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General introduction and outline of thesis 11

GENERAL INTRODUCTION

Inappropriate coagulation activation can lead to an imbalance between the production and 

inhibition of enzymes in the coagulation cascade, resulting in obstructive clot formation. Arterial 

thrombosis develops in blood vessels that carry blood from the heart to organs (e.g. heart and 

brain) and in the majority of the cases results from atherosclerosis, a chronic systemic infl amma-

tory process. Atherosclerosis is associated with well-established cardiovascular risk factors. If a 

thrombotic occlusion occurs in vessels that carry blood back to the heart (e.g. legs and lungs), it is 

referred to as a venous thrombo-embolism (VTE). Over 150 years ago, Rudolf Virchow described 

that apart from a hypercoagulable state, venous stasis and injury of the vessel wall, known as ‘a 

triad of changes’, contribute to the development of VTE. This theory is still widely accepted and the 

number of risk factors associated with these changes is however expanding. Risk factors for VTE 

are generally classifi ed as inherited (e.g. protein S and C defi ciency, factor V Leiden mutation) and 

acquired (e.g. malignancy, immobility, surgery). Novel risk factors include classical risk factors 

for atherosclerotic disease such as older age, obesity and smoking but drugs such as non-steroidal 

ant-infl ammatory drugs and thyreomimetic agents have also been associated with VTE.1-3 Athero-

sclerosis and VTE not only share risk factors, but a link between arterial and venous thrombosis 

has most clearly been illustrated by numerous clinical trials. In patients with VTE both preclinical 

signs of atherosclerotic disease as well as a higher incidence of future arterial events have been 

described.4-8 If arterial and venous thromboses are no longer seen as separate disease entities, this 

may also imply common therapeutic approaches may be effective. Indeed, statin therapy which 

has proven highly benefi cial in the prevention of cardiovascular disease, has shown benefi t in 

the prevention of venous thrombotic disease too.9 Although the exact mechanism underlying the 

association remains unclear, common pathologic processes such as endothelial dysfunction and 

infl ammation could facilitate both disease processes. 

Elevated levels of coagulation markers such as factor VIII, fi brinogen, plasminogen in patients 

suffering from atherothrombotic events, further illustrate an association between arterial and 

venous thrombosis.10-13 In fact, there is increasing evidence which supports that some coagulation 

factors may also be involved in the process of atherogenesis.14-15 

Whereas thrombotic complications can result from a hypercoagulable state, hypocoagulability 

has been associated with protection against thrombosis. Hemophilia A is an X-linked genetic 

disorder, in which individuals have an inherited defi ciency of factor VIII. The factor VIII defi -

ciency induces a life long hypocoaguable state, which is clinically associated with a bleeding 

tendency. In hemophilia patients a considerable protection against cardiovascular disease has 

been reported.16,17 It is not known whether factor VIII solely plays a role in the formation of the 

occluding thrombus, or also contributes to the process of atherosclerosis. In this respect, the 

study of hemophilia patients is an ideal model to study the role of factor VIII in atherogenesis. 

Furthermore, since cardiovascular risk factors like obesity, hypertension and dyslipidemia are 

equally prevalent in the hemophilia population and the life expectancy of hemophilia patients 
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has normalized, hemophilia physicians recognise the risk of cardiovascular disease in these 

patients.18, 19 Considering the fact that cardiovascular prevention in hemophilia patients is chal-

lenging due to high risk of bleeding complications when treated with oral anticoagulant therapy, 

whether or not factor VIII defi ciency protects against CVD is especially intriguing.20

OUTLINE OF THE THESIS

Part I of the thesis focuses on the associations between cardiovascular risk factors and hyper-

coagulability. In the fi rst chapter, the risk of cardiovascular disease in patients with venous 

thrombo-embolism is assessed by studying the occurrence of aortic calcifi cations on chest X-ray. 

In chapter 2 the effect of statin therapy on the occurrence of recurrent VTE is assessed in a Dutch 

population-based registry. In chapter 3 the effect of statin therapy on VTE is further assessed in 

a meta-analysis of previous large randomized controlled trials. Chapter 4 describes a multicentre 

study which is conducted to assess the proportion of VTE patients who already require statin 

therapy given their risk of cardiovascular disease. In chapter 5 the risk of venous thrombosis in 

individuals who use non-steroidal anti-infl ammatory drugs is studied. In chapter 6 the association 

between thyroid hormone (and treatment for thyroid disease) and pulmonary is assessed in a large 

population-based registry. Chapter 7 describes a small case-control study in which the utility of 

urine prothrombin fragment 1+2 in diagnosing venous thrombosis and myocardial infarction is 

assessed. 

In part II of this thesis, associations between cardiovascular risk and a hypocoagulabe state, i.e. 

hemophilia are described. Chapter 8 provides a systematic review of current literature on the effect 

of hemopilia and von Willebrand disease on arterial thrombosis and in chapter 9 the prevalence 

of cardiovascular risk factors and associated cardiovascular risk is determined in 100 hemophilia 

patients using a validated risk assessment tool. In chapter 10 the incidence of preclinical athero-

sclerosis in hemophilia A patients with obesity is studied with use of ultrasonography. In chapter 

11, obesity related hemostatic changes in hemophilia patients are studied and in chapter 12 the 

impairment in daily life of obese hemophilia patients is assessed using a validated questionnaire, 

the hemophilia activities list (HAL).
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Ch apter 1
Venous thrombo-embolism and 

aortic calcifi cations; 
more evidence on the link between 

venous and arterial thrombosis

Sara Rafi , Frederiek F van Doormaal, Krijn P van Lienden, 

Pieter W Kamphuisen, Victor EA Gerdes

Thrombosis Research 2009; 124: 381–382
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Aortic calcifi cations in venous thrombo-embolism 19

INTRODUCTION

Recently, studies have shown a possible link between venous thromboembolism (VTE) and ath-

erosclerotic disease [1–3]. Although not all studies found an association [4,5], several showed 

a higher risk of subsequent (fatal and nonfatal) arterial thrombotic events in patients with VTE 

compared to healthy controls [2,3,6]. This association seemed more pronounced in patients with 

unprovoked VTE [1,7]. It is unknown whether patients with VTE also have an increased preva-

lence of calcifi cations of the aorta compared to controls. Calcifi cations of the aorta represent an 

advanced stage of atherosclerosis and are associated with an increased risk of future atheroscle-

rotic events [8–11]. 

METHODS

We performed a retrospective case-control study and assessed the presence of calcium deposits on 

the chest X-ray of patients with either provoked or unprovoked VTE. Cases consisted of patients 

with documented VTE, who participated in studies on the diagnosis of deep venous thrombosis 

(DVT) and pulmonary embolism conducted at the Academic Medical Centre, Amsterdam, The 

Netherlands [13–15]. Controls were randomly selected from patients admitted to the emergency 

department of the AMC with complaints of chest pain for which a chest X-ray was performed. 

None of these patients had pulmonary embolism. Patients without a chest X-ray were excluded 

from analysis. When multiple chest X-rays were available, the one closest to the date of the event 

was used. VTE was classifi ed as unprovoked or provoked. Provoked VTE was defi ned as related 

to pregnancy or post-partum state, surgery or leg trauma within the previous 3 months, known 

cancer, prolonged immobilization or use of oral contraceptives. All other events were classifi ed as 

unprovoked. The diagnosis of DVT was objectively confi rmed by ultrasound, which was repeated 

after one week when negative on the fi rst occasion. Pulmonary embolism was confi rmed by either 

a multidetector CT scan or ventilation-perfusion scan. Patients with DVT were not routinely 

screened for the presence of pulmonary embolism and vice versa. 

Chest X-rays were screened for calcifi cations located specifi cally on the aortic arch. One 

experienced radiologist reviewed all chest radiographs for the presence or absence of calcium 

deposits which were recognized as typically shaped densities [11] in both the cases and controls. 

No quantifi cation was made of the calcium deposits. The radiologist was blinded to the diagnosis 

of each patient. 
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RESULTS

In 456 patients with documented VTE a chest X-ray was performed. 137 (30%) patients had pul-

monary embolism, 306 (67%) DVT, and 13 patients (3%) had both DVT and pulmonary embolism. 

Patients with VTE were compared with 197 control patients. In the patients with VTE, 50% was 

male, and the mean age was 60 years, whereas in the control patients, the mean age was 51 years 

and 57% was male. The thrombotic episode was unprovoked in 205 subjects and provoked in 

251 subjects. Aortic calcifi cations were present in 33.3% of the subjects with a VTE, compared to 

18.3% in the patients without VTE (odds ratio (OR) 2.24 (95% confi dence interval (CI) 1.48- 3.37). 

When adjusted for age, sex, and smoking, this association remained (OR 1.86 (95% CI 1.18-2.95). 

Calcifi cations were present in 37.9% of the unprovoked and in 29.5% of the provoked events 

(p=0.054) (Table 1). Compared to controls, the odds ratio for provoked VTE was 1.87 (95% CI 1.19-

2.94) and of unprovoked 2.75 (95% CI 1.74-4.34). After adjustment for age, sex, and smoking, the 

OR was 1.73 for provoked VTE and 2.12 for unprovoked VTE (Table). 

Table. Association between aortic calcifi cations and VTE in patients with unprovoked and provoked episodes

Characteristics Unprovoked
VTE

Provoked 
VTE

Controls Crude OR
(95% CI)

Adjusted OR*
(95% CI)

n (%) 205 251 197

Age (mean) 61 ± 17 59 ± 17 51 ± 17

Sex (male, %) 96 (47) 133 (50) 112 (57)

Smoking (%) 54 (26) 62 (25) 62 (32)

Calcifi cations (%) 78 (38) 74 (29.5) 36 (18.3)

Unprovoked VTE 2.75 (1.74-4.34) 2.12 (1.26-3.58)

Provoked VTE 1.87 (1.19-2.94) 1.73 (1.04-2.87)

*Adjusted for age, sex, and smoking

DISCUSSION

Our results show an association between VTE and aortic arch calcifi cations on chest X-rays. These 

calcifi cations were highly prevalent, especially in patients with unprovoked VTE. After adjust-

ment for age, sex, and smoking, this association remained and tended to be somewhat more 

pronounced for unprovoked VTE. Since aortic calcifi cations are a marker of atherosclerosis and 

predispose patients to future cardiovascular events, this fi nding further supports an association 

between VTE and arterial thrombosis. 

Some aspects of this retrospective study require comment. Because cardiovascular history and 

most risk factors were unknown in the majority of VTE patients and controls, we were unable to 

adjust our results for other cardiovascular risk factors than smoking. In addition, control patients 

all suffered from chest pain, and were at a potentially higher risk of coronary artery disease and 
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aortic arch calcifi cations than the general population. However, this would only lead to an under-

estimation of the association between calcifi cations and patients with VTE, and therefore further 

strengthens the association between VTE and atherosclerosis. Although vascular calcifi cations on 

plain chest radiographs are associated with the presence of coronary artery disease, it is an indirect 

method to visualize atherosclerotic disease. Interestingly, coronary calcifi cations on multidetector 

CT scan, a more sensitive method to assess vascular calcifi cations, were shown in 51.7% of patients 

with VTE, compared to 28.1% in the controls (multivariate adjusted OR 4.3, 95% CI 1.9-10.1) [12]. 

In conclusion, aortic calcifi cations are more prevalent in patients with VTE, compared to 

patients with chest pain without VTE. This association seems slightly more pronounced in 

patients with unprovoked disease. These results further support an association between VTE and 

arterial thrombosis.
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ABSTRACT

Background Patients with idiopathic venous thromboembolism (VTE) have a high recurrence risk 

during and after stopping anticoagulant treatment. Several studies suggest that treatment with 

statins reduces the incidence of a fi rst episode of VTE, but data on the effects in VTE patients 

with a previous episode is lacking. We examined the effect of statin therapy on the recurrence of 

pulmonary embolism (PE).

Methods By use of the PHARMO Record Linkage System, a Dutch population-based registry of 

pharmacy records linked with hospital discharge records, patients hospitalized with an acute PE 

were identifi ed between 1998 and 2008. Prescription based use of statins and vitamin K antago-

nists was identifi ed starting at hospital discharge and during follow-up. Hospitalizations for 

recurrent PE, cardiovascular events, and death were assessed by Cox proportional hazard models 

with statin exposure as a time-varying covariate. 

Results We identifi ed 3093 patients with a fi rst episode of PE with a mean age of 61.3 ± 17.0 years. 

The median duration of vitamin K antagonist treatment was 199 days (45-3793). Twenty-four 

percent of the VTE patients (n=737) had at least one prescription of statins during the follow-up 

period and the median duration of statin therapy was 1557 days (5-4055 days). During a median 

follow up of 1529 days (1-4155), 285 (9.2%) patients experienced a recurrent PE. Treatment with 

statins reduced recurrent PE (HR 0.48, 95%CI 0.35-0.67), and the protective effect was present 

both during and after stopping VKA treatment. There was a clear dose-response effect, with the 

largest risk reduction for the most potent statins. Finally, statin treatment also reduced CVD and 

all-cause mortality. 

Conclusions Statin treatment decreases the risk of recurrent pulmonary embolism, irrespective of 

VKA treatment. Treatment with statins may be an attractive alternative for anticoagulant treatment 

in the long-term treatment of pulmonary embolism.
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INTRODUCTION

In spite of many therapeutic advances, venous thromboembolism (VTE), especially pulmonary 

embolism (PE), remains an important cause of morbidity and mortality in the Western world.1,2 

Long-term anticoagulant therapy with vitamin K antagonists is highly effective in preventing VTE, 

but carries an increased risk of major bleeding. Nevertheless, guidelines recommend indefi nite 

duration of anticoagulant treatment in patients with idiopathic VTE, since the risk of a recurrence 

is high.3 In fact, even during anticoagulant treatment, patients with VTE are not fully protected 

against a second episode of VTE, with a recurrence rate of 3% in the fi rst three to six months.4,5 

Consequently, alternative, safe options to reduce the of risk recurrent VTE are necessary.

Numerous studies have shown a correlation between atherothrombosis and VTE,6-10 and a 

potential role of statin therapy in the management of VTE further supports this association.11-16 

Although commonly known for their lipid lowering effects, statins also express inhibitory effects 

on platelet aggregation, thrombin generation and fi brinolysis.17 

In a meta-analysis of fourteen, mainly observational studies, it was shown that the use of 

statins signifi cantly decreased the risk of a fi rst VTE (OR 0.81, 95%CI 0.66-0.99).18 Recently, a 

large placebo controlled randomized trial, consisting of approximately 18000 healthy individuals, 

reported a 43% reduction in the occurence of  VTE with use of rosuvastatin (OR 0.57, 95%CI, 0.37-

0.86).19 Although these results seem encouraging, the number needed to treat in order to prevent 

a single, fi rst episode of VTE in healthy individuals is considerable and reaches up to 2000.20 A 

role of statin therapy in the primary prevention of VTE therefore seems limited. Whether statin 

therapy might be effective in the secondary prevention of  VTE is not known. As a class, statins are 

generally well tolerated and demonstrate good safety profi les. Therefore, statin therapy may be a 

promising and relatively safe alternative or supplementary treatment option in VTE patients who 

require long-term prevention. Using a population based database, in which hospital admissions 

have been linked to pharmacy records, we assessed whether statin therapy reduces the risk of 

recurrent VTE and whether this effect is dose-dependent. 

METHODS

Setting

All patients were recruited via the PHARMO Record Linkage System (Pharmo Institute, Utrecht, 

the Netherlands; available at http://www.pharmo.nl). This system includes demographic details 

and complete medication histories of Dutch community pharmacies. The medication histories 

are linked to hospital discharge records. Because virtually all patients in the Netherlands are 

registered with a single community pharmacy, pharmacy records are essentially complete insofar 

as prescription drug use is concerned. For the purpose of this study, drug prescribing data and 

hospitalization data were used. Drugs were coded according to the Anatomical Therapeutic Chemical 
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Classifi cation. The hospital admission and discharge codes were coded according to the International 

Classifi cation of Diseases Ninth Revision (ICD 9), Clinical Modifi cation. Data on all-cause mortality was 

retrieved from the Dutch registry for mortality, coordinated by the Central Bureau for Genealogy 

(www.cbg.nl). 

Patient selection

All patients, aged 18 years and older with a fi rst hospitalization for PE (ICD I26) between 1998 and 

2006, were identifi ed. Previously, the accuracy of using ICD codes for the diagnosis of pulmonary 

embolism (PE) was validated.21 Patients were eligible for inclusion if they had a prescription of 

vitamin K antagonists within 120 days after the diagnosis of PE.

The date of hospital discharge for PE was considered to represent the start of follow-up i.e. 

cohort entry. Demographic features, including age and gender, were recorded, and previous 

hospital records potentially associated with a higher risk of VTE (i.e. trauma/ fractures (ICD 

800-869, 76-81), malignancy (ICD 150-157,162,172,174,179,180,182,183,185,188, 201-208), 

pregnancy and pregnancy, labor and delivery related complications (ICD 640-669), myocardial 

infarction (ICD 410-412), stroke (ICD 433-434), peripheral atherosclerosis, arterial embolism 

and arterial thrombosis (ICD 440,444), diabetes mellitus (ICD 250), rheumatoid arthritis (ICD 

714), pneumonia (ICD 480-488), chronic respiratory failure (490-496), cardiac failure (ICD 428), 

urinary tract infection (ICD 590,594), nephrolithiasis (ICD 592,594), nephrectomy (ICD 55.4, 

55.5), non-infectious colitis (555-558) prostatectomy, pancreatic disease (ICD 577), liver disease 

(ICD 571-572), appendectomy (ICD 47), hysterectomy (ICD 68), cholelithiasis (ICD 574) and 

obesity (ICD 278)) occurring within three months prior to the PE, were retrieved. Hospitalizations 

(co-morbidity) prior to this period were less likely to have infl uenced the occurrence of PE on the 

index date. Furthermore, hospitalizations for cardiovascular events were also assessed during the 

follow-up period. 

Exposure

Exposure to medication was determined starting within 120 days after discharge for a fi rst hospi-

talization for pulmonary embolism and claimed prescriptions of both statins and VKA were used 

during follow-up. Prescriptions for the drugs contained information on type and dosage. 

Outcome

The primary outcome of interest was an episode of symptomatic and recurrent pulmonary 

embolism. Arterial cardiovascular events (i.e. acute coronary syndrome consisting of myocardial 

infarction and other (sub) acute coronary events, ischemic stroke) as well as all-cause mortality 

were the secondary outcomes of interest.
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Statistical analyses 

Data was expressed as means ± SD or medians with range, depending on the distribution of the 

data. Baseline characteristics were compared using t-test for continuous variable and X2 test for 

categorical data. Incidence rates, hazard ratios and number needed to treat were assessed. The 

strength of the association between statin therapy and outcomes was assessed by use of Cox 

proportional-hazards regression model, with statin exposure as a time-varying covariate. Statin 

therapy was assessed as a time-varying covariate to take into account whether or not statin therapy 

was stopped, interrupted or whether a patient had switched from one statin type to another, so 

that any potential benefi cial effect could only be present while taking statin drugs. For this analysis 

daily usage of statins was assessed based on pharmacy prescriptions, calculating statin treatment 

episodes. A treatment episode was defi ned as a series of subsequent prescriptions, allowing for 

overlap between prescriptions. If a new prescription occurred within 120 days of the theoretical 

end date of the previous prescription, treatment was considered to have been continued. If the gap 

was longer or when patients switched between statins, a new treatment episode was assumed. 

Patients were followed from cohort-entry to the occurrence of a study outcome or end of follow-

up data (e.g. prescriptions, hospitalizations) whichever came fi rst. According to the episodes of 

statin use obtained, patients were classifi ed according to statin exposure status, where patients 

were classifi ed as either exposed or non-exposed. Secondary analyses were also performed using 

time-varying covariates for statin exposure during follow-up. The effect of statin was expressed as 

the adjusted hazard ratio (HR) along with its 95% confi dence interval (CI). The infl uence of pos-

sible confounding factors was fi rst analyzed in a univariate model. All variables with a signifi cant 

association with the outcome (p-value <0.05) were then added to the multivariate model. Using 

backward modeling, if a signifi cant contribution disappeared in the multivariate model, the vari-

able was removed. The variables assessed were age, gender, previous cardiovascular events, prior 

hospitalizations associated with an increased risk of PE and vitamin K antagonist therapy (VKA). 

The average reduction of serum concentration of low density lipoprotein (LDL) cholesterol by 

statin therapy varies for the type and daily dose used. To compare the effect of different types of 

statins at different doses, statin therapy is expressed in potencies.22 In the present study statin 

potency was divided in three categories, with the fi rst category being set as the reference category. 

Drugs with a potency of 1.0- 1.3 were classifi ed as potency category 1, drugs with a potency between 

1.4 and 1.8 were classifi ed as potency category 2 and drugs with a potency of ≥ 1.9 were classifi ed as 

potency category 3 (Table 1). Statistical analyses were performed with SAS software (version 6.12; 

SAS Institute, Inc, Cary, North Carolina). 
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Table 1. Type, dose and potency of statins

Type Dose Potency Dose Potency Dose Potency Dose Potency

Atorvastatin 10 1.6 20 1.8 40 2.0 80 2.2

Fluvastatin 10 1.2 20 1.3 40 1.4 80 1.5

Pravastatin 10 1.3 20 1.3 40 1.4 80 1.5

Rosuvastatin 10 1.8 20 1.9 40 2.1 80 2.4

Simvastatin 10 1.4 20 1.5 40 1.6 80 1.7

RESUL TS

We identifi ed 3093 patients who were admitted to the hospital for a fi rst episode of pulmonary 

embolism during 1998 and 2008, and who had a prescription of vitamin K antagonists within 120 

days after the PE. Table 2 shows the baseline characteristics of the patients. The mean age of the 

study population at baseline was 61 ± 17 years and 55% was female. Eight percent of patients with 

pulmonary embolism (n=238) had previous cardiovascular events and based on hospitalisation 

data, 10% (n=299) of the patients with PE had a provoked event. Four percent had a malignancy, 

whereas 8% had a trauma or surgery (Table 2).

Table 2. Baseline characteristics

Cases (n=3093)
N (%)

Age, mean 61.3 ± 17.0

Sex, female 1700 (55)

Idiopathic VTE 2794 (90.3)

Previous hospitalizations*

Acute Infection 33 (1.1)

Infl ammatory bowel disease 12 (0.4)

Surgery 213 (6.9)

Trauma 30 (1.0)

Heart failure 13 (0.4)

Cardiovascular disease 238 (8.0)

Malignancy 125 (4.0)

Pregnancy 8 (0.3)

Medication use*

Heparin 85 (2.7)

Antiplatelet drugs 473 (15.3)

Coumarins 136 (4.4)

Antihypertensives^ 1286 (41.6)

Anti-diabetes drugs^ 201 (6.5)

* Hospitalizations and medication use ≤90 days and ≥ 1 day prior to index date
^ Combination of hospitalizations and medication use
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The median duration of anticoagulant therapy with vitamin K antagonist was 199 days (45-

3793). During a median follow-up of 1529 days (1-4155), 285 (9.2%) patients were admitted to 

the hospital for a recurrent pulmonary embolism. The median time to recurrence of pulmonary 

embolism was 400 days (4-3776). 

Eff ect of statin therapy on recurrent pulmonary embolism

Seven hundred thirty-seven (23%) VTE patients had at least one prescription of statins during the 

follow-up period and the median duration of statin therapy was 1557 days (5-4055 days). Figure 

1 shows the infl uence of statin therapy on time to recurrent pulmonary embolism. The time to 

recurrence was shorter in never users compared to ever users of statin therapy, 351 (4-3776) and 

725 (5-3388) days, respectively (p<0.001). The duration of VKA therapy was however somewhat 

longer among ever compared to never users of statins, 204 days (48-3473) and 198 days (45-3793), 

respectively (p=0.0049).

Using a cox proportional-hazards regression model, with statin exposure as a time-varying 

covariate, compared with never users, ever users of statin had a decreased risk of recurrent pul-

monary embolism after adjustment for age, gender, vitamin K antagonist therapy and previous 

cardiovascular events (HR 0.48, 95%CI 0.35-0.67). The number of VTE patients needed to treat to 

prevent one recurrent pulmonary embolism was 26. 

Figure 1. Time to recurrent pulmonary embolism for never and ever users of statin therapy
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Of the 285 (9.2%) patients with recurrent PE, 198 (6.4%) events occurred after discontinua-

tion of VKA, while 87 (2.8%) patients had a recurrent event during treatment. The effect of statin 

therapy on recurrent pulmonary embolism was most pronounced during VKA therapy (HR 0.21, 

95%CI 0.09-0.47) but also persisted after discontinuation of VKA treatment (HR 0.66, 95%CI 

0.46-0.94). 

Association between statin therapy and risk of cardiovascular events and all-
cause mortality

Thirteen percent (n=398) of the VTE population died during follow-up. The number of deaths in 

never users was higher than in ever users of statin therapy: 324 (14%) and 74 (10%), respectively 

(HR 0.51; 95%CI 0.39-0.66). Furthermore, statin therapy had a protective effect irrespective of 

VKA therapy (HR during VKA: 0.50, 95%CI 0.26-0.95, and HR 0.51, 95%CI 0.38-0.67 without VKA 

therapy). The number of VTE patients needed to treat to prevent one death (of any cause) was 25.

As expected, the number of VTE patients with a history of CVD was higher among the patients 

using statins compared to non-statin population, 147 (20%) and 91 (4%), respectively (p<0.0001). 

Nevertheless, statin use was associated with a lower occurrence of cardiovascular events during 

follow-up compared to the patients that did not use statins, 622 (26%) and 314 (43%), respec-

tively (HR 0.73, 95%CI 0.62-0.87). The reduction in cardiovascular events was most pronounced 

during vitamin K antagonist therapy (HR 0.60; 95%CI; 0.43-0.83), although this effect persisted 

after cessation of vitamin K antagonist therapy (HR 0.80; 95%CI 0.65-0.98). The number of VTE 

patients needed to treat with statins to prevent one CVD was 6.

Association between potency of statin and risk of pulmonary embolism

Finally, the infl uence of the potency of statins and the effect on recurrent PE was assessed. The 

most frequently used potency of statin therapy was 1.4-1.8, which was prescribed to 547 (74%) of 

the VTE patients. Less patients used lower (1.0-1.3) or higher potency (≥ 1.9) drugs (135 (18%) and 

55 (7%), respectively).

There was a clear potency-dependent effect of statins on recurrent PE, with the largest protec-

tion observed in strongest potency category. Compared to the lowest potency (1.0-1.3), the most 

potent statins (≥ 1.9) seemed to be associated with the largest reduction in recurrent PE (HR 

0.28, 95%CI 0.07-1.15), followed by the 1.4-1.8 category (HR 0.43, 95% CI 0.29-0.63), although 

this association of the highest potency group did not reach statistical signifi cance.The effect of 

potency was also evident for cardiovascular events (potency ≥ 1.9: 37% reduction (statistically not 

signifi cant) and potency 1.4-1.8: 28% reduction), whereas for mortality the most potent drugs 

(potency ≥ 1.9) showed a non-signifi cant reduction of 35% and statins with a potency of 1.4-1.8 

showed a larger reduction (50%). 
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DISCUSSION

In an analysis based on over 3000 patients with a fi rst episode of pulmonary embolism, with a 

median follow-up of 1529 days, statin therapy was associated with an approximately 50% reduc-

tion in the occurrence of recurrent pulmonary embolism. This benefi cial effect was present during 

and after VKA treatment. Furthermore, there was a dose-dependent effect on recurrent events of 

pulmonary embolism, with the greatest reduction associated with high potency drugs. Finally, 

during follow-up, statin therapy resulted in a 30% reduction in cardiovascular events and a 50% 

reduction in all-cause mortality in patients with pulmonary embolism.

Several studies have analysed the effect of statin therapy on the prevention of a fi rst episode 

of venous thromboembolism. Both observational as well as case-controls studies showed risk 

reductions ranging from 22% to 58%.11-16 Recently, in the large randomized placebo-controlled 

Jupiter trial, rosuvastatin 20 mg was associated with a risk reduction of 43% (95% CI 0.37-0.86) of 

VTE in almost 18.000 apparently healthy individuals.19 A recent meta-analysis showed an overall 

reduction of 20% (95% CI 0.66-0.99) on primary VTE among statin users.18 Although the reduc-

tion in VTE with use of statins may seem consistent and relatively large, with an VTE incidence of 

around 1 in 1000, this results in a high number needed to treat of over 2000.20 In the present study 

the number of VTE patients needed to treat to prevent one single recurrent episode was only 26. If 

cardiovascular events and all-cause mortality are taken into account, the number needed to treat 

will drop even further. 

Pulmonary embolism is a relatively common disease that is associated with a high mortality rate 

of 5-15%.1,2 Especially recurrent pulmonary embolism carries a very high mortality rate. Preventive 

strategies are therefore mandatory. VKA treatment effectively reduces the risk of recurrences to 

around 3%.4,5 After stopping treatment, over a period of three to fi ve years, the recurrence rate 

of VTE reaches up to 30%, especially in patients with idiopathic events.23 Since patients with a 

high recurrence rate are diffi cult to identify, lifelong anticoagulant treatment is recommended 

after a fi rst idiopathic VTE.3 This therapy however carries a considerable risk of major bleeding, 

especially in the elderly. Clinical practice could greatly benefi t from other medication options that 

reduce the risk of pulmonary embolism on the one hand and have little side effects on the other. 

Our study shows that statins may form this attractive option for long-term treatment, since in 

the high-risk population of patients with pulmonary embolism, statins reduced recurrent events, 

not only after stopping anticoagulant treatment, but also during VKA. Furthermore, statins are 

safe and have little side effects. Also, high risk VTE patients in whom anticoagulation is relatively 

contraindicated might benefi t from statin therapy, although the period conferring the highest risk 

should still be covered by use of conventional anticoagulant therapy.

Why would statins have an effect on recurrent pulmonary embolism? Statins not only lower 

LDL-cholesterol, they also reduce tissue factor expression and thrombin generation, and attenuate 

fi brinogen cleavage. Furthermore, statins increase the activity of the transcription factor Kruppel-
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like factor 2 (KLF-2), thereby promoting thrombomodulin expression on endothelial cells, which 

enhances the activity of the protein C anticoagulant pathway.17 

In our study, the median duration of anticoagulant treatment was 199 days, which is in agree-

ment with the current Dutch guidelines, that recommend a treatment duration of 6 months.24 

The individual duration of therapy after a fi rst episode of PE, however, greatly varied, which was 

probably due to patient characteristics and preference of the treating physician. Nine percent of 

the patients experienced a recurrent PE during 4 years of follow-up. Almost three percent (2.9%) 

of the patients had a PE during anticoagulant treatment, which is consistent with other studies.4,5 

After stopping anticoagulant therapy, 6.4% patients had a recurrent PE. In the Worcester Venous 

Thromboembolism Study,25 the recurrence rate of PE was 5.9% during three years of follow-up, 

although other studies indicate a higher risk.23

Interestingly, statin treatment reduced all-cause mortality in the patients with PE by 50%. 

Unfortunately, we could not specify the cause of death, but most likely, the reduction will be caused 

by reduced cardiovascular mortality and mortality due to PE. Statins are known to reduce mortality 

in patients with a history of cardiovascular disease, and especially cardiovascular death, as was 

shown in the large CTT-meta-analysis.26 Furthermore, a recent cohort study showed that statin 

therapy also reduced all-cause mortality in patients with pneumonia, with an adjusted hazard ratio 

of 0.67 (95% CI 0.49-0.91). 27 

The main strength of our study was the large cohort of unselected patients with pulmonary 

embolism, which were followed for a relatively long period with complete data on medication use 

and hospitalizations. The study design has some obvious limitations, which are inherent to all 

population based registry studies. The diagnosis of pulmonary embolism was derived from ICD-

codes, which could raise concern about the accuracy. However, Cazes et al.21 recently showed that 

ICD discharge diagnosis codes yield satisfactory sensitivity for identifying objectively confi rmed 

PE. Since comorbidity could only be assessed through data on hospitalisations, patients with 

provoking factors for pulmonary embolism, such as immobilisation, waist circumference, BMI 

and smoking will be underestimated. Nevertheless, this will be the case for both patients and 

controls and it is unlikely that this will have infl uenced outcome. Next, we only assessed patients 

with pulmonary embolism, leaving out patients with venous thrombosis of the legs. Since patients 

were retrieved through hospital admissions, and venous thrombosis of the legs is increasingly 

being treated out of hospital, including these patients in our analysis would have introduced a 

selection bias. 

Although a protective effect of statins on venous thrombosis still has to be established, pre-

vention of recurrent pulmonary embolism will lead to a larger reduction of mortality. Finally, a 

prescription bias of statins is very likely, since patients with an increased cardiovascular risk will 

be prone to receive this medication. On the other hand, patients with cardiovascular events have 

an increased risk of VTE, which only leads to an underestimation of our results. Nevertheless, 

there is a clear need for a randomised placebo controlled trial of statin therapy in patients with 

VTE. 
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In conclusion, statin treatment decreases the risk of recurrent pulmonary embolism substan-

tially, both during and after VKA treatment. Treatment with statins may be an attractive addition 

to or alternative for anticoagulant treatment in the long-term treatment of pulmonary embolism.
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ABSTRACT

Background Limited evidence suggests that statins may reduce the risk of venous thromboembolic 

events. We sought to test whether this could be confi rmed in a comprehensive assessment of 

published and unpublished results from larger scale statin trials.

Methods We searched MEDLINE, EMBASE and the Cochrane’s CENTRAL up to October 2010 for 

randomised controlled trials comparing statin with no statin, or comparing high dose versus 

standard dose statin, with 100 participants or more and at least 6 months follow-up. Investigators 

were contacted for unpublished information about venous thromboembolic events.

Results Twenty one trials of statin versus control (105 636 participants) and seven trials of an inten-

sive versus a standard dose statin regimen (40 594 participants) were included. In trials of statin 

versus control, statin therapy did not signifi cantly reduce the risk of venous thromboembolic 

events (464 vs 520 statin vs control, odds ratio [OR]=0.89, 95% confi dence interval [CI] 0.78 to 

1.01, p=0.07) and treatment effects did not differ signifi cantly between deep vein thrombosis or 

pulmonary embolism (p for heterogeneity=0.56). Exclusion of the trial that formed the hypothesis 

(JUPITER) had no material impact on the fi ndings (430 vs 460, OR=0.93, 95% CI 0.82 to 1.06, 

p=0.30). There was no evidence that higher dose statin therapy reduced the risk of venous throm-

boembolic events (167 vs 152, OR=1.10, 95% CI 0.88 to 1.37, p=0.41).

Conclusion Findings from this study do not support the previous suggestion of a substantial protec-

tive effect of statins or higher dose statins on venous thromboembolic events.
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INTRODUCTION

Venous thromboembolic disease (ie, pulmonary embolism and deep vein thrombosis) is a com-

mon cause of premature death and morbidity.1 Yet, our knowledge about how to safely prevent it 

is limited. Since venous thrombosis appears to share some common pathological pathways with 

arterial disease,2, 3 there has been some interest to assess whether treatments of known effi cacy for 

one disease process may also have similar effects in the other. 

Statins reduce the risk of arterial cardiovascular disease in a wide range of people.4 However, 

their effect on venous thromboembolic events is less certain. Until recently, clinical evidence for 

the effect of statins and venous thromboembolism was largely confi ned to non-randomised stud-

ies with somewhat contradictory fi ndings.5, 6 The randomised JUPITER trial, which was designed 

to assess the effect of rosuvastatin compared to placebo on arterial cardiovascular events, reported 

in a substudy that treatment with rosuvastatin almost halves the risk of venous thromboembolic 

events.7 However, this fi nding was based on relatively small numbers of events (34 vs 60), which 

on its own may not be suffi ciently robust to change clinical practice recommendations. Conduct 

of new large-scale randomised statin trials with venous thromboembolic events as the primary 

outcome, however, may pose numerous practical and ethical challenges to test this hypothesis 

independently. In the absence of such trials, the wealth of available information from many com-

pleted large-scale randomised trials that have collected but not necessarily published information 

on venous thromboembolic events offers a unique opportunity to address this clinically important 

question. 

To explore this question further, we set out to perform a meta-analysis of all larger scale trials 

of a statin versus control, and of a more intensive versus a less intensive statin regimen, which 

have collected, but not necessarily published, data on venous thromboembolic events.

METHODS

Search strategy for identifi cation of relevant studies

Study methods have been published previously.8 In brief, we searched MEDLINE (January 1966 

to October 2010), EMBASE (January 1985 to 2010 week 40) and the Cochrane Central Register 

of Controlled Trials (The Cochrane Library Issue 4, October 2010) for articles with a subject 

term “hydroxymethylglutaryl-coenzyme A reductase inhibitor” or any of the following terms: 

“hydroxymethylglutaryl-co A reductase inhibitor”, “statin”, “fl uvastatin”, “pravastatin”, “lov-

astatin”, “simvastatin”, “atorvastatin” or “rosuvastatin”. The search was limited to randomised 

controlled trials with no language restrictions. 
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Review methods and selection criteria

Two reviewers independently screened all titles and abstracts for randomised controlled trials 

with either a parallel or factorial design, with at least one comparison of a statin versus a control 

regimen or a more versus less intensive statin regimen, and with a total of 100 or more randomised 

participants followed for at least 6 months. There were no restrictions placed on participant char-

acteristics or study outcomes. We also hand-searched the reference lists of these studies to ensure 

that other relevant articles, such as meta-analyses of statin trials or other types of articles related 

to statins and venous thromboembolic events, were not missed. After removing duplicate reports, 

full text articles of all remaining reports were examined. 

Data abstraction

 For each trial, the following information was recorded: study or investigator’s name; mean 

follow-up duration; year of publication of the primary fi ndings; randomised treatments; sum-

mary information about the studied population (number of participants, mean age, number of 

men, and prevalence of myocardial infarction or heart failure at randomisation); and the primary 

outcome of the study. The number of patients with at least one reported episode of deep vein 

thrombosis or pulmonary embolism was recorded. In trials where information on such outcomes 

had not previously been published, we asked the investigators to abstract the relevant numbers 

from their routine records of adverse events. Non-responders were sent at least one reminder after 

about three weeks and were contacted by telephone.

Statistical analysis

Our primary hypothesis was to test whether statin treatment reduced the risk of venous thrombo-

embolic events. The primary analyses were, therefore, restricted to trials of statin versus control 

(ie, placebo or usual care). However, since the anti-infl ammatory effect of statins, as one of the 

potential mechanisms for their potential anti-thrombotic effects, have been suggested to be more 

pronounced in high-dose statin therapy,9 and since there is some non-randomised evidence 

to suggest a greater reduction in risk of venous thromboembolic events with higher doses of 

statins,10 we also performed secondary analyses based on the trials that had compared a more 

intensive versus a standard statin regimen.

For every trial, the “observed minus expected” statistic (o – e) and its variance (v) were calcu-

lated from the number of patients that developed venous thromboembolic events and the total 

number of patients in each treatment group, using standard formulae for 2x2 contingency tables. 

These (o – e) values, one from every trial, were summed to produce a grand total (G), with variance 

(V) equal to the sum of their separate variances. The value exp(G/V) is Peto’s “one-step” estimate 

of the odds ratio and its continuity-corrected 95% confi dence interval is given by exp(G/V ± [0.5/V 

+ 1.96/V]).11 Odds ratios are given with 95% confi dence intervals for the overall results and with 

99% confi dence intervals (replacing 1.96 in the formula above by 2.576) for individual trial results 

and subgroup results. The heterogeneity between the different trials was assessed by calculating 
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S – G2/V, where S is the sum of (o – e)2/v for each trial, and testing this statistic against a chi-

squared distribution with degrees of freedom equal to one less than the number of trials. In forest 

plots, trials are shown in order of the amount of statistical information they contribute to the 

overall result. We performed two subgroup analyses (i) to look at the differential effect of statins 

on pulmonary embolism and deep vein thrombosis and (ii) to assess whether treatment effects 

differed by the type of statin prescribed. The summary odds ratios for subgroups were compared 

using a standard chi-squared test.

Statistical analyses were done using R version 2.2.1.12 All statistical tests were two-sided and all 

analyses were done on an intention-to-treat basis.

RESULTS

Out of 4033 abstracts reviewed, 218 papers describing 101 trials were retrieved for further examina-

tion, 83 of which met the inclusion criteria (Figure 1). Out of these 83 trials, published information 

about venous thromboembolic events was available only from one trial (ie, the hypothesis generat-

ing trial) at the time of our database search.7 We contacted the investigators of the remaining 82 

studies and were able to collect information from 27 trials where at least one thromboembolic 

event was recorded. There were 20 studies of statin vs control (87 634 randomised participants)13-32 

(of which one has published its fi ndings subsequently16) and 7 trials of more intensive vs standard 

dose statin therapy (40 594 randomised participants)33-39. The characteristics of all the included 

trials are shown in the Table. 

The primary analyses were restricted to the 21 trials that compared a statin with a control 

regimen (including the trial that generated the hypothesis) with 105 636 participants. In these 

trials, an episode of venous thromboembolic event occurred in 984 patients. Statin therapy did not 

reduce the risk of venous thromboembolic events signifi cantly (464 [1.0 %] statin vs 520 [1.0%] 

control, OR=0.89 [95% CI 0.78 to 1.01]; p=0.07) and there was no evidence that the effect of statin 

therapy varied within these trials (heterogeneity X20
2=23; p=0.29; Figure 2). Since the JUPITER 

trial generated the hypothesis being tested in the other 20 trials, inclusion of JUPITER trial could 

lead to a summary point estimate, confi dence interval and p-value that are appreciably biased.40, 

41 Excluding this trial, however, did not materially change the overall results (430 [0.9 %] vs 460 

[1.0%], OR 0.93; 95% CI 0.82 to 1.06; p=0.30; Figure 2).

Likewise, in the seven trials that compared a more intensive versus a standard statin regimen, 

there was no evidence that higher dose statin therapy reduced the risk of venous thromboembolic 

events compared with standard dose statin therapy (167 [0.8%] vs 152 [0.7%] respectively, OR 

1.10; 95% CI 0.88 to 1.37; p=0.41) and there was no evidence that the effect varied within these 

trials (heterogeneity X6
2=3.32; p=0.77; Figure 3).
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Table. Summary of trials’ characteristics

Study Year of 
publication of 
main results

Mean 
follow-up 

(years)

Country/Region

Statin versus control regimen

AFCAPS/TexCAPS (13) 1998 5,3 USA

LIPID (14) 1998 5,6 Australia, New Zealand

HPS (15) 2002 5,0 UK

PROSPER (16) 2002 3,2 Scotland, Ireland, Netherlands

ASCOT-LLA (17) 2003 3,2 Nordics and UK

ALERT (18) 2003 5,1 Multinational

CARDS (19) 2004 3,9 UK, Ireland

PREVEND IT (20) 2004 3,8 Netherlands

ALLIANCE (21) 2004 4,3 USA

4D (22) 2005 3,9 Germany

SALTIRE (23) 2005 2,2 UK

MEGA (24) 2006 5,3 Japan

ASPEN (25) 2006 4,3 Multinational

SPARCL (26) 2006 4,9 Multinational

CORONA (27) 2007 2,7 Multinational

Sola et al. (28) 2007 1,0 USA

JUPITER (7) 2008 1,9 Multinational

GISSI-HF (29) 2008 3,9 Italy

METEOR (30) 2009 2,0 Multinational

LEADe (31) 2010 1,5 Multinational

ASTRONOMER (32) 2010 3,5 Canada

More versus less intensive statin therapy

ASAP (33) 2001 2,0 Netherlands

A-Z (34) 2004 2,0 Multinational

REVERSAL (35) 2004 1,5 USA

PROVE IT (36) 2004 2,0 Multinational

TNT (37) 2005 4,9 Multinational

IDEAL (38) 2005 4,8 Nordics, Netherlands, Iceland

SEARCH (39) 2010 6,7 UK

MI=myocardial infarction; CHD=coronary heart disease; CABG=coronary artery bypass graft surgery; TIA=transient 
ischaemic attack; CHF=chronic heart failure
A=Atorvastatin; L=Lovastatin; P=Pravastatin; R=Rosuvastatin; S=Simvastatin
† LDL-cholesterol differences are based on average differences between the two groups at 1 year (or the closest time to 1 year if 1 
year data unavailable).
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Treatment comparison LDL-c 
difference†  
(mmol/L)

Population characteristics

Intervention Control 
Regimen

Main inclusion criteria Total number 
of participants

Mean age 
(years)

Male 
(%)

L 20-40mg Placebo 0,94 Primary prevention 6605 58 85

P 40mg Placebo 1,03 History of MI or UA 9014 62 83

S 40mg Placebo 1,29 Vascular disease or diabetes 20536 64 75

P 40mg Placebo 1,04 Elderly with vascular disease 
or high risk

5699 75 47

A 10mg Placebo 1,07 Hypertension plus other risk 
factor

10305 65 81

F 40mg Placebo 0,84 Renal transplant recipients 2102 50 66

A 10mg Placebo 1,14 Type 2 diabetes plus other risk 
factor

2838 62 68

P 40mg Placebo 1,00 Microalbuminuric patients 864 51 65

A 10-80mg Usual care 1,16 CHD 2442 61 82

A 20mg Placebo 0,89 Diabetic hemodialysis patients 1255 66 54

A 80mg Placebo 1,74 Calcifi c aortic stenosis 155 68 70

P 10-20mg No treatment 0,67 Primary prevention 7832 58 30

A 10mg Placebo 0,99 Type 2 diabetes  1864 61 66

A 80mg Placebo 1,43 Stroke or TIA, no CHD 4731 63 60

R 10mg Placebo 1,61 Ischemic heart failure 5011 73 76

A 20mg Placebo 0,81 Nonischemic heart failure 108 54 33

R 20mg Placebo 1,09 Primary prevention 17802 66 62

R 10mg Placebo 0,92 CHF 4574 68 77

R 40mg Placebo 1,79 Primary prevention 981 60 57

A 80mg Placebo 0,30 Mild to moderate probable 
Alzheimer disease

640 74 48

R 40mg Placebo 1,73 Mild to moderate aortic 
stenosis

269 58 61

A 80mg S 40mg 0,62 Familial 
hypercholesterolaemia

325 48 40

S 80mg S 20mg 0,30 Acute coronary syndrome 4497 61 75

A 80mg P 40mg 0,97 >20% stenosis on routine 
coronary angiogram

657 56 72

A 80mg P 40mg 0,65 Acute coronary syndrome 4162 58 78

A 80mg A 10mg 0,62 Clinically evident CHD 10001 61 81

A 80mg S 20mg 0,55 MI 8888 62 81

S 80mg S 20mg 0,39 MI 12064 62 81
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To test a possible differential effect of statins (or higher dose statins) on pulmonary embolism 

and deep vein thrombosis, we tested for heterogeneity between these two outcomes. This showed 

no evidence that the effect of statin therapy differed by the type of outcome (X2
1=0.3, p=0.56 for 

heterogeneity for statin vs control, and X2
1=0.5, p=0.50 for heterogeneity for more intensive vs 

standard dose statin; Figure 4). 

In a second subgroup analysis, we assessed the differential effect of type of statin in the 21 

trials of statin vs control (Figure 5). While there was some suggestive evidence that the effect size 

differed between the trials by the type of statins used (X2
5=10.8, p=0.06), the heterogeneity was 

largely explained by the hypothesis-generating JUPITER trial (X2
5=6.0, p=0.30 after exclusion of 

JUPITER trial, webfi gure 1).

Figure 1. Flow-diagram of search retrieval process
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Figure 2. Effect of statin therapy on venous thromboembolism 

Figure 3. Effect of more intensive vs standard statin therapy on venous thromboembolism
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Figure 4. Effect of statin therapy on separate components of venous thromboembolism

Figure 5. Effect of statin therapy on venous thromboembolism in trials of statin vs control, by type of statin

WebFigure 1. Effect of statin therapy on venous thromboembolism, in trials of statin vs control, by type of statin

EXCLUDING the hypothesis–generating JUPITER trial
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DISCUSSION

In this study, we gathered information from over 140 000 participants in 21 randomised trials of 

statin therapy versus control and seven randomised trials of intensive versus standard dose statin 

therapy, which together involve more than ten times as many venous thromboembolic events as 

previously reported.7 These fi ndings do not support the suggestion that statins or higher dose 

statin therapy prevent venous thromboembolic events. 

During recent years, statins have emerged as one of the most effective treatments to reduce 

the burden of cardiovascular disease worldwide.4 Because of their remarkably good safety profi le 

and declining costs, there has been some interest in their potential use for prevention of other 

conditions, such as venous thromboembolic events.7, 42, 43 

Venous and arterial thrombosis often co-occur44, 45 and seem to share some common risk 

factors46. These fi ndings together with experimental evidence revealing novel mechanisms for 

the benefi cial effect of statins unrelated to their LDL cholesterol lowering effect 47-49 have raised 

hopes that statins may also protect against venous thromboembolic events. Contrasting previous 

suggestions from clinical studies7, 50, however, we did not detect a signifi cant protective effect 

of statins on venous thromboembolic events. This discrepancy may be due to the residual con-

founding and other inherent biases in the previous non-randomised studies5, 6 and the presence 

of random error in the only randomised trial that tested this hypothesis7. Such random errors 

may lead to publication of strikingly positive fi ndings, which are then often refuted in subsequent 

larger studies.51 

The major strength of our study is the collection of a large number of mostly unpublished 

events that enables a reliable and independent assessment of even modest effect of statins on 

venous thromboembolic events. Nevertheless, we cannot entirely exclude a smaller (and arguably 

clinically less relevant) benefi cial effect across the different populations included in the previous 

trials. Most events reported in the various included trials were collected from adverse event forms 

and were not pre-specifi ed as study endpoints. Although such data capturing methods may have 

resulted in underestimation of the true number of events, they are unlikely to have introduced any 

bias because underreporting would be expected to have affected both study groups equally,8, 52 and 

any random error due underreporting at the individual study level will have been compensated by 

pooling a large number of events from many studies. A further theoretical threat to the validity of 

pooled estimates is incomplete verifi cation of events. However, this is also unlikely to have had any 

major impact on the overall outcomes for a condition where diagnostic pathway is less reliant on 

individual physicians judgement and intuition.8, 16, 52

It could be argued that even in the absence of any direct anti-thrombotic effects, statins may 

indirectly reduce venous thromboembolic events by reducing hospitalisation for arterial cardio-

vascular events as a risk factor for venous thromboembolic events. We did not have complete infor-

mation about the circumstances in which venous thromboembolic events occurred to look at this 

subgroup of events directly. However, the absolute rate of occurrence of venous thromboembolic 
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events after cardiovascular events is likely to be small (for example six out of the total of 92 events 

in JUPITER7) and hence unlikely to have a material effect on the overall conclusions. If anything, 

such indirect effects would be expected to bias the fi ndings away from null and would therefore 

support our conclusion. Finally, our fi ndings do not exclude a benefi cial effect in certain sub-

groups of people included in these trials. However, previous stu dies have been consistent in their 

conclusions about the lack of any differential effects between the investigated subgroups and we 

did not observe a statistically signifi cant heterogeneity between the included studies. 

In conclusion, in contrast to the unequivocal evidence for the benefi cial effect of statins on 

atherosclerotic events, there is currently no compelling evidence that statin therapy or higher dose 

statin regimen prevent venous thromboembolic events.
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ABSTRACT

Introduction Recent data suggests an association between venous thrombo-embolism (VTE) and 

cardiovascular disease (CVD), and a protective effect of statin therapy on VTE. It is however unclear 

how many VTE patients already require statin treatment. The proportion of VTE patients with an 

indication for statin therapy was assessed and compared to matched control subjects.

Methods Consecutive VTE patients aged > 40 years were enrolled and matched to controls without 

VTE. The total number of subjects with either documented CVD, statin use, or with an increased 

risk of CVD, assessed by an established European risk prediction algorithm (SCORE), was com-

pared between VTE patients and controls.

Results Hunderd fi fty-seven VTE patients and 364 controls were enrolled. The mean age was 60 

± 11 years. Thirty-one (20%) VTE patients had a history of CVD, compared to 19 (5%) controls 

(p<0.001). Twenty-seven VTE patients and forty-two controls (without CVD) received statins (21% 

and 12% respectively p=0.009). Among the non-statin users, 3 (3%) VTE patients and 2 (1%) con-

trols had diabetes and were ≥50 years (p=0.06). Of the remaining subjects, ten (11%) VTE patients 

and 57 controls (19%) had a high risk SCORE (p=0.02). Overall, 71 (45%) VTE patients had an 

indication for statin therapy compared to 120 (33%) controls (p=0.008). 

Conclusion Although the exact role of statin therapy for the prevention of recurrent VTE remains to 

be elucidated, the present study illustrates that in a substantial proportion of VTE patients, statin 

therapy is already indicated for the prevention of CVD.
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INTRODUCTION

Venous thrombosis is a common disease entity, associated with considerable morbidity and 

mortality. Prior studies have shown that patients with venous thromboembolism (VTE) have a 

two- to threefold higher incidence of subsequent cardiovascular disease (CVD) [1,2], which is 

most evident for unprovoked VTE. An association between venous and arterial thrombosis is 

further supported by shared risk factors [3-8]. For decades differences in localisation and clinical 

presentation have implied a different mechanism of disease as well as distinct management strate-

gies. At present, however, similar treatment options are considered. The effi cacy of drugs that 

have shown great benefi t in the primary and secondary prevention of CVD, such as lipid lowering 

compounds, is being studied for the prevention of VTE [9-14]. Recently, in the large randomized 

placebo controlled Jupiter trial, rosuvastatin reduced the risk of a fi rst episode of VTE in appar-

ently healthy individuals who had an increased hsCRP level [15]. 

The risk of recurrence is substantial in patients with idiopathic VTE [16], with a recurrence 

rate of 20-25% in three to fi ve years, and therefore life-long anticoagulant therapy is often recom-

mended [17]. This however comes at the expense of an increased risk of bleeding complications 

[18]. Since evidence supports a protective effect of statin therapy, VTE patients requiring long-

term treatment, especially those with a relative contraindication for anticoagulant therapy, could 

potentially benefi t from this new treatment option. 

At the same time, it is unclear how many VTE patients already use statins or have an indication 

for statin therapy. We, therefore, assessed the total number of patients with documented VTE who 

were either treated with statins or who had an indication for statin therapy because of an increased 

risk of cardiovascular mortality. These fi ndings were compared to numbers in matched controls 

derived from the general population.

METHODS

Study design

A case-control study was performed to evaluate the proportion of VTE patients with an indica-

tion for treatment with statins, among patients with a recent episode of provoked or unprovoked 

venous thrombo-embolism (VTE). The study had been approved by the local medical ethics com-

mittees. All patients were enrolled at a minimum of three months and maximally one year after 

the VTE event. All inclusions took place in the period between February 2009 and September 2010 

at the Academic Medical Centre, Amsterdam, the Netherlands (AMC), the University Hospital 

Leuven, Belgium (UZL), and the University of Insubria, Varese, Italy. All consecutive patients aged 

40 years and older, diagnosed with a fi rst or recurrent episode of either deep venous thrombosis 

(DVT) or pulmonary embolism (PE), were enrolled after informed consent had been obtained. The 

diagnosis of PE was confi rmed by a multislice CT scan or ventilation perfusion scintigraphy, and 
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DVT was diagnosed by ultrasonography. VTE was classifi ed as unprovoked if it occurred in the 

absence of any recent trauma, hospitalization, pregnancy, use of oral anticonceptives or surgery 

(i.e., occurring within 3 months before the event), and in the absence of a malignancy that was 

diagnosed before the event. Subjects were classifi ed as having a positive history of CVD if a history 

of coronary heart disease, cerebrovascular disease or peripheral arterial disease was documented 

in their medical charts. Blood sampling only took place in individuals without a history of CVD 

and in those in whom no indication for statin therapy had yet been made by treating physicians. 

A fasting blood sample was obtained on one occasion (including glucose, total cholesterol, 

LDL-cholesterol and HDL-cholesterol and triglyceride levels). Total cholesterol (TC) levels, LDL 

cholesterol and triglyceride levels were considered to be increased when they exceeded the 95th 

percentile of the reference values of the concerning age categories. HDL levels were considered 

to be low when they were below the 5th percentile of the reference values of the concerning age 

categories. Dyslipidemia was considered to be present if lipid levels exceeded the 95th percentile 

or were below 5th percentile of the reference values or if use of lipid lowering drugs was reported. 

Diabetes mellitus was defi ned as fasting glucose levels > 7.0 mmol/ L or the use of diabetes medi-

cation. Blood pressure, weight and height were measured and the body mass index (BMI) was 

calculated. Hypertension was defi ned a systolic blood pressure >140 mmHg or a diastolic blood 

pressure >90 mmHg during a single measurement or if use of anti-hypertensives was reported. 

To further specify the expected risk associated with these risk factors, the 10-year cardiovas-

cular mortality risk was calculated with The European risk prediction system, Systemic Coronary 

Risk Evaluation (SCORE) in subjects with no history of CVD, who had no diabetes and who did not 

use statin therapy [19]. This risk score results in a percentage as a risk estimate for cardiovascular 

death and is based on age, sex, smoking habits, systolic blood pressure and either total cholesterol 

or cholesterol/ HDL ratio. It estimates the total mortality due to ischemic heart disease and stroke. 

A score between 5 and 10% confers an intermediate risk in which intervention can be considered. 

A score of higher than 10% confers a high risk, necessitating intervention. Statin therapy was 

considered to be medically ‘indicated’ in subjects already using statins, subjects with a history of 

CVD, patients with diabetes of 50 years and older, and fi nally in subjects with an intermediate or 

high risk.

Control subjects were a representation of the general Dutch population, consisting of healthy 

employees of Dutch companies, who underwent screening for cardiovascular risk factors. The 

controls were not allowed to have a history of venous thromboembolism and were matched for 

gender and age. 

Statistical analysis

Data was analyzed using SPSS Statistical Software version 16.0. Baseline characteristics were 

summarised in case of normally distributed data by means and standard deviations (SD) and by 

using medians and ranges in case of skewed distributed data. Student’s t-test was applied for 

continuous variables and by 2-test for discrete variables. 
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RESULTS

Baseline characteristics of the study population are shown in Table 1. A total of 157 consecutive 

patients with documented VTE were compared to 394 age- and gender matched controls. The 

mean age of the study population was 60 (±11) years and 61% was male. The average time from 

diagnosis of VTE till inclusion in the study was 5.2 (± 2.9) months. In 61% of VTE patients the 

event was unprovoked. The two most common provoking factors for VTE were immobilisation 

either in relation to trauma or surgery (33%) and malignancy (10%). Forty-one percent of the VTE 

patients had a DVT, 36% had suffered from a PE, whereas in 23% a combination of DVT and PE 

was present. Twenty percent of the patients had a recurrent episode of VTE. 

Cardiovascular disease was more prevalent among VTE patients. Thirty-one (20%) VTE patients 

had a history of CVD, compared to 19 (5%) controls (p<0.001). Forty-seven VTE patients and 

controls (both without a history of CVD) received statins (30% and 13%, respectively, p=0.009). 

Furthermore, among both the cases and controls, subjects with CVD were on average 10 years 

older compared to non-CVD subjects not on statins (70 and 60 years respectively). Statin users 

without a history of CVD (both VTE patients and controls) were on average 5 years older than 

subjects not treated with statins. Among the VTE patients who had a positive history of CVD, 

the majority suffered from an unprovoked VTE (58%), which was similar to that in VTE patients 

without a previous CVD, 63% (p=0.93). 

Among the VTE patients without CVD and who were not treated with statins, BMI (28.9 kg/m2 

±7.5 and 25.6 kg/m2 ± 3.6, respectively, p<0.001), and glucose levels (5.3 mmol/l (3.7-10.2) and 

Table 1. General characteristics of the study population

VTE patients (n=157) Controls (n=364)

CVD
n=31 (20%)

Use of statins 
n=47 (30%)

Others
n=79 (50%)

CVD
n=19 (5%)

Use of statins 
n=47 (13%)

Others
n=298 (82%)

Age, mean 68.7 ± 9.6 65.5 ± 9.3 58.8 ± 11.6 68.2 ± 9.9 64.3 ± 9.2 57.6 ± 10.9

Gender, female 10 (32%) 12 (26%) 42 (43%) 10 (53%) 9 (19%) 124 (41%)

Smoking 3 (10%) 4 (9%) 8 (8%) 6 (32%) 8 (17%) 28 (9%)

Dyslipidemia# 20 (65%) Na 6 (6%) 6 (32%) na 42 (14%)

Diabetes mellitus^ 7 (23%) 13 (28%) 5 (5%) 2 (11%) 11 (23%) 14 (5%)

Hypertension* 25 (81%) 39 (83%) 50 (52%) 12 (63%) 26 (55%) 139 (46%)

Provoked VTE
Unprovoked VTE

10 (32%)
18 (58%)

15 (56%)
10 (37%)

35 (36%)
62 (64%)

Na Na Na

PE 
DVT
DVT +PE

13 (42%)
13 (42%)
4 (13%)

18 (38%)
18 (38)

10 (21%)

33 (34%)
41 (42%)
23 (24%)

Na Na Na

^ fasting blood glucose levels >7.0 or use of anti-diabetes medication, * systolic blood pressure > 140 mmHg, diastolic blood 
pressure < 90 mmHg or use of anti-hypertensive, VTE; venous thrombo-embolism, PE; pulmonary embolism, DVT; deep vein 
thrombosis, CVD; cardiovascular disease, na; not applicable
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5.1 mmol/l (3.1-11.9) respectively, p=0.006) were higher compared to the controls. On the other 

hand, mean levels of total cholesterol (6.01 mmol/l ± 1.08 and 5.49 mmol/l ±1.07, p<0.001) and 

LDL cholesterol (3.74 mmol/l ± 0.93 and 3.43 mmol/l ± 0.97, p=0.007) were slightly higher among 

controls. HDL cholesterol and triglyceride levels were not different between the two groups (Table 

2). Dyslipidemia, hypertension and diabetes mellitus were equally prevalent among VTE patients 

and controls (Table 1). 

Table 2. (Laboratory) measurements in subjects without a history of cardiovascular disease and not using 
statins 

VTE (n=97) Controls (n=303)

Total cholesterola 5.49 ± 1.07 6.01 ± 1.08

HDL cholesterol 1.48 ± 0.42 1.57 ± 0.42

LDL cholesterola 3.43 ± 0.97 3.74 ± 0.93

Triglycerides 1.25 (0.41-9.03) 1.39 (0.47-8.01)

Glucose a 5.3 (3.7-10.2) 5.1 (3.1-11.9)

Systolic blood pressure 150.2 ± 96.5 138.7 ± 20.7

Diastolic blood pressure 96.6 ± 103.7 85.0 ± 10.9

a p< 0.05, VTE; venous thromboembolism

Cardiovascular risk assessment and indication for statins

The CVD mortality risk was assessed in all subjects not receiving statin therapy, who did not 

have diabetes or a history of CVD. The median 10-year risk of fatal cardiovascular disease in VTE 

patients was 3% (0.1-31), which was comparable to the control subjects (3%, 0.1-98, p=0.17). The 

percentage of VTE patients with an increased cardiovascular mortality (10-year cardiovascular 

mortality risk >5%) risk score (37%) was similar to that in the controls (37%) (p=0.99). However, 

the number of subjects with a high 10-year cardiovascular mortality risk of >10% was higher 

among controls than VTE patients (19% and 11% respectively, p=0.02) (Table 3). 

Subsequently we evaluated which patients were using or had an indication for statin therapy. 

Among the 157 VTE patients, 31 (20%) patients had documented CVD, 27 (21%) patients without 

previous CVD received statins, 3 patients had diabetes and were older than 50 years, and another 

35 patients had a potential indication for statins, based on the intermediate to high cardiovascular 

mortality risk. This means that a total of 96 (61%) patients with VTE had an indication for statin 

treatment or were already using statins. Among the 364 control subjects, 19 (5%) had CVD, 42 

(12%) were using statins, 2 subjects had diabetes and were aged 50 years or older, and 110 had a 

high cardiovascular risk. A total of 173 (48%) of the control persons therefore had an indication 

for, or were already using statins (p=0.004 for difference between the two groups).

After excluding individuals with an intermediate risk, 71 (45%) of the VTE patients and 120 

(33%) of the controls had a defi nite indication for statin therapy (Table 3) (p=0.008). At least 8% of 

the VTE patients were not receiving statin therapy (reaching up to 24% patients if VTE patients with 

an intermediate risk are also included), in spite of a clearly increased cardiovascular mortality risk. 
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The number of subjects with a statin indication was comparable among VTE patients with pro-

voked and unprovoked disease. VTE patients with a history of CVD, non-CVD patients using statin 

therapy, diabetes patients aged >50 years and VTE patients with a risk >5%, 59 (61%) patients with 

an unprovoked VTE compared to 32 (58%) patients with provoked VTE (p=0.31) used statins or 

had a statin indication. After excluding individuals with an intermediate risk, the number of VTE 

patients requiring statin therapy reduced to 39 (41%) in patients with unprovoked VTE and to 27 

(49%) in patients with provoked VTE (p=0.30). Compared to the control subjects, the percentage 

of VTE patients with either provoked or unprovoked VTE who had an indication for statin therapy, 

was not 

DISCUSSION

Since recent studies suggest that statin treatment reduces the risk of VTE, we assessed the propor-

tion of VTE patients who already have an indication for statin therapy. The present study shows 

that in a substantial number of VTE patients, statin therapy is already prescribed or indicated 

based on their CVD risk. Forty-fi ve percent of the studied VTE population had an indication for 

statin therapy, which was more than in the the control population (33%). 

Our fi ndings confi rm previous reports describing an association between CVD and VTE [1.2].

Not only was there a higher prevalence of CVD necessitating statin therapy in VTE patients, also 

in the patients without CVD, the use of statin therapy was more prevalent in VTE patients than 

controls. In subjects without proven CVD and not using statin therapy, cardiovascular mortality 

risk based on the SCORE, was comparable between VTE patients and the control group. Given the 

fact that these prediction models have not been validated for this specifi c patient population, these 

outcomes should be interpreted with caution. Furthermore, the present study confi rms previous 

reports which show the association between CVD and VTE is most evident for unprovoked VTE 

[1], since the prevalence of CVD was highest in subjects with unprovoked VTE. 

Nevertheless, although evidence on an association between VTE and CVD is accumulating, 8% 

(possibly reaching up to 24%) of the VTE patients had an indication for statin therapy, but this was 

not recognised by the treating physicians. 

Table 3. SCORE in VTE patients and controls without previous CVD or statin use

SCORE VTE Controls

All Subjects, n (%) 94 (60%) 301 (83%)

Median (range) 2.73% (0.07-31.4) 3.40% (0.05-98.0)

Intermediate and high (5-10%) 35 (37%) 110 (37%)

High (>10%) 10 (11%) 57 (19%)

Score; Systemic Coronary Risk Evaluation
Score was calculated in subjects without CVD, not using statins or diabetes medication
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Overlapping risk factors for CVD and VTE most likely directly underlie the combined risk of 

both arterial and venous thrombosis. Numerous classical risk factors have previously been associ-

ated with VTE, and the association has been most consistent for obesity [3, 5-7,20]. In the present 

study indeed BMI was on average higher in the VTE patients. Whether or not diabetes mellitus 

and hypertension are associated with VTE is not clear [5-7,20]. Although our fi ndings suggest 

a similar prevalence of diabetes and hypertension, glucose levels were on average signifi cantly 

higher among the VTE patients than controls. No clear association between dyslipidemia, lipid 

levels and VTE was seen, which is supported by literature [5-7]. The potential mechanisms by 

which statins are thought to prevent VTE is not by improvements in lipid profi le, but instead have 

been explained by effects on the vascular endothelium, platelet aggregation, specifi c coagulation 

factors, fi brin generation, fi brinolysis and infl ammation [21,22].

The present study had some limitations which were associated with the design of the study. 

Although patients were prospectively included, statin therapy and previous cardiovascular events 

were collected in a retrospective manner. The exact indication as well as the time of initiation of 

statins could not be evaluated. 

In summary, trials assessing which patients could potentially benefi t from statin therapy next to 

their conventional therapy with anticoagulants are expected in the near future. The present study 

however shows that a substantial proportion of the VTE patients are being treated with statins 

or have a clear indication for statin therapy to prevent CVD. Therefore, irrespective of a potential 

place for statins in the prevention of recurrent VTE, a high number of VTE patients already has 

an indication for statin therapy. The present fi ndings should further increase awareness among 

treating physicians of the increased CVD risk in VTE patients. 
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ABSTRACT

Purpose Non-steroidal anti-infl ammatory drugs (NSAIDs) have been associated with an increased 

risk of arterial thrombosis, but their effect on venous thrombotic events is less well established. 

The present study aimed to assess the risk of symptomatic pulmonary embolism (PE) in patients 

using NSAIDs and to evaluate any effect of type, dose, and duration of therapy.

Methods A case–control study was conducted using the PHARMO Record Linkage System, a Dutch 

population-based registry. Cases were patients hospitalized with a primary diagnosis of PE and 

were matched to controls without a history of PE. To exclude confounding by indication, the effect 

of painkillers without known hemostatic effects was assessed.

Results The study population consisted of 4433 cases and 16 802 controls. After adjustment for 

surgery, trauma, and malignancy, current use of NSAIDs was associated with PE (odds ratio (OR) 

2.39, 95% confi dence interval (CI) 2.06–2.77). The risk was highest for traditional NSAIDs, 

and the overall risk for NSAIDs was highest in the fi rst 30 days of exposure (OR 4.77, 95%CI 

3.92–5.81), as compared with chronic (<1 year; OR 1.83, 95%CI 1.47–2.28) or long-term use (>1 

year; OR 2.14, 95%CI 1.48–3.09). Use of acetaminophen and tramadol also increased the risk of 

PE (OR 1.74, 95%CI 1.42–2.14 and OR 4.07, 95%CI 2.86–5.75, respectively) with a similar time 

trend.

Conclusions Use of NSAIDs is associated with an increased risk of symptomatic PE. This association 

may partially be explained by underlying medical conditions, as suggested by a similarly increased 

thrombotic risk in patients receiving acetaminophen and tramadol.
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INTRODUCTION

Non-steroidal anti-infl ammatory drugs (NSAIDs) are used extensively for a broad spectrum of 

chronic and acute disorders and are available without prescription. Several studies have shown 

that both cyclo-oxygenase (COX)-2 selective and non-selective NSAIDs are associated with an 

increased risk of cardiovascular events and death.1–6 In addition, the risk appears to be dose and 

time related.7,8 

The mechanism by which NSAIDs enhance the cardiovascular risk is not completely clear. Tra-

ditional NSAIDs block both isoforms of COX but vary in their degree of selectivity. The associated 

risk of cardiovascular events seems higher for NSAIDs like diclofenac, which has a higher COX-2 

selectivity. Selective COX-2 inhibition may induce a prothrombotic state by inhibiting prostacyclin, 

which inhibits platelet aggregation induced by thromboxane and other agonists, vascular smooth 

muscle cell proliferation, vasoconstriction, and leukocyte–endothelial cell interactions.9,10 Fur-

thermore, prostaglandins stimulate the expression of thrombomodulin, a competent inhibitor of 

blood coagulation in human smooth muscle cells.11 A reduced prostaglandin synthesis as a result 

of COX inhibition may therefore have a prothrombotic effect. Both isoforms of the COX enzyme 

(COX-1 and COX-2) are expressed in arteries and veins. In fact, in a recent study by Bishop-Bailey et 

al. in patients undergoing coronary artery bypass surgery, COX was expressed in greater amounts 

in venous smooth muscle cells than in arterial cells.12 This fi nding underlines that COX inhibition 

might have effects in the venous vasculature too. 

Interestingly, in a large population-based study on potential risk factors for venous thrombo-

embolism (VTE), Huerta and colleagues suggested that NSAID use was associated with a twofold 

to threefold higher risk of venous thrombosis and pulmonary embolism (PE), especially in the fi rst 

30 days of treatment.13 Specifi cation of the type and dose of NSAIDs was, however, not provided. 

Considering the potential thrombogenicity of NSAIDs in combination with their widespread 

use in the general population, we evaluated the infl uence of traditional NSAIDs and COX-2 inhibi-

tors on symptomatic PE and analyzed the effect of type, dose, and duration of NSAIDs therapy. In 

addition, because the risk of NSAID use on thrombosis may be explained by underlying illnesses, 

we also assessed the use of acetaminophen and tramadol, two painkillers unrelated to hemostatic 

activity.

METHODS

Study design and population

All patients were selected via the PHARMO Record Linkage System (Pharmo Institute, Utrecht, 

The Netherlands; available at http://www.pharmo.nl). This system includes demographic details 

and complete medication histories of patients visiting Dutch community pharmacies. Data 

of more than 2 million community-dwelling residents residing in 25 geographic areas in the 
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Netherlands are available from 1985 to the present. The medication histories are linked to hospital 

admission records. Because virtually all patients in the Netherlands are registered with a single 

community pharmacy, pharmacy records are essentially complete insofar as prescription drug use 

is concerned. For the purpose of this study, drug prescribing data including type of drug, dosages, 

and daily use and hospitalization data were used. Drugs were coded according to the Anatomical 

Therapeutic Chemical (ATC) Classifi cation. The hospital admission and discharge codes were 

coded according to the International Classifi cation of Diseases Ninth Revision (ICD 9), Clinical 

Modifi cation. The design of the study was a case–control study. Cases and controls were selected 

from the database in the period from 1990 until 2006. In the period prior to 1990, the number of 

patients in the database was substantially lower (approximately 300 000) than presently. 

Cases were all patients, aged 18 years and older, with a fi rst hospitalization because of PE. 

Patients were not allowed to have a history of PE. The date of the fi rst hospitalization for PE 

was considered the index date. In a random sample of 10% of the cases, we verifi ed whether the 

diagnosis had been confi rmed by objective tests including computed tomography or ventilation 

perfusion scanning, by retrieving data on confi rmation of the diagnosis. Diagnosis was confi rmed 

correctly in >95% of the cases.

For each case patient, up to four control subjects were selected from the cohort by risk set sam-

pling. This entails identifying all eligible controls for each case, being all patients in the database 

who on the index date of the corresponding case had not experienced PE and met the matching 

criteria gender, calendar period (i.e., index date), age (±5 years) and geographic region. From the 

set of eligible controls, randomly four controls per case were selected.

Defi nition of exposure

The association of traditional or non-selective NSAIDs (diclofenac ATC M01AB05, ibuprofen 

ATC M01AE01, naproxen ATC M01AE02, indometacin ATC M01AB01, ketoprofen ATC M01AE03, 

piroxicam ATC M01AC01, nabumetone ATC M01AX01) and COX-2 selective drugs (celecoxib ATC 

M01AH01, meloxicam ATC M01AC06, etoricoxib ATCM01AH05), tramadol (ATC N02AX02) and 

acetaminophen (ATC N02BE01) with PE was studied. Traditional NSAIDs inhibit both COX-1 

and COX-2 isoenzymes in contrast to COX-2 selective drugs, which selectively inhibit COX-2. We 

analyzed prescription use of NSAIDs before the index date. The duration of use of a dispensed 

drug was calculated by dividing the number of dispensed units by the prescribed number to be 

used per day. Current use of NSAIDs was defi ned as a prescription reaching the index date (NSAID 

use at time of PE/index date) or a prescription of NSAIDs ending within the last 3 months before 

the index date (NSAID use≤90 days and ≥1 day prior toPE/index date). When a prescription ended 

more than 3 months prior to the index date, it was considered past use. In addition, we analyzed 

the duration of use of NSAIDs by calculating the fi rst prescription date and the number of con-

secutive supplies. We divided use of NSAIDs in short-term use (index event occurring in the fi rst 

30 days of exposure), chronic use (from 31 days to 365 days), and long-term use (more than 1 year). 

Only continuous use of NSAIDs (allowing a 30-day time gap between refi lls) was studied when 
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assessing the infl uence of duration of use on the risk of PE. Prescriptions for NSAIDs contained 

information on type of drug and dosage. For diclofenac, a dose higher than 150 mg was consid-

ered a high dose. The association between use of acetaminophen and tramadol and PE was studied 

in a similar manner.

Potential confounders

By using ICD codes for hospitalization, comorbidity potentially associated with a higher risk of 

VTE (i.e. trauma/fractures (ICD 800–869, 76–81), malignancy (ICD 150–157, 162, 172, 174, 179, 

180, 182, 183, 185, 188, 201–208), pregnancy and pregnancy, labor, and delivery-related complica-

tions (ICD 640–669), myocardial infarction (ICD 410–412), stroke (ICD 433–434), peripheral ath-

erosclerosis and arterial embolism and thrombosis (ICD 440, 444), diabetes mellitus (ICD 250), 

rheumatoid arthritis (ICD 714), pneumonia (ICD 480–488), chronic respiratory failure (490–496), 

cardiac failure (ICD 428), urinary tract infection (ICD 590, 594), nephrolithiasis (ICD 592, 594), 

nephrectomy (ICD 55.4, 55.520), non-infectious colitis (555–558) prostatectomy, pancreatic 

disease (ICD 577), liver disease (ICD 571–572), appendectomy (ICD 47), hysterectomy (ICD 68), 

cholelithiasis (ICD 574), and obesity (ICD 278)) occurring 3 months prior to the index date was 

retrieved. This 3-month period was used because hospitalizations (comorbidity) prior to this 

period were less likely to have infl uenced the occurrence of PE on the index date. All operations are 

referred to as ‘surgery’ throughout the manuscript, although the various operations were added as 

separate covariates in the analysis.

Use of antiplatelet agents (i.e., aspirin, clopidogrel bisulfate, dipyridamole (ATC B01AC)), vita-

min K antagonists (ATC B01AA07) and heparins (ATC B01AB), and other medication (methotrex-

ate (ATC L01BA01), antihypertensives (ATC C02-C10), insulin and other blood glucose-lowering 

drugs (ATC A10A, A10B), HMG-CoA reductase inhibitors (ATC C10AA), and oral anticonceptives 

(ATC G03)) that may infl uence the occurrence of PE was identifi ed using medication histories.

Statistical analyses

Differences between cases and controls were tested by both chi-squared and Mantel–Haenszel 

testing. Data were expressed as means ± standard deviation or medians with range, depending 

on the distribution of the data. Conditional logistic regression models were used to estimate 

the risk of PE associated with current or past use of NSAIDs, tramadol, or acetaminophen com-

pared with non-use within the population. The risk was expressed as crude and adjusted odds 

ratios (ORs) with 95% confi dence intervals (CIs). The effect estimates were stratifi ed for COX-2 

selective inhibitors and traditional NSAIDs, type, dose, number, and duration of painkiller 

therapy. For the covariates age, gender, trauma, malignancy, surgery, and use of oral anticon-

ceptives, an association with PE was presumed and therefore not tested in a univariate analysis. 

The covariates tramadol and acetaminophen were also forced into the model without testing 

the association in a univariate model. The infl uence of all other possible confounding factors 

(co-medication and hospitalizations mentioned previously) was analyzed in a univariate model. 
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If a signifi cant contribution ( p-value <0.1) was found for any of the independent factors, these 

variables were added as covariates to the multivariate logistic regression model. Also, effect 

modifi cation of age and sex was studied by entering relevant interaction terms in the models. 

All statistical analyses were performed using the SPSS software version 15 (SPSS Inc., Chicago, 

Illinois).

RESULTS

The study population consisted of 4433 cases and 16 802 control subjects (Table 1). The median 

age was 60 years (range 18–96), and 57% were women. The study period (fi rst enrollment) dated 

from October 1990 to December 2006. The median duration of follow-up was 8 years (range 11 

months to 16 years). In the cases, all potential confounders (hospitalizations and drugs) were 

more prevalent than those in the controls (Table 1). Nearly 60% (n = 12 905) of the study popula-

tion was either current or past user of NSAIDs, and 80% of current users were receiving traditional 

NSAIDs. Use of COX-2 selective drugs was considerably less prevalent among the current users 

(1.0% of the cases and 0.6% of the controls, p = 0.001). Of the current users, 57.6% of the cases 

used NSAIDs for a short period of time (1–30 days), whereas this was only 36.8% in the controls. 

Table 1. Baseline characteristics

Cases (n=4433)
N (%)

Controls (n=16 802)
N (%)

Age, median (range) 60 (18-96) 60 (18-96)

Sex, female 2562 (57) 9577 (57)

Follow-up (mean) years 6 6

Previous hospitalizations*

Acute Infection 91 (2.0) 37 (0.2)

Infl ammatory bowel disease 20 (0.4) 8 (<0.1)

Surgery 332 (7.4) 211 (1.1)

Heart failure 25 (0.6) 13 (0.1)

Cardiovascular disease 100 (2.2) 151 (0.9)

Malignancy 246 (5.5) 77 (0.5)

Pregnancy 13 (0.3) 8 (<0.1)

Medication use*

Heparins 175 (3.9) 73 (0.4)

Platelet drugs 869 (19.3) 2464 (14.7)

Coumarins 321 (7.1) 801 (4.8)

Antihypertensives^ 1604 (35.6) 4561 (27.1)

Anti-diabetes drugs^ 322 (7.2) 1203 (7.2)

* Hospitalizations and medication use ≤90 days and ≥ 1 day prior to index date
^ Combination of hospitalizations and medication use
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Among the controls, a larger number of individuals (48.5%) used NSAIDs for a longer period 

(31–365 days).

Current use of NSAIDs was more prevalent among patients with PE in cases (9.8%) than those 

in controls (4.1%) (crude OR 3.15, 95%CI 2.75–3.60). An association with PE for some covariates 

(see Methods section) was assumed, and these covariates were added to the model beforehand. 

Tramadol and acetaminophen were also forced into the model. The infl uence of all other possible 

confounding factors (co-medication and hospitalizations mentioned in the Methods section) 

was analyzed in a univariate model. Apart from diabetes mellitus, liver and pancreatic disease, 

and chronic respiratory failure, all variables tested in the univariate analysis were associated with 

the outcome and were added as covariates to the model. After adjustment for these variables, the 

association between current use of NSAIDs and PE persisted (OR 2.39, 95%CI 2.06–2.77) (Table 

2). Past use only moderately increased the risk of PE (OR 1.23, 95%CI 1.14–1.34). To ascertain that 

the results of our regression analysis were not dependent on the selected periods, an additional 

period was added. Recent use was defi ned as the use of NSAIDs 3 months prior to the index date, 

reaching up to 6 months prior to the index date. Past use was redefi ned as the use of NSAIDs 

more than 6 months prior to the index date. A time-dependent increase in risk was observed. Past 

Table 2. Risk of PE associated with use of NSAIDs

Cases
N=4,433 (%)

Controls
N=16,802(%)

Adjusted OR*
(95% CI)

All NSAIDs

No use 1547 (34.4) 7283 (43.3) Ref

Past use 2944 (65.5) 8835 (52.6) 1.23 (1.14-1.34)

Current use 442 (9.8) 684 (4.1) 2.39 (2.06-2.77)

 Duration of use ^ 
 1-30 days 255 (5.7%) 252 (1.5%) 4.77 (3.92-5.81)

 31-365 days 139 (3.0%) 332 (2.0%) 1.83 (1.47-2.28)

 > 1 year 48 (1.1%) 100 (0.6%) 2.14 (1.48-3.09)

 Number of NSAIDS^ 
 1 428 (9.5 %) 671 (4.0%) 2.01 (1.80-2.24)

 ≥1 14 (0.3%) 13 (0.1%) 2.78 (1.63-4.69)

Switching between NSAIDS
Current use of non-selective drugs and 
previous use of selective drugs 
 

34 (0.77%) 63 (0.37%) 1.43 (0.91-2.24)

Current use of selective drugs and 
previous use of non-selective drugs

34 (0.77%) 78 (0.46%) 2.10 (0.23-19.3)

Current use of selective drugs without 
history of non-selective drugs

10 (0.23%) 18 (0.11%) 1.53 (1.08-2.18)

* Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date 
(e.g hospitalizations for malignancy, fractures, surgery, see table 1) 
^sub-group analyses based on current users and no users where no use is the reference category
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use was associated with the lowest risk of PE (adjusted OR 1.17, 95%CI 1.08–1.27). The risk of 

PE slightly increased with recent use (adjusted OR 1.92, 95%CI 1.74–2.11) and was highest with 

current use (adjusted OR 3.11, 95%CI 2.71–3.57). 

The association between NSAIDs and PE varied depending on the duration of NSAID admin-

istration. Short-term treatment carried a nearly fi vefold higher risk of PE (OR 4.77, 95%CI 

3.92–5.81) compared with a doubled rate with chronic (OR 1.83, 95%CI 1.47–2.28) and long-term 

use (>1 year; OR 2.14, 95% CI 1.48–3.09) (Table 2). 

Adding interaction terms for age and gender into the analysis did not alter the observed asso-

ciation. 

Switching between non-steroidal anti-infl ammatory drugs and concurrent use 
of multiple non-steroidal anti-infl ammatory drugs

The concurrent use of multiple NSAIDs entails the use of more than one NSAID (either multiple 

non-selective NSAIDs or a combination of selective and nonselective drugs) simultaneously. 

Switching between NSAIDs describes subjects who switch from one type of NSAID at one point 

to another type of NSAID in a different moment (i.e., switching from a selective NSAID to a non-

selective NSAID or vice versa). The majority of the current users in the study population were 

not concurrently using other types of NSAIDs (Table 2). Overall, users of NSAIDs did not have 

an increased risk of PE when using only one type of NSAID during the study period (OR 1.08, 

95%CI 0.97–1.19) compared with those who had used more than one type of NSAID (OR 1.73, 

95%CI 1.59–1.88). The majority of the NSAID users, however, had used other types of NSAIDs 

previously. Switching between different types of NSAIDs occurred in 71% of the cases and 59% 

of the controls ( p < 0.0001). Within the group of current users of NSAIDs, the infl uence of previ-

ous use of NSAIDs was assessed (Table 2). Although one would expect the association between 

NSAIDs and PE to be highest for current users who received COX-2 selective drugs and traditional 

NSAIDs simultaneously, the association did not reach statistical signifi cance (OR 2.1, 95%CI 

0.23–19.1). However, current use of traditional NSAIDs was associated with PE when these users 

were past users of COX-2 selective drugs (OR 1.43, 95%CI 0.91–2.24). Current users of COX-2 

selective drugs with a history of past use of traditional NSAIDs had a higher risk of PE (OR 2.10, 

95%CI 0.23–19.3). However, current users of COX-2 selective drugs without a history of past use 

of traditional NSAIDs had a somewhat lower risk of PE (OR 1.53, 95%CI 1.08–2.17).

Traditional non-steroidal anti-infl ammatory drugs 

Overall, use of traditional NSAIDs was associated with a threefold higher risk of PE (adjusted OR 

3.19, 95%CI 2.73–3.72). Diclofenac, ibuprofen, and naproxen increased the risk of PE (Figure 1), 

whereas the other NSAIDs were infrequently prescribed (Figure 1). 

A high dose of traditional NSAIDs was seldomly prescribed, and a dose-dependent risk asso-

ciation could be analyzed only for diclofenac. Compared with non-users, a high dose of diclofenac 

(>150 mg) was associated with a more than sixfold increased risk (OR 6.64, 95%CI 3.56–12.4) 
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compared with lower doses. When lowering the cut-off value for high dose of diclofenac to 100 

mg, the risk of PE remained high (OR 5.22, 95%CI 3.90–6.98) compared with use of a lower dose 

(<100 mg) (OR, 2.43 95%CI 3.90–6.99). 

Cyclo-oxygenase-2 selective drugs

In our study population, only 1% of the cases (n = 46) and 0.6% of the controls (n = 98) were 

using COX-2 selective agents on the index date, resulting in a nonsignifi cant increased risk of 

PE (adjusted OR 1.45, 95%CI 0.99–2.14). Furthermore, additional analysis per drug type showed 

non-signifi cant results, probably because of power limitations (Figure 1).

Figure 1. Risk of pulmonary embolism with current use of traditional and COX-2 selective NSAIDs

Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date (e.g hospitalizations for 
malignancy, fractures, surgery, see table 1)

Acetaminophen and tramadol

Current use of acetaminophen and tramadol was signifi cantly associated with PE. All pre-specifi ed 

confounders (age, gender, malignancy, surgery, pregnancy, trauma, and use of oral anticoncep-

tives), all other confounders as tested in univariate analysis, and use of NSAIDs were added to the 

multivariate analysis, and the association remained (Table 2). Current acetaminophen users had 

an almost twofold higher increased risk of PE compared with non-users, with an adjusted OR of 

1.74 (95%CI 1.42–2.14). The risk of PE was only slightly increased with past use of acetaminophen 
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(OR 1.12, 95%CI 1.03–1.22). As for NSAIDs, short-term treatment with acetaminophen of less 

than 30 days was associated with the highest risk (Table 2). Also, current use of tramadol was 

highly associated with PE, with a more than fourfold increased risk (OR 4.07, 95%CI 2.86–5.75) 

(Table 3). This association was also strongest for short-term use.

Table 3. Use of acetaminophen and tramadol and the risk of pulmonary embolis

Cases
N=4,433 (%)

Controls
N=16,802(%)

Adjusted OR*
(95% CI)

Acetaminophen
No use 3055 (67.9) 12793 (76.1) Ref

Past use 1234 (27.5) 3690 (22.0) 1.12 (1.03-1.22)

Current use 206 (4.6) 319 (1.90) 1.74 (1.42-2.14)

 Duration of use 

 1-30 days 104 (2.3) 97 (0.58) 3.49 (2.58-4.72)

 31-365 days 81 (1.8) 148 (0.88) 1.84 (1.37-2.48)

Tramadol

No use 3938 (87.6) 15737 (93.7) Ref

Past use 462 (10.3) 999 (5.95) 1.41 (1.23-1.61)

Current use 95 (2.1) 66 (0.39) 4.07 (2.86-5.75)

 Duration of use 

 1-30 days 56 (1.25) 17 (0.10) 11.1 (6.28-19.7)

 31-365 days 32 (0.71) 34 (0.20) 3.15 (1.84-5.40)

NSAIDS
No use
Past use
Current use

1547 (34.4)
2944 (65.5)

442 (9.8)

7283 (43.3)
8835 (52.6)

684 (4.1)

Ref
1.23 (1.14-1.34)

2.39 (2.06-2.77)

 Duration of use
 1-30 days
 31-365 days

255 (5.7%)
139 (3.0%)

252 (1.5%)
332 (2.0%)

4.77 (3.92-5.81)
1.83 (1.47-2.28)

 * Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date (e.g malignancy, 
fractures, surgery, see table 1) 

DISCUSSION

In this nested case–control population-based study in over 20 000 individuals, current use of 

NSAIDs was associated with an almost threefold higher risk of PE. This association depended on 

the duration of NSAID use, the risk being higher during the fi rst 30 days of exposure compared 

with chronic and long-term use. In addition, for diclofenac, the association with PE increased 

when subjects were taking higher dosages, suggesting a dose–response relationship. However, 

because acetaminophen and tramadol, painkillers not related to a prothrombotic state, showed a 

similar association with PE, underlying medical conditions for which these drugs were prescribed 

may partially explain the association between NSAIDs and PE. 
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Non-steroidal anti-infl ammatory drugs are commonly used for a broad spectrum of acute and 

chronic medical conditions. In a recent nationwide study conducted in Denmark, almost 58% 

of the Danish citizens had used NSAIDs over an 8-year period.14 This fi nding is very comparable 

with the 60% prevalence of users found in our population. As observed in studies conducted in 

Denmark, the UK, and the USA,14,15 diclofenac, ibuprofen, and naproxen were the most frequently 

prescribed NSAIDs. Considering the frequent use of these drugs, even a slightly increased risk of 

thrombosis may have a large impact on the overall (thrombosis) incidence. Rofecoxib, for instance, 

has been associated with a 1.3-fold higher risk of cardiovascular events,5 which in absolute terms 

translates into a considerable number of cardiovascular events because of its widespread use.

Recently, the association between current use of NSAIDs and the occurrence of VTE was sug-

gested in a prospective cohort study of 6550 primary care patients in the UK. NSAIDs increased 

the risk of both venous thrombosis and PE, with an overall OR of 1.86 (95%CI 1.65–2.10). Dose 

and type of NSAID were not specifi ed. Notably, the highest thrombosis risk occurred in the fi rst 

30 days of use. The thrombosis risk disappeared when the analysis was adjusted for osteoarthritis, 

suggesting confounding by indication.14 

Because the same pattern was noticed in patients using NSAIDs, we analyzed whether acet-

aminophen and tramadol, two other frequently prescribed painkillers, also increased the risk of 

PE. In contrast to NSAIDs, these drugs are not generally considered to be prothrombotic; thus, any 

association with PE would reasonably be non-causal. We found that short-term use of both acet-

aminophen and tramadol was also signifi cantly associated with a higher risk of PE, which ques-

tions a causal relationship between shortterm use of NSAIDs and the occurrence of PE. Patients 

may have been prescribed NSAIDs for underlying illnesses causing immobility, which would 

increase the risk for PE (confounding by indication). It is also possible that patients were treated 

with painkillers for acute pain, which may have been the result of deep venous thrombosis (DVT) 

or PE (protopathic bias). In case the PE was preceded by a symptomatic misdiagnosed or delayed 

diagnosis of DVT, cases could indeed have been prescribed painkillers for symptoms related to 

PE. In general, there is a considerable delay in diagnosing DVT and PE in patients presenting with 

pain of the chest or leg.16 

However, because recent and past uses of NSAIDs remained associated with PE, the infl uence 

of protopathic bias could be considered to be relatively small. After withdrawal of rofecoxib from 

the market, one could expect a depletion of susceptible bias in the results when assessing the 

infl uence of arterial thrombosis. Controls were matched for calendar period. So any possible 

infl uence of the withdrawal of rofecoxib was automatically corrected for. Furthermore, prescrib-

ing physicians might indeed have had objections prescribing NSAIDs to patients with increased 

risk of cardiovascular disease after the withdrawal of rofecoxib. However, no data were available 

on the risk of PE with use of NSAIDs in that period. So individuals at risk for PE were unlikely to 

be infl uenced by prescription behavior of their treating physicians. Some methodological aspects 

require comment. Our study represents a large sample size of a well-defi ned population, with a 

precise documentation of drug prescription. The study design has obvious limitations, inherent 
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to all population-based cohort studies. The diagnosis of PE was derived from ICD codes, which 

could raise concern about the accuracy. However, verifi cation of 10% of the PE cases in one study 

center showed that PE was nearly always diagnosed by objective methods. Additionally, Cazes et 

al. recently showed that ICD discharge diagnosis codes yield satisfactory sensitivity for identifying 

objectively confi rmed PE.17 Furthermore, because we only had data on the prescription-based use 

of NSAIDs and acetaminophen, over-the-counter (OTC) use of these drugs could not be accounted 

for. In the Netherlands, tramadol and COX-2 selective drugs are only available through prescrip-

tion; however, both traditional NSAIDs as well as acetaminophen can be purchased OTC. To our 

knowledge, there are no exact numbers available on the prevalence of OTC use of these drugs. 

Although under-reporting of the exposure drugs might be the case (the more so for acetamino-

phen than for NSAIDs), it is unlikely that under-reporting underlies the observed association 

between NSAIDs and PE, because we do not expect a different exposure of these drugs between 

thrombosis patients and controls. 

Furthermore, although we assumed no effect of acetaminophen on hemostasis, there are some 

studies that suggest that it may be a selective COX inhibitor.18 To our knowledge, no such associa-

tion has been reported for tramadol, which showed the strongest association. 

In addition, as mentioned before, medical conditions for which hospital admission is not 

required were identifi ed by medication use. Prognostic factors, like immobilization, are prob-

ably under-reported in our study. Nevertheless, again, this will be the case for both patients and 

controls.

In conclusion, this large study shows that use of NSAIDs is associated with an increased risk 

of PE, with a clear time-dependent risk pattern. Because use of acetaminophen and tramadol 

also increased PE risk, a real causal link between and NSAIDs and PE is uncertain. Underlying 

conditions for which this medication was prescribed may have contributed to the occurrence 

of thrombosis. Nevertheless, clinicians should be aware of the potentially higher risk of PE in 

patients who receive these frequently prescribed painkillers.
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ABSTRACT

Context Hyperthyroidism is thought to induce hypercoagulability, whereas a bleeding tendency 

has been observed in hypothyroidism. However, both disease entities have been associated with 

an increased risk of venous thrombosis. This discrepancy may be explained by the impact of treat-

ment for thyroid disease. 

Objective To evaluate the association between pulmonary embolism (PE) and the start of treatment 

for thyroid disease.

Design and Setting A nested case-control study was conducted using the PHARMO Record Linkage 

System, a Dutch population-based pharmacy registry. 

Patients Cases were patients hospitalized for PE and the date of hospitalization was set as index 

date. Controls were gender- and age-matched subjects without a history of PE prior to this index 

date. 

Main outcome measures Odds ratios (ORs) and their 95% confi dence intervals (95% CI) were esti-

mated for new use of antithyroid or thyreomimetic agents, or hospitalization for thyroid disease 

from 12 months before to 12 months after the index date.

Results The study population consisted of 3479 cases and 11830 controls. New use of antithyroid 

agents or hospitalization for thyrotoxicosis within 6 months after the index date (i.e. untreated 

hyperthyroidism at the index date) was signifi cantly associated with PE (adjusted OR 3.22; 95% 

CI 1.12-9.22), whereas a relation between thyreomimetic agents and PE was observed for new use 

before the index date, especially within the fi rst 3 months after treatment onset (adjusted OR 4.58; 

95% CI 1.28-16.43). No association was found for new use of thyreomimetic agents after the index 

date, or for new use of antithyroid agents before the index date.

Conclusions Our fi ndings suggest that both patients with untreated hyperthyroidism and patients 

who have recently started with thyreomimetic agents for hypothyroidism are at an increased risk 

for PE.
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INTRODUCTION

Thyroid hormone has many effects on the heart and vascular system, and both hyper- and 

hypothyroidism have been associated with an increased cardiovascular morbidity.1-3 Among this, 

several case reports have pointed towards a possible relationship between thyroid disease and 

venous thromboembolism.4-6 Thyroid hormone excess has been reported to induce prothrom-

botic changes, as witnessed by high levels of von Willebrand factor, factor VIII, fi brinogen and 

plasminogen activator inhibitor-1 in hyperthyroid patients.7 It is therefore hypothesized that 

hyperthyroidism may be a risk factor for venous thromboembolism. Inversely, reduced levels of 

von Willebrand factor and factor VIII have been observed during hypothyroidism.7,8 These effects 

may, at least in part, protect against venous thromboembolism. Indeed, we have recently shown 

that high levels of FT4 are associated with an increased risk of venous thrombosis, whereas a 

reduced risk of venous thrombosis was observed for low levels FT4; all within the normal refer-

ence range.9

To date, only two published studies, including one of our own, have assessed the effect of thy-

roid disease on the occurrence of venous thromboembolism.10,11 Remarkably, both studies found 

that (subclinical) hypothyroidism, but not hyperthyroidism, was associated with an increased risk 

of venous thromboembolism. These confl icting fi ndings may result from the fact that the impact 

of treatment was not disentangled in the analysis. In general, thyroid hormone levels gradually 

decrease to normal levels within 4 to 12 weeks of treatment with antithyroid agents.12 A simultane-

ous reduction in procoagulant and anti-fi brinolytic factors may therefore rapidly attenuate the 

risk of venous thromboembolism in patients treated for hyperthyroidism.13 In hypothyroidism, 

treatment entails thyroid hormone substitution therapy with thyreomimetic agents. While nor-

malization of thyroid hormone levels may occur within the fi rst months after treatment onset, the 

vascular consequences of the increased body weight, hypertension and dyslipidemia, predomi-

nantly seen in prolonged thyroid hormone defi ciency, may persist.1,3,14 It is therefore uncertain to 

what extent the transition in coagulation factors during the fi rst months of substitution therapy 

may affect the risk of venous thromboembolism. 

In a nested case-control design, we set out to evaluate the risk of pulmonary embolism associ-

ated with thyroid disease, while at the same time analyzing the infl uence of treatment.

METHODS

Study design and population

Patients with a fi rst hospitalization for pulmonary embolism and control subjects without a history 

of pulmonary embolism were derived from a large database constructed via the PHARMO Record 

Linkage System (Pharmo Institute, Utrecht, the Netherlands, available at http://www.pharmo.nl). 

This system includes demographic details and complete medication histories of Dutch community 
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pharmacies. Data of more than 2 million community-dwelling residents, residing in 25 geographic 

areas in the Netherlands are available from 1985 onwards. The medication histories are linked to 

hospital admission records. Because virtually all patients in the Netherlands are registered with a 

single community pharmacy, pharmacy records are essentially complete insofar as prescription 

drug use is concerned. For assembling of the database, drug prescribing and hospitalization data 

were used. Drugs were coded according to the Anatomical Therapeutic Chemical Classifi cation (ATC). 

The hospital admission and discharge codes were coded according to the International Classifi cation 

of Diseases Ninth Revision (ICD 9), Clinical Modifi cation.

Cases were all patients with a fi rst hospitalization for pulmonary embolism (ICD-9 code 415.1). 

Verifi cation of whether the diagnosis had been confi rmed by objective tests, including computed 

tomography or ventilation perfusion scanning, was performed in a random sample of 10% of the 

cases by retrieving data on confi rmation of the diagnosis. Diagnosis was correctly confi rmed in 

more than 95% of the cases.

The date of the fi rst hospitalization for pulmonary embolism was considered the index date. 

For each case patient, up to 4 control subjects, matched for gender, age (±5 years) and geographic 

region, were randomly selected using risk-set sampling, meaning controls did not have a venous 

thromboembolism prior to the index date of the matched case. For this study, the population was 

restricted to cases and controls of whom data on prescription use and hospitalizations were avail-

able for at least 12 months before and after the index date.

Defi nition of exposure

For all cases and controls, we identifi ed dispensings for antithyroid (ATC codes H03B and H03C) or 

thyreomimetic agents (ATC code H03A), as well as admissions for thyrotoxicosis (ICD 9 code 242) 

or hypothyroidism (ICD 9 code 244). In order to identify individuals with either active (untreated) 

thyroid disease or recent start of treatment for thyroid disease, new use of thyroid-related drugs or 

hospitalizations within 12 months before and 12 months after the index date was analyzed. New use 

was defi ned as fi rst ever use, or recurrent use if the time interval between the preceding treatment 

episode and the new prescription exceeded 12 months. 

For hyperthyroidism, this meant that those individuals who were identifi ed as new users of 

antithyroid agents or those who were hospitalized for thyrotoxicosis before the index date, had 

experienced hyperthyroidism prior to the date of treatment onset or hospitalization, and were 

treated for hyperthyroidism at the index date (i.e. decreasing or already normal levels of thyroid 

hormone prior to the index date). Those individuals identifi ed as new users of antithyroid agents, 

or hospitalized for thyrotoxicosis after the index date, especially in the fi rst months, were likely to 

have active and untreated hyperthyroidism at the index date. 

For hypothyroidism, those individuals who were identifi ed as new users of thyreomimetic 

agents without previous use of antithyroid drugs or those who were hospitalized for hypothyroid-

ism before the index date, had experienced hypothyroidism prior to the date of treatment onset or 

hospitalization, and were treated for hypothyroidism at the index date (i.e. increasing levels of 
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thyroid hormone relative to prior to treatment). Those individuals identifi ed by treatment onset or 

hospitalization after the index date, were likely to have untreated hypothyroidism at the index date. 

By using ICD codes for hospitalization, information on conditions potentially associated with 

a higher risk of venous thromboembolism (i.e. pregnancy, malignancy, trauma, acute infections, 

surgery, cardiovascular disease, heart failure, infl ammatory bowel diseases) occurring in the 3 

months prior to the index date, was retrieved. This 3-month period was used since hospitaliza-

tions (co-morbidity) prior to this period were less likely to have infl uenced the occurrence of pul-

monary embolism on the index date. In addition, use of platelet inhibitors (i.e aspirin, clopidogrel 

bisulfate, dipyridamole), vitamin K antagonists and heparin, as well as all other medication that 

may infl uence the occurrence of pulmonary embolism (i.e. statins, NSAID’s, anti-diabetics), were 

identifi ed using medication histories.

Statistical analysis

Continuous variables were reported as means or medians (range), depending on the distribution 

of the data. Categorical variables were presented as numbers (percent). Odds ratios (ORs) and 

their 95% confi dence intervals (CIs) for the risk of pulmonary embolism associated with new 

use of thyroid agents and hospitalization for thyroid disease were estimated using conditional 

logistic regression. Individuals without thyroid disease, i.e. those who had never been treated 

with antithyroid or thyreomimetic agents, or hospitalized for thyroid disease, up to 12 months 

after the index date, were used as reference. The analysis was stratifi ed for treatment onset or 

hospitalization within 12 months before and 12 months after the index date in order to evaluate the 

effect of untreated thyroid disease and treatment onset. To investigate a time relationship, the 

analysis was further stratifi ed for different time intervals between the date of new prescription or 

hospitalization, and the index date (≤ 3 months, ≤ 6 months, and ≤ 12 months).

The infl uence of potential confounding factors was analyzed by evaluating the infl uence of a 

potential confounder on the effect estimate of the exposure of interest. If a change in crude OR 

of more than 5% was found for any of the independent factors, these variables were added to the 

multivariate model. Statistical analysis was performed with the use of SPSS 15.0 software package 

(SPSS Inc, Chicago, IL, USA).

RESULTS

Patient characteristics

Patient characteristics are summarized in Table 1. The database consisted of 4494 cases and 16802 

control subjects. Drug prescription data and hospitalization data of at least 12 months before and 12 

months after the index date were available for 3479 cases and 11830 controls. These subjects formed 

the basis of the present analysis. Matching ensured that age and gender distribution in cases and 

controls were comparable; mean age in the cases was 59 (18-94) years and 57.6% were women. 
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New use of antithyroid agents or hospitalization for thyrotoxicosis

In total, 12 (0.3%) case patients and 23 (0.2%) control subjects were identifi ed as new users of 

antithyroid agents during the study period (Table 2). One case patient and 3 control subjects were 

hospitalized for thyrotoxicosis in the 12 months after the index date; no individuals were hospital-

ized in the 12 months before the index date. The number of individuals without thyroid disease was 

3303 (94.9%) in the cases and 13391 (96.3%) in the control subjects. 

New use of antithyroid agents before the index date was not associated with pulmonary embo-

lism (OR 1.11; 95% CI 0.35-3.52). Also, no clear difference was observed between the different 

time intervals. Adjustment for potential confounders did not substantially alter the odds ratios. 

When new use of antithyroid agents or hospitalization for thyrotoxicosis after the index date 

was analyzed, a clear time-dependent relation was observed. Treatment onset or hospitalization 

within the fi rst three months after the index date resulted in a crude odds ratio of 3.46 (95% CI 

0.57-21.10), which gradually decreased with extension of the time interval. After adjustment for 

potential confounding factors a signifi cant association between pulmonary embolism and new 

use of antithyroid agents or hospitalization within 6 months after the index date was observed (OR 

3.22; 95% CI 1.12-9.22). 

Table 1. Patient characteristics

Cases 
N=3479

Controls
N=11830

Age, mean (range) 59 (18-94) 58 (18-96)

Gender, female, n (%) 2003 (57.6) 6903 (58.4)

Previous hospitalizations, n (%)a

Acute Infection 58 (1.7) 16 (0.1)

Cardiovascular disease 22 (0.6) 11 (0.1)

Heart failure 12 (0.3) 5 (0.0)

Infl ammatory bowel disease 13 (0.4) 5 (0.0)

Malignancy 118 (3.4) 38 (0.3)

Pregnancy 12 (0.3) 6 (0.1)

Surgery 224 (6.4) 113 (1.0)

Trauma 36 (1.0) 13 (0.1)

Medication use, n (%)a

Heparins 89 (2.6) 24 (0.2)

Platelet inhibitors 519 (14.9) 1334 (11.3)

Coumarins 124 (3.6) 329 (2.8)

N indicates number
aHospitalizations and medication use ≤ 90 days and ≥ 1 day prior to index date
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New use of thyreomimetic agents or hospitalization for hypothyroidism

A total of 35 (1.0%) case patients and 69 (0.6%) control subject were identifi ed as new users of 

thyreomimetic agents during the study period (Table 3). No individuals were hospitalized for 

hypothyroidism during this period. 

Table 2. Risk of pulmonary embolism associated with new use of antithyroid agents or hospitalization for 
thyrotoxicosis

Cases 
N=3479 (%)

Controls
N=11830 (%)

Crude OR
(95% CI)

Adjusted ORa

(95% CI)

No thyroid disease 3303 (94.9) 11391 (96.3) Reference Reference

Start of antithyroid agents before 
the index dateb

≤ 90 days 1 (0.0) 3 (0.0) 0.90 (0.09-8.68) 0.89 (0.09-8.59)

≤ 180 days 3 (0.1) 5 (0.0) 1.74 (0.41-7.34) 1.60 (0.38-6.82)

≤ 365 days 4 (0.1) 11 (0.1) 1.11 (0.35-3.52) 0.94 (0.28-3.17)

Start of antithyroid agents after the 
index datec

≤ 90 days 3 (0.1) 2 (0.0) 3.46 (0.57-21.10) 3.57 (0.58-21.83)

≤ 180 days 7 (0.2) 8 (0.1) 2.74 (0.98-7.65) 3.22 (1.12-9.22)

≤ 365 days 9 (0.3) 15 (0.1) 1.75 (0.75-4.07) 1.81 (0.75-4.35)

N indicates number; OR, odds ratio; and CI, confi dence interval
aAdjusted for hospitalizations ( for malignancy, trauma, surgery, pregnancy or heart failure) and use of anticoagulants within 
90 days prior to the index date
bNo individuals were hospitalized for thyrotoxicosis in the year before the index date.
cOne case patient was hospitalized for thyrotoxicosis 118 days after the index date; the three control subject were hospitalized 
42, 97, and 292 days after the index date

Table 3. Risk of pulmonary embolism associated with new use of thyreomimetic agentsa

Cases 
N=3479 (%)

Controls
N=11830 (%)

Crude OR
(95% CI)

Adjusted ORb

(95% CI)

No thyroid disease 3303 (94.9) 11391 (96.3) Reference Reference

Start of thyreomimetic agents 
before the index datea

≤ 90 days 6 (0.2) 4 (0.0) 4.98 (1.39-17.82) 4.58 (1.28-16.43)

≤180 days 10 (0.3) 14 (0.1) 2.62 (1.14-5.99) 2.57 (1.10-6.01)

≤ 365 days 17 (0.5) 28 (0.2) 2.05 (1.11-3.78) 2.07 (1.11-3.85)

Start of thyreomimetic agents 
after the index datea

≤ 90 days 4 (0.1) 14 (0.1) 0.87 (0.28-2.70) 0.95 (0.30-2.96)

≤180 days 10 (0.3) 19 (0.2) 1.68 (0.77-3.66) 1.81 (0.83-3.97)

≤ 365 days 18 (0.5) 41 (0.3) 1.41 (0.80-2.48) 1.54 (0.86-2.75)

N indicates number; OR, odds ratio; and CI, confi dence interval
aNo individuals were hospitalized for hypothyroidism during the study period
bAdjusted for hospitalizations ( for malignancy, trauma, surgery or pregnancy) and use of anticoagulants within 90 days 
prior to the index date
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New use of thyreomimetic agents before the index date was associated with pulmonary embolism, 

in a time-dependent fashion. The risk of pulmonary embolism was highest for treatment onset 

within 3 months before the index date (crude OR 4.98, 95 CI 1.39-17.82), and gradually decreased 

when the time interval between the date of treatment onset and the index date increased. No clear 

association was found between pulmonary embolism and new use of thyreomimetic agents after 

the index date, but the risk was below unity in the analysis of treatment onset within the fi rst 

3 months after the index date. Adjustment for potential confounding factors slightly altered the 

crude odds ratios. 

DISCUSSION

In this nested case-control population-based study, consisting of over 15000 individuals, we found 

that new use of antithyroid agents or hospitalization for thyrotoxicosis after the index date (i.e. 

untreated hyperthyroidism) was associated with an increased risk of pulmonary embolism, in a 

time-dependent manner. In addition, a signifi cant association between pulmonary embolism and 

new use of thyreomimetic agents in the 12 months before the index date was found. The risk was 

highest for treatment onset within three months prior to the index date, again indicating a time-

dependent relationship. 

Our fi nding of an association between pulmonary embolism and new use of antithyroid agents, 

or hospitalization for thyrotoxicosis, after the index date, i.e. untreated hyperthyroidism at the 

index date, is in line with our previous report on the relation between high levels of FT4 (mostly 

within reference range) and venous thrombosis as well as studies describing a hypercoagulable 

and hypofi brinolytic state in hyperthyroid patients.7,9 This association only reached statistical 

signifi cance when it concerned treatment onset or hospitalization within 6 months after the 

index date. However, the time-dependent relationship is indicative of hyperthyroidism as risk 

factor for venous thromboembolism, considering that those individuals identifi ed as new users 

of antithyroid agents or hospitalized for thyrotoxicosis within the fi rst months after the index date 

were most likely to have experienced hyperthyroidism at the index date. Also, this association was 

not present for patients who were already treated for hyperthyroidism at the index date, which 

strengthens the hypothesis that treatment with antithyroid agents may rapidly reduce the risk of 

venous thromboembolism in hyperthyroid patients.

As for hypothyroidism, our fi ndings confi rm that patients suffering from this condition are at 

increased risk for venous thromboembolism, but only after institution of thyroid hormone substi-

tution therapy. Several studies have described an increase in coagulation factor levels after treat-

ment with thyreomimetic agents in hypothyroid patients 7,15,16. Moreover, thyreomimetic agents 

have been reported to induce prothrombotic changes in euthyroid subjects.17-19 Taken together 

with the fact that almost one fi fth of the hypothyroid patients is given an excessive amount of 

Sara Rafi BW 9.indd   84Sara Rafi BW 9.indd   84 05-08-11   12:0505-08-11   12:05



Thyroid disease and risk of pulmonary embolism 85

medication,14 it is conceivable that these haemostatic changes may result in an increased risk of 

venous thromboembolism. 

In general, three major causes of thrombosis have been identifi ed: changes in the vessel wall, 

changes in the blood fl ow, and changes in the blood composition.20. Weight gain or obesity, 

hypertension, and altered lipid metabolism are present in prolonged thyroid hormone defi ciency; 

all affect one or more of these components of thrombosis risk.16,21-23 Overweight and obesity have 

been reported to increase the risk of venous thrombosis by 1.7- to 2.4-fold.24,25 It is, therefore, 

most likely that the combination of both weight gain and a transition in coagulation factors is 

responsible for the increased risk of venous thromboembolism in hypothyroid patients in the fi rst 

months of thyroid hormone substitution therapy.

Some methodological aspects of this study require comments. This study concerns a large 

sample size of a well-defi ned population, with precise documentation of drug prescription. The 

study design has also some obvious limitations, inherent to all population based cohort studies. 

For example, some concern could be raised with regards to the accuracy of diagnosis of pulmo-

nary embolism, given that diagnosis was derived from ICD-codes rather than hospital records. 

However, verifi cation of a 10% random sample of the cases showed that pulmonary embolism 

was nearly always confi rmed by objective diagnostic tests. Also, since this analysis was performed 

using drug prescription and hospitalization data as indicators for the presence of thyroid disease, 

no information was available on the exact thyroid status at the index date. Treatment onset or 

hospitalization after the index date could not ensure that thyroid disease was already present at 

the time of the index date, and diagnosis of thyroid disease may also have been delayed until after 

the study period causing misclassifi cation. However, these biases have probably equally affected 

both cases and controls. Last, the small number of individuals identifi ed as new users of thyroid 

medication or hospitalized for thyroid disease limits the robustness of our fi ndings. With the 

incidence of hyperthyroidism in the general population being so low, even in this large registry 

study there was insuffi cient power to effi ciently report on this topic. Nevertheless, the present 

observations consistently point towards an increased risk of pulmonary embolism for increasing 

levels of thyroid hormone and therefore provide valuable insights in the relation between thyroid 

disease, antithyroid or thyreomimetic agents, and pulmonary embolism. Although this study 

only concerned pulmonary embolism and not deep venous thrombosis of the lower extremities 

(as this usually does not lead to hospital admission), we believe the association applies for both 

manifestations of venous thrombosis.9

Overall, our fi ndings suggest that both patients with untreated hyperthyroidism and patients 

who have recently started with thyreomimetic agents for hypothyroidism are at increased risk of 

pulmonary embolism. Physicians should be aware of this relationship, and adequately assess the 

presence of additional risk factors for venous thromboembolism when prescribing thyreomimetic 

agents.
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ABSTRACT

Introduction Patients with venous-thromboembolism (VTE) and myocardial infarction (MI) have 

elevated prothrombin fragment 1+2 (F1+2) levels. In patients with postoperative VTE, urinary 

F1+2 (uF1+2) was higher than in individuals without VTE. We postulated that uF1+2 is elevated in 

patients with suspected venous or arterial thrombotic events and therefore performed this pilot 

study in patients with VTE and MI.

Methods In 20 patients with VTE, 20 with MI, and 25 age- and sex-matched healthy controls, F1+2 

and D-dimer levels were measured in urine and plasma within 48 hours after diagnosis. In addi-

tion, in all subjects renal function was assessed.

Results Compared to controls, patients with VTE had higher levels of both plasma F1+2 (271 versus 

160 pmol L-1 (p < 0.05)) and uF1+2 levels (38 versus 28 pmol L-1), although the latter difference 

was not signifi cant. Patients with acute MI had the same F1+2 levels as controls in both plasma 

and urine. Overall, plasma and uF1+2 levels were positively correlated. Differences in urinary F1+2 

levels could not be attributed to differences in concentrations of creatinin or albumin in spot urine 

samples. Overall, D-dimer and F1+2 levels in urine were extremely low in all groups. 

Conclusion Although urine F1+2 levels may be associated with postoperative venous thrombosis, 

we found no clear association in patients with acute VTE or MI.
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INTRODUCTION

Venous and arterial thromboses are both vascular disorders, in which activated coagulation plays 

a key role. In the acute phase of both venous and arterial thrombosis, both D-dimer and F1+2 

plasma levels are elevated, which refl ects thrombin generation. [1-6] Due to its’ small molecular 

size, F1+2 can reliably be measured in the urine by enzyme-linked immuno sorbent assay (ELISA). 

[7,8] Recently, F1+2 levels were assessed in urine samples of patients, prior and three days after 

a total hip replacement.[9] Interestingly, patients with postoperative venous thromboembolism 

(VTE), consisting of deep venous thrombosis (DVT) or pulmonary embolism (PE), had higher 

levels of urinary F1+2 (uF1+2) than those without VTE, whereas low levels of uF1+2 were found 

in patients who had bleeding complications after surgery.[9] In patients with suspected VTE, the 

sensitivity of plasma F1+2 ranged widely from 100, 80 to 59% combined with specifi city of 11, 51 

and 77% respectively. [4,5,10,11] If a close correlation would exist between plasma and uF1+2 

levels, uF1+2 could be used as a predictor of venous or arterial thrombosis in clinical or epide-

miological studies, or as a test to rule out VTE. [11] The measurement of uF1+2 is a non-invasive 

and patient friendly manner to evaluate thrombin generation. It is therefore an attractive tool for 

the diagnostic strategy of VTE and myocardial infarction (MI). We investigated whether, similar 

to F1+2 in plasma, urinary F1+2 increases in acute VTE and MI patients, compared to healthy 

controls. We therefore performed a prospective pilot study in patients with documented venous 

thromboembolism, myocardial infarction and matched control subjects.

METHODS

Twenty consecutive both out- and hospitalized patients older than 18 years presenting with an 

objectively confi rmed diagnosis of VTE or MI in the Academic Medical Centre or Slotervaart 

hospital in Amsterdam, the Netherlands, between August and December 2010 were included. 

The study protocol was approved by the Medical Ethics Review Committee, and all participants 

provided written informed consent. At presentation, medical history was obtained through a 

questionnaire including specifi c questions about the symptoms, known risk factors for arterial 

and venous thrombosis, and medication use. In addition body mass index was calculated, since 

extreme bodyweight is a risk factor for VTE and MI.[12,13] DVT of the legs was diagnosed with 

ultrasonography and PE was diagnosed with multi-slice CT scan. MI was diagnosed if either one of 

the following criteria were met: the presence of ECG changes, defi ned as ST-segment elevation or 

ST-segment depression or T-wave abnormalities, and/or based on biochemical marker evidence, 

defi ned as CKMB (mass,C) levels ≥ 15 ug L-1, and/or Troponin I levels ≥ 0,04 ug L-1.

Healthy controls were gender- and age-matched, 1:1, to the VTE and MI patients. Controls 

consisted of visitors of the AMC and Slotervaart hospital, and selection was based on the male/

female ratio and age (maximum difference of 5 years) of the cases. MI and VTE were the only 
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exclusion criteria. Since the age of MI and VTE patients was not completely similar, a total of 25 

controls were included instead of 20.

Sample storage and laboratory analysis

Within 48 hours after diagnosis, blood samples for F1+2 and D-dimer were drawn and collected 

in tubes containing 0.109 mol L-1 trisodium citrate. Within one hour after collection, platelet-poor 

plasma was obtained by two times centrifugation for 15 min at 1500g and 15°C. The plasma was 

stored in 2-mL cryovials containing 0.5 mL of plasma at -80°C. Simultaneously, spot urine samples 

were collected and plasma and urine F1+2 levels were determined using a commercially available 

ELISA (Enzygnost, Siemens healthcare Diagnostics, Marburg, Germany), D-dimer levels were 

determined with a particle-enhanced immunoturbidimetric assay (Innovance D-Dimer, Siemens 

Healthcare Diagnostics, Marburg, Germany).

To be able to adjust for the concentration of creatinin and albumin in the spot urine samples 

and micro-albuminuria, we analyzed microalbumin and creatinin using immunoturbidimetry and 

spectrofotometry respectively (both P800, Roche diagnostics). 

Statistic alanalysis

Results are presented as mean ± standard deviation or median with inter-quartile range (IQR), 

depending on the observed distribution. The primary objective of this study was to assess the 

relationship between uF1+2 levels and VTE or MI, which was expressed as odds ratios (ORs) with 

95% confi dence intervals. Plasma- and urinary F1+2 levels of the controls were non normally dis-

tributed, we used the Mann-Whitney U test to compare cases and controls.. All statistical analyses 

were performed in SPSS version 15.0 (SPSS Inc. Chicago, IL, USA). 

RESULTS

The baseline characteristics of the three study groups are shown in Table 1. Of the patients who 

were diagnosed with VTE, eight patients had PE and 12 had DVT. Mean age and gender distribu-

tion were comparable as the groups were matched by these variables. Also ethnicity, BMI, smoking 

habits, and urine creatinine and albumin levels were not different.

A signifi cant correlation was found indeed between the F1+2 levels in the plasma and urine (regres-

sion coeffi cient 0.463, p < 0.001). As shown in Table 2, compared to controls, patients with VTE had 

higher levels of both plasma F1+2 (271 versus 160 pmol L-1,p < 0.05) and plasma D-dimer (5.12 versus 

0.38 mg L-1 fi brinogen equivalent units (FEU), p < 0.01). UF1+2 levels in VTE patients were low, but 

seemed to be higher compared to uF1+2 levels in controls, but this difference did not reach statisti-

cally signifi cance (p = 0.11). In MI patients, plasma F1+2 and D-dimer levels were comparable to the 

control group (p= 0.87 and p= 0.49, respectively) (Table 2). Also uF1+2 levels did not differ between 

MI patients and control persons. In all subjects, urine levels of D-dimer were not detectable.
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To account for concentration of the spot urine samples we calculated uF1+2 / urine creatinine 

ratios. This yielded similar results (Table 2). Subsequently, we adjusted for (micro) albuminuria 

by dividing uF1+2 by microalbumin / creatinine ratio. These assessments showed similar results 

between the three different groups (table 2).

Table 1. Baseline characteristics of the two study groups

Controls (n=25) VTE (n=20) MI (n=20)

Age, years (mean ± SD) 56 ± 18 56 ± 18 59 ± 18

Gender
Female n, (%) 
Male, n, (%)

9 (36%)
16 (64%)

9 (45)
11 (55%)

7 (32%)
13 (59%)

Ethnicity 
Caucasian n, (%)
Non-Caucasian n, (%)

19 (76%) 
6 (24%)

17 (85)
3 (15%)

17 (85%)
3 (15%)

BMI, kg/m2

[median (IQR)]
24

(22-29)
28

(26-32)
27

(24-30)

Smoking n, (%) 7 (29%) 7 (37%) 5 (23%)

BMI = body mass index, IQR = inter-quartile range, MI = myocardial infarction, SD = standard deviation, VTE = venous 
thromboembolism

Table 2. F1+2 and D-dimer results of the different patients groups and controls

Controls
n=25

VTE
n=20

MI
n=20

Plasma F1+2 (pmol L-1 ) 160 271 * 157

[median (IQR)] (120-254) (201-541) (115-268)

Urine F1+2 (pmol L-1 ) 28 38 25

[median (IQR)] (15-46) (23-71) (16-80)

Plasma D-Dimer (mg L-1 FEU) 0.38 5.12 ** 0.47

[median (IQR)] (0.19-0.65) (1.81-8.45) (0.28-0.60)

Urine D-Dimer (mg L-1 /L FEU) Undetectably low Undetectably low Undetectably low

Urine creatinin (mmol L-1) 10.5 11.5 12.1

[mean (SD)] (7.6) (5.8) (9.2)

Urine microalbumin (mg L-1) 11 11 14

[median (IQR)] (4-22) (8-18) (2-52)

u albumin/u creatinin (mg L-1 /mmol L1) 0.57 0.85 * 0.63

[median (IQR)] * (0.31-1.22) (0.65-1.88) (0.35-2.95)

u F1+2 / u creatinin (pmol L-1 /mmol L1) 3.1 3.9 3.0

[median (IQR)] (2.0-4.2) (2.5-7.9) (2.0-6.2)

(u F1+2) x (u creatinine / microalbumin) 
(pmol) x (mmol L-1 / mg L-1)

48.3 42.2 28.4

[median (IQR)] (23.3-90.9) (22.0-122.5) (10.6-54.0)

*p <0.05 ** p < 0.01
FEU = fi brinogen equivalent units, IQR = inter quartile range, MI = myocardial infarction, SD = standard deviation, U = 
urine, VTE = venous thromboembolism
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DISCUSSION

This pilot study confi rms that in patients with acute VTE, plasma levels of F1+2 are elevated, but 

we now show that also F1+2 levels in the urine are increased, but to a lesser extent than in plasma. 

Furthermore, there was a signifi cant correlation between the F1+2 levels in the urine and plasma. 

F1+2 levels in both urine and plasma were similar between patients with acute MI and healthy 

controls.

Several studies have shown that plasma F1+2 levels are increased in patients with MI and VTE. 

[1,2,10,14,15] A prospective study previously showed that elevated plasma F1+2 levels in patients 

with cancer also predicted the occurrence of VTE, with a hazard ratio of 2.0 (95% CI, 1.2-3.6). [6] 

Moreover, also urine F1+2 levels seemed to predict postoperative VTE after orthopedic surgery.

[9,16] 

In this study, uF1+2 levels in preoperative patients were slightly lower compared to our controls 

(median 19 versus 28 pmol/L). The group of patients who developed a VTE three days post surgery, 

had a median uF1+2 level of 127.3 (IQR 19-1200 pmol L-1) which was higher than our VTE patients 

(38 pmol L-1 (IQR 23-71 pmol L-1). [9] This difference might be due to the orthopedic procedure. 

To our knowledge, this is the fi rst study that measured F1+2 levels in urine and plasma in VTE 

and MI patients compared to healthy controls. These results show that F1+2 levels of the VTE 

patients are marginally increased in the urine. This was, however, not signifi cantly different com-

pared to healthy controls, probably due to the small size of the study. Although this study was not 

designed to assess the diagnostic value of uF1+2, the very small differences between the groups 

together with the very low levels will limit an important role for uF1+2 in the diagnosis of VTE. 

Patients with MI had similar plasma and urinary F1+2 levels compared with the controls. Also 

no differences were found for D-dimer levels. These fi ndings are in contrast to previous studies 

[2,14,15,17], and might be due to the use of intravenous heparin in the patients with acute MI 

in the fi rst 48 hours, in contrast to the VTE patients, who were included before anti-coagulants 

were administered. This might have lowered plasma D-dimer and F1+2 levels, and consequently 

also the urine levels. However, in a prospective study no clear effect of unfractionated heparin on 

plasma F1+2 was observed. [18,19]

Results might also been infl uenced by the concentration of the spot urine samples and micro 

albuminuria. We, however, assessed differences in renal function by evaluating the levels of 

microalbuminuria and urine creatinine levels, and the results were similar in all groups. 

This study was designed as a small pilot study to investigate whether F1+2 levels differ between 

patients with VTE, MI and healthy controls. Consequently, we had a small study sample, and 

therefore, the non-signifi cant p-values might be due to a lack of power. 

In summary, although uF1+2 levels may be associated with postoperative venous thrombosis, 

we found no clear association in patients with acute VTE or MI and therefore the role of uF1+2 in 

the diagnosis of thrombotic disease or as predictor in clinical or epidemiological studies, seems 

limited.
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ABSTRACT

Background Patients with haemophilia and von Willebrand disease (VWD) may have a reduced car-

diovascular mortality, due to a hypocoagulable state or decreased atherogenesis. We performed a 

systematic review to assess the association between haemophilia and VWD, and fatal and nonfatal 

arterial thrombosis and asymptomatic atherosclerosis. 

Methods Medline and PubMed were searched to identify studies that assessed the incidence of car-

diovascular mortality and morbidity in haemophilia and VWD, and that measured asymptomatic 

atherosclerosis with intima media thickness (IMT) of the carotid and femoral arteries, or fl ow-

mediated dilatation (FMD) of the brachial artery. Weighted standardised mortality ratios (SMR) 

and mean differences (WMD) were calculated and pooled using a random effects model. 

Results 15 longitudinal and cross-sectional studies consisting of 19,242 patients were included. 

Mortality due to arterial thrombosis was nonsignifi cantly reduced in patients with haemophilia 

compared with healthy controls (SMR 0.51, 95% CI 0.24 to 1.09). Haemophilia reduced nonfatal 

coronary events, and severe haemophilia offered better protection, but these results were based on 

a single study. No results were available for VWD. Although IMT of the carotid and femoral arteries 

was similar between VWD and haemophilia patients and healthy controls, atherosclerotic plaques 

of the large arteries were less prevalent in haemophilia patients. Only two studies assessed FMD 

and the results were inconsistent. 

Conclusion Haemophilia may reduce arterial thrombosis, but this association should be further 

studied in haemophilia patients with a higher prevalence of cardiovascular risk factors.
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INTRODUCTION

The concept of risk factors in cardiovascular disease (CVD) has been well established. Smoking, 

hypertension, obesity, hypercholesterolemia, diabetes mellitus, and a positive family history for 

CVD are all associated with an increased risk of morbidity and mortality due to CVD. A prothrom-

botic state contributes to the development of CVD. 1 Increased levels of fi brinogen, von Willebrand 

factor (VWF), and factor VIII have all been linked to arterial disease. 2,3 VWF is essential for 

platelet adhesion and aggregation. Furthermore, VWF acts as the carrier protein for coagulation 

factor VIII. Factor VIII contributes to the formation of a fi brin-rich clot, and also has a role in 

the formation of occluding thrombi in stenotic vessels. Patients with haemophilia A, who have a 

congenital defi ciency of clotting factor VIII, are thought to be protected against mortality due to 

arterial thrombosis.4,5 This protection may be due to hypocoagulability, which is associated with 

decreased thrombin generation and results in inhibition of thrombus formation. 

On the other hand, haemophilia or VWD may also decrease the formation of atherosclerotic 

plaques. Studies evaluating preclinical atherosclerosis by measurement of intima media thickness 

(IMT) and fl ow mediated dilatation (FMD) are, however, confl icting. 6,7 Moreover, autopsy fi nd-

ings have found extensive atherosclerotic plaques in subjects with von Willebrand disease (VWD) 

and haemophilia, and case reports have been published about patients with occlusive arterial 

thrombi. 8-15

Although this subject was recently reviewed,16 a systematic review assessing these studies has 

not been performed. We therefore systematically evaluated all literature to determine whether 

patients with haemophilia or VWD are protected against arterial thrombosis, and whether the 

prevalence of asymptomatic atherosclerosis is reduced. In order to thoroughly investigate this 

association, we fi rst analyzed fatal arterial thrombosis, followed by non-fatal events, and fi nally 

we addressed preclinical atherosclerosis.

METHODS

Data sources and study selection 

We identifi ed all published studies that evaluated the prevalence of atherosclerosis and arterial 

thrombosis in patients or carriers with haemophilia A or B, and VWD. A comprehensive literature 

search was conducted by a clinical librarian of Medline from 1950 through December 2009, and 

Embase from 1980 through December 2009. The following search terms were used: haemophilia, 

von Willebrand disease or coagulation disorder. The results of this search were combined with a 

subsequent search, in which the terms were arterial thrombosis, cardiovascular disease, arterial 

occlusive disease, atherosclerosis, cerebral vascular accident, stroke, myocardial infarction, acute 

coronary event, peripheral vascular event, peripheral artery disease, intima media thickness and 

fl ow mediated dilation. No language restrictions were initially applied to the search. A manual 
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review of references from primary or review articles was performed to identify any additional 

relevant studies. The “related articles” feature of Pubmed was also used. 

Study selection

Those studies that entailed observations of the same subjects over well-defi ned time periods 

were defi ned as longitudinal studies (e.g. prospective and retrospective cohort studies and 

registry studies). Longitudinal studies were included if they reported on mortality due to arte-

rial thrombosis (i.e. ischemic heart disease or ischemic stroke) in carriers of haemophilia or 

patients with haemophilia or VWD. Carriers of haemophilia were also included in the analyses 

since they may have a bleeding tendency that can be similar to that of mild haemophiliacs. But, 

since the pooling of male haemophilia patients and female carriers may lead to heterogeneity, 

we analyzed these groups separately. We further specifi ed that every longitudinal study should 

either report a standardized mortality ratio (SMR) with 95% confi dence interval (95% CI) or report 

suffi cient data to estimate this. To adjust for differences in age with the reference population, 

SMRs were calculated, in which the incidence rates in the patients and the general population are 

standardized with the age-distribution (in person-years) of the patients as weights. This leads to 

the calculation of an expected number of events, which is the number of events that would have 

happened in the patient group, if the population rates had applied to it. The SMR is the ratio of 

the observed over the expected number of events. Furthermore, all longitudinal studies reporting 

non-fatal arterial thrombotic events were also included. Only those cross-sectional studies that 

measured asymptomatic atherosclerosic disease in patients with haemophilia or VWD by means 

of ultrasonography, IMT or FMD were included in this review. 

Study selection and quality assessment

After identifying relevant titles, the abstracts of these studies were read to decide if the study was 

eligible. The full article was retrieved when the information in the title or abstract appeared to 

meet the inclusion criteria of this systematic review. The list of articles was reviewed indepen-

dently by two investigators (SB and MZ). Disagreement between the two reviewers was intended 

to be resolved by consensus or by the opinion of a third author if necessary. However, there was no 

disagreement during the review process.

Using a standardized data extraction sheet, the following data was collected from the articles: 

lead author, publication year, study design, sample size, years of follow-up, description of the 

study population, type of the coagulation disorder, and, if available, information on the classifi ca-

tion of the coagulation disorders. In addition, the following baseline characteristics were extracted 

(if reported): mean age of the population and the number and proportion of male patients. From 

cross-sectional studies crude and adjusted (for cardiovascular risk factors) mean IMT thickness of 

carotid and femoral artery, and mean percent of fl ow mediated dilatation were extracted. From lon-

gitudinal studies the SMR for fatal and non-fatal arterial thrombotic events was either calculated 

or extracted. The quality of cohort studies was assessed using a specifi c checklist consistent with 
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the consensus recommendations by the Meta-analysis Of Observational Studies in Epidemiology 

group.17 Cohort studies were assessed for quality according to four design features for each study: 

prospective data collection, consecutive patient enrolment, a clearly stated duration of follow-up 

and a description of losses during follow-up. 

Statistical analysis

Review Manager (RevMan version 5.0, Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2008) and the Stata statistical software package 10.0 (Stata Corp., College Station, 

TX) were used to pool data for each outcome variable. Summary estimates, including 95% con-

fi dence intervals were calculated. The cross-sectional studies consisted of continuous outcome 

data, therefore means and standard deviations of IMT were used to calculate a weighted mean dif-

ference in the meta-analysis. Data was pooled using the random effect model, where appropriate. 

X2- en I2-statistics were used to assess between-study heterogeneity. The SMRs in the longitudinal 

studies were pooled using a random effects model and was added in a Poisson regression model 

by calculating the ratio of the number of observed over expected events, in which the number of 

observed events is the sum of the observed events in all studies, and the number of expected events 

is the sum of the expected number of events in all studies. Like for the SMRs of the individual stud-

ies, confi dence intervals for the pooled SMR were based on a Poisson distribution of the observed 

number of events, whereas the expected number was considered invariant. 

RESULTS

Our initial search yielded 4450 potential literature citations (Figure 1). Of these, 4349 were excluded 

after scanning titles. Eighty-six studies were excluded after reading the articles: 60 studies were 

case reports, 10 citations were letters, 3 were autopsy studies, 2 studies only reported venous 

thrombosis, another 2 were reviews, and in one study the SMR was not reported and could not be 

calculated. The interobserver agreement for study selection and quality assessment was 100%. So, 

15 studies were included in the present review, with a total number of 19.242 patients, with 14.754 

haemophilia A patients, 3408 haemophilia B patients, 965 carriers of haemophilia A and B, and 

115 VWD patients (Table 1). 4-7,18-28 The number of patients in the various studies ranged from 

24 to 6018. The mean age of the patients in the various studies varied between 35 and 54 years. 

Eight longitudinal studies 22-26,28 and three cross-sectional studies 6,18,19 investigated males. In the 

remaining three cross-sectional studies the percentage male subjects ranged between 43% and 

60%. 7,20,21 In the remaining longitudinal study all patients were female carriers.27 
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Cardiovascular mortality in patients with hemophilia

All longitudinal studies 4,5,22-25,27,28 described cause specifi c mortality. All studies reported on 

both haemophilia A and B patients, but the infl uence of the type of hemophilia was not analyzed 

separately. One of these studies, by Šrámek and colleagues, studied carriers of haemophilia A and 

B. 27 None of the longitudinal studies analyzed patients with VWD. The duration of follow-up 

varied between 2 and 21 years. Follow-up was complete in 2 studies 4,24, and nearly complete (lost 

to follow up <5%) in 6 other studies.5,22,23,25,27,28 In one study, no information on completeness 

of follow-up was provided.26 Information on various parameters in the longitudinal studies 

was mostly obtained through surveys supplemented with data from the haemophilia treatment 

centers, treating or attending physicians, municipal registries and death certifi cates. All studies 

compared cause specifi c mortality with that of the general male population obtained through 

either the Central Bureau of Statistics or the World Health Organization. 

Most longitudinal studies 4,5,22-25,27 assessed cardiovascular mortality due to ischemic heart 

disease, whereas one study 5 also mentioned mortality due to ischemic stroke. One longitudinal 

study 28 reported on mortality due to circulatory disease without further specifying the underly-

ing causes, and was therefore left out from the pooled analysis. Three longitudinal studies 4,22,23 

assessed Dutch haemophilia patients from 1976 to 2001. 

The mean age of mortality in the various studies ranged between 44 and 54 years. Overall, 

the number of fatal arterial thrombotic events was low. Compared to the general population, 

patients with haemophilia had a non-signifi cant reduced mortality due to arterial thrombosis. 

For the seven studies, the overall SMR using a random effect model was 0.51 (95% CI 0.24-1.09). 

There was considerable, but not signifi cant, heterogeneity between the studies (p= 0.12) (Figure 

2). All longitudinal studies, 4,5,22-24,27 with the exception of the study by Soucie and colleagues, 25 

found a reduced mortality due to arterial thrombosis in carriers and patients with haemophilia, 

Figure 1. Flow chart

4450 citations identified and screened 

101 retrieved for more detailed 
evaluation

4349 excluded after title 
and abstract screening 

86 articles excluded 
60 case reports 
10 letters 
6 venous disease 
4 other reasons 
3 autopsy studies 
2 reviews 
1 no comparable 
data 

15 studies included in the 
systematic review 
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but due to the low number of events, confi dence intervals were wide. Exclusion of the study 

with haemophilia carriers resulted in a SMR of 0.59 (0.33-1.05). When restricting analyses to 

studies with a follow-up period of 10 years or longer and that had complete follow-up,4,5,24 the 

association between a lower cardiovascular mortality and haemophilia became more consistent 

(overall SMR 0.59, 0.48-0.72). In the only study that investigated the infl uence of haemophilia on 

ischemic stroke5, the SMR was 0.63, with a wide confi dence interval (0.17-1.62). The infl uence of 

the severity of haemophilia on cardiovascular mortality was assessed in one study, by Darby and 

colleagues.5 A similar reduction in cardiovascular mortality was found in patients with severe, 

moderate and mild haemophilia, but, again, the number of fatal cardiovascular events was too low 

to detect potential differences (1.2% in patients with severe haemophilia, and 1.9% for patients 

with moderate and mild haemophilia).

Non-fatal cardiovascular disease

Only one study investigated the infl uence of haemophilia on non-fatal arterial thrombotic events. 
26 The occurrence of ischemic heart disease (consisting of acute myocardial infarction, acute/ 

subacute coronary syndrome, angina pectoris, and chronic heart disease) in 3422 patients with 

haemophilia was based on hospital discharge diagnosis, and was compared with general U.S. 

males based on the National Hospital Discharge survey. From 1993 till 1998, ischemic heart 

disease was reported 79 times in 48 patients, corresponding with a prevalence of approximately 

2.3%. Among 45- to 64-year old haemophilic men, the discharge rate (per 1000) of ischemic 

heart disease was 24.1, 50% lower compared to that of U.S males (48.9/1000). This difference 

was 28% among patients of 64 years and older (127.3 versus 175.6 respectively). In addition, the 

Figure 2. The infl uence of haemophilia on cardiovascular mortality
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incidence of IHD was higher in patients wild mild haemophilia (3.4%) than in moderate-severe 

(0.7%) or severe (0.4%) type of haemophilia (p<0.001). When haemophilia A and B was analyzed 

separately, IHD was more prevalent in patients with haemophilia B (2.4%) than haemophilia A 

(1.1%) (p<0.05). No studies assessed the prevalence of peripheral arterial disease or stroke.

Prevalence of asymptomatic atherosclerosis in haemophilia and VWD 

Of the 6 cross-sectional studies 6,7,18-21 that assessed endothelial function or preclinical atheroscle-

rotic disease, one study 19 involved patients with haemophilia A and B, two studies 6,20 involved 

patients with haemophilia A and VWD, one study haemophilia A and B and VWD18 , whereas one 

study 21 described patients with type IIb VWD, and one study 7 investigated type 3 VWD patients. 

None of the studies was performed on either the same or an overlapping patient group. The 

ultrasonographers were not blinded for the severity of the bleeding disorder in any of the studies. 

Intima Media Thickness

Four studies assessed the presence of asymptomatic atherosclerosis by measuring IMT of the 

carotid artery, 7,18,19,21 with a total of 187 patients (99 haemophilia patients and 88 patients with 

VWD) and 290 control subjects, whereas three studies also assessed the femoral artery. 7,19,21 

Overall, the mean IMT of the carotid artery was 0.75 mm in patients with haemophilia and VWD 

and 0.74 mm in healthy controls, matched for age and sex (WMD 0.01 mm, 95% CI -0.02-0.04). 

The mean IMT of the femoral artery was 0.75 mm in patients with a coagulation disorder and 0.79 

mm in controls (WMD -0.04 mm, 95% CI -0.10-0.02). Statistical heterogeneity was not present in 

either of the two analyses (Fig 3a and 3b). 

Figure 3a. Carotid IMT in patients with haemophilia and VWD compared to healthy controls

Study or Subgroup
Bilora et al 2007
sartori et al 2008
Sramek et al 2001
Sramek et al 2004

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.80, df = 3 (P = 0.61); I² = 0%
Test for overall effect: Z = 0.51 (P = 0.61)

Mean
0.87
0.74
0.76
0.63

SD
0.38
0.09
0.18
0.17

Total
24
24
76
47

171

Mean
0.86

0.7
0.77
0.63

SD
0.21
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Total
24
24
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84

274

Weight
3.0%

28.0%
36.0%
33.1%

100.0%

IV, Random, 95% CI
0.01 [-0.16, 0.18]
0.04 [-0.02, 0.10]

-0.01 [-0.06, 0.04]
0.00 [-0.05, 0.05]

0.01 [-0.02, 0.04]

bleeding disorder Controls Mean Difference Mean Difference
IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours bleeding disorder Favours controls

Figure 3b. Femoral IMT in patients with haemophilia and VWD compared to healthy controls

Study or Subgroup
Bilora et al 2007
Sramek et al 2001
Sramek et al 2004

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.19, df = 2 (P = 0.33); I² = 9%
Test for overall effect: Z = 1.22 (P = 0.22)

Mean
0.92
0.75
0.59

SD
0.23
0.31
0.31

Total
24
76
47

147

Mean
0.96
0.83
0.57

SD
0.23

0.3
0.23

Total
24

142
84

250

Weight
21.0%
45.5%
33.5%

100.0%

IV, Random, 95% CI
-0.04 [-0.17, 0.09]
-0.08 [-0.17, 0.01]
0.02 [-0.08, 0.12]

-0.04 [-0.10, 0.02]

Bleeding disorder Controls Mean Difference Mean Difference
IV, Random, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours bleeding disorder Favours control
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The presence of atherosclerotic lesions and extent of the occlusion of the arteries was assessed 

by ultrasonography in two studies, 6,20 without quantifi cation of the IMT. The presence of athero-

sclerotic plaques was analyzed in various arteries (common carotid, bifurcation, brachial, femoral 

and abdominal aorta) of patients with haemophilia A or VWD. In the fi rst study, atherosclerotic 

plaques of the carotid artery were present in 13.1% of 76 patients with haemophilia A and VWD 

(mean age 58 years), and in 27.2% of the 77 controls (p<0.05). 20This difference was more 

pronounced in patients older than 60 years. In the second study,6 atherosclerotic plaques in the 

abdominal aorta were present in 7.5 % of the 40 patients with haemophilia A and VWD (mean age 

48 years) and in 27.5% of the 40 controls (p<0.001). Twelve and a half percent of the 40 patients 

and 42.5% of the 40 control subjects had plaques in the leg arteries (p<0.001).

Four cross-sectional studies 6,18-20 analysed the relation between the severity of the coagulation 

defect and atherosclerosis. In the study by Šrámek and colleagues 18 mean IMT of the femoral arter-

ies was similar in patients with moderate and severe haemophilia (0.74 mm, 95% CI 0.64-0.87) 

and in individuals with a mild form (0.76 mm, 95% CI 0.69-0.84). Also in the study by Sartori and 

colleagues, IMT of the carotid artery was not different between patients with moderate to severe 

compared mild haemophilia.19 Two studies by Bilora et al. 6,20 showed less atherosclerotic plaques 

in patients with a more severe coagulation defect.

Flow Mediated Dilatation

Endothelial dysfunction, assessed with FMD, was analyzed in two studies.19,21 FMD was lower in 

40 haemophilia patients compared to 40 controls (3.8 ± 5.2% vs. 20.3 ± 13.0%, P < 0.0001) in the 

fi rst study, and this difference remained after adjustment for viral infections.19 In this study, sever-

ity of haemophilia did not affect FMD. In the second study, the percentage of vasodilation was 

15.2 ± 3.1% in 24 type IIb VWD patients and 14.1 ± 2.9% in 24 controls, which was not different.21 

DISCUSSION

Our fi ndings suggest that mortality due to ischemic heart disease is 50% lower in patients with 

haemophilia when compared to the general population. This association is more consistent in 

studies with longer and complete follow-up. Asymptomatic atherosclerosis as measured by IMT 

of the carotid and femoral arteries in patients with VWD and haemophilia was not different from 

healthy matched controls, but atherosclerotic plaques of the large arteries were less prevalent in 

these patients. Interestingly, in the only (large) study assessing non-fatal cardiovascular events, 

haemophilia not only reduced cardiovascular events, but patients with severe haemophilia had 

fewer events than those with mild or moderate haemophilia. Haemophilia B patients had more 

cardiovascular events than those with type A. The infl uence of VWD on cardiovascular events has 

not been studied. 
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The potential benefi cial effect of haemophilia on arterial thrombosis could be the result of 

reduced thrombin formation. Thrombin is the key player in both fi brin formation and platelet 

activation. Thrombin cleaves fi brinogen to form fi brin, but can also trigger platelet activation 

through Protease-Activated Receptors (PAR) 1 and 4.29 This may lead to the formation of thrombi 

and ultimately to vascular occlusion. Importantly, thrombin may also infl uence the process of 

atherosclerosis. Tissue factor and PARs are highly expressed in human atheroma and are induced 

in response to injury in animal models.30 In vitro, PAR activation induces leucocyte chemotaxis, 

smooth muscle cell proliferation and migration, which may lead to arterial remodeling and steno-

sis of the injured artery.31 In addition, coagulation factors and PARs are also involved in infl amma-

tory responses and repair after injury.32 These data suggest that local arterial damage may trigger 

both platelet activation and thrombin formation, which may further lead to arterial remodeling. 

It may well be that patients with haemophilia, who have a decreased thrombin formation, are 

relatively protected from these atherosclerotic processes.

Our systematic review cannot answer the question whether the association between hae-

mophilia and arterial thrombosis is causal. The observed reduction in mortality, for instance, 

could be explained by a difference in cardiovascular risk factors between individuals with and 

without haemophilia. As previously shown by Rosendaal and colleagues, this seems not to be an 

explanation. 33 As a prerequisite for causality, the association between haemophilia and arterial 

thrombosis seems biologically plausible. In addition, the association was consistent in different 

studies: only the study by Soucie and colleagues 25 found no reduction in cardiovascular mortal-

ity. Furthermore, there seemed to be a dose-response gradient, in the sense that a more severe 

defi ciency of factor VIII offered better protection. Although this was not apparent in two longitu-

dinal studies, 5,27 a more severe type of haemophilia also seemed to reduce non-fatal events and 

atherosclerotic plaques compared to mild haemophilia. 6,18-20,26 However, these data were based 

on a small number of patients and events, affecting the strength of the association. Finally, also 

carriers of haemophilia had a 36% reduction in mortality due to ischemic heart disease. 27

Life-long hypocoagulability may be an interesting model to investigate the role of haemostasis 

in the occurrence of arterial thrombosis and the formation of atherosclerotic plaques. Further 

studies on this subject could serve two goals. First, the role of coagulation in the formation of 

atherosclerotic plaque formation could be further explored. If low factor VIII levels reduce athero-

genesis and this is mediated through decreased thrombin generation, specifi c anticoagulants, like 

thrombin inhibitors, may be benefi cial. Next, if patients with haemophilia and cardiovascular risk 

factors are not protected against atherosclerosis, cardiovascular prevention will also be applicable 

to haemophilia patients, since the life expectancy of these patients has considerably increased. 34 

However, we noticed some methodological drawbacks of the studies included in this systematic 

review. In general, the number of fatal cardiovascular events was low, mostly due to the relatively 

young age of the patients, and therefore confi dence intervals were wide. Non-fatal cardiovascular 

events, which are more prevalent than fatal ones, were reported only in one longitudinal study.26 

Furthermore, the low life-expectancy of haemophilia patients as a result of bleeding complications 
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and poor treatment regimens in the 70s and 80s of the last century may have affected cause specifi c 

mortality ratios. Also HIV, a well-known cardiovascular risk factor, may have infl uenced cardiovas-

cular mortality, but was seldom mentioned in the studies. However, Darby and colleagues showed 

a 40% reduction in cardiovascular mortality in haemophilia patients without HIV.5 Also in the IMT 

studies, the number of participants was small, whereas the detection of signifi cant differences in 

IMT requires large populations. Together with the relative young age of the participants and a low 

prevalence of cardiovascular risk factors, an inverse association between hypocoagulability and 

atherosclerosis is diffi cult to detect. Since IMT is clearly affected by age 35 and atherosclerotic risk 

factors, 36 the question whether a hypocoagulable state protects against atherosclerosis should be 

studied in older patients with a higher prevalence of cardiovascular risk factors. 

In conclusion, this systematic review suggests that patients with haemophilia have a reduced 

cardiovascular mortality. Whether this reduction is mediated by a lesser formation of atheroscle-

rosis should be investigated in patients with a higher prevalence of cardiovascular risk factors. 
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ABSTRACT

Hemophilia patients have a reduced cardiovascular mortality, which may be the result of a lifelong 

defi ciency of factor VIII or IX. On the other hand, the prevalence of risk factors may differ in these 

chronically ill patients compared to the general population. 

The prevalence of risk factors and expected risk of cardiovascular disease was compared 

in hemophilia patients and healthy controls. In adult hemophilia A and B patients, body mass 

index, blood pressure, cholesterol levels and fasting glucose levels were measured and compared 

to healthy age-matched males. The expected risk of mortality due to cardiovascular disease was 

calculated using a European risk prediction algorithm (SCORE). 

Hundred hemophilia A and B patients and 200 healthy controls were analysed. The mean age 

of the patients was 47 years (range 18-83). The number of hemophiliacs with hyperglycemia (24%) 

and hypertension (51%) was higher than in the controls (p-values 0.001 and 0.03, respectively). 

The mean LDL cholesterol level in cases was lower than the controls (3.02 mmol/L (0.69-6.57) and 

3.60 mmol/L (1.68-5.95), respectively, p < 0.001). Fewer cases had increased LDL levels (p=0.045). 

No difference was found in the ten-year cardiovascular mortality risk >10% between cases and 

controls (12% and 7% respectively, p = 0.18). 

The prevalence of risk factors and expected risk of cardiovascular disease in hemophilia patients 

is comparable to the general population. This strengthens the hypothesis that hypocoagulability 

may reduce cardiovascular mortality in hemophilia patients.
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INTRODUCTION

The concept of risk factors for cardiovascular disease has been well established. Besides classical 

risk factors such as hypertension (1,2), hypercholesterolemia (3), smoking (4), diabetes mellitus 

(5) and obesity, (6) a prothrombotic state may also play a role in the development of fatal and non-

fatal cardiovascular events. Increased levels of fi brinogen (7), von Willebrand factor (VWF) (8) and 

factor VIII levels (9,10) have all been associated with an increased risk of cardiovascular disease. 

As there is increasing evidence that a hypercoagulable state is associated with arterial disease, 

the opposite may also hold true. Individuals with an inherited coagulation defi ciency, as is the 

case in hemophilia patients, have a decreased mortality due to cardiovascular disease (11-13). In a 

survey among all hemophilia patients in the Netherlands, the standardized mortality ratio (SMR) 

for cardiovascular mortality was 0.2 (95% CI 0.0-1.1) between 1973 and 1986 (11). Following this 

same cohort, the SMR was 0.5 (0.2-1.1) between 1992 and 2001 [14]. In 2007, a large UK survey 

also found a reduced cardiovascular mortality (SMR 0.62; 95% CI 0,51-0,76) between 1977 and 

1999 in hemophilia patients not infected with HIV (12). This reduced mortality from cardiovascu-

lar disease has been explained by a protective effect of having lifelong low coagulation factor levels 

and a more favourable cardiovascular risk profi le (15). The life expectancy of hemophilia patients 

has increased considerably, which means the risk of mortality due to cardiovascular disease has 

increased. Yet, the question whether hemophilia patients have a better cardiovascular risk profi le 

is still unclear. 

We hypothesized that the prevalence of cardiovascular risk factors in hemophilia patients is 

similar to healthy controls and that the reduced mortality due to cardiovascular disease can be 

explained by the lifelong hypocoagulability. In the present study, we compared the prevalence of 

major cardiovascular risk factors between hemophilia patients and matched controls who did not 

have a previous cardiovascular event. In addition, we assessed the number of patients and controls 

with a high cardiovascular mortality risk.

METHODS

Study design

Hemophilia patients were recruited from two Hemophilia Treatment Centres (the Academic Medi-

cal Center, Amsterdam, and the Erasmus Medical Center, Rotterdam) in the Netherlands. The study 

had been approved by the local medical ethical committee. All hemophilia A and B patients, 18 

years and older, without a history of cardiovascular disease, were asked to participate. Hemophilia 

patients were selected irrespective of the severity of their disease. Patients were invited to visit their 

treatment center or were included during their regular outpatient clinic visit. Control subjects 

were a representation of the general Dutch population, consisting of healthy individuals who were 

screened for risk factors by their general practitioner and employees of Dutch companies, who 
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underwent a screening for cardiovascular risk factors. The controls were also not allowed to have 

a history of cardiovascular disease. These subjects were sex- and age-matched, 2:1 to the patients. 

Cardiovascular risk assessment

History on cardiovascular risk factors was obtained from the cases during the study visit. A 

physical examination was performed to measure blood pressure, waist circumference, weight and 

height. In all subjects, a fasting blood sample was taken, and included glucose, total cholesterol, 

LDL-cholesterol and HDL-cholesterol and triglyceride levels. All measurements were performed 

on one single occasion. Total cholesterol (TC) levels, LDL cholesterol and triglyceride levels were 

considered to be increased when they exceeded the 95th percentile of the reference values of the 

concerning age categories. HDL levels were considered to be low when they were below the 5th 

percentile of the reference values of the concerning age categories. Hyperglycemia was defi ned as 

fasting glucose levels of more than 6.1 mmol/L on one occasion. Hypertension was defi ned as a 

systolic blood pressure higher than 140 mmHg or a diastolic blood pressure of 90 mmHg or more 

on three consecutive measurements or if cases reported use of anti-hypertensives. The labora-

tory measurements were performed separately in certifi ed laboratories of the two participating 

centres. Obesity was defi ned as a Body Mass Index (BMI) ≥30 kg/m2. The controls had previously 

undergone similar procedures for the collection of data. Furthermore, since the risk of cardio-

vascular disease often results from a combination of risk factors, fi rst the prevalence of one and 

multiple risk factors was assessed in both groups. To further specify the expected risk associated 

with these risk factors, the 10-year mortality risk due to cardiovascular disease was calculated with 

The European risk prediction system, Systemic Coronary Risk Evaluation (SCORE) [16]. This risk 

score results in a percentage as a risk estimate for cardiovascular death and is based on age, sex, 

smoking habits, systolic blood pressure and either total cholesterol or cholesterol/ HDL ratio. It 

estimates the total mortality due to ischemic heart disease and stroke. A score of higher than 10% 

confers a high risk, necessitating intervention. 

Statistical analysis

Data was analyzed using SPSS Statistical Software version 16.0. Baseline characteristics were sum-

marised in case of normally distributed data by means and standard deviations (SD) and by using 

medians and ranges in case of skewed distributed data. Student’s t-test was applied for continu-

ous variables and by 2-test for discrete variables, after log-transformation when appropriate. The 

prevalence of risk factors was reported in numbers and percentages. 

RESULTS

Hundred hemophilia patients and 200 healthy age-matched males were included in the study with 

a mean age of 47 years (range 18-83) (Table 1). As expected the majority of the patients (89%), were 

hemophilia A patients, only 11 patients (11%) suffered from hemophilia B. Twenty-four patients 

were known with severe hemophilia (factor VIII or IX < 0.01 IE/ml), 12 patients had moderate 
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hemophilia (factor VIII or IX 0.01-0.05 IE/ml) and 64 had mild hemophilia (factor VIII or IX 

0.06-0.4 IE/ml). Eighty-six percent of the hemophilia patients received on demand treatment with 

factor VIII or IX concentrate, whereas 14% were treated with prophylaxis. The prevalence of inhibi-

tors was 3%. The majority of the hemophilia patients (90%) and healthy matched controls (98%) 

were of Caucasian origin (p=0.08). Of the cases, three patients were Hispanic, 4 patients were of 

Mediterranean origin, two patients were of African origin and one was of Asian origin. Among the 

control subjects, 6 subjects had a mixed ethnicity.

Table 1. Baseline characteristics

Hemophilia patients 
(n=100)

Controls 
(n=200) p-value

Mean age (range)
Age categories
18-29 years
30-39 years
40-59 years
60-74 years
> 75 years

47 (18-83)

14%
19%
42%
24%
1%

48 (22-71)

14%
19%
42%
24%
1%

P=0.82

Hemophilia type
 A
 B

89%
11%

-

Hemophilia severity
 Mild
 Moderate
 Severe

64%
12%
24%

-

HCV positive 22% -

HIV positive 3% -

CVD history None None

Medication
Diabetes
Antihypertensives
Lipid lowering Drugs

6%
25%
8%

1.5%
11.5%
7.5%

0.08
0.006
0.88

Prevalence of cardiovascular risk factors

The prevalence of hypertension (51% and 37.5%, respectively, p<0.03) and hyperglycemia (24% and 

7.5%, respectively, p<0.001) was higher among the hemophilia patients than the healthy males. The 

prevalence of obesity and smoking was somewhat higher in cases, but did not reach statistical signifi -

cance (Table 2). Cases seemed to have a lower prevalence of one or more abnormalities in their lipid 

profi le than controls (0.06% and 12% respectively, p=0.10). Thirty nine percent of the hemophilia 

patients used cardioprotective medication (i.e antihypertensive, lipid lowering drugs or antidiabetic 

drugs) compared to 20.5% of the controls. Use of anti-hypertensives was greater in the hemophiliacs, 

whereas the use of lipid lowering drugs and antidiabetic drugs was comparable (Table 1).
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When assessing the infl uence of the severity of hemophilia on the prevalence of risk factors, 

smoking, hypertension, obesity and hyperglycemia in combination with use antidiabetic drugs, 

were equally prevalent in severe and non-severe hemophiliacs (Table 3).

Table 2. Prevalence of cardiovascular risk factors

Risk factors Hemophilia patients 
(n=100)

Controls 
(n=200)

p-value

Smoking 30 % 22% P=0.13

Hypertension 51% 37.5% P=0.03

mean Systolic BP 134 131 P=0.24

mean Diastolic BP 79 81 P=0.16

Obesity (BMI>30 kg/m2 ) 19% 13% P=0.20

Median BMI (kg/m2) 26 (16-50) 26 (18-41) P=0.26

Low HDL-cholesterol 0% 0% P>0.05

High LDL-cholesterol 1% 6% P=0.045

High triglycerides 2% 6% P=0.612

High total cholesterol 3% 8.5% P=0.072

High glucose levels 24% 7.5% P=0.001

Table 3. Association between severity of hemophilia and prevalence of cardiovascular risk (factors)

Risk factors Severe 
hemophiliacs 

(n=24)

Moderate 
hemophiliacs 

(n=12)

Mild 
hemophiliacs 

(n=64)

p-value*

Smoking 41.7% 25% 26.6% 0.16

Hypertension 45.8% 66.7% 50% 0.56

Obesity (BMI>30 kg/m2 ) 8.3% 58.3% 20.3% 0.13

High glucose levels or use 
of diabetes medication

21% 58.3% 26.6% 0.68

SCORE >10% 8.3% 16.7% 12.5% 0.53

*p-value severe hemophilia versus non-severe hemophilia

Laboratory results

Mean or median values of TC, HDL cholesterol, LDL cholesterol, triglyceride levels and glucose 

are shown in Table 4. Overall, mean total cholesterol (4.87 mmol/L and 5.50 mmol/L respectively, 

p <0.001) and mean LDL-cholesterol levels were lower in hemophilia patients than in control 

subjects (3.02 and 3.60 mmol/L respectively, p< 0.001). Also, more control subjects had increased 

LDL-cholesterol levels than cases (6% and 1% respectively, p <0.045). HDL and triglyceride levels 

were similar in cases and controls. Severe hemophilia patients did not have lower mean total 

cholesterol levels compared to non-severe hemophilia patients.
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Table 4. Laboratory results

Hemophilia 
patients (n=100)

Severe 
hemophilia

Moderate 
hemophilia

Mild 
hemophilia

Controls 
(n=200)

p-value*

mean LDL-cholesterol 
(mmol/l)

3.02 2.90 2.64 3.13 3.60 P =0.001

mean HDL-cholesterol 
(mmol/l)

1.28 1.33 1.20 1.28 1.28 P=0.99

mean total cholesterol 
(mmol/l)

4.87 4.72 4.57 4.98 5.50 P=0.001

mean triglycerides 
(mmol/l)

1.29 1.13 1.37 1.34 1.43 P=0.45

median glucose 
(mmol/l)

5.30 
(3.50-15.4)

5.73 5.80 5.70 5.06 
(3.45-12.5)

P=0.05

*p-value total group of hemophilia patients versus controls, na= not assessed

Cardiovascular risk assessment

Figure 1 shows the prevalence of concurrent risk factors for cardiovascular disease. Overall, the 

prevalence of one risk factor (39% and 32% respectively, p=0.10) and multiple cardiovascular risk 

factors (40% and 39% respectively, p =0.33) was similar in cases and controls. Only the prevalence 

of more than 4 combined risk factor was higher in hemophilia patients (5 % and 3 % respectively, 

p= 0.037).

Figure 1. Prevalence of risk factors cardiovascular diseas

The median 10-year risk of fatal cardiovascular disease was low for both hemophilia patients 

and controls, 1.8% (p =0.23). The median risk ranged from 0.10% to 43% in the cases and 0.12% 

to 19% in the controls. The percentage of hemophilia patients with a high cardiovascular mortality 
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(10-year cardiovascular mortality risk >10%) risk score was 12% compared to 7% in the controls 

(p= 0.18). When assessing the infl uence of severity of hemophilia on the prevalence of an increased 

risk of cardiovascular mortality, this risk was comparable in severe and non-severe hemophilia 

patients (p=0.53) (Table 3).

When excluding individuals using medication for the prevention of cardiovascular diseases 

from the analysis, the number of hemophilia patients with a high risk reduced from 12% to 4% 

and remained 7% for the controls.

DISCUSSION

Our results show that overall the prevalence of cardiovascular risk factors and associated risk of 

cardiovascular disease was comparable between hemophilia patients and controls coming from 

the general population. Consequently, the lower risk of cardiovascular mortality in hemophilia 

patients as found in several cohort studies will more likely be due to hypocoagulability and a 

decreased arterial thrombus formation.

In clinical practice, patients with a chronic disorder are well looked after, which could result in 

a more health-conscious lifestyle. Therefore, patients with hemophilia could be expected to refrain 

from smoking, have a healthy diet and perform regular exercise. On the other hand, reduced 

mobility due to arthropathy as a result of frequent bleeding complications or fear of accidents 

causing bleeding, could also mediate a higher prevalence of obesity, diabetes and dyslipidemia. 

About 20 years ago Rosendaal and colleagues assessed the prevalence of cardiovascular risk fac-

tors in 95 hemophilia patients (15). They also found an increased prevalence of hypertension and 

lower mean total cholesterol levels among the patients with hemophilia compared to the general 

population. Foley and colleagues previously found that both the prevalence of risk factors, as well 

as the degree of coronary luminal stenosis at autopsy was comparable between hemophiliacs and 

controls (17). In contrast to Rosendaal and colleagues, severity of hemophilia had no infl uence on 

total cholesterol levels in our study. Although in general 43 to 50% of the hemophilia population is 

expected to have a severe genotype, in the present study this number was considerably lower (18). 

This unexpected distribution occurred in spite of a random inclusion of the patients. 

The observed higher prevalence of hypertension and use of anti-hypertensive medication 

between hemophilia patients and the controls is most likely the result of the regular visits of the 

hemophiliacs to the outpatient clinics, where hypertension will be more readily diagnosed and 

treated than in controls. Far less likely, but possible, may be the occurrence of intra-parenchymal 

haemorrhages in the kidneys of hemophilia patients leading to hypertension (19). Likewise, also 

diabetes mellitus may have been detected at a lower threshold in the hemophilia patients. 

Cardiovascular risk factors associated with a Western lifestyle have increased, not only for the 

general population but also for the hemophilia patients. The fact that over 50% of our hemophilia 
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patients had hypertension and 25% had hyperglycemia is alarming, the more so since the average 

age of the patients was only 47 years. 

These patients will need preventive measures, such as either diet and weight loss or medication. 

Since cardiovascular disease is multifactorial, people who develop atherosclerotic cardiovascular 

disease have several risk factors, which interact to produce their total risk. A single cardiovascu-

lar risk factor will have a poor predictive value. Current recommendations on the prevention of 

coronary heart disease in clinical practice are based on an assessment of the individual’s total 

burden of risk rather than on the level of any particular risk factor. Overall no differences were 

seen when assessing the cardiovascular risk using the prevalence of multiple concurrent risk fac-

tors. We analysed the overall cardiovascular mortality risk with the SCORE algorithm, since it was 

derived, unlike the Framingham score, from the European population. The SCORE estimation for 

high-risk region was applied for the Netherlands. 

The present study has several limitations. Although this risk algorithm has not been validated 

in the hemophilia population, it will give an estimation of the expected cardiovascular mortal-

ity in this group. Ideally, the present population should be followed in time to assess if the risk 

stratifi cation according to SCORE is reliable in hemophilia patients. Unfortunately we could not 

correct for the use of cardiopreventive medication in the SCORE analysis. However, when exclud-

ing individuals using this medication from the analysis, the number of hemophilia patients and 

controls with a high risk remained comparable between the two groups.

Furthermore, since the study population was heterogeneous (wide age range, consisting of 

both hemophilia A and B patients), the results on the risk of cardiovascular disease of the present 

study don’t necessarily apply to the entire hemophilia population. A more representative study 

population would perhaps include more elderly patients, with both severity and type of hemo-

philia evenly distributed, allowing subgroup analyses. However, only recently the life-expectancy 

of hemophilia patients has considerably increased. 

Nevertheless, our results showed no differences between both study groups and therefore 

underline that the observed difference in mortality due to cardiovascular disease does not result 

from a more favourable risk profi le. 

Irrespective of the potential benefi t of hemophilia patients for cardiovascular mortality, our 

results stress the need for an active screening for cardiovascular risk factors. Treatment of acute 

cardiovascular events is challenging in hemophilia patients (20). Besides, hypertension and 

hyperglycemia not only increase the risk for cardiovascular events, but also increase the risk of 

microvascular disease and cerebral haemorrhage for which hemophilia has no (known) preventive 

effect. 

In conclusion, adult hemophilia patients do not have a lower prevalence of cardiovascular risk 

factors compared to the general population. This strengthens the hypothesis that the benefi cial 

effect of hemophilia on cardiovascular mortality may be due to hypocoagulability. On the other 

hand, considering the high prevalence of patients with cardiovascular risk factors, active screen-

ing for these risk factors is recommended.
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ABSTRACT

Background Hemophilia A patients have a lower cardiovascular mortality compared to the general 

population. Whether this protection is caused by hypocoagulability or decreased atherogenesis is 

unclear. We evaluated atherosclerosis and endothelial function in hemophilia A patients with and 

without obesity as well as in matched unaffected controls.

Methods and Results Fifty-one obese (body mass index (BMI) ≥30 kg/m2) and 47 non-obese (BMI 

≤25 kg/m2) hemophilia A patients, and 42 obese and 50 matched non-obese male controls were 

included. Carotid and femoral intima media thickness (CIMT and FIMT) and brachial fl ow 

mediated dilatation (FMD) were measured, as markers of atherogenesis and endothelial func-

tion. Overall, population age was 50 ±13 years. CIMT was increased in obese (0.77 ± 0.22 mm) 

compared to non-obese subjects (0.69 ± 0.16 mm), (mean  0.07 mm (95%CI 0.02-0.13 mm, p= 

0.008). No differences in mean CIMT and FIMT between obese hemophilia patients and obese 

controls were found (mean  0.02 mm (95% CI -0.07-0.11, p=0.67) and 0.06 mm (95% CI -0.13-

0.25, p=0.55), respectively). Thirty-fi ve percent of the obese hemophilia patients and 29% of the 

obese controls had an atherosclerotic plaque (p=0.49), irrespective of the severity of hemophilia. 

FMD was comparable between obese hemophiliacs and obese controls (4.84% ± 3.24 and 5.32% 

± 2.37, p=0.45). 

Conclusion Hemophilia A patients with and without obesity have the same degree of atheroscle-

rosis and endothelial function as their matched controls. These fi ndings suggest that the lower 

cardiovascular mortality in hemophilia patients is likely caused by a decreased risk of arterial 

thrombosis.
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BACKGROUND

Studies assessing the role of hemostasis in ischemic cardiovascular disease (CVD) indicate that 

hypercoagulability increases the risk of CVD, whereas a bleeding tendency seems to be associated 

with a lower risk. Previous studies showed that high levels of factor VIII are associated with an 

increased risk of both venous and arterial thrombosis1, and numerous other coagulation factors 

have also been related to an increased thrombotic risk.2-6 The opposite also holds true, since 

patients with a hereditary defi ciency of factor VIII (hemophilia A) experience a considerable 

protection against mortality due to CVD.7-9 In a recent meta-analysis it was shown that compared 

to the general population, patients with hemophilia had a 50% reduction in mortality due to 

ischemic heart disease.10

Two processes are required for an arterial thrombotic event to occur: atherogenesis, which 

gradually leads to the development of an atherosclerotic plaque, and atherothrombosis, the acute 

formation of an occluding thrombus. A role of hemostasis in the formation of an occluding 

thrombus is evident, but coagulation factors such as factor VIII may also be involved in athero-

genesis.11,12

Whether hemophilia A protects against atherogenesis is unclear. Although factor VIII defi -

ciency seemed to protect against atherogenesis in some animal and human studies,13-16 other 

studies found no association.17-20 However, the relative low incidence of cardiovascular events 

in this group of patients requires large population based studies. A major drawback of previous 

studies in hemophilia patients is the relative absence of cardiovascular risk factors. Measurement 

of the carotid and femoral intima media thickness (IMT) and endothelial function by means of 

brachial fl ow mediated dilatation (FMD) allow early detection of atherosclerosis or functional 

vessel wall abnormalities, but comparing subjects with a low prevalence of risk factors may not 

be the best model to distinguish differences in subclinical atherosclerosis. Studies assessing the 

prevalence of atherosclerosis in hemophilia patients with pro-atherosclerotic risk factors are lack-

ing. Obesity is such an established and major cardiovascular risk factor.21,22 In addition, obesity is 

equally prevalent in the hemophilia population as in the general population.23 

To test our hypothesis that a lifelong hypocoagulable state (i.e. factor VIII defi ciency) lowers 

the formation of atherosclerosis, we investigated the relationship between hemophilia A and the 

extent of atherosclerosis in a multicenter cross-sectional study. To assess subclinical atheroscle-

rosis and (impaired) vascular function we measured IMT and FMD in hemophilia A patients with 

and without obesity and controls who were matched for age, gender and body mass index (BMI). 
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METHODS

Participating centers

Hemophilia A patients were recruited from various hemophilia treatment centers across the 

Netherlands and Belgium. Enrolment in the study took place in three study centers: the Academic 

Medical Center in Amsterdam, the Netherlands (AMC), University Medical Center Utrecht in Utre-

cht (UMCU), the Netherlands, and the University Hospital in Leuven (UZL), Belgium. The study 

was approved by the local ethics committees and inclusion took place after informed consent had 

been obtained. 

Study population

Hemophilia A patients older than 18 years who had a BMI ≥30 kg/m2 were eligible for inclusion, 

irrespective of the severity of hemophilia. These patients were matched for age and severity of 

disease with non-obese hemophilia A patients (BMI ≤ 25 kg/m2). Hemophilia A patients with a 

history of symptomatic atherosclerotic disease (i.e. ischemic heart disease, stroke or peripheral 

vascular disease) or HIV were excluded. 

Controls were matched to hemophilia patients for BMI, age and gender. These controls were 

recruited through placement of an advertisement in local newspapers or were healthy volunteers 

who had participated in other studies on cardiovascular disease at the Department of Vascular 

Medicine of the AMC, The Netherlands. To improve accrual, an obesity clinic in the Netherlands 

was also approached to identify suitable control subjects. 

Study regimen and assessment of risk factors

All study subjects were invited to one of the centers after an overnight fast. Patients were instructed 

to refrain from food and drinks, except water, in the 10 hours prior to each measurement. Fur-

thermore, to avoid any infl uence of a vena puncture on the FMD measurements, patients were 

asked to refrain from prophylactic infusion of factor VIII prior to the visit. Patients with a severe 

form of hemophilia however received factor VIII prophylaxis after blood collection, to avoid any 

bleeding complications as a result of the prolonged blood pressure cuff infl ation during the FMD 

measurement. The study visit included measurement of the carotid and femoral IMT and brachial 

FMD by means of ultrasonography; a vena puncture to assess fasting glucose and lipid levels; 

and a physical examination including measurement of weight, length, waist and hip circumfer-

ence. In all subjects, the ultrasound measurements preceded blood collection. Blood pressure was 

measured three times in a supine position during the IMT assessment and the last measurement 

was registered. Additionally, a medical history was obtained. Total cholesterol (TC) levels, LDL 

cholesterol and triglyceride levels were considered to be increased when they exceeded the 95th 

percentile of the reference values for the relevant age categories. HDL levels were considered to be 

low when they were below the fi fth percentile of the reference values for the relevant age categories. 

Dyslipidemia was defi ned as the use of lipid lowering drugs and/or any of the cholesterol levels 
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exceeding the reference values for the relevant age categories. Diabetes mellitus was defi ned as the 

use of anti-diabetes medication and/or fasting glucose levels higher than 7.1 mmol/L. Hyperten-

sion was defi ned as the use of antihypertensive medication, a systolic blood pressure >140 mmHg, 

and/or a diastolic blood pressure of > 90 mmHg. 

Ultrasonography
Assessment of carotid and femoral intima-media thickness (IMT)

For assessment of carotid and femoral ultrasound intima-media thickness (IMT) measurements, 

Acuson Sequoia instruments (Siemens Medical Solutions, Erlangen, Germany) equipped with 

linear-array ultrasound transducers (L7, 5–12 MHz) were used in all three study centers. Sonogra-

phers were trained and certifi ed. Instrument application and scanning protocols were standard-

ized as described in extenso previously.24 In each subject three arterial wall segments of the right 

and three segments of the left carotid artery were scanned; in each of the femoral arteries, one 

segment was scanned. In each center a maximum of two sonographers performed the ultrasound 

procedures. High-resolution images of each of the segments were saved as DICOM (Digital Imag-

ing and Communication) in the diastole of the vessel. From all the centers, scans were transmitted 

by secure fi le transfer protocol (sFTP) to the AMC Vascular Imaging core laboratory. Image analy-

ses was done by one certifi ed ultrasound analyst (reader). For carotid and femoral IMT analyses 

eTRACK software (Vascular Imaging and Department of Physiology, AMC, Amsterdam, the Neth-

erlands) was used. The reader was blinded to demographic and clinical information of subjects. 

The primary ultrasound outcome was the per subject mean IMT of the six carotid arterial wall 

segments (mean carotid IMT). All other IMT outcomes, such as the per subject average maximum 

IMT of the six carotid segments (max carotid IMT), used to assess the presence of plaque, as well 

as the femoral IMT were secondary endpoints. To assess intrasonographer reproducibility and 

for quality control (QC) purposes repeat scans were assessed in 17 subjects. The observed mean 

difference of mean CIMT was 0.077 mm, which was far within the predefi ned intrasonographer 

QC limits of 0.2 mm.

Plaques 

Since there is no clear consensus on the defi nition of plaques in the femoral artery, we only anal-

ysed the presence of atherosclerotic plaque in the carotid artery. All segments of the carotid artery 

were assessed for the presence of atherosclerotic plaques. A plaque was predefi ned as a maximum 

IMT ≥ 1.3 mm of any given segment of the carotid artery.25 

Assessment of endothelial function by means of brachial fl ow mediated dilatation (FMD)

Instrument application and scanning protocols were standardized as described previously.26,27 

Sonographers were trained and certifi ed. Each study subject underwent measurement of 

endothelium-dependent vascular responses of the left brachial artery by B-mode ultrasound 

imaging. Acuson Aspen (Siemens, Mountain View USA) ultrasound systems equipped with L7, 
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5-10 MHz linear arrays were used. Prior to starting the FMD scan subjects rested for at least 10 

minutes in a quiet and temperature-controlled (21°C to 23°C) examination room. In all subjects 

the left brachial artery was scanned. Subsequently, the subjects’ left arm was placed in a custom 

made transducer holder with arm support and a blood pressure cuff was placed on the left forearm 

from the medial epicondyle downwards. A straight, non-branching segment of the brachial artery 

above the antecubital fossa was identifi ed and scanned longitudinally. Following optimisation of 

depth and gain settings, end-diastolic brachial artery diameters were recorded at a beat-to-beat 

interval for 1 minute (baseline measurement). The cuff was then infl ated to 250 mm Hg on the 

forearm for 5 minutes after which the cuff was defl ated and the segment of the brachial artery was 

recorded continuously for another 3 minutes. Clips were stored on magnetic optical disc. Brachial 

artery diameter was analysed qualitatively and quantitatively offl ine by certifi ed image analyst at 

the core lab of AMC Vascular imaging, Amsterdam. For image assessments, a validated automatic 

edge-detection system (Brachial Analyser, Medical Imaging Applications LLC, USA) was used. 

FMD was expressed as the % of the difference between the maximum post-cuff release brachial 

diameter and average pre-cuff infl ation (‘baseline’) diameter. For brachial FMD QC purposes 19 

repeat scans were available. With a pre-set intrasonographer QC limit of a mean difference FMD 

smaller than 2%, the sonographers and image analysts met the predefi ned criteria by far: the mean 

difference of paired repeat brachial FMD scans was 0.79%. 

Statistical analysis

Data are presented as mean (±SD) for continuous variables, median and ranges for variables with a 

skewed distribution, and frequencies or percentages for categorical variables. Differences in mean 

values were assessed using t-tests, after log-transformation in case of skewed data and adjusted 

by Bonferroni correction for multiple testing. Differences in mean IMT and FMD between the 

various subgroups were also compared using t-tests. Categorical variables were compared using 

chi-square tests. Carotid and femoral IMT were stratifi ed for age and risk factors for cardiovascu-

lar disease to assess the infl uence of these variables on outcome. To assess the infl uence of severity 

of hemophilia on atherogenesis, IMT, FMD and plaque data of severe and moderate hemophilia 

patients was combined and compared to controls.

RESULTS

The BMI was estimated prior to enrolment by using data on weight and length from the hemo-

philia treatment centers and was calculated after obtaining length and weight during the physical 

examination. After the initial selection of potentially eligible hemophilia patients meeting the BMI 

criteria, 2 patients were excluded because of the presence of HIV, 7 patients were excluded because 

of history of CVD and 27 patients did not want to participate due to either diffi culty travelling to 

the study center, prior participation in recent studies or no interest in participation in studies. 
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A total of 205 study subjects were enrolled at the three study centers. Of these 205 subjects, 15 

subjects (including hemophilia patients as well as controls) were excluded because they did not 

meet the BMI inclusion criteria (BMI ≥ 30 kg/m2 or BMI ≤ 25 kg/m2) during the study visit. The 

remaining study population (n=190) consisted of 51 (26.8%) obese hemophilia A patients, 47 

(24.7%) non-obese hemophilia A patients, 42 (22.1%) obese controls and 50 (26.3%) non-obese 

controls. Severity of hemophilia was equally distributed among the obese and normal weight 

patients (Table 1). Use of prophylactic or on demand treatment with factor VIII concentrate and 

the prevalence of hepatitis C infection was also not different between the two groups (Table 1). 

None of the patients had an inhibitor against factor VIII. 

Table 1. Characteristics of hemophilia patients

Hemophilia BMI ≥ 30 kg/m2

(N=51)
Hemophilia BMI ≤ 25 kg/m2

(N=47)

Type
Severe (FVIII <1%)
Moderate (FVIII 1-5%)
Mild (FVIII 6-40%)

17 (33%)
8 (16%)

26 (51%)

16 (34%)
8 (17%)

23 (49%)

Inhibitors 0 0

Treatment
Prophylactic
On demand

16 (31%)
35 (69%)

12 (26%)
35 (74%)

Hepatitis C infection
Never
Current
In the past

28 (55%)
10 (20%)
13 (25%)

25 (53%)
15 (32%)
7 (15%)

Cardiovascular risk factors

Table 2 shows the presence of cardiovascular risk factors in hemophilia A patients and controls. As 

expected the subgroups were well matched for age and BMI. History of smoking in pack years was 

similar in all subgroups (p=1.00). Mean levels of systolic and diastolic blood pressure were signifi -

cantly different between obese controls and non-obese controls (mean difference in systolic blood 

pressure 10 mmHg, p=0.003 and mean difference in diastolic blood pressure 8 mmHg, p=0.001). 

However, in hemophilia patients there was a higher prevalence of hypertension compared to the 

controls (43% and 25%, p=0.01). Fasting glucose levels were higher in obese compared to non-

obese subjects in both hemophilia patients and in controls (p=0.014 and p=0.020, respectively).

Mean HDL levels were lower and triglyceride levels were higher in obese subjects compared 

to non-obese subjects, this difference reached statistical signifi cance only in the controls and not 

in the hemophilia patients. Levels of total cholesterol and LDL cholesterol did not signifi cantly 

differ between the groups. Dyslipidemia was also equally prevalent among hemophilia patients 

and controls (15% and 12%, p=0.50). 
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Table 2. Cardiovascular risk factors in hemophilia A patients and control subjects

Hemophilia 
BMI ≥ 30 kg/m2

(N=51)

Hemophilia 
BMI ≤ 25 kg/m2

(N=47)

Controls 
BMI ≥ 30 kg/m2

(N=42)

Controls 
BMI ≤ 25 kg/m2

(N=50)

Age (years) 50.0 (13.7) 48.8 (13.9) 50.7 (12.0) 49.0 (13.6)

Weight (kg) a, b 107.8 (16.1) 75.4 (7.5) 109.1 (13.2) 77.1 (7.7)

Body mass Index (kg/m2) a, b 32.5 (30.1-50.2) 23.5 (18.7-25.0) 32.4 (30.0-50.2) 23.2 (18.5-25.0)

Waist circumference (cm) a, b 115.7 (12.2) 89.9 (6.6) 113.7 (11.4) 87.0 (6.9)

Smoking (pack years) 10 (0-55) 9 (0-45) 6.5 (0-47) 6.5 (0-50)

Systolic blood pressure 
(mmHg) b

135.6 (15.8) 130.9 (16.5) 138.2 (14.8) 126.4 (9.8)

Diastolic blood pressure 
(mmHg) b

83.0 (9.9) 79.1 (10.0) 84.4 (9.0) 76.2 (7.8)

Hypertension a ,b, d 28 (55%) 14 (30%) 17 (41%) 6 (12%)

Glucose (mmol/l) a, b 5.4 (3.9-11.4) 5.2 (3.3-10.8) 5.3 (4.4-15.5) 5.1 (4.2-6.2)

Diabetes Mellitus a,b 7 (14%) 1 (2%) 4 (10%) 0

Total cholesterol (mmol/l) 5.01 ± 1.01 5.09 ± 1.07 5.29 ± 1.05 5.20 ± 1.06

HDL cholesterol (mmol/l)b 1.22 ± 0.51 1.42 ± 0.42 1.21 ± 0.31 1.61 ± 0.64

LDL cholesterol (mmol/l) 3.17 ± 0.94 3.22 ± 0.96 3.40 ± 0.99 3.16 ± 0.96

Triglycerides (mmol/l) b 1.20 (0.34-4.89) 0.85 (0.27-2.50) 1.35 (0.26-4.49) 0.81 (0.28-2.19)

Dyslipidemia 10 (20%) 5 (11%) 7 (17%) 4 (8%)

Family history of premature 
CVD

11 (22%) 8 (17%) 15 (36%) 9 (18%)

Values are means ± SD or median and ranges for skewed data. P values by t- test (after log transformation if necessary) 
adjusted by Bonferroni correction for multiple testing or chi-square tests . CVD, cardiovascular disease.. BMI, body mass index
a P<0.05 for the comparison of obese hemophiliac versus non-obese hemophiliacs
b P<0.05 for the comparison of obese controls versus non- obese controls
c P<0.05 for the comparison of obese hemophiliacs versus obese controls 
d P<0.05 for the comparison of non- obese hemophiiliacs versus non-obese controls

Carotid IMT

The mean carotid IMT in all hemophilia patients (IMT 0.74 ± 0.21 mm) was not different com-

pared to all controls (IMT 0.72 ± 0.18 mm), mean difference 0.02 mm (95% CI -0.03-0.08 mm, 

p=0.45). Interestingly, mean carotid IMT was increased in obese subjects (IMT 0.77 ± 0.22 mm) 

compared to non-obese subjects (IMT 0.69 ± 0.16 mm), mean difference 0.07 mm (95% CI 0.02- 

0.13, p=0.008). When comparing obese hemophilia patients with obese controls, no difference in 

carotid IMT was apparent (IMT 0.78 ± 0.23 mm and 0.76 ± 0.22 mm, respectively, mean differ-

ence 0.02 mm, 95% CI -0.07-0.11, p=0.67) (Figure 1a). The mean carotid IMT was not different in 

severe and moderate hemophilia patients compared to controls, mean difference -0.03 mm (95% 

CI -0.09-0.04, p=0.44). 
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Femoral IMT 

The mean femoral IMT in all hemophilia patients (IMT 0.87 ± 0.42 mm) was not different 

compared to all controls (IMT 0.85 ± 0.38), mean difference 0.02 mm; 95% CI -0.09-0.14 mm, 

p=0.72). The effect of obesity on femoral IMT is shown in fi gure 1b. The mean femoral IMT tended 

to be higher in obese subjects (IMT 0.90 ± 0.45 mm) compared to non-obese subjects (IMT 0.82 

± 0.33 mm), mean difference 0.08 mm (95% CI -0.03- 0.20, p=0.16), although this difference was 

not statistically signifi cant. The overall mean femoral IMT in obese hemophilia patients (IMT 0.92 

± 0.50 mm) was not different compared to obese controls (IMT 0.87 ± 0.40 mm), mean difference 

0.06 mm (95%CI -0.13-0.25, p=0.55). Mean femoral IMT in severe and moderate hemophilia 

patients seemed lower when compared to controls, but did not reach statistical signifi cance (mean 

difference in femoral IMT 0.06 mm, 95%CI -0.06-0.18, p=0.33).

Figure 1a. Mean intima media thickness of the carotid arteries 
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Figure 1b. Mean intima media thickness of the femoral arteries
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Adjusted IMT

Figure 2 shows the mean carotid and femoral IMT stratifi ed for age. Overall a similar trend was 

observed in both hemophilia patients and in the controls, with a gradual increase in thickness 

of IMT of both the carotid and femoral artery with increasing age. Stratifi cation for presence of 

cardiovascular risk factors, such as hypertension also showed no signifi cant differences in mean 

carotid or femoral IMT.

Figure 2a. Mean carotid intima media thickness stratifi ed for age 
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Figure 2b. Mean femoral intima media thickness stratifi ed for age
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Plaques in carotid artery

The prevalence of atherosclerotic plaques (carotid IMT ≥ 1.3 mm) was assessed in all 6 segments of 

the carotid artery. Of the hemophilia patients, 33% had a plaque in one or more of the 6 segments 

of carotid artery, compared to 25% of the controls (p=0.25). The prevalence of plaques was similar 

in obese subjects compared to non-obese subjects (33% and 25%, respectively, p=0.23) and in 

obese hemophilia patients compared to obese controls (35% and 29% respectively, p=0.49). The 

presence of plaques in severe and moderate hemophilia patients was also similar compared to 

controls (27% and 25% respectively, p=0.79).

Flow mediated dilatation (FMD)

Table 3 shows the mean baseline brachial diameter and the mean peak post-occlusion artery 

diameter, which were comparable between hemophilia patients and controls (4.50 ± 0.67 mm 

and 4.47 ± 0.61 mm, p=0.75, and 4.70 ± 0.65 mm and 4.68 ± 0.60 mm, p=0.83, respectively). The 

mean FMD in hemophilia patients was also comparable to that of the control subjects (4.75% ± 

2.84 and 4.93% ± 2.39, p=0.66). No effect of obesity on FMD could be detected in the subgroups. 

The FMD in obese subjects was comparable to the FMD in non-obese subjects (5.19% ± 2.79 and 

4.51% ± 2.41 respectively, p=0.09). The FMD in obese hemophilia patients was also not different 

as compared to that of obese controls (4.84% ± 3.24 and 5.32% ± 2.37, p=0.45). When assessing 

the infl uence of severity of hemophilia on FMD, severe and moderate hemophilia patients had a 

similar FMD compared to controls (5.15% ± 3.26 and 4.93% ± 2.39, p=0.66). 

Table 3. Baseline and post-occlusion hemodynamics

Mean baseline brachial artery 
diameter (mm) ± SD

Mean peak brachial artery 
diameter (mm) ± SD

Mean FMD (%) ± SD

All controls 4.47 ± 0.60 4.68 ± 0.60 4.93 ± 2.40

All hemophiliacs 4.50 ± 0.70 4.70 ± 0.60 4.75 ± 2.80

Obese hemophiliacs 4.67 ± 0.70 4.88 ± 0.60 4.84 ± 3.20

Non-obese hemophiliacs 4.35 ± 0.70 4.55 ± 0.70 4.68 ± 2.50

Obese controls 4.45 ± 0.60 4.69 ± 0.60 5.32 ± 2.40

Non-obese controls 4.48 ± 0.60 4.68 ± 0.60 4.55 ± 2.40

All obese 4.53 ± 0.60 4.76 ± 0.60 5.19 ± 2.80

All non-obese controls 4.43 ± 0.70 4.63 ± 0.60 4.51 ± 2.40

SD, standard deviation

DISCUSSION

The present study indicates that obesity leads to an increased formation of carotid atherosclerosis, 

but that this process is not affected by a lifelong hypocoagulable state, namely hemophilia A. The 

overall mean carotid and femoral IMT, the prevalence of atherosclerotic plaques, and endothelial 

dysfunction, as measured by FMD, did not differ between obese hemophilia patients and obese 
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controls. Moreover, our study shows that also in obese hemophilia patients atherosclerotic 

plaques are prevalent, which predisposes them to future cardiovascular events. 

Previously a protective effect of hemophilia on mortality due to ischemic heart disease was 

observed.7-9Although the standardized mortality ratio varied (0.20 and 0.62), overall a 50% reduc-

tion in ischemic heart disease mortality was observed in hemophilia A patients compared to the 

general population.10 This benefi cial effect of hemophilia on fatal artherothrombotic events could 

be the result of reduced thrombin formation. Thrombin is the key player in both fi brin formation 

and platelet activation. Thrombin cleaves fi brinogen to form fi brin, but can also trigger platelet 

activation through protease-activated receptors (PAR) 1 and 4.28 This may lead to the formation 

of thrombi and ultimately to vascular occlusion. Importantly, thrombin may also infl uence the 

process of atherosclerosis. Tissue factor and PARs are highly expressed in human atheroma and 

are induced in response to injury in animal models.29 In vitro, PAR activation induces leukocyte 

chemotaxis, smooth muscle cell proliferation and migration, which may lead to arterial remodel-

ing and stenosis.30 In addition, coagulation factors and PARs are also involved in infl ammatory 

responses and repair after injury.31 Although patients with hemophilia, who have a decreased 

thrombin formation, may be relatively protected from these atherosclerotic processes, we now 

show this is unlikely.

In previous studies, no clear association between hypocoagulability and IMT was shown. 17-19 

In 59 hemophilia A and B patients, carotid IMT was not different from controls (mean carotid IMT 

0.76 mm (95% CI 0.71-0.80 mm) and 0.77 mm (95% CI 0.75- 0.80 mm) respectively),17 which 

was confi rmed by Sartori and colleagues.18 In patients with severe type III von Willebrand disease 

similar results were found.19 When considering femoral IMT, no differences between hemophilia 

patients and controls were assessed.17 A small protective effect of hemophilia was, however, 

observed in patients with a moderate and severe type of hemophilia, whose mean femoral IMT was 

somewhat smaller compared to controls.17 Flow mediated dilatation, as a measure of endothelial 

dysfunction seemed to be impaired in hemophilia patients (3.8 ± 5.2% and 20.3 ± 13.0%, p= 

0.0001) compared to controls, but FMD in healthy controls was however remarkably high.18 

The previous studies had the same drawbacks. Patients were relatively young and had a low 

prevalence of cardiovascular risk factors. Therefore, a potential protective effect of hypocoagu-

lability on atherosclerosis would have been diffi cult to detect. We, therefore, investigated hemo-

philia patients who all had a major risk factor for atherosclerosis, namely obesity. Strengths of 

this study include the careful selection of obese hemophilia patients and controls, as well as the 

use of validated surrogate markers for atherosclerosis.32,33 In addition, the ultrasound measure-

ments were of high quality, which was confi rmed by the low variation found between the repeated 

measurements. Furthermore the refusal to participate was very low in this population, since the 

majority of patients have a good relationship with hemophilia nurses and physicians who gen-

erally recruited these patients. The patients who did refuse due to health problems mostly had 

impaired mobility due to athropathy. Another potential limitation was the impossibility to detect 

effects of factor VIII levels less than 1% on atherosclerosis. Since almost all patients with severe 
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hemophilia receive regular prophylactic treatment, their phenotype turns to moderate. However, 

since there are no patients with lifelong factor VIII levels below 1% (due to treatment with factor 

VIII) this relationship is less relevant from a clinical point of view. 

Our study has important clinical implications. We can conclude that hemophilia A patients 

with cardiovascular risk factors develop atherosclerosis to a similar extent as the general male 

population. This implies that detection and treatment of these risk factors in hemophilia patients 

is mandatory. Next, although the cardiovascular mortality is lower in hemophilia patients, the 

increasing life expectancy will lead to more cases of cardiovascular disease. The anticoagulant 

treatment of patients with hypocoagulability and consequently a higher bleeding risk is a major 

challenge.34

In conclusion, we show that patients with hemophilia and obesity, a major risk factor for 

atherosclerosis, have the same degree of subclinical atherosclerosis as obese control subjects. The 

reduced cardiovascular mortality of hemophilia patients can, therefore, most likely be attributed 

to protection against atherothrombosis.
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ABSTRACT

Introduction and methods The prevalence of obesity in patients with hemophilia is increasing. We 

investigated whether hemostatic changes seen in obesity differ between men with and without 

hemophilia, by comparing coagulation and fi brinolytic markers between 98 hemophilia A patients 

(50 obese and 48 non-obese) and 92 age- and BMI-matched non-hemophilic men (42 obese and 

50 non-obese).

Results Mean age was 50±13 years and 33 hemophilia patients had FVIII activity <1%. The distribu-

tion of hemophilia severity was comparable between obese and non-obese groups. Mean FVIII 

activity and ETP were increased in obese controls as compared to non-obese controls (114 vs. 97% 

(p=0.016) and 1756 vs. 1518 nM.min (p=0.001), respectively). Obesity did not change F1+2 levels. 

In hemophilia patients, mean ETP and median F1+2 levels were lower than in controls (1272 vs. 

1625 nM.min (p<0.001) and 120 vs. 153 pmol/l (p<0.001), respectively). Obesity in hemophilia 

patients did not infl uence FVIII, ETP or F1+2 levels. Mean vWF:ag levels were higher in hemophilia 

patients as compared to controls (132 vs. 115%, p=0.011), with the largest difference between 

obese hemophilia patients and non-obese controls (135 vs. 107%, p=0.017).

Higher median PAI-1 levels were observed in obese subjects than in non-obese subjects (58 vs. 

35 ng/ml, p<0.001). In accordance, median PAP levels were lower in obese vs. non-obese sub-

jects (287 vs. 354 μg/l, p<0.001). The obesity-related increase in PAI-1 levels and decrease in PAP 

levels were comparable between hemophilia patients and controls. When comparing hemophilia 

patients with controls, PAI-1 levels were equal and PAP levels were higher in hemophilia patients 

(339 vs. 271 μg/l, p=0.003). No differences in platelet count or D-dimer levels between any of the 

groups were found.

Conclusion In hemophilia patients a similar obesity-related decrease in fi brinolysis was seen as 

in non-hemophilic men. The infl uence of fi brinolytic changes in obese hemophilia patients on 

(athero)thrombosis deserves further attention.
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INTRODUCTION

The prevalence of overweight (body mass index (BMI) 25 – 30 kg/m2) and obesity (BMI ≥ 30 kg/m2) 

in western countries has increased over the last decades1. Fifteen percent of the adult population in 

the USA in 1980 had a BMI ≥ 30 kg/m2, increasing to 34% in 20082. Also in hemophilia patients, 

obesity is an increasing health problem. The prevalence of overweight and obesity in adult hemo-

philia patients living in Mississippi, USA, appeared to be 32 and 36%, respectively3. Between 1992 

and 2001, the prevalence of overweight and obesity in Dutch adult hemophilia patients increased 

from 27% to 35% and from 4% to 8%, respectively4. The prevalence of overweight was lower 

in hemophilia patients than in the general Dutch male population. However, the prevalence of 

obesity and the increase in the prevalence of overweight and obesity were comparable between 

these groups4.

Obesity is an important risk factor for the development of diabetes mellitus type II, hyperten-

sion, cardiovascular disease, malignancies and chronic arthropathy5. In hemophilia patients, obe-

sity has been associated with limitations in joint range of motion and joint mobility loss in lower 

limbs over time6-8. It is not known whether obesity has an infl uence on bleeding or clotting factor 

concentrate (CFC) usage in hemophilia patients6,9. Obesity might induce bleeding by increased 

mechanical stress on the joints. On the other hand, obesity-related hemostatic and fi brinolytic 

changes, resulting in a prothrombotic state in non-hemophilic subjects10, might also occur in 

obese hemophilia patients. Consequently, obesity could have a protective effect on bleeding and/

or CFC usage in hemophilia patients. 

The aim of this explorative study was to assess whether hemostatic and fi brinolytic changes 

observed in obesity differ between men with and without hemophilia. We compared markers of 

primary hemostasis, coagulation and fi brinolysis between obese and non-obese patients with 

hemophilia A, and obese and non-obese non-hemophilic men. In addition, the number of bleeds 

and the amount of CFC usage was compared between obese and non-obese hemophilia patients.

METHODS

Study design and population

The current study was embedded in a cross-sectional, multicenter study with the aim to compare 

the extent of atherosclerosis between men with and without hemophilia. Rationale, study design 

and selection of the study population have been described in detail previously11. Briefl y, 51 male 

patients with severe (factor VIII (FVIII) activity < 1%), moderate (FVIII activity 1-5%), or mild (FVIII 

activity 6-40%) hemophilia A, and a BMI ≥ 30 kg/m2 were included. Non-obese (BMI ≤ 25 kg/

m2) hemophilia A patients (n = 47) were matched for age and residual FVIII activity with obese 

hemophilia A patients. Non-hemophilic control subjects were matched with hemophilia patients 

for gender, age and BMI. Forty-two obese and 50 non-obese control subjects were included. Both 
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hemophilia A patients and non-hemophilic control subjects were 18 years or older, and excluded 

when being HIV-positive or having a history of symptomatic cardiovascular disease (i.e. ischemic 

heart disease, stroke or peripheral arterial disease). Study measurements in hemophilia A patients 

were obtained in 3 study centers: University Hospital, Leuven; Academic Medical Center, Amster-

dam; and Van Creveldkliniek, University Medical Center Utrecht, Utrecht. Control subjects were 

examined at the Academic Medical Center, Amsterdam. Subjects were invited to one of the study 

centers after an overnight fast. Furthermore, hemophilia A patients were asked to refrain from 

clotting factor concentrate infusion prior to the visit. All subjects underwent assessment of intima 

media thickness (IMT) and fl ow mediated dilatation (FMD), using B-mode ultrasonography11. 

In addition, information on medical history, medication use, and cardiovascular risk factors was 

collected. This study was approved by the Medical Ethics Committees of the 3 study centers. All 

participating hemophilia A patients and control subjects provided written informed consent.

Data collection

Antecubital vena puncture was performed, after ultrasound measurements, using 23G needles. 

Blood was collected into Vacutainer® tubes, containing sodium-citrate (3.2%), for analyses of 

hemostatic and fi brinolytic parameters. Blood was centrifuged 2x 10 min (2000 g, room tem-

perature) to obtain platelet poor plasma (PPP) for soluble platelet activation markers -TG , PF4, 

and for vWF propeptide measurements. For all other parameters, PPP was obtained by a single 

centrifugation step (10 min, 2000 g, room temperature). All plasma samples were stored at -80 °C 

until analyses. 

Information on residual FVIII activity, presence of inhibitors, hepatitis C infection, and type 

of treatment (prophylactic or on demand) was collected in hemophilia patients. The participat-

ing hemophilia treatment centers document bleeding frequency and CFC usage of their patients 

regularly during control visits. Per patient, the number of registered bleeds and the amount of CFC 

administered within multiple consecutive periods were added, as well as the number of months 

of each included period. The median length of the assembled periods was 24 months, ranging 

from 7 to 75 months. Then, for each patient, the number of bleeds and the amount of CFC usage 

was calculated per patient-month. To account for the fact that dosage of CFC is based on weight, 

the amount of CFC used was adjusted for weight. Units of CFC administered because of medical 

interventions were excluded from the analysis.

Materials

Antibodies, raised against human NAP-2 (MAB393, BAF393) and human PF4 (MAB7951, AF795) 

were purchased from R&D Systems, Abbington, UK. Rabbit anti-vWF propeptide and rabbit 

anti-vWF propeptide/biotine were prepared as described by Borchiellini et al.12. Rabbit anti-goat 

horseradish peroxidase (HRP; P0449) and streptavidin-HRP (P0397) were purchased from DAKO 

(Glusdorp, Denmark), and streptavidin-poly-HRP (M2051) from Sanquin (Amsterdam, The Neth-

erlands). Tween-20, bovine serum albumin (BSA) and ethylenediaminetetraacetic acid (EDTA) 
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were purchased from Sigma (Zwijdrecht, The Netherlands). SuperSignal ELISA Pico chemilumi-

nescent substrate was purchased from Thermo Scientifi c (Rockford, Illinois, USA).

Assays

Primary hemostasis

Platelet activation is accompanied by the release of large quantities of growth factors, cytokines, 

chemokines and interleukins. Upon activation, platelets release their granule contents as soluble 

proteins in the circulation. The most abundant chemokines in the -granules are neutrophil-

activating peptide-2 (NAP-2), which is the active end product of a series of products collectively 

called -thromboglobulins (-TG), and chemokine (C-X-C motif ) ligand-4 (CXCL4), also known 

as platelet factor 4 (PF4)13. A raise in von Willebrand factor (vWF) plasma concentration (vWF:ag) 

accompanied by a raise in vWF propeptide refl ects acute endothelial cell activation (infection/

stress).

Plasma levels of soluble platelet activation markers -TG, PF4 and of vWF propetide were 

measured by semi-automated enzyme-linked immunosorbent assay (ELISA) on a TECAN 

Freedom Evo robot (Tecan, Mannedorf, Switzerland). Plasma samples of patients and control 

subjects were mixed randomly for all ELISA measurements. Each antigen was measured on a 

separate Nunc maxisorb ELISA plate (Thermofi scher Scientifi c, Roskilde, Denmark). Capture 

antibodies, purifi ed monoclonal mouse anti-human NAP-2 (MAB393; 1 μg/ml), monoclonal 

mouse anti-human PF4 (MAB7951; 1 μg/ml) and rabbit anti-vWF propetide (5 μg/ml) were coated 

on different plates overnight at 4 °C. Plates were blocked with PBS/2%BSA (NAP-2 and PF4) 

or PBS/2%BSA/0.1%Tween/100mMEDTA (vWF propeptide) for 2 hours at room temperature. 

Unbound antibodies were washed away with 5 steps using PBS/0.5% Tween. Plasma samples were 

diluted 1/80 for -TG and PF4, and 1/20 for vWF propeptide, and then added to the plate with 

the corresponding capture antibody and incubated for 2 hours at room temperature. Each plate 

contained 2 calibration curves, consisting of a dilution range of a standard serum sample with 

known -TG and PF4 concentration, or of a dilution range of a normal pooled plasma sample with 

known vWF propeptide concentrations. Dilutions were made in PBS/1%BSA for -TG and PF4 

measurements and in PBS/1%BSA/0.1%Tween/100mMEDTA for vWF propetide measurements. 

Unbound antibodies were washed away with 5 steps using PBS/0.5%Tween. Detection antibodies, 

biotinylated goat anti-human NAP-2 (BAF393; 50 ng/ml), polyclonal goat anti-human PF4 (AF795; 

0.05 μg/ml) and rabbit anti-propeptide (2.5 μg/ml) were added to the corresponding plates and 

incubated for 2 hours at room temperature. After 5 washing steps with PBS/0.5%Tween, streptav-

idin-poly-HRP, rabbit anti-goat-HRP and streptavidin-HRP were added to the plates, respectively, 

for 2 hours to bind the biotin on the detection antibody. After 5 washing steps, SuperSignal ELISA 

Pico chemiluminescent substrate was added and luminescence was measured (emission 470 nm) 

after 15 minutes incubation, with a SpectraMax L microplate reader from Molecular Devices Inc. 

(Silicon Vally, CA, USA).
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vWF:ag was measured using a commercially available ELISA according to the instructions of 

the manufacturer (Dako, Glostrup, Denmark).

Coagulation

FVIII activity was measured using a one-stage clotting assay with FVIII-defi cient plasma (Siemens 

Healthcare Diagnostics, Marburg, Germany). Prothrombin fragment 1 and 2 (F1+2) levels were 

assessed as marker of thrombogenesis in vivo, whereas the endogenous thrombin potential 

(ETP), indicating the potential to generate thrombin under standardized conditions, was assessed 

as a measure of overall in vitro thrombin generation. 

F1+2 was measured using a specifi c commercially available ELISA according to the instruc-

tions of the manufacturer (F1+2, Siemens Healthcare Diagnostics, Marburg, Germany). ETP was 

determined with a Calibrated Automated Thrombogram (CAT). The CAT assays the generation 

of thrombin in clotting plasma using a microtiter plate reading fl uorometer (Fluoroskan Ascent, 

ThermoLab Systems, Helsinki, Finland) in combination with Thrombinoscope software (Throm-

binoscope BV, Maastricht, The Netherlands). The assay was carried out as described previously14. 

Fibrinolysis

Plasminogen activator inhibitor type 1 (PAI-1), plasmin-antiplasmin (PAP) complexes, and 

D-dimer levels were assessed to explore anitfi brinolytic and fi brinolytic activity.

PAI-1 and PAP complexes were measured using specifi c commercially available ELISAs 

according to the instructions of the manufacturer (PAI-1, Hyphen, BioMed, Andrésy, France; 

PAP complexes, DRG Diagnostics GmbH, Marburg, Germany). D-dimer levels were determined 

with a particle-enhanced immunoturbidimetric assay (Innovance D-dimer, Siemens Healthcare 

Diagnostics, Marburg, Germany). 

Statistical analyses

Data distribution of continuous values of hemostatic, and fi brinolytic markers, within the 4 

groups (obese hemophilia patients; non-obese hemophilia patients; obese control subjects; 

non-obese control subjects) were assessed by use of histograms and the Kolmogorov-Smirnov 

test. When data was normally distributed and met the homogeneity of variances assumption 

(Levene statistic), one-way ANOVA was used to assess whether there were differences between the 

groups. When a signifi cant result was obtained (p-value < 0.05), we performed specifi c pairwise 

post-hoc comparisons, using the independent t-test. Pairwise post-hoc comparisons included: 

obese hemophilia patients versus (vs.) non-obese hemophilia patients; obese control subjects 

vs. non-obese control subjects; obese hemophilia patients vs. obese control subjects; and non-

obese hemophilia patients vs. non-obese control subjects. If data were skewed and/or did not 

meet the homogeneity of variances assumption, data were analyzed using the Kruskall-Wallis 

test. The same pairwise post-hoc comparisons, using the Mann-Whitney U test, were applied as 

described before. Chi-square tests were used to compare categorical cardiovascular risk factors 
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between the 4 groups. When a signifi cant result was obtained, the pairwise post-hoc comparisons 

were assessed. When combining obese and non-obese hemophilia patients, and obese and non-

obese control subjects, differences in levels of variables between hemophilia patients and control 

subjects were analyzed, using the independent t-test or Mann-Whitney U test where appropriate. 

Categorical variables were analyzed with the chi-square test. This also accounts for the compari-

son of all obese versus all non-obese study participants. The Bonferroni correction was used to 

adjust for multiple hypotheses testing by dividing an  of 0.05 by the 6 comparisons performed. 

Thus, results from the 4 post-hoc comparisons and from the comparison between all hemophilia 

patients and all controls, and between all obese subjects and all non-obese subjects, were tested 

against an  of 0.008.

The number of bleeds per patient-month and the amount of CFC usage (prophylaxis, on 

demand and total) per patient-month adjusted for weight was compared between obese and non-

obese hemophilia patients stratifi ed for hemophilia severity. Results from Mann-Whitney U tests 

were tested against an  of 0.05. Other hemophilia characteristics (categorical variables) were 

compared between obese and non-obese hemophilia using the chi-square test and an  of 0.05.

All analyses were performed using SPSS 18.0 for Windows (SPSS, Inc, Chicago, IL, USA).

RESULTS

Blood could not be collected in 1 non-obese hemophilia patient, because he infused clotting factor 

concentrate a few hours before the study center visit. In 1 obese control subject, vena puncture 

failed. These persons were, therefore, left out of the current analyses. This resulted in the fol-

lowing group sizes: 51 obese hemophilia patients, 46 non-obese hemophilia patients, 41 obese 

control subjects, and 50 non-obese control subjects. Mean age of the study population was 49.7 

years (± standard deviation (SD) 13.3). Age ranged from 20 to 76 years in hemophilia patients, and 

from 20 to 73 years in control subjects. Obese hemophilia patients and obese control subjects, 

and non-obese hemophilia patients and non-obese control subjects, were well matched for BMI.

Characteristics of hemophilia patients 

Characteristics of hemophilia patients are described in Table 1. Thirty-two (33.0%) hemophilia 

patients had a residual clotting factor activity of < 1%. The distribution of hemophilia severity (p 

= 0.975) and of patients receiving prophylactic treatment (p = 0.413) was comparable between 

obese and non-obese groups. In none of the patients inhibitors were present. Twenty-four 

(24.7%) hemophilia patients were infected with hepatitis C, whereas 1 (1.1%) non-hemophilic 

control subject was. Median number of bleeds per patient-month was comparable between obese 

and non-obese patients with severe hemophilia (0.62 (interquartile range (IQR) 0.12 – 0.78) vs. 

0.50 (IQR 0.06 – 1.17); p = 0.791). No differences in bleeding frequency per patient-month were 

found between obese and non-obese moderate or mild hemophilia patients either. Obese patients 
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with severe hemophilia used a median total amount of CFC per patient-month adjusted for weight 

of 175.8 international units (IU) (IQR 99.5 – 289.0). This was comparable with a usage of 172.5 

IU (IQR 64.7 – 212.5) by non-obese patients with severe hemophilia (p = 0.451). In addition, no 

differences between obese and non-obese patients with moderate or mild hemophilia in the total 

amount of CFC usage per patient-month adjusted for weight were found. The same results were 

observed when stratifying for prophylactically and on demand usage of CFC. 

Table 1. Characteristics of hemophilia patients

Variable Obese hemophilia patients
(n = 51)

Non-obese hemophilia patients 
(n = 46)

Residual FVIII activity

 < 1% 17 (33.3) 15 (32.6)

 1-5% 8 (15.7) 8 (17.4)

 6-40% 26 (51.0) 23 (50.0)

Prophylactic treatment 16 (31.4) 11 (23.9)

CFC used in total (IU)*

 Severe hemophilia 175.8 (99.5 – 289.0) 172.5 (64.7 – 212.5)

 Moderate hemophilia 3.1 (0.3 – 13.1) 4.6 (0.0 – 27.0)

 Mild hemophilia 0.0 (0.0 – 3.0) 0.0 (0.0 – 2.2)

CFC used prophylactically (IU)*

 Severe hemophilia 140.4 (82.3 – 243.7) 158.5 (0.0 – 194.4)

 Moderate hemophilia 0.0 (0.0 – 0.0) 0.0 (0.0 – 0.0)

 Mild hemophilia 0.0 (0.0 – 0.0) 0.0 (0.0 – 0.0)

CFC used on demand (IU)*

 Severe hemophilia 16.8 (8.7 – 25.7) 15.6 (4.1 – 38.4)

 Moderate hemophilia 3.1 (0.3 – 13.1) 4.6 (0.0 – 27.1)

 Mild hemophilia 0.0 (0.0 – 3.0) 0.0 (0.0 – 2.2)

Number of bleeds per patient-month

 Severe hemophilia 0.62 (0.12 – 0.78) 0.50 (0.06 – 1.17)

 Moderate hemophilia 0.04 (0.01 – 0.06) 0.06 (0.00 – 0.42)

 Mild hemophilia 0.00 (0.00 – 0.01) 0.00 (0.00 – 0.04)

Presence of inhibitors 0 0

Hepatitis C infection

 Current 10 (19.6) 14 (30.4)

 In the past 13 (25.5) 7 (15.2)

 Never 28 (54.9) 25 (54.3)

Categorical variables are expressed as numbers and percentages. CFC usage and number of bleeds are expressed as median and 
interquartile range.
FVIII, factor VIII; CFC, clotting factor concentrate; IU, international units; n, sample size.

*CFC usage per patient-month adjusted for weight
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Primary hemostasis

Levels of hemostatic and fi brinolytic parameters are described in Table 2 and Table 3. There 

was a trend towards higher vWF:ag levels in obese control subjects as compared to non-obese 

control subjects (124% (IQR 94 – 151) vs. 97% (IQR 79 – 127); p = 0.009). In addition, non-obese 

hemophilia patients seemed to have higher vWF:ag levels as compared to non-obese control 

subjects (118% (IQR 98 – 150) vs. 97% (IQR 79 – 127); p = 0.010). This difference was not found 

in obese hemophilia patients and obese control subjects (125% (IQR 98 – 184) vs. 124% (IQR 94 

-151); p = 0.383). Mean vWF propetide levels were higher in hemophilia patients as compared 

to control subjects (mean difference 0.94 μg/mL (95% confi dence interval (CI) 0.30 – 1.58); p = 

0.004). However, when comparing obese hemophilia patients with obese control subjects (mean 

difference 1.00 μg/mL (95% CI 0.10 – 1.89); p = 0.029) and non-obese hemophilia patients with 

non-obese control subjects (mean difference 0.84 μg/mL (95% CI -0.71 – 1.75); p = 0.070), asso-

ciations between hemophilia and higher vWF propetide levels were reduced. vWF:ag levels and 

vWF propetide levels were highly correlated (Pearson correlation coeffi cient 0.751; p < 0.001). No 

differences in mean platelet count, median -TG and median PF4 levels between any of the groups 

were found.

Coagulation

Mean ETP was increased in obese control subjects as compared to non-obese control subjects 

(mean difference 238 nM.min (95% CI 117 – 359); p < 0.001). Median FVIII activity seemed higher 

in obese than in non-obese control subjects (114% (IQR 91 – 141) vs. 96% (IQR 82 – 113); p = 

0.009). Obesity did not change median F1+2 levels. In hemophilia patients, mean ETP (mean dif-

ference -353 nM.min (95% CI -441 - -265); p < 0.001) and median F1+2 levels (120 pmol/L (IQR 

87 – 161) vs. 153 pmol/L (IQR 127 – 196); (p < 0.001) were lower than in control subjects. Obesity 

in hemophilia patients did not infl uence levels of FVIII activity, ETP or F1+2.

Fibrinolysis

Median D-dimer levels were lower in obese hemophilia patients as compared to obese control 

subjects (0.20 mg/L (IQR 0.17 – 0.28) vs. 0.27 mg/L (IQR 0.22 – 0.33); p = 0.005). Higher median 

PAI-1 levels were observed in obese subjects than in non-obese subjects (59 ng/mL (IQR 42 – 93) 

vs. 35 ng/mL (IQR 23 – 57) ; p < 0.001), while levels were comparable between hemophilia patients 

and control subjects (49 ng/mL (IQR 29 – 77) vs. 45 ng/mL (IQR 30 – 75); p = 0.912). The obesity-

related increase in PAI-1 levels was comparable between hemophilia patients and control subjects. 

In accordance, median PAP levels were lower in obese vs. non-obese subjects (287 μg/L (IQR 210 

– 348) vs. 354 μg/L (IQR 268 – 457); p < 0.001). A trend towards lower PAP levels in obese vs. non-

obese hemophilia patients (324 μg/L (IQR 260 – 388) vs. 382 μg/l (IQR 311 – 463); p = 0.008), and 

in obese vs. non-obese control subjects (248 μg/L (IQR 193 – 315) vs. 283 μg/l (IQR 218 – 443); p = 

0.011) was observed. Median PAP levels were higher in hemophilia patients as compared to control 

subjects (343 μg/L (IQR 281 – 425) vs. 271 μg/L (IQR 205 – 370); p < 0.001). Statistically. this was 
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mainly caused by a difference between obese hemophilia patients and obese control subjects (324 

μg/L (IQR 260 – 388) vs. 248 μg/L (IQR 193 – 315); p = 0.001). While PAP levels were 382 μg/L (IQR 

311 – 463) and 283 μg/L (IQR 218 – 443) in non-obese hemophilia patients and non-obese control 

subjects, respectively (p = 0.021).

DISCUSSION

In the general population obesity is associated with a prothrombotic state caused by hemostatic 

and fi brinolytic changes10. Results from this explorative study show that obesity induces a hypo-

fi brinolytic state in both hemophilia patients and control subjects. Markers of coagulation did 

not increase in obese hemophilia patients, whereas they did in obese control subjects. Bleeding 

frequency and the amount of CFC usage was comparable between obese and non-obese hemo-

philia patients.

In men without hemophilia, obesity increased FVIII activity and overall coagulation, measured 

by ETP. This result was expected, since obesity induces a procoagulant state, which involves 

the increase of TF, fi brinogen, FVII and FVIII10,15,16. The release of adipokines and cytokines by 

adipose tissue infl uences hepatic metabolism and the production of coagulation factors in the 

liver10,17. This is probably refl ected by the increased ETP levels in obese control subjects in this 

study. ETP did not increase in obese hemophilia patients, probably because of the absence or very 

limited ability to increase FVIII activity. 

PAI-1 inactivates tPA/uPA. As a consequence, less plasminogen is transferred into plasmin, 

thereby reducing fi brinolysis in obese subjects, in whom PAI-1 was increased. No differences in 

PAI-1 levels were found between hemophilia patients and control subjects. The obesity-related 

increase in PAI-1 levels was comparable between hemophilia patients and control subjects. The 

liver is the major contributor to plasma PAI-1 levels, but PAI-1 is also produced by adipocytes18. 

In accordance with increased PAI-1 levels, PAP levels were lower in obese subjects as compared 

to non-obese subjects. Plasmin is inactivated by antiplasmin, resulting in plasmin-antiplasmin 

complexes. Since, in obesity, the activation of plasminogen into plasmin is reduced by the higher 

levels of PAI-1, less plasmin is available to bind to antiplasmin. When comparing PAP between 

hemophilia patients and control subjects, levels were higher in hemophilia patients. Thrombin 

activatable fi brinolysis inhibitor (TAFI) down regulates fi brinolysis by removing C-terminal 

arginine and lysine residues from fi brin and partly degraded fi brin. The C-terminal lysines in 

fi brin function as a binding site for tPA and plasminogen. TAFI plays a mediating role between 

coagulation and fi brinolytic cascades, because the major activator of TAFI is thrombin19. Activa-

tion of prothrombin into thrombin is less in hemophilia patients as compared to non-hemophilic 

subjects. Previous studies have shown that premature clot lysis in FVIII defi cient plasma was 

caused by reduced TAFI activation20-22. This implies that bleeding in hemophilia is not only due to 
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decreased coagulation but also by enhanced fi brinolysis. This might explain the higher PAP levels 

in hemophilia patients in the current study.

We observed a trend towards higher vWF:ag levels in obese control subjects as compared to 

non-obese control subjects. Obesity has been associated with an increase in vWF:ag levels in some 

studies23-27. In addition, vWF:ag levels seemed higher in non-obese hemophilia patients than in 

non-obese control subjects. Van Bladel et al.28 showed that patients with severe hemophilia A 

had higher median vWF:ag levels than non-hemophilic control subjects (14.9 μg/ml (IQR 10.1 – 

19.3) vs. 10.0 μg/ml (IQR 8.7 – 12.7); p = 0.027). Median vWF:ag levels were comparable between 

patients with mild or moderate hemophilia and non-hemophilic control subjects28. We could 

confi rm these results in the current study after subgroup analysis. No relation between obesity 

and vWF:ag levels was found within hemophilia patients. A possible explanation could be that 

in hemophilia patients, with already quite high vWF:ag levels, obesity could not cause a further 

increase. vWF propetide levels were highly correlated with vWF:ag levels. In addition, mean vWF 

propeptide levels were higher in hemophilia patients as compared to control subjects. This sug-

gests that the raise in vWF:ag levels could be caused by acute infl ammation or stress. 

Although obesity impairs fi brinolysis in hemophilia patients, no effects on bleeding frequency 

and CFC usage were observed in the current study. Obesity has been shown to have an adverse 

infl uence on the course of pre-existing hemophilic arthropathy6-9. Soucie et al.7 showed a strong 

association between BMI and limitations in joint range of motion in a cross-sectional study includ-

ing 4343, 2 to 19 year old, hemophilia patients. These results were confi rmed in a smaller study 

with comparable design investigating weight-bearing joints6. In a consecutive prospective study, 

Soucie et al8 showed that over a 10-year period, joint mobility loss in the lower limbs was faster in 

obese than in non-obese hemophilia patients. In another recent study, self-perceived limitations 

in daily activities were assessed, using the Hemophilia Activities List (HAL), in 15 obese and 15 

non-obese hemophilia patients from the study population used in the current paper, matched 

for age and residual factor VIII activity9. Obese patients had a lower HAL score than non-obese 

patients (88 of 100 vs. 98 of 100, respectively; p = 0.020), mainly caused by problems of the lower 

extremities9. It seems that the adverse infl uence of obesity on arthropathy is not caused by an 

increased bleeding frequency. The current study confi rms the results from Carpenter et al6. They 

showed that a comparable number of bleeds occurred in overweight/obese versus normal weight 

hemophilia patients (odds ratio 0.6 (95% CI 0.2 – 1.9))6. None of the previous mentioned studies 

investigated CFC usage in obese hemophilia patients6-8.

Besides negatively infl uencing hemophilic arthropathy, obesity is also an important risk factor 

of atherosclerosis and cardiovascular disease5. The incidence of ischemic cardiovascular disease 

in hemophilia patients is increasing, as life expectancy now approaches that of the general popula-

tion29-31. Treatment of these patients is complex, due to the delicate equilibrium between bleeding 

and thrombosis, and evidence-based treatment guidelines are lacking32. Taking into account the 

increasing prevalence and the possible consequences of overweight and obesity in hemophilia 
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patients, (preventive) lifestyle adjustments (e.g. regular exercise and dietary changes) should be 

recommended in these patients.

Some limitations of this study need to be discussed. The original study was designed with the 

aim to compare the extent of atherosclerosis between men with and without hemophilia11. How-

ever, using the design and study population of the original study, we explored whether hemostatic 

and fi brinolytic changes observed in obesity would differ between men with and without hemo-

philia and whether obesity would infl uence the number of bleeds and amount of CFC usage. This 

might have affected the results by having a negative infl uence on the power of the analyses. In the 

analyses of hemostatic and fi brinolytic parameters, the Bonferroni correction was used to adjust 

for multiple hypotheses testing by dividing an  of 0.05 by the 6 comparisons performed. This is a 

quite conservative method. However, we used the obtained  of 0.008 more as a guideline, than as 

a strict cut-off of signifi cance. The amount of CFC used by hemophilia patients can be infl uenced 

by many factors, such as FVIII half-life, lifestyle, employment and presence of a target joint. The 

number of bleeds per period is reported by the patient. In addition, the patient usually decides 

if on demand treatment with CFC is necessary. Some patients count episodes of pain caused by 

arthrosis as bleeds and administer CFC for this. In the current study we did not discriminate 

between bleeding in weight-bearing or non-weight-bearing joints, muscle bleeds, mucosa bleeds, 

and other bleeds. In addition, no difference between traumatic and spontaneous bleeds was made. 

However, units of CFC administered because of medical interventions were excluded from the 

analysis. An important factor which we could take into account is body weight.

In conclusion, obesity in hemophilia patients causes hypofi brinolysis. This seems not to infl u-

ence bleeding frequency or CFC usage.
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ABSTRACT

Introduction Obesity is a major health concern, not only in the general population but also in patients 

with hemophilia. Little is known about the consequences of obesity for hemophilia patients. Since 

obesity is an important risk factor for osteoarthritis, these effects may be even more pronounced 

in hemophilia patients who are prone to joint damage. 

Aims The association between obesity and limitations in daily activities as well as the frequency 

of bleeds and use of factor VIII concentrate in obese and normal weight hemophilia patients was 

assessed.

Methods Fifteen obese (BMI≥30 kg/m2) and fi fteen normal weight (BMI≤25 kg/m2) hemophilia 

A patients matched for severity and age were analysed. The Hemophilia Activities List (HAL) was 

used to assess the impairment in daily activities.

Results Compared to the normal weight hemophilia patients, obese hemophiliacs had a signifi -

cantly lower sum score (88/100 and 98/100, respectively, p-value=0.02), which was mainly caused 

by an impaired lower limb function. All other components of the HAL also showed lower scores 

in the obese patients, but did not reach statistical signifi cance. A higher frequency of bleeds 

requiring treatment with factor VIII concentrate occurred in the obese hemophiliacs (17 bleeds in 

8 individuals) compared to the controls (3 bleeds in 3 individuals) (p=0.045).

Conclusion Compared to non-obese hemophilia patients, obese hemophiliacs had more joint bleeds 

and a lower overall HAL score, which was driven by a lower limb function score. Prevention of 

overweight and weight reduction requires special attention from physicians treating hemophilia 

patients.

Sara Rafi BW 9.indd   154Sara Rafi BW 9.indd   154 05-08-11   12:0505-08-11   12:05



The impairment in daily life of obese haemophiliacs 155

INTRODUCTION

Obesity has become a major health concern in the Western world. In various parts of the United 

States the prevalence of obesity (body mass index (BMI) of ≥30 kg/m2) in males exceeds 30% and 

a similar proportion has overweight [1]. In patients with hemophilia, a similar number suffers 

from obesity and overweight [2]. In the last decade, the prevalence of obesity doubled from 4% to 

8% in adult hemophiliacs in the Netherlands, while the prevalence of overweight increased from 

27% to 35% [3].

In general, obesity is associated with an increased morbidity and mortality due to cardiovas-

cular disease, chronic arthropathy, diabetes mellitus, physical complaints and numerous other 

medical conditions [4,5]. In hemophilia, pre-existing arthropathy due to bleeding may be further 

aggravated by obesity [6-8]. Furthermore, obesity may induce bleeding in hemophilia patients due 

to the increased strain on the joints. 

Given the potential harm of obesity in patients with hemophilia and the way osteoarthritis 

may impair daily life, we compared the level of impairment in daily life, the number of bleeding 

complications and the use of factor VIII concentrate in obese and normal weight hemophiliacs. 

METHODS

Fifteen adult hemophilia A patients with obesity (body mass index (BMI) ≥ 30 kg/m2) were 

matched for both age and severity of hemophilia to 15 hemophilia A subjects with a BMI ≤ 25 kg/

m2. All patients were treated in the Hemophilia Treatment Centre of the Academic Medical Centre 

(AMC) in Amsterdam, The Netherlands. The cases consisted of all obese hemophilia A patients 

known at the hemophilia treatment centre. The controls also came from the same hemophilia 

centre and were randomly selected if they matched the cases. We stratifi ed severity of hemophilia 

in two groups: severe hemophilia was defi ned as a factor VIII defi ciency of ≤0.01 IU/ml, non-

severe hemophilia as a factor VIII level of more than 0.01 IU/ml.

A physical examination was performed in all patients, which included measurements of weight 

and height. BMI was measured at our Hemophilia Treatment Centre for each individual using the 

standards of the World Health Organization. Patients participated after written informed consent 

had been obtained. The study was approved by the local Medical Ethical Committee.

Data collection

A questionnaire was sent by mail, which included a validated Hemophilia Activities List (HAL). 

The HAL is a recently developed, hemophilia specifi c, questionnaire, evaluating the self-perceived 

abilities of patients with hemophilia in performing activities of daily life [9-11]. During a study 

visit, the outcome of this questionnaire was discussed with the participant. Since the HAL does 
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not contain any questions about localisation of the joint(s) or muscles responsible for the reported 

disabilities, additional questions were asked during the visit. 

Various physical functions (e.g. sitting, standing and self care) are represented in the HAL and 

the outcome of all separate variables in the HAL is refl ected by scores between 0 and 100, in which 

100 represents a normal function and 0 an absent function. Some components of the HAL are 

represented in combined scores; i.e. the overall sum score, the ‘basic lower extremity activities’ 

score for basic activities involving the lower extremities such as standing, and the ‘complex lower 

extremity activities’ score, representing the complex activities of the lower extremities, such as 

walking up the stairs, running and jumping.

Information on the number of bleeding episodes requiring treatment with factor VIII con-

centrate in 2008 and 2009 was obtained from participants during the visit. This information was 

verifi ed by data from medical fi les and factor VIII transfusion data from the electronic database 

of the hospital. 

The diagnosis of osteoarthritis was considered likely if a combination of symptoms (pain 

and stiffness), clinical features (tenderness to palpation, crepitus or decreased mobility), and 

radiographic features (joint space narrowing, subchondral sclerosis, marginal osteophytes, 

subchondral cysts) was present. Data on the presence of osteoarthritis was obtained from medical 

charts and radiology reports.

Statistical analysis

Baseline characteristics were summarised by means and standard deviations (SD) in case of nor-

mally distributed data and by medians and ranges in case of skewed distributed data. Student’s 

t-test was applied for continuous variables and the 2test was applied for discrete variables. Non-

parametric tests were applied in cases of skewed distributed data. A linear regression analyses 

was performed to calculate the correlation between BMI and the outcome of the HAL. An ANOVA 

analysis was performed to calculate whether any association found was signifi cant.

RESULTS

Characteristics

The study population consisted of 15 obese (BMI ≥ 30 kg/m2) and 15 normal weight (BMI ≤ 25 kg/

m2) hemophilia patients. The median weight was 102 kg (range 90-180) in patients with obesity 

and 78 kilograms (range 62-98) in the normal-weight group (p<0.001). Mean BMI was 34 kg/m2 

(range 30-50) in the obese and 24 kg/m2 (22-25) in the normal weight patients. 

The mean age of the study population was 55 years (range 22-74). Two patients in both study 

groups had severe hemophilia A, while the thirteen other patients were non-severe hemophiliacs 

(range FVIII 0.02-0.30 IU/ml). 
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None of the patients was infected with HIV. One third (n=5) of both cases and controls had 

hepatitis C infection. In both groups one patient with non-severe hemophilia had a history of an 

inhibitor to factor VIII, but these inhibitors disappeared before the observation period. Recovery 

and half life of factor VIII were thus normal in these two patients. 

HAL score

All individual scores of the HAL were assessed. Limb function was assessed by scoring activities 

involving the function of the upper extremities, the basic lower extremities and the complex lower 

extremities. The ability to perform activities such as use of transportation, self-care, household 

tasks, leisure activities and sports was also assessed. Finally the sum of these functions was cal-

culated. The results were stratifi ed for severity of hemophilia. Overall, patients with obesity had a 

lower sum score than the normal weight patients (88/100 and 98/100, respectively, p=0.02). This 

difference was mainly driven by a lower score for lower extremities (Table 1). Due to the small 

number of cases with a target joint we could not specify which joint (knee of ankle) caused the 

lower score of the HAL. However, the ankle was affected in two cases and the knee in one case. The 

function of the upper extremity, use of transportation, self-care, household tasks, leisure activities 

and sports also slightly differed between the two groups. Obese patients had lower scores for 

all separate components of the HAL (Table 1) than controls, but these differences did not reach 

statistical difference. 

Table 1. HAL score among cases and controls

Total populaton Non-severe hemophiliacs

BMI 
≥ 30

BMI 
≤ 25 

p-value BMI 
≥ 30

BMI
 ≤ 25 

p-value

SUM 88.4 97.9 0.024 90.1 99.5 0.017

Upper Extremity 94.7 99.4 0.138 94.5 99.7 0.253

Basic Lower Extremity 80.4 96.2 0.023 83.1 99.2 0.023

Complex Lower Extremity 77.2 96 0.032 81.2 98.6 0.033

Lying/sitting/kneeling/
Standing

86.9 98.0 0.022 88.7 99.1 0.045

Leg functions 75.6 95.0 0.041 79.5 95.9 0.027

Arm functions 93.3 99,3 0.259 93.8 99.6 0.236

Use of transportation 92.2 99.3 0.118 95.1 100 0.072

Self care 95.7 99.5 0.169 95.1 99.7 0.488

Household tasks 94.9 98.7 0.888 94.9 100 0.072

Leisure activities and 
sports

91.5 98.1 0.235 94.2 99.2 0.238
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The association between the HAL score and BMI is shown in fi gure 1. When assessing the 

association in a linear regression model, there was a signifi cant inverse association between the 

HAL score and BMI. BMI infl uenced the HAL score by 21% (r2=0.21, p=0.012). When excluding the 

single outlier, the r2 increased to 0.28, p=0.003.

After exclusion of the patients with severe hemophilia, the HAL scores remained the same for 

all separate functions, although the scores were somewhat higher in both cases and controls. 

Also the sum score remained signifi cantly lower for patients with obesity compared to the normal 

weight hemophilia patients (90/100 and 99.5/100 respectively, p=0.02) (Table 1).

The HAL score was also calculated separately for patients with severe hemophilia, but the 

number of patients was very small. The overall HAL score was lower for patients with severe 

hemophilia. The HAL sum score of the four patients with severe hemophilia was 77.5/100 in the 

cases and 87.5/100 for the controls (p=0.44). 

Figure 1. Scatter plot assessing the association between BMI and sum score of the HAL

R2 =0.21 
P= 0.012 

Bleeding

When assessing the number of bleeding complications in both groups, obese hemophilia patients 

suffered from signifi cantly more bleeds requiring treatment with factor VIII concentrate over the 

past 2 years (17 bleeds in 8 individuals) compared to the normal weight control group (3 bleeds in 

3 individuals) (p=0.045). A similar trend was noticed when specifi cally joint- and muscle bleeds 

were analysed (Table 2). When assessing the number of bleeding complications in patients with 

non-severe hemophilia the difference did not reach statistical signifi cance (p=0.10). The number 
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of individuals with a target joint was greater in the group of normal weight hemophiliacs (5) com-

pared to obese hemophiliacs (3). In obese hemophiliacs, usually multiple joints were affected.

One patient in each study group used factor VIII prophylaxis. The total amount of factor VIII 

concentrate (both prophylaxis as well as on demand use) in the two-year time interval seemed to 

be higher in the cases (49.000 IU) than in the controls (21.600 IU; p=0.44). However, since obese 

patients may require a higher dose of weight-based factor VIII treatment compared to normal 

weight hemophiliacs, we also assessed the use of factor VIII adjusted for body weight. A trend for 

a higher amount of factor VIII concentrate used per kilogram (480 IU in the cases and 280 IU in 

the controls, p=0.527) remained (Table 2).

Table 2. Bleeding episodes and factor VIII concentrate use in 2008 and 2009

Cases 
(BMI ≥ 30)

Controls
(BMI ≤ 25)

p-value*

Severe
patients

 N=2

Non-
severe

patients 
N=13

Total

N=15

Severe
patients

 N=2

Non-
severe

patients
N=13

Total

N=15

Total Bleedings# 8 9 17 1 2 3 0.045

Joint Bleedings 5 2 7 0 0 0 0.073

Muscle Bleedings 3 2 5 0 2 2 0.340

Total FVIII concentrate use^
(mean) 

341.000 4077 49.000 151.000 1692 21.600 0.440

FVIII concentrate use per kg
(mean) 

3331 42 481 1941 26 280 0.527

# total bleeds= muscle bleeds+ joint bleeds+ other bleeds, ^total factor VIII concentrate use = factor VIII profylaxis and on 
demand use, *Total bleeds all cases compared to total bleeds all controls

Osteoarthritis

One third of the obese hemophilia patients (n=5) had osteoarthritis compared to 20% of the 

normal-weight patients (n=3), p=0.417. Of these patients only two patients had a severe form 

of hemophilia A, one obese patient and one patient with a normal weight. Osteoarthritis was 

diagnosed by a combination of clinical fi ndings and radiology reports. However, in only three 

patients the radiology report mentioned specifi c abnormalities on which the diagnosis was based 

(i.e. complete absence of cartilage, joint space narrowing with presence of subchondral cysts, 

narrowing of joint space with presence of marginal osteophytes). Symptoms consisted of pain and 

stiffness, decreased mobility and pain on palpitation.

Osteoarthritis was present in either the knees or ankles in 6 of the 8 individuals with osteoar-

thritis. These results seemed consistent with the lower score of the HAL for the lower extremity. 

One obese hemophilia patient had osteoarthritis of the hips and one normal-weight subject had 

osteoarthritis of the elbow. 
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DISCUSSION

The aim of the present study was to evaluate the infl uence of obesity on daily impairment, bleeding 

complications and factor VIII concentrate use in patients with hemophilia. Using the HAL score, 

hemophilia patients with obesity had an impaired functional ability compared to hemophilia 

patients with normal weight. A higher frequency of bleeds and a trend towards a higher use of 

factor VIII concentrate was also observed.

The prevalence of obesity is rapidly increasing, not only in the general population, but also in 

patients with hemophilia. In the present study BMI was inversely related to impairment in physical 

activities. In a large study in 274 obese subjects in the general population, osteoarticular pain was 

one of the main determinants of a poor health related quality of life [12]. Since obesity induces 

athropathy in the general population, it is logical to assume that obesity will have at least the 

same, but probably even more consequences for hemophilia patients. Strain on already fragile 

joints could potentially induce spontaneous joint bleedings, which could in turn further aggravate 

arthropathy. At present, more than 43% of the hemophilia population is obese or has overweight 

[3], which implies that a substantial number of patients will have an increased risk of osteoarthri-

tis. In this small study a higher frequency of osteoarthritis in the obese patients was observed, but 

this did not reach statistical signifi cance due to the small sample size. Since the majority of the 

patients in whom osteoarthritis was diagnosed consisted of non-severe hemophiliacs, osteoar-

thritis was most likely caused by obesity (which was generally present for several years) and not by 

frequent joint bleeds. The number of patients with severe hemophilia was too low to discriminate 

between bleeding and obesity as a cause of osteoarthritis. Nevertheless, it is important to actively 

prevent obesity, starting at childhood. Moreover, more attention and support is needed to help 

obese hemophiliacs to reduce weight. Low intensity sports (e.g. golf, swimming, walking, and 

sailing) that carry a low bleeding risk, should be promoted. Furthermore, a higher frequency 

of bleedings might be an additional consequence of obesity in this specifi c population, further 

impairing physical ability.

Some limitations need to be addressed. First, in the HAL score patients had maximum points 

for specifi c questions even when the answer was marked as not applicable. Since activities such as 

gardening may not have been applicable for patients due to physical limitations, this could have 

led to an underestimation of the limitations in daily activities. Second, the small sample size of our 

study may have limited signifi cant differences between the two groups.

In conclusion, obesity is associated with limitations in daily life activities in patients with 

hemophilia as shown by a lower overall score of the HAL, and likely increase the number of bleeds 

and use of larger amounts of factor VIII concentrate. Considering the high prevalence of obesity in 

hemophilia patients, preventive measures are strongly warranted.
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SUMMARY

This thesis focuses on the associations between cardiovascular risk factors, hyper- and hypocoag-

ulability. In the fi rst part, associations between novel risk factors, venous and arterial thrombosis 

are described. In the second part of the thesis, the risk of cardiovascular disease and quality of life 

in patients with hemophilia are evaluated.

Part I. Risk factors for cardiovascular disease

In chapter 1 the association between venous and arterial thrombosis was assessed in a retrospec-

tive study among 456 patients with venous thrombo-embolism (VTE) and 197 controls without 

VTE. The presence of calcium deposits, which represent an advanced stage of atherosclerosis, on 

the aortic arch was evaluated on the chest X-ray of all subjects. Aortic calcifi cations were present 

in 33% of the VTE patients, compared to 18% of the controls (adjusted odds ratio 1.86, 95%CI 

1.18-2.95). The calcifi cations were most pronounced among patients with unprovoked VTE. Since 

calcifi cations of the aorta are associated with an increased risk of future atherosclerotic events, 

these results support an increased risk of cardiovascular events in patients with VTE. Mutual 

causal pathways may underlie the association between venous and arterial thrombosis and this 

may also imply common therapeutic options. Statin therapy, which has proven highly effective 

in the prevention of cardiovascular disease is thought to provide additional protection against 

VTE. In chapter 2 using a large population-based registry consisting of 3093 PE patients, in which 

hospitalization data have been linked to pharmacy records, the effect of statin therapy on the 

occurrence of recurrent pulmonary embolism (PE) was assessed. After a median follow-up period 

of 5.6 years, recurrent PE occurred in 285 (9%) of the patients. Statin therapy signifi cantly reduced 

the occurrence of recurrent PE (HR 0.48, 95%CI 0.35-0.67), and the protective effect was present 

during and after stopping VKA treatment. The present study shows protective effects of statin 

therapy are also seen for recurrent PE.

In chapter 3 the effect of statin therapy on a fi rst episode of VTE was further assessed in a 

meta-analysis of previous large randomized controlled trials. Twenty-one trials of statin therapy 

versus placebo (105 636 participants) showed that statin therapy did not signifi cantly reduce the 

risk of VTE (464 vs 520 statin vs control OR 0.89, 95%CI 0.78-1.01, p=0.07). In seven trials (40 

594 participants) an intensive versus a standard dose statin regimen was studied. There was no 

evidence that higher dose statin therapy reduced the risk of VTE (167 vs 152, OR 1.10, 95%CI 0.88-

1.37, p=0.41). In contrast to previous fi ndings, these results do not support a role of statin therapy 

in the prevention of a fi rst episode of VTE. In chapter 4 in a multicentre study, consisting of 157 

VTE patients and 394 controls, the total number of subjects with either documented CVD, statin 

use, or with an increased risk of CVD, assessed using an established European risk prediction 

algorithm (SCORE), was compared between VTE patients and controls. Overall, 45% of the VTE 

patients had an indication for statin therapy compared to 33% of the controls (p=0.008). Although 

the exact role of statin therapy in the prevention VTE remains to be elucidated, the present study 
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illustrates that in a substantial proportion of VTE patients, statin therapy is already indicated for 

the prevention of CVD.

Nonsteroidal anti-infl ammatory drugs (NSAIDs) are widely prescribed drugs for the treatment of 

acute and chronic conditions in which pain and infl ammation predominate. Recently, Rofecoxib 

(Vioxx®) and Valdecoxib were removed from the market due to an increased risk of stroke and 

myocardial infarctions. In chapter 5 the association between NSAIDs and VTE was studied. In a 

large population based registry, consisting of 4495 VTE patients and 16802 controls, current use 

of NSAIDs was signifi cantly associated with PE (OR 2.39, 95% CI 2.06-2.77). The risk was highest 

for traditional NSAIDs, and the overall risk for NSAIDs was highest in the fi rst 30 days of exposure 

(OR 4.77, 95% CI 3.92-5.81), as compared to chronic (<1 year) (OR 1.83, 95% CI 1.47-2.28), or 

long-term use (>1 year) (OR 2.14, 95% CI 1.48-3.09). NSAIDs are associated with an increased risk 

of symptomatic PE, although the association may be partially explained by underlying medical 

conditions, as suggested by a similarly increased thrombotic risk in patients receiving acetamino-

phen and tramadol. Nevertheless, clinicians should be aware of the potentially higher risk of PE in 

patients who receive these frequently prescribed painkillers. 

Thyroid disease is associated with haemostatic abnormalities, but it is uncertain whether this 

also affects the risk of venous thromboembolism. In chapter 6 the association between pulmonary 

embolism (PE) and thyroid disease, as well as the infl uence of treatment with thyroid medication 

was assessed in a population based registry consisting of 3479 PE patients and 11830 controls. 

New use of antithyroid agents or hospitalization for thyrotoxicosis within 6 months after the index 

date were signifi cantly associated with PE (adjusted OR 3.22; 95% CI 1.12-9.22), whereas a relation 

between thyreomimetic agents and PE was observed for new use before the index date, especially 

within the fi rst 3 months after treatment onset (adjusted OR 4.58; 95% CI 1.28-16.43). These fi nd-

ings suggests that both patients with untreated hyperthyroidism and patients that recently started 

with thyreomimetic agents for hypothyroidism are at increased risk of pulmonary embolism.

Patients with venous-thromboembolism (VTE) and myocardial infarction (MI) have elevated 

prothrombin fragment 1+2 (F1+2) levels. We postulated that uF1+2 is elevated in patients with 

suspected venous or arterial thrombotic events and therefore performed a pilot study in patients 

with VTE and MI which is described in chapter 7. In 20 patients with VTE, 20 with MI, and 25 age- 

and sex-matched healthy controls. Compared to controls, patients with VTE had higher levels of 

both plasma F1+2 and uF1+2 levels, although the latter difference was not signifi cant. Patients with 

acute MI had the same F1+2 levels as controls in both plasma and urine. Overall, D-dimer and F1+2 

levels in urine were extremely low in all groups. Although urine F1+2 levels may be associated with 

postoperative venous thrombosis, we found no clear association in patients with acute VTE or MI.

Part II. Hemophilia, cardiovascular risk and quality of life

Chapter 8 provides a systematic overview of literature on cardiovascular disease (CVD) in patients 

with hemophilia and von Willebrand disease (VWD). Fifteen longitudinal and cross-sectional 
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studies consisting of 19.242 patients were included. Mortality due to arterial thrombosis was 

non-signifi cantly reduced in patients with haemophilia compared to healthy controls (SMR 0.51, 

95% confi dence interval (CI) 0.24-1.09). Haemophilia reduced non-fatal coronary events, and 

severe haemophilia offered better protection, but these results were based on a single study. No 

results were available for VWD. Although intima media thickness (IMT) of the carotid and femoral 

arteries was similar between VWD and haemophilia patients and healthy controls, atherosclerotic 

plaques of the large arteries were less prevalent in haemophilia patients. Although a clear protec-

tive effect on atherothrombosis is found, whether or not hemophilia patients are protected against 

atherosclerotic disease remains unclear. The reduced cardiovascular mortality in hemophilia may 

be the result of a lifelong defi ciency of factor VIII or IX or the prevalence of risk factors may differ 

in these chronically ill patients compared to the general population. In chapter 9 the prevalence 

of risk factors and expected risk of CVD in 100 hemophilia A and B patients was compared to 200 

healthy controls. The number of hemophiliacs with hyperglycemia (24%) and hypertension (51%) 

was higher than in the controls (p-values 0.001 and 0.03, respectively). The mean LDL cholesterol 

level in cases was lower than the controls (3.02 mmol/L (0.69-6.57) and 3.60 mmol/L (1.68-5.95), 

respectively, p < 0.001). Fewer cases had increased LDL levels (p=0.045). No difference was found 

in the ten-year cardiovascular mortality risk >10% between cases and controls (12% and 7% respec-

tively, p = 0.18). The prevalence of risk factors and expected risk of CVD in hemophilia patients 

was found to be comparable to the general population. This fi nding strengthens the hypothesis 

that hypocoagulability may reduce cardiovascular mortality in hemophilia patients. Whether or 

not hemophilia patients are protected against atherogenesis was studied in the following chapter. 

In chapter 10 the prevalence of atherosclerosis and endothelial function was assessed in fi fty-

one obese (body mass index (BMI) ≥30 kg/m2) and 47 non-obese (BMI ≤25 kg/m2) hemophilia 

A patients, and 42 obese and 50 matched non-obese male controls. Carotid IMT was increased 

in obese (0.77 ± 0.22 mm) compared to non-obese subjects (0.69 ± 0.16 mm). No differences 

in mean carotid and femoral IMT between obese hemophilia patients and obese controls were 

found (mean  0.02 mm (95% CI -0.07-0.11, p=0.67) and 0.06 mm (95% CI -0.13-0.25, p=0.55), 

respectively). Thirty-fi ve percent of the obese hemophilia patients and 29% of the obese controls 

had an atherosclerotic plaque (p=0.49), irrespective of the severity of hemophilia. Since hemo-

philia A patients had the same degree of atherosclerosis and endothelial function as their matched 

controls, these fi ndings suggest that the lower cardiovascular mortality in hemophilia patients is 

likely caused by a decreased risk of arterial thrombosis. 

Using the same study population in chapter 11 hemostatic changes associated with obesity 

were compared in men with and without hemophilia A. In hemophilia patients, mean endog-

enous thrombin potential (ETP) and median F1+2 levels were lower than in controls (1272 vs. 

1625 nM.min (p<0.001) and 120 vs. 153 pmol/l (p<0.001), respectively). Mean vWF:ag levels were 

higher in hemophilia patients as compared to controls (132 vs. 115%, p=0.011). The obesity-related 

increase in PAI-1 levels and decrease in PAP levels were comparable between hemophilia patients 
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and controls. This study shows that in hemophilia patients a similar obesity-related decrease in 

fi brinolysis was seen as in non-hemophilic men.

In chapter 12 obesity related impairments in daily life were assessed in hemophilia A patients. 

Obesity is equally prevalent in hemophilia patients as in the general population and is an 

important risk factor for osteoarthritis. In hemophilia patients these effects may be even more 

pronounced since they are already prone to joint damage. The Hemophilia Activities List (HAL) 

was used to assess the impairment in daily activities in fi fteen obese (BMI≥30 kg/m2) and fi fteen 

normal weight (BMI≤25 kg/m2) hemophilia A patients matched for severity and age. Compared to 

the normal weight hemophilia patients, obese hemophiliacs had a signifi cantly lower overall sum 

score (88/100 and 98/100, respectively, p-value=0.02), which was mainly caused by an impaired 

lower limb function. A higher frequency of bleeds requiring treatment with factor VIII concentrate 

occurred in the obese hemophiliacs (17 bleeds in 8 individuals) compared to the controls (3 bleeds 

in 3 individuals) (p=0.045). These results show that prevention of overweight and weight reduc-

tion requires special attention from physicians treating hemophilia patients.
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SAMENVATTING

In dit proefschrift werden associaties tussen risicofactoren voor hart- en vaatziekten en de 

bloedstolling bestudeerd. In het eerste deel, werden verschillende risicofactoren voor arteriële 

en veneuze trombose, alsmede de associatie tussen de twee aandoeningen besproken. Deel twee 

beschreef het risico op hart- en vaatziekten en de kwaliteit van leven in patiënten met hemofi lie.

Deel I. Risicofactoren voor hart- en vaatziekten

In hoofdstuk 1 is de associatie tussen veneuze en arteriële trombose geëvalueerd in een retrospec-

tieve studie bestaande uit 456 veneuze trombo-embolie (VTE) patiënten en 197 controles zonder 

VTE. De aanwezigheid van calcium neerslagen op de aortaboog op een thoraxfoto, wijst op een 

gevorderd stadium van atherosclerotisch lijden. Calcifi caties waren aanwezig in 33% van de VTE 

patiënten (voornamelijk met een spontane VTE) en in 18% van de controles (odds ratio (OR) 1.86; 

95% CI 1.18-2.95). Omdat calcifi caties van de aorta geassocieerd zijn met een verhoogd risico op 

athero-trombotische complicaties, ondersteunden deze bevindingen een verhoogd risico op CVD 

in patiënten met een veneuze trombose.

Gemeenschappelijke ziekteprocessen kunnen ten grondslag liggen aan de associatie tussen 

veneuze en arteriële trombose. Daarom zouden ook gemeenschappelijke therapeutische opties 

in overweging genomen kunnen worden. Statines zijn erg effectief gebleken in de preventie en 

behandeling van hart- en vaatziekten (HVZ) en recentelijk is er tevens een beschermend effect 

waargenomen op het optreden van VTE. In hoofdstuk 2 is in een grote landelijk database, 

bestaande uit 3093 longembolie (LE) patiënten, waarin ziekenhuisopnames zijn gekoppeld aan 

apotheekgegevens, het effect van statines op het optreden van een recidief (LE) onderzocht. In 

285 (9%) van de 3093 patiënten met een primaire LE, was er sprake een recidief LE. Gebruik van 

statines reduceerde het risico op recidief longembolie tot 52% (HR 0.48, 95%CI 0.35-0.67), zowel 

tijdens als na het staken van antistollings therapie met vitamine K antagonisten en het effect was 

het grootst voor hogere doseringen. Deze resultaten ondersteunen een rol van statine therapie in 

het voorkomen van een recidief LE. 

In hoofdstuk 3 werd het effect van statine therapie op VTE geëvalueerd in een meta-analyse van 

grote gerandomiseerde studies. Eenentwintig studies werden gevonden waarin statine therapie 

werd vergeleken met placebo (105 636 deelnemers) en toonden geen signifi cante reductie in het 

risico op VTE (464 vs 520 statin vs control OR 0.89, 95%CI 0.78-1.01, p=0.07). In zeven studies 

werd bovendien het effect van intensieve ten op zichte van standaard therapie (40 594 deelnemers) 

bekeken. Een hogere dosering statine was niet geassocieerd met een verlaagd risico op VTE (167 

vs 152, OR 1.10, 95%CI 0.88-1.37, p=0.41). In tegenstelling tot eerdere resultaten, wijzen deze 

resultaten niet op een beschermend effect van statines in het voorkomen van eerste episode van 

VTE.

In hoofdstuk 4, werd in een multicentre studie bestaande uit 157 VTE patiënten en 194 

controles, het aantal VTE patiënten dat al een indicatie heeft voor statine therapie vergeleken. 
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Vijfenveertig procent van de VTE patiënten had al een indicatie voor statines in vergelijking met 

33% van de controles (p=0.008) Artsen zouden zich bewust moeten zijn van het feit dat bij een 

groot deel van de trombose patiënten al een indicatie bestaat voor statine therapie in verband met 

een al bestaand verhoogd risico op hart-en vaatziekten. 

Nonsteroidal anti-infl ammatory drugs (NSAIDs) ook wel ontstekingsremmers genoemd, wor-

den wereldwijd voorgeschreven voor een grote scala aan aandoeningen gepaard gaande met pijn 

en ontsteking. In hoofdstuk 5 werd het risico op longembolie bekeken in patiënten die NSAIDs 

gebruiken. In een grote nationale database waarin ziekenhuisopnamen zijn gekoppeld aan data 

van de apotheek, werd de associatie tussen VTE en NSAIDs bekeken bestaande uit 4495 patiënten 

met LE en 16802 controles. Huidig gebruik van NSAIDs was geassocieerd met een verhoogd 

risico op LE (OR 2.39, 95% CI 2.06-2.77). Het risico was het hoogst voor traditionele NSAIDs, en 

gedurende de eerste 30 dagen van blootstelling (OR 4.77, 95% CI 3.92-5.81). Chronisch gebruik 

(<1 jaar) (OR 1.83, 95% CI 1.47-2.28) en langdurig gebruik (>1 jaar) (OR 2.14, 95% CI 1.48-3.09) 

waren echter ook geassocieerd met een verhoogd risico op LE. Hoewel er een duidelijk associatie 

werd gezien met longembolie, zou de associatie ook verklaard kunnen worden door onderliggende 

comorbiditeit, zeker gezien het feit dat paracetamol en tramadol een soortgelijke associatie lieten 

zien. Er lijkt sprake van een verhoogd risico op longembolie bij patiënten die NSAIDs gebruiken.

In dezelfde nationale database werd in hoofdstuk 6 de associatie tussen een schildklierziekte 

en ontstaan van LE geëvalueerd. In 3479 LE patiënten en 11830 controles, werden medicatie 

voor schildklierziekte en ziekenhuisopnames voor schildklierziekten en LE geëvalueerd. Nieuw 

gebruik (< 3 maanden) van medicatie voor hyperthyreoidie of hospitalisatie voor thyrotoxicose 

waren geassocieerd met LE (OR 3.22; 95% CI 1.12-9.22). Ook werd een associatie tussen nieuw 

gebruik van schildklierremmende medicatie en LE geobserveerd, met name 3 maanden na starten 

van de therapie (OR 4.58; 95% CI 1.28-16.43). Zowel patiënten met onbehandelde hyperthyreoidie 

alsook patiënten die recentelijk zijn gestart met schildklierstimulerende therapie in verband met 

een hypothyreoidie hebben een verhoogd risico op LE.

In hoofdstuk 7 werd de toepasbaarheid van het bepalen van protrombine fragmenten in de 

urine (Uf1+2) in de diagnostiek van VTE en myocardinfarct (MI) geëvalueerd. In 20 patiënten met 

een MI, 20 patiënten met een VTE en in 25 controle patiënten, werd in het bloed en in de urine 

f1+2 spiegels bepaald. Hoewel in VTE patiënten urine en plasma f1+2 spiegels duidelijk verhoogd 

waren ten opzichte van controles, werd in MI patiënten geen associatie gezien. De Uf1+2 spiegels 

waren echter erg laag in verhouding tot plasma spiegels. De toepasbaarheid van het bepalen van 

f1+2 in urine in het kader van de diagnostiek van VTE en MI lijkt vooralsnog beperkt.

Deel II. Hemofi lie, risico op hart- en vaatziekten en kwaliteit van leven

In hoofdstuk 8 werd een systematisch overzicht van de literatuur over hart- en vaatziekten (HVZ) 

bij patiënten met hemofi lie en de ziekte van Von willebrand (VWD) gegeven. In totaal werden 15 

longitudinale en cross-sectionele studies bestaande uit 19.242 patiënten geëvalueerd. Sterfte als 

gevolg van arteriële trombose was in de hemofi lie populatie lager dan in de gezonde controles 
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(SMR 0.51, 95%CI 0.24-1.09). Hemofi lie ging ook gepaard met een lager aantal niet-fatale myo-

cardinfarcten, met name in patiënten met een ernstige vorm van hemofi lie, maar deze resultaten 

waren gebaseerd op één enkele studie. Het voorkomen van atherosclerose, geobjectiveerd mid-

dels echografi sche intima media dikte (IMT) metingen van de arteriae carotis en femoralis, was 

gelijk tussen patiënten met VWD en hemofi lie en gezonde controles. Hemofi lie patiënten hadden 

echter wel minder plaques. Deze studie wijst op een beschermend effect van hemofi lie op athero-

trombose. Of hemofi lie patiënten ook beschermd zijn tegen atherosclerotisch lijden, blijft echter 

onduidelijk.

De lage sterfte door HVZ zou echter ook geassocieerd kunnen zijn met een andere levens-

stijl van hemofi lie patiënten die een chronische ziekte hebben en kan gepaard gaan met ander 

risicoprofi el. In hoofdstuk 9 werd de prevalentie van risicofactoren en het daarmee gepaard 

gaande risico op HVZ in hemofi lie patiënten vergeleken met mannen uit de algemene bevolking. 

Het aantal hemofi lie patiënten met hyperglycemie (24%) en hypertensie (51%) was hoger dan 

in de controle groep (p-waarde 0.001 en 0.03). De gemiddelde LDL cholesterol was lager dan in 

de controles (3.02 mmol/L (0.69-6.57) and 3.60 mmol/L (1.68-5.95), respectievelijk, p < 0.001). 

Bovendien hadden minder hemofi lie patiënten verhoogde LDL levels (p=0.045). Er was echter 

geen verschil in tienjarig risico op HVZ >10% tussen de hemofi lie patiënten en controles (12% and 

7% respectievelijk, p = 0.18). Deze bevindingen ondersteunen de theorie dat hypocoagulabiliteit 

en niet een andere levensstijl het risico op HVZ bij hemofi lie patiënten verlaagt. Of hemophilie 

patienten ook beschermt zijn tegen atherosclerose werd in het volgende hoofdstuk bestudeerd. 

In hoofdstuk 10 werden atherosclerose en endotheelfunctie onderzocht in 51 obese (body 

mass index (BMI) ≥30 kg/m2) en 47 niet-obese (BMI ≤25 kg/m2) hemophilia A patients, en 42 

obese en 50 gematchte niet-obese mannelijke controles. De IMT van de carotis was verdikt in de 

obese deelnemers (0.77 ± 0.22 mm) ten opzichte van de niet-obese deelnemers (0.69 ± 0.16 mm) 

( 0.07 mm (95%CI 0.02-0.13 mm, p= 0.008). Er werd geen verschil gevonden in gemiddelde 

IMT waarden van de carotis en femoralis tussen obese hemofi lie patiënten en obese controles 

( 0.02 mm (95% CI -0.07-0.11, p=0.67) en 0.06 mm (95% CI -0.13-0.25, p=0.55), respectively). 

Vijfendertig procent van de obese hemofi lie patiënten en 29% van de obese controles hadden een 

atherosclerotische plaque, welke niet gerelateerd was aan de ernst van de hemofi lie. Deze resul-

taten onderbouwen de gedachte dat de bescherming voor HVZ het gevolg is van een verminderd 

risico op athero-trombose. In dezelfde studiepopulatie werd in hoofdstuk 11 vervolgens gekeken 

naar de gevolgen van obesitas op de bloedstolling. De gemiddelde endogene thrombine potentiaal 

(ETP) en de gemiddelde F1+2 spiegels waren lager in hemofi lie patiënten dan in de controles (1272 

vs. 1625 nM.min (p<0.001) en 120 vs. 153 pmol/l (p<0.001), respectievelijk). Gemiddelde vWF:ag 

spiegels waren hoger in hemofi lie patiënten dan in de controles (132 vs. 115%, p=0.011). De met 

obesitas samenhangende stijging in PAI-1 spiegels en verlaagde spiegels van PAP waren vergelijk-

baar in hemofi lie patiënten en controles. De studie toont aan dat de met obesitas geassocieerde 

stollingsactivatie gelijk is in hemofi lie patiënten en controles.
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In hoofdstuk 12 werden de met obesitas geassocieerde beperkingen in het dagelijkse leven 

geëvalueerd in 30 hemofi lie A patiënten met en zonder obesitas. Hoewel obesitas binnen de 

hemofi liepopulatie net zo vaak voorkomt als in de algemene populatie, zijn de gevolgen mogelijk 

groter voor deze patiënten. Hemofi lie patiënten hebben door een hoog risico op gewrichtsbloe-

dingen al een hoog risico op artrose. De Hemophilie Activiteiten Lijst (HAL) werd gebruikt om de 

beperkingen in 15 obese (BMI≥30 kg/m2) en 15 patienten met normaal gewicht (BMI≤25 kg/m2) in 

kaart te brengen. Ten op zichte van de patiënten met een normaal gewicht, hadden de obese hemo-

fi lie patiënten een signifi cant lager som score van de HAL ((88/100 and 98/100, respectievelijk, 

p-waarde=0.02), welke voornamelijk werd verklaard door een afwijkende functie van de onderste 

extremiteiten. Bovendien werd er in de obese patiënten een hogere frequentie van bloedingen (17 

bloedingen in 8 patiënten) gevonden waarvoor behandeling met factor VIII noodzakelijk was in 

vergelijking met niet-obese patiënten (3 bloedingen in 3 patiënten) (p=0.045). Deze bevindingen 

ondersteunen het belang van preventie almede de behandeling van overgewicht in hemofi lie 

patiënten.
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DANKWOORD

Dat promoveren veel meer omvat dan een wetenschappelijk leertraject, is gedurende mijn pro-

motie zeker gebleken. Het is een periode geweest waarin ik niet alleen belangrijke persoonlijke 

ontwikkelingen heb doorgemaakt, maar ook inzichten heb verkregen in de vaak erg zakelijke kant 

van de wetenschap waarin politiek en ‘andere hogere belangen’ ook een rol spelen. Desondanks 

zat deze periode echter vol waardevolle leermomenten, die mij hebben gesterkt in het geloof dat 

hoewel het doel heilig is, je te allen tijde trouw aan jezelf moet blijven.

Ik wil iedereen (van studiedeelnemers tot collega’s) bedanken die heeft bijgedragen aan de tot-

standkoming van dit proefschrift. Er zijn veel mensen geweest die een aandeel hebben geleverd 

en zonder die hulp was dit boekje er nooit gekomen. Zonder anderen te kort te doen, wil ik enkele 

mensen graag in het bijzonder bedanken.

Allereerst wil ik mijn promotor bedanken: geachte professor dr. H.R. Büller, waarde Harry. Ik heb 

enorm veel respect en bewondering voor jouw werk en het is een ware eer geweest om onder de 

supervisie van een vooraanstaande wetenschapper als jij te mogen promoveren. Jouw deur stond 

altijd open en jouw kijk op zaken was vaak erg inzichtgevend, leerzaam en verfrissend. Bovendien 

wist je tijdens de woelige periodes van mijn promotie vaak rust en orde te scheppen. Dank.

Ook wil ik mijn copromotoren dr. V.E.A. Gerdes en dr. P.W. Kamphuisen bedanken.

Beste Victor, ik heb veel bewondering voor jouw oprechte interesse in de wetenschap die erg 

aanstekelijk is. Jij hebt mij bijna 4 jaar geleden weten te enthousiastmeren voor het promotieon-

derzoek en daar ben ik je erg dankbaar voor. Hoewel het een hele nieuwe en spannende uitdaging 

was, gaf jij mij het vertrouwen dat het niet alleen de juiste keuze was, maar ook dat ik de capaci-

teiten bezat om het te kunnen. Bovendien wist jij, door jouw oneindige relativeringsvermogen 

gedurende mijn gehele promotie, mij door veel moeilijke momenten heen te helpen. 

Beste PW, door jouw contacten hebben wij, naast de IDAHO studie, nog een aantal leuke 

projecten op kunnen zetten, waar ik je dankbaar voor ben. Bovendien was jouw bijdrage aan het 

halen van mijn deadlines aan het einde van mijn promotie belangrijk. Ik wens je veel succes toe in 

Groningen.

De leden van mijn promotiecommissie, prof.dr. J.J.P. Kastelein, prof.dr. M.M. Levi, prof.dr. J.C.M. 

Meijers, prof.dr. F.W.G. Leebeek en dr. P. Verhamme wil ik bedanken voor het beoordelen van mijn 

proefschrift en hun bereidheid zitting te nemen in mijn promotiecommissie.

Iedereen die de IDAHO studie heeft mogelijk gemaakt. Allereerst, alle hemofi liepatiënten en 

gezonde vrijwilligers, heel veel dank voor jullie bijdrage! 
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Uiteraard was de studie niet mogelijk geweest zonder de inzet van diverse hemofi lieartsen, 

hemofi lieverpleegkundigen, technici en echografi sten. Hoewel ik niet met iedereen direct heb 

samengewerkt, was het onderzoek zonder de inzet van een ieder van jullie niet gelukt. Dank!

In het bijzonder wil ik het IDAHO team in Amsterdam bedanken. Dr. M. Peters, hoofd van 

hemofi liebehandelcentrum, beste Marjolein, jouw hulp en kritische blik bij op het opzetten, 

uitwerken en afronden van de IDAHO studie heb ik erg gewaardeerd. 

De Vasculaire Imaging, in het bijzonder Eric de Groot, Johan Gort, Dees Klappe, Elsa Rijff, 

Colin Goddart, Renee Breet en Sharmili Mitra. Veel dank voor de prettige samenwerking. Vooral 

onze bijeenkomsten tegen het einde van de studie waren erg bijdragend! 

Daarnaast wil ik de hemofi lieverpleegkundigen bedanken. Caroline Valk, jij hebt mij enorm 

geholpen en ik kijk met veel plezier terug naar onze samenwerking. Karin, Marlene en Ineke ook 

heel veel dank voor jullie hulp op momenten dat ik dat plotseling nodig had.

Geachte prof.dr. J.C.M. Meijers, beste Joost. Veel dank voor het meedenken aan de IDAHO 

studie bij het opstarten alsook het (onder de nodige tijdsdruk) verrichten van de bepalingen aan 

het einde van de studie. Ik zal nooit vergeten hoe jij in 2009 in Boston tijdens de ISTH, hoewel 

je andere sessie had willen bijwonen, uiteindelijk toch naar mijn praatje bent komen luisteren, 

omdat je wist dat ik erg zenuwachtig was en je me graag een hart onder de riem wilde steken. 

Dank daarvoor.

Van het stollingslab wil ik verder Lucy, Wil, Marian en Kamran hartelijk bedanken voor niet 

alleen hun hulp en assistentie bij het verwerken van mijn samples, maar vooral ook voor het pret-

tige gezelschap toen ik stickers kwam printen op het lab en de talloze keren dat jullie me uit de 

brand hebben geholpen toen de printer weer vastliep! 

Dank ook aan de medewerkers van het LEKC voor hun bijdrage aan de IDAHO studie. Marianne 

Schaap en Chi Hau heel veel dank voor het aannemen en afdraaien van alle IDAHO samples! Rienk 

Nieuwland, René Berckmans en Anita Grootemaat ook heel veel dank voor jullie medewerking 

aan de IDAHO studie.

Alle collega’s van het trialbureau, Michelle, Elsa, Trees, Jet, Linda, Mia, Judith, Hans, Johan, 

Liesbeth, Marieke en Jantje. Ik kon altijd bij een ieder van jullie terecht als ik even hulp nodig had. 

Bovendien gaf een praatje met jullie, tussen de bedrijven door, vaak een extra leuke dimensie aan 

de dag. Ik zal de gezelligheid op het trialbureau missen. 

Alle medeauteurs, het werk dat in mijn proefschrift zit, is uiteraard een team-effort geweest, en ik 

wil beslist niet voorbij gaan aan de bijdrage van de overige auteurs. Heel veel dank voor de inzet 

van een ieder van jullie. I would like to thank all co-authors for their contribution to my thesis. It 

was a pleasure working with you.

Al mijn collega promovendi wil ik bedanken voor een gezellige tijd. Lily, Anne, Maartje, Katrijn, 

Roeland (heb met plezier met je samengewerkt aan de Silhouet studie), Corien, Diederik, Ankie, 
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Frederiek, Geerte, Remco, Lysette, Onno, Menno, Dirk-Jan, Raphaël, Annemieke, Renée, Danny, 

Hans A, Ties, Hans M, Sander, Marijn, Steffi e, Karim, Nadine, Anouk, Carlijne, Brigitte (mijn 

kamergenootje, sorry dat ik er zo weinig was aan het einde..), Sutesh, Bregje, Fatima, Josien (het 

was erg leuk om je op deze manier weer tegen te komen, veel dank voor de prettige samenwerking) 

Nanne, Danka, Inge, Maurits, Bas, Olav, Erfan, Meeike, Andrea, Elise en Aart. Ik hoop jullie alle-

maal nog vaak tegen te komen.

De secretaressen van de afdeling wil ik graag bedanken voor alle hulp door de jaren heen. Joyce 

Jansen, hoe druk je het ook had, bij jou kon ik werkelijk voor alles terecht. Heel veel dank hiervoor. 

Debbie, erg fi jn dat ik op jou kon rekenen tegen het einde van mijn promotie. Dankjewel! Henriette, 

jij ook veel dank voor al je hulp.

Alle stafl eden van de afdeling Vasculaire Geneeskunde van het AMC, dank voor alle leermomenten.

Mijn studenten die hebben bijgedragen aan de verschillende onderzoeken: Bas Haak, Julia Witjes, 

Manuel Baarslag en Olivier Rijssenbeek. Dank voor al jullie inspanningen en de prettige samen-

werking. 

Mijn familie en vrienden. Dank voor alle afl eiding en leuke momenten. 

Mijn broers, Amir, Kamran en Adnan en mijn jongere zus Sadhia. Ik ben jullie dankbaar voor jullie 

onvoorwaardelijke liefde en steun. Ik denk dat er weinig broers en zussen zijn die zich zo inzetten 

om altijd kaar te staan voor de ander op de manier dat wij dat doen.

Mijn moeder, ammi-ji. Jij bent de liefste, meest zorgzame en sterkste vrouw die ik ken. Jij hebt in 

je leven veel moeilijke periodes doorstaan, in je eentje vijf kinderen grootgebracht, en een hoop 

opgeofferd om ons een veilige en liefdevolle opvoeding te kunnen geven. Wat heb ik veel van jou 

geleerd. Ik hoop ooit net zo’n goede moeder te worden. Heel veel dank voor jouw liefde, zorg, 

stimulans en steun.

Mijn wederhelft, lieve Suffi e. Ik kan nog steeds niet geloven waar wij gekomen zijn met z’n twee-

tjes. Jij geeft zin aan het leven. Samen zijn wij sterk en samen zijn wij compleet. 
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CURRICULUM VITAE

Sara Biere-Rafi  was born in Lahore, Pakistan, on July 21st 1981, as daughter of  Tasneem and Abdul-

Rafi  Sheikh. Along with her family she moved to the Netherlands as political refugees when Sara 

was only 9 months old. She lived in Alkmaar, North Holland for a large part of her childhood and 

went to high school at the European School in Bergen, North Holland. After succesfully graduat-

ing from high school in 1999, she studied physics at the VU university in Amsterdam for a year in 

order to apply for her medical education. In this year she also studied Spanish at the University of 

Amsterdam. 

She started her medical education in 2000 at the Academic Medical Centre (AMC) in Amster-

dam, the Netherlands. After her graduation in 2007 she worked as a resident at the department of 

Internal Medicine of the Slotervaart hospital for 6 months. In December 2007 she started her work 

as a PhD student at the department of Vascular Medicine of the AMC, supervised by prof. H.R. 

Büller, which has resulted in this thesis. In October 2011 she will start her specialist training at 

the department of Nuclear Medicine of the AMC. Sara married Surya Biere in 2009 whom she met 

during the fi rst days of her medical education and who will obtain his PhD degree on the same day.

Sara Biere-Rafi  werd geboren in Lahore, Pakistan, op 21 juli 1981, als dochter van Tasneem en 

Abdul-Rafi  Sheikh. Zij emigreerde samen met haar familie naar Nederland als politieke vluchte-

lingen toen zij 9 maanden oud was. Sara woonde voor een groot deel van haar jeugd in Alkmaar, 

Noord-Holland en ging naar de middelbare school op de Europese School in Bergen, Noord-

Holland. Nadat zij haar Europese Baccalaureaat had behaald in 1999, heeft zij 1 jaar Natuurkunde 

gestudeerd aan de Vrije Universiteit om toegelaten te worden tot de studie Geneeskunde. In 

hetzelfde jaar heeft zij tevens Spaans gestudeerd aan de Universiteit van Amsterdam. 

Zij begon de opleiding Geneeskunde in 2000 aan de Universiteit van Amsterdam/ Academisch 

Medisch Centrum (AMC). Na het behalen van het arts examen in mei 2007, heeft zij als arts-assis-

tent gewerkt op de afdeling Interne Geneeskunde van het Slotervaart ziekenhuis. In december 

2007 begon zij aan haar promotieonderzoek op de afdeling Vasculaire Geneeskunde van het AMC 

onder leiding van prof. H.R. Büller, resulterend in dit proefschrift. In oktober 2011 zal zij beginnen 

aan haar opleiding tot nucleair geneeskundige in het AMC. Sara trouwde Surya Biere in 2009 die 

ze tijdens de eerste dagen van haar studie Geneeskunde heeft ontmoet en die op dezelfde dag zal 

promoveren.
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