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ABSTRACT 

Prediction of recurrence in patients with unprovoked venous thromboembolism (VTE) 

remains a challenge. Studies of atherosclerosis suggest a protective role of transforming 

growth factor (TGF)-β. However, the role of TGF-β has not been studied in VTE. The aim of 

this study was to investigate TGF-β as a predictive marker of recurrent VTE in patients with a 

first episode of unprovoked VTE. Patients in the Malmö Thrombophilia Study (MATS) were 

followed after the discontinuation of anticoagulant treatment until the diagnosis of recurrent 

VTE or the end of the study in December 2008 (mean±SD 38.5 months ±27). Among patients 

with a first episode of unprovoked VTE, we identified 42 patients with recurrent VTE during 

the follow-up period. Two age- and sex-matched control subjects without recurrent VTE were 

selected for each patient (n=84). Plasma levels of the three isoforms of TGF-β (TGF-β1, TGF-

β2 and TGF-β3) were quantified simultaneously by TGF-β 3-plex immunoassay. Compared to 

controls, plasma levels of TGF-β1 and TGF-β2 were significantly lower in patients with 

recurrent VTE (p<0.05), whereas no difference was found for TGF-β3. In a multivariate Cox 

regression analyses, adjusted for inherited thrombophilia, age, sex and BMI, low levels of 

TGF-β1 (hazard ratio [HR] =2.2, 95% confidence interval [CI]=1.1-4.3; p=0.02) and TGF-β2 

(HR=2.4, 95% CI=1.2-4.7; p=0.01) were independently associated with a higher risk of 

recurrent VTE. We propose TGF-β1 and TGF-β2 as potential predictive markers for 

recurrence in patients with unprovoked VTE.  

 

Keywords: Deep venous thrombosis; Pulmonary embolism; Recurrence; Risk assessment; 

Transforming Growth Factor-β; Venous thromboembolism  
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Introduction 

Venous thromboembolism (VTE) is a common cardiovascular disease (CVD) that frequently 

recurs and is associated with significant numbers of deaths annually [1]. Multiple acquired 

factors (older age, malignancy, trauma, major surgery, immobilization, female hormone 

therapy, pregnancy) [2, 3] and genetic factors (Factor V Leiden (rs6025) and prothrombin 

G20210A (rs1799963) mutations, protein C, protein S and antithrombin deficiencies) [4, 5] 

have been identified as risk factors for VTE. However, there is an increased risk of recurrence 

in patients with no identifiable acquired risk factor associated with the first event (unprovoked 

VTE), compared to patients with known risk factors (provoked VTE) [6]. The cumulative risk 

of recurrent VTE after a first episode of deep vein thrombosis (DVT) has been shown to be 

about 17% at 2 years of follow-up and 30% at 8 years [7] . Treatment with oral anticoagulants 

such as vitamin K antagonists or new oral anticoagulants (NOAC) such as Rivaroxaban, 

Dabigatran and Apixaban prevents most episodes of recurrence, albeit at the cost of an 

increased risk of bleeding [4]. Therefore, thrombotic risk assessment is necessary for 

continuation of anticoagulant treatment in patients with high risk of recurrence and to limit 

the treatment duration in patients with a lower risk of recurrence. However, the risk of 

recurrent thrombosis after discontinuation of treatment is not easily predicted, despite the 

knowledge of a number of identified risk factors, such as male sex, elevated D-dimer levels 

and residual thrombosis [4, 8].  

An association between VTE and risk factors for atherosclerotic vascular diseases is emerging 

and may help in identifying new risk factors for venous thrombosis [9]. TGF-β is a secreted 

protein that has been shown to be a target molecule for development of CVDs and metabolic 

syndrome [2, 3, 6]. It exists in three subtypes in humans, TGF-β1, TGF-β2 and TGF-β3, of 

which TGF-β1 is recognized as the potentially most pivotal TGF-β isoform for the 

cardiovascular system [10]. In general, TGF-β1 is considered as an anti-inflammatory 
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cytokine in the vessel wall [11]. Clinical and experimental studies suggest an important role 

for TGF-β1 in various cardiac pathologies [12-14]. In atherosclerosis, TGF-β1 is considered 

to be an antiatherogenic factor and, in hemostasis, it has been suggested to be an 

antifibrinolytic factor [15, 16]. However, the roles of TGF-β1, TGF-β2 and TGF-β3 in VTE 

are not well defined. In this study, we analyzed all three isoforms of TGF-β and investigated 

their potential roles in predicting recurrent VTE in patients with unprovoked VTE in the 

Malmö Thrombophilia Study (MATS). 
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Subjects and Methods 

Study population 

Participants were selected from the Malmö Thrombophilia Study (MATS), a prospective 

population-based study conducted at Skåne University Hospital in Sweden from March 1998 

to December 2008 on 1465 consecutive patients diagnosed with VTE [17]. Patients for whom 

complete information on recurrence was missing (n=51) and those who had thrombotic events 

before inclusion (n=25), who had recurrence during anticoagulant therapy (n=281) or who 

gave post-treatment samples during treatment (n=382) were excluded. Of the remaining 726 

patients who had a recorded history of an acquired risk factor for VTE, such as surgical 

intervention, immobilization or cast therapy within the last month, malignancies diagnosed 

prior to or at diagnosis of the first VTE event, use of contraceptives pills, use of hormonal 

therapy, pregnancy or postpartum period (first 6 weeks after delivery) were excluded (n=283). 

Among the remaining 443 patients (unprovoked VTE without any acquired risk factors at the 

time of inclusion), 43 (9.7%) suffered from recurrent VTE. However, for one patient there 

was not enough sample available for analysis and that patient was excluded.  Control samples 

were selected from the remaining patients at a ratio of 1:2 and were matched for age, sex and 

time of sampling. In total, 42 unprovoked recurrent VTE patients and 84 matched controls 

(unprovoked non-recurrent VTE) were analyzed in the study. The primary end-point of the 

study was a confirmed diagnosis of DVT and/or pulmonary embolism (PE) during the follow-

up period. Patients were censored if they were free of DVT and/or PE throughout the follow-

up period. All participants provided written informed consent and the study was approved by 

the Ethics Committee of Lund University. 

Diagnosis of DVT and PE was objectively confirmed by phlebography, duplex 

ultrasonography, computed tomography (CT), lung scintigraphy or magnetic resonance 

imaging (MRI) [17]. All patients were initially treated with low molecular weight heparin 



6	  

	  

(LMH) or unfractionated heparin (UFH). Warfarin was used as an oral anticoagulant (OAC) 

for 3-6 months. Thrombophilia was defined as presence of the Factor V Leiden mutation 

(rs6025) or the prothrombin G20210A mutation (rs1799963), or levels below the laboratory 

reference range of free protein S (women <0.5 kIE/L, men <0.65 kIE/L), protein C (<0.7 

kIE/L) or antithrombin (<0.82 kIE/L). 

Laboratory methods 

Whole blood samples were collected into citrate-treated tubes and were centrifuged at 2000 × 

g for 15 min at 4°C to collect platelet-depleted plasma. Samples were transferred to new 

polypropylene tubes and, to completely remove platelets and precipitates, samples were 

centrifuged again at 10,000 × g for 10 min at 4°C. The samples were then aliquoted and 

stored at -80°C prior to analysis. All three TGF-β isoforms (TGF-β1, TGF-β2 and TGF-β3) 

were quantified simultaneously using a Bio-Plex Pro™ TGF-β 3-plex immunoassay kit (Bio-

Rad Inc., Hercules, CA) according to the manufacturer’s instructions. Briefly, the samples (25 

µl) were activated with 1 N HCL (5 µl) and neutralized with 5 µl of 1.2 N NaOH/0.5 M 

HEPES. They were then diluted 1:16 in the dilution buffer provided with the kit and 

incubated with magnetic beads coupled to specific antibodies. TGF-β isoforms were detected 

with premixed detection antibody. Protein levels were quantified using a Bio-Plex Suspension 

Array System and the data obtained were analyzed using Bio-Plex Manager™ software 

(version 4.0). Absolute concentrations were measured from a standard curve generated from 

eight serially diluted standards provided with the kit. Each sample was analyzed in duplicate. 

Values are presented in ng/ml for TGF-β1 and in pg/ml for TGF-β2 and TGF-β3. Each run 

included controls of known concentration (spiked-in samples) for each isoform and a blank. 

Intra-assay coefficients of variation (CV) values for TGF-β1, TGF-β2 and TGF-β3 were 2.1, 

7.9 and 5.5%, respectively; inter-assay CV values for TGF-β1, TGF-β2 and TGF-β3 were 3.8, 

6.4 and 7.1%%, respectively (values were calculated from six different experiments). 
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DNA mutations for factors II and V were analyzed by TaqMan allele discrimination using 

gene-specific assays for these two factors (Applied Biosystems, Life Technologies 

Corporation, Carlsbad, CA, USA) [18].  

Statistical analysis 

Nonparametric tests were used in this study. Two-sided p values of <0.05 were considered 

significant. Baseline differences in age, BMI, lab markers, thrombophilia, duration of 

anticoagulation and TGF-β levels were analyzed by Mann-Whitney U test and differences in 

sex and type of thrombosis were anlysed by Fisher’s exact test and Chi-square test 

respectively. Time to event analysis was performed by Kaplan-Meier analysis. The log-rank 

test was used to compare survival. Uni- and multivariate regression analyses were performed 

using the Cox proportional hazards model. The fit of the proportional hazards model was 

checked visually by plotting the recurrence rates over time and by calculating Schoenfeld 

(partial) residuals. Schoenfeld residuals were used as the dependent variable and time as the 

independent variable in order to assess the proportional hazards assumption. A possible 

interaction between thrombophilia and TGF-β was explored by adding interaction terms to the 

multivariate model. Statistical analyses were performed using IBM SPSS 21 (IBM, Armonk, 

NY, USA). Descriptive data are presented as the mean ± standard deviation (SD) but medians 

were used in the statistical models. 
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Results 

Baseline characteristics are presented in Table 1. Of the patients with thrombophilia, 64% 

developed recurrent VTE, compared to 36% of those without thrombophilia. Of the patients 

with thrombophilia, 42% were free of recurrent, compared to 58% of those without 

thrombophilia (p=0.02). Patients with non-recurrent VTE had lower hemoglobin (Mean±SD, 

138±11)  levels compared to those with recurrent VTE (Mean±SD, 146±16), p=0.02. There 

were no significant differences (p= >0.05) in age, sex, BMI, C-reactive protein , creatinine, 

platelets, cholesterol, triglycerides, HDL, LDL, duration of anti-coagulant treatment or type of 

thrombosis between patients with non-recurrent and recurrent VTE (Table 1).  

Compared to non-recurrent VTE (mean ± SD, 5.2±1.8 ng/ml), TGF-β1 levels were 

significantly decreased in patients with recurrent VTE (mean ± SD, 4.6±1.9 ng/ml; p=0.017). 

Similarly, TGF-β2 levels were also significantly decreased in patients with recurrent VTE 

(mean ± SD, 487±73 pg/ml) compared to patients with non-recurrent VTE (mean±SD, 

517±78 pg/ml; p=0.02). In contrast, compared to non-recurrent VTE (mean±SD, 23±13 

pg/ml), TGF-β3 levels tended to be lower in patients with recurrent VTE (mean±SD, 20±12 

pg/ml); however, this difference was not statistically significant (p=0.6) (Table 1).  

To investigate the predictive value of TGF-β in recurrent VTE, patients were divided into two 

groups according to median levels of each TGF-β isoform: high (above the median, n=63) and 

low (median or below, n=63). Median levels were chosen because TGF- β values were not 

normally distributed. These two groups were then subjected to survival analysis by the 

Kaplan-Meir method. Recurrent VTE-free survival was significantly higher in patients with 

high levels of TGF-β1 (>4.5 ng/ml) compared to patients with low levels (≤4.5 ng/ml) (log 

rank test, χ2=8.1; p=0.005) (Figure 1A). Similarly, patients with high levels of TGF-β2 (>503 

pg/ml) had significantly higher recurrent VTE-free survival compared to those with low levels 

of TGF-β2 (≤503 pg/ml) (log rank test, χ2=9.7; p=0.002) (Figure 1B). There was no 
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difference in recurrent VTE-free survival between patients with high levels of TGF-β3 (>21 

pg/ml) and those with low levels (≤21 pg/ml) (log rank test, χ2=0.02; p=0.9) (Figure 1C).  

Univariate Cox regression analysis comparing low and high levels of TGF-β isoforms showed 

that lower levels of TGF-β1(hazard ratio [HR]=2.5, 95% confidence interval [CI]=1.3-4.6) 

and TGF-β2 (HR=2.7, 95% CI=1.5-5.0) were associated with higher risk of recurrent VTE. 

No difference in risk of recurrent VTE was found between patients with low and high levels 

of TGF-β3 (HR=1.0, 95% CI=0.5-1.8) (Table 2).  

In order to investigate the role of thrombophilia in predicting recurrent VTE in the study 

population, all patient were divided into two groups according to their thrombophilia status. 

Univariate Cox regression analysis comparing patients positive and negative for 

thrombophilia showed a significantly higher risk of recurrent VTE in patients positive for 

thrombophilia compared to those who were negative for thrombophilia (HR=2.0, 95% 

CI=1.1-3.7; p=0.03;) (Table 2). 

Multivariate Cox regression analysis on the whole study population was performed by 

including each TGF-β isoform, thrombophilia status, age, sex and BMI. Models including 

TGF-β1 or TGF-β2 showed that lower levels of both TGF-β1 (HR=2.2, 95% CI=1.1-4.3; 

p=0.02) and TGF-β2 (HR=2.4, 95% CI=1.2-4.7; p=0.01) were associated with increased risk 

of  recurrent VTE independent of thrombophilia, age, sex and BMI. However, in the model 

where TGF-β3 was included , thrombophilia (HR=1.9, 95% CI=1.04-3.8; p=0.039) was the 

only significant predictor of recurrent VTE. No association between level of TGF-β3 and 

recurrent VTE was observed (HR=0.85, 95% CI=0.45-1.6; p=0.62), (Table 3).  
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Discussion 

For the first time, we identified TGF-β1 and TGF-β2 as potential predictive markers for 

recurrent VTE in patients with an unprovoked first episode of VTE. Our results show 

associations between higher risks of recurrent VTE and lower levels of TGF-β1 and TGF-β2. 

Furthermore, these associations were independent of inherited genetic risk factors associated 

with increased risk of recurrent VTE (factor V Leiden and factor II mutations, protein S, 

protein C and antithrombin deficiencies) and BMI. 

During recent years, efforts have been made to identify risk factors for thrombotic risk 

assessment. However, it remains a challenge to predict the individual risk for recurrence of 

VTE, especially in unprovoked VTE. Recent epidemiological studies suggest that arterial and 

venous CVDs share common risk factors[9, 19] and TGF-β1 has been suggested as a 

predictive marker for arterial CVDs. Notably, increased plasma levels of TGF-β1 are 

significantly associated with extended survival and reduced incidence of coronary events [20]. 

However, to the best of our knowledge, no previous study has investigated the role of this 

major player in vascular function and hemostasis in VTE . We found significantly lower 

levels of TGF-β1 and TGF-β2 in recurrent VTE compared to non-recurrent VTE, suggesting 

that they could be used as potential biomarkers of recurrent VTE.  

Cell culture studies suggest that TGF-β protects against atherosclerosis by inhibiting the 

proliferation of vascular smooth muscle cells [21, 22]. Preclinical studies also indicate a 

protective role for TGF-β1 in atherogenesis. Furthermore, suppression of TGF-β1 activity 

accelerates atherosclerosis and the switch from a stable matrix-rich plaque phenotype to an 

unstable proinflammatory plaque at risk of rupture [23]. In agreement with these studies, we 

found a significant association between lower levels of TGF-β1 and TGF-β2 and an increased 

risk of recurrent VTE. In contrast, other studies have shown an association between TGF-β 

and the development of metabolic syndrome and cardiovascular damage [24, 25]. TGF-β was 
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also weakly associated with factor VII in patients with hypercholesterolemia [26]. 

Furthermore, it has been reported that TGF- β has multi-faceted effects on numerous immune 

functions, which are dependent on the cellular and environmental context [27].  Therefore, it 

is possible that TGF-β may play a dual role in cardiovascular diseases dependent on the 

cellular and molecular environment. 

VTE recurrence rates are reported to be higher in patients with inherited genetic defects [5, 

28, 29]. However, the clinical importance of these inherited genetic defects in recurrent VTE 

risk is controversial [8, 30]. Consistent with previous research [5], we also found an increased 

risk of recurrent VTE in patients with thrombophilia compared to those without 

thrombophilia. In the multivariate Cox regression analyses, including thrombophilia, BMI and 

the TGF-β isoforms, we demonstrate that lower levels of TGF-β1 and TGF-β2 were 

associated with a higher risk of recurrent VTE, independent of thrombophilia and BMI. 

Interestingly, thrombophilia was not an independent predictor of recurrent VTE when TGF-β1 

or  TGF-β2 were included in the model. These results suggest that the levels of TGF-β1 and 

TGF-β2 may be of importance when evaluating the predictive role of thrombophilia.   

The main limitation of the study is the relatively small number of cases. The results need to be 

confirmed in a larger number of patients. A potential limitation is that the present study did 

not detect any mechanisms, although that was not the scope of the study. It is possible that 

TGF-β may not be involved in the pathogenesis of recurrent VTE. Furthermore,  hemoglobin 

levels were different between patients with non-recurrent and recurrent VTE.To the best of 

our knowledge, hemoglobin is not known to be associated with recurrent VTE. Higher levels 

of hematocrit, however, which is associated with hemoglobin, have been shown to be 

associated with recurrent VTE but only in women with the highest hematocrit values [29]. 

However due to the missing values (44% missing values) we were unable to adjust our results 

with hemoglobin as well as hematocrit. Nevertheless, our results show that TGF-β, in this 
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group of patients, predicts recurrent VTE independent of thrombophilia, age, sex and BMI. A 

key strength of the study is that only unprovoked cases with a first event of VTE were 

included. Moreover, all events of VTE were confirmed by objective methods such as 

phlebography, duplex ultrasonography, computed tomography (CT), and/or lung scintigraphy.  

In conclusion, our results show that patients with high levels of TGF-β1 and TGF-β2 have a 

decreased risk of recurrent VTE. We propose TGF-β1 and TGF-β2 as potential predictive 

markers of recurrent VTE.  
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FIGURE LEGENDS 

Figure 1. Kaplan-Meier analysis of VTE recurrence according to TGF-β levels. TGF-β levels 

were dichotomized as high (above the median, n=63) and low (median or below, n=63). (A) 

TGF-β1. (B) TGF-β2. (C) TGF-β3. P= log rank test. 

 





Table 1.  Baseline characteristics and expression of TGF-β with or without recurrent VTE in patients with first event of unprovoked VTE  

 Non-recurrent (n=84)* Recurrent VTE (n=42) p-value 

Age (Years) 64.4±13.3 64.0±12.9  0.7a 
Sex, n (%)       

Male, n=78 (62)  52 (62)  26 (62)  1.00b 
Female, n=48 (38)  32 (38) 16 (38) 

BMI (kg/m2) 27.6±4.7 28.1±5.2 0.51a 
Lab markers 

Hemoglobin (gm/L) 138±11 146±16 0.02a 
CRP (mg/L) 22±36 28±40 0.60a  
Creatinine (µmol/L) 85±29 92±32 0.4a 

Platelets 239±72 232±59 0.6a 
Cholesterol (mmol/L) 5.7±1.2 5.1±1.5 0.06a 
Triglycerides (mmol/L) 1.7±0.9 1.4±0.5 0.2a 
HDL (mmol/L) 1.2±0.4 1.2±0.3 0.3a 
LDL (mmol/L) 3.5±1.0 3.2±1.4 0.5a 

Thrombophiliad, n (%) 
Yes, n=62 (49)  35 (42) 27 (64)  0.02b 
No, n=64 (51)  49 (58) 15 (36) 

Duration of anticoagulant (days) 170±64 173±67  0.4a 

Type of thrombosis, n (%) 
 DVT, n=91 (72)  60 (72) 31(74)  0.8c 
 PE , n=25 (20)  18 (21) 07 (17) 
 DVT+PE, n=10 (8)  06 (07) 04 (09) 
TGF- β concentration 

TGF-β1,(ng/ml)  5.2±1.8 4.6±1.9  0.017a 
TGF-β2, (pg/ml)  517±78  487±73  0.02a 

 TGF-β3, (pg/ml)  23±13  20±12  0.6a 
*Patients with no recurrent venous thromboembolism, matched for age, sex and time of sampling. 
aMann Whitney U test, bFisher’s exact test cChi-square test 
dThrombophilia= Factor V Leiden, Factor II mutations, protein S, Protein C and antithrombin deficiency. 
Results are presented as mean±SD until and unless indicated otherwise. ng=nanogram/milliliter, pg/ml= picogram/milliliter, CRP= C-reactive protein, MBI=Body mass index, 
HDL=High density lipoprotein, LDL= Low density lipoprotein. 
Hemoglobin, CRP, creatinine, Cholesterol, triglyceride, HDL and LDL have 44%, 52%, 42%, 62%, 62%, 62% and 62% missing values respectively. 



 
Table 2. Univariate Cox regression analysis for TGF-β isoforms and thrombophilia in whole 
population with first event of unprovoked VTE 
 
Predictors HR 95% CI for HR   P-value* 
 Lower Upper 
TGF-β1 2.5 1.3 4.6 0.005 
TGF-β2 2.7 1.5 5.0 0.002 
TGF-β3 1.0 0.5 1.8 0.9 
Thrombophilia 2.0 1.1  3.7 0.03 
*Log-rank test 
Thrombophilia: Factor V leiden and factor II mutations, free protein S, protein C and antithrombin deficiencies). 
HR=hazard ratio, CI=confidence interval.  
 



Table 3. Multivariate hazard ratios for TGF-β isoforms and thrombophilia in the whole 
population with first events of unprovoked VTE 
  Multivariate* 
Predictors HR (95% CI) P-value 
Model I 
TGF-β1   2.2 (1.1-4.3)  0.02 
Thrombophilia   1.7 (0.89-3.2)  0.11 
Model II 
TGF-β2   2.4 (1.2-4.7)  0.01 
Thrombophilia   1.7 (0.88-3.2)   0.12 
Model III 
TGF-β3   0.85 (0.45-1.6)  0.62 
Thrombophilia  1.9 (1.04-3.8)   0.039 
*Multivariate model for each TGF-β isoform, thrombophilia (Factor V Leiden, Factor II mutations, protein S, Protein C 
and antithrombin deficiency), age, sex and adjusted for body mass index (BMI)  

	  


