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Background: Drug-drug interactions (DDIs) are a well known risk factor forAbstract
adverse drug reactions. HMG-CoA reductase inhibitors (‘statins’) are a corner-
stone in the treatment of dyslipidaemia and patients with dyslipidaemia are
concomitantly treated with a variety of additional drugs. Since DDIs are associat-
ed with adverse reactions, we performed a cross-sectional study to assess the
prevalence of potentially critical drug-drug and drug-statin interactions in an
outpatient adult population with dyslipidaemia.

Methods: Data from patients with dyslipidaemia treated with a statin were
collected from 242 practitioners from different parts of Switzerland. The medica-
tion list was screened for potentially harmful DDIs with statins or other drugs
using an interactive electronic drug interaction program.

Results: We included 2742 ambulatory statin-treated patients (mean age ± SD
65.1 ± 11.1 years; 61.6% males) with (mean ± SD) 3.2 ± 1.6 diagnoses and
4.9 ± 2.4 drugs prescribed. Of those, 190 patients (6.9%) had a total of 198
potentially harmful drug-statin interactions. Interacting drugs were fibrates or
nicotinic acid (9.5% of patients with drug-statin interactions), cytochrome P450
(CYP) 3A4 inhibitors (70.5%), digoxin (22.6%) or ciclosporin (cyclosporine)
[1.6%]. The proportion of patients with a potential drug-statin interaction was
12.1% for simvastatin, 10.0% for atorvastatin, 3.8% for fluvastatin and 0.3% for
pravastatin. Additionally, the program identified 393 potentially critical non-
statin DDIs in 288 patients.

Conclusions: CYP3A4 inhibitors are the most frequent cause of potential drug
interactions with statins. As the risk for developing rhabdomyolysis is increased in
patients with drug-statin interactions, clinicians should be aware of the most
frequently observed drug-statin interactions and how these interactions can be
avoided.
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Background phase I biotransformation.[13,14] Accordingly, the
risk for interactions with pravastatin is estimated to
be lower than for statins undergoing CYP-depen-Drug-drug interactions (DDIs) are an important
dent metabolism.[16,17] Because data on the preva-cause of adverse drug reactions. It has been estimat-
lence and risk factors for potential DDIs in ambula-ed that approximately 5% of prescribing errors[1] or
tory patients are rare and interactions in patientsof adverse drug  reactions [2] are  caused by DDIs
treated with statins can be associated with severein hospitalised patients. In a recent investigation,
adverse effects,[10,11,18] we identified potential DDIs2.3–7.8% of adverse effects associated with the use
in ambulatory patients with hyperlipidaemia treatedof cotrimoxazole (trimethoprim/sulfamethoxazole),
with a statin to assess the prevalence of potentialdigoxin or ACE inhibitors were found to be due to
DDIs in association with statin therapy, to assess theinteractions with specific concomitant drugs.[3]

prevalence of other potential DDIs not involvingPolypharmacy, which is closely associated with the
statins and to identify risk factors for potential DDIsnumber of diagnoses in a given patient,[4] has been
in this population.identified as a major risk factor for DDIs. Addition-

ally, the way a drug is metabolised and/or excreted
Methodsis a major determinant of potential DDIs.[5] Regard-

ing drug metabolism, drugs undergoing degradation
by cytochrome P450 (CYP) isoenzymes carry a Subjects, Study Design and Data Collection
particularly high risk for DDIs because of the large

Between February and April 2002, practitionersnumber of drugs inhibiting or inducing CYP
from different parts of Switzerland were recruited toisoenzymes.[5,6] Additionally, clinically relevant
participate in the cross-sectional SAFE (Swiss Anal-DDIs can arise on the level of transport proteins
ysis Focused on the Evaluation of potential drugresponsible for renal and/or biliary excretion of en-
interactions) trial. The participating practitionersdogenous and exogenous substances. Examples are
screened all patients attending their practice duringinteractions involving P-glycoprotein (P-gp), such
five consecutive days and completed a data sheet foras interactions between HMG-CoA reductase inhib-
each patient with dyslipidaemia receiving statinitors (‘statins’) and digoxin[7] or clarithromycin and
therapy. The form included data on year of birth,digoxin.[8,9]

sex, the statin prescribed, indication for the statin,
Interactions with statins can lead to rhabdomyol- main diagnoses and all concomitantly prescribed

ysis, a severe adverse reaction which may be fa- drugs. Diagnoses were coded according to the Inter-
tal.[10,11] A recent study in Ireland estimated that national Statistical Classification of Disease and
approximately 30% of all users of statins have con- Related Health Problems (ICD-10) and drugs were
comitant drugs prescribed that can inhibit statin coded according to the WHO Drug Dictionary (ver-
metabolism, potentially leading to rhabdomyol- sion 01-3, third quarter 2001). All patient data were
ysis.[12] It is known that the interaction potential recorded in an electronic database and all drug
differs between individual statins.[13,14] Atorvastatin, profiles  were  screened  using  the  online  version
lovastatin and simvastatin are all biotransformed by of Drug-Reax® Interactive Drug Interactions
CYP3A4, the most abundant CYP isoenzyme, (Micromedex™ Healthcare Series Vol. 111-115/Exp
which metabolises most drugs undergoing CYP- 03-12/2002),[19] a drug interaction program that has
associated biotransformation.[6,15] Accordingly, the been used in several previous studies.[20-22] This
risk for interactions is highest for drugs metabolised program has proven to be more sensitive to predict
by CYP3A4, particularly if no other CYP isoen- potential DDIs than expert physicians.[22]
zymes are involved in their biotransformation.
Fluvastatin is primarily metabolised by CYP2C9, an Database and Semiautomatic Screening
isoenzyme that is less abundant than CYP3A4, mak- by Drug-Reax®
ing the drug less prone to DDIs.[16,17] Pravastatin is
more hydrophilic because of a hydroxyl group al- Drug-Reax®, an interactive electronic drug inter-
lowing conjugation of the drug without previous action program with a filter for severity rating (ma-

© 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (3)
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Non-Statin Drug-Drug Interactionsjor, moderate, minor) that provides referenced infor-
Each drug profile with a possible non-statin DDImation on the clinical picture caused by a given

of ‘major severity’ according to Drug-Reax® orDDI, was used for screening potential DDIs.[19] For
with a DDI not recognised by Drug-Reax® but bythis project, a specific software for data manage-
manual screening  using standard  literature,[24,25]ment and entry was developed. The software al-
an additional online drug interaction databaselowed coding of diagnoses according to ICD-10 and
(www.pharmavista.ch) and/or Medline, was evalu-of drugs according to the WHO Drug Dictionary.
ated by a pharmacist and a clinical pharmacologist.Phenprocoumon and acenocoumarol, the two oral
DDIs were considered as potentially harmful (andanticoagulants used in Switzerland, were coded as
therefore clinically relevant) if the potential adversewarfarin, because they are not listed in Drug-Reax®.
effect of this interaction could have had a seriousAfter the entry of all drugs received by a single
outcome. A DDI of ‘major severity’ according topatient, the software prepared data records for all
Drug-Reax® was considered as not being clinicallypossible drug-drug combinations for the patient
relevant if the interaction did not correspond to the(number of drug pairs/patient = [number of drugs ×
actual clinical situation (e.g. first-dose hypotension(number of drugs – 1)/2]). By using the browser
of ACE inhibitors in patients receiving long-termobject of MS-Access, a semiautomatic search was
treatment with ACE inhibitors and diuretics) or ifstarted in Drug-Reax® and the result was pasted into
one of the potentially interacting drugs was adminis-the database. A systematic parsing procedure
tered topically (e.g. treatment with topical ketocona-analysed the search results, which consequently had
zole in a patient treated with a CYP3A4 substrate).to be assigned to the correct drug-drug pair. With

this procedure, over 30 000 drug-drug pairs were
screened. Drug combinations with the potential of Statistical Analysis
relevant interactions for either compound were sep-
arated for further evaluation. Possible differences of age, number of diagnoses

and number of drugs between the groups of patients
treated with the different statins were tested by one-Evaluation of Clinical Relevance of Potential
way ANOVA. Categorical variables were tested byDrug Interactions
Pearson χ2. The 5% significance level (α-criterion)
was adjusted for multiple testing according to

Drug-HMG-CoA Reductase Inhibitor Bonferroni-Holm.[26]

(‘Statin’) Interactions Potential drug-statin and non-statin DDIs were
Each patient and medication profile with a possi- analysed by logistic regression analyses using a

ble drug-statin interaction detected by Drug-Reax® backward elimination procedure with Wald statis-
was evaluated by a pharmacist and a clinical phar- tics and likelihood-ratio statistics. The occurrence of
macologist for clinical relevance. A drug-statin potential drug-statin or non-statin DDIs was used as
combination was considered critical or potentially the response variable. Explanatory variables put in
harmful and, therefore, clinically relevant if: the the two models of drug-statin and non-statin DDIs
respective statin was combined with a known inhibi- included the dichotomous variables male sex,
tor of its metabolism and/or transport; there was at French-speaking part of Switzerland, Italian-speak-
least one published case report describing the inter- ing part of Switzerland, diagnosis of hypertension,
action; or, the potential adverse effect could have diabetes, coronary heart disease, cardiac failure, ar-
had a serious outcome. Serious outcome was de- rhythmias, depression/psychiatric disorders, cere-
fined as described by the International Conference brovascular diseases, rheumatic diseases/diseases of
on Harmonisation (ICH) guidelines for clinical safe- the musculoskeletal system, gout/hyperuricaemia,
ty data management of adverse drug reactions.[23] In epilepsy and other diagnoses (table I). The continu-
case of disagreement, the specific interaction was ous variables included in the model were age
discussed until consensus between both assessors (years), number of diagnoses, number of prescribed
was reached. drugs and number of prescribed pharmacologically

© 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (3)



266 Rätz Bravo et al.

© 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (3)

T
ab

le
 I

. 
P

at
ie

nt
 c

ha
ra

ct
er

is
tic

s 
an

d 
co

-m
or

bi
di

tie
s 

in
 2

74
2 

pa
tie

nt
s 

w
ith

 d
ys

lip
id

ae
m

ia
 r

ec
ei

vi
ng

 H
M

G
-C

oA
 r

ed
uc

ta
se

 i
nh

ib
ito

r 
(‘s

ta
tin

’) 
th

er
ap

y 
st

ra
tif

ie
d 

ac
co

rd
in

g 
to

 i
nd

iv
id

ua
l

st
at

in
s 

P
at

ie
nt

 c
ha

ra
ct

er
is

tic
s

T
ot

al
A

to
rv

as
ta

tin
P

ra
va

st
at

in
S

im
va

st
at

in
F

lu
va

st
at

in
P

-v
al

ue
(n

 =
 2

74
2)

(n
 =

 8
86

)
(n

 =
 9

34
)

(n
 =

 7
63

)
(n

 =
 1

59
)

A
ge

 [
y 

(m
ea

n
±

S
D

)]
65

.1
±

11
.2

63
.7

±
11

.6
65

.3
±

11
.2

66
.5

±
10

.8
65

.6
±

10
.8

<
0.

05
a

F
em

al
es

 [
no

. 
(%

)]
10

52
 (

38
.4

)
33

4 
(3

7.
7)

36
2 

(3
8.

8)
29

6 
(3

8.
8)

60
 (

37
.7

)
N

S

N
o.

 o
f 

di
ag

no
se

s 
(in

cl
ud

in
g 

dy
sl

ip
id

ae
m

ia
)

3.
2

±
1.

6
3.

2
±

1.
6

3.
2

±
1.

6
3.

4
±

1.
5

3.
2

±
1.

3
N

S
[m

ea
n 

± 
S

D
]

N
o.

 o
f 

pr
es

cr
ib

ed
 d

ru
gs

 in
cl

ud
in

g 
st

at
in

4.
9

±
2.

4
4.

7
±

2.
4

4.
8

±
2.

4
5.

1
±

2.
3

5.
1

±
2.

2
<

0.
05

b

(m
ea

n 
± 

S
D

)

H
yp

er
te

ns
io

n 
[n

o.
 (

%
)]

14
28

 (
52

.1
)

44
1 

(4
9.

8)
47

9 
(5

1.
3)

40
7 

(5
3.

3)
10

1 
(6

3.
5)

N
S

D
ia

be
te

s 
m

el
lit

us
 [

no
. 

(%
)]

52
0 

(1
9.

0)
17

0 
(1

9.
2)

17
0 

(1
8.

2)
15

1 
(1

9.
8)

29
 (

18
.2

)
N

S

C
or

on
ar

y 
he

ar
t 

di
se

as
e 

[n
o.

 (
%

)]
11

66
 (

42
.5

)
37

2 
(4

2.
0)

38
9 

(4
1.

6)
34

8 
(4

5.
6)

57
 (

35
.8

)
N

S

C
ar

di
ac

 f
ai

lu
re

 [
no

. 
(%

)]
13

0 
(4

.7
)

40
 (

4.
5)

35
 (

3.
7)

49
 (

6.
4)

6 
(3

.8
)

N
S

A
rr

hy
th

m
ia

s 
[n

o.
 (

%
)]

18
8 

(6
.9

)
56

 (
6.

3)
63

 (
6.

7)
61

 (
8.

0)
8 

(5
.0

)
N

S

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

s 
(in

cl
ud

in
g 

tr
an

si
to

ry
46

1 
(1

6.
8)

13
6 

(1
5.

3)
15

9 
(1

7.
0)

13
9 

(1
8.

2)
27

 (
17

.0
)

N
S

is
ch

ae
m

ic
 a

tta
ck

s 
an

d 
pe

rip
he

ra
l a

rt
er

ia
l

oc
cl

us
iv

e 
di

se
as

e)
 [

no
. 

(%
)]

D
ep

re
ss

io
n/

ps
yc

hi
at

ric
 d

is
or

de
r 

[n
o.

 (
%

)]
42

3 
(1

5.
4)

13
7 

(1
5.

5)
13

3 
(1

4.
2)

12
5 

(1
6.

4)
28

 (
17

.6
)

N
S

R
he

um
at

ic
 d

is
ea

se
s/

di
se

as
es

 o
f 

m
us

cu
lo

sk
el

et
al

41
6 

(1
5.

2)
12

4 
(1

4.
0)

13
9 

(1
9.

9)
12

8 
(1

6.
8)

25
 (

15
.7

)
N

S
sy

st
em

 [
no

. 
(%

)]

G
ou

t/h
yp

er
ur

ic
ae

m
ia

 [
no

. 
(%

)]
10

3 
(3

.8
)

42
 (

4.
7)

34
 (

3.
6)

21
 (

2.
8)

6 
(3

.8
)

N
S

E
pi

le
ps

y 
[n

o.
 (

%
)]

16
 (

0.
6)

4 
(0

.5
)

6 
(0

.6
)

6 
(0

.8
)

0
N

S

O
th

er
 d

ia
gn

os
es

 [
no

. 
(%

)]
24

4 
(8

.9
)

88
 (

9.
9)

94
 (

10
.1

)
54

 (
7.

1)
8 

(5
.0

)
N

S

a
A

ge
: 

si
m

va
st

at
in

 >
 a

to
rv

as
ta

tin
 (

p 
<

 0
.0

5 
by

 A
N

O
V

A
/B

on
fe

rr
on

i-H
ol

m
).

b
N

um
be

r 
of

 d
ru

gs
: 

si
m

va
st

at
in

 >
 a

to
rv

as
ta

tin
, 

si
m

va
st

at
in

 >
 p

ra
va

st
at

in
 (

p 
<

 0
.0

5 
by

 A
N

O
V

A
/B

on
fe

rr
on

i-H
ol

m
).

N
S

 =
 n

ot
 s

ig
ni

fic
an

t; 
S

D
 =

 s
ta

nd
ar

d 
de

vi
at

io
n.



Drug Interactions in Dyslipidaemic Patients 267

active compounds. Explanatory variables were in- heart disease, diabetes mellitus, cerebrovascular dis-
cluded in the final model, if the p-value was < 0.1. eases, psychiatric illnesses, arrhythmias and cardiac

The final model of drug-statin interactions com- failure. In comparison to the other statins, patients
prised the following explanatory variables: number treated with simvastatin were significantly older and
of diagnoses, number of prescribed drugs, diagnosis were prescribed more drugs than other statin users.
of hypertension, diabetes, cardiac failure, arrhyth- The distribution of drugs concomitantly pre-
mias and French-speaking part of Switzerland. The scribed with statins is shown in table II. Since arteri-
influence of the prescribed statin was assessed by an al hypertension and coronary heart disease were the
indicator variable for the use of pravastatin (yes/no), most prevalent co-morbidities, aspirin (acetylsali-
i.e. pravastatin was tested against all other statins. cylic acid), β-adrenoceptor antagonists (β-blockers),
The following parameters were put in the final non- ACE inhibitors, angiotensin receptor antagonists
statin DDI model as explanatory variables: male and thiazide or loop diuretics, were the drugs most
sex, number of prescribed pharmacologically active often prescribed concomitantly. Overall, 122 pa-
compounds, diagnosis of diabetes, cardiac failure, tients (4.4%) had no additional drug prescribed.
arrhythmias, cerebrovascular diseases and gout/

Overall, 190 (6.9%) of the 2742 patients receiv-hyperuricaemia. The influence on non-statin DDIs
ing statin therapy had a total of 198 drug combina-was assessed by an indicator variable for the pres-
tions with the potential for a critical drug-statinence of potential drug-statin DDIs. Relative risk
interaction; eight patients had two such drug combi-estimates are expressed as odds ratios (ORs) with
nations (table III). The prevalence of potentially95% CIs.
critical drug-statin interactions was 12.1% (95% CIStatistical analyses were performed with SPSS
9.7, 14.4) in patients with simvastatin, 10.0% (95%for Windows version 10.1.4 (SPSS Inc., Chicago,
CI 8.0, 12.1) with atorvastatin, 3.8% (95% CI 0.5,USA).
7.1) with fluvastatin and 0.3% (95% CI 0.1, 0.7)
with pravastatin. The potentially interacting drugsResults
comprised  other lipid-lowering drugs  (fibrates,
nicotinic acid), known CYP3A4 inhibitors (ami-

Drug-Statin Interactions odarone, verapamil, fluoxetine/norfluoxetine, dil-
tiazem, nefazodone, clarithromycin and systemicFrom February to April 2002, 242 practitioners
azole antifungal drugs), or known CYP2C9 inhibi-(43.0% general practitioners, 41.7% internists,
tors (fluoxetine/norfluoxetine). Forty-three patients13.6% cardiologists and 1.7% others) from different
(22.6% of the patients with a potential drug-statinparts of Switzerland recorded the medication of
interaction) were concomitantly treated with digox-2753 patients with dyslipidaemia treated with a sta-
in, a P-gp substrate.tin. Eleven patients were excluded from the analy-

Logistic regression analysis indicated that thesis: ten patients were not prescribed a statin and one
following variables were associated with a statisti-was receiving cerivastatin, a statin withdrawn from
cally increased relative risk for potentially criticalthe market in 2000. Patients were recruited in the
drug-statin interactions: number of drugs (adjustedGerman- (49.2%), French- (37.9%) or Italian-
OR 1.3; 95% CI 1.2, 1.4; p < 0.001), diagnosis of(12.9%) speaking parts of Switzerland. Pravastatin
cardiac failure (adjusted OR 1.8; 95% CI 1.1, 3.1;was prescribed in 34.1% of all patients, atorvastatin
p = 0.03), diagnosis of arrhythmias (adjusted ORin 32.3%, simvastatin in 27.8% and fluvastatin in
5.6; 95% CI 3.6, 8.5; p < 0.001) and being a patient5.8%. Patient characteristics are summarised in ta-
from the French-speaking part of Switzerland (ad-ble I. The 2742 patients included in the study had a
justed OR 1.5; 95% CI 1.1, 2.1; p = 0.018). The usetotal of 8943 diagnoses (mean ± SD 3.2 ± 1.6 per
of pravastatin was associated with a lower risk forpatient) and were prescribed a total of 12 766 drugs
potentially critical drug-statin interactions (adjusted(mean 4.9 ± 2.4 drugs per patient,  range 1–21).
OR 0.02; 95% CI 0.01, 0.07; p < 0.001) comparedThe most prevalent co-morbidities besides dys-
with use of other statins.lipidaemia were arterial hypertension, coronary

© 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (3)
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Table III. List of 198 potential drug-HMG-CoA reductase inhibitor (‘statin’) interactions in 190 patients with dyslipidaemia treated with a
statin; eight patients had two potential interactions (seven in the atorvastatin and one in the simvastatin group)

Potential interactions Total Atorvastatin Pravastatin Simvastatin Fluvastatin

Total no. of patients with potential interactions (no.) 190 89 3 92 6

Total no. of potential interactions [no. (%)] 198 (100.0) 96 (100.0) 3 (100.0) 93 (100.0) 6 (100.0)

Other lipid-lowering drugs [no. (%)] 18 (9.1) 10 (10.4) 3 (100.0) 4 (4.3) 1 (16.7)

fibrates 17 (8.6) 10 (10.4) 3 (100.0) 3 (3.2) 1 (16.7)

nicotinic acid 1 (0.5) 0 0 1 (1.1) 0

CYP3A4 inhibitors [no. (%)] 129 (65.2) 66 (68.8) NA 63 (67.7) NA

amiodarone 52 (26.3) 29 (30.2) NA 23 (24.7) NA

verapamil 40 (20.2) 21 (21.96) NA 19 (20.4) NA

diltiazem 5 (2.5) 0 NA 5 (5.4) NA

fluoxetine/norfluoxetine 24 (12.1) 13 (13.5) NA 11 (11.8) NA

nefazodone 3 (1.5) 3 (3.1) NA 0 NA

clarithromycin 3 (1.5) 0 NA 3 (3.2) NA

azole antifungal (systemic) 2 (1.0) 0 NA 2 (2.2) NA

CYP2C9 inhibitors [no. (%)] 5 (2.5) NA NA NA 5 (83.3)

fluoxetine/norfluoxetine 5 (2.5) NA NA NA 5 (83.3)

P-glycoprotein substrates [no. (%)] 43 (21.7) 20 (20.8) NA 23 (24.7) NA

digoxin 43 (21.7) 20 (20.8) NA 23 (24.7) NA

Others [no. (%)] 3 (1.5) 0 0 3 (3.2) 0

ciclosporin (cyclosporine) 3 (1.5) 0 0 3 (3.2) 0
CYP = cytochrome P450; NA = not applicable.

Additional drug-statin combinations were ob- tatin and clopidogrel, which was initially published
in early 2003,[27] remains controversial[28,29] and wasserved, which did not meet the criteria to be classi-
therefore not included in our analysis. No patientfied as potential DDIs with harmful clinical conse-
was reported to have signs or symptoms of myopa-quences as defined, but which are worth mentioning.
thy during data collection.Three hundred and twenty patients (11.7% of the

study  population)  were prescribed an  oral  anti-
coagulant, either phenprocoumon (CYP3A4 and Non-Statin Drug-Drug Interactions
CYP2C9 substrate; 201 patients or 7.3% of all pa-
tients studied) or acenocoumarol (CYP2C9 sub- In 288 of the 2742 patients studied (10.5%), 393
strate; 119 patients or 4.3%). In 200 patients (7.3%) drug combinations with non-statin DDIs were iden-
oral anticoagulants were administered in combina- tified, corresponding to a mean of 1.36 ± 0.8 inter-
tion with atorvastatin, simvastatin or fluvastatin. actions per affected patient. Of 288 patients with
Since oral anticoagulants are only CYP substrates interactions, 219 (76.0%) had one non-statin DDI,
but not inhibitors, these potential interactions were 47 patients (16.3%) had two and 22 patients (7.6%)
not included in our analysis. Fifty-four patients had three or more non-statin DDIs. The non-statin
(2.0% of all patients studied) were treated with a DDIs that were detected most often are listed in
CYP inducer. Thirty-nine of these patients (1.4%) table IV. Patients treated with ACE inhibitors, po-
had a combination that might lead to a decreased tassium-sparing diuretics, β-blockers, oral anticoag-
plasma concentration of the statin (simvastatin or ulants, amiodarone or digoxin were most likely to
atorvastatin) and a potential loss of its clinical effect have potential non-statin DDIs. The underlying
(7 with barbiturates, 15 with carbamazepine, 2 with mechanism of potential DDIs was pharmacodynam-
phenytoin and 15 with hypericum [St John’s wort]). ic in 65% of the 393 drug combinations with non-
Since the clinical relevance of these potential inter- statin DDIs (predominantly among cardiovascular
actions is not clear, they were not included in our drugs), pharmacokinetic in 14% and in 21% the
analysis. The potential interaction between atorvas- mechanism was unclear.

© 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (3)
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Logistic regression analysis yielded statistically
increased relative risks for the following variables:
male sex (adjusted OR 1.4; 95% CI 1.1, 1.9), num-
ber of prescribed pharmacologically active com-
pounds (adjusted OR 1.6; 95% CI 1.5, 1.7), diagno-
sis of cardiac failure (adjusted OR 3.3; 95% CI 2.1,
5.1), diagnosis of arrhythmias (adjusted OR 3.50;
95% CI 2.4, 5.2), diagnosis of cerebrovascular dis-
eases (adjusted OR 1.6; 95% CI 1.1, 2.2) and a
diagnosis of gout (adjusted OR 2.9; 95% CI 1.7,
4.9).

Discussion

Our study demonstrates that overall, approxi-
mately 7% of all patients prescribed a statin were at
risk for a drug-statin interaction. This figure is lower
than the one obtained in a recent study in Ireland,
where potentially interacting drugs were detected in
approximately 30% of patients treated with a sta-
tin.[12] This discrepancy may be explained by differ-
ences in the prescribing pattern between Ireland and
Switzerland and also by differences in the definition
of drug-statin interactions. Considering the prescrib-
ing pattern, only 3.6% of the patients in our study
were treated with the CYP3A4 inhibitors verapamil
or diltiazem, whereas 13.1% of the patients in the
Irish study were concomitantly treated with these
drugs.[12] In the Irish study, inhibitors, inducers and
substrates of CYP3A4 and CYP2C9 were regarded
as drugs with the potential to interact with statins.[12]

In contrast, in our study, only CYP inhibitors, P-gp
substrates and other drugs for which case reports or
drug interaction studies about a clinically relevant
interaction could be identified, were considered as
drugs with the potential to interact with statins.
Moreover, CYP3A4 and/or CYP2C9 substrates, for
which no case reports of clinically relevant drug-
statin interactions exist, were not included in the
analysis. In addition, CYP inducers (e.g. phenytoin,
carbamazepine, rifampicin [rifampin] and hyper-
icum) were not considered as drugs with a clinically
significant interaction potential with statins in our
study and were, therefore, not included.

Although the participating physicians had been
told to transmit the medication lists of the patients
entering the study before performing any changes,
we cannot exclude the possibility that some practi-
tioners checked the medication list for drug-drug
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interactions before transmitting it. The true preva- inhibitors.[12] For pravastatin, potential interactions
lence of drug-drug interactions may therefore be seem to be even rarer than for fluvastatin, since this
higher than found in our study. statin is not metabolised by CYP isoenzymes, but is

glucuronidated.Approximately 40% of all patients treated with a
Furthermore, the study shows that important ad-statin who develop rhabdomyolysis are concomi-

ditional risk factors for the appearance of potentiallytantly treated with an interacting drug.[18] A recent
critical drug interactions with statins include theanalysis of reports to the US FDA revealed that
number of concomitant drugs a patient is prescribedmibefradil, fibrates, ciclosporin (cyclosporine),
and a diagnosis of heart failure and/or arrhythmias;macrolides (erythromycin and clarithromycin), war-
these diagnoses are highly correlated with specificfarin, digoxin, azole antifungals, nicotinic acid,
drug therapies known to interact with statins. In thetacrolimus, chlorzoxazone and nefazodone were the
case of heart failure, an important interaction isdrugs or drug classes considered to be involved in
observed between some statins and digoxin, whichstatin-induced rhabdomyolysis. From our data,
can increase the plasma digoxin concentration byshowing that 7% of patients treated with a statin
approximately 30% due to inhibition of P-gp byhave the potential for a drug-statin interaction, it can
certain statins. This interaction is observed with P-be estimated that drug-statin interactions increase
gp substrates such as simvastatin, lovastatin andthe risk for rhabdomyolysis by a factor of approxi-
atorvastatin.[33] Regarding the narrow therapeuticmately 6. This figure corresponds well with an esti-
range of digoxin, this interaction may be clinicallymated 10-fold increase in the risk of rhabdomyolysis
relevant for the above-mentioned statins, but notreported by Omar et al.,[18] confirming our findings
with pravastatin,[34] which does not inhibit P-and calculations. Statin-induced rhabdomyolysis re-
gp.[33,35]mains a rare event, occurring in 0.04–0.2% of statin-

treated patients, even in the presence of an interact- The group of patients with the highest risk for
ing drug.[18] This is supported by the observation potential drug-statin interactions are those with car-
that none of the 2742 patients studied, including the diac arrhythmias. In Switzerland, patients with car-
190 patients with a potential drug-statin interaction, diac arrhythmias are often treated with verapamil,
had signs or symptoms of myopathy in our investi- digoxin or amiodarone, which can all interact with
gation. Despite being a rare adverse reaction, owing most statins. Verapamil inhibits both CYP3A4 and
to the widespread use of statins and the potentially P-gp,[35,36] and amiodarone is an efficient inhibitor
fatal outcome, statin-associated rhabdomyolysis has of several CYP isoenzymes, among them CYP3A4
become an important clinical problem. This was and CYP2C9.[37]

demonstrated dramatically by the recent withdrawal The interactions between statins and fibrates or
of cerivastatin from the market.[30]

ciclosporin may be mediated by the inhibition of
Our study defines several risk factors associated hepatic transporters, which are involved in the hep-

with the presence of a potentially critical drug-statin atic uptake of statins. Organic anion transporting
interaction. The individual statin chosen for treat- polypeptide (OATP)-2/OATP-C-mediated transport
ment of dyslipidaemia is the most important one. has been identified not only  for pravastatin,[38,39]

Similar to other epidemiological studies[12,31] and but also for simvastatin,[38] fluvastatin,[38] atorvas-
published case series of patients with statin-induced tatin[40] and cerivastatin.[41] Shitara et al.[41] showed
rhabdomyolysis,[18] our study also demonstrates that that ciclosporin can inhibit hepatic uptake of ceriva-
CYP3A4 inhibitors concomitantly prescribed with statin, which was at least partly mediated by
simvastatin or atorvastatin (lovastatin is not market- ciclosporin-induced inhibition of OATP2, sug-
ed in Switzerland) are the most frequent combina- gesting that increased plasma concentrations of cer-
tions of potentially critical drug-statin interactions. ivastatin in the presence of ciclosporin are mainly
Potential drug interactions with fluvastatin are rarer, due to the impairment of hepatic uptake rather than
because this drug is primarily metabolised by inhibition of CYP3A4.[41] The same mechanism
CYP2C9;[13,32] CYP2C9 inhibitors are less often may be responsible for the DDI with ciclosporin and
used in patients with dyslipidaemia than CYP3A4 pravastatin.[42] Recently, the pharmacokinetic inter-
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action between gemfibrozil and pravastatin has been tween allopurinol and ACE inhibitors, which may
investigated in more detail. The increase in the increase the risk of developing an allopurinol-in-
pravastatin plasma concentration could be explained duced hypersensitivity syndrome.[53] Although evi-
by a decrease in both renal clearance and hepatic dence for this interaction exists only as case re-
uptake.[43] ports,[54-56] the clinical outcome for the allopurinol-

associated hypersensitivity syndrome is potentiallyAs expected and as shown in previous stud-
ies,[44,45] we could identify polypharmacy as a risk so serious (fatalities are reported[53,57,58]) that it may
factor for DDIs. In agreement with these studies, the be prudent to avoid this drug combination.
current work also demonstrates that the risk for Patients with psychiatric disorders, particularly
potentially serious DDIs increased with the increas- depression, were also identified as a risk group for
ing number of drugs used. This may be critical non-statin DDIs. Whereas tri- and tetracyclic an-
particularly in patients with cardiac diseases, who tidepressants are generally not relevant inhibitors or
are generally treated with more than one drug.[46]

inducers of CYP isoenzymes, this is different for
Accordingly, we identified heart failure as one of the selective serotonin reuptake inhibitors (SSRIs).[59]

major risk factors associated with potential non- Significant inhibition of CYP isoenzymes has been
statin DDIs. Regarding the drugs used in heart fail- described for fluvoxamine (inhibition of CYP1A2,
ure, e.g. ACE inhibitors, digoxin and potassium- CYP2C19 and CYP3A4), paroxetine (CYP2D6)
sparing and loop diuretics, all rank among the drugs and fluoxetine (CYP2D6, CYP1A2, CYP3A4 and
with a high prevalence of potentially serious non-

CYP2C9).[59-61] For all of these SSRIs, DDIs due to
statin DDIs.

CYP inhibition with clinical relevance have been
Potential non-statin interactions frequently de- described. This is important to know for physicians

tected in patients with heart failure were those be- caring for patients with cardiovascular disease, since
tween ACE inhibitors and potassium supplements or antidepressants are frequently prescribed in this
potassium-sparing diuretics, which is in accordance population.[62]

with a study of the prevalence of DDIs in the medi-
None of the patients included in this study hadcation of medical patients at hospital discharge.[20]

symptoms or signs of an adverse drug effect due to aWhile the administration of potassium supplements
statin or non-statin DDI. Regarding other reports inin patients treated with ACE inhibitors is well
the literature, where approximately 6% of patientsknown to be associated with hyperkalaemia,[47,48]

with a critical DDI experienced adverse effects,[63,64]the development of hyperkalaemia in patients treat-
some adverse effects in the 190 patients with statined with ACE inhibitors and low-dose spironolactone
interactions or the 288 patients identified with a(i.e. 25–50 mg/day as recommended for the treat-
critical non-statin DDI would have been expected.ment of heart failure[49]) has been reported only
However, the aim of the study was to quantify therecently.[50,51] Renal failure appears to be an addi-
prevalence of potential DDIs and not of adversetional risk factor for the development of hyper-
events. Additionally, we did not have direct accesskalaemia in patients treated with ACE inhibitors,
to the patient records to identify adverse clinicalparticularly when a drug-drug and/or diet-drug in-
outcomes in association with a DDI, potentiallyteraction is present.[50,52] Concomitant use of loop or
favouring underreporting of DDI-associated adversethiazide diuretics may diminish the risk of

hyperkalaemia associated with ACE inhibitors and reactions. Moreover, the medication screened in-
potassium supplements or potassium-sparing diuret- cluded only the drugs prescribed by the physician
ics, but we still recommend that patients treated with taking part in the study. It is possible that patients
such combinations be followed carefully, particular- may have seen other physicians prescribing addi-
ly if they also have renal failure. tional drugs that were unknown to the physician

treating the patient for dyslipidaemia. Therefore, theAnother group of patients with a high prevalence
prevalence of potential statin or non-statin DDIs inof non-statin DDIs identified in our study are those
this population may be even higher than the onewith gout. Our data indicate that this is the case

particularly because of a potential interaction be- assessed in this study.
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