-27 

332. Wasen E, Isoaho R, Mattila K, Vahlberg T, Kivela SL, Irjala K. Serum cystatin c in the 
aged: Relationships with health status. Am J Kidney Dis. 2003;42:36-43 

333. Shlipak MG, Wassel Fyr CL, Chertow GM, Harris TB, Kritchevsky SB, Tylavsky FA, 
Satterfield S, Cummings SR, Newman AB, Fried LF. Cystatin c and mortality risk in 
the elderly: The health, aging, and body composition study. J Am Soc Nephrol. 
2006;17:254-261 

334. Niccoli G, Conte M, Della Bona R, Altamura L, Siviglia M, Dato I, Ferrante G, Leone 
AM, Porto I, Burzotta F, Brugaletta S, Biasucci LM, Crea F. Cystatin c is associated 
with an increased coronary atherosclerotic burden and a stable plaque phenotype in 
patients with ischemic heart disease and normal glomerular filtration rate. 
Atherosclerosis. 2008;198:373-380 

335. Brodsky SV, Satoskar A, Chen J, Nadasdy G, Eagen JW, Hamirani M, Hebert L, 
Calomeni E, Nadasdy T. Acute kidney injury during warfarin therapy associated with 
obstructive tubular red blood cell casts: A report of 9 cases. Am J Kidney Dis. 
2009;54:1121-1126 

336. Brodsky SV, Collins M, Park E, Rovin BH, Satoskar AA, Nadasdy G, Wu H, Bhatt U, 
Nadasdy T, Hebert LA. Warfarin therapy that results in an international 
normalization ratio above the therapeutic range is associated with accelerated 
progression of chronic kidney disease. Nephron Clin Pract.115:c142-146 

337. Brodsky SV, Nadasdy T, Rovin BH, Satoskar AA, Nadasdy GM, Wu HM, Bhatt UY, 
Hebert LA. Warfarin-related nephropathy occurs in patients with and without chronic 
kidney disease and is associated with an increased mortality rate. Kidney Int.80:181-
189 

338. Kallner A, Ayling PA, Khatami Z. Does egfr improve the diagnostic capability of s-
creatinine concentration results? A retrospective population based study. Int J Med 
Sci. 2008;5:9-17 

339. Harder S. Renal profiles of anticoagulants. J Clin Pharmacol. 2011 May 24. [Epub 
ahead of print]  

340. Stangier J, Rathgen K, Stahle H, Mazur D. Influence of renal impairment on the 
pharmacokinetics and pharmacodynamics of oral dabigatran etexilate: An open-label, 
parallel-group, single-centre study. Clin Pharmacokinet.49:259-268 

341. Kubitza D, Becka M, Mueck W, Halabi A, Maatouk H, Klause N, Lufft V, Wand DD, 
Philipp T, Bruck H. Effects of renal impairment on the pharmacokinetics, 
pharmacodynamics and safety of rivaroxaban, an oral, direct factor xa inhibitor. Br J 
Clin Pharmacol.70:703-712 

342. Cosmi B, Legnani C, Tosetto A, Pengo V, Ghirarduzzi A, Alatri A, Prisco D, Poli D, 
Tripodi A, Palareti G. Use of d-dimer testing to determine duration of anticoagulation, 
risk of cardiovascular events and occult cancer after a first episode of idiopathic 
venous thromboembolism: The extended follow-up of the prolong study. J Thromb 
Thrombolysis. 2009;28:381-388 



REFERENCES 

88 
 

343. Li-Saw-Hee FL, Blann AD, Lip GY. Effects of fixed low-dose warfarin, aspirin-
warfarin combination therapy, and dose-adjusted warfarin on thrombogenesis in 
chronic atrial fibrillation. Stroke. 2000;31:828-833 

344. Lip GY, Lip PL, Zarifis J, Watson RD, Bareford D, Lowe GD, Beevers DG. Fibrin d-
dimer and beta-thromboglobulin as markers of thrombogenesis and platelet 
activation in atrial fibrillation. Effects of introducing ultra-low-dose warfarin and 
aspirin. Circulation. 1996;94:425-431 

345. Nozawa T, Inoue H, Iwasa A, Okumura K, Jong-dae L, Shimizu A, Hayano M, Yano K. 
Effects of anticoagulation intensity on hemostatic markers in patients with non-
valvular atrial fibrillation. Circ J. 2004;68:29-34 

346. Oldgren J, Budaj A, Granger CB, Khder Y, Roberts J, Siegbahn A, Tijssen JG, Van de 
Werf F, Wallentin L. Dabigatran vs. Placebo in patients with acute coronary 
syndromes on dual antiplatelet therapy: A randomized, double-blind, phase ii trial. 
Eur Heart J.32:2781-2789 

347. Becker RC, Alexander JH, Newby LK, Yang H, Barrett Y, Mohan P, Wang J, 
Harrington RA, Wallentin LC. Effect of apixaban, an oral and direct factor xa 
inhibitor, on coagulation activity biomarkers following acute coronary syndrome. 
Thromb Haemost.104:976-983 

348. Kahn SR, Solymoss S, Flegel KM. Increased tissue plasminogen activator levels in 
patients with nonvalvular atrial fibrillation. Cmaj. 1997;157:685-689 

349. Tardy B, Tardy-Poncet B, Laporte-Simitsidis S, Mismetti P, Decousus H, Guyotat D, 
Bertrand JC. Evolution of blood coagulation and fibrinolysis parameters after abrupt 
versus gradual withdrawal of acenocoumarol in patients with venous 
thromboembolism: A double-blind randomized study. Br J Haematol. 1997;96:174-
178 

350. Lip GY, Lane D, Van Walraven C, Hart RG. Additive role of plasma von willebrand 
factor levels to clinical factors for risk stratification of patients with atrial fibrillation. 
Stroke. 2006;37:2294-2300 

351. Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. Predictive performance of 
the modification of diet in renal disease and cockcroft-gault equations for estimating 
renal function. J Am Soc Nephrol. 2005;16:763-773 

352. Olesen JB, Lip GY, Lindhardsen J, Lane DA, Ahlehoff O, Hansen ML, Raunso J, 
Tolstrup JS, Hansen PR, Gislason GH, Torp-Pedersen C. Risks of thromboembolism 
and bleeding with thromboprophylaxis in patients with atrial fibrillation: A net 
clinical benefit analysis using a 'real world' nationwide cohort study. Thromb 
Haemost.106:739-749 

 

 


