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Chapterr 9 

ABSTRACT T 

BACKGROUND D 

Thee beneficial effect of statins on cardiovascular morbidity and mortality may not 

onlyy result from LDL-cholesterol reduction but also from modification of coagulation 

andd fibrinolysis. Consequendy, the effects of statins on these systems have been 

studiedd extensively, but data are still inconclusive. The aim of the present study was 

too evaluate whether high-dose simvastatin therapy would modulate markers of 

coagulationn and fibrinolysis and to evaluate whether the alterations in these markers 

weree associated with changes in arterial intima-media thickness (IMT) as surrogate 

markerr for cardiovascular disease (CVD). 

METHODSS AND RESULTS 

AA total of 106 patients with familial hypercholesterolemia (FH) were treated with 80 

mgg simvastatin for two years. At baseline and after 6 months of treatment parameters 

off  coagulation (fibrinogen, coagulation factors II , VII , VIII , XI , von Willebrand 

factorr (vWF), prothrombin fragment 1+2 (Fl+2)) and fibrinolysis (D-dimer, tissue 

plasminogenn activator (tPA), plasminogen activator inhibitor type 1 (PAI-1)) were 

evaluated.. IM T changes were evaluated after 2 years of therapy. At baseline, all liver-

synthesizedd coagulation parameters were lower in FH patients with CVD compared 

too patients without CVD, also levels of F l+2, a marker for coagulation activation, 

weree decreased. In contrast, fibrinolysis parameters, notably PAI-I, were threefold 

increasedd in patients with CVD. Simvastatin therapy produced small, but significant 

changess in a number of hemostatic parameters. An increase was observed for 

fibrinogen,, factor VIII , vWF, D-dimer and PAI-1, whereas F l +2 and prothrombin 

weree decreased. Nevertheless, all these alterations in coagulation and fibrinolysis 

parameterss were not correlated with IM T changes over a 2 year treatment period. 

CONCLUSION N 

Bothh the coagulation and fibrinolytic system in patients with FH are significandy 

affectedd by 80 mg simvastatin, but these changes were not associated with either 

pro-- or regression of IMT . 
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I N T R O D U C T I O N N 

Statinss (HMG-CoA reductase inhibitors) reduce low-density lipoprotein (LDL) -

cholesteroll  levels and are widely used for the treatment of hypercholesterolemia. Clinical 

trialss have demonstrated mat statins reduce morbidity and mortality in patients with 

cardiovascularr disease (CVD) and in patients at high risk for CVD. The efficacy of 

statinss to reduce the burden of CVD is hypothesized not only to result from LDL -

cholesteroll  reduction but also from a number of additional so called pleiotropic effects.1,2 

Proposedd mechanisms beyond lipid lowering include the favourable effects of statins 

onn endothelial function, plaque stability, inflammation and the coagulation system. 

Epidemiologicall  studies have shown that several haemostatic variables are independent 

riskk indicators for CVDVU1, and hypercholesterolemia is known to correlate with 

somee of these haemostatic risk factors." u Such data are consistent with an important 

rolee for coagulation and fibrinolysis in the pathogenesis of CVD. Therefore the 

effectss of statins on haemostatic variables such as platelet function, fibrinogen and 

tissuetissue factor expression, were extensively studied, but the data from such studies 

weree inconclusive.1,14 

Inn patients with severe hypercholesterolemia who are at an increased risk for CVD, 

thee levels of hemostatic risk factors are significantly elevated.12,n In patients with 

familiall  hypercholesterolemia (FH) the severely elevated LDL cholesterol levels cause 

aa rapid progression of atherosclerosis as is evident from an increase in intima-media 

thicknesss (IMT) of the wall of the peripheral arteries: in FH patients the mean arterial 

walll  IM T is twice as thick as in controls.1518 We rccendy reported that LDL-cholesterol 

reductionn by aggressive statin therapy in FH patients resulted in a striking regression 

off  IMT.19 

Thee aim of the present study in FH patients was to evaluate whether a high dose of 

simvastatinn therapy would modulate not only the lipid profiles but also hemostatic 

markers.. More importandy we intended to evaluate whether changes in these markers 

weree associated with IM T changes after two years of statin therapy in order to support 

orr negate the hypothesis that hemostatic variables are important in the atherosclerotic 

process. . 
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M E T H O D S S 

Studyy population and design 

FHH patients (n=106) were recruited from the outpatient clinic of the department of 

Vascularr Medicine at the University of Amsterdam. The diagnosis of FH was based 

onn either the presence of a mutation in the LDL receptor gene or if the patients 

weree diagnosed with definite FH and had 6 or more points, according to an algorithm 

(too allow standardization of the diagnosis of FH based on clinical findings, personal 

andd familial clinical history and biochemical parameters).31 Secondary causes of 

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

mellituss and hypothyroidism were excluded in all subjects. Patients with a history of 

myocardiall  infarction, percutaneous transluminal coronary angioplasty or coronary 

arteryy bypass graft could be included if the physician thought it was medically allowed 

forr the patient to have a washout period. After a washout period of 6 weeks, all 

patientss were started on therapy with simvastatin 80 mg daily for the duration of two 

years.. The Institutional Review Board of our institution approved the protocol. Written 

informedd consent was obtained from all participants. 

Biochemicall  analysis. 

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

Sampless 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 lipoprotein (HDL)-cholesterol and triglycerides (TG) were 

measuredd by conventional methods. LDL-cholesterol was calculated according to 

Friedewaldss formula. Apolipoprotein A-I and apolipoprotein B were determined by 

ann immunological ratc-nephelomctric procedure using a polyclonal goat anti-human 

antibodyy (Array protein system, Beekman Coulter, Netherlands). Coagulation factor 

assayss (fibrinogen, prothrombin, factor VII , factor VIII , and factor XI ) were 

performedd on an automated coagulation analyser (Bchring Coagulation System) with 

reagentss and protocols from the manufacturer (Dade Behring, Marburg, Germany). 

Vonn Willebrand factor antigen levels were determined with an ELISA developed in 

ourr laboratory using antibodies from Dako (Glostrup, Denmark). D-dimers and 

prothrombinn fragment FT +2 (Fl +2) were quantitated by sandwich-type ELISA from 

Dadee Behring (Marburg, Germany). Tissue plasminogen activator (tPA) antigen levels 

weree determined by sandwich-type ELISA from Chromogenix (Mölndal, Sweden). 

Plasminogenn activator inhibitor type 1 (PAI-1) activity7 was determined by indirect 
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two-stagee enzymatic procedure (Biopool, Umca, Sweden). 

Intima-Medi aa Thickness. 

Thee IM T measurement procedures have been reported previously.19 For the ultrasound 

examinationss a Biosound Phase-2 real time scanner (Biosound Esaote, USA) equipped 

withh a 10 MHz transducer was used. Measurements were made at baseline, and after 

twoo years of therapy. In both carotid arteries, three 10 mm segments were scanned: 

thee distal portion of the common carotid artery, the carotid bifurcation and the 

proximall  portion of the internal carotid artery. In the right common femoral artery, 

aa 10 mm segment proximal to the branching of the deep femoral artery was scanned. 

Onlyy IM T data of images of the far walls were analysed, based on recent advances in 

ultrasoundd procedure. The images were stored on disk and read by one independent 

readerr blinded to any information on the patients. Reproducibility tests were performed 

regularlyy by the sonographer and yielded a coefficient of variation of < 5%. 

Statisticall  analysis 

Thee relative change as compared to baseline was calculated for laboratory and IM T 

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

testt was applied for variables with a skewed distribution. Mean changes between 

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

testt was applied for variables with a skewed distribution. The strength of the 

relationshipp between the percentage change after 6 months in laboratory parameters 

andd after 2 years in IM T was quantified by the Pearson correlation coefficient, when 

thee % change was distributed normal and by the Spearman correlation coefficient in 

casee of a skewed distribution of one of the parameters. Statistical analyses were 

performedd using SAS (version 8.02, SAS Institute Inc. Cary, NY, USA). 

RESULT S S 

Thee baseline characteristics of the 106 FH patients included in the study are 

summarisedd in table 1. Patients with FH had higher levels of fibrinogen and tPA ag 

andd patients with FH and CVD also increased PAI-1 activity compared to controls. 

Twentyy five (24%) patients experienced a cardiovascular event in the past. Patients 

withh CVD were older than patients without CVD and more obese. 

Thee mean far wall IM T was significant higher in the CVD patients. Interestingly, all 
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levelss of liver-produced coagulation factors were decreased in the patients with CVD. 

Thee changes were particularly striking for factor VI I and factor XI . This did not 

resultt in an apparent difference in F l +2 as marker of coagulation activation. 

Fibrinolyticc parameters were also different between symptomatic and asymptomatic 

individuals.. In particular PAI-1 activity was increased three-fold. 

Tablee 1. Baseline demographic and main laboratory parameters of FH patients with and without 

CVD. . 

Demographic c 

Agee (years) 

Malee Gender (%) 

Smokingg (" o) 

Hyperr tension (%) 

BMII  (kg/m2) 

CVDD (%) 

Coagulation n 

Fibrinogenn (g/1) 

FF II (%) 

FF VI I (%) 

FF M i l (%) 

FF XI f . ) 

vWF-ag(°») ) 

FF l+2(nmol / l) 

Fibrinolysis s 

D-dimerr (ug/1) 

t-PAA (ng/1) 

PAI-actt (IU/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

IM T T 

Meann IMT (mm) 

Al ll  FH patients 

(nn = 106) 

45.00  12.4 

555 (51.9) 

300 (28.9) 

77 (6.6) 

25.00  3.3 

255 (23.6) 

3.393.39  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

2177 (65 - 1119) 

7.000  3.46 

7.00(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344  0.36 

1.70(0.40-7.90) ) 

1.044 2 

FHH without C\TD 

(nn - 81) 

42.88  12.0 

388 (46.9) 

244 (30.0) 

33 (3.7) 

24.77  3.2 

--

3.411  0.76 

103.99  16.7 

107.99  19.8 

105.11  19.7 

107.99  17.7 

103.44  33.2 

0.844  0.34 

2122 (100 - 578) 

6.655  3.58 

5.00(1.0-66.0) ) 

10.400  1.96 

8.211  2.00 

1.366 6 

1.70(0.40-7.90) ) 

1.000  0.19 

FHH with CVD 

(nn = 25) 

52.22  11.1 

177 (68.0) 

66 (25.0) 

4(16.0) ) 

26.00  3.3 

255 (100) 

3.333  0.66 

91.77  32.8 

90.00  35.2 

101.55  12.5 

97.00  14.8 

103.44  31.8 

0.788  0.38 

270(65-- 1119) 

8.122  2.80 

15.0(1.0-61.0) ) 

10.499  2.84 

8.200 0 

1.244  0.83 

1.70(0.80-7.50) ) 

1.166  0.25 

p-value e 

0.008 8 

0.07 7 

0.6 6 

0.05 5 

0.07 7 

0.7 7 

0.09 9 

0.02 2 

0.3 3 

0.006 6 

0.7 7 

0.5 5 

0.2 2 

0.08 8 

0.01 1 

0.8 8 

1.0 0 

0.1 1 

0.2 2 

0.001 1 

Valuess are means  standard deviation or number (%). Triglycerides, D-dimer and PAI-act arc given as 
mediann (interquartile range) because of a skewed distnbution. BP, blood pressure; BMI, body mass index; 
CYD,, cardio vascular disease; F II , Factor II ; vWF-ag, von Willebrand Factor antigen; t-PA, tissue 
plasminogenn activator; PAI, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL C, high 
densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT, inrima 
mediaa thickness. 
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Tabicc 2 shows the demographic and laboratory parameters in the patients with the 

lowestt fertile and the highest fertile of baseline mean far wall IMT. Patients with an 

IMTT > 1.11 mm were older and more obese, experienced more often a cardiovascular 

eventt and had a higher plasma level of factor II , t-PA antigen, PAI-1 activity, total 

cholesteroll  and triglycerides than patients with an IMT <0.92 mm. 

Tablee 2. Baseline demographic and main laboratory parameters of FH patients and their relationship 

withh mean IM T measurements, as assessed in tertiles. 

Demographic c 

Agee (years) 

Malee Gender (%) 

Smokingg (%) 

Hypertensionn (%) 

BMII  (kg/m2) 

CVDD (%) 

Coagulation n 

Fibrinogenn (g/1) 

FF II (%) 

FF VI I (%) 

FF VII I (%) 

FF XI (%) 

vWF-agg (%) 

F l+2 (nmo l / l) ) 

Fibrinolysi s s 

D-dimerr (u.g/1) 

t-PAt-PA (ng/1) 

PAI-actt (IU/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDL- CC (mmol/1) 

HDL-CC (mmol/1) 

TGG (mmol/1) 

IM T T 

Meann IM T (mm) 

Al ll  FH patients 

(nn = 106) 

45.00  12.4 

555 (51.9) 

300 (28.9) 

77 (6.6) 

25.00  3.3 

255 (23.6) 

3.399  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

217(65-1119) ) 

7.00  3.46 

7.0(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344 6 

1.70(0.40-7.90) ) 

1.044 2 

IM TT < 0.92 mm 

(nn = 33) 

38.77  12.2 

166 (48.5) 

100 (30.3) 

22 (6.1) 

24.00  3.4 

55 (15.5) 

3.466  0.71 

90.00  22.3 

96.33  27.8 

104.77  17.7 

105.7105.7  17.4 

102.77  32.9 

0.799  0.42 

189(95-- 1119) 

5.33  2.4 

4.0(1.0-32.0) ) 

10.200  1.67 

8.088  1.73 

1.366  0.39 

1.30(0.6-4.7) ) 

0.833  0.09 

I M T >> 1.11 mm 

(nn = 34) 

50.77  12.5 

199 (55.8) 

111 (32.4) 

33 (8.8) 

25.88  3.0 

133 (38.2) 

3.466  0.74 

106.00  20.0 

105.66  24.6 

101.44  19.0 

106.66  17.5 

99.44  28.4 

0.877  0.35 

2533 (101 - 995) 

8.22  2.9 

13.0(1.0-61.0) ) 

11.277 12.11 

8.999  2.13 

1.266 3 

1.95(0.8-7.5) ) 

1.277 6 

p-value e 

0.0002 2 

0.6 6 

0.9 9 

1.00 0 

0.02 2 

0.03 3 

1.0 0 

0.003 3 

0.2 2 

0.5 5 

0.8 8 

0.7 7 

0.4 4 

0.09 9 

0.0001 1 

0.002 2 

0.02 2 

0.06 6 

0.3 3 

0.01 1 

Valuess are means  standard deviation or number (%). Triglycerides, D-dimer and PAI-act are given as 
mediann (interquartile range) because of a skewed distribution. BP, blood pressure; BMI, body mass index; 
CVD,, cardio vascular disease; F II , Factor II ; vWF-ag, von Willebrand Factor antigen; t-PA, tissue 
plasminogenn acnvator; PAI, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL-C, high 
densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT, intima-
mcdiaa thickness. 
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Afterr 6 months of treatment with simvastatin 80 mg (table 3), the total cholesterol, 

LD LL cholesterol and triglycerides decreased significantly with 40, 48 and 3 1% 

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

withh 12%. Factor II decreased with 3.2%, Factor YII I and vWF-ag increased with 

3.77 and 11% respectively, whereas Factor VI I and Factor XJ remained unchanged. 

Thee D-dimer, F l +2 and PAI-1 changed with 12.7, -9.3 and 43.7% respectively and 

noo change was found in t-PA. 

Afterr 24 months of treatment with 80 mg simvastatin the mean far wall was decreased 

significantlyy with 0.059 mm (5.1%). 

N oo association could be demonstrated between the changes in coagulation and 

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

forr atherosclerosis progression (data not shown). 

Tab l ee 3. Changes in main laboratory parameters after 6 mon ths and mean IM T after 24 mon ths of 

800 mg simvastatin therapy. 

Baselinee 6 m o n t hs 

(nn = 106) (n = 102) p-value 

Coagulat ion n 

Fibrinogenn (g/1) 

F I 1 ( %) ) 

i -v i i ( " ,» ) ) 

FF Y l l ! ( " „ ) 

F X l f ' n ) ) 

v\ \ 'F-agg ("«) 

FF l +2 (nmo l / l) 
F ibr ino lys is s 

D-dimerr (ug/1) 

t-PAA (ng/1) 

I'. VI-actt (I U/ml) 

Lipoprotein s s 

TCC (mmol/1) 

LDF-CC (mmol/1) 

HOL-CC (mmol/1) 
TC,, (mmol/1) 

I M T T 
Meann IM T (mm) 

3.399  0.74 

100.99  22.2 

103.55  25.4 

104.22  18.2 

105.22  17.6 

102.77  32.7 

0.822  0.35 

2 1 7 ( 6 5-- 1119) 

7.00  3.46 

7.0(1.0-61.0) ) 

10.422  1.99 

8.211  2.01 

1.344  0.36 

1.70(0.40-7.90) ) 

1.044 2 

3.755  1.00 

97.22  20.7 

100.66  25.8 

107.33  18.5 

106.77  18.4 

112.00 5 

11.744  0.30 

2411 (64-862) 

7.33  3.2 
9.0(1.0-- 68.0) 

6.188  1.24 

4.211  1.20 

1.4210.36 6 

1.00(0.30-8.70) ) 

0 . 9 8 1 0 . 18 8 

<0.0001 1 

0.007 7 

0.3 3 

0.004 4 

0.048 8 

0.007 7 

<().()(( 101 

0.0004 4 

0.2 2 

0.0008 8 

<< 0.0001 

<< 0.0001 

<0.0001 1 

<0.0001 1 

0.002 2 

Valuess are means  standard deviation or number (" i>). Triglycerides, D-dimer and PAl-act are given as 

mediann (interquartile range) because of a skewed distribution, HP, blood pressure; BMI , body mass index; 

CVD,, cardio vascular disease; F 11, Factor II ; v\XF-ag, von VC'illcbrand Factor antigen; t-PA, tissue 

plasminogenn activator; PA1, plasminogen activator inhibitor type 1; TC, total cholesterol; HDL-C, high 

densityy lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; IMT , intima-

mediaa thickness. 
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DISCUSSION N 

Severall  studies have assessed the effects of cholesterol-lowering agents on hemostatic 

parameters,, the present study, however, seeks to perform a comprehensive analysis 

off  the effects of high dose simvastatin therapy on a panel of parameters of coagulation 

andd fibrinolysis and provides the correlations with IMT . 

Thee baseline data indicate that the recruited FH patient cohort had very high LDL -

cholesteroll  levels, in which 24% of the patients had already experienced a 

cardiovascularr event. As in most FH studies, mean arterial wall IM T was increased in 

ourr FH patients at baseline and at least twice as thick as in controls.15'18 Mean IM T 

wass even more increased in CVD patients than in those without CVD. These grossly 

abnormall  IM T values must be the consequence of the very rapid progression of 

atheroscleroticc lesions in FH patients. Treatment with simvastatin 80 mg for two 

yearss resulted in a significant decrease in IMT. 

Wee realize that the changes in hemostatic parameters were evaluated after six months 

off  simvastatin treatment and IM T changes after 2 years. Changes in IM T cannot be 

expectedd in several months; Wendelhag et al calculated an increased progression rate 

off  0.009 mm/yr in adult FH patients compared to 0.005 mm/yr in controls,18 and 

wee showed a decrease of IM T in FH patients treated with 80 mg atorvastatin of only 

0.0311 m m /2 years.19 

Parameterss of Coagulation and Fibrinolysi s in FH patients 

Inn the present study, coagulation factors VI I and XI were lower in the FH patients 

withh CAD. The difference however is small in absolute terms and therefore probably 

nott clinically relevant. Patients in the highest IM T fertile group showed a significantly 

higherr factor II . This could support the hypothesis that (pro-)thrombin is not only 

essentiall  in thrombus formation but also acts as a growth factor for vascular smooth 

musclee cells.21 

Highh fibrinogen and PAI-1 levels are often found in patients with high cholesterol, 

speculatedd to reflect an increased risk for arterial thrombosis.1213'22 The FH patients 

inn our study confirmed these findings as they had elevated fibrinogen, t-PA antigen 

andd also high PAI-1 activity at baseline. 

Thee patients who experienced a cardiovascular event had a significandy higher PAI-

11 level than those who did not. This is in line with several large and prospective 

epidemiologicc studies reporting an increased risk of ischemic cardiovascular events 

125 5 



Chapterr 9 

withh increased PAI-1 levels.2325 Conversely, the high PAI-1 levels could also be 

attributedd to the older age or to the higher body mass in these patients. The elevated 

tPAA antigen level could be explained by the increased concentration of circulating 

complexess of tPA with its inhibitor PAI-1. The high tPA level is then caused by the 

highh plasma PAI-1 activity rather than by an increased fibrinolytic activity. 

Changess in coagulation parameters by statin therapy 

Afterr 6 months of high dose simvastatin therapy, the present study showed an increase 

(12%,, p<0.0001) of fibrinogen. The increase of fibrinogen, however, did not influence 

thee final IM T outcome after 2 years, as evidenced by the lack of correlation between 

thee fibrinogen and IM T changes. This is in accordance with the experimental results 

off  Dangas et al., who showed in an elegant study that the increase of fibrinogen by 

statinn treatment was not associated with thrombus formation upon an injured vascular 

surface.200 The results of several studies examining the influence of statins on 

fibrinogenn levels in hypercholesterolemic patients have been inconsistent, with some 

studiess showing a decrease, others no change, or even an increase of fibrinogen 

levels.266 3<) The variable effects of statins on fibrinogen may be the result of different 

actionss on fibrinogen-regulating cytokines, differences in study populations with 

geneticc variation at the fibrinogen locus, or of a different methods used to determine 

fibrinogen.31,322 An increase of fibrinogen may also be explained by metabolic changes 

inn hepatocyte function caused by HMG-CoA reductase inhibition, in particular at 

highh dose as we used in the present study.33 Therefore, we conclude that the increase 

off  fibrinogen by simvastatin is not related to clinical outcome, but just a 'side-effect' 

off  statin treatment. 

Simvastatinn treatment in the present study was accompanied by depression of 

thrombinn generation, as evidenced by a significant reduction in prothrombin fragment 

11 +2 (Fl+2). This finding is in line with several studies that also show that cholesterol 

reductionn by statins decreased the thrombin generation in hypercholesterolemia. For 

example,, Szczeklik et al.34 demonstrated that the generation of thrombin cleavage 

peptidess was inhibited by simvastatin. Aspirin had a similar effect, and there was no 

furtherr reduction in thrombin cleavage peptides upon addition of simvastatin to 

aspirin.. He suggested that the reduction in thrombin generation by simvastatin was 

secondaryy to an antiplatelet effect. Dangas et al. confirmed the findings of Szczeklik 

andd coworkers, insofar that pravastatin reduced thrombus generation in an ex vivo 

modell  where blood was passed through a perfusion system, and that this reduction 
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inn thrombosis was attenuated in patients on aspirin.26 These studies both suggest 

thatt statins exert their anti thrombotic effect largely as a result of antiplatelet activity. 

Sincee platelets of patients with elevated LDL cholesterol levels are more sensitive to 

aggregatingg agents than platelets from normocholesterolemic patients*4 and pravastatin 

iss known to decrease both LDL-cholesterol and platelet aggregability,,s it is likely 

thatt the effects seen on F l +2 are a reflection of the influence of LDL lowering on 

platelett aggregability and thereby on thrombin generation. 

Ann alternative explanation for the significant decrease in F l +2 may be the effect of 

HDLL on thrombin generation. Griffi n et al demonstrated that HDL enhances the 

anticoagulantt protein C pathway in vitro and speculated that HDL may help down-

regulatee thrombin generation in vivo.v' In our patients HDL increased significandy 

withh almost 8%, while the F l +2 levels decreased with 9%. 

Thee decrease of factor II by statin treatment could be seen as a beneficial effect with 

regardss to atherosclerosis progression, since thrombin acts as growth factor for 

vascularr smooth muscle cells.21 However, we could not demonstrate a positive 

correlationn of factor II with IM T change after two years of statin therapy in our 

patientt group. 

Thee changes in coagulation factor VII , factor VII I and factor XI , are small and 

therebyy probably not clinically relevant. They could also be induced by aforementioned 

changess in the activity of the hepatocyte. 

Changess in fibrinolyti c parameters by statin therapy 

Inn the present study simvastatin improved global fibrinolytic activity as determined 

byy D-dimer. The level of D-dimers, degradation products of cross-linked fibrin, is 

consideredd to reflect the overall activity of clot formation and clot lysis. Because D-

dimerr is not artificially generated in vitro during blood collection, its measurement 

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

coagulationn and fibrinolytic activities. 

Divergingg results exist regarding the effects of statins on the parameters of the 

fibrinolyti cc system. Most studies evaluated the fibrinolytic mechanism by measuring 

PAI-1.. Administration of statins to humans increased, decreased, or had no effect 

onn PAI-1 levels, independent of the dose or the statin used. In this respect, simvastatin 

administrationn has also produced contradictory results: with no change in PAI-1 in 

onee study3 and an increased effect on PAI-1 in another™ as in the present study. 

Recentlyy Bourcier et al.v; demonstrated that simvastatin reduced levels of PAI-1 
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antigenn released from smooth muscle cells and endothelial cells, while levels of cell 

derivedd tPA increased. Decreased PAI-1 antigen was correlated with reduced mRNA 

transcriptionn and activity of the PAI-1 promotor. Hypertriglyceridemia, linked to 

insulinn resistance is related to increased PAI-1 levels. Accordingly, reductions of 

plasmaa triglycerides by drugs like fibratcs and niacin results also in decreased PAI-1 

mRNAA expression and PAI-1 levels, Treatment of hypercholesterolemia with statins 

mayy not only reduce plasma PAI-1 levels through a direct action of statins on human 

vascularr smooth muscle cells and endothelial cells but also indirectly by reducing 

cholesteroll  and triglycerides.24 In the present study triglycerides decreased by 3 1% 

(p<0.0001),, PAI-1 activity however increased 44% (p-0.0008). We do not have an 

explanationn for this finding. 

Fibrinn D-dimer indicates intravascular turnover of fibrin by identifying a primary 

degradationn product of cross linked fibrin. Thus it is a direct marker of endogenous 

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

iss however not reflected in IM T changes after 2 years of therapy. 

Inn conclusion, in the present study hemostatic parameters were significantly affected 

byy simvastatin in patients with FH treated for 6 months, but these changes were not 

associatedd with changes in IM T 
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