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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• HMG-CoA reductase inhibitors (statins) are

frequently used drugs in the treatment of
dyslipidaemia.

• Co-medication with interacting drugs
increases the risk of statin-induced muscular
side-effects.

• Simvastatin exhibits particularly high
interaction potential due to substantial
metabolism via cytochrome P450 3A4
(CYP3A4).

WHAT THIS STUDY ADDS
• In June 2005, a new reimbursement policy

was introduced by the Norwegian
Medicines Agency stating that simvastatin
should be prescribed as first-line
lipid-lowering therapy.

• Following introduction of the new policy,
the number of patients co-medicated with
simvastatin and CYP3A4 inhibitors almost
doubled.

• A potential consequence is increased
incidence of muscular side-effects in the
statin-treated population.

AIMS
To assess the prevalence of co-medication of statins and CYP3A4
inhibitors before and after introduction of a new Norwegian
reimbursement policy, which states that all patients should be
prescribed simvastatin as first-line lipid-lowering therapy.

METHODS
Data from patients receiving simvastatin, lovastatin, pravastatin,
fluvastatin or atorvastatin in 2004 and 2006, including co-medication
of potent CYP3A4 inhibitors, were retrieved from the Norwegian
Prescription Database covering the total population of Norway. Key
measurements were prevalence of continuous statin use (two or more
prescriptions on one statin) and proportions of different statin types
among all patients and those co-medicated with CYP3A4 inhibitors.

RESULTS
In 2004, 5.9% (n = 272 342) of the Norwegian population received two
or more prescriptions on one statin compared with 7.0% (n = 324 267)
in 2006. The relative number of simvastatin users increased from 39.7%
(n = 112 122) in 2004 to 63.1% (n = 226 672) in 2006. A parallel increase
was observed within the subpopulation co-medicated with statins
and CYP3A4 inhibitors, i.e. from 42.9% (n = 7706) in 2004 to 63.6%
(n = 13 367) in 2006. For all other statins the number of overall users
decreased to a similar extent to those co-medicated with CYP3A4
inhibitors.

CONCLUSIONS
In both 2004 and 2006, the choice of statin type did not depend on
whether the patient used a CYP3A4 inhibitor or not. Considering the
pronounced interaction potential of simvastatin with CYP3A4
inhibitors, a negative influence of the new policy on overall statin
safety seems likely.
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Introduction

HMG-CoA reductase inhibitors (statins) are a well-
established treatment for improving lipid profile in dyslipi-
daemic patients. Several studies have shown the benefits
of statins on cardiovascular morbidity and mortality [1–3].
The statins are generally well tolerated, but in 2001 ceriv-
astatin was withdrawn from the market worldwide
because of an unacceptably high frequency of serious
myopathy (creatine kinase >10 times the upper limit of
normal) and rhabdomyolysis [4]. Although rare, myopathy
and rhabdomyolysis remain a serious concern with other
statins also [5].

In large clinical trials statin-induced myopathy and
rhabdomyolysis have been reported in 0.1–0.5 and 0.02–
0.2% of patients, respectively [6–9]. The mode of action for
muscle toxicity is not known, but risk factors for this
adverse reaction include high statin dose/serum concen-
tration, female sex, age and drug–drug interactions
[10–12]. The statins have different drug–drug interaction
potentials due to different pharmacokinetic properties.
Simvastatin, lovastatin and atorvastatin are all metabolized
by cytochrome P450 3A4 (CYP3A4), whereas pravastatin
and fluvastatin mainly have other eliminating pathways
[13]. Many agents are inhibitors or inducers of CYP3A4, and
the general interaction potential of simvastatin, lovastatin
and atorvastatin is therefore higher than for other statins
[8, 10]. Of the CYP3A4 statins, simvastatin and lovastatin
are more sensitive than atorvastatin in terms of relative
increase in serum concentration during co-administration
of CYP3A4 inhibitors. Compared with simvastatin and lov-
astatin, where 20–30-fold increases have been reported in
combination with potent CYP3A4 inhibitors, only a three-
fold increase has been observed for atorvastatin [14–16].
Although an increased risk of adverse events is associated
with co-administration of CYP3A4 inhibitors for all three
agents, the risk is likely to be greatest for simvastatin and
lovastatin.

A European study from 2003 indicated that Norway
had the highest statin consumption per inhabitant in
Europe [17]. Due to the substantial costs related to statin
use, a new reimbursement policy was introduced by the
Norwegian Medicines Agency in June 2005 [18], stating
that all patients requiring statins should be prescribed sim-
vastatin as first-line therapy. The arguments for the new
policy were lower price of simvastatin after patent expiry
and good clinical documentation of its effectiveness.
However, simvastatin has a pronounced drug–drug inter-
action potential with CYP3A4 inhibitors [10, 14, 15, 19], and
the presence of interactions was pointed out as a valid
medical cause for prescribing other statins than simvas-
tatin [18]. The aim of this study was to assess the
co-medication prevalence of statins and CYP3A4 inhibitors
in an outpatient population in Norway before and after
introduction of the new reimbursement policy, which
stated that simvastatin should be used as first-line therapy.

Methods

Prescription database
Data were drawn from the Norwegian Prescription Data-
base (NorPD), which covers all prescriptions dispensed at
Norwegian pharmacies, reimbursed or not. Since January
2004 Norwegian pharmacies have been obliged by law to
submit prescription data on a monthly basis to NorPD
at the Norwegian Institute of Public Health. The variables
used in the present study were: patient’s unique encrypted
identifying number, sex, age, residence county, prescribers’
unique identifiers (encrypted), date of dispensing and
information on drugs dispensed [number of packages,
tablet strength, Anatomical Therapeutic Chemical (ATC)
code]. This information was withdrawn from patients
receiving statins in 2004 and 2006. The following statins
were marketed in Norway in 2004 and 2006: simvastatin,
lovastatin, pravastatin, fluvastatin and atorvastatin.

Study population
The study population comprised patients who had at least
one statin prescription (ATC group C10AA) dispensed at
Norwegian pharmacies during 2004 (before new reim-
bursement policy) or 2006 (after reimbursement policy).
Only individuals defined as continuous statin users were
included in the analyses. A continuous statin user was
defined as an individual who received two or more pre-
scriptions of the same statin type during 2004 or 2006.The
time period for continuous statin use in each calendar year,
and possible co-medication of CYP3A4 inhibitor, was
defined by the first and last dispensing date of the statin.
If a CYP3A4 inhibitor was dispensed at the first statin dis-
pensing date or in between the first and last statin dispens-
ing dates, possible co-medication was registered. A match
was registered as probable concomitant use. In Norway
>90% of statin prescriptions are reimbursed by the
National Health Insurance, and patients usually receive
statin treatment for 3 months (i.e. 100 tablets) at a time.

The term co-medication was used to describe possibly
concomitant drug use according to the definition of Tobi
et al. [20].The drugs could be prescribed from one or more
physician and dispensed at the same or a different date
(but within the time period for statin use).

CYP3A4 inhibitors were divided into short-term and
long-term inhibitors according to their indication for use.
Short-term CYP3A4 inhibitors were drugs usually pre-
scribed for shorter time periods (i.e. cure treatment), and
long-term inhibitors were drugs usually prescribed for
longer time periods (i.e. life-time treatment). Erythromycin,
clarithromycin, fluconazole, itraconazole and ketoconazole
were defined as short-term CYP3A4 inhibitors, but it is
important to point out that treatment course could differ
between the various inhibitors and within the same
inhibitor (days to months). Amiodarone, diltiazem, vera-
pamil, saquinavir, indinavir, ritonavir, nelfinavir, lopinavir,
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fosamprenavir, atazanavir and tipranavir were defined as
long-term CYP3A4 inhibitors.

Analysis
One year prevalence for continuous statin use was based
on the entire statin-treated population in 2004 and 2006.
Continuous statin users were grouped according to type of
statin used (i.e. five groups). If type of statin was switched
within a study year, the patient could contribute to more
than one group. Patients co-medicated with CYP3A4
inhibitors and statins were identified among continuous
statin users. Continuous statin users were divided into two
populations: those co-medicated with CYP3A4 inhibitors
and those not co-medicated with CYP3A4 inhibitors. Each
population was analysed considering distribution in age,
sex and statin dose. Differentiating on type of CYP3A4
inhibitor dispensed in the time period for statin use, short-
and long-term co-medicated statin users were identified.
Some patients used both short-term and long-term
CYP3A4 inhibitors and these patients contributed expo-
sure in both groups. The average statin dose was based
on the tablet strength of the last statin prescription
dispensed, and the proportion of co-medicated drugs
prescribed from the same physician was identified using
the physicians’ unique identifiers.

The NorPD covers all prescriptions nationwide and
represents the entire Norwegian statin population. Thus,
95% confidence intervals were not presented for the
prevalences.

Results

One-year prevalence for continuous statin use was 5.9%
(n = 272 342) in 2004 and 7.0% (n = 324 267) in 2006,
representing ~90% of the Norwegian statin population
(Figure 1). Among continuous statin users, 6.3% (n2004 =
17 079 and n2006 = 20 418) were co-medicated with CYP3A4
inhibitors in both 2004 and 2006 (Figure 1). A 19.5%
increase in the number of statin-treated patients exposed
to CYP3A4 inhibitors was observed from 2004 to 2006. As
regards short-term co-medication of CYP3A4 inhibitors,
the number of patients increased from 8238 in 2004 to
10 848 in 2006 (Figure 1), i.e. a 31.7% increase. In compari-
son, the number of patients co-medicated with long-term
CYP3A4 inhibitors increased by 4.6%, from 9533 patients in
2004 to 9968 patients in 2006 (Figure 1).

Table 1 shows the number of overall continuous statin
users and continuous statin users exposed to CYP3A4
inhibitors for each statin in 2004 and 2006. In 2004, the
number of continuous simvastatin and atorvastatin users

Entire Norwegian statin population
n2004 = 306 364
n2006 = 360 894

Continuous statin use
n2004 = 272 342

 n2006 = 324 267 

Co-medication CYP3A4 inhibitor
n2004 = 17 079

 n2006 = 20 418 

No co-medication CYP3A4 inhibitor
n2004 = 255 263

 n2006 = 303 849 

Short-term co-medication*
  n2004 =   8 238
   n2006 = 10 848 

Long-term co-medication*
n2004 = 9 533

 n2006 = 9 968 

Short- and long-term co-medication
n2004 = 344
 n2006 = 398 

Figure 1
Flowchart of unique statin users included in the study.The Norwegian Prescription Database 2004/2006. *Some patients will be exposed to both short-term
and long-term CYP3A4 inhibition during their period of statin use and will therefore be identified as both short-term and long-term co-medicated patients.
The sum of, for example, n2004 short-term co-medication and n2004 long-term co-medication will be bigger than the actual sum of individuals overall exposed
to CYP3A4 inhibitors in 2004
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was approximately the same (nsimvastatin = 112 122, natorvastatin

= 120 051). By 2006, simvastatin had more than doubled
its number of continuous users (nsimvastatin = 226 672). The
relative number of simvastatin users increased from 39.7%
(n = 112 122) in 2004 to 63.1% (n = 226 672) in 2006. A
parallel increase was observed within the subpopulation
co-medicated with statins and CYP3A4 inhibitors, i.e. from
42.9% (n = 7706) in 2004 to 63.6% (n = 13 367) in 2006.
For all other statins, the number of overall users decreased
to a similar extent to those co-medicated CYP3A4
inhibitors.

In 2004, the most frequent combination among
short-term inhibitors was simvastatin/erythromycin
and atorvastatin/erythromycin, with 1823 and 1867 co-
medicated patients, respectively (Table 2). Clearly domi-
nating in 2006 was the combination simvastatin/
erythromycin, with 4078 co-medicated patients. Among
the long-term inhibitors, the combination simvastatin/
verapamil was most frequent in both 2004 (n = 2027,
Table 2) and 2006 (n = 3191, Table 3).

Among the co-medicated patients, younger women
(<65 years) were more frequently exposed to short-term
CYP3A4 inhibition than men (Figure 2). Men exposed
to short-term CYP3A4 inhibition did not show variation
among different age groups (Figure 2). Exposure to
long-term CYP3A4 inhibition increased with age, and
was most prominent in women in the age group 80+
(Figure 2).

In Figure 3, the average prescribed daily dose of the
most frequently used statins (simvastatin, atorvastatin and
pravastatin) are shown in patients with and without
co-medication of long-term CYP3A4 inhibitors. In both
2004 and 2006, the average daily doses were approxi-
mately the same for all three statins with or without
co-medication of long-term CYP3A4 inhibitors (Figure 3).
Whereas the average pravastatin dose was similar in
2004 and 2006 among those not exposed to long-term
co-medication (32 mg), the average simvastatin and atorv-
astatin dose increased by approximately 16 and 33–35%,
respectively, as shown in Figure 3.

Table 1
Number and proportion of unique continuous statin users and unique continuous statin users exposed to one or several CYP3A4 inhibitors,
by year and change

Statin types

Continuous statin use Co-medicated with CYP3A4 inhibitors
2004 2006 Change (between proportions) 2004 2006 Change (between proportions)
n (%) n (%) % n (%) n (%) %

Simvastatin 112 122 (39.7) 226 672 (63.1) 23.4 7706 (42.9) 13 367 (63.6) 20.7
Lovastatin 2808 (1.0) 2017 (0.6) -0.4 285 (1.6) 186 (0.9) -0.7

Pravastatin 39 400 (14.0) 26 425 (7.4) -6.6 2587 (14.4) 1776 (8.5) -5.9
Fluvastatin 8003 (2.8) 6627 (1.9) -1.0 402 (2.2) 370 (1.8) -0.5

Atorvastatin 120 051 (42.5) 97 343 (27.1) -15.4 6997 (38.9) 5314 (25.3) -13.6
Total* 282 384 (100) 359 084 (100) 17 977 (100) 21 013 (100)

*According to our definition of a continuous statin user, some patients will be able to use more than one statin type during one calendar year. Some patients may therefore be
identified as both simvastatin and lovastatin users in Table 1, consequently counted in both places. The summarized number of continuous statin users in each in Table 1 will therefore
be higher than in Figure 1 (which shows the number of unique statin users in each group). The Norwegian Prescription Database 2004/2006.

Table 2
Number and proportion of continuous statin users exposed to different short-term CYP3A4 inhibitors, by year, statin types and short-term CYP3A4 inhibitors

Statin types

Erythromycin Clarithromycin Azole antimycotics

2004 2006 2004 2006 2004 2006
n (%) n (%) n (%) n (%) n (%) n (%)

Simvastatin 1823 (40.3) 4078 (62.5) 1207 (40.7) 2190 (63.9) 385 (40.6) 770 (63.2)
Lovastatin 57 (1.3) 49 (0.6) 31 (1.1) 18 (0.5) 8 (0.8) 8 (0.7)

Pravastatin 682 (15.1) 525 (8.0) 402 (13.6) 265 (7.7) 132 (13.9) 103 (8.5)
Fluvastatin 97 (2.1) 103 (1.6) 75 (2.5) 51 (1.5) 23 (2.4) 27 (2.2)

Atorvastatin 1867 (41.3) 1772 (27.1) 1249 (42.1) 902 (26.3) 401 (42.3) 311 (25.5)
Total* 4526 (100) 6527 (100) 2964 (100) 3426 (100) 949 (100) 1219 (100)

*According to our definition of a continuous statin user, some patients will be able to use more than one statin type or one short-term CYP3A4 inhibitor during one calendar year.
Some patients may therefore be identified in more than one place in Table 2, consequently counted in more than once in the table. The total number of continuous statin users
exposed to CYP3A4 inhibitors in Table 2 will therefore be higher than in Figure 1 (which shows the number of unique statin users in each group). The Norwegian Prescription
Database 2004/2006.
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Co-medication with short-term CYP3A4 inhibitors was
prescribed by different physicians to 53.5% (n = 4406) of
patients in 2004 and 45.4% (n = 4921) in 2006. Among
those co-medicated with long-term CYP3A4 inhibitors,
22.5% (n = 2148) received prescriptions for statins and
inhibitors from different physicians in 2004 compared
with 20.2% (n = 2014) in 2006.

Discussion

In this Norwegian study, which included ~300 000 continu-
ous statin users each year, about 6% were co-medicated
with one or more CYP3A4 inhibitors in 2004 and 2006. The
prescription of the five statins studied was more or less
random within the subpopulation using CYP3A4 inhibitors

Table 3
Number and proportion of continuous statin users exposed to different long-term CYP3A4 inhibitors, by year, statin types and long-term CYP3A4 inhibitors

Statin type

Amiodarone Diltiazem Verapamil HIV protease inhibitors
2004 2006 2004 2006 2004 2006 2004 2006
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Simvastatin 570 (43.9) 1143 (64.2) 1815 (46.7) 2219 (63.1) 2027 (43.8) 3191 (64.9) 1 (2.4) 10 (20.4)
Lovastatin 21 (1.6) 14 (0.8) 87 (2.2) 48 (1.4) 83 (1.8) 53 (1.1) 0 (–) 0 (–)

Pravastatin 242 (18.7) 168 (9.4) 571 (14.7) 355 (10.1) 610 (13.2) 397 (8.1) 29 (69.0) 26 (53.1)
Fluvastatin 19 (1.5) 16 (0.9) 94 (2.4) 77 (2.4) 100 (2.2) 100 (2.0) 0 (–) 0 (–)

Atorvastatin 445 (34.3) 438 (24.6) 1323 (34.0) 819 (23.3) 1809 (39.1) 1178 (23.9) 12 (28.6) 13 (26.5)
Total* 1297 (100) 1779 (100) 3890 (100) 3518 (100) 4629 (100) 4919 (100) 42 (100) 49 (100)

*According to our definition of a continuous statin user, some patients will be able to use more than one statin type or one long-term CYP3A4 inhibitor during one calendar year.
Some patients may therefore be identified in more than one place in Table 3, consequently counted in more than once in the table. The total number of continuous statin users
exposed to CYP3A4 inhibitors in Table 3 will therefore be higher than in Figure 1 (which shows the number of unique statin users in each group). The Norwegian Prescription
Database 2004/2006.

0,0 %
1,0 %
2,0 %
3,0 %
4,0 %
5,0 %
6,0 %
7,0 %
8,0 %

<45 45–49 50–54 55–59 60–64 65–69 70–74 75–79 80+ Total

Figure 2
Proportion of unique continuous statin users exposed to short-term and long-term CYP3A4 inhibition in 2006 (Figure 1: nshort = 10 848, nlong = 9968), by sex
and age. The Norwegian Prescription Database 2004/2006. WomenShortC-M (�); MenShortC-M ( ); WomenLongC-M (�); MenLongC-M ( ). C-M:
co-medicated
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Exposed to long-term
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No CYP3A4 inhibitor Exposed to long-term
CYP3A4 inhibitor

No CYP3A4 inhibitor

20062004
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Figure 3
Average statin dose dispensed at a pharmacy, by year and exposure/non-exposure. The Norwegian Prescription Database 2004/2006. Atorvastatin ( );
Simvastatin (�); Pravastatin (�)
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in both study years,as indicated by the parallel proportions
of overall use and use among co-medicated patients for
each statin. After introduction of the new reimbursement
policy for lipid-lowering treatment, the proportion of sim-
vastatin users among patients co-medicated with CYP3A4
inhibitors increased from 39.7 to 63.1%, whereas the pro-
portions of atorvastatin and pravastatin users decreased
from 38.9 to 25.3% and from 14.4 to 8.5%, respectively.
As the interaction potential of simvastatin with CYP3A4
inhibitors is greater than for atorvastatin and pravastatin, it
is likely that the new policy has influenced statin safety
negatively.

The Norwegian government’s statin costs was reduced
from €120 million the year before the new reimburse-
ment policy to €95 million the year after, and is thus con-
sidered an economic success [21]. However, the present
study has shown that the new policy may have affected
the safety of statin treatment as well. Before the new reim-
bursement policy atorvastatin was the most prescribed
statin, followed by simvastatin.Thus, many of the new sim-
vastatin users in 2006 were switched from atorvastatin
[21]. Both simvastatin and atorvastatin are subjected to
metabolism via CYP3A4, but the interaction potential with
CYP3A4 inhibitors is greater for simvastatin than for ator-
vastatin. Whereas 20–30-fold increases in systemic expo-
sure of simvastatin have been reported in combination
with potent CYP3A4 inhibitors, only a threefold increase
has been observed for atorvastatin [14–16]. Thus, it is
likely that patients co-medicated with CYP3A4 inhibitors
are at higher risk of developing muscular side-effects with
simvastatin than with atorvastatin. This is supported by a
recent case report where myopathy was observed follow-
ing switch from atorvastatin to simvastatin (equipotent
doses) in a patient co-medicated with diltiazem [22].
Moreover, in a study of cases of rhabdomyolysis reported
in Australia, CYP3A4 inhibitors were more often involved
in events with simvastatin (42%) than with atorvastatin
(25%) [10].

Among the statins, pravastatin appears to have the
lowest interaction potential with CYP3A4 inhibitors.Where
there is need of co-medication of statins and CYP3A4
inhibitors, pravastatin should therefore be the preferred
statin [14, 23, 24]. However, the reduction in use of pravas-
tatin from 2004 to 2006 was similar in patients both
exposed and not exposed to CYP3A4 inhibitors.This shows
that pravastatin is not preferred in co-medicated patients
by Norwegian physicians. The Norwegian Medicines
Agency has pointed out that the presence of drug–statin
interactions is a valid medical cause for prescribing other
statins than simvastatin [18]. In Ireland, however, pravasta-
tin is the most frequently prescribed statin, and Heerey
et al. have shown that Irish prescribers prefer pravastatin
when a CYP3A4 inhibitor is present [17, 23, 25]. This indi-
cates greater attention to drug–statin interactions in
Ireland compared with Norway. Introducing new reim-
bursement policies requires attention to safety issues

and more effective strategies should be implemented to
prevent them.

This study has provided detailed information about all
prescriptions dispensed to individuals outside institutions
in Norway. The NorPD contains information that makes
it possible to follow each individual over time in order to
study concomitant drug use. Use of the nationwide NorPD
eliminates the possibility of selection and recall bias.
Several other countries have healthcare databases con-
taining information on drug prescriptions [20, 26–28].
However, many of these are based on insurance plans that
cover only parts of the population, which may introduce
selection bias. Patients receiving statins may change
statin type during 1 year, which could overestimate posi-
tive findings of co-medication. However, focusing on co-
medication within statin types this was not considered a
problem, and approximately 1% of the continuous statin
users switched between statin types within a year (both
2004 and 2006). One weakness using prescription data-
bases is that we do not know if patients temporarily
discontinue their statin use while being treated with,
for example, antibiotics.

Concomitant use of CYP3A4 inhibitors and simvastatin
is associated with an increased risk of developing myopa-
thy and rhabdomyolysis [8, 10, 15, 29, 30]. In 2006 the
most frequent combination overall was simvastatin/
erythromycin, and the number of patients exposed to this
combination more than doubled from 2004 to 2006. This
drug combination is contraindicated because of CYP3A4
inhibition and its strong correlation with statin-induced
muscle toxicity [14, 31]. From our database, NorPD, we do
not know whether the statin was temporarily discontinued
during the macrolide treatment. However, short-term
CYP3A4 inhibitors such as erythromycin may often be pre-
scribed in an acute situation, e.g. emergency rooms. The
prescribing physician may not be aware of the patient’s
statin use, and different prescribing physicians can compli-
cate proper management of the drug–statin interaction. In
both 2004 and 2006, about 50% of those exposed to short-
term CYP3A4 inhibition received statin and short-term
CYP3A4 inhibitor from different physicians. In cases involv-
ing different physicians, we consider it less likely that
the contraindicated use of simvastatin with erythromycin/
clarithromycin had been managed.

With respect to long-term CYP3A4 inhibition, the most
frequent combination was simvastatin/verapamil in both
2004 and 2006. Simvastatin in combination with long-term
CYP3A4 inhibitors is not contraindicated, but according to
the simvastatin Summary of Product Characteristics (SPC),
the daily dose should not exceed 20 mg in combination
with verapamil and amiodarone (40 mg with diltiazem)
[31].Simvastatin doses in this study were similar in patients
both exposed and not exposed to long-term CYP3A4
inhibitors. Moreover, the average simvastatin dose in
patients exposed to long-term CYP3A4 inhibition actually
increased from 25 mg in 2004 to 28 mg in 2006. This is
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thought provoking with respect to the risk for simvastatin-
induced adverse events and indicates that the simvastatin
dosing precautions in combination with CYP3A4 inhibitors
are not followed by Norwegian physicians.

Women and elderly patients are generally at higher risk
for statin-induced muscle toxicity [10, 11]. We observed a
higher proportion of short-term CYP3A4 inhibitors in com-
bination with statin treatment in women <65 years old
than in men. This can be explained by the use of single-
dose fluconazole in premenopausal women, which is
unlikely to represent a clinically relevant drug–statin inter-
action. Also, considerably fewer younger women than
men received a prescription for statins. The proportion
of patients exposed to long-term CYP3A4 inhibition
increased with age in both men and women. In Switzer-
land, Egger et al. also found that prevalence of clinically
relevant drug–drug interactions among statin users signi-
ficantly increased with advancing age [32]. Statins are
usually a life-long treatment, and elderly patients are at
special risk for drug–drug interactions because of poly-
morbidity and consequent prescribing of multiple drugs
[9, 33]. This study has shown that the highest proportion
among those exposed to long-term CYP3A4 inhibition are
women in the 80+ age group.

Only CYP3A4 inhibitors were included in the study, but
it should be mentioned that interactions with other drugs
are also important with respect to statin safety [15].
Examples include gemfibrozil and ciclosporin, which
interact with statins via inhibition of CYP2C8, glucuronida-
tion, P-glycoprotein and/or organic anion transporting
polypeptide [15]. In Norway, gemfibrozil is not registered
for use, whereas pravastatin or fluvastatin are considered
as first-line statins in transplant patients.

In summary, the proportion of simvastatin users among
those co-medicated with a CYP3A4 inhibitor increased in
parallel with the overall increase in simvastatin use from
2004 to 2006. The new reimbursement policy for lipid-
lowering treatment introduced in 2005 aimed to increase
simvastatin prescribing and has substantially reduced Nor-
wegian statin costs. At the same time, the risk of adverse
effects has increased among many statin-treated patients
due to the pronounced interaction potential of simvastatin
with CYP3A4 inhibitors. This study has shown that the
choice of statin type did not depend on whether the
patient used a CYP3A4 inhibitor or not. In conclusion,
warnings and contraindications in SPCs are insufficient to
prevent undesirable statin interactions in Norway.
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