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AIMS
Variability in responsiveness to clopidogrel is a clinical problem in secondary
prevention after cerebral ischaemia which has been suggested to be linked to
competitive metabolization of clopidogrel and cytochrome P450 (CYP) 3A4-oxidated
statins such as simvastatin. We assessed the hypothesis that simvastatin, in contrast
to CYP 2C9-metabolized fluvastatin, reduces clopidogrel-mediated platelet inhibition.

METHODS
We performed a randomized, double-blind, double-dummy, two period crossover
study in 13 patients with cerebral ischaemia (8F, 5 M), aged 64.1 ± 8.0 years
(mean ± SD). After a 14 day period in which all patients received 75 mg
clopidogrel day−1, patients additionally received either 20 mg simvastatin day−1 or
80 mg fluvastatin day−1 for 14 days. Regimens were crossed over after a 14 day
wash-out period and switched regimens were continued for another 14 days. Platelet
aggregation, clopidogrel active metabolite (CAM) plasma concentrations and routine
laboratory parameters including prothrombin time (PT) Quick percent value were
assessed at baseline and following each treatment phase.

RESULTS
Clopidogrel reduced platelet aggregation in all patients as expected. Platelet
aggregation and CAM plasma concentrations were unaltered when simvastatin or
fluvastatin was added to clopidogrel. Simvastatin decreased PT Quick percent value
(decrease from 109 ± 10.5% to 103 ± 11%, P < 0.05) when combined with clopidogrel
but there was no such change following treatment with fluvastatin and clopidogrel.

CONCLUSIONS
Our data indicate that treatment with CYP 3A4-metabolized simvastatin does not
jeopardize clopidogrel-mediated inhibition of platelet aggregation. After
co-administration of simvastatin and clopidogrel we observed a decrease in the PT
Quick percent value which could be due to simvastatin-induced reduction of activity
of prothrombin fragment 1 + 2.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Ex vivo studies demonstrated that both clopidogrel and

simvastin are competitively metabolized by cytochrome
P450 (CYP) 3A4 suggesting that variability in
responsiveness to clopidogrel can be caused by
co-treatment with CYP3A4 metabolized statins.

• Non-randomized clinical studies and post hoc analyses of
CYP3A4-based statin–clopidogrel interactions showed
conflicting results due to heterogeneous study designs.

• To date, the existence of clinically relevant CYP3A4-based
in vivo interaction remains unclear.

WHAT THIS STUDY ADDS
• This is the first double-blind randomized crossover study

demonstrating that CYP3A4 metabolized simvastatin does
not alter clopidogrel mediated platelet inhibition in vivo.

• This study may form the basis for follow-up randomized
controlled trials to investigate whether there are relevant
interactions between clopidogrel and other CYP3A4
metabolized statins.

• In this study, we observed decrease in PT Quick percent
value when simvastatin but not fluvastatin was added to
treatment with clopidogrel, possibly due to simvastatin
mediated attenuation of activity of prothrombin fragment
1 + 2 and plasminogen activator inhibitor-1. However the
clinical relevance of this finding remains unclear.
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Introduction

Platelet aggregation inhibitors such as clopidogrel and
HMG-CoA reductase inhibitors (statins) are considered
gold standard for secondary prevention after ischaemic
stroke [1, 2]. However, inter-individual differences in
responsiveness to clopidogrel can jeopardize the success
of this preventive treatment and are considered a clinical
problem of emerging relevance [3]. Among numerous
mechanisms that have been speculated to play a role
in this phenomenon, clopidogrel–statin interactions
are extensively discussed. In particular, competitive
metabolization of statins, such as simvastatin and
clopidogrel, by hepatic cytochrome P450 (CYP) 3A4 has
been identified as a possible pharmacokinetic mechanism
of interaction [4]. Clopidogrel is a prodrug which is
predominantly converted into the active thiol form,
clopidogrel active metabolite (CAM), through oxidation by
CYP3A4. CAM forms a disulfide bond on the platelet P2Y12
receptor and thus abolishes the ability of platelets to bind
adenosine 5′-diphosphate (ADP). In consequence, the
affected platelet is not able to undergo the necessary
changes in conformation to bind fibrinogen and thus
induce aggregation with other platelets. The CYP3A4
mediated conversion of clopidogrel into its active metabo-
lite is therefore a prerequisite to the unfolding of the plate-
let inhibiting effect of clopidogrel. Similarly to clopidogrel,
some statins (such as simvastatin) are also metabolized by
CYP3A4, whereas other statins (such as fluvastatin) are pre-
dominantly metabolized by CYP2C9 [5]. A decrease in
CYP3A4 mediated biotransformation of clopidogrel into its
active metabolite through simultaneous administration of
CYP3A4-metabolized statins has therefore been previously
suggested to reduce the platelet aggregation inhibitory
effect of clopidogrel [6]. However, clinical studies on
clopidogrel–statin interactions showed conflicting results

which may be due to heterogeneous study designs [4]. In
this double-blind randomized crossover study we aimed
to investigate the hypothesis that combined administra-
tion of clopidogrel with simvastatin but not fluvastatin
attenuates clopidogrel active metabolite induced platelet
inhibition.

Methods

Subjects and ethics
Approval from the Dresden University of Technology
Institutional Review Board was obtained and full written
informed consent was given by each subject. The study
was registered in the World Health Organization Clinical
Trials Registry Platform (Study ID EudraCT: 2006-000754-
40). Fifteen patients (seven males, eight females) aged
61.7 ± 9.8 years (mean ± SD) with transitory ischaemic
attack (TIA) or first acute ischaemic stroke were screened
at the Carl Gustav University Hospital Stroke Center. Two
of these patients were excluded due to complications
in the clinical course 1) necessity of operative cranial
decompression following progressive oedema due to cer-
ebellar ischaemic stroke and 2) intracerebral bleeding
prior to the beginning of the study. Thirteen patients (five
males, eight females) aged 64.1 ± 8.0 years were then
included in the study (Table 1) Exclusion criteria were
neurological deficits which equalled a National Institutes
of Health Stroke Scale (NIHSS) score of more than 4
points, pre-treatment with acetylsalicylic acid, oral antico-
agulants or lipid-lowering agents within 6 weeks prior to
the beginning of the study, or preceding thrombolysis
for acute stroke. Furthermore we excluded patients
with dementia, malignant systemic disease, known liver
damage, persistent elevation of liver enzymes, previous
or current abuse of drugs, medications or alcohol,

Table 1
Demographic table with basic characteristics

Patient Gender Group Age (years) p2y12 34C > T p2y12 52G > T Diagnosis

1 M S-F 59 mut/wt wt/wt Ischaemic infarction in the posterior cerebral artery territory
2 M S-F 58 mut/wt wt/wt Ischaemic infarction in the middle cerebral artery territory

3 F S-F 70 mut/wt mut/wt Ischaemic infarction in the middle cerebral artery territory
4 M S-F 51 mut/wt wt/wt Ischaemic infarction in the middle cerebral artery territory

5 F S-F 66 wt/wt wt/wt Ischaemic infarction in the middle cerebral artery territory
6 F S-F 65 mut/mut wt/wt Ischaemic brain stem infarction

7 F F-S 60 wt/wt wt/wt Transitory ischaemic attack
8 F F-S 77 mut/wt wt/wt Ischaemic infarction in the posterior cerebral artery territory

9 F F-S 63 wt/wt wt/wt Ischaemic infarction in the middle cerebral artery territory
10 M F-S 54 mut/wt wt/wt Ischaemic infarction in the middle cerebral artery territory

11 M F-S 65 mut/wt wt/wt Ischaemic infarction in the middle cerebral artery territory
12 F F-S 67 mut/mut wt/wt Ischaemic infarction in the middle cerebral artery territory

13 F F-S 78 mut/wt wt/wt Ischaemic brain stem infarction

F, female; F-S, fluvastatin-simvastatin; M, male; mut, mutated; S-F, simvastatin-fluvastatin; wt, wild type.
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pregnancy or lactation. No female patients on hormonal
replacement therapy were included.

Testing protocol
Included patients (n = 13) were randomly assigned to two
arms of a double-blind crossover study. In the first phase
of this study patients of both study arms orally received
75 mg clopidogrel day−1 for a period of 14 days (run-in
phase, Figure 1). Following the run-in phase, patients of
one study arm (n = 6, three males and three females)
orally received 20 mg simvastatin day−1 in addition to
75 mg clopidogrel day−1 for 14 days (active phase 1).
During this period, patients of the other study arm
(n = 7, two males and five females) received 80 mg
fluvastatin day−1 in addition to clopidiogrel. The treat-
ment regimens were crossed over after a 14 day

wash-out period during which all patients received 75 mg
clopidogrel day−1 alone (wash-out phase). Switched regi-
mens were then continued for another 13 days (active
phase 2). In each patient platelet aggregation assessment
and laboratory tests were performed at the beginning
of the study (baseline, day 1) as well as before each
regimen change (days 15, 29 and 43) and following com-
pletion of the study (day 57). Research physicians and
patients were blinded for the number-coded study medi-
cation using a double-dummy design where both treat-
ment arms received placebo during active phases 1 and 2
in addition to clopidogrel and simvastatin, or clopidogrel
and fluvastatin respectively. In the clopidogrel and
simvastatin phases, patients received additional placebo
looking and tasting identical to fluvastatin whereas in the
clopidogel and fluvastatin phases, additional placebo

15 patients recruited

Randomization

Study arm 1
(n = 8)

Day 1-
evaluation

75mg clopidogrel day–1 75mg clopidogrel day–1

Day 15-
evaluation

Day 29-
evaluation

Day 43-
evaluation

Day 57-
evaluation

Study arm 1
(n = 7)

Run-in
(13 days)

75mg clopidogrel day–1 75mg clopidogrel day–1Wash-out
(13 days)

75mg clopidogrel day–1

20mg simvastatin day–1

Placebo

75mg clopidogrel day–1

80mg fluvastatin day–1

Placebo

Active phase 1
(13 days)

75mg clopidogrel day–1

80mg Fluvastatin day–1

Placebo

75mg clopidogrel day–1

20mg simvastatin day–1

Placebo

Active phase 2
(13 days)

Figure 1
The flow chart illustrates each phase of this randomized, double-blind, double-dummy, two period crossover-study. The yellow circles indicate the time
points of evaluation
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looked and tasted identical to simvastatin. Safety was
assessed by interviews and physical examinations and
additional laboratory testing at each visit. Compliance
was assessed through interviews and validation of the
returned empty study medication containers at each
visit before handing out the medication for each phase of
the study.

Blood sampling
Blood samples were obtained on days 1, 15, 29 and 57.
Blood samples were anticoagulated with one tenth
volume 0.109 mol l−1 buffered trisodium citrate in
vacutainer plastic tubes. All tests were performed within
2 h after blood sampling.

Platelet aggregation assessment
Platelet aggregation was the primary outcome parameter
in this study. Platelet-rich plasma (PRP, 250 GPt l−1) was
obtained by centrifuging trisodium citrate buffered blood
samples for 10 min. Following removal of PRP, platelet-
poor plasma (PPP) was further centrifuged for 3 min.
Aggregation assessment was performed by using an
APACT-4 aggregometer (LABiTec, Ahrensburg, Germany)
in 250 μl minicuvettes stirred at 1000 rev min–1 at 37°C.
The 100% transmission value was determined using
platelet-poor plasma. The 0% transmission baseline was
established with PRP (adjusted from 200 × 103 μl−1 up to
300 × 103 μl−1). Adenosine diphosphate (ADP, 4 μmol l−1)
was used as agonist. After 10 min, the maximal percent-
age of aggregation was recorded [7]. In order to compare
platelet aggregation assessment with an alternative
established technique, platelet aggregation was addition-
ally assessed using the PFA-100® device (Siemens,
Eschborn, Germany) as a secondary outcome parameter.
This device was used to induce a high-shear environment
in which the ability of platelets to occlude an aperture in
a membrane was measured. Therefore, trisodium citrate
buffered blood was aspirated with controlled flow inten-
sity through the aperture in a membrane which was lami-
nated with collagen/ADP. The device measured the
duration from the beginning of aspiration to occlusion
of the aperture through platelet adhesion and aggrega-
tion (clotting time, s). The reference range was 67 to
120 s [8].

Clopidogrel active metabolite assessment
Serum concentrations of CAM were measured to assess
quantitatively the effects of simvastatin or fluvastatin
co-administration on the CYP-3A4-related biotrans-
formation of clopidogrel as a secondary outcome param-
eter in this study. Quantification of CAM plasma concen-
trations was performed using liquid chromatography-
tandem mass spectrometry as previously described [9,
10]. Briefly, CAM requires stabilization in biological

samples due to its thiol group. Therefore an alkylating
reagent (2-bromo-3′-methoxyacetophenone) was used to
stabilize CAM in blood while an analogue of the
derivatived CAM was used as the internal standard (IS).
The CAM derivative and IS were then separated on a C18
high-performance liquid chromatography (ODS) column
and quantified by tandem mass spectrometry with
electrospray ionization.

P2Y12 genotype assessment
The occurrence of the polymorphisms 34C>T and
52G>T of the platelet P2Y12 receptor were assessed as a
secondary outcome to investigate whether results of
platelet aggregation measures following clopidogrel
application might be biased by genetic inter-individual
differences [11]. Whole blood samples were used to
isolate genomic DNA following standard procedures. The
polymorphisms 34C>T and 52G>T of the P2Y12 gene
were determined using a primer-introduced restriction
analysis-polymerase chain reaction assay (PIRA-PCR
assay) as previously described [12]. As the restriction
enzyme for 34C>T, MboI was used, whereas SmaI enzyme
was used for 52G>T.

Additional laboratory testing
On days 15, 29, 43 and 57 serum concentrations of choles-
terol, low density lipoprotein-C (LDL-C), high density
lipoprotein-C (HDL-C), triglycerides, C-reactive protein
(CRP), creatinine and bilirubin as well as haemogram were
assessed. Prothrombin time (PT) was measured on the
same evaluation days and the PT Quick percent value was
calculated. Also, serum concentrations of liver enzymes
alanine transaminase (ALAT), aspartate transaminase
(ASAT) and γ-glutamyl transpeptidase (γ-GT) were meas-
ured to detect any hepatotoxic adverse events on the
same days.

Statistical analysis
All statistical tests were performed using SPSS (IBM, New
York, NY, USA).

Data are presented as mean ± standard deviation (SD).
In addition, 95% confidence intervals are given for signifi-
cant differences in primary outcome parameters. Figures
are presented as mean ± standard error of the mean (SEM).
Statistical analyses were performed in the intention-to-
treat population (n = 13). A linear model with three corre-
lated factors (study arm, study phase and medication) was
applied to compare the changes in the primary outcome
measure platelet aggregation before and after treatment
with simvastatin or fluvastatin and to determine the rela-
tive importance of carry-over and order effects on the
effect size. Paired t-tests were used to compare changes in
secondary outcome measures.
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Results

Platelet aggegration assessment
As expected, ADP-induced platelet aggregation was
decreased in all patients following clopidogrel administra-
tion (72.6 ± 69.2% at baseline vs. 24.5 ± 14.2% after run-in
phase, P < 0.05, 95% confidence interval for the difference
0.3, 100.1). When simvastatin or fluvastatin was added to
treatment with clopidogrel, ADP-induced platelet aggre-
gation was found unaltered (Figure 2). There was no differ-
ence in clotting time as measured by PFA-100® following
co-treatment with simvastatin or fluvastatin (104.8 ± 21.9 s
pre-simvastatin vs. 102.5 ± 28.4 s post-simvastatin, P = NS
and 131 ± 77.1 s pre-fluvastatin vs. 117.0 ± 59.0 s post-
fluvastatin, P = NS).

Clopidogrel active metabolite
Plasma concentrations of CAM were unaltered when
simvastatin or fluvastatin was added to treatment
with clopidogrel. (0.56 ± 0.73 ng ml−1 pre-simvastatin vs.
0.36 ± 0.43 ng ml−1 post-simvastatin, P = NS and
0.52 ± 0.84 ng ml−1 pre-fluvastatin vs. 0.36 ± 0.57 ng ml−1

post-fluvastatin, P = NS).

Additional laboratory testing
Cholesterol serum concentrations were decreased (as
expected) in all patients following active phases of
simvastatin or fluvastatin application compared with base-
line: 5.8 ± 1.2 mmol l−1 at baseline vs. 4.1 ± 0.65 mmol l−1

post-active phase 1, P < 0.05 and vs. 4.21 ± 0.74 mmol l−1

post-active phase 2 P = 0.01) whereas there was no
such change following the clopidogrel run-in phase
(5.69 ± 0.97 mmol l−1, P = NS compared with baseline) and

following the wash-out phase (5.94 ± 1 mmol l−1, P = NS
compared with baseline). Also LDL-C concentrations were
decreased following simvastatin or fluvastatin application
compared with baseline (4.09 ± 0.28 mmol l−1 baseline vs.
2.38 ± 0.53 mmol l−1 post-active phase 1, P < 0.001; and
vs. post-active phase 2.42 ± 0.5 mmol l−1) whereas LDL-C
was unchanged following the run-in phase (3.84 ±
0.86 mmol l−1, P = NS compared with baseline) and follow-
ing the wash-out phase (4.02 ± 0.87 mmol l−1, P = NS
compared with baseline). Haemogram and serum concen-
tration of CRP, cholesterol, LDL-C, HDL-C, triglycerides,
creatinine and bilirubin were unaltered when simvastatin
or fluvastatin was added to treatment with clopidogrel
(data not shown). Simvastatin decreased PT Quick percent
value when combined with clopidogrel but there was no
such change noted following treatment with fluvastatin
and clopidogrel (Figure 3). Liver enzymes (ALAT, ASAT
and γ-GT) were neither significantly influenced by co-
treatment with simvastatin nor fluvastatin (data not
shown).

DNA analysis
In our study population genotype frequencies for
mutated, heterozygous and wildtype alleles for the 34C>T
and 52 > G P2Y12 polymorphisms were 15.4% (n = 2),
61.5% (n = 8) and 23.1% (n = 3) and for the 52 > G P2Y12
polymorphism 0% (n = 0), 7.7% (n = 1) and 62.3 % (n = 12),
respectively.

Compliance and adverse events
We did not note any malcompliance. Adverse events
of mild to moderate severity were noted in both study
arms. In study arm 1 (simvastatin-fluvastatin), one patient
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Figure 2
The bar graphs illustrate that aggregation induced by ADP (4 μmol l−1)
was unchanged before (blue bars) and after (red bars) administration of
simvastatin or fluvastatin in addition to clopidogrel. , pre-application;
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Figure 3
As shown by these bar graphs, PT Quick percent value was decreased
post-simvastatin application compared with pre-simvastatin application
(left bars) but was unchanged when fluvastatin was added to treatment
with clopidogrel (right bars). , pre-application; , post-application
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developed generalized pruritus. In study arm 2
(fluvastatin-simvastatin), one patient reported nose bleed-
ing and one patient reported feeling of abdominal full-
ness. Another patient in study arm 2 reported general
malaise following change of anti-hypertensive medica-
tion. All adverse events were transient.

Discussion

The major findings of this study were that 1) neither
simvastatin nor fluvastatin altered clopidogrel mediated
inhibition of platelet aggregation, 2) serum concentrations
of clopidogrel active metabolite were unchanged when
either simvastatin or fluvastatin was added to treatment
with clopidogrel and 3) PT Quick percent value was
decreased when simvastatin was added to treatment with
clopidogrel. Taken together, these data suggest that there
is no CYP-3A4 mediated interaction between simvastatin
and clopidogrel.

The influence of cytochrome P450 isoenzyme activities
on the conversion of clopidogrel to its active metabolite
has been previously studied with conflicting results. An in
vitro study of atorvastatin which is, similarly to simvastatin,
a substrate of CYP3A4 found that atorvastatin inhibited
the CYP3A4 dependent clopidogrel oxidation and thus
decreased the conversion into its active thiol form in a time
course and dose dependency manner [13]. The dynamics
of this inhibition were characterized by the features of
classical competitive inhibition and the results of this
study therefore indicated that combined treatment with
atorvastatin might reduce the platelet inhibitory effect of
clopidogrel through competitive CYP3A4-metabolization.
The ex vivo models used in this study were presumed to be
applicable to human metabolism but the data were
limited by the absence of any in vivo studies. In line with
this ex vivo investigation, an open label study by Lau et al.
in 44 patients undergoing elective coronary artery stent
implantation found that co-administration of 40 mg
pravastatin day−1 had no effect on clopidogrel mediated
platelet inhibition whereas atorvastatin at doses of 10, 20
and 40 mg day−1 reduced the antiplatelet activity of
clopidogrel in a dose-dependent manner [6]. The authors
concluded that co-administration with CYP-3A4 metabo-
lized statins, such as atorvastatin, but not pravastatin
(which is excreted largely unchanged), reduced the plate-
let inhibitory effect of clopidogrel. However, in this study
no clinical end points were measured and there was no
placebo control. Furthermore, the platelet aggregation
was measured in this study using plateletworks, a platelet
function test which indirectly measures platelet aggrega-
tion by quantitative measurement of objects exceeding
pre-defined threshold platelet size. This technique is more
susceptible to artefacts than platelet aggregometry and
therefore potentially overestimates platelet aggregation
[14]. In contrast to this study our data showed no influence

of CYP 3A4-metabolized simvastatin on platelet aggrega-
tion in clopidogrel treated patients. This discrepancy
might be explained by differences in design and method-
ology between both studies. In contrast to the investiga-
tion by Lau et al. we applied a randomized, double-blind,
double-dummy study design and measured platelet
aggregation with two separate validated techniques to
minimize methodological bias. Also we excluded the pos-
sibility of inter-individual differences by using a crossover
design where each patient was subsequently allocated to
both treatment regimens (clopidogrel with simvastatin
and clopidogrel with CYP2C19-metabolized fluvastatin). In
accordance with the results of our study, a retrospective
analysis of the Plavix Reduction of New Thrombus Occur-
rence (PRONTO) study indicated that the administration of
statins does not jeopardize the antiplatelet activity of
clopidogrel [15]. The results of this investigation were,
however, limited by the use of non-randomized data and
by the inclusion of both CYP3A4 metabolized statins and
statins which have other predominant metabolization
pathways. Another post hoc analysis of a multicentre trial
in 2116 patients with symptomatic coronary artery disease
who were randomly assigned to receive either clopidogrel
as a 300 mg loading dose or placebo 3–24 h prior to per-
cutaneous coronary intervention did not find any differ-
ences in the occurrence of death, myocardial infarction or
stroke between patients receiving statins that are exten-
sively metabolized by CYP34A compared with those that
are not [16]. These data indicated that there was no effect
on clinical outcome of simultaneous administration of
clopidogrel and CYP3A4 metabolized statins. However,
in this study patients were not randomized to either
receive CYP3A4 metabolized statins or statins with other
metabolization pathways, thus leaving open the possibil-
ity of selection bias. Similarly, another study longitudinally
investigated the potential interaction between
clopidogrel and CYP3A4-metabolized statins on clinical
outcome in 1651 patients with acute coronary syndrome
who received 1) neither clopidogrel nor statin therapy, 2)
clopidogrel alone, 3) CYP3A4 metabolized statin alone or
4) CYP3A4 metabolized statin and clopidogrel. Rates of
cardiovascular events and death at 6 months were unal-
tered among the four groups and the authors concluded
that previous ex vivo observations of CYP3A4 mediated
competitive metabolization are not clinically relevant in
simultaneous treatment with clopidogrel and statins. The
study was limited by non-randomized allocation into the
treatment groups based on discharge notes [17]. However
the strength of this study was the comparatively large
sample size, and its results, viewed in counjuction with our
findings, lend support to the conclusion that there is no
clinically relevant negative CYP3A4 based interaction
between statins and clopidogrel. Another prospective
investigation in 75 patients who received acetylsalicylic
acid 325 mg day−1 and clopidogrel 300 mg immediately
before coronary stent placement found no difference in
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clopidogrel mediated platelet inhibition between patients
pre-treated with atorvastatin, patients pre-treated with
any other statins and patients who were not receiving any
statins [18]. However, the ‘other statins group’ included
both CYP3A4-metabolized statins and non-CYP3A4-
metabolized statins, thus diminishing the internal compa-
rability of the data. In addition, this study was limited by
the absence of randomization and placebo control. There-
fore it remains not fully elucidated to what extent inter-
individual differences in responsiveness to clopidogrel
have contributed to the results of this study. However,
these results are in concordance with our finding of
unchanged platelet aggregation following administration
of simvastatin or fluvastatin in addition to clopidogrel.
Additionaly, in our study, we did not note any differences
in serum concentrations of clopidogrel active metabolite
between additional simvastatin and additional fluvastatin
treatment, suggesting that the conversion of clopidogrel
into its active thiol form is not influenced to a quantita-
tively relevant degree by competitive CYP 3A4-
metabolization of simvastatin.

In addition to previously postulated CYP 3A4 based
clopidogrel-statin interactions, the 34C>T and 52G>T
polymorphisms of the platelet P2Y12 receptor have been
linked to inter-individual differences in responsiveness to
clopidogrel [19]. In our study population we found fre-
quencies of 34C>T and 52G>T polymorphisms which cor-
responded with previously described genetic distribution
[10]. Even though the presence of P2Y12 receptor polymor-
phism might contribute to some of the inconsistencies in
the findings in the aforementioned previous studies of
clopidogrel−statin interactions, in our study the applied
crossover design excludes the possibility of P2Y12 receptor
polymorphism related group differences as each patient
was subsequently allocated to both treatment arms and
thus served as his or her own control. Through this crosso-
ver design, group differences due to the slight different
gender distribution among study arms are also avoided in
the comparison of the two applied treatment regimens.

Additional laboratory testing revealed that simvastatin
but not fluvastatin attenuated PT Quick percent values.
This observation might be explained by simvastatin-
induced reduction of activity of prothrombin fragment 1 +
2 and plasminogen activator inhibitor-1 with consecutive
attenuation of prothrombinase activity [20]. However,
it remains unclear to what extent this influence of
simvastatin on haemostatic and fibrinolytic regulation has
clinical relevance in secondary prevention of ischaemic
cerebrovascular events. This finding should therefore be
investigated in further studies which include clinical end
points and comparative assessment of haemostatic and
fibrinolytic function parameters in different statins.

Limitations
In this study we performed genotyping for the platelet
P2Y12 receptor to detect genetic inter-individual differ-

ences but we did not assess genetic expression of CYP
2C19 which has previously also been shown to contribute
to biotransformation of clopidogrel (beside CYP 3A4)
and to be responsible for inter-individual variability in
clopidogrel responsiveness [21]. Even though these inter-
individual differences might thus have not been detected
in our study, the applied crossover design allows for com-
parison of the crossed over treatment regimens with the
exclusion of CYP2C19 induced inter-regimen differences.
While internal validity is therefore not jeopardized
by absence of data on CYP2C19 gene distribution,
generalizability of our findings must be interpreted with
caution. A follow-up study in a larger population of
patients should therefore include CYP2C19 genotyping
and should be powered to detect both inter-group differ-
ences and inter-individual distribution of clopidogrel
responsiveness in co-treatment with statin. In this study
we administered 20 mg of simvastatin which is, based on
previous comparative clinical trials, equivalent to a dose of
80 mg of fluvastatin [22]. However, we did not investigate
lower or higher doses of both statins so we do not know
whether our finding of no clinically relevant interaction
between 20 mg of simvastatin and clopidogrel is also
applicable to other doses of simvastatin. Our results,
however, form the basis for a follow-up study to analyze
dose-dependent effects of clopidogrel-simvastatin
co-treatment on platelet aggregation.

In summary, we found no evidence supporting the
hypothesis that combined administration of clopidogrel
with CYP3A4-metabolized statins attenuates clopidogrel
mediated platelet aggregation inhibition. In contrast, our
data, viewed in conjunction with the current literature,
suggests that administration of CYP3A4-metabolized
statins in clopidogrel treated patients does not induce any
changes in the conversion of clopidogrel into its active
thiol form and therefore neither has a quantitatively nor
clinically relevant influence on clopidogrel efficacy. Fur-
thermore we observed attenuation in PT Quick percent
value following simvastatin administration which might
be mediated by reduction of activity of prothrombin frag-
ment 1 + 2 and plasminogen activator inhibitor-1.
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