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SUMMARY 

Inflammatory processes may play a key role in venous thrombosis, by inducing a procoagulant 

state through the action of cytokines and chemokines on monocytes and endothelial cells. 

Plasma concentrations of three inflammatory mediators, interleukin 6 (IL-6), interleukin 8 (IL-

8) and monocyte chemotactic protein 1 (MCP-1), that mediate the cross-talk between 

inflammation and coagulation, were measured in 182 subjects with recurrent venous 

thrombosis and 350 healthy subjects recruited through a general practice. Elevated levels of IL-

6 (>90Ul percentile of the control group) were detected in 25.8% of the patients with venous 

thrombosis in comparison with 10% (by definition) of the controls (odds ratio 2.4 (95%CI 1.5-

3.8)). In 21.5% of the patients elevated plasma levels of IL-8 (^O01 percentile) were 

determined (odds ratio 2.0 (95%CI 1.2-3.5)). Elevated levels of MCP-1 (>90th percentile) were 

detected in 24.1% of the patients (odds ratio 1.9 (95%CI 1.2-3.2)). This is the first large 

clinical study showing that an increase in inflammatory mediators is associated with venous 

thrombosis. Future prospective studies are necessary to clarify the causal nature of the 

inflammatory process with respect to venous thrombosis. 
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INTRODUCTION 

Venous thrombosis is a common disease with an incidence of about 1 per 1000. Risk factors 

that are known to increase the risk of thrombosis can be of acquired or inherited origin and 

include immobilization, malignant disorders, surgery, activated protein C resistance, and 

deficiencies of protein C, protein S or antithrombin. " Recently, elevated plasma 

concentrations of FVIII and homocysteine were also shown to be risk factors of venous 

thrombosis. 

Studies examining the association between inflammation and coagulation indicate that 

inflammatory mediators are also candidate risk factors for venous thrombosis. For example, in 

a model of endotoxinemia in baboons and humans, endotoxin infusion induces production of 
o 

inflammatory mediators as well as activation of blood coagulation. Inhibition of tumor 

necrosis factor a (TNFa) by the infusion of anti-TNFa in this model of endotoxinemia not 

only diminishes the inflammatory response, but also coagulation activation, whereas infusion 

of TNFa itself, or IL-6, in humans induces coagulation activation. ' Furthermore, studies in 
12-

sepsis and cancer show a clear role of cytokines in the onset of the procoagulant state. 
14 

Despite these strong indications of a relationship between elevated concentrations of 

cytokines and coagulation activation, there are no large clinical studies that have examined the 

association between elevated levels of inflammatory mediators and the occurrence of venous 

thrombosis. Here we report a case-control study on recurrent venous thrombosis that shows 

that such an association indeed appears to exist. 
PATIENTS AND METHODS 

The patient and control study populations were described previously by den Heijer et al. 

Briefly, patients with two or more episodes of venous thrombosis were selected from the files 

of the anticoagulation clinic of The Hague, the Netherlands. Patients were included between 

one and thirty years after their last thrombotic event, and virtually all patients were on long-

term coumarin therapy. The apparently healthy control group was recruited through a general 

practice in The Hague. From the original study populations 350 of the 500 control samples and 

182 of the 185 patient samples were available for cytokine analysis. 

For cytokine and chemokine analysis, blood samples were obtained after overnight fasting in 

citrate Vacutainer tubes. Plasma levels of IL-6 and IL-8 were measured using commercial 

ELISAs (Central Laboratory of the Netherlands Red Cross Blood Transfusion Service CLB, 

Amsterdam, The Netherlands). MCP-1 levels were analyzed with rat anti human MCP-1 as a 

coating antibody, E.coli MCP-1 as the standard, and biotinylated rat anti human MCP-1 as the 

second antibody (all MCP-1 reagents were from Pharmingen, San Diego, CA). The detection 

limit of these ELISAs was 1.2 pg/ml for IL-6, 2.0 pg/ml for IL-8 and 30 pg/ml for MCP-1. 

Plasma samples of the controls and the patients were divided at random among the ELISA 
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plates and were assayed in a blinded manner. If the standard deviation of the duplicate 

measurements exceeded 10% of the mean value, the measurement was not repeated and the 

sample was excluded from further analysis. This resulted in a case/control ratio of 182/350 for 

DL-6, 167/316 for IL-8 and 182/347 for MCP-1. Samples below the detection limit were 

designated as 0 pg/ml. 

Factor V Leiden and Prothrombin 20210A were analyzed as described previously.15'16 

We calculated odds ratios as an estimate of the relative risk of venous thrombosis in subjects 

with high cytokine or chemokine concentrations using the 90th percentile of the plasma 

concentration in the control population. We also studied the dose-dependency of the 

association by dividing the measurements of IL-8 and MCP-1 into equal quartiles based on the 

values in the control population. The odds ratios in the three highest quartiles were calculated 

using the lowest quartile as the reference category. IL-6 data were excluded from this analysis 

because most of the IL-6 levels were below the detection limit. All odds ratio calculations were 

adjusted for age and gender by means of a logistic regression model. 

RESULTS 

The age of the 182 patients with a history of recurrent venous thrombosis (cases) ranged from 

23 to 87 (median 62) years and, 20 to 84 (median 50) years for the 350 control subjects. Forty-

nine percent of the cases was female as compared to 60% of the controls; therefore all analyses 

were corrected for age and gender. Thirty-two percent of the cases and 34% of the controls 

were smokers. 

Thirty-seven percent of the IL-6 concentrations in cases and 14% of the controls were 

above the detection limit (1.2 pg/ml). The odds ratios for venous thrombosis in subjects with 

elevated IL-6 (above 2.3 pg/ml (90th percentile of the control samples)), adjusted for age and 

gender, was 2.4 (95%CI 1.5-3.8)(Table 1). 

Table 1. Cytokine 
concentrations 
and risk of 
recurrent venous 
thrombosis. Odds 
ratios were 
calculated using the 
90th percentile of 
the plasma levels, 
of the inflammatory 
markers in the 
control group, as 
cut-off levels 
(adjusted for age 
and gender). 

Cases Controls Odds ratio 

IL-6 concentrations 

< 90th percentile (2.3 pg/ml) 135 314 

> 90th percentile (2.3 pg/ml) 47 36 2.4(95%CI 1.5-3.8) 

IL-8 concentrations 

< 90th percentile (7.8 pg/ml) 131 285 

> 90th percentile (7.8 pg/ml) 36 31 2.0 (95%CI 1.2-3.5) 

MCP-1 concentrations 

< 90th percentile (870 pg/ml) 138 313 

> 90th percentile (870 pg/ml) 44 34 1.9 (95% CI 1.2-3.2) 
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With respect to the IL-8 plasma levels, 95% of the case samples and 7 1 % of the control 

samples were above the detection limit (2.0 pg/ml). For increased IL-8 (above 7.8 pg/ml (90* 

percentile)) the odds ratio for venous thrombosis was 2.0 (95%CI 1.2-3.5). The MCP-1 

concentration was detectable in all plasma samples. The odds ratio for venous thrombosis in 

subjects with increased MCP-1 (above 870 pg/ml (90th percentile) was 1.9 (95%CI 1.2-3.2). 

We also looked for a possible dose-response relationship. Therefore the measurements of 

the inflammatory parameters IL-8 and MCP-1 of both patients and controls were stratified into 

quartiles, and the odds ratios of the three highest levels were calculated in comparison with the 

lowest quartile (Table 2). For IL-8 as well as MCP-1 the odds ratio of thrombosis increased 

with increasing plasma concentrations. The adjusted thrombosis risk of subjects with IL-8 in 

the upper quartile compared to the lowest quartile was 9.4 (95%CI 4.1-20.7), and 2.3 (95%CI 

1.1-4.5) for MCP-1 plasma concentrations. Due to the low percentage (14%) of IL-6 plasma 

levels above the detection limit, in the control group, stratified risk analysis was not possible. 

Table 2. Thrombosis risk for strata of cytokine concentrations.Odds ratios of IL-8 and MCP-1 
were calculated in strata, using quartiles of the control plasma levels, and were adjusted for age and 
gender. IL-6 data were excluded because of the low percentage of IL-6 plasma levels above the 
detection limit. 

IL-8 concentrations Cases Controls Odds ratio (95%CI) 

1st quartile <detection (2.0 pg/ml) 

2nd quartile 2.0-3.2 pg/ml 

3rd quartile 3.2-4.4 pg/ml 

4th quartile >4.4 pg/ml 

8 92 

26 72 

37 77 

96 75 

1* 

4.2(1.8-9.6) 

5.7(2.5-13.3) 

9.4(4.1-20.7) 

MCP-1 concentrations Cases Controls Odds ratio (95%CI) 

f ' quartile <508 pg/ml 

2nd quartile 508-607 pg/ml 

3rd quartile 607-725 pg/ml 

4th quartile >725 pg/ml 

18 87 

28 87 

54 88 

82 85 

1* 

1.2(0.6-2.4) 

1.6(0.8-3.3) 

2.3 (1.1-4.5) 
1 reference category 

Furthermore we examined whether the effects of the different cytokines (EL-6, IL-8, MCP-1) 

were independent to each other. Therefore we combined these three variables in one logistic 

model. This resulted in odds ratios which were only slightly lower than those in univariate 

analysis (IL-6 1.9 (95% CI 1.1-3.6); IL-8 1.7 (95%CI 1.0-3.0); MCP-1 1.8 (95%CI 1.1-3.2)). 

Furthermore, the association between a combination of elevated concentrations of all three 

mediators and recurrent venous thrombosis was determined. In seven patients elevated levels 

(above 90th percentile) of IL-6, IL-8 as well as MCP-1 could be detected in contrast to none of 

the controls. To estimate the odds ratio for venous thrombosis, having elevated concentrations 
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Figure 1. Cytokine levels in patients with recurrent venous thrombosis. Plasma levels of 
IL-6, IL-8 and MCP-1 are elevated in patients with thrombosis compared to controls. The figures show 
the values of the cytokines in plasma of the patients with recurrent venous thrombosis and the control 
subjects. The dotted lines represent the detection limit. 

Interleukin 6 levels (pg/ml) 

100 

10 

Controls 
(n=350) 

Ilillliiiillfiiillllflill 

Patients 
(n=182) 

Interleukin 8 levels (pg/ml) 

50 

20 

10 

5 

lllltltlliillllllllilllll 

Controls 
(n=316) 

Patients 
(n=167) 

MCP-1 (pg/ml) 

1600 

1400 

1200 -

1000 -

800 

600 

400 

200 

::::: 

Controls 
(n=350) 

Patients 
(n=182) 



Venous thrombosis and inflammation 47 

of IL-6, IL-8 and MCP-1, the 80th percentile of the concentrations was used, resulting in an 

odds ratio of 6.6 (95%CI 2.4-15.5). 

It is possible that thrombotic processes by themselves are responsible for the elevation of 

inflammatory mediators. To examine this possibility we verified whether there was a 

relationship between elevated cytokine levels and the time elapsed after the last thrombotic 

event. No significant difference in the inflammatory mediators could be found with respect to 

the time interval between the final thrombotic event and the time of blood sampling. Of the 

patients who were analyzed more than 9 years after the last thrombotic event, 32% was 

detected with an elevated IL-6 concentration versus 42% for those within 2 years after their 

last thrombotic episode. Elevated IL-8 respectively MCP-1 concentrations were determined in 

22% and 32% of the patients 9 years after their last thrombotic event, in comparison with 23% 

and 26% in patients within 2 years. 

The contribution of inflammatory mediators was analyzed in relation to well-known genetic 
17 

risk factors for venous thrombosis, Factor V Leiden and Prothrombin 20210A. Adjustment 

for these factors did not affect the association between recurrent venous thrombosis and 

inflammatory mediators (odds ratio for IL-6 2.7 (95%CI 1.4-5.0), IL-8 2.0 (95%CI 1.0-4.0) 

and MCP-1 2.2 (95%CI 1.2-4.2)) and restriction to those without Factor V Leiden or 

prothrombin 20210 led to similar odds ratios (data not shown). 

Occult cancer is known to increase the risk for venous thrombosis and could contribute to 

elevated concentrations of inflammatory mediators. Six (2%) of the control subjects and 6 

(3%) of the patients have suffered from a malignancy in the past. Exclusion of these subjects 

did not affect the odds ratios for venous thrombosis and elevated inflammatory mediators 

(^O* percentile) (IL-6; 2.3 (95%CI 1.4-3.9), IL-8; 2.1 (95%CI 1.2-3.7), MCP-1; 1.9 (95%CI 

1.1-3.2)). 
Smoking is known to be associated with elevated plasma levels of inflammatory 

1X 

mediators. In this study the odds ratios for venous thrombosis were not affected by 

adjustment for current smoking status, 2.4 (95%CI 1.3-3.9) for elevated IL-6 concentrations, 

2.0 (95%CI 1.2-3.5) for IL-8 and 1.9 (95%CI 1.2-3.2) for MCP-1. 

DISCUSSION 

This study shows that plasma levels of IL-6, IL-8 and MCP-1 are elevated in patients with 

recurrent venous thrombosis. Elevated plasma concentrations of IL-6, IL-8 and MCP-1 result 

in a 2-3 times increased, risk of venous thrombosis, if we consider that thrombosis is not the 

cause of the increase of inflammatory markers. We found also a dose-response relationship for 

IL-8 and MCP-1. Furthermore, the effects of IL-6, IL-8 and MCP-1 were found to act largely 

independently. The odds ratio found for the combination of elevated IL-6, IL-8 and MCP-1 

was approximately a multiplication of the three odds ratios separately. 
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Several studies have determined an association between coagulation and inflammation: 1) 

experimental endotoxinemia studies determined that endotoxin infusion leads to the activation 

of blood coagulation, 2) infusion of recombinant IL-6 in cancer patients induced the 

generation of thrombin, and 3) antibodies directed against tissue factor or factor VII/VIIa, or 

treatment with tissue factor inhibitor, prevented the activation of the common pathway of 

coagulation in endotoxinemic chimpanzees. ' " The results from our study suggest that 

inflammatory processes are not only involved in activation of the coagulation system but that it 

indeed might play an important role in the occurrence of venous thrombosis. 

Several potential mechanisms, by which increased cytokine and chemokine levels lead to a 

procoagulant state, have been described that could account for the association. In vitro studies 

have shown that IL-6, IL-8 and MCP-1 induce the expression of Tissue Factor in monocytic 
20 22 23 cells. ' ' The procoagulation factors, fibrinogen and FVIII are acute phase proteins of 

which the synthesis is increased by IL-6. IL-8 is a chemoattractant and activator of 

neutrophils and Chemotaxis of monocytes to the endothelium is mediated by MCP-1, both 
25 

potentially contributing to a procoagulant state by activating the endothelium. Furthermore, 

it was recently shown that MCP-1 as well as IL-8 are powerful triggers for firm adhesion of 

monocytes to vascular endothelium under flow conditions. 

The results presented here raise several important questions. Firstly, which cells produce the 

elevated levels of IL-6, EL-8 and MCP-1 that contributes to the thrombotic tendency? 

Secondly, why are the plasma concentrations of these inflammatory mediators elevated? We 

can only speculate that a persistent sub-clinical inflammation could contribute to elevated levels 

of inflammatory markers. So far, studies analyzing the association between C-reactive protein, 

a well-known surrogate marker of chronic inflammation, and venous thrombosis show 
27 28 

conflicting results. ' 

The increase in inflammatory mediators may have been affected by other diseases associated 

with venous thrombosis such as post thrombotic syndrome (PTS) or occult cancer, although 

exclusion of subjects with a known history of malignant disorders did not affect the association 

between venous thrombosis and elevated concentrations of IL-6, IL-8 and MCP-1. It has been 

shown that the coagulant process or the thrombus itself induces inflammatory responses. 

If this plays a role in this study, one would expect that the cytokine and chemokine 

concentrations decrease after the thrombotic episode and that a relationship between 

cytokines/chemokines and thrombosis is only apparent shortly after the thrombotic event. This 

was not the case in our study. Recently, elevated levels of CRP were detected in patients with 

a first episode of venous thrombosis but adjustment for CRP levels did not affect the 

thrombotic risk of factor VIITC and fibrinogen, suggesting that previous reported associations 
28 

are not due to a post-thrombotic acute phase response. Furthermore, almost all patients were 

on a long-term coumarin therapy that diminishes coagulation activation, which is more likely to 

reduce than to aggravate inflammation. ' 
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ïn conclusion, this study shows that certain inflammatory mediators in vivo are associated with 

recurrent venous thrombosis. Future prospective studies are necessary to clarify the causal 

nature of the inflammatory process with respect to venous thrombosis. 
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