
INTRODUCTION
Inflammatory bowel disease (IBD) is associated with 
an increased risk of  vascular complications[1-4]. The 
most important of  these complications are arterial and 
venous thromboembolisms, which represent a signifi-
cant cause of  morbidity and mortality in IBD patients. 
Thromboembolism is a disease-specific extraintestinal 
manifestation of  IBD[5], which is developed as the result 
of  multiple interactions between acquired and genetic 
risk factors. Several studies have shown an imbalance 
of  procoagulant, anticoagulant and fibrinolytic factors 
predisposing in thrombosis in patients with IBD[6-9]. The 
incidence of  thromboembolism in IBD ranges between 
1% and 7.7% in clinical studies[1,10,11], rising to 39%-41% 
in postmortem studies[12]. 

The most common thrombotic manifestations in 
IBD are deep vein thrombosis, usually in the leg, and 
pulmonary embolism. The latter may be fatal. Thrombotic 
events occur less frequently in other sites, such as the 
cerebrovascular system, portal vein, mesenteric veins, and 
retinal vein. Arterial thrombotic complications occur less 
frequently than venous thromboembolism in patients 
with IBD, and most occur after surgery. An increased 
atherosclerotic risk in patients with IBD has also been 
suggested[13]. This could be associated with the elevated 
levels of  C-reactive protein and plasma sCD40L, which 
are features of  the IBD[14,15]. Common carotid artery 
intima-media thickness has been found significantly 
higher in IBD patients compared with healthy controls[16]. 
Premature atherosclerosis with lower extremity arterial 
occlusions has been reported in young patients with 
Crohn’s disease[17]. An increased risk of  cardiovascular 
arterial thromboembolic diseases in both Crohn’s disease 
and ulcerative colitis and an increase in cerebrovascular 
arterial thromboembolic diseases in Crohn’s disease 
recently have been reported[18]. IBD patients have been 
found to develop thrombembolisms earlier in life than 
non-IBD thrombotic patients[19]. Furthermore, many 
IBD patients with thromboembolic disorders either have 
active disease or have undergone recent major abdominal 
surgery[2]. Conversely, thromboembolisms may also occur 
in quiescent IBD[1]. It has been suggested that the extent 
of  colonic disease is correlated with thromboembolic 
risk. Extensive ulcerative colitis and colonic involvement 
of  Crohn’s disease was significantly associated with 
the development of  thromboembolism[2]. The risk of  
recurrence of  thromboembolism in IBD patients has been 
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Abstract
Thromboembolism is a significant cause of morbidity 
and mortality in patients with inflammatory bowel dis-
ease (IBD). Recent data suggest thromboembolism as 
a disease-specific extraintestinal manifestation of IBD, 
which is developed as the result of multiple interac-
tions between acquired and genetic risk factors. There 
is evidence indicating an imbalance of procoagulant, 
anticoagulant and fibrinolytic factors predisposing in 
thrombosis in patients with IBD. The genetic factors 
that have been suggested to interfere in the thrombotic 
manifestations of IBD include factor Ⅴ Leiden, factor 
Ⅱ (prothrombin, G20210A), methylenetetrahydrofolate 
reductase gene mutation (MTHFR, 6777T), plasminogen 
activator inhibitor type 1 (PAI-1) gene mutation and fac-
tor ⅩⅢ (val34leu). In this article we review the current 
data and future prospects on the role of genetic risk 
factors in the development of thromboembolism in IBD.
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reported to be 10%-13% despite medical therapy for the 
thromboembolic event[2]. The mortality from this com-
plication in IBD has been reported to be 8%-25% during 
the acute episode[1,2]. The etiology of  thrombosis in IBD 
is multifactorial. Thrombosis is a complex event in which 
several mechanisms and causal factors, inherited and 
acquired, are implicated, complicating the identification of  
its causes[20,21]. Several acquired prothrombotic risk factors 
are frequently observed, such as the inflammatory process 
per se, prolonged immobilization, use of  corticosteroids, 
surgical treatment, fluid depletion, central venous 
catheters, hyperhomocysteinemia, vitamin deficiencies, 
smoking and use of  oral contraceptives[4]. Importantly, 
approximately half  of  the patients with inflammatory 
bowel disease that develop a thromboembolic event have 
no identifiable risk factor[10]. Genetic factors may also play 
a role in thrombosis of  patients with IBD. Based on the 
unraveling of  the biochemistry and cell biology of  the 
coagulation system, major advances in the understanding 
of  genetics of  thrombosis have been applied also in 
IBD complicating by thrombosis. The most common 
genetic variants that have been found to affect the risk of  
thrombosis are: factor V Leiden, factor Ⅱ (prothrombin, 
G20210A), methylenetetrahydrofolate reductase gene 
mutation (MTHFR, 6777T), plasminogen activator 
inhibitor type 1 (PAI-1) gene mutation and factor ⅩⅢ 
(val34leu). This review focuses on the role of  genetic risk 
factors in the development of  thromboembolism in IBD.

EVALUATING GENETIC RISK OF 
THROMBOSIS IN INFLAMMATORY 
BOWEL DISEASE
Genetic risk factors have been suggested to predispose 
to thromboembolism in IBD. Several genetic markers 
located in coagulation genes have been examined in an at-
tempt to document whether these markers are associated 
with increased thrombotic risk in IBD. Genetic studies of  
vascular complications of  IBD pose enormous challenges, 
including resolution of  immense genotypic and pheno-
typic heterogeneity, and gene-environment and gene-gene 
interactions. Past efforts to identify thrombosis-related 
genes in IBD have utilized population-based association 
methods, but the substantial progress that has been made 
recently with the strategy of  using positional cloning of  
genes based on linkage studies is expected to apply to this 
field. These methods focus on measuring quantitative 
traits that are correlated with the risk of  disease.
      
Factor Ⅴ Leiden
Factor V Leiden (FVL), an arginine to glutamine 
missense mutation in the factor V (FV) gene at position 
506[22], is the most prominent risk factor for venous 
thromboembolism[23,24]. The amino acid substitution in 
the activated protein C (APC) cleavage site of  FV leads 
to increased thrombin generation due to decreased APC-
mediated inactivation of  FV, and due to decreased FV 
cofactor activity for FVIIIa inactivation[25]. Factor V 
Leiden is found in approximately 5% of  Caucasians, and 

increases the risk of  thrombosis five- to eightfold for 
heterozygous carriers and 50- to 80-fold for homozygous 
carriers. The prevalence of  FVL ranges from 20% to 
30% in unselected patients with venous thrombosis. 
Genetic studies determining the prevalence of  the FVL 
allele in IBD mostly have shown no difference in allele 
frequency between IBD patients and healthy controls[26-30]. 
The prevalence of  FVL in thrombotic IBD patients 
was significantly higher than in IBD patients without 
thrombosis[31-33]. It is noteworthy that the FVL allele was 
associated mainly with venous thrombosis[33]. In addition, 
the prevalence of  FVL in IBD patients with previous 
thromboembolism appears not to differ from that 
found in non-IBD patients with thromboembolism[33,34]. 
On the other hand, an Italian study showed a very low 
prevalence of  FVL allele in thrombotic IBD patients[35]. 
The discrepancies between these results may be due to 
the different characteristics of  the populations studied 
(genetic background, previous history of  thrombosis, 
and small sample sizes). Furthermore, in a recent study 
of  experimental colitis, the FVL allele had no effect in 
murine colitis and thus, the authors question the role 
of  activated blood coagulation in IBD[36]. Although 
somewhat conflicting, these genetic studies suggest that 
the FVL as a risk factor for thrombosis in IBD patients 
matches that of  the general population. Furthermore, 
FVL is not associated with IBD per se, but when present 
it increases the risk of  thromboembolism[37]. Finally, it is 
important to realize that homozygous carriers of  the FVL 
allele are rare and that all genetic studies are performed 
using heterozygotes, which have a milder thrombotic 
phenotype.

G20210A prothrombin gene mutation
The G20210A mutation is a genetic variation of  the 
prothrombin (Factor Ⅱ) gene consisting of  a single 
nucleotide change (guanine to adenine) at position 20 210 
of  the 3’-untranslated region. The G20210A mutation 
is the second most frequent genetic prothrombotic 
mutation after FVL. It is present in approximately 2% of  
Caucasians, leads to greater prothrombin plasma levels 
(heterozygous carriers have about 30% higher PT levels 
than healthy controls), and increases the risk of  venous 
thrombosis about threefold[38]. However, no definite 
association between this gene mutation and IBD has 
been detected in several studies[30,33-35,39]. Presence of  this 
mutation is found at a similar prevalence in IBD patients 
as well as in IBD patients with thrombosis[27,32-33]. This 
mutation has only been studied in a limited number of  
thrombotic IBD patients so firm conclusions cannot be 
drawn. 

Methylenetetrahydrofolate reductase C677T gene 
mutation
Methylenetetrahydrofolate reductase is a critical enzyme 
involved in the remethylation pathway of  homocysteine 
metabolism. A common mutation (C677T) has been 
identified in the MTHFR gene. This variant leads to 
10%-20% increases in homocysteine plasma levels in 
homozygous carriers, which are found in around 10% of  



the population. The effect of  MTHFR 6777T carriership 
on the risk of  thrombosis varies among studies, and 
a recent meta-analysis found a weak effect (10%-20% 
risk increase)[40-43]. Studies of  the prevalence of  C677T 
homozygosity in IBD have found discordant results[34], 
probably because of  regional and ethnic variations in the 
prevalence of  polymorphism in the general population. In 
a recent population-based case-control study[30], although 
some differences were observed among patients with IBD 
and healthy controls in the prevalence of  MTHFR 6777T 
(decrease in mutant allele carriership in UC), these did not 
explain an excess risk of  thrombosis. The prevalence of  
C677T homozygosity between IBD thrombotic patients 
and non-IBD thrombotic patients showed no significant 
difference[32,33].

Factor ⅩⅢ gene mutation 
A common variant in subunit A of  factor ⅩⅢ, usually 
indicated by the amino acid position and change 
(val34leu), is associated with a greater FXIII activation 
rate and leads to a 20%-40% reduction of  the risk of  
venous thrombosis for homozygous carriers. These are 
found in approximately 10% of  the population[44,45]. This 
variant, which is protective against thrombosis, has been 
evaluated in IBD patients[46]. Available data suggest that 
the prevalence of  this polymorphism is similar in patients 
with IBD compared to the general population[47,48]. 
A slightly greater prevalence of  factor ⅩⅢ mutation 
carriership in CD has been found in a recent population-
based study[30], but this could not explain the greater risk 
of  venous thrombosis in CD. Finally, the prevalence of  
ⅩⅢ (val34leu) was similar in IBD patients with vascular 
complications and non-IBD thrombotic patients[33].

Plasminogen activator inhibitor type 1 gene mutation
Plasminogen activator inhibitor type 1 (PAI-1) is 
considered as inhibitor of  fibrinolysis. The 4G/4G 
genotype is associated with an overexpression of  
PAI-1, which may cause a decreased fibrinolysis and, 
therefore, a hypercoagulability state contributing to the 
development of  vascular complications. Several stud-
ies have demonstrated that the 4G/4G genotype is 
associated with an enhanced PAI-1 expression[49] and 
contributes as an additional risk factor to the develop-
ment of  myocardiac infarction[50], arterial thrombosis[51], 
and deep venous thrombosis[52]. However, the evidence 
regarding the relationship between an elevated PAI-1 
plasma level or PAI-1 genetic polymorphism and the risk 
of  venous thromboembolism is rather conflicting. The 
allelic frequency of  PAI-1 4G has been reported higher 
in IBD patients than in the reference population[53]. 
Moreover, a recent study showed a significantly higher 
allelic frequency of  PAI-1 4G in IBD patients with 
vascular complications compared with IBD and healthy 
controls. However, the prevalence of  this genotype does 
not differ in thrombotic IBD patients compared to non-
IBD thrombotic patients[33].

Janus kinase 2 gene mutation
Janus kinase 2 (JAK2) mutations have been described in 

several Philadelphia-negative myeloproliferative disorders 
(MPD)[54]. The point mutation in JAK2 encodes a valine 
to phenylalanine change at position 617 (JAK2 V617F) 
and confers constitutive tyrosine kinase activity[55]. It has 
been suggested that thrombosis in MPD may be due 
to JAK2 mutation. JAK2 is also important in vascular 
diseases, such as atherosclerosis, in which inflammation 
plays an important role. JAK2 V617F mutation has been 
found, in the absence of  overt MPD, highly associated 
with splanchnic vein thrombosis and sporadically with 
cerebral thrombosis. A recent study investigated the 
role of  JAK2 V617F mutation in 48 IBD patients with 
thrombotic complications, but no case with the JAK2 
V617F mutation was found[56]. The small number of  
cases with splanchnic vein thrombosis in this series (but 
also in other IBD series) that are mainly associated JAK2 
V617F mutation could be also an explanation of  this 
finding. 
   
Other genetic factors
The role of  the well recognized inherited thrombophilic 
states such as deficiencies of  plasma antithrombin Ⅲ, 
protein C, and protein S has been examined in several 
studies. Although deficiency of  the proteins C and S in 
IBD patients have been proposed by some studies[20], 
other studies failed to confirm these data[21]. These fac-
tors are rare (< 1% of  the population) and are considered 
to play a less important role in the thrombosis, and there-
fore it is not surprising that their results in IBD are rather 
contradictory.

Future prospects
We are entering a new era in genetic studies of  venous 
thrombosis. It is believed that, combined, all the known 
mutations account for about the half  of  the genetic 
thrombosis risk. There is every reason to believe that ad-
ditional genetic causes of  thrombosis remain to be dis-
covered. As a complex disease, thrombosis is considered 
to be the result of  flexible combinations of  variations 
of  multiple genes that interact with lifestyle or other 
environmental factors to produce the disease. Future 
studies should investigate these interactions. Moreover, 
in IBD we need collection of  large case-control series 
of  patients complicating with venous thrombosis. This 
will provide the high quality clinical information related 
both to IBD and thrombosis that forms the basis of  any 
genetic project. On the other hand, large-scale DNA 
analysis systems are now becoming available, which will 
allow us to study in the setting of  IBD the genetics of  
venous thrombosis down to the single nucleotide level. 
As an example, we recently have reported a multigenetic 
analysis of  polymorphisms of  thrombophilic and vaso-
active genes in a group of  IBD patients with vascular 
complications compared with IBD patients without 
vascular complications and both thrombotic and healthy 
controls[33]. This approach, in a multicenter basis with a 
large number of  patients, will give more insight into the 
genetic architecture of  thrombotic risk in IBD. The final 
aim is personalized thrombosis prediction and appropri-
ate management in a patient with IBD.
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CONCLUSION
Epidemiological data suggest that IBD is associated with 
an increased risk of  thromboembolic complications. 
However, the cause for this strong association remains 
unclear. It can be speculated that gene mutations 
may underlie the greater risk for thromboembolic 
complications in IBD patients. Thus, several studies 
have investigated the role of  genetic defects in the 
development of  vascular complications in IBD. The 
most common genetic variants that affect the risk of  
thrombosis are factor V Leiden, factor Ⅱ (prothrombin, 
G20210A), MTHFR (6777T) and factor ⅩⅢ (val34leu). 
Furthermore, the role of  other thrombophilic and 
vasoactive genes has been evaluated with the occurrence 
of  thromboembolism in IBD. The available data in 
the literature have shown that genetic risk factors are 
generally not found more often in IBD patients than 
others. However, when they occur, those with IBD 
compared to healthy controls are more likely to suffer 
thromboembolic complications. The screening for 
genetic coagulation defects appears justified in all IBD 
patients with a history of  thrombosis or a family history 
of  venous thromboembolic events. Future multicentre 
studies with large number of  cases and fur ther 
investigation of  the interaction between genetic and 
environmental factors might increase our understanding 
of  the mechanisms of  pathogenesis of  thrombotic 
complications in IBD. Using the new large-scale DNA 
sequencing techniques that are becoming available and 
enable many genes to be studied in a single individual, 
we could expect an in-depth insight into how genetic 
risk factors are involved in thrombosis in IBD. 
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