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Summary 
Studies on the association between lipid profile and venous throm-
boembolism (VTE) are inconsistent. This could be caused by classical li-
poproteins being inferior to apolipoproteins as markers for VTE risk. 
Therefore, we examined whether apolipoproteins are more strongly re-
lated to VTE than lipoproteins. For this analysis we used the PREVEND 
prospective community based observational cohort study. Levels of 
apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), total cholesterol 
(TC), high-density lipoprotein (HDL), non-HDL, low-density lipoprotein 
(LDL), triglycerides (TG), lipoprotein(a), ApoB/ApoA1 and TC/HDL ratio 
were assessed. Subjects with VTE were identified using databases of 
the national registries of hospital discharge diagnoses, death certifi-
cates, and the regional anticoagulation clinic. Out of 7,627 subjects, 
110 developed VTE during a median follow-up of 10.5 years. In both 
univariate and multivariable analyses no significant associations be-
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tween apolipoproteins and overall VTE were observed. Of the classical 
lipoproteins, TC, non-HDL, LDL, TG, and TC/HDL ratio were significantly 
associated with overall VTE in univariate analysis. Significant associ-
ations were no longer present in multivariable analysis. TGL and LDL 
were significantly associated with unprovoked VTE in univariate analy-
sis. After adjustment for age and sex this significance was lost. No sig-
nificant associations between (apo-) lipoproteins and provoked VTE 
were found. We conclude that apolipoproteins are not better in predict-
ing VTE risk than the classical lipoproteins. Our population-based co-
hort study does not show an association between both apolipoproteins 
and the classical lipoproteins and VTE risk.  
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Introduction 

Growing evidence shows a relationship between arterial and ve-
nous thromboembolism (VTE) (1). A possible explanation for this 
relationship is an overlap in risk factors, such as an abnormal lipid 
profile. Indeed, the Jupiter trial showed that the use of statins de-
creases the risk of VTE (2). Two prospective, observational studies 
also reported a decreased risk of VTE associated with the use of sta-
tins (3, 4). 

Studies on the association between lipid profile and VTE, how-
ever, are inconsistent (5–9). These studies mainly focused on clas-
sical lipoproteins (i.e. total cholesterol [TC], low-density lipopro-
tein [LDL], high-density lipoprotein [HDL], triglycerides [TG] 

and lipoprotein (a) [lp(a)]) (5, 6, 10). However, in arterial throm-
boembolism, apolipoproteins and their ratios are possibly stronger 
predictors for the risk of arterial thromboembolism than the clas-
sical lipoproteins (11–13). This may also apply to VTE. Possibly, 
the inconsistent results on the association between lipid profile 
and VTE are caused by the use of inferior risk markers which could 
not optimally detect the effect of an abnormal lipid profile on VTE 
risk. 

For this reason, we examined whether apolipoproteins are more 
strongly related to VTE than lipoproteins in the large population-
based cohort of the Prevention of REnal and Vascular ENd stage 
Disease (PREVEND) Study.  
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nity pharmacies in the city of Groningen; drug use was available 
and complete for 85% of PREVEND participants. High-sensitivity 
C-reactive protein (hsCRP) and urinary albumin concentration 
were determined by nephelometry (Dade Behring Diagnostic, 
Marburg, Germany). For urinary albumin excretion, the mean of 
the two samples was used for analysis. Estimated glomerular fil-
tration rate (eGFR) was estimated using the Modification of Diet 
in Renal Disease study equation, taking into account sex, age, race, 
and serum creatinine level (17). Subjects were classified as smokers 
when they reported smoking cigarettes during the previous year. 

(Apo-) lipoproteins 

Serum samples for lipid and apolipoprotein measurements were 
stored at –80°C until analysis. TC was measured by dry chemistry 
(Eastman Kodak, Rochester, NY, USA), TG were measured enzy-
matically. HDL was measured using a homogeneous method (di-
rect HDL, AEROSET System; Abbott Laboratories, Abbott Park, 
IL, USA) (18). LDL was estimated using the Friedewald formula 
(19). Non-HDL was calculated as the difference between TC and 
HDL. Serum apolipoprotein B (ApoB), apolipoprotein A1 
(ApoA1) and lp(a) were determined by nephelometry applying 
commercially available reagents for Dade Behring nephelometer 
systems (BN II; Dade Behring) (20). 

Definition of thrombotic events 

The database of the regional anticoagulation clinic, which moni-
tors the anticoagulant therapy of all inhabitants of the city of 
Groningen, was used to identify participants of the PREVEND 
study who developed VTE between study entry and January 1, 
2009. As an additional confirmation, the database of the national 
registry of hospital discharge diagnoses (Prismant, Utrecht, The 
Netherlands) was searched. Fatal cases were identified with the use 
of the database of the national registry of death certificates (Cen-
tral Bureau of Statistics, The Hague/Heerlen, The Netherlands). 
When available, data on subjects with VTE according to any of the 
abovementioned databases was confirmed by patients’ medical 
records (n=89). This was carried out by an assessor blinded for the 
lipid profile of the subject under investigation. Only objectively 
verified symptomatic thromboembolic events were considered. 
Deep vein thrombosis had to be confirmed by compression ultra-
sound, and pulmonary embolism by ventilation/perfusion lung 
scanning, or by spiral computed tomography. When VTE had oc-
curred at or within three months after exposure to an exogenous 
risk factor including surgery, trauma, immobilisation for more 
than seven days, pregnancy, puerperium, the use of oral contracep-
tives or hormonal replacement therapy, or malignancy, this event 
was classified as being provoked. VTE was classified as unprovoked 
when no such risk factor was present.  
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Materials and methods 

Study population and design 

This study was conducted on participants in the PREVEND Study. 
Details of this study have been published previously (14) and can 
be found at http://www.prevend.org. In 1997–1998, all inhabitants 
of the city of Groningen, the Netherlands, aged 28 to 75 years 
(n=85,421), were invited to participate in this prospective cohort 
study, which was designed to investigate the natural course of al-
buminuria and its relation to renal and cardiovascular disease. A 
total of 40,856 subjects (47.8%) responded. Individuals with insu-
lin-dependent diabetes mellitus were excluded from the PRE-
VEND Study since the link between cardiovascular or renal disease 
and microalbuminuria in this population is well established. As 
pregnancy may cause temporary microalbuminuria, pregnant 
women were excluded from the study too. After these exclusions, 
all subjects with a urinary albumin concentration of 10 mg/l or 
greater (n=7,768) were invited and 6,000 agreed to participate. A 
random control sample of 3,394 subjects with a urinary albumin 
concentration of less than 10 mg/l was invited and 2,592 subjects 
agreed to participate. Taken together, 8,592 subjects took part in 
the baseline screening and constitute the PREVEND cohort. For 
the present study, we excluded participants who were non-fasting 
at the time of first blood sampling (n = 428) and those who used 
lipid-lowering drugs according to either pharmacy or self-report 
(n = 537). This left us with 7,627 patients for the present analysis. 

All participants provided written informed consent. The PRE-
VEND Study was approved by the local medical ethics committee 
and was conducted in accordance with the guidelines of the Dec-
laration of Helsinki. 

Measurements 

Participants visited the outpatient research unit twice for baseline 
survey. All participants completed a questionnaire on demo-
graphics, cardiovascular disease history, smoking habits, alcohol 
consumption and medication use prior to their first visit. Height 
and weight were measured, an 8 hour (h)-fasting blood sample was 
drawn and two 24-h urine samples were collected. Body Mass 
Index (BMI) was calculated as weight (kg) divided by square of 
height (m2). During the first and second visit blood pressure was 
measured, in supine position for 10 minutes with an automatic de-
vice (Dinamap XL Model 9300, Johnson-Johnson Medical, Tampa, 
FL, USA). Blood pressure values are given as the mean of the last 
two recordings of both visits. Hypertension was defined as systolic 
blood pressure of at least 140 mmHg or diastolic blood pressure of 
at least 90 mmHg, or the pharmacy-confirmed use of antihyper-
tensive drugs (15). Diabetes mellitus was diagnosed by fasting plas-
ma glucose ≥7.0 mM, according to 1997 American Diabetes As-
sociation criteria (16) or pharmacy-confirmed use of oral glucose-
lowering drugs. Self-reported data on medication use were con-
firmed using pharmacy-dispensing information from all commu-
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Statistical analysis 

To examine the association between (apo-) lipoproteins and their 
ratios and VTE risk we used a Cox proportional hazard model. The 
following variables were examined: ApoA1, ApoB, TC, HDL, non-
HDL, LDL, TG, lp(a), ApoB/ApoA1 and TC/HDL ratio. As the haz-
ard ratio (HR) did not gradually increase with increasing levels of 
the (apo-) lipoproteins, these variables could not cot be included as 
continues variables. Therefore, the risk of VTE was analysed ac-
cording to the tertiles of the (apo-) lipoproteins. Adjustments were 
made for age, sex, hypertension, diabetes, urinary albumin excre-
tion, hsCRP and BMI. In these analyses urinary albumin excretion 
and hsCRP were log transformed (loge) to approach a normal dis-
tribution. First order interactions between the (apo-) lipoproteins 
and the variables included in the model were calculated. The HRs 
are reported with 95% confidence intervals (95% CI). Observation 
time started with study entry and ended at time of VTE, end of 
study (January 2009), death or moving out of the city. Various sub-
analyses were performed. Firstly, subjects with provoked and un-
provoked VTE were analysed separately. Secondly, a sensitivity 
analysis was performed, in which all analyses were repeated with-
out excluding subjects that were originally excluded based on the 
use of lipid-lowering medication. Lastly, design-based sensitivity 
analyses were performed, using survey probability weights (21), to 
correct for the enrichment of the cohort for subjects with high lev-
els of urinary albumin excretion. 

Categorical data are presented as counts and percentages. Con-
tinuous variables are presented as medians with interquartile 
ranges (IQR) when not normally distributed, and as mean with 
standard deviation (SD) when normally distributed. Statistical dif-
ference was tested with the Mann-Whitney U test, Student’s t-test 
and Chi2 test. A two-tailed p < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using PASW version 
18.0 (IBM SPSS, Chicago, IL, USA).  

Results 

Study population 

Baseline characteristics are shown in �Table 1. Of the 7,627 sub-
jects 49% were male. Mean age at enrolment was 49 (SD, 13) years. 
In 1,949 subjects follow-up ended prematurely at time of death 
(n= 531, 7%) or moving out of the city (n=1,418, 19%). During a 
median follow-up of 10.5 (IQR, 10.2–10.8) years, 110 subjects de-
veloped VTE at a mean age of 61 (SD, 13) years. Median time from 
study inclusion to VTE was 4.9 (1.9–7.6) years. The annual inci-
dence of VTE was 0.15 (95%CI; 0.12–0.18) per 100 person years. In 
61 subjects VTE was secondary to an external risk factor, 44 events 
were unprovoked. In five events the presence or absence of an ex-
ternal risk factor could not be assessed from medical records. 
Compared to subjects without VTE, subjects who developed VTE 
had significantly higher TC, non-HDL, LDL, TG and TC/HDL 
ratio at baseline. They also had significantly higher BMI, hsCRP 

and urinary albumin excretion and lower HDL and eGFR. Fur-
thermore, subjects with VTE were more often hypertensive and 
were older. 

Risk of VTE according to (apo-) lipoproteins 

Inclusion of time dependent covariates in the Cox proportional 
hazard model showed that the proportional hazards assumption 
was not violated. Furthermore, there were no relevant significant 
first order interactions between the (apo-) lipoproteins and the 
variables included in the models. �Table 2 shows the results of the 
univariate and multivariable analyses of the apolipoproteins in re-
lation to overall VTE. In both univariate and multivariable ana-
lyses no significant associations between apolipoproteins and VTE 
were observed.  

�Table 3 shows the results of the univariate and multivariable 
analyses of the classical lipoproteins and their ratios in relation to 
overall VTE. In the univariate analyses, TC, non-HDL, LDL, TG 
and TC/HDL ratio were significantly associated with overall VTE. 

Table 1: Clinical characteristics.  

 VTE (n=110) No VTE 
(n=7,517) 

P-value 

ApoA1(g/l) 1.33 (1.18–1.50) 1.36 (1.20–1.56) 0.30 

ApoB (g/l) 1.07 (0.90–1.25) 1.00 (0.82–1.21) 0.05 

ApoB/ApoA1 0.76 (0.64–0.98) 0.74 (0.58–0.93) 0.09 

Total cholesterol (mM) 5.83 (5.08–6.80) 5.51 (4.87–6.30) 0.01 

Sex (male)  59 (54) 3681 (49) 0.34 

Hypertension  46 (42) 2172 (29) 0.004 

Diabetes mellitus 3 (3) 222 (3) 1.00 

UAE (mg/24 h) 14.1 (8.1–51.9) 9.3 (6.3–16.8) <0.001 

hsCRP (mg/l) 1.8 (1.1–3.9) 1.3 (0.5–2.9) <0.001 

BMI 29 (5) 26 (4) <0.001 

eGFR 77.1 (15.6) 80.9 (14.4) 0.01 

Smoking 33 (30) 2844 (38) 0.11 

VTE, venous thromboembolism; HDL, high-density lipoprotein; LDL, low-den-
sity lipoprotein; ‘Apo’, apolipoprotein; TC, total cholesterol; UAE, urinary albu-
min excretion; hsCRP, high-sensitivity C-reactive protein; BMI, body mass 
index; eGFR, estimated glomerular filtration rate. Categorical data are pres-
ented as number (%), continuous variables are presented as medians (IQR) 
when not normally distributed, and as mean (SD) when normally distributed. 

HDL (mM) 1.22 (0.97–1.45) 1.28 (1.04–1.57) 0.03 

Non-HDL (mM) 4.64 (3.88–5.43) 4.23 (3.44–5.06) 0.001 

LDL (mM) 4.25 (3.60–5.10) 3.97 (3.23–4.74) 0.001 

Triglycerides (mM) 1.29 (0.95–1.93) 1.13 (0.82–1.65) 0.003 

Lipoprotein (a) (g/l) 0.06 (0.03–0.14) 0.05 (0.02–0.14) 0.46 

TC/HDL 4.65 (3.81–5.93) 4.32 (3.32–5.60) 0.003 

Age at enrolment (years) 58 (13) 49 (13) <0.001 
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Table 2: Risk of  
venous thromboem-
bolism related to 
apolipoproteins and 
their ratios.  

Variable Crude HR 

(95% CI) 
P-value Adjusted HRb 

(95% CI) 
P-value Adjusted HRc 

(95% CI) 
P-value 

ApoA1 (n=7243) a   0.49  0.56  0.85 

2nd tertile 0.97 (0.61–1.52)  0.93 (0.59–1.48)  1.00 (0.62–1.60)  

3rd tertile 0.76 (0.46–1.24)  0.76 (0.45–1.27)  0.87 (0.51–1.49)  

ApoB (n=7244)  0.10  0.91  0.77 

2nd tertile 1.36 (0.81–2.29)  1.01 (0.59–1.71)  0.85 (0.50–1.44)  

3rd tertile 1.71 (1.04–2.80)  1.10 (0.66–1.83)  0.83 (0.49–1.41)  

ApoB/ApoA1 (n=7243)  0.17  0.65  0.29 

2nd tertile 1.59 (0.96–2.61)  1.22 (0.73–2.03)  1.02 (0.61–1.71)  

3rd tertile 1.48 (0.89–2.45)  1.01 (0.59–1.73)  0.72 (0.41–1.25)  

Apo, apolipoprotein; CI, confidence interval.a number of subjects included in univariate analysis. b Reference group are those  
within the first tertile. Adjustments are made for age and sex.c Reference group are those within the first tertile. Adjustments are 
made for age and sex, hypertension, diabetes, albuminuria, C-reactive protein, Body Mass index, estimated glomerular filtration 
rate and smoking. HR, hazard ratio;  

Table 3: Risk of  
venous thromboem-
bolism related to  
classical lipoproteins 
and their ratios. 

Variable Crude HR 

(95% CI) 
P-value Adjusted HRb 

(95% CI) 
P-value Adjusted HRc 

(95% CI) 
P-value 

Total cholesterol 
(n=7577) a 

 0.045*  0.61  0.78 

2nd tertile 1.18 (0.71–1.95)  0.87 (0.52–1.45)  0.83 (0.49–1.41)  

3rd tertile 1.73 (1.09–2.74)  1.09 (0.68–1.77)  0.86 (0.52–1.43)  

HDL (n=7445)   0.09  0.24  0.82 

2nd tertile 0.91 (0.59–1.40)  0.96 (0.62–1.49)  1.17 (0.72–1.88)  

3rd tertile 0.59 (0.36–0.96)  0.66 (0.39–1.11)  1.08 (0.61–1.91)  

Non-HDL (n=7412)  0.02*  0.61  0.80 

2nd tertile 1.39 (0.83–2.32)  1.00 (0.59–1.69)  0.84 (0.49–1.45)  

3rd tertile 1.97 (1.22–3.18)  1.21 (0.73–2.01)  0.86 (0.50–1.46)  

LDL (n=7412)  0.003*  0.27  0.93 

2nd tertile 1.94 (1.18–3.21)  1.53 (0.92–2.57)  1.06 (0.62–1.81)  

3rd tertile 1.82 (1.09–3.03)  1.29 (0.75–2.21)  0.74 (0.42–1.32)  

HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; HR, hazard ratio; CI, confidence interval.  
* Statistical significance at two-tailed p≤0.05. a number of subjects included in univariate analysis. b Reference group are those 
within the first tertile. Adjustments are made for age and sex.c Reference group are those within the first tertile. Adjustments are 
made for age and sex, hypertension, diabetes, albuminuria, C-reactive protein, Body Mass index, estimated glomerular filtration 
rate and smoking.  

2nd tertile 1.47 (0.86–2.49)  1.07 (0.62–1.84)  0.93 (0.53–1.63)  

3rd tertile 2.28 (1.40–3.72)  1.43 (0.85–2.40)  1.02 (0.59–1.75)  

Triglycerides (n=7446)  0.01*  0.10  0.21 

2nd tertile 2.11 (1.26–3.55)  1.76 (1.04–2.97)  1.36 (0.79–2.32)  

3rd tertile 2.16 (1.29–3.63)  1.62 (0.96–2.75)  0.92 (0.52–1.63)  

Lipoprotein (a) (n=7243)  0.72  0.83  0.94 

2nd tertile 1.13 (0.69–1.85)  1.10 (0.67–1.80)  1.00 (0.60–1.65)  

3rd tertile 1.21 (0.76–1.93)  1.15 (0.72–1.84)  1.08 (0.67–1.73)  

TC/HDL (n=7412)  0.03*  0.26  0.31 
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However, after adjustment for age and sex, a significant association 
was no longer present in all these variables. This was also true after 
additional adjustment for hypertension, diabetes, urinary albumin 
excretion, hsCRP and BMI.  

When analyses were confined to subjects with unprovoked VTE 
we observed a significant association with TGL and LDL in the 
univariate analysis. After adjustment for age and sex, no significant 
associations between unprovoked VTE and any of the (apo-) lipo-
proteins or their ratios remained. When confined to subjects with 
provoked VTE no significant associations between any of the vari-
ables and VTE was found in both univariate and multivariable ana-
lyses.  

When a sensitivity analysis was performed in which subjects on 
lipid-lowering drugs were not excluded from analyses, similar re-
sults were found. In the univariate analyses non-HDL, LDL, TG 
and TC/HDL ratio were related to VTE risk. After adjustment for 
age and sex, no significant relationship between any of the vari-
ables and VTE was found. 

When the analyses were adjusted for the enrichment of the co-
hort with participants with higher urinary albumin levels, using 
survey probability weights (21), similar results were obtained. In 
the multivariable analyses no significant relationship between any 
of the variables and VTE was found. 

Discussion 

The present population-based cohort study did not show a 
stronger association with VTE for apolipoproteins than for classi-
cal lipoproteins. Both apo- and lipoproteins showed no association 
with VTE, neither did their ratios. When analysed separately for 
subjects with unprovoked or provoked VTE similar results were 
found.  

An association between lipid levels and VTE risk was hypoth-
esised based on the established relationship between cardiovascu-
lar disease and VTE (1, 22–24). Possibly, the relationship between 
the two diseases can be explained by an overlap in risk factors, such 
as an abnormal lipid profile. The lipid profile is largely influenced 
by food intake (25), and dietary patterns are strongly related to the 
risk of cardiovascular disease (26–28). Diet patterns might also be 
related to VTE risk (29). However, the present study showed that, 
like many cardiovascular risk factors (5, 6), an altered lipid profile 
does not influence VTE risk. This might explain why the relation-
ship between healthy diets and VTE risk was not always corrobor-
ated (28, 30). As abnormal lipid levels do not seem to influence 
VTE risk, we can conclude that the association between cardiovas-
cular disease and VTE is not explained by an abnormal lipid pro-
file.  

Previously, a case-control study of 49 male VTE patients and 
matched controls, aged < 55 years, showed that VTE risk was elev-
ated in subjects with an elevated ApoB/ApoA1 ratio. When ana-
lysed separately low ApoA1 was associated with increased VTE risk 
while high ApoB level was not (8). On the contrary, Everett et al. re-
ported that high levels of both ApoA1 and ApoB100 were associ-

ated with an increased risk of unprovoked VTE in women on hor-
mone therapy (7). In contrast to abovementioned studies, our 
study was performed in a population-based setting. This might ex-
plain the differences in outcome. Everett et al. also did not show a 
relationship between apolipoproteins and VTE in women who 
were not on hormone therapy (7). Our findings are in accordance 
with the findings of a large population based cohort study in which 
no association between ApoA1 and VTE risk could be demon-
strated (31). 

Although not confirmed in a meta-analysis (13), two large case-
control studies suggest that apolipoproteins are better than the 
classical lipid biomarkers in predicting the risk for arterial cardio-
vascular disease (11, 12). The pathophysiology behind this finding 
is not fully understood, but is partly explained by the fact that 
apolipoproteins better reflect an individual’s atherogenic potential 
(32). Atherogeneity will most likely not influence VTE risk, be-
cause atherosclerosis does not take place in the venous system. Still, 
statins reduce the risk of VTE (2–4). Possibly, lipid biomarkers 
have other characteristics that could influence venous haemosta-
sis. Indeed, it has been demonstrated that an elevated LDL level ac-
celerates activation of prothrombin, factor X and factor VII, while 
HDL enhances the protein C anticoagulant pathway and reduces 
thrombin generation (33). Furthermore, a high level of TC en-
hances platelet thrombus formation (34). However, the present 
study did not show an association between the lipid biomarkers 
and VTE risk. This suggests that the prothrombotic effects of an 
abnormal lipid profile might be too mild to actually influence VTE 
risk or that these effects are counteracted by other mechanisms. 
The reported decreased risk of VTE due to statins (2–4) is probably 
not caused by lowering lipid levels itself, but more likely through 
other properties of this medication. This theory is supported by 
the finding that of all lipid-lowering medication, only statins re-
duce the risk of VTE (35). Statins have several other mechanisms 
that could reduce VTE risk. For example it induces Kruppel-Like 
Factor 2 expression, which in turn promotes thrombomodulin ex-
pression on endothelial cells, thereby enhancing the activity of the 
protein C anticoagulant pathway (36). Furthermore, statins dim-
inish levels of inflammatory markers (37, 38) and they reduce tis-
sue factor expression and thrombin generation (39). 

Our study has both strengths and limitations. Strength of the 
study is that all important lipid biomarkers and the ratios known 
to be related to arterial cardiovascular disease have been examined. 
Including all important lipid biomarkers and ratios strengthens 
the finding that an altered lipid profile does not influence VTE risk. 
Other strengths of our study are the large population-based cohort 
and the accurate information on the use of lipid-lowering medi-
cine, which made it possible to exclude these subjects in our analy-
sis. 

A limitation of our study is that incidence of VTE may have 
been underestimated as cases were identified retrospectively. No-
netheless, the assessor who evaluated patient charts was blinded to 
lipid profile and there is no reason to assume an unequal distribu-
tion of missed events between different levels of (apo-) lipopro-
teins. Second, data regarding anticoagulant therapy were only 
available for the subjects who developed VTE during follow-up. 
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Hence, the use of anticoagulants was not included in our multi-
variable analyses. Third, the cohort under investigation is enriched 
for participants with higher levels of albuminuria. This enrich-
ment might have reduced generalisability. However, it is unlikely to 
have influenced our risk estimates (i.e. HRs) on the relationship 
between (apo-) lipoproteins and VTE, as these estimates did not 
significantly change after accounting for study design. Generalis-
ability might have also been slightly reduced due to the inclusion 
criteria of the PREVEND Study, in which inclusion was limited to 
subjects aged 28–75 years at baseline. This might explain the some-
what low mean age at time of VTE found in our study, when com-
pared to other studies (40, 41). Fourth, lipid profile was assessed at 
inclusion. It is possible that lipid profile has changed during fol-
low-up due to the natural course of lipid biomarkers or lifestyle in-
tervention. 

The present study is important in understanding the patho-
physiology of VTE. Our results show no association between either 
apolipoproteins or the classical lipoproteins and VTE risk. Appar-
ently, the reported association between arterial cardiovascular dis-
ease and VTE is not explained by an altered lipid profile as shared 
risk factor. Future studies should focus on other mechanisms that 
can explain the association between arterial cardiovascular disease 
and VTE to give us more insight into the pathophysiology of VTE. 
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