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Abstract t 
Objective:: To determine the relationship between abnormalities in blood 

coagulationn activity and presence or incidence of cardiovascular complications 

inn type 2 diabetes. 

Designn and methods: Plasma levels of soluble tissue factor (TF), prothrombin 

fragmentt 1+2 (F1+2), D-dimer, tissue type plasminogen activator (t-PA), 

plasminogenn activator inhibitor 1 (PAI-1), von Willebrand factor antigen (vWFag) 

andd coagulation factor VIII activity (FVIIIa) were studied at baseline and after one 

yearr of follow up in a group of 128 patients with type 2 diabetes. Forty-three non 

diabeticc healthy subjects served as a control group. 

Results:: Plasma levels of soluble TF, t-PA and PAI-1 were significantly higher in 

thee diabetic patients compared to controls (p<0.05). The highest levels of soluble 

TFF were observed in type 2 diabetes patients with microvascular and neurogenic 

diseasee (p<0.001). Soluble TF was correlated with tPA, vWFag, systolic blood 

pressuree and age. Logistic analysis revealed an independent relationship between 

solublee TF and microvascular disease (per pg/mlTF: OR=1.008; Cl<95%)1.002-1.013) 

andd neurogenic disease (OR= 1.006; Cl(95%)1.001-1.011). Levels of F1+2, D-dimer, 

FVIIIa,, t-PA and vWFag were all similar in patients with either microvascular, 

macrovascularr or neurogenic complications compared to patients without those 

complications.. Forty eight new microvascular, macrovascular and/or neurogenic 

complicationss were diagnosed after one year follow up. Levels of all parameters 

weree similar in patients with or without new complications. 

Conclusions:: Soluble TF, is associated with existing microvascular and neurogenic 

complicationss in patients with type 2 diabetes. 
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Solublee tissue factor and microvascular disease 

Introduction n 
Typee 2 diabetes is a chronic metabolic disorder that is accompanied by considerable 

cardiovascularr mortality due to myocardial infarction, heart failure, stroke, or 

"suddenn death". In addition, chronic morbidity is often seen in the form of major 

vascularr complications including peripheral arterial disease and in the form of 

microvascularr complications such as retinopathy and nephropathy. 

Acutee atherothrombot ic complications like myocardial infarct ion are the 

consequencee of advanced atherosclerotic lesions that rupture or erode, thereby 

exposingg procoagulant surfaces that initiate blood coagulation (1). In addition to 

suchh local encounters between blood and damaged vessel wall, systemic 

prothromboticc states may accelerate clot formation, or increase the risk of 

thrombosiss (2-4). Numerous, mostly cross-sectional studies, have addressed the 

questionn whether type 2 diabetes is associated with increased systemic blood 

coagulationn activity (5-25). Indeed, the vast majority of such studies have observed 

evidencee of activated platelets, increased plasmatic coagulation activity and 

inhibitedd fibrinolysis (reviewed by different authors) (15; 26; 27). The observed 

increasedd platelet activity, either due to increased sensitivity to platelet activators 

orr to impaired platelet inhibitors released by the vascular endothelium, fits with 

thee concept that platelets are important players in cardiovascular disease in 

generall and also in diabetes (28; 29). This importance is underlined by the efficacy 

off platelet inhibitors in reducing cardiovascular morbidity and mortality in patients 

withh type 2 diabetes (30). In contrast, evidence that activated coagulation or 

inhibitedd fibrinolysis has clinical implications in patients with diabetes remains 

circumstantiall (31; 32). This seems odd taking in view of the wealth of observational 

dataa that documented a hypercoagulable state in blood as well as an activated 

vascularr endothelial surface in diabetes patients. 

Inn spite of the laboratory data randomized controlled trials with anticoagulant 

agentss have not been carried out in patients with diabetes specifically. However, 

withh more specific novel anticoagulants being clinically introduced (ximelagatran 

(33),, longacting pentasaccharides (34), factor Xa inhibi tors (35)) and with 

proff ibrinolytic drugs being developed (36), additional data regarding the potential 

relevancee of activated coagulation and fibrinolysis in patients with type 2 diabetes 

thatt would provide a more solid basis for such trials is required. 

Inn this report we studied soluble tissue factor (TF) together with other markers of 
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coagulationn and endothelial cell activation in relationship to existing, or 

developingg vascular complications in a group of patients with type 2 diabetes. A 

secondd objective was to determine changes in markers of coagulation and 

endotheliall activation over a period of one year and to relate these changes to 

incidentt acute vascular complications. 

Patientss and methods 
Patientt population 
Patientss were recruited from the outpatient clinic of the Slotervaart hospital, 

Amsterdam,, The Netherlands. Men and women with a minimum age of 25 years 

withh type 2 diabetes were eligible for the study. Excluded were patients with 

undetectablee C-peptide levels, insulin treatment before puberty, a history of diabetic 

ketoacidosis,, active chronic inflammatory disease or cancer. Forty three non-

diabeticc age matched apparently healthy controls recruited from the outpatient 

eyee clinic and from the hospital staff at the Slotervaart hospital were also evaluated 

inn this study. All patients and controls gave their informed consent and the study 

wass approved by the institutional Ethical Review Board of the Slotervaart Hospital, 

Amsterdam. . 

Studyy design 
Att inclusion and after one year follow-up, patients were interviewed and given a 

physicall examination. Patients were evaluated with respect to microvascular and 

macrovascularr complications (myocardial infarction, angina pectoris, cerebro-

vascularr accident or intermittent claudication (diagnosed by Doppler ultrasound)), 

ret inopathyy (diagnosed by fundoscopic examination), microalbuminur ia 

(microalbuminn > 30 mg/24 h), diabetic neuropathy {diagnosed by electromyo-

graphy).. Further data were obtained about duration of diabetes mellitus, medication 

use,, body mass index (BMI), blood pressure (high blood pressure was defined as 

systolicc pressure > 140 mmHg and/or diastolic pressure > 85 mmHg) and lifestyle 

parameters. . 

Twentyy nine percent of diabetic patients had microvascular complications 

(retinopathyy and/or nephropathy), 40% had macrovascular complications 

(myocardiall infarction, angina pectoris, cerebrovascular event, peripheral artery 

disease),, 23% suffered from neurogenic complications (diabetic neuropathy, 

diabeticc ulcer). Sixty percent of all patients had one ore more types of complications 
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Solublee tissue factor and microvascular disease 

att baseline. The plasma levels of soluble TF, von Willebrand factor antigenn (vWFag), 

prothrombinn fragment 1 +2 (F1+2), D-dimer, factor VI11 activity (FVIIla), plasminogen 

activatorr inhibitor 1 (PAI-1) and tissue type plasminogen activator (tPA), cholesterol, 

homocystein,, HbA1c and glucose were measured at baseline and after one year 

followw up. 

Bloodd sampling and laboratory procedures 

Bloodd samples were obtained by standard venepuncture and collected into 3.2% 

trisodiumm citrate (Beckton Dickinson, San jose, CA, USA). Citrated plasma was 

storedd at C until use. Plasma triglycerides, total cholesterol and high density 

l ipoproteinn (HDL)-cholesterol were measured enzymatically (Synchron LX207 

CX7de!ta®,, Beekman Coulter, Fullerton, California, USA). Low density lipoprotein 

(LDL)-choIesteroll was calculated by the Friedwald formula (37). PAI-1 was 

measuredd using Biological Immuno-Assay Chromolize® PAI-1 from Trinity biotech 

(Bray,, Ireland). In vivo thrombin formation was assessed by determination of 

F1+2,, using a commercial ELISA method (Enzygnost; Dade-Behring, Darmstadt, 

Germany).. Soluble TF antigen was measured by ELISA method (Imubind®, 

Americann diagnostica Inc., Greenwich, Conneticut, USA). VWFag levels were 

determinedd by an immunoturbidimetric assay with the Behring Coagulation 

Systemm (BCS) (vWFAg Dade-Behring). FVllla was measured using a chromogenic 

assayy with the BCS. t-PA antigen levels were determined using an ELISA method 

(Imulyse™,, Biopool, Bray, Ireland) and D-dimer fragments were quantified by an 

immunoturbidimetricc assay utilizing a BCS (D-dimer plus; Dade-Behring). HbA1c 

wass determined in whole blood by high-performance liquid chromatography 

usingg a mono S column (Pharmacia diagnostics, Uppsala, Sweden). Homocystein 

levelss were measured by high-performance liquid chromatography (Jasco, Tokyo, 

Japan).. Al l assays were per formed according to the instruct ions of the 

manufacturerr without any modification. 

Statisticall analysis 

Dataa are presented as medians with 25th -75th % quartiles. Differences between 

groupss (patients with type 2 diabetes vs. controls and patients with type 2 diabetes 

andd cardiovascular complications vs. patients without complications) were 

assessedd using non-paired Student's /-test or Mann-Whitney U test when 

distributionn was not normal. For comparison of data from patients with type 2 
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diabetess at baseline with data after one year follow upa paired /-Test or Wilcoxon 

rankk test was used. Logistic regression analysis was performed for each marker 

associatedd with existing cardiovascular complications on univariate analysis. P 

valuess < 0.05 were considered statistically significant. Statistical analyses were 

performedd using SPSS version 11.5. 

Results s 
Patientss and controls 
Onee hundred and twenty-eight patients with type 2 diabetes (76 men and 52 women, 

BMII 29.6(25.9-32.7) kg/m2) were evaluated in this study. The baseline characteristics 

Tablee 1. Characteristics of subjects with type 2 diabetes 

Baselinee characteristics 

Agee (years) 
Sexx (% male) 
Ethnicc background ( Caucasian/ northern Africa / Asia /other) (n) 
Durationn of diabetes until sample date (years) 
Alcoholl (%) 
Smokingg (%) 
Diett adjusted for diabetes (%) 
Diabetess in family (%) 
Diabetess medication (oral / insulin /oral &insulin) (n) 
Usee of statins (%) 
Usee o f modal im (%) 
Usee of p-blockers (%) 
Usee of angiotensin2- receptor blockers (%) 
Usee of Ca blockers (%) 
Usee of ACE blockers (%) 
Usee of diuretics (%) 
Usee of oral anticoagulants (%) 
Usee of aspirin (%) 
Systolic"" b lood pressure (mmHg) 
Diastolicc blood pressure (mmHg) 
BMII (kg/m2) 
Hbb (mmol/l) 
Leucocytess (109/l) 
Thrombocytess (10'VI) 
Glucosee (mmol/l) 
HbA1c(%) ) 
Creatininee (mmoI/24hr) 
Totall cholesterol (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL cholesterol (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinee (u.mol/1) 
Microalbuminn (mg/24 hr) 

Dataa are s h o w n as med ians w i t h 25th-75th quar t i les 

Diabeticc type 2 patients 
n=128 8 

59.11 (30.6- 87.5) 
60% % 
84/20/8/16 6 
7.22 (0.0- 32.2 ) 
35% % 
25% % 
48% % 
70% % 
58// 39 / 31 
38% % 
6% % 
15% % 
6% % 
14% % 
32% % 
13% % 
4% % 
32% % 
142(105-210) ) 
811 (50-110) 
29.66 (25.9-32.7) 
8.88 (6.3 -10.5) 
7.8(3.1-21.5) ) 
2500 (129-399) 
9.66 (2.9-20.9) 
7.55 (5.2-11.8) 

822 (7-139) 
5.122 (2.56-7.80) 
1.211 (0.68-4.90) 
3.133 (1.00-5.71) 
1.733 (0.47-4.66) 
10.99 (3.9-24.8) 
511 (2-826) 
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off the pat ient g roup are summar ized in table 1. Forty-three apparent ly healthy 

subjectss w i thou t type 2 diabetes (27 men , 16 w o m e n ; BMI 26.3 (23.8-28.8) kg/nv), 

w i thh a mean age of 61 years served as a con t ro l g roup in this study. 

Too evaluate abnormal i t ies in coagu la t ion - and endothe l ia l markers in type 2 

d iabetes,, the plasma levels of so lub le TF, Fl+2, D-dimer, PAI-1, tPA, FVIIIa and 

vWFagg were compared be tween pat ients w i t h type 2 diabetes and cont ro ls (see 

Tablee 2). Plasma levels of so lub le TF were signi f icant ly h igher in d iabet ic pat ients 

comparedd to cont ro ls (154 (32-572) vs. 132 (40-270) pg /ml ; P= 0.015). t-PA and PAI-

11 were also elevated in the pat ients w i t h type 2 diabetes (t-PA: 9.8 (2.2-22.5) vs. 7.3 

(2.2-17.6)) nmol /L; P= 0.021 and PAI-1: 6.5 (0.1-55.0) vs. 4,1 (0.1-44.4) U/ml ; P= 0.035). 

Thee median Fl+2 level was 0.71 (0.17-1.36) in the d iabet ic g roup and 0.97 (0.26-

3.16)) in the con t ro l g roup (P<0.001). A t rend towards h igher levels of FVIIIa (P=0.1), 

andd of D-dimer (P=0.3) was observed in the pat ient g roup compared to the con t ro l 

g roup .. VWFag d id not d i f fer be tween the two groups. 

T a b l ee 2. Plasma levels of coagu la t ion and endo the l i a l ac t iva t ion markers 

F1+2(nmol/l) ) 
Factorr VIII activity (%) 
Tissuee factor (pg/ml) 
t-PAA (rig/ml) 
PAI-11 (U/ml) 
vonn Wil lebrand factor (% d.N.) 
D-Dimerr (ug/l) 

Dataa are presented as medians w i th 25th-75thquart i les. ** P<0.001 vs. controls * P<0.01 vs. contro ls 

R e l a t i o n s h i pp b e t w e e n m a r k e r s o f c o a g u l a t i o n a n d e n d o t h e l i a l 

d y s f u n c t i o nn a n d p r e v a l e n t c a r d i o v a s c u l a r c o m p l i c a t i o n s 

Dataa are summarized in table 3. To explore wh ich parameters are related to exist ing 

cardiovascularr compl ica t ions in d iabet ic pat ients, parameters were compared 

be tweenn patients w i th and w i t h o u t cardiovascular compl icat ions. Existence of 

microvascularr disease was associated w i t h signif icantly higher levels of c i rcu lat ing 

so lub lee TF (192 (148-271) vs. 142 (105-185) pg /m l ; P<0.001). In add i t i on , so luble TF 

wass increased in diabet ic pat ients w i t h neurogen ic compl ica t ions compared to 

thosee w i t h o u t these compl ica t ions (182 (154-235) vs. 145 (105-200) pg /m l ; P=0.004). 

So lub lee TF corre lated to tPA (r=0.29; P<0.001), vWFag (r=0.25; P=0.004), systol ic 

b l o o dd pressure (r=0.34; P<0.001) and age (r=0.47; P<0.001). F1+2, D-dimer, FVIIIa, 

t-PAA and vWFag were not s igni f icant ly d i f fe ren t be tween pat ients w i t h e i ther 

Controls s 
NN = 43 

0.977 (0.26-3.16) 
1577 (75-297) 
1322 (40-270) 
7.33 (2.2-17.6) 
4.11 (0.1-41.4) 
1400 (65-268) 
1499 (62-1186) 

Typee 2 diabetes 
N=128 8 

0.711 (0.17-1.36)" 
1677 (53-306) 
1544 (32-572)' 
9.88 (2.2-22.5)* 
6.55 (0.1-55,0)* 
1433 (33-337) 
1622 (50-1614) 
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Tab lee 3. Re la t ionsh ip be tween coagu la t ion and endo the l i a l dys func t i on markers and c l in ica l 

parameterss w i t h preva lent card iovascular comp l i ca t i ons 

Microvascularr complication Macrovascularr complication 

F1+22 (nmol/l) 
Factorr VIM (%) 
Tissuee factor (pg/ml) 
t-PAA (ng/ml) 
PAII (U/ml) 
Vonn Willebrand factor (% d.N.) 
D-Dimerr (ug/l) 

Durationn of diabetes (year) 
Agee (year) 
Bodyy mass index (kg/rrr) 
Systolicc bloodpressure (mm Hg) ) 
Diastolicc bloodpressure (mmHg 
HbA1c(%) ) 
Cholesteroll (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinn (^imol/l) 

No o 
nn = 91 

0.711 (0.59-0.81) 
1644 (120-219) 
1422 (105-185) 
10.00 (7.0-12.9) 
8.77 (3.5-19.6) 
1399 (108-191) 
1622 (112-226) 

3.11 (1.8-7.4) 
54.55 (48.8-65.9) 
28.22 (25.8-32.7) 
1355 (120-150) 

800 (72-86) 
7.55 (6.6-8.3) 
5.00 (4.3-5.9) 

1.055 (0.94-1.36) 
2.933 (2.44-3.74) 
1.59(1.13-2.22) ) 
9.88 (8.6-11.5) 

Yes s 
nn = 37 

0.755 (0.58-0.97) 
1822 (120-229) 
192(148-271)" " 
9.44 (7.8-11.7) 
3.77 (1.7-8.9)+ 
1544 (110-199) 
1666 (126-246) 

7.11 (3.1-20.8)+ 
65.4(54.9-73.1)* * 
29.44 (26.2-32.7) 
1500 (130-168)* 

855 (80-90) 
7.00 (6.5-8.0) 
5.33 (4.3-5.9) 

1.27(0.98-1.44)+ + 
3.099 (2.57-3.83) 
1.244 (0.97-1.89) 
10.44 (9.3-12.9) 

No o 
nn = 75 

0.744 (0.60-0.83) 
1577 (120-215) 
1500 (102-207) 
9.99 (6.5-12.4) 
5.8(1.9-18.1) ) 
1355 (105-185) 
1533 (104-228) 

3.11 (2.1-7.1) 
53.88 (44.3-65.8) 
28.7(26.3-34.1) ) 
1400 (125-151) 

800 (75-90) 
7.33 (6.4-8.3) 
5.44 (4.5-6.1) 

1.099 (0.98-1.42) 
3.300 (2.62-3.84) 
1.544 (1.08-2.25) 
9.66 (8.3-11.5) 

Yes s 
nn = 53 

0.699 (0.56-0.83) 
1899 (123-225) 
1655 (123-203) 
9.88 (7.8-12.3) 
7.00 (2.4-17.8) 
1544 (112-196) 
1711 (130-229) 

6.0(2.1-17.1)* * 
63.99 (54.5-72.5)+ 
27.8(25.50-31.64) ) 

1400 (121-160) 
800 (70-90) 

7.44 (6.7-8.2) 
4.44 (4.0-5.6)+ 

1.055 (0.94-1.24) 
2.744 (2.23-3.53) 
1.34(1.00-2.02) ) 
10.44 (9.4-13.0) 

T a b l ee 4 . A s s o c i a t i o n o f s o l u b l e TF and o t h e r va r iab les w i t h p reva len t m i c rovascu la r , 
macrovascular ,, and neurogen ic comp l i ca t i ons in a mu l t i va r ia te logist ic regression analysis 

Microvascularr compl icat ions 
Solublee TF 
Diabetess duration 
Age e 

Macrovascularr compl icat ions 
Age e 
Diabetess duration 
Totall cholesterol 

Neurogen icc compl icat ions 
Age e 
Solublee TF 

Exp(B)/OR R 
1.008 8 
1.115 5 
1.001 1 

1.079 9 
1.080 0 
0.439 9 

1.057 7 
1.006 6 

95%CI I 
1.002-1.014 4 
1.051-1.182 2 
1.000-1.001 1 

1.035-1.124 4 
1.014-1.150 0 
0.277-0.698 8 

1.015-1.100 0 
1.001-1.011 1 

A l ll var iables w i t h a p<0.05 in univar iate analysis are s h o w n . 

microvascular,, macrovascular, or neurogenic complications and patients without 

thosee complications. In contrast to our expectations, patients with microvascular 

complicationss had significantly lower PAI-1 levels than patients without such 

complicationss (3.7 (1.7-8.9) vs. 8.7 (3.5-19.6) U/ml; P=0.03). 

Too test which factors had an independent relationship with the presence of micro-, 

macro-- and neurogenic cardiovascular complications at baseline we performed 
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Neurogenicc complication Total complications 

No o 
nn = 99 

0.711 (0.59-0.83) 
163(119-214) ) 
145(105-200) ) 
9.44 (7.0-12.3) 
5.7(1.8-18.3) ) 
140(107-181) ) 
174(122-228) ) 

3.11 (2.0-8.1) 
54.66 (48.6-65.6) 
28.77 (25.8-34.0) 
138(120-150) ) 

800 (75-90) 
7.33 (6.5-8.2) 
5.00 (4.3-5.9) 

1.07(0.96-1.36) ) 
2.999 (2.5-3.78) 
1.52(1.06-2.02) ) 
10.22 (8.6-11.7) 

Yes s 
nn = 29 

0.744 (0.55-0.89) 
2055 (122-234) 
1822 (154-235)+ 
10.99 (8.7-13.4) 
8.66 (4.0-17.8) 
154(113-198) ) 
1466 (93-238) 

8.11 (2.6-17.1)* 
66.77 (55.9-74.3)+ 
28.44 (26.5-32.3) 
150(131-176)+ + 

800 (70-85) 
7.44 (6.7-8.0) 
5.22 (4.5-5.8) 

1.08(0.94-1.43) ) 
3.122 (2.61-3.77) 
1.46(1.12-2.79) ) 
9.7(9.0-11.6) ) 

No o 
nn = 77 

0.733 (0.61-0.81) 
1500 (114-212) 
1333 (89-183) 
99 (6.0-12.8) 

8.55 (2.2-20.2) 
129(102-178) ) 
162(112-223) ) 

3.11 (2.1-7.1) 
53.33 (43.8-61.9) 
28.77 (26.1-34.6) 
130(120-150) ) 

800 (76-90) 
7.44 (6.4-8.3) 
5.11 (4.4-6.0) 

1.06(0.94-1.39) ) 
3.133 (2.58-3.75) 
1.577 (1.16-2.25) 
9.99 (8.1-11.6) 

Yes s 
nn = 51 

0.711 (0.56-0.89) 
1844 (128-2231 
1733 (125-207)* 
10.11 (7.8-12.3) 
6.22 (2.2-17.6) 
1522 (112-195) 
1666 (123-246) 

5.99 (2.1-14.7)* 
62.77 (54.0-72.3)+ 
28.77 (25.8-32.1) 
1400 (130-160)+ 

800 (70-90) 
7.44 (6.6-8.1) 
5.00 (4.2-5.8) 

1.111 (0.95-1.36) 
3.022 (2.46-3.79) 
1.37(0.98-2.09) ) 
11.22 (9.0-11.9)+ 

logisticc regression analysis (see Table 4). In addition to soluble TF, univariate 

analysiss selected age, diabetes duration, homocysteine and systolic blood 

pressuree as variables associated (P<0.05) with microvascular complications. In 

thee multivariate model only soluble TF, age and duration of diabetes had an 

independentt relation with microvascular disease. Univariate analysis selected 

age,, diabetes duration, total cholesterol, LDL-cholesterol as variables associated 

withh macrovascular complications. Those variables, except for LDL-cholesterol, 

hadd also an independent relation with macrovascular disease. In contrast to our 

expectations,, a negative relation between total cholesterol with macrovascular 

complicationss was observed. To test whether lower cholesterol levels in patients 

withh macrovascular complications could be explained by statin treatment in this 

group,, the number of statin users was evaluated in the patients with and without 

macrovascularr complications. Indeed, significantly more patients with macro-

vascularr complications were treated with statins (with complications 65% statin 

user,, without complications 18% statin user; P<0.Ü0Ü1). Neurogenic complications 

weree associated with soluble TF, age, diabetes duration and systolic blood 

pressuree in univariate analysis. Multivariate analysis showed that only soluble TF 

andd age were independent risk factors for neurogenic complications. 
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Tablee 5. Relationship between coagulation and endothelial dysfunction markers and clinical 
parameterss with cardiovascular events 

Microvascularr event Macrovascular event 

F1+22 (nmol/l) 
Factorr VIII (%) 
Tissuee factor (pg/ml) 
t-PAA (ng/ml) 
PAII (U/ml) 
Vonn Willebrand factor (% ) 
D-Dimerr (ug/l) 

Durationn of diabetes (year) 
Agee (year) 
Bodyy mass index (kg/m2) 
Systolic:: bloodpressure (mmHg.i 
Diastolicc bloodpressure (mniHgi 
HbA1c(%) ) 
Cholesteroll (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinn (umol/l) 

No o 
nn = 97 

0.744 (0.59-0.83) 
1655 (119-217) 
1500 (110-203) 
9.88 (7.0-12.3) 
5.44 (1.9-14.5) 
1411 (110-193) 
179(119-246) ) 

4.00 (2.1-8.6) 
57.33 (51.9-67.9) 
28.77 (25.8-34.0) 
1400 (130-154) 

800 (75-90) 
7.22 (6.5-8.2) 
5.00 (4.3-5.7) 

1.07(0.93-1.36) ) 
2.89(2.51-3.61) ) 
1.47(1.05-2.21) ) 
10.00 (9.0-12.0) 

Yes s 
nn = 20 

0.688 (0.57-0.89) 
1700 (119-230) 
1822 (154-238) 
9.33 (6.7-13.5) 
9.77 (4.7-18.3) 
1500 (98-200) 

1455 (113-243) 

9.6(1.6-16.7) ) 
60.11 (52.4-72.0) 
27.22 (26.2-32.2) 
138(120-175) ) 

800 (75-90) 
7.77 (7.0-8.0) 
5.44 (4.4-5.8) 

1.12(0.94-1.44) ) 
3.200 (2.52-3.84) 
1.50(1.01-2.12) ) 
9.44 (8.3-10.9) 

No o 
n=105 5 

0.744 (0.59-0.83) 
158(119-219) ) 
158(110-206) ) 
9.99 (7.0-12.4) 
6.44 (2.4-17.6) 
1411 (108-194) 
1622 (118-228) 

4.0(2.1-9.1) ) 
58.22 (51.5-68.9) 
28.77 (26.1-33.7) 
1400 (125-160) 

800 (76-90) 
7.33 (6.5-8.2) 
5.00 (4.4-5.8) 

1.099 (0.96-1.41) 
3.044 (2.55-3.75) 
1.38(0.99-2.19) ) 
9.88 (8.7-11.5) 

Yes s 
nn = 12 

0.622 (0.58-0.96) 
200(182-321) ) 
1466 (114-198) 
9.88 (7.8-12.5) 
4.66 (1.5-9.2) 

160(111-217) ) 
1922 (111-432) 

8.11 (2.0-15.5) 
56.99 (54.4-65.5) 
26.88 (24.5-29.5) 
1355 (130-149) 

800 (70-89) 
7.77 (6.9-9.1) 
4.33 (3.8-5.4) 

1.02(0.86-1.07)* * 
2.566 (2.05-3.32) 
1.711 (1.47-2.42) 
10.77 (8.8-16.9) 

Dataa are s h o w n as med ians w i t h 25th- 75th quar t i les . * p<0.01 vs. no event 

Relationshipp between markers of coagulat ion and 
incidencee of cardiovascular compl icat ions 

Afterr one year follow up we obtained clinical data from 117 patients with type 2 

diabetes;; 8 patients were lost to follow up due to moving to another region and 3 

declinedd fol low up assessment. In the remaining 117 patients (91%) 48 new 

cardiovascularr complications were diagnosed in a total of 41 patients: two 

cardiovascularr deaths, 1 myocardial infarction, 4 strokes, 3 angina pectoris, 2 

intermittentt claudication, 8 retinopathy, 13 micro-albuminuria, 13 diabetic 

neuropathyy and 2 diabetic ulcera. Laboratory data after one year follow up were 

obtainedd from 87 patients. New cardiovascular complications diagnosed in these 

patientss were 1 myocardial infarction, 2 strokes, 1 angina pectoris, 2 intermittent 

claudication,, 6 retinopathy, 9 micro-albuminuria, 12 diabetic neuropathy, 1 

diabeticc ulcer. The level of soluble TF, vVVFag, D-dimer, FVIIIa, t-PA and PAI-1 

remainedd all unchanged after one year follow up compared to baseline levels. 

Thee exception was the concentration of F1+2, which was significantly higher after 

11 year as compared to baseline (1.00 (0.77-1.14) vs. 0.72 (0.59-0.83); P<0.0001). 

Too investigate the relationship between the different parameters al baseline and 
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Neurogenicc event Total events 

No o 
nn = 102 

0.733 (0.59-0.83) 
1655 (120-221) 
1533 (111-203) 
9.77 (7.0-12.3) 
6.4(2.3-17.5) ) 
1411 (110-196) 
177(118-243) ) 

4.00 (2.1-9.4) 
57.77 (51.6-68.7) 
28.55 (25.9-32.8) 
1400 (126-160) 

800 (75-90) 
7.4(6.5-8.1) ) 
5.00 (4.3-5.8) 

1.06(0.94-1.36) ) 
3.055 (2.52-3.74) 
1.50(1.06-2.22) ) 
9.88 (8.9-11.6) 

Yes s 
nn = 15 

0.677 (0.59-0.88) 
169(116-224) ) 
174(124-224) ) 
10.88 (5.7-13.6) 
4.8(1.7-12.5) ) 
153(101-178) ) 
152(112-213) ) 

5.11 (1.6-14.8) 
59.11 (52.4-72.2) 
27.66 (25.9-33.0) 

1400 (120-160) 
800 (70-95) 

7.66 (6.5-8.5) 
4.88 (4.4-5.3) 

1.19(1.05-1.59) ) 
2.800 (2.43-3.58) 
1.411 (0.97-1.73) 
10.22 (8.2-10.4) 

No o 
nn = 76 

0.755 (0.60-0.83) 
158(118-217) ) 
1488 (105-197) 
9.99 (7.0-12.3) 
5.88 (2.1-15.5) 
140(110-195) ) 
184(118-248) ) 

3.9(2.1-8.1) ) 
56.77 (50.7-68.5) 
28.77 (26.1-34.2) 
140(129-160) ) 

800 (76-90) 
7.33 (6.5-8.2) 
5.0(4.4-5.9) ) 

1.08(0.93-1.39) ) 
3.044 (2.57-3.75) 
1.38(1.05-2.25) ) 
9.8(8.9-11.6) ) 

Yes s 
nn = 41 

0.677 (0.58-0.86) 
1822 (119-224) 
1811 (121-225) 
9.8(7.0-13.1) ) 
6.7(2.3-17.6) ) 
1511 (100-188) 
1566 (115-206) 

5.11 (1.4-15.4) 
58.66 (53.0-71.6) 
27.11 (25.7-32.2) 
1400 (120-160) 

800 (73-90) 
7.55 (6.8-8.2) 
5.0(4.1-5.7) ) 

1.07(0.94-1.36) ) 
2.822 (2.43-3.64) 
1.58(1.01-2.01) ) 
10.2(8.6-11.2) ) 

incidencee of micro-, macro- and neurogenic cardiovascular complications, the 

parameterss were compared between patients with and without new developed 

complications.. For an overview see table 5. Soluble TF was higher in patients 

withh a new microvascular event although not statistically significant (182 (155-

240)) vs. 150 (109-202) pg/ml; P=0.056). Lower levels of HDL-cholesterol were 

associatedd with the incidence of macrovascular disease (1.02 (0.86-1.07) vs. 1.09 

(0.96-1.41)) mmol/L; P=0.046). Levels of vVVFag, F1+2, D-dimer, FVIIIa, t-PAand PAI-

11 were not statistically different among patients with and without new micro-

vascular,, macrovascular and neurogenic complications after one year follow up. 

Inn addition, diabetes duration, HbA1c, age, total cholesterol, homocysteine and 

bloodd pressure were all similar in the groups with and without new events. 

Discussion n 
Ass the increased risk for cardiovascular disease in type 2 diabetes is only partly 

explainedd by hyperglycemia and classical cardiovascular risk factors, additional 

riskk factors such as a hypercoagulable state are considered to play a role. The 

contributionn of a hypercoagulable state to the increased risk for cardiovascular 
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diseasee is suggested by the high rate of thrombotic complications and the 

observedd high levels of coagulation markers in patients with type 2 diabetes (5-

25).. However, whether there is a causal relationship between the procoagulant 

statee in blood and the existence and development of vascular complications 

remainss unclear. Thus, sofar none of all the investigated plasma markers have 

beenn introduced into clinical practice. 

Consistentt with previous reports, we have confirmed higher levels of soluble TF, 

t-PA,, PAI-1 and trends towards increased D-dimer and FVIIIa in patients with 

diabetess compared to controls (6-25). F1 +2, D-dimer, FVI Ma, t-PA, PAI-1 and vWFag 

weree not related to prevalent or incident micro-, macro- and neurogenic 

cardiovascularr complications in patients with type 2 diabetes. Our observations 

confirmm a prothrombotic state in type 2 diabetes. However, the present data 

providee no evidence that PAI-1, tPA, D-dimer, F1+2 and FVIIIa should be 

consideredd as important markers for cardiovascular complications in patients 

withh type 2 diabetes. More importantly, we observed an independent relationship 

betweenn soluble TF, in addition to age and diabetes duration, and prevalent 

microvascularr and neurogenic complications in patients with type 2 diabetes. 

Thee observed increase in soluble TF in patients with microvascular complications 

andd neurogenic complications and diabetes supports an association of soluble 

TFF with microvascular endothelial dysfunction. In addition, these data provide a 

basiss for further prospective studies towards the usefulness of soluble TF as 

markerr of microvascular disease in such patients. 

Solublee tissue factor and vascular disease 

Typee 2 diabetes is associated with increased TF levels in the circulation. Increased 

TFF expression on circulating monocytes (38; 39), a higher percentage of TF positive 

microparticless (40) and increased levels of circulating TF activity (41) and TF antigen 

(17;; 23) have been observed in patients with type 2 diabetes. Our data also reveal 

higherr levels of circulating TF antigen in patients with type 2 diabetes compared 

too a control group. TF, the main initiator of the coagulation cascade, is localized 

inn extravascular tissue where it induces coagulation activation after vascular injury 

(42).. The circulating form or 'blood-borne' TF has been proposed as a marker of 

vascularr injury (43-45) and as a marker with procoagulant activity, when it is 

exposedd by circulating microparticles (46-49). The method used in the present 

studyy cannot distinguish between membrane bound and free forms of soluble 
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TF.. Our finding that solubleTF was independently related to existing microvascular 

diseasee {microalbuminuria, retinopathy) and neuropathy, suggests that soluble 

TFF reflects endothelial dysfunction. The association of soluble TF with endothelial 

dysfunctionn is also suggested by the significant correlation between soluble TF 

andd vWFag, an established marker of endothelial dysfunction, (r=0.25; P=0.004) 

inn the present study and in previous reports (45). 

Thee observed odds ratio of 1.008 and 1.006 for existing microvascular and neurogenic 

complicationss implies that an increase of 1 pg/ml of soluble TF enhances the risk 

forr existing microvascular and neurogenic complications with 0.8 and 0.6 percent, 

respectively.. Other investigators have also reported a relationship between soluble 

TFF levels and existing microvascular disease in patients with type 2 diabetes (7; 17). 

Howeverr these studies did not show that soluble TF predicted microvascular disease 

independentt from other risk factors. 

Theree is increasing evidence that circulating TF is involved in thrombus formation 

(46;; 48). It has therefore been suggested that higher levels of circulating TF may 

increasee the risk forr thrombotic complications. Indeed, it was shown that soluble 

TFF is associated with large vessel complications in patients with unstable angina 

(50),, myocardial infarction (51) and type 2 diabetes (23; 41). Despite the possible 

procoagulantt properties of soluble TF, we could not confirm a relationship between 

solublee TF and prevalence or incidence of thrombotic macrovascular complications, 

suchh as a myocardial infarction or stroke in patients with type 2 diabetes, which 

mayy be due to a lack of power. 

Prothromboticc state and prevalent cardiovascular disease 

Sincee endothelial and other vascular cells increase the production and secretion 

off t-PA, PAI-1, vWF and TF under stress conditions, it has been proposed that 

increasess in plasma levels of these markers reflect endothelial injury and vascular 

diseasee (52). The increases in these markers observed in patients with type 2 

diabetess compared to controls may therefore be explained by differences in 

vascularr disease. The relationship between these coagulation markers of vascular 

originn and vascular disease is also suggested by cross sectional studies showing 

thatt diabetic patients with microvascular disease have higher levels of vWFag 

(13)) (18) (53-57) and in addition, higher levels of tPA (13) and PAI-1(13; 24). Data 

concerningg coagulation and endothelial markers and larger vessel disease in 
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diabetess is limited, but higher levels of again vWFag (6; 53), tPA (6), PAI-1 (10; 11; 

15),, and also D-dimer (6; 25) and F1+2 (19) are reported in patients with prevalent 

macrovascularr disease compared to patients without those complications. In 

contrastt to these observations, other studies showed similar levels of PAI-1 (9; 

58),, tPA(9; 16; 58), D-dimer (19; 58) (18) (16) and FVIIIa (58) in diabetic patients 

withh either micro- or macrovascular disease. In addition to the latter results, we 

observedd no differences in levels of PAI-1 and tPA in patients with type 2 diabetes 

wi thh and wi thout clinical signs of vascular disease, although levels were 

significantlyy higher compared to controls. We hypothesize that the tested markers 

discriminatee less markedly between different stages and locations of endothelial 

injuryy and vascular disease as they do between presence and absence of vascular 

disease.. Lack of significant differences in PAI-1 and tPA levels between diabetic 

patientss with and without clinical signs of vascular complications observed in 

thee present study and other studies may therefore be explained by continuous 

vascularr disease and endothelial injury in patients with type 2 diabetes as 

comparedd to age matched controls. The presence of continuous endothelial injury 

inn patients with type 2 diabetes is supported by the observation of Leurs et al. 

thatt patients with impaired glucose tolerance already have levels of PAI-1 and 

tPAA comparable with patients with type 2 diabetes, indicating that the endothelial 

damagee is already present in that early stage of the disease (59). Furthermore, in 

thee present study we observed even lower levels of PAI-1 in patients with 

microvascularr disease compared to patients wi thout such complications. 

However,, this is probably of little significance, since the relationship between 

PAI-11 and microvascular complications was not confirmed by multivariate analysis. 

Markerss of coagulation and endothel ia l activation and 
incidencee of vascular disease 

Cohortt studies showed that vWFag, as marker of endothelial dysfunction, and in 

additionn FVIIIa, which levels are related tovWFag (60), appeared to predict acute 

macrovascularr events (8; 14; 61) and all-cause mortality {62) in patients with type 

22 diabetes. Few studies have evaluated the predictive value of other markers of 

coagulationn and endothelial dysfunction for cardiovascular events in patients 

withh type 2 diabetes and the results of these studies are inconclusive. In patients 

withh diabetes undergoing hemodialysis elevated D-dimer levels were associated 

withh a higher risk tor all-cause mortality (22). In contrast, in 93 patients with type 2 
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diabetess F1+2 was not predic t ive for m ic ro- and macrovascular compl ica t ions 

afterr a f o l l ow pe r i od of 2 years (20). A l t h o u g h ou r s tudy is l im i ted by its short 

f o l l oww up pe r i od , w e were able to detect 48 new events in 41 patients. In the 

pat ientss w i t h inc ident microvascular disease a t r end towards h igher so lub le TF 

levelss was observed. This f ind ing supports the concept that markers of endothel ia l 

act ivat ionn pred ic t cardiovascular events in patients w i t h type 2 diabetes. However, 

whe the rr these increases have a causal re la t ionship w i t h ex is t ing or deve lop ing 

card iovascularr comp l i ca t i ons in type 2 d iabetes is u n k n o w n on the basis of 

availablee l i terature data. 

Inn conc lus ion , the present study showed that so lub le TF is independent ly related 

too presence of microvascular disease in pat ients w i t h type 2 diabetes. This f ind ing 

suggestss that so lub le TF is a p rom is i ng marker of microvascu lar disease. In 

add i t i on ,, the present study fur ther con f i rmed the presence of increased levels of 

tPAA and PAI-1, in patients w i th type 2 diabetes. However, no evidence was obtained 

thatt these markers may be associated w i t h ex is t ing and deve lopmen t of c l inical 

signss of cardiovascular disease in pat ients w i t h type 2 d iabetes. 
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