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Abstract:

Our study aimed to compare the effect of fenofibrate on hemostasis between patients with isolated impaired fasting glucose (IFG)

and isolated mixed dyslipidemia and to examine the action of this agent on glucose and lipid metabolism. Twenty-two IFG and 23

mixed dyslipidemic patients were treated for 90 days with micronized fenofibrate (267 mg/day) and were compared with 22 age-,

sex- and weight-matched control subjects without lipid and glucose metabolism abnormalities. The lipid profile, fasting and 2-h

post-glucose challenge glucose levels, HOMA and glycated hemoglobin as well as the plasma levels/activities of fibrinogen, factor

VII and PAI-1 were determined at the beginning and after 30 and 90 days of treatment. Compared to the control subjects, mixed

dyslipidemic and IFG patients exhibited increased plasma levels of fibrinogen and PAI-1 as well as increased factor VII activity.

Fibrinogen, factor VII and PAI-1 were higher in mixed dyslipidemic than IFG subjects. Not only did fenofibrate improve plasma

lipids, but it also increased glucose sensitivity and normalized the IFG- and mixed dyslipidemia-induced changes in coagulation and

fibrinolysis. Our study shows that IFG is associated with abnormal hemostasis, which is disturbed to a lesser extent in IFG than in

mixed dyslipidemia. Fenofibrate seems to produce a complex beneficial effect on hemostasis in this group of patients.
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meostasis model assessment index, IFG – impaired fasting glu-

cose, IGT – impaired glucose tolerance, LDL – low-density

lipoprotein, OGTT – oral glucose tolerance test, PAI-1 – plas-

minogen activator inhibitor-1, PPAR� – peroxisome prolifera-

tor-activated receptor-�, VA-HIT – Veterans Affairs High-

Density Lipoprotein Intervention Trial

Introduction

Peroxisome proliferator-activated receptor (PPAR)�

activators (fibrates) have been found to have clinical

benefits in the prevention and treatment of cardiovas-

cular disorders (the Helsinki Heart Study and the Vet-

erans Affairs High-Density Lipoprotein Intervention

Trial (VA-HIT)) [13, 22]. These benefits may be

a consequence of the fact that, in addition to normal-

izing plasma lipids, fibrates produce other so-called

pleiotropic effects, which include anti-inflammatory

and antioxidant actions as well as improvements in

endothelial and adipose tissue function [2, 8, 10].

Moreover, in some [1, 5, 15, 16, 27] but not all [18,

24] studies, PPAR� activators reduced procoagulant

activity at different stages of the coagulation cascade

and activated fibrinolysis.

Prediabetic states known as impaired fasting glu-

cose (IFG) and impaired glucose tolerance (IGT) are
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intermediate glucose metabolism abnormalities be-

tween normal glucose tolerance and frank diabetes

that differ from each other with respect to the relative

contributions of insulin secretory defects and of he-

patic and peripheral insulin resistance [19, 26]. The

limited overlap between these states explains why the

risk of cardiovascular disorders, although increased in

both states, is higher in IGT than in IFG [19, 26].

Recently, we found for the first time that mi-

cronized fenofibrate administered to IGT patients

[17], or to mixed dyslipidemia patients with coexist-

ing IFG or IGT [12], inhibited systemic inflammation

and reduced monocyte secretory function. Moreover,

when administered to IGT patients, the drug produced

anti-thrombotic and profibrinolytic actions [17]. To

the best of our knowledge, the effects of PPAR� acti-

vators on coagulation and fibrinolysis in subjects with

IFG have never been assessed. Considering the patho-

physiological and prognostic differences between IFG

and IGT described above, hemostatic effects of fenofi-

brate on coagulation and fibrinolysis in this group of

patients may be distinct from those observed in IGT

patients. Therefore, the present study was undertaken

to compare the effects of fenofibrate on hemostasis

between subjects with IFG and mixed dyslipidemia,

a condition commonly treated with PPAR� activators.

We determined fibrinogen and PAI-1 levels as well as

factor VII coagulant activity, as the increased values

of these variables are considered to be cardiovascular

risk factors, and even small changes in their concen-

tration/activity remarkably change this risk [6, 11,

23]. Fenofibrate was administered in a micronized

form, which is more effective and convenient than its

immediate-acting form [7].

Materials and Methods

Patients

Patients (35–65 years old) with recently diagnosed

and previously untreated lipid and glucose metabo-

lism abnormalities were eligible for the study if they

met the criteria for having primary mixed dyslipide-

mia (plasma total cholesterol > 200 mg/dl, LDL-

cholesterol > 130 mg/dl and triglycerides > 200 mg/dl)

or IFG (fasting plasma glucose between 100 mg/dl

and 125 mg/dl as well as 2-h post-challenge glucose <

140 mg/dl). These patients, instructed during the first

visit to follow the Therapeutic Lifestyle Changes diet,

were invited after 90 days of lifestyle modification to

repeat the lipid profile and the 75-g oral glucose toler-

ance test (OGTT). A patient was enrolled in the study

only if the second test confirmed the results of the

first one. The control group constituted 22 age-, sex-

and weight-matched apparently healthy subjects. All

patients provided written informed consent. The study

protocol was approved by the appropriate local ethical

committee and the study was conducted in accordance

with the Declaration of Helsinki Principles.

The exclusion criteria included: (1) concomitant

presence of mixed dyslipidemia and IFG; (2) isolated

hypercholesterolemia or isolated hypertriglyceride-

mia; (3) diabetes mellitus or IGT; (4) secondary

dyslipidemia in the course of autoimmune disorders,

nephrotic syndrome, liver and biliary tract diseases,

thyroid diseases, chronic pancreatitis or alcoholism;

(5) any acute and chronic inflammatory processes;

(6) symptomatic congestive heart failure; (7) unstable

coronary artery disease, myocardial infarction or stroke

within six months preceding the study; (8) moderate

or severe arterial hypertension (WHO/ISH grade

2 or 3); (9) impaired renal or hepatic function;

(10) malabsorption syndromes; (11) treatment with

other hypolipidemic drugs within three months prior

to the study; (12) concomitant treatment with other

drugs known either to affect plasma glucose or lipid

levels or to interact with fibrates; (13) concomitant

treatment with drugs that may affect inflammatory

processes in the vascular wall (including glucocorti-

costeroids, nonsteroidal anti-inflammatory drugs, cal-

cium channel blockers and angiotensin-converting en-

zyme inhibitors) within three months preceding the

study; (14) ongoing hormonal replacement therapy or

oral contraception and (15) poor patient compliance.

Study design

All of the enrolled patients were treated with micronized

fenofibrate, which was administered at a dose of

267 mg once daily for 90 days without any changes in

dosage throughout the study. During the entire study,

all of the included patients complied with the lifestyle

modification. The investigation of possible fenofi-

brate-induced side effects was performed fortnightly.

Compliance was assessed during each visit by tablet

counts and was considered satisfactory when the
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number of tablets taken by a patient ranged from 90%

to 110%.

Laboratory assays

Laboratory assays were performed three times: before

treatment and after 30 and 90 days of fenofibrate ad-

ministration. Venous blood samples were drawn from

the antecubital vein in a quiet, temperature-controlled

room (24–25°C) after the patients had been in a re-

cumbent position for at least 15 min. Samples were

taken 12 h after the last meal in constant daily hours

(between 8:00 and 9:00 a.m.) to avoid circadian fluc-

tuations of the parameters studied [3, 11] and were

collected into tubes containing EDTA. To minimize

analytical errors, all assays were carried out in dupli-

cate. Plasma lipids (total cholesterol, LDL choles-

terol, HDL cholesterol, triglycerides and apoprotein

B) were determined using a colorimetric method with

reagents purchased from bioMerieux (Marcy l’Etoile,

France). LDL levels were measured directly. Oxidized

LDL-cholesterol levels were assessed using an en-

zyme-linked immunosorbent assay (ELISA) method

(Mercodia, Sweden). Plasma glucose levels were de-

termined by a glucose oxidase method (Beckman,

Palo Alto, CA, USA). Plasma insulin was assessed

using commercially available radioimmunoassay kits

(Linco Research Inc., St. Charles, MO, USA) that do

not cross-react with human proinsulin. The homeo-

static model assessment (HOMA) was calculated

using the following formula: HOMA = fasting glu-

cose (mg/dl) × fasting insulin (µU/ml)/405. Glycated

hemoglobin was determined using a commercially

available kit obtained from Sigma (St. Louis, MO,

USA). Prothrombin and partial thromboplastin times

were determined by an automated blood coagulation

analyzer (SYSMEX CA-540) using reagents obtained

from Dade Behring (Marburg, Germany). Fibrinogen

and factor VII were measured with a semi-automated

blood coagulation analyzer (OPTION 2 Plus) using

reagents purchased from bioMerieux (Marcy l’Etoile,

France). Fibrinogen levels were determined by the

Clauss method, while factor VII activity was deter-

mined by a one-step method using factor VII-deficient

plasma. PAI-1 antigen levels were assessed by a com-

mercially available ELISA method (Asserachrom,

Diagnostica Stago, Asnières-sur-Seine, France). Intra-

and interassay coefficients of variation were calcu-

lated as described elsewhere [17].

Statistical analyses

Results are presented as the mean ± standard devia-

tion. The groups were compared using one-way

ANOVA followed by the post-hoc Bonferroni test (for

the lipid profile and plasma glucose) or using the

Kruskal-Wallis test followed by the Mann-Whitney

U test (for HOMA, fibrinogen, factor VII and PAI-1).

The Student’s paired t-test (for the lipid profile and

plasma glucose) or the Wilcoxon test (for HOMA, fi-

brinogen, factor VII and PAI-1) were applied to com-

pare pre-, inter- and post-therapy data within the same

treatment group. Differences were described as statis-

tically significant if p-values were less than 0.05. Cor-

relations between measured parameters were calcu-

lated with Kendall’s tau test. Statistical analyses were

made using the GraphPad Prism 2.01 software (GPA-

26576-117) and Statistica 6.1 (axxp308a903804ar).

Results

Baseline characteristics of patients

There were no significant differences in the age, sex,

weight, medical backgrounds and clinical characteris-

tics between the groups (Tab. 1). Patients with pri-

mary mixed dyslipidemia exhibited higher levels of

total cholesterol, LDL-cholesterol, oxidized LDLs

and triglycerides and lower levels of HDL-cholesterol

than subjects belonging to the remaining groups.

Compared to the control and mixed dyslipidemic sub-

jects, IFG patients had increased fasting plasma glu-

cose, oxidized LDLs, glycated hemoglobin and HOMA

ratios. Fibrinogen, PAI-1 and factor VII were higher

in mixed dyslipidemic and, to a lesser extent, in IFG

subjects than in the control group. The prothrombin

and partial thromboplastin times were shorter in the

mixed dyslipidemic subjects than in the control sub-

jects.

Adverse effects

The treatment was well tolerated and laboratory

safety measurements remained within normal limits.

All of the patients completed the study.
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Control group

No changes in the lipid profile, fasting glucose and

2-h post-challenge plasma glucose, glycated hemoglo-

bin, the HOMA ratio, fibrinogen, factor VII and PAI-1

or the prothrombin and partial thromboplastin times

were found throughout the study (Tabs. 2 and 3).

Fenofibrate treated patients

Lipid profile

Fenofibrate administered to both mixed dyslipidemic

and IFG subjects decreased total cholesterol, LDL-

cholesterol, oxidized LDLs, triglycerides and apopro-

tein B and increased HDL-cholesterol (Tab. 2).

Glucose metabolism

No significant changes in fasting plasma glucose, 2-h

post-glucose load plasma glucose, glycated hemoglo-

bin or the HOMA ratio were observed in fenofibrate-

treated mixed dyslipidemia subjects (Tab. 2).

Fenofibrate administered to IFG subjects led to

a reduction in fasting plasma glucose, glycated hemo-

globin and the HOMA ratio. After 90 days of fenofi-

brate administration, fasting plasma glucose and the

HOMA ratio remained higher than in the control
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Control patients Mixed dyslipidemia Impaired fasting glucose

Number of patients 22 23 22

Age (years) 53.6 ± 2.2 53.9 ± 2.9 54.3 ± 3.0

Female/Male 10/12 10/13 9/13

Body mass index (kg/m�) 27.0 ± 2.2 26.8 ± 1.9 27.2 ± 1.5

Smokers (%) 40.9 39.1 45.5

Mild hypertension (%) 18.2 17.4 13.6

Stable coronary artery disease (%) 13.6 17.4 18.2

Carotid artery atherosclerosis (%) 9.1 13.0 13.6

Total cholesterol (mg/dl) 165.4 ± 4.9 285.4 ± 11.2***��� 168.0 ± 5.6

LDL-cholesterol (mg/dl) 90.2 ± 4.1 187.3 ± 12.1***��� 88.2 ± 4.0

HDL-cholesterol (mg/dl) 54.0 ± 2.2 43.3 ± 2.9***��� 52.3 ± 2.8

Triglycerides (mg/dl) 136.4±11.9 280.8±16.5***��� 140.0 ±12.1

Apoprotein B (mg/dl) 116.0 ± 3.0 178.2 ± 5.1***��� 124.1 ± 4.7

Oxidized LDL (U/l) 34.5 ± 3.8 78.9 ± 6.8***��� 51.3 ± 3.2***

Fasting glucose (mg/dl) 81.2 ± 2.4 83.4 ± 2.5 114.1 ± 2.2***���

Two-hour post-glucose load plasma glucose (mg/dl) 120.1 ± 2.3 122.5 ± 4.0 128.0 ± 3.0

Glycated hemoglobin (%) 4.9 ± 0.2 5.0 ± 0.3 5.9 ± 0.2*�

HOMA ratio 2.0 ± 0.2 2.2 ± 0.2 4.4 ± 0.4***���

Prothrombin time (s) 14.4±0.5 12.0 ± 0.4* 12.9 ± 0.6

Partial thromboplastin time (s) 37.9 ± 1.9 32.2 ± 1.4* 34.0 ± 1.4

Fibrinogen (g/l) 2.6 ± 0.3 4.1 ± 0.2***� 3.4 ± 0.2**

Factor VII activity (%) 103.2 ± 8.2 160.3 ± 9.7***� 139.0 ± 9.3***

PAI-1 antigen (ng/ml) 43.0 ± 3.1 142.4 ± 4.1***��� 99.0 ± 4.8***

���� ��������� ��� ���� - ��* . � / !*!$� ..� / !*!�� ... � / !*!!� vs* ������� ���0�* � � / !*!$� ��� � / !*!!� vs* �������� ���� ������� 	������
��0����* � � / !*!$� ��� � / !*!!� vs* �������� ���� ��1� ����������
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Tab. 2. The effect of micronized fenofibrate on lipid profile and glucose metabolism in patients with mixed dyslipidemia and impaired fasting
glucose

Control patients Mixed dyslipidemia Impaired fasting glucose

Total cholesterol (mg/dl)

Baseline
After 30 days
After 90 days

165.4 ± 4.9
168.2 ± 5.9 (+1.7)
170.0 ± 6.5 (+2.8)

285.4 ± 10.8***���

216.8 ± 9.1 (–24.0)���***���

212.1 ± 9.7 (–25.7)���***���

168.0 ± 5.6
137.1 ± 6.0 (–18.4)��**
131.3 ± 5.5 (–21.8)���***

LDL cholesterol (mg/dl)

Baseline
After 30 days
After 90 days

90.2 ± 4.1
88.3 ± 4.0 (–2.1)
90.6 ± 3.5 (+0.4)

187.3 ± 12.1***���

156.2 ± 8.4 (–16.6)��*** ���

148.8 ± 9.2 (–20.6)���*** ���

88.2 ± 4.0
68.1 ± 3.2 (–22.8)��**
65.7 ± 3.4 (–25.5)���***

HDL cholesterol (mg/dl)

Baseline
After 30 days
After 90 days

54.0 ± 2.2
53.2 ± 1.9 (–1.5)
53.6 ± 2.0 (–0.7)

43.3 ± 2.9***���

49.7 ± 2.3 (+14.8)�

50.8 ± 3.1 (+17.3)��

52.3 ± 2.8
56.0 ± 2.0 (+9.0)
59.7 ± 1.9 (+14.1)�*

Triglycerides (mg/dl)

Baseline
After 30 days
After 90 days

136.4 ± 11.9
131.3 ± 10.9 (–3.7)
129.0 ± 9.7 (–5.4)

280.8 ± 16.5***���

160.1 ± 11.0 (–43.0) ���**���

155.9 ± 10.1 (–44.5) ���*���

140.0 ± 12.1
87.5 ± 10.1 (–37.5)���***
83. 2± 8.0 (–40.6)���***

Apoprotein B (mg/dl)

Baseline
After 30 days
After 90 days

116.0 ± 3.0
116.8 ± 4.1 (+0.7)
117.2 ± 4.4 (+1.0)

178.2 ± 5.1***���

151.4 ± 6.2 (–15.0) �**���

149.0 ± 4.0 (–16.4)��*���

124.1 ± 4.7
116.2 ± 5.1 (–6.4)
108.7 ± 3.2 (–12.4)�*

Oxidized LDLs (U/l)

Baseline
After 30 days
After 90 days

34.5 ± 3.8
35.9 ± 3.1 (+4.1)
36.8 ± 2.9 (+6.7)

78.9 ± 6.8***���

61.2 ± 5.1 (–22.4) ��***���

59.0 ± 3.8 (–25.2)��***���

51.3 ± 3.2
41.3 ± 4.4 (–19.5)��

39.8 ± 3.5 (–22.4)��

Fasting glucose (mg/dl)

Baseline
After 30 days
After 90 days

81.2 ± 2.4
80.2 ± 2.2 (–1.2)
82.4 ± 1.9 (+1.5)

83.4 ± 2.5
81.0 ± 1.8 (-2.9%)
80.5 ± 1.9 (-3.5%)

114.1 ± 2.2***^^^
102.2 ± 2.0 (–10.4)��***^^
102.0 ± 2.3 (–10.6) ��***^^

Two-hour post-glucose load plasma glucose (mg/dl)

Baseline
After 30 days
After 90 days

120.1 ± 2.3
118.2 ± 2.5 (–1.6)
119.7 ± 3.4 (–0.3)

122.5 ± 4.0
119.4 ± 3.2 (–2.5)
117.3 ± 2.9 (–4.2)

128.0 ± 3.0
124.1 ± 3.8 (–3.0)
123.5 ± 4.1 (–3.5)

Glycated hemoglobin (%)

Baseline
After 30 days
After 90 days

4.9 ± 0.2
5.0 ± 0.2 (+2.0)
5.1 ± 0.2 (+4.1)

5.0 ± 0.3
4.8 ± 0.2 (–4.0)
4.7 ± 0.3 (-–6.0)

5.9 ± 0.2*^
5.6 ± 0.1 (–5.1)*^
5.3 ± 0.2 (–10.2)�

HOMA ratio

Baseline
After 30 days
After 90 days

2.0 ± 0.2
1.9 ± 0.1 (–5.0%)
2.1 ± 0.2 (+5.0%)

2.2 ± 0.2
2.0 ± 0.1 (–9.1%)
2.0 ± 0.2 (–9.1%)

4.4 ± 0.4***^^^
3.2 ± 0.2 (–27.3)�*^
3.1 ± 0.2 (–29.5)��*^

���� ��������� ��� ���� - ��* 2��0�� �� ����������� ��������� ������� ������� 	��� (������� ���0��* . � / !*!$� .. � / !*!�� ... � / !*!!� vs*
������� ���0�* � � / !*!$� �� � / !*!�� ��� � / !*!!� vs* ������������ ���0�* ��� � / !*!!� vs* �������� ���� ������� 	������ ��0����* � � / !*!$�
�� � / !*!�� ��� � / !*!!�* vs* �������� ���� ��1� ����������



group. The drug produced no significant effect on

post-challenge plasma glucose levels.

Hemostasis

Thirty- and ninety-day fenofibrate treatment of mixed

dyslipidemic patients decreased fibrinogen by 17.1%

(p < 0.05) and 24.4% (p < 0.01), PAI-1 by 26.2%

(p < 0.01) and 52.1% (p < 0.001) and factor VII by

24.2% (p < 0.05) and 37.9% (p < 0.001), respectively

(Tab. 3). Fenofibrate-induced changes in PAI-1 and

factor VII were more pronounced after 90 days of

treatment than after 30 days. No significant changes

in the prothrombin and partial thromboplastin times

were observed after 30 days of fenofibrate administra-

tion, while 90 days of fenofibrate treatment prolonged

these times by 31.7% (p < 0.001) and 19.9% (p <

0.01), respectively.

After 30 days of administration to IFG patients,

fenofibrate reduced fibrinogen by 23.5% (p < 0.01),

PAI-1 levels by 47.2% (p < 0.001) and factor VII ac-

tivity by 22.2% (p < 0.05). At the end of the study, fi-

brinogen, PAI-1 and factor VII decreased by 29.4%

(p < 0.01), 51.5% (p < 0.001) and 25.2% (p < 0.01),

respectively. No differences in these markers between

days 30 and 90 were observed. Thirty-day treatment

prolonged the prothrombin and partial thromboplastin

time by 23.3% (p < 0.01) and 14.1% (p < 0.05), re-

spectively, while 90-day administration prolonged the

times by 24.8% (p < 0.01) and 15.6% (p < 0.05), re-

spectively.

With the exception of PAI-1 in mixed dyslipidemic

subjects, post-treatment values of the assessed mark-

ers and times in both mixed dyslipidemic and IFG

subjects were similar to those observed in the control

group.

Comparisons between treatment groups

The effect of fenofibrate on fasting plasma glucose,

glycated hemoglobin and the HOMA was stronger in

IFG subjects than in mixed dyslipidemia subjects

(Tabs. 2 and 3). Fenofibrate action on lipid profiles

and hemostasis did not differ between both these

groups. After 90 days of fenofibrate administration,
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Control patients Mixed dyslipidemia Impaired fasting glucose

Prothrombin time (s)

Baseline
After 30 days
After 90 days

14.4 ± 0.5
14.2 ± 0.6
14.6 ± 0.6

12.0 ± 0.4*
14.0 ± 0.5
15.8 ± 0.5���

12.9 ± 0.5
15.9 ± 0.5��

16.1 ± 0.5��

Partial thromboplastin time (s)

Baseline
After 30 days
After 90 days

37.9 ± 1.9
39.2 ± 1.5
39.5 ± 1.7

32.2 ± 1.4*
34.1 ± 2.0
38.6 ± 1.6��

34.0 ± 1.4
38.8 ± 1.7�

39.3 ± 1.4�

Fibrinogen (g/l)

Baseline
After 30 days
After 90 days

2.6 ± 0.3
2.5 ± 0.2
2.7 ± 0.3

4.1 ± 0.2***�

3.4 ± 0.2�

3.1 ± 0.2��

3.4 ± 0.2**
2.6 ± 0.2��

2.5 ± 0.3��

Factor VII activity (%)

Baseline
After 30 days
After 90 days

103.2 ± 8.2
102.9 ± 10.1
100.1 ± 7.8

160.3 ± 9.7***�

121.5 ± 8.8 �***
99.5 ± 7.4���^^

139.0 ± 9.3***
108.1 ± 9.5�

104.0 ± 6.5��^^

PAI-1 antigen (ng/ml)

Baseline
After 30 days
After 90 days

43.0 ± 3.1
42.5 ± 4.1
43.8 ± 4.0

142.4 ± 4.1***���

105.1 ± 6.2��***��

68.2 ± 4.6���***^^^�

99.0 ± 4.8***
52.3 ± 8.3���

48.0 ± 6.5���

���� ��������� ��� ���� - ��* . � / !*!$� .. � / !*!�� ... � / !*!!� vs* ������� ���0�* � � / !*!$� �� � / !*!�� ��� � / !*!!� vs* ������������
���0�* �� � / !*!�� ��� � / !*!!� vs* �������� ���� ������� 	������ ��0����* �� � / !*!�� ��� � / !*!!� vs* ���0�� �	��� 5! ��� �	 ���������



the treatment groups still varied in fasting glucose,

glycated hemoglobin and the HOMA.

Correlations

Baseline insulin sensitivity correlated with plasma fi-

brinogen (r = 0.63, p < 0.001), factor VII (r = 0.68,

p < 0.001) and PAI-1 (r = 0.65, p < 0.001). No other

correlations between baseline values were found. In

IFG subjects but not in mixed dyslipidemic individu-

als, the fenofibrate-induced reduction in plasma fi-

brinogen, factor VII and PAI-1 correlated with the de-

gree of reduction of insulin sensitivity (r-values be-

tween 0.50 and 0.56, p < 0.001) and of fasting plasma

glucose (r-values between 0.47 and 0.53, p < 0.001).

None of the treatment groups showed any correlation

between the changes in hemostasis and glucose me-

tabolism and the improvement in lipid profile.

Discussion

The major finding of this study is that fenofibrate pro-

duces a pluripotential beneficial effect on hemostasis

in IFG subjects, which is lipid-independent but corre-

lates with an improvement in insulin sensitivity.

Although both patients with IFG and mixed dyslipi-

demia exhibited higher levels/activities of fibrinogen

compared to the control subjects, PAI-1 and factor

VII, coagulation and fibrinolysis were less disturbed

in IFG than in mixed dyslipidemia subjects. This ob-

servation shows that the cardiovascular risk in IFG pa-

tients, although increased, seems to be less expressed

than in patients with lipid metabolism abnormalities.

Fibrinogen, PAI-1 and factor VII in IFG subjects were

also lower than in IGT patients [Krysiak et al. – unpub-

lished observation]; this finding may partially explain

a stronger relationship between IGT than IFG and the

incidence of cardiovascular events. However, the ex-

istence of differences in hemostasis markers between

IFG subjects and individuals without lipid and glu-

cose metabolism abnormalities justifies the rationale

of treating this state with drugs producing antithrom-

botic actions.

In our study, all IFG-induced abnormalities in he-

mostasis variables were found to be attenuated by

treatment with micronized fenofibrate, and post-

treatment plasma fibrinogen, PAI-1 and factor VII did

not differ between subjects with IFG or mixed

dyslipidemia and those with normal lipid and glucose

metabolism. Furthermore, the favorable action of

fenofibrate on hemostasis may be indirect because the

drug reduced oxidized LDLs that stimulate macro-

phage tissue factor expression, interfere with endothe-

lial thrombomodulin expression and inhibit fibrinoly-

sis [9]. Taking into account a relationship between the

increased levels/activity of fibrinogen, factor VII and

PAI-1 and the enhanced risk of the initiation and pro-

gression of atherosclerosis, these effects of fenofi-

brate may contribute to the reduction of atherosclero-

sis-related events. This finding, as well as the lack of

correlation between hemostatic effects of this agent

and its action on lipid profile, shows that fibrates are

effective agents in patients in whom early glucose

metabolism abnormalities occur independently of the

abnormal lipid levels, and these patients should be

treated as well.

Although it was not the major purpose of this

study, one interesting finding was the beneficial effect

of fenofibrate on insulin sensitivity in IFG patients.

Recently, we have found that this agent reduced glu-

cose levels and improved insulin sensitivity in overt

diabetic patients [20], in IGT patients [17] or in pre-

diabetic patients with mixed dyslipidemia [12]. The

favorable effects on glycemic control in all of these

studies indicate that fenofibrate may be a suitable

agent for the treatment of both the early and advanced

stages of glucose metabolism abnormalities. In the

present study, the fenofibrate-induced reduction of

fasting plasma glucose, the HOMA ratio and glycated

hemoglobin was observed in isolated IFG but not in

mixed dyslipidemic subjects, which supports our pre-

vious observations that the effect of fenofibrate on

plasma glucose and insulin sensitivity depends on the

metabolic status of the patients [12]. Taking into ac-

count that IFG is associated with a 38% risk of pro-

gression toward diabetes [25], the small but signifi-

cant effect of fenofibrate on glucose homeostasis in

IFG patients may prevent the onset and progression of

diabetes in these patients.

Interestingly, fenofibrate administration exhibited

a beneficial effect on lipid profile, not only in mixed

dyslipidemic subjects but also in IFG patients with

a normal lipid profile. The fact that the LDL-lowering

action of rosuvastatin in high-risk patients with LDL

cholesterol levels below 130 mg/dl was found to ac-

company a significant reduction in cardiovascular

events [21] suggests that the observed effects of fenofi-
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brate on lipid profile may also bring some benefit to

patients with isolated IFG.

Interestingly, 30-day fenofibrate administration

produced a nearly maximal effect on hemostasis in

IFG patients, with no additional benefits after the next

60 days. In turn, in mixed dyslipidemic subjects 90-

day treatment was superior to 30-day treatment in re-

ducing plasma PAI-1 levels and factor VII activity,

and post-treatment PAI-1 levels still remained higher

than in the control subjects. This indicates that the

maximum antithrombotic action of fenofibrate is ob-

tained earlier in patients with IFG, while in dyslipi-

demic subjects fibrates have to be administered for at

least several months to exhibit their full efficacy in

the primary and secondary prevention of acute coro-

nary events.

The hemostatic effects of fenofibrate in IFG in the

present study cannot be explained by the lipid-

lowering potential of this agent. The early and pro-

nounced changes in lipid/lipoprotein profile may re-

sult from the full agonism of PPAR� by fenofibrate

[4]. The fact that the effect of fenofibrate on plasma

markers of hemostasis correlated with its action on

the HOMA ratio shows that fenofibrate-induced

changes in fibrinogen, PAI-1 and factor VII are in part

secondary to the improvement in insulin sensitivity.

This may explain why less than 25% of the benefits of

gemfibrozil therapy in the HA-VIT trial may be at-

tributed to the impact of this agent on lipid profile as

well as why a reduction in cardiovascular events and

related mortality was achieved mainly in individuals

with either diabetes or in nondiabetic patients with

hyperinsulinemia [22]. One factor linking the restora-

tion of insulin sensitivity and the hemostatic action of

fenofibrate may be free fatty acids, which are the en-

dogenous ligands for PPAR� [7]. This indicates that

the beneficial effects of fenofibrate on hemostasis and

glycemic control may be mediated by fibrate-induced

stimulation of PPAR�. In agreement with this hy-

pothesis, a selective PPAR� agonist pirinixic acid

(WY-14643) inhibited the initiation of the coagulation

cascade by reducing tissue factor expression in human

monocytes and macrophages [14].

To summarize, fenofibrate alleviated IFG- and mixed

dyslipidemia-related changes in hemostatic variables,

and this effect was in part related to an improvement

in insulin sensitivity. The restoration of normal hemo-

stasis may contribute to a fibrate-induced reduction in

cardiovascular events in patients with lipid and glu-

cose metabolism disturbances.
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