
 

 

Introduction 
 
Pulmonary embolism (PE) and deep vein throm-
bosis (DVT) together constitute venous throm-
boembolism (VTE). VTE affects about 1-2 per 
1,000 individuals per year [1, 2]. PE is a poten-
tially lethal complication of VTE with a mortality 
rate of >15% in the first 3 months after diagno-
sis [3, 4]. According to Virchow’s triad, VTE re-
sults from stasis, changes in blood coagulability 
and alterations in the vessel wall (Figure 1) [5-
8]. These changes, as well as hypercoagulable 
states, may be inherited and/or acquired and 

may act in concert (Table 1). Thus, VTE results 
from multiple interactions between acquired 
and inherited risk factors [9-11]. For familial 
thrombophilia – clustering of VTE in families – 
five major genetic risk factors have been identi-
fied: deficiencies of protein S, protein C, and 
antithrombin, factor V Leiden Gln506 (rs6025) 
and prothrombin G20210A (rs1799963) [12, 
13]. The list of new susceptibility loci for VTE is, 
however, growing fast (Table 1) [14]. Family 
history is the sum of the interactions of familial 
genetic and environmental causes [15-18]. 
However, family history is not a binary trait [17, 
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Abstract: Venous thromboembolism (VTE) is major health problem and is sometimes complicated by lethal pulmonary 
embolism (PE). Disturbances of the coagulation and anticoagulation systems are important risk factors for VTE. Com-
parative studies suggest that coagulation and innate immunity have a shared evolutionary origin. It is therefore un-
surprising that the immune and coagulation systems are linked, with many molecular components being important 
for both systems. Systemic inflammation modulates thrombotic responses by suppressing fibrinolysis, upregulating 
procoagulant, and downregulating anticoagulants, and autoimmune disorders such as systemic lupus erythematosus 
(SLE), inflammatory bowel disease (IBD), and Behçet’s syndrome have been linked to an increased risk of VTE. Re-
cent reports have further shown that a majority of autoimmune and immune-mediated disorders are linked to an 
increased risk of venous thrombosis, PE, or VTE. For instance, a Swedish nationwide study found that the risk of PE 
was increased in the first year after hospitalization for 33 different autoimmune disorders. Especially high risks were 
noted for several autoimmune diseases such as immune thrombocytopenic purpura, polyarteritis nodosa, polymyosi-
tis/dermatomyositis, ulcerative colitis, and SLE. Another study from England, also based on hospitalization data, 
found that immune-mediated disorders were associated with an increased risk of VTE compared with other medical 
causes of hospitalization. Multiple mechanisms may operate and disease-specific factors, such as cardiolipin anti-
bodies, have been identified. However, inflammation by itself appears to change the hemostatic balance in a throm-
bogenic direction. Recent epidemiological studies, together with previous experimental and clinical studies, indicate 
that autoimmune disorders should not only be viewed as inflammatory disorders, but also hypercoagulable disorders. 
Research to identify thrombotic risk factors, elucidate the mechanisms involved, and investigate prophylactic regi-
ments is needed. The present review describes the epidemiological, clinical, and experimental evidence for the con-
nection between VTE and autoimmune and immune-mediated disorders. 
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18]. The risk is dependent on the number of 
affected relatives [17, 18]. A large number of 
acquired risk factors for VTE have been identi-
fied and include age, previous episode of VTE, 

immobilization, surgery, trauma, pregnancy, 
puerperium, lupus anticoagulant, cardiolipin 
antibodies, malignant disease, hormone re-
placement therapy (HRT), and oral contracep-

tives [1, 2, 9-11]. The list of 
known acquired risk factors has 
also grown in recent years. So-
cioeconomic factors are associ-
ated with an increased risk not 
only of atherosclerosis, but also 
for VTE [19, 20]. Infections 
have also been linked to an 
increased VTE risk, probably 
due to inflammation [21-23], 
though endotoxins have spe-
cific effects in severe infec-
tions. Inflammation may also 
explain the increased risk of 
VTE in patients with autoim-
mune and immune-mediated 
disorders, which this article will 
review (Table 1).  
 
It has long been known that 
certain autoimmune disorders, 
such as systemic lupus erythe-
matosus (SLE) [24-26], inflam-
matory bowel disease (IBD) [27, 

Figure 1. Virchow’s triad and some of the extensive inflammatory changes 
that may contribute to the development of venous thromboembolism. PAI-
1=plasminogen activator inhibitor 1, EPCR=endothelial protein C receptor. 

 

Table 1. Inherited and acquired risk factors for hypercoagulable states. 
Inherited risk factors Acquired risk factors 
Established susceptibility loci for VTE Advanced age 
Antithrombin deficiency (SERPINC1) Antiphospholipid antibodies 
Cystathione beta-synthase deficiency (CBS) Heart disease 
Factor V Leiden Gln506 (rs6025)* (F5) Hormone replacement therapy 
Prothrombin G20210A (rs1799963) (F2) Hyperviscosity 
Protein C deficiency (PROC) Infections 
Protein S deficiency (PROS1) Inflammatory disease 
ABO blood group (ABO) Immobilization (long bed rest or air travel, plaster cast) 
Emerging susceptibility loci for VTE Malignancy and chemotherapy 
Complement component 4 binding protein, alpha and 
beta (CBPA/C4BPB) 

Lifestyle factors (smoking, sedentary life, diet, low socio-
economic status, neighborhood deprivation) 

Coagulation factor XI (F11) Myeloproliferative disorders 
Fibrinogen gamma chain (FGG) Nephrotic syndrome 
Von Willebrand factor (vWF) Obesity 
Glycoprotein VI (GP6) Oral contraceptives 
Human immunodeficiency virus type I enhancer binding 
protein 1 (HIVEP1) 

Pregnancy and puerperium 

Kininogen 1 (KNG1) Trauma and surgery 
Syntaxin binding protein 5 (STXBP5) Varicose veins 
Tandem C2 domains, nuclear (TC2N) Venous catheters 
Family history of VTE (sum of the effects of and interactions between familial genetic and environmental factors) 
*The major genetic cause of activated protein C (APC) resistance. 
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28] and Behçet’s syndrome [29], are linked to 
an increased risk of VTE. The list of autoimmune 
and immune-mediated disorders linked to an 
increased risk of VTE has grown longer and 
longer, and now also includes rheumatoid ar-
thritis (RA) [30], celiac disease [31], hyperthy-
roidism [32], and Wegener’s granulomatosis 
[33]. However, two recent reports have linked a 
large number of autoimmune disorders/
immune-mediated disease to an increased risk 
of PE and VTE [34, 35]. Inflammation is a com-
mon feature of these disorders. The epidemiol-
ogical and experimental evidence and clinical 
implications of the association between autoim-
mune/immune-mediated disorders and VTE will 
be discussed.  
 
Inflammation, hypercoagulability and autoim-
mune/immune-mediated disorders 
 
Inflammation is a common feature of many 
autoimmune and immune-mediated disorders 
[36]. Comparative studies indicate that coagula-
tion and innate immunity have a common evolu-
tionary origin [37, 38]. It is therefore not surpris-
ing that the immune system and coagulations 
system are linked, with many molecular compo-
nents being important for both systems [23, 39-
42]. Inflammatory pathways and coagulation 
are integrated by extensive crosstalk and a ten-
dency to function in concert [23, 39-42]. They 
comprise a large number of cellular and mo-
lecular factors, which interact in a very complex 
manner [23, 39-42]. Some of the central fea-
tures of the hypercoagulability induced by in-
flammation are cytokine induction of tissue fac-
tor (TF) expression, endothelial dysfunction, 
inhibition of the protein C system and inhibition 
of fibrinolysis (increased plasminogen activator 
inhibitor 1 levels) (Figure 1) [23, 39-42]. Other 
important players that contribute to inflamma-
tion-induced hypercoagulability are platelets, 
microparticles (MP), neutrophils, thrombin and 
protease-activated receptors, fibrinogen, α1-
antitrypsin, heparin proteoglycans and the con-
tact system (Factor XII and the kallikrein-kinin 
system) [23, 39-42].  
 
Especially interesting are the effects of inflam-
mation on the protein C system. Genetic defects 
affecting the protein C system (deficiencies in 
protein S and protein C, and the factor V Leiden 
Gln506 (rs6025) mutation associated with acti-
vated resistance to protein C) are the most com-
mon inherited risk factors for venous thrombo-

sis [5, 12]. Complete lack of protein C or protein 
S results in a fatal microvascular thrombotic 
disease (purpura fulminans) in the neonatal 
period [5]. This indicates that the protein C sys-
tem is vitally important to keep the blood in a 
fluid state [5]. 
 
Protein C pathway 
 
The anticoagulant protein C system regulates 
the activity of the coagulation factors VIIIa and 
Va, cofactors in the activation of factor X and 
prothrombin, respectively [5]. Protein C is acti-
vated on the endothelium by the thrombin–
thrombomodulin–EPCR (endothelial protein C 
receptor) complex [5]. Activated protein C (APC)-
mediated cleavage of factors VIIIa and Va oc-
curs on negatively-charged phospholipid mem-
branes and involves protein cofactors, protein S 
and factor V [5]. APC also has anti-inflammatory 
and anti-apoptotic activities that involve binding 
of APC to EPCR and cleavage of protease-
activated receptor-1 (PAR-1) [43, 44]. Thus, 
inhibition of the protein C system may augment 
the inflammatory response. 
 
Tumor necrosis factor (TNF)-α and other inflam-
matory mediators can down-regulate EPCR and 
thrombomodulin (TM), while interleukin (IL)-6 
can depress levels of protein S in experimental 
animals [43, 44]. Neutrophils may also de-
crease TM activity through cleavage of TM by 
elastase or oxidation of methionine on TM by 
reactive oxygen species [43, 44].  
 
Another link between the protein C system and 
the complement pathway is the high-affinity 
interaction between the anticoagulant vitamin K
-dependent protein S and the complement regu-
lator C4b-binding protein (C4BP) [45]. Free pro-
tein S is a cofactor for APC in the inactivation of 
factor Va and factor VIIIa [5]. Approximately 
70% of total protein S circulates in complex with 
C4BP; the remainder is free [45]. The free form 
is mainly responsible for the anticoagulant activ-
ity of protein S. The high-affinity binding of pro-
tein S to C4BP may direct C4BP to negatively-
charged phospholipid membranes, thereby lo-
calizing complement regulatory activity to the 
membrane [45]. In inherited protein S defi-
ciency, the tight binding of protein S to C4BP 
results in a pronounced and selective fall in the 
concentration of free protein S; the concentra-
tion of protein S in complex with C4BP is less 
affected [46]. C4BP is an acute-phase protein. 
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During inflammation, levels of C4BP molecules 
lacking the protein S binding site (β chain) are 
selectively increased. This guarantees that free 
protein S levels during inflammation are normal 
[47]. However, an acquired decrease in protein 
S levels due to antiphospholipid antibodies 
against protein S has been reported in SLE pa-
tients [48-50] and may contribute to an in-
creased risk of thrombosis. Non-phospholipid 
autoantibodies against protein S have also been 
reported to be associated with venous thrombo-
sis [51, 52]. 
 
Antiphospholipid antibodies, autoimmunity and 
VTE 
 
Antiphospholipid antibodies target phospholipid-
protein complexes [53-57] and have been re-
ported to be risk factors for venous thrombosis 
[58-59]. These phospholipid-dependent autoan-
tibodies include anticardiolipin antibodies, lu-
pus anticoagulant and anti-β2 glycoprotein I 
antibodies. Primary antiphospholipid syndrome 
is an acquired condition that is characterized by 
venous or arterial thromboembolism, miscar-
riage and the presence of antiphospholipid anti-
bodies [53-57]. Antibodies should be measur-
able on at least two occasions 12 weeks apart. 
However, absence of gold standards and 
marked heterogeneity in the autoantibodies 
make interpretation of laboratory results diffi-
cult [60]. Though antiphospholipid antibodies 
are a necessary feature of primary antiphos-
pholipid syndrome, they are also common 
among patients with other autoimmune disor-
ders. High prevalences of antiphospholipid anti-
bodies have been observed in patients with SLE 
(33%) [61], primary systemic vasculitis (17%) 
[62], immune thrombocytopenic purpura (ITP) 
(25%) [63], thyroid disease (24%) [64], autoim-
mune hemolytic anemia (12%) [65] and RA 
(16%) [66]. Antiphospholipid antibodies may 
therefore be an important risk factor for throm-
bosis in several autoimmune disorders. 
 
SLE and VTE 
 
SLE is an autoimmune disease with a diverse 
array of clinical manifestations. Its incidence 
peaks between the age of 15 and 40 years, and 
it is more common in females than in males. 
There is strong evidence for an association be-
tween SLE and an increased risk of VTE [67, 
68]. VTE occurs with a higher frequency in SLE 
patients compared to the general population. 

Moreover, SLE is also associated with prema-
ture atherosclerosis. Antiphospholipid antibod-
ies are important risk factors for VTE among SLE 
patients [67, 68]. However, it not all SLE pa-
tients who develop thrombosis have antiphos-
pholipid antibodies [61]. Other mechanisms 
such as inflammation, acquired protein S defi-
ciency [48-50] and microparticles may also con-
tribute to the thrombotic risk among SLE pa-
tients [42]. 
 
Thrombosis has been reported in about 10-26% 
of patients with SLE [69-75]. In one study, the 
risk of VTE was highest during the first 30 days 
after diagnosis of SLE [74]. However, in another 
study the risk of thrombosis remained elevated 
throughout the course of the disease [75]. In a 
large Swedish study of the risk of PE in patients 
hospitalized with 33 different autoimmune dis-
orders, the risk for SLE was particularly high 
during the first year after diagnosis of an auto-
immune disorder (Table 2), as compared to the 
general population [35]. In an English study of 
patients hospitalized with SLE, the risk of VTE 
was 3.7 times higher compared to a reference 
group of inpatients (Table 2) [34]. 
 
IBD and VTE 
 
Numerous case reports and case series have 
described VTE in patients IBD [76-79]. A large 
number of studies have confirmed that the risk 
of VTE is increased in patients with IBD [76-86]. 
One study also found increased mortality from 
PE in IBD patients [87]. Only one study failed to 
show an association between VTE and IBD [88], 
but this study lacked a formal control group. 
Thus, there is strong clinical and epidemiologi-
cal evidence for an increased risk of VTE among 
IBD patients. In a large Swedish study, the risk 
of PE in patients hospitalized with ulcerative 
colitis or Crohn’s disease was particularly high 
during the first year after diagnosis (Table 2), as 
compared to the general population [35]. A 
higher risk of VTE with increased disease activ-
ity (8.4 times increased compared to controls) 
was reported in an English study by Grainge et 
al [85]. Hospitalized IBD patients are at higher 
risk of VTE than ambulatory IBD patients, par-
ticularly in the context of active disease, and 
should be the focus of strategies aimed at pre-
venting VTE among IBD patients [89]. 
 
In human and experimental murine IBD there is 
support for downregulation of EPCR and TM 
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[90]. TM and EPCR expression was reduced in 
IBD, suggesting downregulation of the protein C 
pathway. Moreover, recombinant APC has po-
tent anti-inflammatory effects, downregulating 
cytokine-dependent cell adhesion molecule ex-
pression and chemokine production and inhibit-
ing leukocyte adhesion. In murine colitis, ad-
ministration of APC was effective in reducing 
weight loss, disease activity index and histologi-
cal colitis scores, and inhibiting leukocyte adhe-
sion [90]. In another study, Yoshida et al 

showed that elevated APC levels protected 
against thrombosis in a murine colitis model 
[91]. Thus, increasing protein C pathway activity 
may reduce both inflammation and the risk of 
thrombosis in patients with IBD [90, 91]. 
 
RA and VTE 
 
The link between RA and VTE has not been as 
well studied as the ones for SLE and IBD. RA 
does not appear to be an additional risk factor 

Table 2. Risk of VTE among Swedish (only PE studied) and English patients hospitalized with autoim-
mune and immune-mediated diseases: the results of two follow-up studies. 
  
  
  
Autoimmune/immune-mediated disease 

Swedish PE study 
1964-2008 

Zöller et al [35]* 

English VTE study 
1999-2008 

Ramagopalan et al[34]** 
SIR (1-year 
follow-up) 

SIR (follow-up 
1964-2008) 

Rate ratio (follow-up 1999-
2008) 

Chorea minor 16.7 1.8 nd 
Polymyositis/dermatomyositis 16.4 3.4 3.0 
Lupoid hepatitis 13.3 1.5 2.0 
Polyarteritis nodosa 13.3 2.6 3.5 
Discoid lupus erythematosus 12.0 2.2 nd 
Autoimmune hemolytic anemia 11.1 3.4 3.8 
Immune thrombocytopenic purpura 10.8 2.2 2.1 
Ulcerative colitis 10.3 2.0 nd 
Systemic lupus erythematosus 10.2 2.2 3.7 
Rheumatic fever 10.1 1.6 nd 
Reiter’s disease 9.4 1.0 nd 
Behçet’s disease 9.0 1.7 nd 
Sarcoidosis 8.9 1.5 nd 
Crohn’s disease 8.7 1.6 nd 
Polymyalgia rheumatica 7.9 1.9 nd 
Addison’s disease 7.7 2.5 2.1 
Multiple sclerosis 7.7 1.9 2.1 
Sjögren’s syndrome 7.4 2.2 2.0 
Primary biliary cirrhosis 7.4 2.4 1.5 
Myasthenia gravis 7.2 1.7 2.3 
Systemic sclerosis 7.1 1.6 2.0 
Wegener’s granulomatosis 6.6 1.4 nd 
Graves’ disease 6.5 1.3 1.3 
Diabetes mellitus type I 6.4 1.0 2.6 
Celiac disease 6.3 1.5 1.2 
Rheumatoid arthritis 6.0 1.9 1.7 
Hashimoto’s thyroiditis 5.3 1.6 1.4 
Amyotrophic lateral sclerosis 5.1 2.1 nd 
Localized scleroderma 4.9 1.5 nd 
Psoriasis 4.8 1.4 1.7 
Ankylosing spondylitis 4.3 1.2 1.9 
Chronic rheumatic heart disease 4.2 1.0 nd 
Pernicious anemia 3.9 1.3 1.4 
Goodpasture’s syndrome nd nd 2.8 
All 6.4 1.6 nd 
*Reference group: general population; **Reference group: inpatients. SIR=standardized incidence ratio, nd=not determined. 
Values shown in bold were significant at the 95% level. 
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for VTE after total knee arthroplasty [92]. How-
ever, in a large US study, DVT was diagnosed in 
79,000 of 4,818,000 (1.64%) patients with RA 
who did not undergo joint surgery, compared 
with 7,681,000 of 891,055,000 patients 
(0.86%) who did not have RA or undergo joint 
surgery (relative risk (RR) = 1.90) [93]. The RR 
of VTE (PE and/or DVT) in these patients was 
1.99. In other studies from England [34], Swe-
den [35] and Denmark [94] based on hospital-
ized patients; RA was a risk factor for VTE (Table 
2). In the Danish study, the risk of VTE was high 
in patients with juvenile RA (RR 3.0) [94]. Thus, 
it appears that RA is a risk factor for VTE in hos-
pitalized medical patients. A heightened aware-
ness of the risk of VTE would be appropriate for 
hospitalized patients with RA. 
 
Epidemiological link between autoimmunity and 
VTE 
 
There is accumulating clinical, epidemiological 
and experimental data that an increased risk of 
VTE may not be limited to autoimmune condi-
tions like Behçet’s syndrome, SLE and IBD. The 
inflammation associated with many autoim-
mune/immune-mediated disorders may in-
crease the risk of VTE in a number of autoim-
mune disorders. In a study from England, Rama-
gopalan et al investigated the risk of VTE among 
patients hospitalized for 23 immune-mediated 
disorders (Table 2) [34]. The reference group 
was hospitalized patients with other diagnoses, 
mainly minor medical conditions [34]. The au-
thors found that all 23 autoimmune disorders 
they studied were associated with an increased 
risk of VTE (Table 2). They found that the risk of 
VTE was increased both during and after the 
first 90 days after diagnosis. In a large Swedish 
study by Zöller et al, risk of PE in patients hospi-
talized with 33 different autoimmune/immune-
mediated disorders was investigated (Table 2) 
[35]. The reference group was the general popu-
lation adjusted for age, sex, time period and 10 
different comorbidities, and the risk of PE over 
time was determined. For all 33 studied autoim-
mune disorders, the risk of PE was very high 
during the first year after hospitalization (Table 
2) [35]. The overall risk of PE was 6.4 times 
higher compared to the normal population dur-
ing the first year after diagnosis. Risk of PE was 
especially high in patients with autoimmune 
disorders such as immune thrombocytopenic 
purpura (standardized incidence ratio (SIR=11), 
polyarteritis nodosa (SIR=13), polymyositis/

dermatomyositis (SIR=16), IBD (SIR=10) and 
SLE (SIR=10) (Table 2) [35] and the overall risk 
during whole follow up time was increased for 
30 of the 33 autoimmune disorders. However, 
the overall risk during whole follow up time was 
much lower than that during the first year. The 
higher initial risk is most likely due to a combi-
nation of severe inflammation related to high 
disease activity and immobilization. Other possi-
ble factors are treatment effects 
(corticosteroids may affect the coagulation sys-
tem) and the possibility that those patients with 
VTE predisposition (thrombophilia) may develop 
PE during the first year after diagnosis. For in-
stance, among patients taking oral contracep-
tives, the risk of VTE is highest during the first 
year of treatment [95].  
 
Though designs of the Swedish and English 
studies are somewhat different, the risk esti-
mates for the different autoimmune disorders 
assessed in both studies are correlated. The 
correlation between the 1-year follow up PE 
risks in the Swedish study and the VTE  risks in 
the English study (first versus third column in 
Table 2) is significant (Pearson’s coefficient 
0.675; p=0.001). Correlating the overall risk for 
the whole follow-up period in the Swedish study 
(second column in Table 2) with the risk esti-
mates from English study gives a Pearson’s co-
efficient of 0.643 (p=0.002). A limitation of both 
the English and Swedish studies is that they 
included only hospitalized patients, and not out-
patients [34, 35]. Hospitalized patients are 
likely to have not only higher disease activity but 
also more comorbidities. Thus, the risk of VTE in 
outpatients with autoimmune diseases may be 
much lower. A Danish study of autoimmune skin 
disorders and connective tissue disorders 
based on both inpatients and outpatients by 
Johannesdottir et al tried to correct for comor-
bidities by adjusting for prescribed medicines 
[94]. Autoimmune skin disorders were not 
found to be risk factors for VTE (RR 1.0) [94]. 
However, autoimmune connective tissue disor-
ders were associated with an increased risk of 
VTE (2.3-fold increased risk within 90 days) 
[94]. Further studies of outpatients with autoim-
mune diseases may therefore be warranted.  
 
Is inflammation a link between VTE and athero-
sclerosis? 
 
Several studies have found associations be-
tween VTE and atherosclerosis and its different 
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thromboembolic manifestations, including myo-
cardial infarction (MI) and coronary heart dis-
ease [96-100]. After the discovery of APC resis-
tance by Dahlbäck et al [101] and the finding 
that factor V Leiden Gln506 (rs6025) [102, 
103], the mutation that causes APC resistance 
in the majority of cases [104], is associated 
with premature MI [105], a large number of 
studies on this topic have been published. How-
ever, association studies of hemostatic factors 
and MI and CHD have produced varying results 
[106]. Meta-analysis data suggest that factor V 
Leiden Gln506 (rs6025) and the prothrombin 
G20210A (rs1799963), important risk factors 
for VTE, are only weak risk factors for CHD (RR 
1.17 and 1.31, respectively) [106]. Moreover, in 
a nationwide Swedish family study, family his-
tory of VTE was not a strong risk factor for CHD 
and myocardial infarction [107]. In another na-
tionwide Swedish family study, family history of 
VTE was not a strong risk factor for ischemic 
stroke [108]. These results argue against the 
existence of common shared disease-causing 
mutations for CHD and ischemic stroke and VTE 
in the Swedish population. During recent years 
it has become clear that systemic inflammation 
can increase atherogenesis [109]. It is therefore 
interesting that 27 of 32 immune-mediated dis-
eases investigated in a nationwide Swedish 
study were associated with an increased risk of 
CHD during the first year after hospitalization 
[110]. Thus, most immune-mediated diseases 
are linked both to VTE and CHD [34, 35, 110], 
which further confirms that inflammation is a 
link between VTE and atherosclerosis [111]. 
 
Treatment of inflammation and risk of VTE 
 
Treating inflammation in autoimmune and im-
mune-mediated diseases is probably the most 
important way of preventing VTE, and is of 
course mandatory for many autoimmune/
immune-mediated disorders in order to reduce 
morbidity and mortality. Inflammatory pathways 
and coagulation are integrated by extensive 
crosstalk and tend to function in concert [39-
42]; inflammation promotes a number of proco-
agulant changes in the coagulation and antico-
agulation systems, as discussed above. More-
over, higher inflammatory disease activity has 
been linked to higher VTE risk [35, 85, 89]. It is 
therefore a reasonable hypothesis that efficient 
treatment of the inflammation associated with 
autoimmune disorders will reduce the risk of PE 
and VTE. In mouse models of colitis, treatment 

with APC reduced inflammation and protected 
against thrombosis [90, 91].  
 
A recent study found no difference in thrombotic 
risk between RA patients treated with anti-TNF 
therapy and those treated with non-biological 
disease-modifying antirheumatic drugs, sug-
gesting that these newer agents are safe from a 
thrombotic perspective [112]. A special topic is 
the possible induction of procoagulant hemo-
static changes by glucocorticoids [113]. 
Whether glucocorticoid use contributes to a 
hypercoagulable state, and thereby increases 
the thrombotic risk, is controversial [114]. A 
systematic review showed that the effects of 
glucocorticoids differ according to the clinical 
situation in which there is given, most likely as a 
result of their disease-modifying properties. The 
authors conclude that clinical outcome studies 
are needed to assess the risk-benefit of gluco-
corticoid use regarding thrombotic complica-
tions [114]. 
 
Prophylactic treatment with low-molecular 
weight heparin? 
 
Three large well-controlled studies (MEDENOX, 
PREVENT and ARTEMIS) showed a consistent 
50% reduction in VTE events in acutely ill medi-
cal patients treated with low-molecular weight 
heparin (LMWH) [115-117]. However, LWMH 
has failed to reduce mortality in acutely ill medi-
cal patients [118]. A systematic review con-
cluded that heparin prophylaxis had no signifi-
cant effect on mortality, but might reduce PE 
risk [119]. However, heparin also increased the 
risk of bleeding risk [119]. Benefits and risks 
did not differ according to the type of heparin 
used.  
 
As randomized trials focused on autoimmune 
and immune-mediated diseases are lacking, 
decisions regarding prophylactic treatment in 
hospitalized patients have to be based on gen-
eral published guidelines [120]. According to 
the Evidence-Based Clinical Practice Guidelines 
of the American College of Chest Physicians, 
decisions regarding prophylaxis in nonsurgical 
patients should be made after consideration of 
risk factors for both thrombosis and bleeding, 
clinical context, and patients’ values and prefer-
ences [120]. For acutely ill hospitalized medical 
patients at increased risk of thrombosis, these 
guidelines recommend anticoagulant thrombo-
prophylaxis with LMWH, low-dose unfraction-
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ated heparin or fondaparinux, and advise 
against extended thromboprophylaxis beyond 
the period of patient immobilization or acute 
hospitalization [120]. For patients at low risk of 
thrombosis, they advise against the use of phar-
macologic prophylaxis or mechanical prophy-
laxis [120]. For thrombosis-prone hospitalized 
patients who are bleeding or are at high risk of 
major bleeding, they suggest mechanical throm-
boprophylaxis [120]. 
 
Conclusions 
 
The immune and coagulation systems are 
tightly linked. Accumulating epidemiological, 
clinical and experimental evidence shows that 
an increased risk of VTE is a feature of most 
autoimmune disorders and immune-mediated 
diseases. Mechanisms involved in this associa-
tion include inflammation and antiphospholipid 
autoantibodies. Active untreated autoimmune 
disorders should be considered as hypercoagu-
lable disorders and not only inflammatory disor-
ders. Further studies are needed to evaluate 
potential thrombotic mechanisms and clinical 
risk factors, and prophylactic strategies. 
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