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Abstract
We aimed to determine plasma thrombin-activatable fibrinolysis inhibitor (TAFI) antigen levels in women with previous
gestational diabetes mellitus (GDM) and to evaluate the possible association of plasma TAFI with glucose intolerance and markers
of subclinical atherosclerosis. This cross-sectional study was performed in 111 women with previous GDM and 60 controls. Glu-
cose intolerance was evaluated. Homeostasis model assessment score was calculated. Circulating lipids, interleukin-6, matrix
metalloproteinase-1, fibrinogen, plasminogen activator inhibitor-1, and TAFI antigen levels were assayed. Carotid intima media
thickness (IMT) was measured. Women with previous GDM had increased levels of atherosclerosis markers and carotid IMT.
On the other hand, plasma TAFI antigen levels were similar (P ¼ .395). Thrombin-activatable fibrinolysis inhibitor was not asso-
ciated with the indices of insulin resistance, glucose intolerance, markers of atherosclerosis, and carotid IMT. Our data demon-
strated that plasma TAFI was not altered in women with previous GDM. TAFI was not associated with glucose intolerance and
subclinical atherosclerosis.
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Introduction

The coagulation cascade is initiated by tissue factor and factor

FVIIa and generates thrombin, which promotes the conversion

of fibrinogen to fibrin. Conversion of plasminogen to plasmin

by tissue-type plasminogen activator (t-PA) leads to plasmin-

mediated fibrinolysis. Fibrinolysis induces the solubilization

of fibrin clot and results in clot lysis and fibrin degradation

products. There are several inhibitors of fibrinolytic system.

Plasminogen activator inhibitor-1 (PAI-1) is the major inhibitor

of fibrinolytic system and it downregulates the fibrinolytic sys-

tem primarily by inhibiting t-PA.1 Inhibition of plasminogen

activation by PAI-1 impairs fibrinolysis and promotes throm-

bosis.2 It is well-established that hypofibrinolysis promotes

atherosclerosis in insulin-resistant participants. Increased con-

centrations of fibrinolytic system proteins have been proposed

to be predictors of cardiovascular events.3 Plasminogen activa-

tor inhibitor-1 is elevated in a variety of clinical situations that

are associated with insulin resistance and increased risk of

ischemic cardiovascular events.2

Women with previous gestational diabetes mellitus (GDM)

are at high risk for developing diabetes, cardiovascular disor-

ders, hypertension, dyslipidemia, and metabolic syndrome.4,5

It has been shown that patients with previous GDM have

increased carotid intima media thickness (IMT), a noninvasive

assessment for early atherosclerosis.6 Previously, we7 and

others8 demonstrated increased carotid IMT in Turkish women
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with previous GDM. Previous GDM has also been associated

with subclinical inflammation and fibrinolytic system distur-

bance.9 Several studies have demonstrated elevated plasma

PAI-1 antigen levels in women with previous GDM.7,9,10

Thrombin-activatable fibrinolysis inhibitor (TAFI) is a novel

fibrinolysis inhibitor isolated from human plasma. Thrombin-

activatable fibrinolysis inhibitor antigen is a glycoprotein

synthesized by the liver that can be activated by thrombin-

catalyzed proteolysis to a carboxypeptidase B-like enzyme that

inhibits fibrinolysis. Thrombin-activatable fibrinolysis inhibitor

cleaves the C-terminal lysine residues of fibrin and subsequently

blocks the activation of plasminogen by fibrin. Thrombin-

activatable fibrinolysis inhibitor has also suppressor effect on

conversion of inactive plasminogen to plasmin.11,12

There is very limited data in literature concerning the effect

of glucose intolerance on plasma TAFI levels. Studies of TAFI

levels in diabetes have revealed controversial results. While

some investigators proposed a strong relationship between

TAFI and diabetes,13-15 several recent reports indicated that

TAFI levels were not affected by glucose intolerance and/or

insulin resistance.16,17 In a recent study, we showed that GDM

had no additional effect on TAFI antigen levels beyond preg-

nancy.18 Here, first time in literature, we attempted to deter-

mine TAFI antigen levels in women with previous GDM.

Furthermore, we intend to evaluate the possible association

of plasma TAFI antigen levels with glucose intolerance and the

markers of subclinical atherosclerosis in women with previous

GDM.

Materials and Methods

A total of 130 consecutive women with previous GDM were

included in this cross-sectional study. After exclusion of 19

women (6 with newly diagnosed hypertension, 5 with body

mass index [BMI] >35 kg/m2, and 8 using medications listed

in the exclusion criteria), finally, 111 women were enrolled.

In women with previous GDM, GDM had been diagnosed by

screening with a 50-g 1-hour glucose challenge test at 24 to

28 weeks of gestation, followed by a 100-g 3-hour oral glucose

tolerance test (OGTT) at Dokuz Eylul University Hospital

between January 2002 and January 2008. The diagnosis had

been established according to criteria of American Diabetes

Association (ADA) for GDM19 (equal to or exceeding 95,

180, 155, and 140 mg/dL, with at least 2 elevated values con-

sidered abnormal). Sixty age-matched healthy women were

included as control group. The control group was generated

from healthy women who had experienced a normal pregnancy

during the same period. In all control participants, GDM had

been excluded by a 50-g screening test between 24 and 28

weeks of gestation at Dokuz Eylul University.

Informed consent was obtained in all cases, and the study

was approved by the local ethics committee of Dokuz Eylul

University.

Height (m) and weight (kg) were measured under fasting

conditions with participants in light clothing and without shoes.

Body mass index was calculated as body weight divided by

square height. Waist circumference was measured from the

mid-level between iliac crest and the lowest rib.

Blood was taken from the cannulated antecubital vein

between 8:00 AM and 9:00 AM after 10-hour overnight fasting.

Smokers were asked to refrain from smoking for 24 hours

before sampling. In order to evaluate glucose intolerance,

75-g OGTT was performed. Type 2 diabetes, impaired glucose

tolerance (IGT), and impaired fasting glucose (IFG) were

defined according to ADA recommendations.19 Blood samples

were transferred into tubes containing fluoride for plasma glu-

cose assay, buffered citrate for fibrinogen, PAI-1, and TAFI

antigen assays and tubes suitable for serum separation.

Tubes were centrifuged at 3000g for 10 minutes (Nuve,

Ankara, Turkey). Serum and plasma were extracted, aliquoted,

and stored at –80�C until analysis.

Glucose levels were measured by a colorimetric method

with the Roche/Hitachi D/P Modular System Autoanalyzer

(Roche Diagnostics, Basel, Switzerland). Triglycerides, total

cholesterol, and high-density lipoprotein (HDL) cholesterol

were measured by Roche/Hitachi D/P Modular System Autoa-

nalyzer (Roche Diagnostics, Basel, Switzerland). Low-density

lipoprotein (LDL) cholesterol was calculated by the Friedewald’s

equation method.20 Insulin levels were measured by a chemi-

luminescent method using an automatic immunoanalyzer

(Roche Diagnostics, Mannheim, Germany). Homeostasis model

assessment (HOMA) score, an estimate of insulin resistance,

was calculated as fasting serum insulin (mU/L)� fasting plasma

glucose (mmol/L)/22.5.

Plasma fibrinogen was analyzed by the Clauss method.21

Interleukin 6 (IL-6) levels were measured with an ELISA kit

(Invitrogen, Grand Island, New York). Experiments were per-

formed according to the manufacturer’s instructions. Intra- and

inter-assay coefficients of variations for IL-6 were 7.2% and

5.4%. Plasminogen activator inhibitor-1 antigen was measured

by ELISA (Bender Medical Systems, Vienna, Austria). Intra-

assay and inter-assay coefficients of variations were 4.7%
and 5.0%, respectively. Serum matrix metalloproteinase-1

(pro-MMP-1) levels were measured using an ELISA kit

(R&D Systems, Minneapolis, Minnesota). Intra- and inter-

assay coefficients of variations for pro-MMP-1 were 6.1% and

7.5%. Plasma TAFI antigen assay was performed with ELISA

(American Diagnostica, Stamford, Connecticut). Intra-assay

and inter-assay coefficients of variation were 5.8% and 8% for

TAFI. The lower limit of detection was less than 5% with a

standard range of 0% to 150%.

Ultrasounds for carotid IMT were performed after 10-hour

overnight fasting between 08.00 AM and 10.00 AM using a

high-resolution Doppler ultrasound (Philips HDI 5000, Bothell,

Washington) with a 7 to 12 mHz linear array transducer.

Images were recorded and evaluated by a radiologist. Ultraso-

nographic images of the right and the left common carotid

arteries (CCA) of each case at the lower 1/3 cervical region

proximally and 1 cm above the carotid bulb distally in longitu-

dinal plane were obtained. Measurements of the proximal and

distal CCA posterior wall were done manually by the provided

distance measurement system of the ultrasonography device
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after magnification of the images. Three measurements were

made in a nonneighboring fashion within an approximately

1 cm segment both from the left and right CCA proximal and

distal portions. Intima media thickness values were then calcu-

lated by obtaining the arithmetic means of the measured values.

Sample size determination used a significance level of .05

for a 2-tailed test with 80% power. The sample size was calcu-

lated using Power and Precision software (Biostat, Englewood,

New Jersey). Variable distributions were assessed by the

Kolmogorov-Smirnov normality test. Independent sample

t-test was used to compare variables of patients. One-way

ANOVA with Bonferroni correction was applied for the com-

parison of groups. Categorical variables were compared by the

chi-square test. Correlation analyses were performed using

Pearson’s coefficients. Regression analysis was employed to

assess correlations between studied parameters. Statistical

analysis was performed using Statistical Package of Social Sci-

ence (SPSS Inc, Chicago, Illinois), version 15.0 for Windows.

Data were expressed as mean + standard deviation (SD).

A P value less than .05 was accepted as statistically significant.

Results

Table 1 summarizes characteristics of women with previous

GDM and age-matched controls. There was no significant dif-

ference in terms of the duration of postpartum follow-up. The

proportion of smokers was similar. As expected, women with

previous GDM had elevated BMI and waist circumference and

increased glucose levels on OGTT. Homeostasis model assess-

ment score was significantly higher in women with previous

GDM than controls. Women with previous GDM had more

atherogenic lipid profiles. Women with previous GDM had sig-

nificantly increased IL-6, pro-MMP-1 levels, and carotid IMT

measurements. Women with previous GDM also had higher

plasma fibrinogen (4.03 + 0.85 g/L vs 3.49 + 0.65 g/L,

P < .001) and PAI-1 levels (138.36 + 43.47 ng/mL vs

124.51 + 36.71 ng/mL, P¼ .037) than controls (Figure 1a and

b). On the other hand, there was no significant difference in

TAFI levels between the 2 groups (93.81 + 27.11 % vs

97.83 + 33.43%, P ¼ .395; Figure 1c).

Among 111 women with previous GDM, 17 (15.32 %)

women were diagnosed with postpartum diabetes. While 56

(50.45 %) women had normal glucose tolerance, 38 (34.23

%) women had either IFG and/or IGT (Table 2). Women with

diabetes or IFG/IGT had elevated BMI than women with nor-

mal glucose tolerance. However, probably due to small number

of participants developing diabetes, the difference between

women with diabetes and those with normal glucose tolerance

was not statistically significant (P ¼ .413 for diabetes vs nor-

mal glucose tolerance, P¼ .036 for IFG/IGT vs normal glucose

tolerance). Women developing postpartum diabetes or IFG/

IGT had higher HOMA scores (P¼ .071 for diabetes vs normal

glucose tolerance, P¼ .008 for IFG/IGT vs normal glucose tol-

erance). Lipid levels, except HDL cholesterol (P ¼ .03), were

similar (P ¼ .614 for total cholesterol, P ¼ .127 for triglycer-

ide, P ¼ .887 for LDL cholesterol).

In women with previous GDM, there was no significant dif-

ference in plasma TAFI levels when subgroups were analyzed

in terms of postpartum carbohydrate intolerance (P ¼ .671,

Table 2). In the same way, TAFI levels of women with previous

GDM developing diabetes were similar to that of healthy con-

trols (98.81% + 44.07% vs 97.83 + 33.43 %, P ¼ .922). On

the other hand, women with previous GDM developing dia-

betes had significantly elevated levels of fibrinogen (4.44 +
0.76 g/L vs 3.49 + 0.65 g/L, P < .001), PAI-1 (165.67 +
42.89 ng/mL vs 124.51 + 36.71 ng/ml, P < .001), IL-6 (4.37

+ 1.97 pg/mL vs 2.33 + 0.77 pg/mL, P < .001), pro-MMP-

1 (6.13 + 4.33 ng/mL vs 3.82 + 1.94 ng/mL, P ¼ .046)

and carotid IMT (0.58 + 0.07 mm vs 0.52 + 0.06 mm,

P ¼ .002) compared to healthy controls. In women with previ-

ous GDM, women developing diabetes had significantly

increased levels of IL-6 (P < .001 vs normal glucose tolerance,

P < .001 vs IFG/IGT) and PAI-1 (P ¼ .032 vs normal glucose

tolerance, P ¼ .016 vs IFG/IGT). Although women with

postpartum diabetes had slightly elevated fibrinogen and

pro-MMP-1 levels and carotid IMT measurements, these differ-

ences were not statistically significant (P ¼ .1 for fibrinogen,

P ¼ .203 for pro-MMP-1, and P ¼ .155 for carotid IMT).

In order to determine the impact of previous GDM per se

independent of obesity and glucose intolerance on studied para-

meters, further analysis was performed matching the partici-

pants and controls for BMI and excluding women who had

glucose intolerance. The characteristics of these matched parti-

cipants and controls are presented in Table 3. There was no

Table 1. Characteristics of Patients With Previous GDM and
Age-Matched Healthy Controls

Previous GDM
(n ¼ 111)

Controls
(n ¼ 60) P Value

Age (years) 34.85 + 4.91 34.67 + 5.47 .826
Postpartum duration

(years)
3.24 + 1.85 3.35 + 1.55 .704

Smoking (n, %) 24 (21.6%) 13 (21.7%) .995
BMI (kg/m2) 26.82 + 3.85 23.99 + 3.59 <.001
Waist (cm) 90.78 + 11.8 82.47 + 11.31 <.001
OGTT (mg/dL)
0 min 103.89 + 38.89 77.68 + 9.62 <.001
120 min 138.97 + 71.59 86.98 + 17.43 <.001

Insulin (mU/mL) 7.43 + 5.69 5.69 + 3.53 .015
HOMA 1.88 + 1.46 1.12 + 0.85 <.001
Total cholesterol (mg/

dL)
195.41 + 36.32 174.72 + 30.46 <.001

Triglyceride (mg/dL) 119.04 + 66.97 90.88 + 57.05 .006
HDL cholesterol (mg/

dL)
51.49 + 13.05 60.65 + 17.63 <.001

LDL cholesterol (mg/dL) 120.12 + 31.93 95.69 + 27.37 <.001
IL-6 (pg/mL) 2.77 + 1.51 2.33 + 0.77 .013
Pro MMP-1 (ng/mL) 4.69 + 3.77 3.82 + 1.94 .047
Carotid IMT (mm) 0.55 + 0.08 0.52 + 0.06 .019

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus; HDL,
high-density lipoprotein; HOMA, homeostasis model assessment; IL-6, Inter-
leukin 6; IMT, intima media thickness; LDL, low-density lipoprotein; MMP-1,
matrix metalloproteinase-1; OGTT, oral glucose tolerance test.
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significant difference between the participants and controls for

any of the studied parameters, except plasma fibrinogen levels

which remained significantly higher in women with previous

GDM with normal glucose tolerance than age- and BMI-

matched healthy controls.

There was no significant correlation between plasma TAFI

and studied parameters. We did not observe any significant

association between the investigated parameters and the dura-

tion of postpartum follow-up. On the other hand, carotid IMT

was found to be affected by various factors including age, BMI,

waist circumference, fasting and post-load glucose, and PAI-1,

IL-6, and pro-MMP-1 levels (Table 4). In multiple regression

analysis, age, plasma PAI-1 and serum pro-MMP-1 levels were

found to be independently associated with carotid IMT mea-

surements (corrected for smoking and postpartum duration,

model r2: .202; b ¼ .169, P ¼ .039 for age; b ¼ .214, P ¼ .004

for PAI-1; b ¼ .217, P ¼ .003 for pro-MMP-1).

Discussion

Endothelial dysfunction is proposed to be the initiating factor

in the development of atherosclerosis.22 Subclinical inflamma-

tion and hypofibrinolysis are important factors causing altera-

tions in the endothelial system. Plasminogen activator

inhibitor-1 is produced by the endothelium, and increased

PAI-1 antigen levels have been clearly associated with

endothelial dysfunction. The circulating levels of PAI-1 have

been found to be associated with atherosclerosis.2 In this pres-

ent study, in accordance with the previous studies,2,3,7 we

demonstrated that circulating levels of fibrinogen and PAI-1

were related to glucose intolerance and subclinical athero-

sclerosis. Women with previous GDM had increased levels

of circulating atherosclerosis markers and carotid IMT, which

were substantially related to underlying obesity and glucose

intolerance. On the other hand, we failed to demonstrate any

alteration in TAFI antigen levels either in women with gesta-

tional diabetes or in a subgroup of women developing postpar-

tum glucose intolerance. Moreover, there was no significant

association between plasma TAFI levels and indices of insulin

resistance and the markers of subclinical atherosclerosis.

The abnormalities of atherothrombotic risk factors observed

in our study were clearly related to underlying obesity and not

previous GDM per se. The impact of BMI on atherothrombotic

risk factor clustering in women with previous GDM has also

been reported in previous studies.4-6,8 It is clear from our

BMI-matched subgroups that obesity is the driving factor for

atherothrombotic risk factor clustering in women with previous

GDM. The single exception for this was the increased plasma

fibrinogen levels in women with previous GDM compared to

BMI-matched healthy controls. Having established that women

with previous GDM have abnormalities in the measures of

atherothrombotic risk factors that are related to obesity, the

question arises concerning the factors associated with obesity

that may be driving this phenotype. Obesity is a major risk fac-

tor for development of GDM. It is also known that obesity is

associated with postpartum carbohydrate intolerance and

Figure 1. The comparison of the fibrinolytic markers in
women with previous gestational diabetes mellitus (GDM) and
healthy controls (a) Fibrinogen, (b) plasminogen activator
inhibitor-1 (PAI-1), and (c) thrombin-activatable fibrinolysis inhibi-
tor (TAFI).
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metabolic syndrome in women with previous GDM. Despite

excluding women with postpartum carbohydrate intolerance

in BMI-matched subgroups analysis, it is still likely that

women in the previous GDM group are at increased risk for

developing diabetes and cardiovascular disorders in the future.

Hence, we should consider that multifactorial abnormalities in

addition to underlying obesity may take a part in the pathogen-

esis of cardiovascular risk in women with previous GDM.

It has been shown that plasma TAFI concentrations are sta-

ble within individuals, while they may vary widely between

individuals due to genetic determination.23,24 Thrombin-

activatable fibrinolysis inhibitor is mainly synthesized by the

liver.11 The production of TAFI by the impaired endothelium

has been shown in diabetic participants.13 This finding raised

the question whether TAFI might take a part in the development

of atherosclerosis in diabetes. Increased TAFI levels observed

in several studies including patients with diabetes suggested

this idea.13,14 However, it still remains unclear whether dia-

betes leads to increased plasma TAFI levels. Similar to our

present data, our previous study showed that pregnant women

with GDM had no increase in plasma TAFI antigen levels when

compared to healthy pregnant women without GDM.18 In

patients with type-1 diabetes, no significant alteration in TAFI

antigen levels was reported.16,25 Moreover, another study

reported lower fasting and postprandial TAFI levels in type 2

diabetic patients and a negative correlation between TAFI and

glycemic parameters.26 In a very recent study, Verkleij et al.17

found no differences in TAFI parameters after hyperglycemic

clamping of healthy volunteers and between tightly and poorly

regulated patients with type 2 diabetes in vivo. They also

reported that TAFI purified from poorly regulated and tightly

regulated patients with type 2 diabetes migrated similarly on

SDS-PAGE, indicating little or no glycation of the protein.

Table 2. The Comparison of Women With Postpartum Diabetes, IFG/IGT, and Normal Glucose Tolerancea

Normal
(n ¼ 56)

IFG/IGT
(n ¼ 38) Diabetes (n ¼ 17)

BMI (kg/m2)b 25.89 + 3.55 27.91 + 3.41 27.45 + 5.04
HOMAb 1.43 + 1.21 2.35 + 1.71 2.33 + 1.23
Total cholesterol (mg/dL) 195.77 + 36.76 191.82 + 33.53 202.29 + 41.76
Triglyceride (mg/dL) 113.55 + 62.62 115.53 + 60.66 149.41 + 87.69
HDL cholesterol (mg/dL)b 53.75 + 13.21 46.97 + 10.46 54.11 + 15.66
LDL cholesterol (mg/dL) 119.31 + 32.19 122.14 + 26.77 118.29 + 42.15
Fibrinogen (g/L) 3.95 + 0.85 3.96 + 0.86 4.44 + 0.76
PAI-1 (ng/mL)c,d 135.31 + 45.19 130.66 + 37.06 165.67 + 42.89
IL-6 (pg/mL)c,d 2.43 + 1.03 2.55 + 1.44 4.37 + 1.97
Pro MMP-1 (ng/mL) 4.6 + 3.99 4.19 + 3.09 6.13 + 4.33
TAFI (%) 92.09 + 16.74 94.11 + 30.19 98.81 + 44.07
Carotid IMT (mm) 0.54 + 0.08 0.55 + 0.07 0.58 + 0.07

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HOMA, homeostasis model assessment; IL-6, Interleukin 6; IFG, impaired fasting glucose;
IGT, impaired glucose tolerance; IMT, intima media thickness; LDL, low-density lipoprotein; MMP-1, matrix metalloproteinase-1; PAI-1, plasminogen activator
inhibitor-1; TAFI, thrombin-activatable fibrinolysis inhibitor.
a P < .05.
b IFG/IGT vs normal carbohydrate tolerance.
c Diabetes vs normal carbohydrate tolerance.
d Diabetes vs IFG/IGT.

Table 3. The Comparison of Women With Normoglycemic Previous
GDM and Age- and BMI-Matched Healthy Controls

Previous GDM
With Normal

Glucose
Tolerance
(n ¼ 50)

BMI-Matched
Controls
(n ¼ 50) P Value

HOMA 1.34 + 1.17 1.21 + 0.89 .541
Fibrinogen (g/L) 3.89 + 0.79 3.53 + 0.62 .012
PAI-1 (ng/mL) 130.71 + 36.04 129.75 + 36.06 .895
IL-6 (pg/mL) 2.42 + 0.99 2.37 + 0.8 .768
Pro MMP-1 (ng/mL) 4.82 + 4.13 3.87 + 1.95 .144
TAFI (%) 91.33 + 16.97 97.81 + 32.34 .213
Carotid IMT (mm) 0.54 + 0.08 0.53 + 0.06 .431

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus;
HOMA, homeostasis model assessment; IL-6, Interleukin 6; IMT, intima media
thickness; MMP-1, matrix metalloproteinase-1; PAI-1, plasminogen activator
inhibitor-1; TAFI, thrombin-activatable fibrinolysis inhibitor.

Table 4. The Summary of Correlation Analysis Between Carotid IMT
and Studied Parameters

r P

Age .219 .004
BMI .178 .02
Waist .151 .049
Fasting glucose .162 .035
Postload glucose .22 .04
PAI-1 .251 .001
IL-6 .158 .039
Pro MMP-1 .26 .01
TAFI �.02 .793
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Despite the deleterious effects of glycation of TAFI in vitro on

its function, TAFI was neither affected by hyperglycemic

clamping nor by long-term hyperglycemia in patients with

type 2 diabetes. As the authors mentioned, this was in contrast

to PAI-1, which was affected.

We also observed no significant relationship between plasma

TAFI and studied parameters, namely the markers of subclinical

atherosclerosis and insulin resistance. The role of TAFI in cardi-

ovascular disorders is currently controversial. There is inade-

quate data to establish that high plasma TAFI levels lead to

any cardiovascular event. But there is some evidence concern-

ing the possible relationship of TAFI with atherosclerotic disor-

ders. In a previous study, Silveria et al.27 showed elevated

plasma levels of TAFI in men with symptomatic coronary artery

disease. High plasma levels of TAFI were found in patients with

stable angina pectoris and angiographically verified coronary

artery disease.28 Thrombin-activatable fibrinolysis inhibitor is

also reported to be overexpressed after ischemic stroke, and

TAFI antigen and activity have been proposed as a risk factor for

stroke.29 On the other hand, in a recent large-scale study, Pro-

spective Epidemiological Study of Myocardial Infarction

(PRIME) Study, Morange et al.30 concluded that the relation

of plasma TAFI to coronary heart disease risk was not clear.

A further analysis of the PRIME data suggested that very

elevated TAFI antigen levels may be protective against coronary

events.31 In addition, several recent studies suggested that the

amount of activated TAFI was associated with cardiovascular

events, but not of the total TAFI.32,33

The effect of insulin resistance on TAFI levels is also

unclear. Although some studies reported a possible association

between TAFI levels and the indices of insulin resistance,13,34

very recently, Erdogan et al.35 showed that plasma TAFI levels

were not altered in patients with polycystic ovary syndrome, a

prototype of the insulin-resistant state. In another study by our

group,36 similarly, we found no significant alteration in TAFI

antigen levels in normotensive type 2 diabetic participants

without diabetic complications. Insulin-sensitizing treatment

neither with metformin nor with rosiglitazone did not cause any

decrease in plasma TAFI antigen levels. In the same way, Aso

et al.37 found no change in the circulating levels of TAFI in

patients with type diabetes after 12-week treatment with

another insulin-sensitizing drug, pioglitazone.

Our study had several limitations. First of all, we measured

total circulating TAFI antigen levels, not activated TAFI. Sec-

ond, we did not investigate genetic polymorphisms in TAFI,

which might be of clinical importance as TAFI gene poly-

morphisms have been strongly related to plasma TAFI lev-

els.23,30 Third, there were a small number of participants

developing diabetes in the postpartum period.

In conclusion, our data suggest that plasma TAFI antigen

levels are not altered in women with previous GDM. Plasma

TAFI antigen is not related to insulin resistance and the mar-

kers of atherosclerosis, which might suggest that TAFI is not

involved in the pathogenesis of atherosclerosis in women with

previous GDM. The genetic determination of TAFI levels may

be predominant rather than disease-specific effects.

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research and/or authorship of this article: Dokuz Eylul University

Research Program.

References

1. Lijnen HR. Role of fibrinolysis in obesity and thrombosis.

Thromb Res. 2009;123 suppl 4:S46-S49.

2. Vaughan DE. PAI-1 and atherothrombosis. J Thromb Haemost.

2005;3(8):1879-1883.

3. Trost S, Pratley R, Sobel B. Impaired fibrinolysis and risk for car-

diovascular disease in the metabolic syndrome and type 2 dia-

betes. Curr Diab Rep. 2006;6(1):47-54.

4. Akinci B, Celtik A, Yener S, Yesil S. Prediction of developing

metabolic syndrome after gestational diabetes mellitus. Fertil

Steril. 2010;93(4):1248-1254.

5. Bentley-Lewis R. Late cardiovascular consequences of gesta-

tional diabetes mellitus. Semin Reprod Med. 2009;27(4):322-329.

6. Bo S, Valpreda S, Menato G, et al. Should we consider gestational

diabetes a vascular risk factor? Atherosclerosis. 2007;194(2):

e72-e79.

7. Akinci B, Demir T, Celtik A, et al. Serum osteoprotegerin is asso-

ciated with carotid intima media thickness in women with previ-

ous gestational diabetes. Diabetes Res Clin Pract. 2008;82(2):

172-178.

8. Tarim E, Yigit F, Kilicdag E, et al. Early onset of subclinical

atherosclerosis in women with gestational diabetes mellitus.

Ultrasound Obstet Gynecol. 2006;27(2):177-182.

9. Morimitsu LK, Fusaro AS, Sanchez VH, et al. Fibrinolytic dys-

function after gestation is associated to components of insulin

resistance and early type 2 diabetes in latino women with previous

gestational diabetes. Diabetes Res Clin Pract. 2007;78(3):

340-348.

10. Farhan S, Winzer C, Tura A, et al. Fibrinolytic dysfunction in

insulin-resistant women with previous gestational diabetes. Eur

J Clin Invest. 2006;36(5):345-352.

11. Bouma BN, Mosnier LO. Thrombin activatable fibrinolysis inhi-

bitor (TAFI)–how does thrombin regulate fibrinolysis? Ann Med.

2006;38(6):378-388.

12. Morser J, Gabazza EC, Myles T, Leung LL. What has been learnt

from the thrombin-activatable fibrinolysis inhibitor-deficient

mouse? J Thromb Haemost. 2010;8(5):868-876.

13. Hori Y, Gabazza EC, Yano Y, et al. Insulin resistance is associ-

ated with increased circulating level of thrombin-activatable fibri-

nolysis inhibitor in type 2 diabetic patients. J Clin Endocrinol

Metab. 2002;87(2):660-665.

14. Yano Y, Kitagawa N, Gabazza EC, et al. Increased plasma

thrombin-activatable fibrinolysis inhibitor levels in normotensive

type 2 diabetic patients with microalbuminuria. J Clin Endocrinol

Metab. 2003;88(2):736-741.

15. Kozian DH, Lorenz M, Marz W, et al. Association between the

Thr325Ile polymorphism of the thrombin-activatable fibrinolysis

Akinci et al. E229



inhibitor and stroke in the Ludwigshafen Risk and Cardiovascular

Health Study. Thromb Haemost. 2010;103(5):976-983.

16. Antovic JP, Yngen M, Ostenson CG, et al. Thrombin activatable

fibrinolysis inhibitor and hemostatic changes in patients with type

I diabetes mellitus with and without microvascular complications.

Blood Coagul Fibrinolysis. 2003;14(6):551-556.

17. Verkleij CJ, Nieuwdorp M, Gerdes VE, et al. The effects of hyper-

glycaemia on thrombin-activatable fibrinolysis inhibitor. Thromb

Haemost. 2009;102(3):460-468.

18. Akinci B, Demir T, Saygili S, et al. Gestational diabetes has no

additional effect on plasma thrombin-activatable fibrinolysis inhi-

bitor antigen levels beyond pregnancy. Diabetes Res Clin Pract.

2008;81(1):93-96.

19. Diagnosis and classification of diabetes mellitus. Diabetes Care.

2010;33 suppl 1:S62-S69.

20. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-

centration of low-density lipoprotein cholesterol in plasma, with-

out use of the preparative ultracentrifuge. Clin Chem. 1972;18(6):

499-502.

21. Clauss A. Rapid physiological coagulation method in determina-

tion of fibrinogen. Acta Haematol. 1957;17(4):237-246.

22. Versari D, Daghini E, Virdis A, Ghiadoni L, Taddei S. Endothe-

lial dysfunction as a target for prevention of cardiovascular dis-

ease. Diabetes Care. 2009;32 suppl 2:S314-S321.

23. Juhan-Vague I, Renucci JF, Grimaux M, et al. Thrombin-

activatable fibrinolysis inhibitor antigen levels and cardiovascular

risk factors. Arterioscler Thromb Vasc Biol. 2000;20(9):

2156-2161.

24. Henry M, Aubert H, Morange PE, et al. Identification of poly-

morphisms in the promoter and the 3’ region of the TAFI gene:

evidence that plasma TAFI antigen levels are strongly genetically

controlled. Blood. 2001;97(7):2053-2058.

25. Harmanci A, Kandemir N, Dagdelen S, et al. Thrombin-

activatable fibrinolysis inhibitor activity and global fibrinolytic

capacity in Type 1 diabetes: evidence for normal fibrinolytic

state. J Diabetes Complications. 2006;20(1):40-44.

26. Rigla M, Wagner AM, Borrell M, et al. Postprandial thrombin

activatable fibrinolysis inhibitor and markers of endothelial dys-

function in type 2 diabetic patients. Metabolism. 2006;55(11):

1437-1442.

27. Silveira A, Schatteman K, Goossens F, et al. Plasma

procarboxypeptidase U in men with symptomatic coronary

artery disease. Thromb Haemost. 2000;84(3):364-368.

28. Schroeder V, Chatterjee T, Mehta H, et al. Thrombin activatable

fibrinolysis inhibitor (TAFI) levels in patients with coronary

artery disease investigated by angiography. Thromb Haemost.

2002;88(6):1020-1025.

29. Montaner J, Ribo M, Monasterio J, Molina CA, Alvarez-Sabin J.

Thrombin-activable fibrinolysis inhibitor levels in the acute phase

of ischemic stroke. Stroke. 2003;34(4):1038-1040.

30. Morange PE, Tregouet DA, Frere C, et al. TAFI gene haplotypes,

TAFI plasma levels and future risk of coronary heart disease: the

PRIME Study. J Thromb Haemost. 2005;3(7):1503-1510.

31. Juhan-Vague I, Morange PE. Very high TAFI antigen levels are

associated with a lower risk of hard coronary events: the PRIME

Study. J Thromb Haemost. 2003;1(10):2243-2244.

32. Tregouet DA, Schnabel R, Alessi MC, et al. Activated thrombin

activatable fibrinolysis inhibitor levels are associated with the risk

of cardiovascular death in patients with coronary artery disease:

the AtheroGene study. J Thromb Haemost. 2009;7(1):49-57.

33. Schroeder V, Wilmer M, Buehler B, Kohler HP. TAFI activity in

coronary artery disease: a contribution to the current discussion

on TAFI assays. Thromb Haemost. 2006;96(2):236-237.

34. Aubert H, Frere C, Aillaud MF, et al. Weak and non-independent

association between plasma TAFI antigen levels and the insulin

resistance syndrome. J Thromb Haemost. 2003;1(14):791-797.

35. Erdogan M, Karadeniz M, Alper GE, et al. Thrombin-activatable

fibrinolysis inhibitor and cardiovascular risk factors in polycystic

ovary syndrome. Exp Clin Endocrinol Diabetes. 2008;116(3):

143-147.

36. Yener S, Comlekci A, Akinci B, et al. Soluble CD40 ligand, plas-

minogen activator inhibitor-1 and thrombin-activatable fibrinoly-

sis inhibitor-1-antigen in normotensive type 2 diabetic subjects

without diabetic complications. Effects of metformin and rosigli-

tazone. Med Princ Pract. 2009;18(4):266-271.

37. Aso Y, Yamamoto R, Suetsugu M, et al. Comparison of the

effects of pioglitazone and voglibose on circulating total and

high-molecular-weight adiponectin, and on two fibrinolysis inhi-

bitors, in patients with Type 2 diabetes. Diabet Med. 2007;24(9):

962-968.

E230 Clinical and Applied Thrombosis/Hemostasis 17(6)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


