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Part 1 Chapter 7 

Abstract 

Background: The beneficial effect o f statins on cardiovascular morbidi ty and 

mor ta l i ty may not only result f rom LDL-cholesterol reduction but also f rom 

modi f ica t ion o f coagulat ion and fibrinolysis. Consequently, the effects o f statins on 

hemostasis have been studied extensively, but the data are still inconclusive. The 

aim o f the present study was to evaluate whether high dose simvastatin therapy 

wou ld modula te markers o f coagulation and fibrinolysis and to evaluate whether 

the al terat ions in these markers were associated wi th changes in int ima media 

thickness ( IMT) o f the arterial wall as surrogate marker for cardiovascular disease 

(CVD). 

Patients and Methods : 1 06 patients wi th Familial Hypercholesterolemia (FH) were 

treated w i th 80mg simvastatin for two years. At baseline and after 6 months o f 

t reatment parameters o f coagulation ( f ibr inogen, coagulat ion factors l l,VII,VIII, XI, 

von Wi l lebrand factor (vWF), prothrombin fragment 1+2 (F1+2)) and fibrinolysis 

(D-dimer, tissue plasminogen activator(tPA), plasminogen activator inhibi tor type 

1 (PAI-1)) were evaluated. IMT changes were evaluated after 2 years o f therapy. 

Results: At baseline, all liver-produced coagulat ion parameters were lower in FH 

patients wi th CVD compared to patients w i t hou t CVD, also levels o f F1 +2, a marker 

for coagulat ion act ivat ion, were decreased. In contrast, fibrinolysis parameters, 

notably PAI-1, were threefold increased in patients wi th CVD. Simvastatin therapy 

produced smal l , but significant changes in a number o f hemostatic parameters. An 

increase was observed for f ibrinogen, factor VI I I , vWF, D-dimer and PAI-1, whereas 

F1+2 and p ro th romb in were decreased. Nevertheless, all these alterations in 

coagulat ion and fibrinolysis parameters were not correlated wi th IMT changes over 

a 2 years t reatment per iod. 

Conclus ion: Both the coagulation and the fibrinolysis system in patients wi th FH is 

signif icantly affected by 80mg simvastatin, but these changes were not associated 

w i th either pro- or regression o f IMT. 

Introduction 

Statins ( H M G - C o A reductase inhibitors) reduce low density l ipoprotein (LDL)-

cholesterol levels and are widely used for the treatment o f hypercholesterolemia. 

Clinical tr ials have demonstrated that statins greatly reduce morbidi ty and 

mor ta l i ty in patients wi th cardiovascular disease (CVD) and in patients at high risk 
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for CVD. The efficacy o f statins to reduce the burden o f CVD is hypothesized not 

only to result f rom LDL-cholesterol reduction but also f rom a number o f addi t ional 

so called pleiotropic effects.1-2 Proposed mechanisms beyond l ipid lowering include 

the favourable effects o f statins on endothel ial funct ion, plaque stabi l i ty, 

in f lammat ion and the b lood coagulat ion system. 

Epidemiological studies have shown that several haemostatic variables are 

independent risk indicators for CVD 3 " 1 0 , and hypercholesterolemia is known to 

correlate wi th some o f these haemostatic risk factors1 1 "13. Such data are consistent 

w i th an impor tan t role for coagulat ion and fibrinolysis in the pathogenesis o f CVD. 

Therefore the effects o f statins on haemostatic variables such as platelet funct ion, 

tissue factor expression, and on parameters o f coagulat ion and fibrinolysis, were 

studied extensively, but the data were inconclusive.2 '14 

In patients wi th severe hypercholesterolemia who are at an increased risk for CVD, 

the levels o f hemostatic risk factors are significantly elevated.12"13 In patients wi th 

Familial Hypercholesterolemia (FH) the severely elevated LDL-cholesterol levels 

cause a rapid progression o f atherosclerosis as is evident f rom an increase in int ima 

media thickness ( IMT) o f the wall o f the peripheral arteries: in FH patients the mean 

arterial wall IMT is even twice as thick as in controls.1 5"1 8 We recently reported in 

FH patients that LDL-cholesterol reduction by aggressive statin therapy over a two 

year period resulted in a striking regression o f I M T 1 9 

The aim o f the present study was to evaluate in FH patients how a high dose o f 

simvastatin therapy would modulate not only the l ipid profiles but also hemostatic 

markers. More important ly we intended to evaluate whether changes in these 

markers were associated wi th IMT changes after two years o f statin therapy in order 

to support or negate the hypothesis that hemostatic variables directly influence the 

atherosclerotic process. 

Methods 

Study population and design 

FH patients (n=1 06) were recruited f rom the outpat ient clinic o f the department o f 

Vascular Medicine at the University o f Amsterdam. The diagnosis o f FH was based 

on either the presence o f a mutat ion in the LDL receptor gene or i f the patient met 

the fo l lowing clinical criteria: an LDL-cholesterol level above the 95ch percentile for 

age and sex, the presence o f typical tendon xanthomas in the patient or in a first-

degree relative, or in combinat ion wi th a paediatric relative wi th an LDL-cholesterol 
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above the 9 5 t h percenti le for age and sex. Secondary causes o f hyper

cholesterolemia, including renal and hepatic disease, alcohol abuse, diabetes 

mell itus and hypothyroidism were excluded in all subjects. Patients wi th a history o f 

myocard ia l i n fa rc t ion , percutaneous t rans lumina l coronary angioplasty or 

coronary artery bypass graft could be included i f the physician thought it was 

medically al lowed for the patient t o have a washout period. After a washout period 

o f 6 weeks, all patients were started on therapy wi th simvastatin 80 mg daily for the 

durat ion o f two years. The Institutional Review Board o f our inst i tut ion approved 

the pro toco l . Wr i t ten informed consent was obtained from all part icipants. 

Biochemical analysis. 

Fasting blood samples were drawn at baseline and after 6 months of treatment. 

Samples taken to measure coagulation and fibrinolysis parameters were stored at -80 

°C, and tested at the end of the study. Lipoprotein parameters included total 

cholesterol (TC), high density l ipoprotein (HDL)-cholesterol and triglycerides (TG) 

and were measured by conventional methods. LDL-cholesterol was calculated 

according to Friedewalds formula. Apol ipoprotein A-l and apolipoprotein B were 

determined by an immunological rate-nephelometric procedure using a polyclonal 

goat ant i -human ant ibody (Array protein system, Beekman Coulter, Netherlands). 

Coagulat ion factor assays (fibrinogen, p ro th rombin , factor VII, factor VIII, and factor 

XI) were performed on an automated coagulation analyser (Behring Coagulation 

System) wi th reagents and protocols f rom the manufacturer (Dade Behring, 

Marburg, Germany). Von Willebrand factor antigen levels were determined wi th an 

ELISA developed in our laboratory using antibodies f rom Dako (Glostrup, Denmark). 

D-dimers and pro thrombin fragment F1+2 (F1+2) were quantitated by sandwich-

type ELISA from Dade Behring (Marburg, Germany). Tissue plasminogen activator 

(tPA) antigen levels were determined by sandwich-type ELISA from Chromogenix 

(Mö lnda l , Sweden). Plasminogen activator inhibi tor type 1 (PAI-1) activity was 

determined by indirect two-stage enzymatic procedure (Biopool , Umea, Sweden). 

Intima-Media Thickness. 

The IMT measurement procedures have been reported previously.19 For the 

ul t rasound examinations a Biosound Phase-2 real t ime scanner (Biosound Esaote, 

USA) equipped wi th a 10 MHz transducer was used. Measurements were made at 

baseline, and after two years of therapy. In both carotid arteries, three 10 m m 

segments were scanned: the distal por t ion o f the common carot id artery, the 

carot id b i furcat ion and the proximal por t ion o f the internal carot id artery. In the 
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right common femoral artery, a 10 mm segment proximal to the branching o f the 

deep femoral artery was scanned. Only IMT data o f images o f the far walls were 

analysed, based on recent advances in ul trasound procedure. The images were 

stored on disk and read by one independent reader bl inded to any informat ion on 

the patients. Reproducibi l i ty tests were performed regularly by the sonographer and 

yielded a coefficient o f variat ion o f < 5%. 

Statistical analysis 

The relative change as compared to baseline was calculated for laboratory and IMT 

parameters. Mean changes were tested using the paired sample t-test, the Wilcoxon 

test was applied for variables wi th a skewed dist r ibut ion. Mean changes between 

groups were compared using the independent sample t-test and the Mann-Whitney 

test was applied for variables wi th a skewed dist r ibut ion. 

The strength o f the relationship between the percentage change after 6 months in 

laboratory parameters and after 2 years in IMT was quant i f ied by the Pearson 

correlation coefficient, when the % change was distr ibuted normal and by the 

Spearman correlat ion coefficient in case o f a skewed distr ibut ion o f one o f the 

parameters. Statistical analyses were performed using SAS (version 8.02, SAS 

Institute Inc. Cary, NY, USA). 

Results 

The baseline characteristics o f the 106 FH patients included in the study are 

summarised in Table 1. Patients wi th FH had higher levels o f f ibr inogen and tPA ag 

and patients wi th FH and wi th CVD also increased PAI-1 activity compared to 

normals. Twenty five (24%) patients experienced a cardiovascular event in the past. 

Patients wi th CVD were older than patients w i thou t CVD and more obese. The 

mean far wall IMT was significant higher in the CVD patients. Interestingly, all levels 

o f liver-produced coagulat ion factors were decreased in the patients wi th CVD. The 

changes were particularly striking for factor VII and factor XI. This d id not result in 

an apparent difference in F1+2 as marker o f coagulat ion act ivat ion. Fibrinolytic 

parameters were also di f ferent between symptomat ic and asymptomat ic 

individuals. In part icular PAI-1 activity was increased three-fold. 

Table 2 shows the demographic and laboratory parameters in the patients wi th the 

lowest tertile and the highest tertile o f baseline mean far wall IMT. Patients wi th an 

IMT > 1.11 m m were older and more obese, experienced more often a 
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Table 1. Baseline demographic and main laboratory parameters of FH patients with and without CVD 

Demographic 

Age (years) 

Male Gender (%) 

Smoking (%) 

Hypertension (%) 

BMI (kg/m2) 

CVD (%) 

Coagulation 

Fibrinogen (g/l) 

F l l (%) 

F VII (%) 

F VI11 (%) 

F XI (%) 

vWF-ag (%) 

F 1+2 (nmol/ l) 

Fibrinolysis 

D-dimer (ug/l) 

t-PA (ng/l) 

PAI-act(IU/ml) 

Lipoproteins 

TC(mmol / l ) 

LDL-c (mmol/ l ) 

HDL-c(mmol/ l ) 

TG (mmol/ l) 

I M T 

Mean Fw IMT (mm) 

all FH patients 

N = 106 

45.0+ 12.4 

55(51.9) 

30 (28.9) 

7(6.6) 

25.0 ± 3.3 

25(23.6) 

3.39 ± 0.74 

100.9 ± 22.2 

103.5 ± 25.4 

104.2 ± 18.2 

105.2 ± 17.6 

102.7 ±32.7 

0.82 ± 0.35 

2 1 7 ( 6 5 - 1119) 

7.00 + 3.46 

7.00(1.0-61.0) 

10.42 ± 1.99 

8.21 ± 2.01 

1.34 ± 0.36 

1.70 (0.40-7.90) 

1.04 ± 0.22 

Values are means ± standard deviation or 
as median (interquartile range) because of 
mass index; CVD = cardio vascular disease; 
t-PA = tissue plasminogen activator; PAI 
cholesterol; HDL-C = high density lipo 
cholesterol; TG = triglycerides; Fw IMT = fa 

FH without CVD 

N = 81 

42.8 ±12.0 

38(46.9) 

24(30.0) 

3(3.7) 

24.7 ±3.2 

-

3.41 +0.76 

103.9 ± 16.7 

107.9 ± 19.8 

105.1 ± 19.7 

107.9± 17.7 

103.4 ± 33.2 

0.84 ±0.34 

212(100-578) 

6.65 ±3.58 

5.00(1.0-66.0) 

10.40 ± 1.96 

8.21 ± 2.00 

1.36 ±0.36 

1.70(0.40-7.90) 

1.00 + 0.19 

FH with CVD 

N = 25 

52.2 ± 11.1 

17(68.0) 

6(25.0) 

4(16.0) 

26.0 ± 3.3 

25 (100) 

3.33 ±0.66 

91.7 ±32.8 

90.0 ±35.2 

101.5 ± 12.5 

97.0 ± 14.8 

103.4± 31.8 

0.78 ±0.38 

270 (65-1119) 

8.12 ± 2.80 

15.0(1.0-61.0) 

10.49 ±2.84 

8.20 ± 2.10 

1.24 ± 0.83 

1.70(0.80-7.50) 

1.16 ±0.25 

p-value 

0.008 

0.065 

0.635 

0.052 

0.067 

0.651 

0.086 

0.022 

0.286 

0.006 

0.697 

0.484 

0.226 

0.082 

0.014 

0.828 

0.984 

0.131 

0.215 

0.001 

lumber (%). Triglycerides, D-dimer and PAI-act are given 
a skewed distribution. BP = blood pressure; BMI = body 
F II = Factor II; vWF-ag = von Willebrand Factor antigen; 
= plasminogen activator inhibitor type 1; TC = total 

xotein cholesterol; LDL-C = low density lipoprotein 
rvvall intima media thickness. 

cardiovascular event and had a higher plasma level o f factor I I , t-PA ant igen, PAI-1 

activity, to ta l cholesterol and triglycerides than patients wi th an IMT <0.92 mm. 

After 6 months o f t reatment with simvastatin 80 mg (Table 3) , the tota l cholesterol, 

LDL-cholesterol and triglycerides decreased significantly wi th 40, 48 and 3 1 % 
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Table 2 . Baseline demographic and main 

relationship with 

Demographic 

Age (years) 

Ma le Gender (%) 

S m o k i n g (%) 

Hyper tens ion (%) 

BMI ( k g / m 2 ) 

CVD (%) 

Coagulat ion 

Fibr inogen ( g / l ) 

F II (%) 

F VII (%) 

F V I I I ( % ) 

F XI (%) 

vWF-ag (%) 

F 1+2 ( n m o l / l ) 

Fibrinolysis 

D-d imer (ug / l ) 

c -PA(ng / l ) 

P A I - a c t ( I U / m l ) 

Lipoproteins 

T C ( m m o l / l ) 

L D L - c ( m m o l / l ) 

HDL-c ( m m o l / l ) 

T G ( m m o l / l ) 

I M T 

mean I M T measu remen ts , 

all FH pat ients 

N = 106 

4 5 . 0 ± 12.4 

5 5 ( 5 1 . 9 ) 

3 0 ( 2 8 . 9 ) 

7 ( 6 . 6 ) 

25.0 + 3.3 

2 5 ( 2 3 . 6 ) 

3.39 ± 0 . 7 4 

100.9 ± 22.2 

103.5 ± 2 5 . 4 

104.2 ± 18.2 

105.2 ± 17.6 

1 0 2 . 7 ± 3 2 . 7 

0.82 ± 0 . 3 5 

2 1 7 ( 6 5 - 1 1 1 9 ) 

7.0 ± 3 . 4 6 

7 . 0 ( 1 . 0 - 6 1 . 0 ) 

10.42 ± 1.99 

8.21 ± 2 . 0 1 

1.34 ± 0.36 

1 . 7 0 ( 0 . 4 0 - 7.90) 

M e a n F w l M T ( m m ) 1.04 ± 0 . 2 2 

Values are means 

as med ian (incerq 

mass index; CVD 

laboratory parameters o f FH patients 

as assessed in tertiles 

I M T < 0.92 m m 

N = 33 

38 .7 ± 12.2 

1 6 ( 4 8 . 5 ) 

1 0 ( 3 0 . 3 ) 

2 ( 6 . 1 ) 

24 .0 ± 3.4 

5 ( 1 5 . 5 ) 

3 .46 ± 0.71 

90 .0 ± 22 .3 

96 .3 ± 27.8 

1 0 4 . 7 ± 17.7 

105.7 + 17.4 

102.7 ± 3 2 . 9 

0.79 ± 0.42 

1 8 9 ( 9 5 - 1 1 1 9 ) 

5.3 ± 2.4 

4 . 0 ( 1 . 0 - 3 2 . 0 ) 

10 .20 ± 1.67 

8.08 ± 1.73 

1.36 ± 0 . 3 9 

1.30 (0 .6 -4 .7 ) 

0 .83 ± 0 . 0 9 

I M T > 1.11 m m 

N = 34 

5 0 . 7 + 12.5 

1 9 ( 5 5 . 8 ) 

11 (32 .4 ) 

3 ( 8 . 8 ) 

25 .8 + 3.0 

1 3 ( 3 8 . 2 ) 

3 .46 ± 0.74 

106.0 ± 20.0 

105.6 ± 24.6 

101.4 ± 19.0 

106.6 ± 17.5 

99 .4 ± 28.4 

0.87 ± 0.35 

2 5 3 ( 1 0 1 - 9 9 5 ) 

8.2 ± 2.9 

1 3 . 0 ( 1 . 0 - 6 1 . 0 ) 

11.27 ± 2.11 

8.99 ± 2 . 1 3 

1.26 ± 0.33 

1 .95(0 .8 -7 .5 ) 

1.27 ± 0.161 

± s tandard dev ia t ion or n u m b e r (%). Triglycerides, D-d imer and PAI-

uar t i le range) because o f a skewed d i s t r i bu t i on . BP - b l o o d pressure; 

= card io vascular disease; F II = Factor I I ; vWF-

t-PA = tissue p lasminogen ac t i va to r ; PAI = 

and their 

p-value 

0 .0002 

0.545 

0 .857 

1.00 

0 .023 

0 .033 

0 .969 

0 .003 

0.155 

0 .465 

0 .828 

0 .666 

0 .410 

0 .089 

0 .0001 

0 .002 

0 .024 

0 .059 

0 .277 

0 .010 

i c t are given 

BMI = b o d y 

ag = von W i l l eb rand Factor an t igen ; 

p lasminogen ac t iva tor i nh ib i to r type 1 ; 

cho les tero l ; HDL-C = high densi ty l i pop ro te i n cho les tero l ; 

cho les tero l ; T G = tr iglycerides; Fw I M T = far 

LDL-C = low densi ty 

wal l i n t ima media thickness. 

TC - t o t a l 
l i pop ro te in 

respectively, and the HDL cholesterol increased wi th almost 8%. Fibrinogen 

increased wi th 12%. Factor II decreased wi th 3.2%, Factor VIII and vWF-ag 

increased wi th 3.7 and 1 1 % respectively, whereas Factor VII and Factor XI remained 
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unchanged. The D-dimer, F1+2 and PAI-1 changed wi th 12.7, -9.3 and 43.7% 

respectively and no change was found in t-PA. 

After 24 months o f treatment wi th 80mg simvastatin the mean far wall was 

decreased significantly wi th 0.059 m m (5.1%). 

No association could be demonstrated between the changes in coagulat ion and 

fibrinolysis parameters and changes over two years in mean far wall IMT, the marker 

for atherosclerosis progression (data not shown). 

Table 3. Changes in main aboratory parameters 

of 80 mg simvastatin therapy 

Coagulation 

Fibrinogen (g/l) 

F II (%) 

F VII (%) 

F VI11 (%) 

F XI (%) 

vWF-ag (%) 

F 1+2 (nmol/l) 

Fibrinolysis 

D-dimer (ug/l) 

t-PA(ng/l) 

PAI-act (lU/ml) 

Lipoproteins 

TC(mmol / l ) 

LDL-c (mmol/ l ) 

HDL-c(mmol/ l ) 

TG (mmol/ l ) 

I M T 

Mean Fw IMT (mm) 

Values are means 
as median (incerq 
mass index; CVD 

baseline 

N=106 

3.39 + 0.74 

100.9 ± 22.2 

103.5 ± 25.4 

104.2 ± 18.2 

105.2 ± 17.6 

102.7 ± 32.7 

0.82 + 0.35 

217(65 - 1119) 

7.0 ±3.46 

7.0(1.0 - 61.0) 

10.42 ± 1.99 

8.21 +2.01 

1.34 + 0.36 

1.70(0.40- 7.90) 

1.04 i 0.22 

± standard deviation or number 
uartile rar 

after 6 months and mean 

(%). 

6 months 

N = 102 

3.75 ± 1.00 

97.2 ± 20.7 

100.6 ± 25.8 

107.3 ± 18.5 

106.7+ 18.4 

112.0 ± 48.5 

0.74 ±0.30 

241 ( 6 4 - 8 6 2 ) 

7.3 ± 3.2 

9 .0 (1 .0 -68 .0 ) 

6.18 ± 1.24 

4.21 ± 1.20 

1.42 ± 0.36 

1.00 (0.30-8.70) 

0.98 ± 0.18 

IMT after 24 months 

p-value 

<0.0001 

0.0069 

0.2846 

0.0035 

0.0483 

0.0068 

<0.0001 

0.0004 

0.1477 

0.0008 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

0.0016 

Triglycerides, D-dimer and PAI-act are given 
ge) because o f a skewed distribution. BP = blood 

= cardio vascular disease; F II = Factor 
t-PA = tissue plasminogen 
cholesterol; HDL-C = hig 
cholesterol; TG = triglycerid 

activator; PAI = plasminc 
i density lipoprotein 

II; vWF-ag-von Wille 
pressure; BMI = body 
brand Factor antigen; 

gen activator inhibitor type 1; TC = total 
cholesterol; LDL-C = low density lipoprotein 

es; Fw IMT= far wall intima media thickness. 
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Discussion 

Several studies have assessed the effects o f cholesterol- lowering agents on 

hemostat ic parameters, the present study, however, seeks to per form a 

comprehensive analysis o f the effects o f high dose simvastatin therapy on a panel o f 

parameters o f coagulat ion and fibrinolysis and provides the correlat ion wi th IMT. 

The baseline data indicate that the recruited FH patient cohor t had very high LDL-

cholesterol levels and 24% o f the generally older patients had already experienced a 

cardiovascular event. As in most FH studies, mean arterial wall IMT was increased 

in our FH patients at baseline and at least twice as thick as in controls.1 5"1 8 Mean 

IMT was even more increased in the CVD patients than in those w i thout CVD. These 

grossly abnormal IMT values must be the consequence o f the very rapid progression 

o f atherosclerotic lesions in FH patients. Treatment wi th simvastatin 80mg for two 

years resulted in a significant decrease in IMT . 

We realize that the changes in hemostatic parameters were evaluated after six 

months o f simvastatin treatment and IMT changes after 2 years. Changes in IMT 

cannot be expected in several months; Wendelhag et al calculated an increased 

progression rate o f 0.009 mm/yr in adul t FH patients compared to 0.005 mm/yr in 

controls,1 8 and we showed a decrease o f IMT in FH patients treated wi th 80mg 

atorvastatin o f only 0.031 m m / 2 years19. Therefore, we decided to measure IMT in 

the present study after a fo l low-up treatment period o f 2 years. 

Parameters of Coagulation and Fibrinolysis in FH patients 

In the present study, coagulat ion factors VII and XI were lower in the FH patients 

wi th CAD. The difference is small in absolute terms and therefore probably not 

clinically relevant. 

Patients in the highest IMT tertile group showed a signif icant higher factor II. This 

could support the hypothesis that (pro- ) thrombin is not only essential in thrombus 

format ion but also acts as a growth factor for vascular smooth muscle cells. 

High f ibr inogen and PAI-1 levels are often found in patients wi th high cholesterol, 

speculated to reflect an increased risk for arterial thrombosis.1 2 , 1 3 '2 1 The FH 

patients in our study conf irmed these findings as they had elevated f ibr inogen, t-PA 

antigen and also high PAI-1 activity at baseline. 

The patients who experienced a cardiovascular event had even significantly higher 

PAI-1 levels than those who did not. This is in line wi th several large and prospective 

epidemiologic studies report ing an increased risk o f ischemic cardiovascular events 

wi th increased PAI-1 levels.22"24 Conversely, the high PAI-1 levels could also be 
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att r ibuted to the older age or to the higher body mass in these patients. The elevated 

tPA antigen level could be explained by the increased concentrat ion o f circulat ing 

complexes o f tPA wi th its inhibi tor PAI-1. The high tPA level is then caused by the 

high plasma PAI-1 activity rather than by an increased f ibr inolyt ic activity. 

Changes in coagulation parameters by statin therapy 

After 6 months o f high dose simvastatin therapy, the present study showed an 

increase (12%, p<0.0001) o f f ibr inogen. The increase o f f ibr inogen, however, did 

not influence the f inal IMT outcome after 2 years, as evidenced by the lack o f 

correlat ion between the f ibrinogen and IMT changes. This is in accordance w i th the 

experimental results o f Dangas et al., who showed in an elegant study that the 

increase o f f ibr inogen by statin treatment was not associated wi th thrombus 

format ion upon an injured vascular surface.25 The results o f several studies 

examining the influence o f statins on f ibrinogen levels in hypercholesterolemic 

patients have been inconsistent, w i th some studies showing a decrease, others no 

change, or even an increase o f f ibrinogen levels.2-11"29 The variable effects o f statins 

on f ibr inogen may be the result o f different actions on f ibr inogen-regulat ing 

cytokines, differences in study populat ions wi th genetic variat ion at the f ibrinogen 

locus, or o f a different methods used to determine f ibr inogen.3 1-3 2 An increase o f 

f ibr inogen may also be explained by metabolic changes in hepatocyte funct ion 

caused by HMG-CoA reductase inhib i t ion, in part icular at high dose as we used in 

the present study.32 Therefore, we conclude that the increase o f f ibrinogen by 

simvastatin is not related to clinical outcome, but rather a 'side-effect' o f statin 

t reatment. 

Simvastatin treatment in the present study was accompanied by depression o f 

th rombin generation, as evidenced by a significant reduction in prothrombin 

fragment 1 +2 (F1 +2). This f inding is in line wi th several studies that also show that 

cholesterol reduct ion by statins decreased the th romb in generat ion in 

hypercholesterolemia. For example, Szczeklik et a l . 3 3 demonstrated that the 

generation o f th rombin cleavage peptides in bleeding time blood was inhibited by 

simvastatin. Aspirin had a similar effect, and there was no further reduction in 

th rombin cleavage peptides upon addit ion o f simvastatin to aspirin. He suggested 

that the reduction in thrombin generation by simvastatin was secondary to an 

antiplatelet effect. Dangas et al confirmed the findings o f Szczeklik and coworkers33 , 

insofar that pravastatin reduced thrombus generation in an ex vivo model where the 

patients blood was passed through a perfusion system, and that this reduction in 

thrombosis was attenuated in patients on aspirin.26 These studies both suggest that 
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scatins exert their anti thrombot ic effect largely as a result o f an antiplatelet activity. 

Since platelets o f patients with elevated LDL-cholesterol levels are more sensitive to 

aggregating agents than platelets f rom normocholesterolemic patients33 and 

pravastatin is known to decrease both LDL-cholesterol and platelet aggregability,34 '35 

it is likely that the effects seen on F1+2 are a reflection o f the influence o f LDL lowering 

on platelet aggregability and thereby on thrombin generation. 

An alternative explanation for the signif icant decrease in F1 +2 may be the effect o f 

H D L on th rombin generation. Grif f in et al demonstrated that HDL enhances the 

ant icoagulant protein C pathway in vitro and speculated that H D L may help 

downregulate th rombin generation in vivo.36 In our patients HDL increased 

significantly wi th almost 8%, while the F1 +2 levels decreased wi th 9%. 

The decrease o f factor II by statin treatment could be seen as a beneficial effect wi th 

regards to atherosclerosis progression, since th rombin acts as growth factor for 

vascular smooth muscle cells.20 However, we could not demonstrate a positive 

correlat ion o f factor II w i th IMT change after two years o f statin therapy in our 

patient group. 

The changes in coagulat ion factor VII, factor VIII and factor XI , are small and 

thereby probably not cl inical ly relevant. They could also be induced by 

aforementioned changes in biological activity o f the hepatocyte. 

Changes in fibrinolytic parameters by statin therapy 

In the present study simvastatin improved global f ibrinolyt ic activity as determined 

by D-dimer. The level o f D-dimers, degradation products o f cross-linked f ib r in , is 

considered to reflect the overall activity o f clot format ion and clot lysis. Because D-

dimer is not artif icially generated in vitro during blood col lect ion, its measurement 

more consistently reflects in vivo hemostatic activity than do other assays for 

coagulat ion and f ibrinolyt ic activities. 

Diverging results exist regarding the effects o f statins on the parameters o f the 

f ibr inolyt ic system. Most studies evaluated the f ibrinolyt ic mechanism by measuring 

PAI-1. Administrat ion o f statins to humans increased, decreased, or had no effect 

on PAI-1 levels, independent o f the dose or the statin used. In this respect, 

simvastatin administrat ion has also produced contradictory results: w i th no change 

in PAI-1 in one study36 and an increased effect on PAI-1 in another3 7 as in the 

present study. Recently Bourcier et a l . 3 8 demonstrated that simvastatin reduced 

levels o f PAI-1 antigen released f rom smooth muscle cells and endothelial cells, 

while levels o f cell derived tPA increased. Decreased PAI-1 antigen was correlated 

w i t h reduced mRNA t ranscr ip t ion and activity o f the PAI-1 p romoto r . 
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Hypertr iglyceridemia, linked to insulin resistance is related to increased PAI-1 levels. 

Accordingly, reductions o f plasma triglycerides by drugs like fibrates and niacin 

results also in decreased PAI-1 mRNA expression and PAI-1 levels. Treatment o f 

hypercholesterolemia wi th statins may not only reduce plasma PAI-1 levels through 

a direct act ion o f statins on human vascular smooth muscle cells and endothelial 

cells but also indirectly by reducing cholesterol and triglycerides.23 In the present 

study triglycerides decreased 31%(p<0.0001), PAI-1 activity however increased 44% 

(p=0.0008) . We do not have a reasonable explanation for this f inding. 

Fibrin D-dimer indicates intravascular turnover o f f ibr in by identifying a primary 

degradat ion product o f cross linked f ibr in. Thus it is a direct marker o f endogenous 

f ibrinolysis. 

High dose statin therapy resulted in a slightly enhanced fibrinolysis. This is however 

not reflected in IMT changes after 2 years o f therapy. 

Conclus ion: In the present study hemostat ic parameters were significantly affected 

by simvastatin in patients wi th FH treated for 6 months, but these changes were not 

associated wi th changes in IMT. 
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