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subjects was significantly elevated (p = 0.038), but baseline 
levels of soluble CD40 ligand (sCD40L) and thrombin-acti-
vatable fibrinolysis inhibitor-1 (TAFI) antigen did not differ 
from healthy controls. Twelve weeks of metformin or rosi-
glitazone therapy did not cause significant changes in 
sCD40L, PAI-1 and TAFI antigen levels. In simvastatin-treated 
subjects (n = 9) significant reductions of PAI-1 were achieved 
(p = 0.028), while sCD40L and TAFI-Ag did not differ from 
baseline values.  Conclusion:  Our results showed that non-
obese diabetic patients at low cardiovascular risk had similar 
levels of subclinical markers of inflammation and fibrinolysis 
as matched healthy controls. Neither metformin nor rosigli-
tazone caused marked changes in sCD40L, PAI-1 and TAFI 
antigen levels. A subset of patients who received simvastatin 
showed a modest decrease in PAI-1 level and could contrib-
ute to beneficial vasculoprotective effect of the drug in type 
2 diabetics.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 There is satisfactory evidence demonstrating endothe-
lial activation in early stages of type 2 diabetes  [1, 2] . Nor-
moalbuminuric type 2 diabetic subjects without any 
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 Abstract 

  Objective:  To evaluate subclinical inflammation and fibrino-
lysis in low-risk type 2 diabetic subjects and to assess the ef-
ficacy of metformin and rosiglitazone in this group.  Subjects 

and Methods:  Sixty-one normotensive, normoalbuminuric 
type 2 diabetic subjects without diabetes-related complica-
tions were included in a 4-week standardization period with 
glimepiride. After the standardization period, 21 subjects 
were excluded and the remaining 40 were randomly divided 
into two groups matched for age, gender, body mass index 
and disease duration. The first group (n = 20) received met-
formin (1,700 mg/day), the second group (n = 20) rosigli-
tazone (4 mg/day) for 12 weeks. Patients with low-density 
lipoprotein-cholesterol higher than 130 mg/dl at the begin-
ning of the randomization period were treated with simva-
statin (maximum dose 20 mg/day). Twenty-three healthy 
controls were also recruited. Cytokine measurements were 
performed with ELISA kits.  Results:  Baseline plasma plas-
minogen activator inhibitor-1 (PAI-1) level of type 2 diabetic 
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complications have impaired vascular reactivity  [1] , while 
normotensive and normoalbuminuric patients have en-
dothelial dysfunction despite good glycemic control  [2] . 
Subclinical inflammation and hypofibrinolysis are im-
portant factors causing alterations in endothelial system 
in type 2 diabetes. In these, several factors have been 
shown to interact with innate immunity and cause sub-
clinical inflammation. Most important of these are insu-
lin resistance, smoking, ethnicity, genetics and nutrition 
including inappropriate proportions of carbohydrates, 
fat and protein  [3] .

  Circulating soluble CD40 ligand (sCD40L) is a novel 
proinflammatory cytokine derived largely from activat-
ed platelets and can trigger inflammatory reaction in 
 vascular endothelial cells. Membrane-bound CD40L and 
sCD40L interact with CD40 molecule that is present on 
hematopoietic, endothelial and smooth muscle cells, and 
the release of tissue factor activates platelets which pro-
duce more sCD40L thereby perpetuating the inflamma-
tory and prothrombotic environment in the vasculature 
 [4] . In the literature, studies evaluating sCD40L expres-
sion in type 2 diabetic patients have discrepant results. 
While some investigators have reported increased 
sCD40L levels  [5–8] , others have not observed a similar 
association  [9–12] .

  Inhibition of plasminogen activation by plasminogen 
activator inhibitor-1 (PAI-1) impairs fibrinolysis and pro-
motes thrombosis  [13] . PAI-1 is elevated in a variety of 
clinical situations that are associated with insulin resis-
tance and increased risk of ischemic cardiovascular 
events like type 2 diabetes  [14] . Thrombin-activatable fi-
brinolysis inhibitor (TAFI) or carboxypeptidase U is an-
other fibrinolysis inhibitor isolated from human plasma. 
TAFI-antigen (TAFI-Ag) is a glycoprotein synthesized by 
the liver that can be activated by thrombin-catalyzed pro-
teolysis to a carboxypeptidase B-like enzyme that inhib-
its fibrinolysis  [15, 16] . In the literature, the data about 
TAFI expression in diabetic subjects are limited. Ajjan 
and Grant  [17]  demonstrated that in nonobese type 2 di-
abetic patients TAFI levels were associated with the de-
gree of insulin resistance and glycemic control.

  It was previously demonstrated that both metformin 
and rosiglitazone have some pleiotropic effects, such as 
reducing microalbuminuria, improving blood pressure 
and endothelial alterations, besides increasing insulin 
sensitivity  [17] . However, the effects of rosiglitazone or 
metformin on TAFI-Ag or the effect of metformin on 
sCD40L have not been evaluated. Furthermore, despite 
the evaluation of sCD40L, TAFI-Ag and PAI-1 in compli-
cated type 2 diabetes, not much data are available in nor-

motensive patients without diabetic complications. 
Therefore the objectives of this study were to demon-
strate the levels of sCD40L, TAFI-Ag and PAI-1 in nor-
motensive type 2 diabetic subjects without diabetic com-
plications and to evaluate the effects of 12-week metfor-
min and rosiglitazone therapy on these proteins.

  Subjects and Methods 

 Type 2 diabetic subjects (according to American Diabetes As-
sociation criteria in 2005)  [18]  between 30 and 75 years of age, 
with diagnosis of at least 6 months were included. Exclusion cri-
teria were: hypertension (two consecutive measurements higher 
than 130/80 mm Hg), diabetic retinopathy, diabetic polyneuropa-
thy, history of a cardiovascular and/or cerebrovascular event, his-
tory of any chronic disease, pregnancy, child-bearing potential, 
body mass index (BMI) over 30 kg/m 2 , abnormal resting electro-
cardiography or positive treadmill exercise test, angina pectoris, 
intermittent claudication, microalbuminuria (daily microalbu-
min excretion higher than 30 mg), transaminase levels exceeding 
2.5 times normal or serum creatinine levels over 1.4 mg/dl. Pa-
tients who were being treated with insulin (or with a history of 
insulin treatment), anticoagulation drugs, antihypertensive ther-
apy or antiobesity drugs were also excluded. Sixty-one consecu-
tive type 2 diabetic patients and 23 age- and gender-matched 
healthy controls without any diseases were recruited. Written in-
formed consent was obtained from all participants. Study proto-
col was approved by the Ethics Committee of the institution.

  The study was carried out in two phases: standardization and 
therapy. During the standardization period, oral antidiabetics 
were switched to glimepiride with the suitable dose (minimum
1 mg/day and maximum 4 mg/day) regulated according to the 
patients’ plasma glucose levels. Glimepride was preferred for the 
washout period because of their neutral and/or mild effects on 
both traditional and nontraditional cardiovascular risk factors 
 [17] . After the 4-week standardization phase, the patients were 
randomized into two groups: treatment with metformin or rosi-
glitazone. Twenty patients were randomized to metformin (group 
M, 10 female subjects, mean age: 53.2  8  8.0) and 20 patients were 
randomized to rosiglitazone (group R, 11 female subjects, mean 
age: 51.7  8  8.1) for 12 weeks.

  Twenty-one patients were randomized into two groups. The re-
maining 21 patients were excluded because of microalbuminuria, 
hypertension, withdrawal of informed consent or medical need of 
insulin therapy at the end of the standardization period. Patients 
with a fasting glucose over 180 mg/dl continued glimepi ride be-
sides metformin or rosiglitazone. Metformin, 1,700 mg/day, was 
administered in two divided doses (after breakfast and dinner) and 
the daily rosiglitazone dose was 4 mg and was given before break-
fast. The patients (n = 9) with low-density lipoprotein cholesterol 
(LDL-C) higher than 130 mg/dl at the beginning of the randomiza-
tion period were treated with simvastatin (maximum dose 20 mg/
day). No other antilipidemic drugs were used during the study. The 
patients were followed for 12 weeks. During follow-up drug doses 
were not changed and no drugs were added to therapy.

  At the beginning and at the end of the randomization periods 
patients were evaluated after 8- to 10-hour fasting. A complete 
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medical history was taken. Detailed physical examinations were 
performed. Height (m), weight (kg) and waist circumference (cm) 
were measured with subjects in light clothing and without shoes. 
Blood pressure measurements were recorded using a sphygmo-
manometer in the sitting position after 5-min resting. Blood sam-
ples were obtained between 8.00 a.m. and 9.00 a.m. in fasting con-
ditions.

  Laboratory investigations were as follows: fasting plasma glu-
cose (FPG), 2-hour postprandial glucose (PPG), HbA1c, total cho-
lesterol, high-density lipoprotein cholesterol (HDL-C), triglycer-
ides, serum sCD40L, plasma PAI-1 and plasma TAFI-Ag. Besides, 
24-hour urine collections for the detection of microalbuminuria 
were performed (normal range: 30–300 mg/day). Serum samples 
for fasting and PPG and lipid parameters were obtained by cen-
trifugation at 2,000 rpm for 15 min at room temperature. HbA1c 
measurements were performed with fresh samples. Serum sam-
ples for sCD40L were obtained by centrifugation at 2,000 rpm for 
15 min at 4   °   C. For PAI-1 and TAFI-Ag assessments platelet-poor 
plasma was obtained by centrifugation at 2,000 rpm for 15 min at 
4   °   C.

  Serum sCD40L, plasma PAI-1 and TAFI-Ag levels were mea-
sured using available ELISA kits (sCD40L: Biosource, Nivelles, 
Belgium; PAI-1: American Diagnostica, Stamford, Conn., USA, 
and TAFI-Ag: Affinity Biologicals, Ancaster, Ont., Canada). For 
sCD40L measurements the overall intra-assay and interassay co-
efficient of variation was 4.0 and 6.8%, respectively. For PAI-1 the 
intra-assay coefficient of variation is 4% and the interassay coef-
ficient of variation is 4.3%. The intra-assay and interassay coef-
ficients of variation for TAFI-Ag are 6%. FPG, triglyceride, total 
cholesterol and HDL-C were measured by Roche/Hitachi D/P 
Modular System Autoanalyzer (Roche Diagnostics, Basel, Swit-
zerland). LDL-C was calculated.

  Statistical analysis was performed with SPSS version 11.0 for 
Windows. Comparisons between groups were determined with 
Mann-Whitney U test. Comparisons of related samples were as-
sessed with Wilcoxon test. Nonparametric correlations were as-
sessed by Spearman correlation analysis. Multiple regression 
analysis was used to show independent variables; p value  ! 0.05 
(two-tailed) was accepted to be significant. We performed three 
linear regression models to determine the independent factors 
that could be associated with PAI-1, TAFI-Ag or sCD40L. The 
independent variables for each model were the same: BMI, waist 
circumference, HbA1c, total cholesterol, LDL-C and triglyceride. 
In addition to these independent variables the remaining two cy-
tokines were also added to both models. The results are given as 
mean values  8  SD.

  Results 

 The baseline anthropometric and laboratory data of 
the patients and healthy controls are shown in  table 1 . 
There was no difference for age, gender, blood pressure, 
waist circumference, waist-to-hip ratio (WHR) and lipid 
parameters between diabetic subjects and healthy con-
trols. Type 2 diabetic subjects had elevated FPG (p  !  
0.001) and higher BMI (p = 0.027) when compared with 

healthy controls. Baseline plasma PAI-1 levels of type 2 
diabetic patients were significantly higher than those of 
healthy subjects (p = 0.038). In type 2 diabetic patients 
baseline levels of sCD40L and TAFI-Ag did not differ 
from healthy controls.

  Twelve-week metformin therapy maintained a signif-
icant decrease in FPG (p = 0.018) and HbA1c (p = 0.014). 
A slight weight reduction was also observed (from 72.7 to 
71.7 kg, and the difference was statistically significant, 
p = 0.05). No significant change was observed in BMI, 
waist circumference, WHR, PPG, lipid parameters, uri-
nary albumin excretion, sCD40L, PAI-1 and TAFI-Ag. In 
the rosiglitazone group a marked reduction was main-
tained in FPG (p = 0.001) and a slight reduction was ob-
served in HbA1c (p = 0.05). No significant change was 
observed in BMI, waist circumference, WHR, PPG, lipid 
parameters, urinary albumin excretion, sCD40L, PAI-1 
and TAFI-Ag. The baseline and 12-week data are sum-
marized in  table 2 .

  In diabetic patients baseline sCD40L was negatively 
correlated with total cholesterol (r = –0.326, p = 0.043), 

Table 1. Baseline anthropometric and laboratory characteristics 
of patients and healthy controls

Variables T2DM
(n = 40)

HC
(n = 23)

p

Gender, F/M 21/19 12/11 NS
Age, years 52.488.0 53.1815.6 NS
Disease duration, years 6.886.1 – –
SBP, mm Hg 117.788.7 117.289.8 NS
DBP, mm Hg 77.085.8 75.986.6 NS
Body weight, kg 74.0810.6 71.3812.8 NS
BMI, kg/m2 27.282.4 25.284.4 0.027
Waist circumference, cm 90.287.8 88.0814.9 NS
WHR 0.8880.06 0.8480.08 NS
FPG, mg/dl 170.5845.6 91.2810.0 0.000
PPG, mg/dl 231.9895.8 – –
HbA1c, % 7.781.6 – –
Total cholesterol, mg/dl 197.1844.7 190.9833.4 NS
LDL-C, mg/dl 116.7833.0 111.6830.8 NS
HDL-C, mg/dl 51.6814.3 53.8813.2 NS
Triglyceride, mg/dl 141.7871.4 121.1844.6 NS
UAE, mg/day 11.887.4 – –
sCD40L, ng/ml 6.8183.89 8.5484.37 NS
PAI-1, ng/ml 39.99810.78 31.76811.27 0.038
TAFI-Ag, �g/ml 10.1582.73 12.0883.07 NS

Data are expressed as mean values 8 SD. T2DM = Type 2 
diabetes mellitus; HC = healthy controls; SBP = systolic blood 
pressure; DBP = diastolic blood pressure; UAE = urinary albumin 
excretion; NS = not significant.
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while TAFI-Ag correlated with BMI (r = 0.396, p = 0.017). 
No significant correlations of PAI-1 with any other study 
parameters were observed.

  The three linear regression models did not show that 
any of the confounders had independent associations 
with baseline cytokine levels.

  For the 9 patients (6 in the metformin and 3 in the 
rosiglitazone group) receiving simvastatin therapy for 12 
weeks, the baseline values for sCD40L, PAI-1 and TAFI-
Ag were similar in simvastatin-treated patients (S+) and 
simvastatin-naïve patients (S–). In the S+ group signifi-
cant reductions of PAI-1 were achieved (from 41.08  8  
15.15 to 33.49  8  19.30 ng/ml (p = 0.028) while sCD40L 
and TAFI-Ag did not differ from baseline values. In sim-
vastatin-naïve subjects no significant change in cytokine 
levels was observed.

  Discussion 

 This study showed that normotensive type 2 diabetic 
patients without diabetic complications had elevated PAI-
1 and similar sCD40L and TAFI-Ag levels when com-
pared with healthy controls. Metformin or rosiglitazone 

did not significantly affect these parameters after 12 
weeks’ therapy. It is well established that hypofibrinolysis 
promotes atherosclerosis in insulin-resistant subjects. In 
diabetes, PAI-1 elevation is both a cause and a conse-
quence of insulin resistance  [19] . Based on our results it 
is clear that hypofibrinolysis and the risk of endothelial 
dysfunction are present even in early stages of diabetes 
before the development of diabetic complications.

  The second fibrinolysis parameter we evaluated was 
TAFI-Ag. Studies of TAFI levels in diabetes have pro-
duced controversial results. While some investigators 
demonstrated a strong relationship between TAFI and 
diabetes  [17, 20] , a recent study showed that TAFI levels 
were not affected by hyperglycemia or insulin resistance 
 [20] . Moreover, Rigla et al.  [21]  found lower TAFI levels 
in type 2 diabetic patients and they showed negative cor-
relation between TAFI and glycemic parameters. The 
lack of diabetic complications or hypertension may lead 
to similar baseline levels of TAFI in diabetic patients and 
healthy subjects in our study.

  Our data did not confirm previous reports that both 
metformin  [18, 22, 23]  and rosiglitazone  [24–26]  reduced 
PAI-1 concentrations. This effect is mainly due to an in-
crease in insulin sensitivity. Short therapy duration, a 

Table 2. Baseline and 3-month (after metformin or rosiglitazone) data of groups

Variables M(0) M(3) R(0) R(3)

Age, years 53.288.0 51.788.1
Disease duration, years 5.984.7 7.787.4
SBP, mm Hg 119.189.1 118.088.9 116.188.2 115.087.9
DBP, mm Hg 77.585.0 78.585.8 76.486.3 75.587.6
Body weight, kg 72.7811.1 71.7810.6 75.3810.1 74.789.9
BMI, kg/m2 26.782.4 26.482.3a 27.782.4 27.582.4
Waist circumference, cm 88.988.3 88.587.9 91.587.3 92.386.7
WHR 0.8880.06 0.8780.05 0.8980.05 0.9080.06
FPG, mg/dl 160.1842.7 137.1844.0b 180.8847.2 143.4824.9c

PPG, mg/dl 227.5890.0 190.1869.3 236.38103.4 191867.1
HbA1c, % 7.581.4 6.681.1b 7.981.8 7.381.2d

Total cholesterol, mg/dl 204.3851.7 217.4849.2 190.0836.4 206.3848.5
LDL-C, mg/dl 123.0837.8 129.0841.6 110.4827.0 122.2838.1
HDL-C, mg/dl 51.7816.5 52.7816.4 51.6812.2 54.1813.0
Triglyceride, mg/dl 143.9873.8 178.38101.1 139.5870.8 156.0894.0
UAE, mg/day 12.487.6 12.586.9 11.287.3 11.686.6
sCD40L, ng/ml 6.0083.01 7.5584.40 7.5884.52 6.3683.65
PAI-1, ng/ml 39.21812.91 35.64816.35 40.5889.18 40.68813.24
TAFI-Ag, �g/ml 10.4782.56 10.5481.91 9.8982.90 10.5682.96

Data are expressed as mean values 8 SD. M = Metformin; R = rosiglitazone; (0) = baseline; (3) = 3rd month; 
SBP = systolic blood pressure; DBP = diastolic blood pressure; UAE = urinary albumin excretion.

a p = 0.05 vs. M(0); b p < 0.05 vs. M(0); c p ≤ 0.001 vs. R(0); d p = 0.05 vs. R(0).
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small number of patients or relatively low doses of met-
formin and rosiglitazone may be responsible for these 
findings. However, our data confirmed the previous re-
port that no significant change in TAFI levels was ob-
served after pioglitazone treatment  [27] . The effect of 
metformin on TAFI had not been reported previously. 
First of all, hyperglycemia per se may not be related with 
TAFI expression in diabetic patients. Hence, metformin 
or rosiglitazone, despite their beneficial effects on glyce-
mic parameters, did not affect TAFI levels significantly. 
Secondly, genetic determination of TAFI levels may be 
predominant. While it has been shown that plasma TAFI 
concentrations are stable within individuals, they may 
vary widely between individuals due to genetic determi-
nation  [28] .

  Platelets regulate inflammation mainly through the 
CD40/CD40L pathway. Approximately 95% of sCD40L 
in  the  plasma  is  of  platelet  origin. sCD40L has prognos-
tic value in predicting cardiovascular disease as well as 
fibrinogen or high-sensitivity C-reactive protein  [29] . 
However, interrelations between sCD40L expression and 
diabetes need to be clarified. In the present investigation, 
diabetic subjects who had no confounders for diabetic 
complications or hypertension did not have a significant 
increase in sCD40L. Our findings reflect the importance 
of platelet activation and consequently elevated sCD40L 
expression in complicated diabetes or established coro-
nary artery disease. We can suggest that platelet acti-
vation is related to the presence of micro- or macro-
angiopathy or hypertension rather than hyperglycemia 
per se.

  The effect of metformin therapy on sCD40L levels has 
not previously been evaluated. In our study 12-week met-
formin therapy did not cause a significant change in 
sCD40L levels. In the literature troglitazone and rosigli-

tazone were shown to reduce sCD40L levels, while the 
study evaluating the effect of pioglitazone did not  [6, 8] . 
In our study the constant levels of sCD40L after rosigli-
tazone or metformin were an expected finding and prob-
ably associated with the similar baseline values between 
healthy people and diabetic subjects.

  We found that simvastatin therapy caused significant 
reductions in PAI-1 levels in type 2 diabetic subjects. In 
simvastatin-treated subjects, the reduction achieved in 
PAI-1 levels may be associated with the regulation of 
thrombin generation. Furthermore, the effects of lipo-
proteins on the up-regulation of the generation of PAI-1 
from vascular endothelial or smooth muscle cells may be 
diminished by simvastatin treatment. Lastly, the benefi-
cial effects of simvastatin on inflammation may attenu-
ate PAI-1 generation in endothelial cells.

  Our study had several limitations: the reliance on two 
cytokine measurements for the assessment of hypofibri-
nolysis, the duration of the therapy and the preferred dos-
es might be inadequate to achieve pleiotropic effects of 
metformin and rosiglitazone; in addition, strict inclusion 
criteria might be associated with neutral effects.

  Conclusion 

 Our results showed that nonobese diabetic patients at 
low cardiovascular risk had similar levels of subclinical 
markers of inflammation and fibrinolysis as matched 
healthy controls. Neither metformin nor rosiglitazone 
caused marked changes in SCD40L, PAI-1 and TAFI-Ag 
levels. A subset of patients who received simvastatin 
showed a modest decrease in PAI-1 level, which could 
contribute to the beneficial vasculoprotective effect of the 
drug in type 2 diabetics. 
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