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The aim of the study was to compare the effect of treatment with two dif-
ferent statins on plasma fibrinogen levels in patients with primary isolated
hypercholesterolemia.

Sixty three patients enrolled into the study were randomly divided into
two groups, treated with simvastatin (20 mg/d) or fluvastatin (40 mg/d),
respectively. Plasma lipid profile and fibrinogen levels were measured after
4 and 12 weeks of the therapy.

Both drugs decreased total and LDL cholesterol and apoprotein B levels.
Simvastatin additionally reduced triglyceride levels. After 4 weeks of treat-
ment both drugs tended to increase plasma fibrinogen levels, while after
12 weeks fibrinogen level was significantly increased in the simvastatin-
treated patients. The effect on fibrinogen did not correlate with their lipid-
lowering potential, gender and was similar in patients positive and negative
for anti-Helicobacter pylori or anti-Chlamydia pneumoniae antibodies.

Our results support the findings about a relatively weak effect of statin
therapy on plasma fibrinogen level and partially explain contradictory re-
sults of previous studies.
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Abbreviations: HDL – high density lipopro-
teins, HMG-CoA – 3-hydroxy-3-methylglutaryl-
coenzyme A, LDL – low density lipoproteins, PAI-1
– plasminogen activator inhibitor-1, tPA – tissue
plasminogen activator

INTRODUCTION

Both excessive coagulation and impaired fibri-
nolysis contribute to the development and progres-
sion of atherosclerosis and affect the incidence of
its complications [11]. Experimental studies and
many clinical trials have recently shown that
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase inhibitors, statins, produce favor-
able effects on hemostatic parameters, including
those being risk factors for cardiovascular diseases
[11, 12]. Statins inhibit coagulation at its different
stages, decreasing tissue factor, conversion of
prothrombin to thrombin, and thrombin activity.
Moreover, via affecting the levels and activities of
tissue plasminogen activator (tPA) and plasmino-
gen activator inhibitor-1 (PAI-1), they appear to
stimulate fibrinolysis [11, 12].

Although fibrinogen level was the most often
measured hemostatic parameter in patients treated
with statins, the effect of HMG-CoA reductase in-
hibitors on this parameter is still the matter of de-
bates [12]. The inter-study differences are usually
attributed to different inclusion criteria in clinical
trials, various methods of measuring plasma fi-
brinogen or season-related fluctuations in its levels
[12, 17]. In the present study, we tried to solve this
problem.

MATERIALS and METHODS

Subjects

The patients were eligible for the study if they
met the following criteria: (1) primary isolated
hypercholesterolemia (total plasma cholesterol
> 200 mg/dl, LDL cholesterol > 135 mg/dl, trigly-
cerides < 200 mg/dl); (2) ineffective dietary treat-
ment for at least 3 months; (3) thickness of the intima-
media of the common carotid artery � 0.7 mm; (4)
for women at least 24 months since the last men-
struation, hysterectomy or ovarectomy, or using
mechanical contraception.

Exclusion criteria were: (1) age < 35 or > 65
years; (2) other types of primary dyslipidemias; (3)

secondary dyslipidemia in patients with diabetes
mellitus, autoimmune disorders, thyroid diseases,
chronic pancreatitis, nephrotic syndrome, liver and
biliary tract diseases, obesity (BMI > 32 kg/m$) or
alcoholism; (4) severe congestive heart failure
(NYHA III or IV); (5) unstable coronary artery dis-
ease, myocardial infarction, coronary revasculari-
zation within the preceding 6 months; (6) hemody-
namically important valve failure; (7) disturbances
of the cardiac rhythm or conductibility; (8) moder-
ate or severe arterial hypertension (WHO/ISH
grade 2 or 3); (9) stroke or transient cerebral
ischemic attacks within the preceding 6 months;
(10) endoscopically-proven gastric or duodenal ul-
cers within 6 month prior to the study; (11) malab-
sorption syndromes and surgical procedures, which
may disturb drug absorption; (12) other gastroin-
testinal diseases that may affect the pharmacokinet-
ics or pharmacodynamics of the studied drugs; (13)
impaired renal or hepatic function; (14) inflamma-
tory processes within 3 months preceding the study;
(15) malignancy or history of malignancy; (16) all
other unstable medical conditions that may inter-
fere with the evaluation; (17) taking other lipid-
lowering drugs within 3 months before the start of
treatment; (18) taking other drugs known to affect
cholesterol and/or triglyceride levels including
thiazides and non-selective �-blockers or undergo-
ing anticoagulant, antiplatelet or profibrinolytic
treatments within 3 months before the start of the
treatment; (19) taking drugs which may affect in-
flammatory reaction in the vascular wall (including
angiotensin converting enzyme inhibitors, calcium
antagonists, non-steroidal anti-inflammatory drugs)
during 3 months before the start of the study; (20)
using drugs which in combination with statins may
produce rhabdomyolysis (e.g. macrolides, cyclo-
sporine); (21) undergoing hormonal replacement
therapy or oral contraception; (22) known hyper-
sensitivity or intolerance to HMG-CoA reductase
inhibitors; (23) alcohol abuse, taking psychotropic
or stimulating drugs within 2 years; (24) participat-
ing in other clinical trials within 30 days prior to
the start of the study; (25) pregnancy or lactation;
and (26) poor patient compliance.

Study design

Among over 500 patients admitted to our clinic,
only 63 fulfilled entry criteria. The study complied
with the principles of the Declaration of Helsinki
and its protocol was approved by the Bioethical
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Committee of the Silesian University School of
Medicine. All patients gave their written consent
for the investigation after detailed explanation of
possible adverse effects of the treatment. All en-
rolled patients were instructed and followed the
American Heart Association step I diet for at least
6 weeks to stabilize the serum lipoprotein pattern.
Then they were divided into 2 groups: 30 patients
(9 women and 21 men) were given simvastatin
(Zocor, Merck Sharp & Dohme, Switzerland) and
33 patients (12 women and 21 men) were treated
with fluvastatin (Lescol, Novartis, Switzerland) ac-
cording to a computer-generated randomization
procedure. Both simvastatin (20 mg/d) and fluvas-
tatin (40 mg/d) were administered once daily at
bedtime for 12 weeks. No changes in the therapy
were made during the study. Because lipid-
lowering therapy is of proven value, the addition of
a placebo group to the study was considered un-
ethical. Therefore, our control group included
59 (21 women and 38 men) matched subjects with
normal lipidogram.

The investigation of possible statin-induced
side-effects was performed every two weeks. It in-
cluded taking history, detailed clinical examination,
hematology screen (total and differential blood cell

count, sedimentation rate), biochemistry screen (al-
anine and aspartate aminotransferases, alkaline
phosphatase, �-glutamyltransferase, bilirubin, cre-
atinine, electrolytes, total protein, creatine kinase),
urine analysis and 12-lead ECG. Moreover, at the
beginning and at the end of the treatment glycated
hemoglobin and microalbuminuria were deter-
mined. Elevation of aminotransferases by more
than 3 times the upper limit of normal range or cre-
atine kinase levels by more than 10 times the upper
limit of normal were considered an indication for
withdrawal from the study. Compliance was as-
sessed during each visit by tablet counts.

Laboratory assays

Lipid profile and fibrinogen level were deter-
mined before and after 4 and 12 weeks of treat-
ment. After an overnight fast, blood samples were
drawn in a quiet temperature controlled room
(24–25°C) between 8.00 and 9.00 a.m. to avoid
possible circadian fluctuations in plasma fibrino-
gen levels. All the tests were performed according
to the manufacturers’ instruction by the same per-
son who was unaware of the clinical protocol,
within 48 h after sample collection.
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Serum lipids (total cholesterol, LDL choles-
terol, HDL cholesterol, triglycerides and apopro-
tein B) were determined by a colorimetric method
using commercial kits (bioMerieux, France). Fi-
brinogen levels were measured according to the
Clauss method with the use of reagents supplied by
Diagnostica Stago (France). Anti-Helicobacter py-
lori and anti-Chlamydia pneumoniae antibodies
were detected with commercially available ELISA
kits (Labsystems, Finland).

Statistical analysis

All values are expressed as the means ± SD.
Comparisons between the groups were performed
using the Mann-Whitney U-test. The differences
between baseline and post-treatment values in each
group were analyzed with the Wilcoxon test. The
p value of less than 0.05 was considered statisti-
cally significant. Correlation analysis was per-
formed with the Spearman test. All statistical pro-
cedures were performed using the GraphPad Prism
2.01 software (GPA-26576-117).

RESULTS

Main baseline characteristics of the included
patients are summarized in Table 1. Both groups
were comparable in respect to demographics, medi-

cal background, clinical characteristics and safety
measurements. There were also no significant dif-
ferences in the age and sex distribution between pa-
tients and healthy subjects. Compared to the con-
trol group both treatment groups had higher total
and LDL cholesterol and apoprotein B levels. No
differences between both treatment groups and
control group were found in HDL cholesterol and
triglycerides.

Adverse effects

No significant adverse effects were recorded
and all patients completed the study. All laboratory
safety measurements remained within normal lim-
its.

Lipid profile (Fig. 1)

After 4 and 12 weeks of the therapy, simvasta-
tin reduced total cholesterol, respectively, by
26.9% (p < 0.001) and by 30.0% (p < 0.001), LDL
cholesterol by 33.3% (p < 0.001) and by 35.4%
(p < 0.001), and apoprotein B by 16.6% (p < 0.001)
and by 24.0% (p < 0.001). Triglycerides tended to
decrease (by 20.9%) after 4 weeks of treatment and
decreased significantly by 27.7% (p < 0.05) after
12 weeks of treatment. HDL cholesterol level re-
mained unaltered throughout the study.
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Fig. 1. Effect of simvastatin and fluvastatin on lipid profile in patients with primary isolated hypercholesterolemia. * p < 0.05,
� p < 0.001 vs. control group



After 4 and 12 weeks of treatment, fluvastatin
decreased total cholesterol, respectively, by 21.7%
(p < 0.001) and by 19.1% (p < 0.001), LDL choles-
terol by 26.1% (p < 0.001) and by 24.3% (p < 0.001),
and apoprotein B by 17.1% (p < 0.001) and by
21.2% (p < 0.001). Fluvastatin did not produce any
significant effect on plasma HDL cholesterol and
triglyceride levels.

Fibrinogen (Fig. 2)

In the control group, fibrinogen level remained
unaltered throughout the study. Four-week treat-
ment with simvastatin tended to increase fibrino-
gen level (by 5.8%), while 12-week therapy with
this drug produced an increase by 20.0% (p < 0.05).
Fluvastatin only insignificantly increased fibrino-
gen levels after both 4 and 12 weeks of therapy (by
6.7% and by 6.5%, respectively).

Correlations

No correlation between the effects of statins on
plasma lipids and plasma fibrinogen was observed.
The effect of both drugs on fibrinogen was similar
in men and women and in patients positive and
negative for anti-Helicobacter pylori and anti-Chla-
mydia pneumoniae antibodies.

DISCUSSION

Fibrinogen is an acute phase protein, and its
level increases in many acute diseases such as
myocardial infarction, infection and trauma. Some

other disorders (hypertension, diabetes mellitus),
aging, smoking, obesity and oral contraception also
increase plasma fibrinogen levels. On the other
hand, fibrinogen levels are decreased in vegetari-
ans, after alcohol consumption and physical exer-
cise, and after treatment with fibrates, �-adrenoly-
tics, ticlopidine, stanozolol, pentoxifylline, defi-
brotide and some antiinflammatory drugs [7, 8, 13,
20]. To exclude the hypothesis that these factors
change the effect of statins on plasma fibrinogen
levels, patients suffering from severe or acute dis-
eases and taking drugs with established or sup-
posed effect on plasma fibrinogen (including hor-
monal replacement therapy and oral contraception)
were not enrolled in the study. Although this mark-
edly reduced the number of participants (from
above 500 to 63), made our group of patients more
homogenous.

In our study, hypercholesterolemic patients had
similar baseline values of fibrinogen compared to
the healthy subjects. Different methods of measur-
ing plasma fibrinogen levels are supposed to con-
tribute to various effects of HMG-CoA reductase in-
hibitors in different studies [12, 17]. To minimize
the impact of applied methology on the obtained re-
sults, we assessed fibrinogen by the Clauss method,
which is recommended for fibrinogen measure-
ment [5, 17]. In spite of precisely defined criteria of
patients’ inclusion in the study and using the
method regarded as the best one, neither simvasta-
tin nor fluvastatin produced any beneficial effect on
plasma fibrinogen. What is more, in the case of
simvastatin we have found a 20% increase in its
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plasma levels after 12 weeks of therapy. In our pre-
vious study, fenofibrate and ciprofibrate adminis-
tered for the same period of time decreased fibrino-
gen level [15]. These results support the previous
findings that fibrates produce more beneficial ef-
fect on fibrinogen than statins do [7]. Because fi-
brinogen is one of the risk factors of cardiovascular
diseases [17, 20], simvastatin-induced increase in
plasma fibrinogen may potentially be unfavorable.

To answer the question whether the effect of
HMG-CoA reductase inhibitors on plasma fibrino-
gen is similar for all drugs or differs from statin to
statin, we used two commonly prescribed drugs,
which markedly differ from each other in their
pharmakinetic properties [3]. In our study, simvas-
tatin and fluvastatin produced different effects on
plasma fibrinogen levels at the end of the study.
Differences between statins in affecting fibrinogen
levels were also found in three other studies, which
compared pravastatin and simvastatin [19], or ator-
vastatin and simvastatin [10, 21]. Taking into con-
sideration the results of all these studies, it seems
probable that the effects of HMG-CoA reductase
inhibitors on plasma fibrinogen do not seem to re-
sult from their class effect. Moreover, they also
suggest that study-dependent differences between
various drugs [12, 17] in affecting fibrinogen levels
may partially be associated with the type of a drug
used in a particular study. Because only few studies
compared the effects of various statins on other he-
mostatic variables [4, 9, 16], further studies are re-
quired to support possible clinical significance of
these differences.

To the best of our knowledge only three studies
compared the effect of HMG-CoA reductase inhibi-
tors on hemostasis in men and women [1, 6, 21]. In
the present study, the action of simvastatin and flu-
vastatin on fibrinogen was gender-independent.
These results are in agreement with retrospective
analysis by Dangas et al. [6], who found no differ-
ences between men and women after 6-month ther-
apy with pravastatin. Also two other studies did not
show gender-related differences in the effects of lo-
vastatin [1], simvastatin [21] and atorvastatin [21]
on plasma fibrinogen. In all these studies, a total of
5 various statins (i.e. almost all available on the
market) were examined, what strongly argues that
the effect of statins on fibrinogen is not gender-
related.

Still another explanation of the study-dependent
effects of statins on plasma fibrinogen levels are

differences in the duration of treatment. To verify
the correctness of this hypothesis we measured
plasma fibrinogen levels twice after 4 and 12 weeks
of treatment. In the case of simvastatin, we have
found that its effect on fibrinogen is stronger at the
end of the study than after 4 weeks. However, no
time course effect was observed for fluvastatin.
Our results suggest that the duration of treatment
may be of importance to reveal the effect of some
statins on fibrinogen. This may also explain why
even the same drug produced various effects in dif-
ferent studies.

In recent years, many effects of statins have
been attributed to the inhibition of protein prenyla-
tion [2]. Unfortunately, although many studies have
shown that the effect HMG-CoA reductase inhibi-
tors on coagulation (tissue factor, thrombin genera-
tion) and fibrinolysis (tPA, PAI-1) is independent
of their lipid lowering action, very few data are
available for fibrinogen [12]. In accordance with
expectations, we have found that simvastatin and
fluvastatin strongly reduced total and LDL choles-
terol and apoprotein B levels. Simvastatin but not
fluvastatin decreased also triglyceride levels. No
drug produced any significant effect on HDL cho-
lesterol. However, we did not find any correlation
between the effects of simvastatin and fluvastatin
on lipid profile and on fibrinogen levels, what indi-
rectly indicates that non-sterol mevalonate deriva-
tives are responsible for this effect of statin therapy.
However, further studies are needed to fully ex-
plain this finding.

In European countries, a significant proportion
of population is infected with Helicobacter pylori
and Chlamydia pneumoniae [14, 18]. Both these
pathogens are supposed to be involved in the patho-
genesis of coronary artery disease [14] and may al-
ter plasma fibrinogen levels [7, 18]. In the present
study, we have not found any differences in the ef-
fects of simvastatin and fluvastatin on fibrinogen
level between patients positive and negative for
anti-Helicobacter pylori or anti-Chlamydia pneu-
moniae antibodies. Thus, our results suggest that
the infections with both these pathogens do not
modulate the action of statins on this hemostatic
parameter.

To sum up, the results of the present study sug-
gest that the effects of HMG-CoA reductase inhibi-
tors on plasma fibrinogen levels differ from statin
to statin, are not related to sex, chronic infections
and to the changes in lipid profile but may be

786 �
� � �������
�� ����� ��� �������

B. Okopieñ, R. Krysiak, A. Madej, D. Belowski, M. Zieliñski, Z.S. Herman



time-dependent. They partially explain differences
in the statin action on fibrinogen in individual stud-
ies and support the previous findings that the abil-
ity to affect fibrinogen plays a relatively small role
in the pleiotropic effects of HMG-CoA reductase
inhibitors.
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