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Abstract:

The aim of our study was to compare the effect of simvastatin on a range of hemostatic variables in subjects with impaired fasting

glucose (IFG) and isolated hypercholesterolemia. We enrolled 28 subjects with IFG, 25 primary hypercholesterolemic patients and

24 age-, sex- and weight-matched control subjects with normal lipid profile and glucose metabolism. The tested parameters (lipid

profile, fasting and 2-h post-glucose load plasma glucose levels, the homeostasis model assessment (HOMA) ratio, glycated hemo-

globin, the prothrombin and partial thromboplastin time, plasma fibrinogen, PAI-1 levels and factor VII coagulant activity) were de-

termined at baseline and after 4 and 12 weeks of simvastatin treatment (20 mg/daily). Compared to the control subjects,

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

PAI-1 was higher in hypercholesterolemic than in IFG patients. Simvastatin improved lipid profile in both groups of patients, but

it did not influence glucose metabolism. In both IFG and hypercholesterolemic patients, simvastatin reduced fibrinogen and PAI-1

levels and factor VII activity, and it prolonged the prothrombin and partial thromboplastin time in a lipid- and glucose-independent

manner. The main conclusion of our study is that early glucose metabolism abnormalities are associated with disturbed coagulation

and fibrinolysis, which contribute to the development and progression of atherosclerosis. Treatment with a lipid lowering agent may

bring multidirectional beneficial effects on hemostasis in IFG patients.

Key words:

simvastatin, impaired fasting glucose, hypercholesterolemia, fibrinogen, factor VII, plasminogen activator inhibitor-1 (PAI-1)

Abbreviations: CRP – C-reactive protein, HbA�� – glycated

hemoglobin, HDL – high-density lipoprotein, HMG-CoA –

3-hydroxy-3-methyl-glutaryl-CoA, HOMA – homeostasis

model assessment index ratio, IFG – impaired fasting glucose,

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

tein, OGTT – oral glucose tolerance test, PAI-1 – plasminogen

activator inhibitor-1

Introduction

The coagulation and fibrinolysis cascades are two

separate but reciprocally linked enzymatic cascades,

which regulate the formation and breakdown of fibrin

[15]. Thrombosis is one of the crucial mechanisms in

the development and progression of atherosclerosis

and increases the incidence of atherosclerosis-related

clinical events [12, 24]. Epidemiological studies have

provided data that some hemostatic variables, includ-

ing fibrinogen, factor VII, factor VIII, von Willebrand

factor, soluble thrombomodulin, tissue plasminogen ac-

tivator and plasminogen activator inhibitor-1 (PAI-1),

are associated with increased morbidity and mortality

related to cardiovascular diseases [8, 11, 24, 25].

3-Hydroxy-3-methyl-glutaryl-CoA (HMC-CoA) re-

ductase inhibitors (statins) are one of the most impor-

tant agents in the contemporary therapy of patients at
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high risk for cardiovascular disease. Administered to

subjects with coronary artery disease, dyslipidemia

and/or overt diabetes, statins have been found to di-

minish procoagulant activity by influencing different

stages of the coagulation cascade (tissue factor activ-

ity, conversion of prothrombin to thrombin and

thrombin activity) [17, 29]. In some studies, statins

have been shown to reduce fibrinogen levels [1, 19].

Moreover, via altering the levels and activities of tis-

sue plasminogen activator and PAI-1, they appear to

stimulate fibrinolysis [6, 21].

In recent years, much importance has been attached

to early stages of glucose metabolism abnormalities.

Impaired glucose tolerance (IGT) and impaired fast-

ing glucose (IFG) are associated not only with pro-

gression to overt diabetes but also with an enhanced

risk of the development of cardiovascular disorders

[20, 28]. The safety of statin use in prediabetic sub-

jects requires better understanding. In a recent trial,

rosuvastatin, despite reducing cardiovascular risk, in-

creased the incidence of diabetes in normolipidemic

patients with elevated C-reactive protein (CRP) levels

[22]. Recently, it has been shown that fenofibrate ad-

ministered to patients with IFG and IGT exhibits mul-

tidirectional pleiotropic effects, including anti-inflam-

matory properties and a beneficial effect on hemosta-

sis [16, 18]. Unfortunately, almost nothing is known

regarding whether similar effects are produced by

statins. In two studies conducted by one research

group [3, 4], simvastatin reduced CRP levels in both

IFG and IGT. However, simvastatin action on plasma

CRP in these studies may have been influenced by co-

existing lipid metabolism abnormalities that were

present in most of the prediabetic patients. Therefore,

in this study, we have decided to evaluate the result of

simvastatin administration on coagulation and fibri-

nolysis parameters in subjects with IFG in compari-

son to the effect produced by this agent in isolated hy-

percholesterolemic patients.

To assess hemostatic parameters, we measured the

prothrombin time, which in clinical practice repre-

sents the activity of the extrinsic pathway of coagula-

tion, and the activated partial prothrombin time,

which quantifies the function of the intrinsic system.

Fibrinogen and PAI-1 levels and factor VII activity

were chosen for investigation because their increased

values are strongly associated with an enhanced risk

of atherosclerosis and its complications [11, 15, 25].

Materials and Methods

Patients

The participants of the study were recruited among

subjects screened for the presence of asymptomatic

atherosclerosis by sonographic assessment of the

common carotid intima-media thickness. All patients

had determined plasma lipid levels and fasting and

2-h post-challenge plasma glucose. The initially

screened persons were considered eligible for the

study if they were diagnosed with either isolated IFG

(fasting plasma glucose at least 100 mg/dl but less

than 126 mg/dl and 2-h post-challenge glucose less

than 140 mg/dl) or isolated primary hypercholestero-

lemia (plasma total cholesterol more than 200 mg/dl,

LDL cholesterol above 130 mg/dl and triglycerides

less than 150 mg/dl). IFG and hypercholesterolemic

patients were instructed by a dietitian to follow the

Therapeutic Lifestyle Changes diet, and after 12 weeks

of dietary intervention were invited to reassert lipid

profile and the 75-g oral glucose tolerance test (OGTT).

Among over 250 patients admitted to our clinic, only

53, in whom the second OGTT or lipid profile reaf-

firmed the preliminary diagnosis, were included in the

study. We recruited 24 age-, sex- and weight-matched

control subjects with normal lipid and glucose me-

tabolism for both groups of experimental patients.

The results of the second OGTT and lipid profile were

assumed as baseline values.

The exclusion criteria were as follows: (1) age < 30

or > 70 years; (2) concomitant presence of IFG and

hypercholesterolemia; (3) diabetes mellitus or IGT

(fasting plasma glucose less than 100 mg/dl and

plasma glucose concentration 2 h after a 75-g oral

glucose load at least 140 mg/dl but less than 200

mg/dl); (4) isolated hypertriglyceridemia or mixed

dyslipidemia; (5) secondary hypercholesterolemia in

the course of thyroid diseases, nephrotic syndrome,

liver and biliary tract diseases, autoimmune disorders,

chronic pancreatitis or alcoholism; (6) any acute or

chronic inflammatory processes; (7) symptomatic

congestive heart failure; (8) unstable coronary artery

disease, myocardial infarction or stroke within six

months preceding the study; (9) moderate or severe

arterial hypertension (ESH/ESC grade 2 or 3); (10)

impaired renal or hepatic function; (11) malignancy

within five years preceding the study; (12) treatment

with other lipid-lowering agents within three months
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prior to the study; (13) concomitant treatment with

other drugs known either to affect plasma glucose or

lipid levels or to interact with statins; (15) concomi-

tant treatment with drugs that may affect inflamma-

tory processes in the vascular wall (including gluco-

corticosteroids, non-steroid anti-inflammatory drugs,

calcium channel blockers and angiotensin converting

enzyme inhibitors) within three months preceding the

study; (14) ongoing hormonal replacement therapy or

oral contraception; and (16) poor patient’s compli-

ance.

Study design

The Bioethical Committee of the Medical University

of Silesia approved the study protocol. All enrolled

patients provided their written informed consent for

the investigation, and the study was performed ac-

cording to the Declaration of Helsinki. Simvastatin

(20 mg) was administered daily at bedtime for 12

weeks without any changes in dosage during the en-

tire study period. Throughout the study, all included

patients complied with lifestyle modifications. Clini-

cal examination and venous blood sampling for evalu-

ating safety of laboratory parameters were performed

every other week. Patients were interviewed for ad-

verse effects such as constipation, flatulence, dyspep-

sia, abdominal pain and myalgia. Laboratory tests in-

cluded total and differential blood cell count, blood

sedimentation rate, creatine kinase, alanine and aspar-

tate aminotransferases, �-glutamyltransferase, alka-

line phosphatase, electrolytes, bilirubin, creatinine,

total proteins, urine examination and 12-lead ECG.

The indications for withdrawal of treatment were

overt myopathy and elevated levels of aminotransfe-

rases (3 times above the normal limit) and creatine ki-

nase (10 times above the normal limit). Compliance

assessment was performed during each visit by tablet

counts and was considered satisfactory when the

number of tablets taken by a patient ranged from

90 to 110%.

Laboratory assays

Lipid profile, pre- and post-OGTT plasma glucose,

insulin, HbA��, and hemostatic markers were deter-

mined before and after 4 and 12 weeks of therapy.

After a 12-h overnight fast, venous blood samples

were drawn from the antecubital vein, in a quiet tem-

perature controlled room (24–25°C) between 8:00 and

9:00 a.m. to avoid possible circadian fluctuations in

plasma fibrinogen and PAI-1 levels. All tests were

performed within 48 h after sample collection, by the

same person, blinded to the subject identity and study

sequence. To minimize analytical errors, all assays

were carried out in duplicate. Lipid profiles, glucose,

creatinine, aminotransferases, and creatine kinase

were assayed by routine laboratory techniques

(bioMerieux France; Beckman, Palo Alto, CA, USA).

LDL levels were measured directly. Oxidized LDL-

cholesterol levels were assessed by an enzyme-linked

immunosorbent assay (ELISA) method (Mercodia,

Sweden). Plasma insulin was measured with a com-

mercial radioimmunoassay kit (Linco Research Inc.,

St. Charles, MO, USA). This assay does not cross-

react with human proinsulin. Fasting plasma glucose

and insulin levels were used to calculate the homeo-

static model assessment (HOMA) ratio [fasting serum

glucose (mmol/l) × fasting insulin level (µU/ml)/22.5].

HbA�� was measured using a commercially available

kit (Sigma, St. Louis, MO, USA).

Prothrombin and partial thromboplastin times were

measured by a SYSMEX CA-540 automated blood

coagulation analyzer using reagents obtained from

Dade Behring (Germany). Both fibrinogen and factor

VII were assessed by an OPTION 2 Plus semi-

automated blood coagulation analyzer using reagents

obtained from bioMerieux (Marcy l’Etoile, France).

Fibrinogen levels were determined by the Clauss method,

and factor VII activity was assessed by a one-step

method using factor VII deficient plasma. PAI-1 anti-

gen levels were determined by a commercially avail-

able ELISA method (Asserachrom, Diagnostica Stago,

France). The intra- and interassay coefficients of varia-

tion in our laboratory were as follows: fibrinogen –

3.7% and 2.4%, factor VII – 4.2% and 3.3%, and

PAI-1 – 8.6% and 5.0%, respectively.

Statistical analysis

Results are expressed as the means ± standard devia-

tion. Comparisons between simvastatin and control

groups were performed using the Kruskal-Wallis test

followed by the Mann-Whitney U test. The Wilcoxon

test was applied to compare pre-, inter- and post-

therapy data within the same treatment group. Differ-

ences were described as statistically significant at

p-values less than 0.05. Correlations between meas-

ured parameters were calculated with Kendall’s tau

test. Statistical analysis was conducted using Graph-
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Pad Prism 2.01 software (GPA-26576-117) and Statis-

tica 6.1 (axxp308a903804ar).

Results

Baseline characteristics of patients

The baseline characteristics of all of the patients are

given in Table 1. All of the groups were comparable

with respect to demographics, medical background,

clinical characteristics and safety measurements.

Compared to the control group and IGF subjects, hy-

percholesterolemic patients had higher total choles-

terol, LDL-cholesterol, oxidized LDLs and apopro-

tein B levels. Fasting plasma glucose, HOMA and

HbA�� were increased in IFG subjects in comparison

with both control and hypercholesterolemic subjects.

The concentration/activity of fibrinogen, PAI-1 and

factor VII were higher in IGF and hypercholestero-

lemic subjects than in the control group. PAI-1 levels,

but not fibrinogen levels and factor VII activity, were

greater in hypercholesterolemic than in IFG patients

(p < 0.05).
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Tab. 1. Baseline characteristics of patients

Control patients Hypercholesterolemia Impaired fasting glucose

Number of patients 24 25 28

Age (years) 54.9 ± 2.1 54.4 ± 3.0 55.3 ± 3.3

Female/Male 9/15 10/15 11/17

Body mass index (kg/m2) 26.1 ± 2.4 26.5 ± 2.0 27.0 ± 1.6

Smokers (%) 41.7 44.0 42.9

Mild hypertension (%) 12.5 12.0 10.7

Stable coronary artery disease (%) 8.3 8.0 7.1

Carotid artery atherosclerosis (%) 8.3 12.0 10.7

Total cholesterol (mg/dl) 168.6 ± 5.2 283.1 ± 10.8***$$$ 171.8 ± 6.1

LDL-cholesterol (mg/dl) 101.8 ± 4.6 210.1 ± 10.1***$$$ 103.0 ± 3.5

HDL-cholesterol (mg/dl) 53.4 ± 3.5 46.7 ± 2.5 52.9 ± 3.0

Triglycerides (mg/dl) 120.2 ± 10.8 122.2 ± 10.5 124.9 ± 10.4

Apoprotein B (mg/dl) 119.1 ± 3.4 173.4 ± 5.3***$$$ 121.1 ± 4.0

Oxidized LDL (U/l) 32.5 ± 3.5 74.6 ± 4.8***$$$ 52.3 ± 3.8***

Fasting glucose (mg/dl) 84.0 ± 2.6 87.0 ± 2.3 111.2 ± 2.0***###

Two-hour post-glucose load plasma glucose (mg/dl) 119.8 ± 4.6 123.2 ± 3.4 126.9 ± 3.5

HbA1c (%) 5.0 ± 0.3 5.0 ± 0.2 6.1 ± 0.3*#

HOMA ratio 2.1 ± 0.2 2.4 ± 0.3 4.0 ± 0.3***###

Prothrombin time (s) 14.6 ± 0.6 12.5 ± 0.5 12.8 ± 0.5

Partial thromboplastin time (s) 38.1 ± 1.8 33.9 ± 1.3 34.9 ± 1.5

Fibrinogen (g/l) 2.8 ± 0.2 3.7 ± 0.2** 3.8 ± 0.3**

Factor VII activity (%) 110.4 ± 10.3 158.6 ± 10.1*** 152.1 ± 12.2***

PAI-1 antigen (ng/ml) 42.4 ± 3.0 140.2 ± 4.2***$ 118.2 ± 5.9***

Data represent the mean ± SD. * p < 0.05, ** p < 0.01, ***p < 0.001 vs. control group. � p < 0.05, ��� p < 0.001 vs. patients with hypercholestero-
lemia. � p < 0.05, ��� p < 0.001 vs. patients with impaired fasting glucose
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Tab. 2. The effect of simvastatin on lipid profile and glucose metabolism in hypercholesterolemic patients and patients with impaired fasting
glucose

Control patients Hypercholesterolemia Impaired fasting glucose

Total cholesterol (mg/dl)

Baseline
After 4 weeks
After 12 weeks

168.6 ± 5.2
170.2 ± 5.7
169.8 ± 6.8

283.1 ± 10.8***^^^

214.5 ± 8.4###***^^^

207.1 ± 8.2###***^^^

171.8 ± 6.1
136.2 ± 5.8###***
129.8 ± 5.2###***

LDL cholesterol (mg/dl)

Baseline
After 4 weeks
After 12 weeks

101.8 ± 4.6
102.8 ± 4.1
100.7 ± 3.8

210.1 ± 10.1***^^^

150.0 ± 5.9###***^^^

146.2 ± 3.3###***^^^

103.0 ± 3.5
71.4 ± 4.2###***
68.1 ± 3.4###***

HDL cholesterol (mg/dl)

Baseline
After 4 weeks
After 12 weeks

53.4 ± 3.5
53.9 ± 2.4
55.1 ± 2.5

46.7 ± 2.5
48.8 ± 2.6
50.4 ± 3.1

52.9 ± 3.0
53.9 ± 3.2
54.5 ± 3.3

Triglycerides (mg/dl)

Baseline
After 4 weeks
After 12 weeks

120.2 ± 10.8
118.9 ± 12.9
118.0 ± 12.4

122.2 ± 10.5
117.0 ± 9.5
109.9 ± 11.5

124.9 ± 10.4
119.8 ± 11.6
114.4 ± 10.5

Apoprotein B (mg/dl)

Baseline
After 4 weeks
After 12 weeks

119.1 ± 3.4
118.3 ± 3.7
115.8 ± 4.4

173.4 ± 5.3***^^^

142.5 ± 5.0#**^^^

139.4 ± 3.8##*^^^

121.1 ± 4.0
97.8 ± 3.5##**
95.2 ± 3.2##*

Oxidized LDLs (U/L)

Baseline
After 4 weeks
After 12 weeks

32.5 ± 3.5
32.2 ± 4.2
31.7 ± 3.1

74.6 ± 4.8***^^^

54.2 ± 4.0###***^^^

51.1 ± 3.2###***^^^

52.3 ± 3.8***
35.3 ± 4.1###

33.2 ± 3.2###

Fasting glucose (mg/dl)

Baseline
After 4 weeks
After 12 weeks

84.0 ± 2.6
84.9 ± 2.4
84.1 ± 2.5

87.0 ± 2.3
88.4 ± 2.6
88.0 ± 2.6

111.2 ± 2.0***$$$

108.9 ± 2.9***$$$

109.7 ± 3.1***$$$

2-h post-glucose load plasma glucose (mg/dl)

Baseline
After 4 weeks
After 12 weeks

119.8 ± 4.6
120.9 ± 3.3
121.4 ± 2.9

123.2 ± 3.4
119.9 ± 2.6
121.0 ± 2.6

126.9 ± 3.5
127.1 ± 3.3
126.3 ± 3.9

HbA1c (%)

Baseline
After 4 weeks
After 12 weeks

5.0 ± 0.3
4.9 ± 0.3
4.8 ± 0.2

5.0 ± 0.2
5.0 ± 0.3
5.1 ± 0.2

6.1 ± 0.3*$

5.9 ± 0.3*$

6.0 ± 0.3*$

HOMA ratio

Baseline
After 4 weeks
After 12 weeks

2.1 ± 0.2
2.0 ± 0.3
1.9 ± 0.2

2.4 ± 0.3
2.6 ± 0.2
2.5 ± 0.3

4.0 ± 0.3***$$$

4.3 ± 0.3***$$$

4.0 ± 0.2***$$$

Data represent the mean ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group. � p < 0.05, �� p < 0.01, ��� p < 0.001 vs. pretreatment
value. ���p < 0.001 vs. patients with impaired fasting glucose. � p < 0.05, ��� p < 0.001 vs. patients with hypercholesterolemia



Adverse effects

Neither significant adverse effects nor any other com-

plications were reported throughout the study. The

study was completed by all patients. All laboratory

safety measurements remained within normal limits.

Control subjects

In the control group, lipid profile, fasting and OGTT

plasma glucose, HbA��, HOMA ratio, hsCRP and the

studied parameters of hemostasis remained unaltered

throughout the study (Tab. 2 and 3).

Simvastatin-treated patients

Lipid profile

After 4 and 12 weeks of treatment, simvastatin ad-

ministration to hypercholesterolemic patients de-

creased total cholesterol by 24.2% (p < 0.001) and

26.8% (p < 0.001), LDL-cholesterol by 28.6% (p <

0.001) and 30.4% (p < 0.001), oxidized LDLs by

27.3% (p < 0.001) and 31.5% (p < 0.001), and apo-

protein B by 17.8% (p < 0.05) and 19.6% (p < 0.01),

respectively. No significant changes in plasma HDL-

cholesterol and triglycerides were found (Tab. 2).

Four and twelve weeks of simvastatin administra-

tion to IFG subjects reduced total cholesterol by

20.7% (p < 0.001) and 24.4% (p < 0.001), LDL-

cholesterol by 30.7% (p < 0.001) and 33.9% (p < 0.001),

oxidized LDLs by 32.5% (p < 0.001) and 36.5% (p <

0.001), and apoprotein B by 19.2% (p < 0.01) and

21.4% (p < 0.01), respectively. In this group of pa-

tients, simvastatin did not affect plasma HDL-choles-

terol and triglyceride levels.

Glucose metabolism

In simvastatin-treated patients with either IFG or hy-

percholesterolemia, fasting and 2-h postchallenge glu-

cose levels, HbA�� and HOMA remained unaltered

throughout the study (Tab. 2).
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Tab. 3. The effect of simvastatin on hemostasis in hypercholesterolemic patients and patients with impaired fasting glucose

Control patients Hypercholesterolemia Impaired fasting glucose

Prothrombin time (s)

Baseline
After 4 weeks
After 12 weeks

14.6 ± 0.6
14.4 ± 0.5
14.2 ± 0.6

12.5 ± 0.5
13.4 ± 0.5
14.9 ± 0.6#

12.8 ± 0.5
13.7 ± 0.6
14.8 ± 0.5#

Partial thromboplastin time (s)

Baseline
After 4 weeks
After 12 weeks

38.1 ± 1.8
37.2 ± 1.6
38.5 ± 2.0

33.9 ± 1.3
35.7 ± 2.2
38.8 ± 1.7#

34.9 ± 1.5
36.0 ± 2.1
39.1 ± 1.6#

Fibrinogen (g/l)

Baseline
After 4 weeks
After 12 weeks

2.8 ± 0.2
2.9 ± 0.3
2.9 ± 0.2

3.7 ± 0.2**
3.3 ± 0.3
3.0 ± 0.2##

3.8 ± 0.3**
3.3 ± 0.3
2.9 ± 0.2##

Factor VII activity (%)

Baseline
After 4 weeks
After 12 weeks

110.4 ± 10.3
112.8 ± 14.2
114.1 ± 11.3

158.6 ± 10.1***
136.1 ± 10.2 #***
111.0 ± 7.5###$$

152.1 ± 12.2***
128.0 ± 8.1#*
106.1 ± 7.4###$$

PAI-1 antigen (ng/ml)

Baseline
After 4 weeks
After 12 weeks

42.4 ± 3.0
41.9 ± 3.2
41.2 ± 2.9

140.2 ± 4.2***^
99.0. ± 5.8###***
62.1. ± 4.1###***$$$

118.2 ± 5.9***
95.5 ± 4.8##***
63.6 ± 4.6###***$$$

Data represent the mean ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group. ^ p < 0.05 vs. subjects with impaired fasting glucose. � p < 0.05,
## p < 0.01, ��� p < 0.001 vs. pretreatment value. �� p < 0.01 ��� p < 0.001 vs. value after 4 weeks of treatment



Hemostatic factors

Four- and twelve-week treatment of hypercholestero-

lemic patients with simvastatin reduced factor VII ac-

tivity by 14.1% (p < 0.05) and 30.0% (p < 0.001) and

PAI-1 levels by 29.4% (p < 0.001) and 55.7% (p <

0.001), respectively (Tab. 3). After four weeks of sim-

vastatin administration, fibrinogen only tended to de-

crease (–10.8%, p = 0.08), while at the end of the treat-

ment it decreased significantly by 18.9% (p < 0.01).

Only the 12-week treatment prolonged the prothrom-

bin and partial thromboplastin time by 19.2% (p < 0.05)

and 14.5% (p < 0.05), respectively, while no effect on

these parameters was observed after 4 weeks of ther-

apy.

When administered to IFG patients, simvastatin led

to a reduction in factor VII activity by 15.8% (p < 0.05)

and 30.2% (p < 0.001) and PAI-1 levels by 19.2% (p <

0.01) and 46.2% (p < 0.001) after 4 and 12 weeks of

treatment, respectively. Fibrinogen tended to decrease

(by 13.2%, p = 0.055) after 4 weeks and decreased by

23.7% (p < 0.01) after 12 weeks of treatment. Twelve-

but not four-week treatment prolonged the prothrombin

and partial thromboplastin time by 15.6% (p < 0.05)

and 12.0% (p < 0.05), respectively.

The effect of simvastatin on factor VII and PAI-1

was stronger after 12 than after 4 weeks of treatment.

At the end of the treatment, PAI-1 levels, but not fi-

brinogen levels and factor VII activity, were still

higher than in the control group (p < 0.001).

Comparisons between treatment groups (Tab. 3)

There were no differences in the extent of simvas-

tatin-induced reduction in fibrinogen, factor VII and

PAI-1 between patients with hypercholesterolemia

and subjects with IFG (Tab. 3).

Correlations

At baseline, no correlation between plasma markers

of hemostasis, glucose metabolism and plasma lipid

levels in any of the groups was found (r values from

0.10 to 0.28; all non-significant). The influence of

simvastatin on hemostatic variables did not correlate

with its effects on lipid profile or glucose metabolism

(r values between 0.11 and 0.25; all non-significant).

Discussion

The major finding of our study is that simvastatin ex-

hibits a quick, beneficial and multidirectional effect

on hemostasis in IFG patients, similar to that pro-

duced by the drug in subjects with primary isolated

hypercholesterolemia. The treatment-induced normal-

ization of fibrinogen, PAI-1 and factor VII may con-

tribute to the reduction in morbidity in simvasta-

tin-treated IFG patients.

Although there is agreement among in vitro studies

concerning the role of statins in the regulation of co-

agulation and fibrinolysis, results of clinical trials are

not as clear-cut [2, 15]. The differences between clini-

cal studies may result from different inclusion criteria,

drugs, doses, duration of treatment periods and study

methodologies, and from diurnal and/or seasonal

variations in coagulation and fibrinolysis [15]. In our

study, we used very strict inclusion criteria in order to

minimize the impact of concurrent diseases and con-

comitant therapies. To avoid circadian variations in

plasma PAI-1 and fibrinogen levels, blood was col-

lected during the same period of the day [5]. More-

over, the short period of treatment allowed us to reduce

the possible impact of seasonal variations on the levels

of factors studied, particularly fibrinogen [26, 27].

We have found that the presence of IFG is associ-

ated with disturbances of coagulation and fibrinolysis

at least at several different levels. Taking into account

the complex proatherogenic effect of all studied

markers and their role as cardiovascular risk factors,

abnormal hemostasis may contribute to the earlier de-

velopment and faster progression of atherosclerosis in

IFG subjects. Interestingly, at baseline, PAI-1 levels

in these patients were lower than in hypercholestero-

lemic patients. This finding seems to be clinically rele-

vant in determining severity and/or localization of

atherosclerosis, for even small differences in the PAI-1

level among the population alter the risk of coronary

artery disease and its complications [27].

Our study is the first to show that any statin pro-

duces an early and pluripotential effect on hemostasis

in IFG patients. Although in other studies simvastatin

and other HMG-CoA reductase inhibitors inhibited

thrombosis and stimulated fibrinolysis [1, 6, 17, 19,

21, 29], none of these studies, in contrast to the pres-

ent one, revealed that statins might produce the same

effect in patients with early glucose metabolism ab-

normalities and normal lipid profile. Our recent study
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previously revealed that statins reduce adipose tissue

PAI-1 even in normolipidemic subjects [14], thus the

effect of simvastatin on adipose tissue may contribute

to lowering of plasma PAI-1 levels. Additionally, sim-

vastatin considerably decreased oxidized LDL levels.

As oxidized LDLs stimulate macrophage tissue factor

expression, interfere with endothelial thrombomodu-

lin expression and inhibit fibrinolysis [13], this action

of simvastatin appears to contribute to its quick and

favorable effect on hemostasis.

Twelve-week simvastatin treatment led to a more

pronounced reduction in factor VII activity and PAI-1

levels than administration of the drug for four weeks,

but even at the end of the treatment period PAI-1 lev-

els still exceeded values observed in the control

groups. This suggests that simvastatin should be ad-

ministered for more than 12 weeks to reveal the full

effect on hemostasis in IFG subjects.

The results of some [23, 30] but not all [7, 9] stud-

ies indicate that statins may negatively affect plasma

glucose level. On the basis of our study, in which sim-

vastatin produced no measurable effect on fasting and

2-h postchallenge glucose levels, HbA1c and HOMA,

we can assume that simvastatin administration, at

least at the daily dose of 20 mg, does not carry an in-

creased risk of the development of diabetes mellitus.

In vitro studies indicate that statin action on preny-

lation is a pivotal mechanism involved in their effect

on some key processes of hemostasis, such as control

of tissue factor, tissue plasminogen activator and

PAI-1 synthesis and release [2, 10, 15]. Our clinical

trial, which showed that the effect of simvastatin on

fibrinogen, PAI-1 and factor VII activity did not cor-

relate with its lipid-lowering effect, seems to support

the hypothesis put forward by in vitro studies. Inter-

estingly, in our study, IFG-induced changes in hemo-

stasis at baseline and after simvastatin treatment were

also glucose metabolism-independent. This observa-

tion is in contrast with our previous trial, which re-

vealed that fenofibrate-induced decreases in fibrino-

gen, PAI-1 and factor VII were related to the improve-

ment in insulin sensitivity. These results clearly

indicate that IFG-induced abnormalities in hemostasis

do not seem to be secondary to elevated plasma glu-

cose level, while their normalization after simvastatin

treatment cannot be directly related to improvement

in glucose metabolism. We intend to investigate this

question in our further studies.

In conclusion, IFG is associated with the presence

of abnormal hemostasis, which seems to be less dis-

turbed than in hypercholesterolemia. Twelve-week

simvastatin administration improves lipid profile and

reduces IFG- and hypercholesterolemia-related dis-

turbances in coagulation and fibrinolysis, without ef-

fecting markers of glucose metabolism. This benefi-

cial and multidirectional effect on hemostasis may

contribute to the reduction in the incidence and sever-

ity of vascular diseases in patients with IFG.
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