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Abstract

Background: Statins are cholesterol-lowering drugs widely used for cardiovascular prevention. Although safe when
used alone, in combination with other drugs the likelihood of adverse drug reactions increases significantly. The
exposure of the Bulgarian population to coprescriptions leading to potential statin-drug interactions is currently
unknown.

Objective: The aim of this study was to investigate the incidence of coprescriptions involving statins and to
compare the exposure of outpatients and inpatients to potential statin-drug interactions.

Setting: A cardiology clinic of the teaching University hospital in Varna, Bulgaria.

Method: This observational retrospective study examined the medical records of hospitalized patients prescribed
a statin in combination with potentially interacting drugs. Patients who entered the hospital with a statin
coprescription (considered outpatients) were compared with those coprescribed a statin at discharge from
hospital (considered inpatients). Potentially interacting drugs included inhibitors and inducers of cytochrome
P450 (CYP) enzymes and drugs of narrow safety margin (coumarin anticoagulants, digitalis).

Main outcome measure: The proportion of patients exposed to statin coprescriptions with potentially interacting
drugs at hospital admission and discharge. Secondary outcome measures: laboratory evidence supporting possible
statin-drug interactions.

Results: Out of 1641 hospitalized patients examined, 572 were prescribed a statin, either at hospital admission
or discharge. Simvastatin was most commonly prescribed and simvastatin-drug coprescription predominated,
especially at discharge. The exposure to all potential statin-drug interactions was similar at hospital admission
(26.1%) and discharge (24.4%), as was the exposure to statin combinations with CYP inhibitors, 6.4% and 4%,
correspondingly. Overall, more coprescriptions were generated, than were eliminated by hospital physicians.
Amiodarone was the CYP inhibitor most frequently coprescribed. Of all interacting drugs acenocoumarol was
the most commonly found, the proportions of statin-acenocoumarol coprescriptions being roughly the same at
hospital entry (11.5%) and discharge (12.4%). In 7 patients out of 69 exposed to the combination, INR was found
to be higher than 3, indicating a risk of over-anticoagulation.

Conclusions: Potential statin-drug interactions are common. Although they do not differ between outpatient
and inpatient settings, new hazardous coprescriptions are more frequently generated in hospital. Caution is
required when acenocoumarol is coprescribed with statins, especially simvastatin.
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Background
Drug-drug interactions (DDIs) represent an important
clinical problem. They substantially increase the rate of
adverse drug reactions which may be severe enough to
require hospitalization. Up to 2.8% of hospital admis-
sions have been found to result from DDIs (Jankel and
Fitterman 1993).
The significance of the problem is often underesti-

mated by physicians and this exposes the patients to the
risk of otherwise preventable complications. At the same
time, use of more than one drug is often inevitable in
the routine clinical practice. Knowledge of the mecha-
nisms and the manifestations of DDIs, as well as their
actual incidence and clinical relevance, provides an im-
portant tool in avoiding potentially harmful reactions.
Hydroxymethylglutaryl-CoA reductase inhibitors (known

as statins) are widely used in the primary and secondary
cardiovascular prevention as lipid-lowering drugs. The
safety of statins is well recognized; yet possible com-
plications due to their toxicity, albeit rare, should not
be overlooked. The risks, especially of myotoxicity, are
considerably elevated in combination with other drugs.
Since most of the statins are metabolized by cytochrome
P450 (CYP) enzyme family, CYP-inhibitors are frequently
reported to increase the adverse reactions of statins. Drugs
with similar toxicity can also augment the likelihood
of muscular and other statin-induced damage. Evi-
dence reveals that over 50% of the statin-associated
cases of rhabdomyolysis are secondary to drug inter-
actions (Omar et al. 2001; Bottorff 2006; Bellosta and
Corsini 2012).
Potentially hazardous statin-drug interactions (SDIs) can

also occur when statins increase the likelihood of other
drugs’ toxicity, particularly of drugs with narrow safety
margin such as coumarin anticoagulants and digitalis.
The exposure of the Bulgarian population to copre-

scriptions leading to potential statin-drug interactions is
currently unknown.
The aim of the present study was to assess the preva-

lence of hazardous potential SDIs (pSDIs) as a whole
and of individual statins. We were also interested to find
out whether these coprescriptions were mainly gener-
ated in or out of hospital. This is why we checked the
statin coprescriptions in hospitalized patients in two sep-
arate points in time – at their admission to hospital and
at their discharge.

Methods
This was an observational retrospective study on
patients hospitalized from July 2007 to June 2008 in a
Cardiology Clinic of the University Hospital of Varna,
Bulgaria. The patients’ medical records were retrospect-
ively examined and those receiving a statin at admission or
discharge were selected. Patients with a statin prescription
at admission were considered outpatients and patients
leaving the hospital with a statin prescription were consid-
ered inpatients. The medication list, as well as the diag-
nosis and laboratory results of the patients was carefully
registered. Eventually, the patients given (a) potentially
interacting drug (s) concomitantly with a statin were
selected and further analyzed.
Given the propensity of statins to interact with a variety

of drugs (Williams and Feely 2002), we sought to identify
as coprescribed the following:

1) Drugs known to modify the toxicity of statins
by different mechanisms (pharmacokinetic or
pharmacodynamic):

� Drugs increasing the toxic potential of statins

by raising their plasma concentration through
metabolic or transporters inhibition. The statins
primarily oxidized by CYP3A4 (simvastatin,
lovastatin and atorvastatin), are mostly prone to
interact through these mechanisms. Interacting
drugs of interest were CYP3A4 inhibitors:
macrolides (erythromycin and clarithromycin),
antifungal azoles, non-dihydropiridine calcium
channel blockers (non-DHP CCB, verapamil
and diltiazem), the antiarrhythmic amiodarone,
the immunosuppressants cyclosporine and
sirolimus, some HIV antivirals (indinavir, ritonavir,
nelfinavir). Since fluvastatin, and to some extent
rosuvastatin, are substrates of CYP2C9, inhibitors of
CYP2C9 were also looked for: sulphamethoxazole,
fenofibrate, some selective serotonin reuptake
inhibitors (fluvoxamine, sertraline), zafirlucast.

� Drugs with similar toxicity. Fibrates and nicotinic
acid are frequently given concomitantly to treat
mixed hyperlipidemia at the expense of adding
their own myotoxicity to that of statins.

� Drugs decreasing the effects of statins by
inducing their metabolism and/or clearance.
We searched for commonly used medications
known to induce CYP, such as anti-seizure drugs
(phenytoin, carbamazepine, oxcarbazepine)
and rifampicin.

2) Drugs with narrow therapeutic window that can
be affected by statins with potentially harmful
consequences. The vitamin K antagonists are
substrates of CYP2C9 and may compete for the
enzyme with fluvastatin, but there is evidence that
such interaction can also occur with other statins.
Cardiac glycosides may interact with statins as
competitors for membrane transporters.

We sought to verify the potential SDIs by laboratory
tests, clinical symptoms or objective findings, where appro-
priate. Creatine kinase (CK) as a measure of myotoxicity
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was checked when statin potentiation was expected. A
value higher than 3 times the upper limit of normal range
(ULN) was considered significantly increased. The inter-
national normalized ratio (INR) reflecting the coagulation
status was taken into account when interaction with cou-
marin anticoagulants was found. The target therapeutic
range was set at 2.0÷3.0 (Ansell et al. 2008).
The severity of the potential SDIs was defined using

the free online platforms for drug interactions of the
web resources Medscape and Drugs.com.
The results were presented as proportions of the studied

patients in the corresponding group. GraphPad Prizm
software was used for the statistical evaluation of the
results. Fisher’s exact test was performed to assess the dif-
ference between the proportions. Values of p < 0.05 were
considered significant.
The study was approved by the Committee on Research

Ethics at the Medical University of Varna. Patients’ privacy
was respected and no personal information was made
publicly available.

Results
A total of 1641 patient records were examined, out of
which 709 prescriptions of statins were identified, 218 at
admission and 491 at discharge. These corresponded to
572 patients receiving statins. The number of prescrip-
tions differed from the number of patients, because they
fell in one of the following 3 possible categories: 1) pa-
tients admitted to hospital without a statin prescription
and discharged with a statin prescription; 2) patients
entering and leaving the hospital with a statin prescrip-
tion, either the same, or a different one; 3) patients
admitted to hospital with a statin prescription and leaving
the hospital without any. Thus, for the sake of clarity, the
number of patients and the number of cases (prescrip-
tions) will be differentiated in the text that follows.
Demographic characteristics of the patients receiving

statins are presented on Table 1. The vast majority
were diagnosed with coronary heart disease. Men and
women were equally presented, with women being older
than men.
Table 1 Demographic characteristics of the patients receiving

Patients characteristics

Total number

Age

Leading diagnosis:

Coronary heart disease (including unstable

angina pectoris, acute myocardial infarction)

Exacerbated chronic heart failure

Atrial fibrillation (paroxysmal or persistent)

Others (acute heart failure, ventricular arrhythmia, arterial hypertension, etc.)

*p < 0.05 vs. males.
Simvastatin, lovastatin and atorvastatin accounted for
more than 80% of all statins prescribed at admission and
for over 85% at discharge. Simvastatin prescriptions at
discharge outnumbered almost twice those at admission.
Lovastatin and atorvastatin were more frequently pre-
scribed out of the hospital.
The total number of statin coprescriptions potentially

leading to hazardous SDIs was 57 at hospital admission
and 120 at discharge (Table 2). Relative to the total
number of prescribed statins at admission (218) and at
discharge (491), these figures gave a similar frequency
(26.1 and 24.4% respectively) and corresponded to 110
patients (19.2% of all receiving a statin therapy). Sim-
vastatin was most commonly coprescribed at discharge
(59.2%), significantly more compared to admission (31.5%).
Coprescriptions of atorvastatin prevailed at admission
compared to discharge.
The number of statin coprescriptions that were elimi-

nated during hospital stay represented approximately
30% of all coprescriptions found at admission, while at
discharge, 50% of the coprescriptions were newly gener-
ated. This difference was significant as a whole (p < 0.05),
and it was present as a trend with all the individual statins
with the exception of fluvastatin (Table 2).
Combinations of statins with CYP3A4 inhibitors were

detected at a rate of 6.4% at admission and 4.1% at
hospital discharge (Table 3), the difference being insig-
nificant. Of the CYP3A4 inhibitors, amiodarone, non-
DHP CCB and macrolides were identified.
Amiodarone was found in 8 patients on statin therapy

at entry (3.7%) and 17 patients at discharge (3.5%), of
which simvastatin was involved in 12 coprescriptions,
followed by atorvastatin in 6, lovastatin in 4, rosuvastatin
in 2 and fluvastatin in 1 patient.
Combinations with non-DHP CCB were found in six

patients at hospital entry (2.7%) involving verapamil in 5
cases (1 with simvastatin, 2 with lovastatin, 1 with ator-
vastatin and 1 with rosuvastatin) and diltiazem in 1 case
(with simvastatin) and in two patients at discharge in-
volving verapamil (with simvastatin and lovastatin).
statins

Males (95% CI) Females (95% CI)

290 282

62.1 (60.80-63.32) 67.5 (66.38-68.55)*

185 181

56 41

33 34

16 26



Table 2 Potential statin-drug interactions (pSDIs) with all drugs of interest at hospital admission and discharge

Statin At hospital admission At hospital discharge

Total
number

% of all
statins prescribed

(n = 218)

% of all
pSDIs
(n = 57)

Number
eliminated
in hospital

%
eliminated
in hospital

Total
number

% of all statins
prescribed
(n = 491)

% of all
pSDIs

(n = 120)

Number
generated
in hospital

% newly
generated
in hospital

Simvastatin 18 8.3 31.5 6 33.3 71 14.5# 59.2### 40 56

Atorvastatin 19 8.7* 33.3* 5 26.3 20 4.1 16.7 9 45

Rosuvastatin 8 3.7 14 1 12.5 16 3.3 13.3 6 37.5

Lovastatin 9 4.1 16 4 44.4 8 1.6 6.7 4 50

Fluvastatin 2 0.9 3.5 1 50 5 1.0 4.1 1 20

Pravaststin 1 0.45 1.7 - - - - -

Total 57 26.1 100 17 29.8 120 24.4 100 60 50†

*p < 0.05 vs. corresponding % value at hospital discharge.
#p < 0.05; ###p < 0.001 vs. corresponding % value at hospital admission.
†p < 0.05 vs. % pSDIs eliminated in hospital.
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Two cases of coprescription with clarithromycin were
found at discharge – with simvastatin and rosuvastatin.
The potential statin interactions with the above men-

tioned CYP3A4 inhibitors are rated as moderately severe
or severe in terms of their myotoxicity risk. We found no
elevated CK in the patients receiving these combinations.
Co-treatment with CYP inducers was found in five pa-

tients – one was prescribed oxcarbazepine concomitantly
with atorvastatin at admission; four received carbamazepine
(3 cases) or oxcarbazepine (1 case) along with simvastatin
(2 cases), atorvastatin (1 case) and fluvastatin (1 case) at
discharge. The interactions of carbamazepine with simva-
statin and atorvastatin are rated as moderately severe.
The combinations of statins with the vitamin K antag-

onist acenocoumarol identified were 25 at hospital entry
and 60 at discharge (Table 4) and corresponded to 69 pa-
tients. The overall proportion was approximately the same
at admission (11.5%) and at discharge (12,4%). Coprescrip-
tions with atorvastatin predominated at admission, while
those with simvastatin prevailed (not significantly) at
discharge. Combinations with fluvastatin had the lowest
rate. The newly generated statin-acenocoumarol copre-
scriptions predominated significantly (p < 0.01) over those
eliminated in the hospital, the difference being entirely
due to the simvastatin-acenocoumarol combinations.
Table 3 Statin coprescriptions with CYP3A4 inhibitors

Statin At hospital admission At hospital discharge

Number % of all statins
prescribed

Number % of all statins
prescribed

Simvastatin 4 1.8 12 2.4

Atorvastatin 3 1.4 4 0.8

Rosuvastatin 1 0.45 2 0.4

Lovastatin 5 2.3 * 2 0.4

Fluvastatin 1 0.45 - -

Total 14 6.4 20 4.1

*p < 0.05 vs. % lovastatin prescriptions at hospital discharge.
There was one patient on warfarin, coprescribed with
rosuvastatin at discharge.
In 10 patients out of the 69 on statin-acenocoumarol

combination, INR was found to be >3 (ranging from 3.1
to 5.1). There was no evidence of bleeding. No under-
lying conditions possibly affecting coagulation state (e.g.
serious hepatic, renal, thyroid, etc. diseases), were found.
The participating statins were simvastatin (7 cases), ator-
vastatin (2 cases) and rosuvastatin (1 case). Two patients,
who had been previously stabilized on acenocoumarol,
had their INR increased after simvastatin was added to
therapy: (Pt. 1) from 2.58 to 4.0 with a simvastatin dose of
10 mg, and (Pt. 2) from 2.04 to 3.1 with a simvastatin dose
of 40 mg. The first, however, also received co-amoxiclav,
that could interfere with the effect of acenocoumarol.
With another patient, the discontinuation of atorvastatin
was followed by a decrease of INR from 3.1 to 2.4. Two
more patients had concomitant prescription for co-
trimoxazole and allopurinol, which are capable of potenti-
ating acenocoumarol effect. The remaining 7 patients
(10%) with high INR had no other visible reason for the
observed enhanced anticoagulation except the concomi-
tant exposure to statins. No pharmacogenetic tests were
available. None of the potentially adverse interactions in-
volved fluvastatin. The statin-acenocoumarol (warfarin)
interactions are rated as either minor or moderate.
Coprescriptions with cardiac glycosides (digoxin and

methyldigoxin) affected 15 patients at admission (6.9%)
and 34 at discharge (6.9%), involving predominantly sim-
vastatin, especially at discharge. No signs of digitalis or
statin toxicity were found.
One patient had a rosuvastatin coprescription with

ciprofibrate at admission. No other fibrate or nicotinic
acid, were found prescribed concomitantly with statins.

Discussion
There are few studies reporting the incidence of pSDIs
(Einarson et al. 2002; Rätz Bravo et al. 2005; Egger et al.



Table 4 Statin coprescriptions with acenocoumarol

Statin At hospital admission At hospital discharge

Total
number

% of all statins
prescribed
(n = 218)

Number
eliminated
in hospital

% eliminated
in hospital

Total
number

% of all statins
prescribed
(n = 491)

Number
generated
in hospital

% generated
in hospital

Simvastatin 8 3.7 3 37.5 36 7.3 31 86##

Atorvastatin 10 4.6* 7 70 9 1.8 4 44.4

Rosuvastatin 3 1.4 0 0 9 + 1 on warfarin 2.0 7 70

Lovastatin 3 1.4 2 66.7 3 0.6 3 100

Fluvastatin 1 0.5 0 0 3 0.6 2 66.7

Total 25 11.5 12 48 60 12.4 47 77##

*p < 0.05 vs. the corresponding % value at hospital discharge.
##p < 0.01 vs. % coprescriptions eliminated in hospital.
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2007; Stang et al. 2007; Tirkkonen et al. 2008). They all
differ in their design, number and nature of interacting
drugs, as well as in the patient sample size. This makes
head to head comparisons difficult across existing stud-
ies, including ours.
In our study the statin most frequently coprescribed

was simvastatin (Table 2). A similar tendency was found
in Swiss ambulatory patients (Rätz Bravo et al. 2005).
While we found no significant difference in the total
proportion of pSDIs between patients at hospital admis-
sion and discharge, there was a significant increase of
simvastin coprescriptions for inpatients compared to
outpatients. These changes paralleled the patterns of
simvastatin prescription. The percentage of newly created
pSDIs for simvastatin (56%) during hospital stay was the
highest among the statins as well as considerably higher
than those eliminated for this statin (33%). It is worth
noting that simvastatin is considered the statin most
sensitive to pharmacokinetic drug interactions due to its
low bioavailability (Shitara and Sugiyama 2006; Horn and
Hansten 2011).
Among the statin partners in the potentially adverse

combinations, the cardiovascular drugs predominated.
Amiodarone was the most commonly coprescribed

CYP3A4 inhibitor that we identified, mainly with simva-
statin. This combination has been associated with higher
incidence of adverse effects, reported to the FDA, com-
pared to atorvastatin and pravastatin (Alsheikh-Ali and
Karas 2005). Amiodarone has been found to significantly
increase the bioavailability of simvastatin, while not
affecting pravastatin (Becquemont et al. 2007). Cases
of rhabdomyolysis have been reported on this com-
bination (Roten et al. 2004; Marot et al. 2011). As a
measure of precaution, it has been recommended by
Merck (2008), and later by FDA (2011), that simva-
statin dose should not exceed 20 mg daily in patients
receiving amiodarone. In our study the patients on amio-
darone co-medication received no more than 20 mg of
simvastatin.
The combination of statins with non-DHP CCB (moder-
ate to potent CYP3A4 inhibitors) also exposes patients to
higher risk of myotoxicity. Verapamil has been shown to
increase Cmax and AUC of simvastatin 2–3 fold (Kantola
et al. 1998). Diltiazem has been found responsible for
rhabdomyolysis secondary to interaction with simvastatin
and atorvastatin (Kanathur et al. 2001, Lewin et al. 2002;
Gladding and Pilmore 2004; Hu et al. 2011). The most
recent recommendation of FDA (2011) has reconsidered
the label for simvastatin dose when combined with non-
DHP CCB from 20 to 10 mg. In our study relatively few
patients were coprescribed verapamil and diltiazem.
Macrolides, particularly erythromycin and clarithro-

mycin, are potent CYP 3A4 inhibitors. In combination
with simvastatin they have been associated with myop-
athy and rhabdomyolysis and are contraindicated with
this statin (Kantola et al. 1998; Lee and Maddix 2001;
Molden and Andersson 2007). There was a low incidence
of statin coprescriptions with macrolides in our study
(two cases), obviously due to the prevalence of cardiovas-
cular disorders.
In all the 34 cases exposed to statins plus CYP-

inhibitors in the present study, no biochemical signs
(CK levels >3 times ULN) reflecting damage to muscle
were observed, neither were myalgia complaints of patients
documented.
We identified a relatively low incidence (roughly

5%) of coprescriptions of statins and CYP inhibitors.
Larger studies have found higher rates, e.g. 6% and
13% in community and hospital settings in Finland,
respectively (Tirkkonen et al. 2008), and 30% among
primary care patients in UK (Bakhai et al. 2012). Al-
though the frequency of these pSDIs in our study is
lower than the reported in the literature, the prevail-
ing involvement of simvastatin is alarming, having in
mind the unique vulnerability of this drug to metabolic
interactions.
CYP inducers given concomitantly with statins may

limit their bioavailability. Carbamazepine has been shown
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to substantially decrease the AUC of simvastatin (Ucar
et al. 2004). In our study the patients receiving statin-
carbamazepine combination had a low dose simvastatin
and atorvastatin (10 mg). This may potentially comprom-
ise their therapeutic efficacy. Oxcarbazepine is a weaker
CYP3A4 inducer (Andreasen et al. 2007). We have found
it coprescribed with atorvastatin (unknown dose) at
admission and with fluvastatin (40 mg) at discharge.
The last combination is probably of no clinical relevance,
since fluvastatin is not a substrate of CYP3A4.
The interaction of statins with coumarin drugs is

known to be loaded with a bleeding risk. In the present
study coprescription of statins with acenocoumarol was
the most frequent pSDI identified. A total of 85 cases
were found, affecting 69 patients.
Coumarin anticoagulants are primarily metabolized by

CYP2C9, but CYP1A2 and 3A4 are also involved. The
more active S-enantiomer of warfarin is metabolically
dependent on CYP2C9, while CYP1A2 and 3A4 are
responsible for the metabolism of the less active, R-
enantiomer. Fluvastatin (Cohen et al. 2000; Sakaeda et al.
2006), and to some extent also rosuvatatin (Simonson
et al. 2005; McKenney 2005; Sakaeda et al. 2006;) are
expected to potentiate the effects of warfarin through
competitive inhibition of CYP2C9. Indeed, most of the
statin-warfarin interactions reported in the literature in-
volve fluvastatin (Andrus 2004). However, other statins
have also been associated with increase of the INR or
bleeding in patients receiving warfarin, possibly interfering
with its metabolism. For example, simvastatin has been
suspected to be the cause of a fatal cerebral hemorrhage
following a switch from atorvastatin in a patient taking
warfarin, suggesting that atorvastatin and simvastatin
might differ in their potential to interact with warfarin
(Westergren et al. 2007). However, a recent clinical study
reported that initiation of both simvastatin and ator-
vastatin, and not pravastatin, in chronic warfarin users,
was associated with an increased risk of hospitalization for
gastrointestinal bleeding (Schelleman et al. 2010). Simva-
statin and lovastatin and not pravastatin have been found
to decrease the plasma concentration of the main warfarin
metabolite, 10-hydroxywarfarin, in patients stabilized on
warfarin (Herman et al. 2006). Yu et al. (2012) reported a
significant increase of INR with rosuvastatin (and not with
pitavastatin) in healthy volunteers treated with warfarin at
a steady-state INR of 1.5 to 2.2.
Acenocoumarol is the coumarin anticoagulant predom-

inantly used in Bulgaria and other European countries.
Information about the interactions of this drug, including
with statins, is very limited compared to warfarin. For
example, no information was found in the two websites
where we checked drug interactions, so we used data con-
cerning warfarin instead. It seems, however, that aceno-
coumarol differs in some pharmacokinetic aspects from
warfarin. Thus, on the one hand, similarly to warfarin
acenocoumarol is a racemic mixture of a more potent
S-enantiomer (substrate of CYP2C9) and a less active
R-enantiomer (oxidized by CYP3A4). But, on the other
hand, due to the shorter plasma half-life of the S-
enantiomer, it is the R-form that is principally responsible
for the anticoagulant effect (Beinema et al. 2008). This
makes the metabolic drug interactions of acenocoumarol
based on competitive inhibition of CYP clinically relevant
not only with fluvastatin and rosuvastatin, but also with
simvastatin, atorvastatin and lovastatin (Sakaeda et al.
2006; Mondillo et al. 2005; Grau et al. 1996). Acenocou-
marol differs also from phenprocoumon in its pharma-
cokinetic relationship to statins, since only the former has
been associated with reduction of the maintenance dose
in the presence of different statins (van Schie et al. 2012).
In our study, none of the statin-acenocoumarol combi-

nations associated with elevated INR involved fluvastatin
and only one involved rosuvastatin. Rather, the hazardous
combinations included mainly simvastatin and atorva-
statin. The few cases of coincidence between the statin
addition or removal, and the corresponding changes in
INR, suggest a possible causative role for statins in the
altered anticoagulation. Indeed, in three patients, con-
comitantly given drugs – allopurinol, co-amoxiclav and
co-trimoxazole, could possibly contribute to the increase
of INR (Delavenne et al. 2009; Schalekamp et al. 2007).
Nevertheless, the remaining proportion of 10% of the
patients affected by INR elevation is still high enough to
merit attention and give rise to reflection. Although the
numbers are small and we cannot exclude genetic varia-
tions in the response to acenocoumarol, the results of our
observation warrant attention when this drug is given
concomitantly with most of the statins.

Conclusions

1. Potential statin-drug interactions as a whole are
common in patients hospitalized for cardiovascular
disease. Approximately 1 out of 5 patients receiving
a statin is exposed to at least one coprescription that
can be associated with adverse drug reactions.

2. The proportion of pSDIs remains stable at hospital
admission and hospital discharge. However, more
statin coprescriptions are generated, than are
eliminated, in the hospital.

3. The statin most frequently coprescribed is
simvastatin – the drug also most vulnerable to drug
interactions. It is recommended, therefore, that
other statins, less prone to interact (pravastatin,
fluvastatin and rosuvastatin), be used in settings
of comedication. These drugs, however, have been
found in our study to be rarely used and,
correspondingly, rarely coprescribed.



Zhelyazkova-Savova et al. SpringerPlus 2014, 3:168 Page 7 of 8
http://www.springerplus.com/content/3/1/168
4. Contrary to our expectations, pSDIs with CYP
inhibitors are not very frequent. Yet, amiodarone
deserves special attention as the most common
hazardous partner of statins (particularly of
simvastatin). Alternatives, such as pravastatin,
should be preferred, when both amiodarone
and a statin are indicated.

5. The acenocoumarol-statins coprescriptions are
common and predominantly created in the hospital.
Simvastatin is mainly involved and the combination
appears to be loaded with risk of over-
anticoagulation. Concomitant use of statins and
acenocoumarol requires attention and close INR
monitoring with adjustment of the anticoagulant
dose if necessary.

Abbreviations
CYP: Cytochrome P-450; DDIs: Drug-drug interactions; SDIs: Statin-drug
interactions; pSDIs: Potential statin-drug interactions; non-DHP CCB:
Non-dihydropyridine calcium channel blockers; CK: Creatin kinase;
ULN: Upper limit of normal range; INR: International normalized ratio.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MZS conceived and designed the study and wrote the manuscript. SG was
mainly responsible for data collection but also participated in designing the
study. VS participated in data collection and data interpreting. All authors
read and approved the final manuscript.

Author details
1Department of Preclinical and Clinical Pharmacology, Varna Medical
University, 55 Marin Drinov Street, Varna 9002, Bulgaria. 2University Hospital
"St Marina", First Clinic of Cardiology, 1 Hristo Smirnenski Street, Varna 9010,
Bulgaria.

Received: 4 October 2013 Accepted: 24 March 2014
Published: 31 March 2014

References
Alsheikh-Ali AA, Karas RH (2005) Adverse events with concomitant amiodarone

and statin therapy. Prev Cardiol 8(2):95–97
Andreasen AH, Brøsen K, Damkier P (2007) A comparative pharmacokinetic study

in healthy volunteers of the effect of carbamazepine and oxcarbazepine on
CYP3A4. Epilepsia 48(3):490–496

Andrus MR (2004) Oral anticoagulant drug interactions with statins: case report
of fluvastatin and review of the literature. Pharmacotherapy 24(2):285–290

Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G (2008)
Pharmacology and management of the vitamin K antagonists: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines
(8th Edition). Chest 133(6 Suppl):160S–198S. doi:10.1378/chest.08-0670

Bakhai A, Rigney U, Hollis S, Emmas C (2012) Co-administration of statins with
cytochrome P450 3A4 inhibitors in a UK primary care population.
Pharmacoepidemiol Drug Saf 21(5):485–493. doi:10.1002/pds.2308

Becquemont L, Neuvonen M, Verstuyft C, Jaillon P, Letierce A, Neuvonen PJ,
Funck-Brentano C (2007) Amiodarone interacts with simvastatin but not with
pravastatin disposition kinetics. Clin Pharmacol Ther 81(5):679–684

Beinema M, Brouwers JRBJ, Schalekamp T, Wilffert B (2008) Pharmacogenetic
differences between warfarin, acenocoumarol and phenprocoumon.
Thromb Haemost 100:1052–1057. doi:10.1160/TH08-04-0116

Bellosta S, Corsini A (2012) Statin drug interactions and related adverse reactions.
Expert Opin Drug Saf 11(6):933–946. doi:10.1517/14740338.2012.712959

Bottorff MB (2006) Statin safety and drug interactions: clinical implications.
Am J Cardiol 97((8) Suppl 1):S27–S31

Cohen LH, van Leeuwen RE, van Thiel GC, van Pelt JF, Yap SH (2000) Equally
potent inhibitors of cholesterol synthesis in human hepatocytes have
distinguishable effects on different cytochrome P450 enzymes. Biopharm
Drug Dispos 21(9):353–364

Delavenne X, Laporte S, Demasles S, Mallouk N, Basset T, Tod M, Girard P,
Mismetti P (2009) Investigation of PK-PD drug-drug interaction between
acenocoumarol and amoxicillin plus clavulanic acid. Fundam Clin Pharmacol
23(1):127–135. doi:10.1111

Drugs.com. Drug Interactions Checker. http://www.drugs.com/drug_interactions.
html

Egger SS, Rätz Bravo AE, Hess L, Schlienger RG, Krähenbühl S (2007) Age-related
differences in the prevalence of potential drug-drug interactions in ambulatory
dyslipidaemic patients treated with statins. Drugs Aging 24(5):429–440

Einarson TR, Metge CJ, Iskedjian M, Mukherjee J (2002) An examination of the
effect of Cytochrome P450 drug interactions of Hydroxymethylglutaryl-
Coenzyme a reductase inhibitors on health care utilization: a Canadian
population-based study. Clinical Therapeutics 24(12):2126–2136

FDA Drug Safety Communication (2011) New restrictions, contraindications, and
dose limitations for Zocor (simvastatin) to reduce the risk of muscle injury.
U.S. Food and Drug Administration 10903, New Hampshire Avenue Silver
Spring, MD 20993

Gladding P, Pilmore H (2004) Potentially fatal interaction between diltiazem and
statins. Ann Int Med 140(8):676

Grau E, Perella M, Pastor E (1996) Simvastatin-oral anticoagulant interaction.
Lancet 347(8998):405–406

Herman D, Locatelli I, Grabnar I, Peternel P, Stegnar M, Lainscak M, Mrhar A,
Breskvar K, Dolzan V (2006) The influence of co-treatment with carbamaze-
pine, amiodarone and statins on warfarin metabolism and maintenance
dose. Eur J Clin Pharmacol 62(4):291–296

Horn JR, Hansten PD (2011) Drug interactions with simvastatin: the risk continues.
Pharmacy Times 10:48

Hu M, Mak VW, Tomlinson B (2011) Simvastatin-induced myopathy, the role of
interaction with diltiazem and genetic predisposition. J Clin Pharm Ther
36(3):419–425. doi:10.1111/j.1365-2710.2010.01184.x

Jankel CA, Fitterman LK (1993) Epidemiology of drug-drug interactions as a
cause of hospital admissions. Drug Saf 9(1):51–59

Kanathur N, Mathai MG, Byrd RP, Jr, Fields CL, Roy TM (2001) Simvastatin-diltiazem
drug interaction resulting in rhabdomyolysis and hepatitis. Tenn Med
94(9):339–341

Kantola T, Kivistö KT, Neuvonen PJ (1998) Erythromycin and verapamil
considerably increase serum simvastatin and simvastatin acid concentrations.
Clin Pharmacol Ther 64(2):177–182

Lee AJ, Maddix DS (2001) Rhabdomyolysis secondary to a drug interaction
between simvastatin and clarithromycin. Ann Pharmacother 35(1):26–31

Lewin JJ, Nappi JM, Taylor MH (2002) Rhabdomyolysis with concurrent
atorvastatin and diltiazem. Ann Pharmacother 36(10):1546–1549

Marot A, Morelle J, Chouinard VA, Jadoul M, Lambert M, Demoulin N (2011)
Concomitant use of simvastatin and amiodarone resulting in severe
rhabdomyolysis: a case report and review of the literature. Acta Clin Belg
66(2):134–136

McKenney JM (2005) Efficacy and safety of rosuvastatin in treatment of
dyslipidemia. Am J Health Syst Pharm 62(10):1033–1047

Medscape. Drug Interaction Checker. http://www.medscape.com/druginfo/
druginterchecker

MERCK SHARP & DOHME LTD (2008) Highlights of prescribing information for
ZOCOR (simvastatin), Cramlington, Northumberland, UK NE23 3JU

Molden E, Andersson KS (2007) Simvastatin-associated rhabdomyolysis after
coadministration of macrolide antibiotics in two patients. Pharmacotherapy
27(4):603–607

Mondillo S, Ballo P, Galderisi M (2005) Rosuvastatin-Acenocoumarol Interaction.
Clin Ther 27(6):782–784. doi:10.1016/j.clinchera..06.007

Omar MA, Wilson JP, Cox TS (2001) Rhabdomyolysis and HMG-CoA reductase
inhibitors. Ann Pharmacother 35(9):1096–1107

Rätz Bravo AE, Tchambaz L, Krähenbühl-Melcher A, Hess L, Schlienger RG,
Krähenbühl S (2005) Prevalence of potentially severe drug-drug interactions
in ambulatory patients with dyslipidaemia receiving HMG-CoA reductase
inhibitor therapy. Drug Saf 28(3):263–275

Roten L, Schoenenberger RA, Krähenbühl S, Schlienger RG (2004) Rhabdomyolysis in
association with simvastatin and amiodarone. Ann Pharmacother 38(6):978–981

Sakaeda T, Fujino H, Komoto C, Kakumoto M, Jin JS, Iwaki K, Nishiguchi K,
Nakamura T, Okamura N, Okumura K (2006) Effects of acid and lactone forms
of eight HMG-CoA reductase inhibitors on CYP-mediated metabolism and
MDR1-mediated transport. Pharm Res 23(3):506–512

http://www.medscape.com/druginfo/druginterchecker
http://www.medscape.com/druginfo/druginterchecker
http://www.medscape.com/druginfo/druginterchecker
http://www.medscape.com/druginfo/druginterchecker


Zhelyazkova-Savova et al. SpringerPlus 2014, 3:168 Page 8 of 8
http://www.springerplus.com/content/3/1/168
Schalekamp T, van Geest-Daalderop JH, Kramer MH, van Holten-Verzantvoort AT,
de Boer A (2007) Coumarin anticoagulants and co-trimoxazole: avoid the
combination rather than manage the interaction. Eur J Clin Pharmacol
63(4):335–343

Schelleman H, Bilker WB, Brensinger CM, Wan F, Yang YX, Hennessy S (2010)
Fibrate/Statin initiation in warfarin users and gastrointestinal bleeding risk.
Am J Med 123(2):151–157

Shitara Y, Sugiyama Y (2006) Pharmacokinetic and pharmacodynamic alterations
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors:
drug–drug interactions and interindividual differences in transporter and
metabolic enzyme functions. Pharmacol Ther 112(1):71–105

Simonson SG, Martin PD, Mitchell PD, Lasseter K, Gibson G, Schneck DW (2005)
Effect of rosuvastatin on warfarin pharmacodynamics and pharmacokinetics.
J Clin Pharmacol 45:927–934

Stang P, Morris L, Kempf J, Henderson S, Yood MU, Oliveria S (2007) The
coprescription of contraindicated drugs with statins: continuing potential for
increased risk of adverse events. Am J Ther 14(1):30–40

Tirkkonen T, Ryynänen A, Vahlberg T, Irjala K, Klaukka T, Huupponen R, Laine K
(2008) Frequency and clinical relevance of drug interactions with lovastatin
and simvastatin: an observational database study. Drug Saf 31(3):231–240

Ucar M, Neuvonen M, Luurila H, Dahlqvist R, Neuvonen PJ, Mjörndal T (2004)
Carbamazepine markedly reduces serum concentrations of simvastatin and
simvastatin acid. Eur J Clin Pharmacol 59(12):879–882

van Schie RM, Verhoef TI, Boejharat SB, Schalekamp T, Wessels JA, le Cessie S,
Rosendaal FR, van der Meer FJ, de Boer A, der Zee AH M-v (2012) Evaluation
of the effect of statin use on the acenocoumarol and phenprocoumon
maintenance dose. Drug Metabol Drug Interact 27(4):229–234

Westergren T, Johansson P, Molden E (2007) Probable warfarin-simvastatin
interaction. Ann Pharmacother 41(7):1292–1295

Williams D, Feely J (2002) Pharmacokinetic-pharmacodynamic drug interactions
with HMG-CoA reductase inhibitors. Clin Pharmacokinet 41(5):343–370

Yu CY, Campbell SE, Zhu B, Knadler MP, Small DS, Sponseller CA, Hunt TL,
Morgan RE (2012) Effect of pitavastatin vs. rosuvastatin on international
normalized ratio in healthy volunteers on steady-state warfarin. Curr Med Res
Opin 28(2):187–194

doi:10.1186/2193-1801-3-168
Cite this article as: Zhelyazkova-Savova et al.: Potential statin-drug
interactions: prevalence and clinical significance. SpringerPlus 2014 3:168.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Background
	Objective
	Setting
	Method
	Main outcome measure
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References

