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AIM
The aim was to evaluate clinical risk factors associated with myotoxicity in statin
users.

METHODS
This was a cohort study of patients prescribed a statin in UK primary care practices
contributing to the Clinical Practice Research Datalink. Outcomes of interest were
creatine phosphokinase (CPK) concentrations and clinical records of rhabdomyolysis.

RESULTS
The cohort comprised 641 703 statin users. Simvastatin was most frequently
prescribed (66.3%), followed by atorvastatin (24.4%). CPK was measured in 127 209
patients: 81.4% within normal range and 0.7% above <four times the upper limit
of normal (ULN). Rhabdomyolysis was recorded in 59 patients. Patients with
concomitant prescribing of CYP3A4-interacting drugs had an increased odds ratio
(OR) of rhabdomyolysis compared with controls (OR 3.71, 95% CI 1.18, 11.61) and
>four times ULN CPK compared with normal CPK (OR 1.28, 95% CI 1.01, 1.60).
Rosuvastatin users had higher risk of >four times ULN CPK (OR 1.62, 95% CI 1.22, 2.15)
as did patients with larger daily doses of other statin types. A recent clinical record of
myalgia was associated with an increased OR of >four times ULN CPK (OR 1.73, 95%
CI 1.37, 2.18). In patients who were rechallenged to statins and had repeat CPK
measurements after >four times ULN CPK abnormalities, 54.8% of the repeat CPK
values were within normal range, 32.1% between one to three times and 13.0% >four
times ULN.

CONCLUSIONS
The frequencies of substantive CPK increases and rhabdomyolysis during statin
treatment were low, with highest risks seen in those on large daily doses or
interacting drugs and on rosuvastatin. CPK measurements appeared to have been
done in a haphazard manner and better guidance is needed.

WHAT IS ALREADY KNOWN ON
THIS SUBJECT
• Use of statins is associated with raised

creatine phosphokinase (CPK) and rarely
with rhabdomyolysis.

WHAT THIS STUDY ADDS
• Substantive CPK increases and

rhabdomyolysis with statin use were
particularly seen in patients starting
treatment, those on large daily doses or
interacting drugs or with larger numbers of
concomitant drugs.

• Comparative data regarding the safety
profile of all statins in clinical use are
presented.

• The frequency of recurrent large CPK
abnormalities was low in those rechallenged
with statins.

• Better, more evidence-based guidance on
measurement of CPK concentrations in
patients taking statins is needed.
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Introduction

Statins are now amongst the most widely used group of
drugs. Large clinical trials have established that statins are
effective in the primary and secondary prevention of coro-
nary heart disease [1, 2]. However, their use is associated
with muscle pains, raised creatine phosphokinase (CPK)
and rarely with rhabdomyolysis, which can be fatal [3].
The importance of statin-induced muscle toxicity is also
evidenced by the withdrawal of cerivastatin in 2001
after it caused approximately 100 deaths related to
rhabdomyolysis [4].

The potential mechanisms underlying statin induced
myotoxicity are complex and poorly understood [5–9].
There are many hypotheses. It has been suggested that
increased cytotoxicity may be due to intracellular deple-
tion of essential metabolites and/or destabilization of
membranes. Serum ubiquinone concemtrations decrease
with statin treatment and thus ubiquinone depletion has
been suggested as an alternative mechanism. A recent
study has suggested that atrogin-1, a key gene involved in
skeletal muscle atrophy, may be a critical mediator of skel-
etal muscle damage [10], but this remains to be tested in
patients with differing degrees of muscle damage. A
genome-wide association study has found that variation in
the statin transporter gene SLCO1B1 was associated with a
higher risk of myopathy in patients on simvastatin [11].

Although the frequency of muscle toxicity has not
been shown to be high in clinical trials, it may actually be
higher in real-world settings, but there is very little popu-
lation based data. This is further complicated by the het-
erogeneity in presentation. For example, many patients
actually complain of myalgia without having an increase in
CPK concentrations [3]. As the use of statins is set to
increase further in the future, muscle toxicity will become
an increasingly important clinical problem, and it is impor-
tant we define mechanisms and predisposing factors. The
objective of this study, as specified in the protocol, was
to evaluate the clinical risk factors associated with
myotoxicity and rhabdomyolysis in a large population of
statin users. Cases with myotoxicity as defined by CPK
increases were identified and risk factors were analyzed.

Methods

Data source
This study used data from the UK Clinical Practice
Research Datalink (CPRD), formerly known as the General
Practice Research Database. CPRD comprises computer-
ized medical records maintained by general practitioners
(GPs). GPs play a key role in the UK health care system, as
they are responsible for primary health care and specialist
referrals. Patients are affiliated with a practice, which cen-
tralizes the medical information from the GPs, specialist
referrals and hospitalizations. The data recorded in the

CPRD since 1987 include demographic information, pre-
scription details, clinical events, preventive care provided,
specialist referrals, laboratory results, hospital admissions
and their major outcomes [12]. A recent review of all vali-
dation studies found that medical data in the CPRD were
generally of high quality [13]. Most UK practices now
receive laboratory results electronically directly from the
laboratory. The study formed the basis of a pharmaco-
genetic evaluation of risk factors [14].

Study population
The study population included individuals aged 18 years
or older who were prescribed a statin, with the first-ever
statin prescription at least 1 year after start of CPRD data
collection. The date of the first recorded statin prescription
constituted the cohort entry date. Within this population,
the first laboratory record of CPK measurement or the first
medical record of rhabdomyolysis in the 3 months follow-
ing a statin prescription and after 1 January 2000 were
identified (i.e. all cases were considered to be current
users of statins at the date of the CPK measurement or
rhabomyolysis). The index date was the date of the CPK
measurement or rhabdomyolysis. The cases of rhabdo-
myolysis were based on records as recorded by GPs into
the electronic health record (based on their or hospital
diagnosis). The CPK values were classified according
to the upper limit of normal (ULN). ULN was defined as
19 U l–1 for men and 170 U l–1 for women (http://www
.gpnotebook.co.uk/simplepage.cfm?ID=1886060577, ac-
cessed 12 October 2009). Three sets of case-control analy-
ses were conducted. The first analysis set concerned a
comparison of different CPK concentrations in patients
with a CPK measurement. Patients with normal CPK con-
centrations were considered the controls. The second
analysis compared cases with rhabdomyolysis or >10
times ULN CPK concentrations with matched statin users
without rhabdomyolysis who did not have a CPK measure-
ment or had a CPK concentration below >10 times ULN.
The matching variables were age (±5 years), gender,
general practice and number of prior statin prescriptions
at the index date. The index date of the controls was that of
the matched case. Six controls were randomly selected for
each case with rhabdomyolysis or >10 times ULN CPK. The
third analysis were conducted to measure the likelihood of
CPK measurement for different patient characteristics.
Each patient with a CPK measurement that was found to
be within the normal range was matched to one control
without a CPRD measurement. In all analyses, cases and
controls were required to have received a statin prescrip-
tion in the 91 days before. Cases with myocardial infarc-
tion, trauma or falls recorded in the period of time from 1
month before to 2 weeks after the CPK measurement or
rhabomyolysis were excluded.

The following clinical risk factors were measured at the
date of CPK measurement or rhabdomyolysis: age, gender,
body mass index, smoking status, number of non-statin
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prescriptions issued in the 3 months before, prescribing in
the 6 months before of antihypertensives, drugs interact-
ing with statins through CYP3A4 (amiodarone, fibrates,
ciclosporin, azole antifungals, macrolide antibiotics, pro-
tease inhibitors, calcium channel blockers), drugs inter-
acting through mechanisms other than a CYP3A4 interac-
tion (such as digoxin, warfarin, fenofibrate, gemfibrozil,
nicotinic acid), oral corticosteroids, medical history of dia-
betes mellitus, hypothyroidism, hyperthyroidism, chronic
obstructive pulmonary disease and records in the 1 month
before of myalgia. Furthermore, type and strength of
the most recently issued statin prescriptions and the
extent of switching between different types of statins was
determined.

The predictors of CPK concentration or rhabdomyolysis
were analyzed using logistic regression that compared
cases with controls (conditional regression was used in the
matched case-control analyses). Crude and adjusted odds
ratios (ORs) and 95% confidence intervals (95% CI) were
estimated for each of the measured characteristics. In the
case of absence of recording of body mass index and
smoking, an indicator of missingness was included in the
regression models. An explorative analysis was also con-
ducted comparing cases and controls for the types of
drugs issued in the previous 3 months. Drugs were classi-
fied by substance and logistic regression was conducted
for those drugs that had been used by at least 1% of the
cases and controls. The false discovery rate (FDR) adjusted
P values were estimated in order to minimize the effects of
multiple testing and the finding of false positive statistical
associations.

The extent of repeat statin prescribing and changes in
statin type or dose was measured after the CPK measure-
ment or rhabdomyolysis. It was evaluated whether a
repeat statin prescription was issued in the time period
from 2 weeks to 6 months after the CPK measurement or
rhabdomyolysis. In this analysis, the type and dose of the
first repeat statin prescription was compared with those of
the statin prescription issued most recently prior to CPK
measurement or rhabdomyolysis. Furthermore, life tables
were created in order to estimate the persistence of statin
use for patients who received a repeat statin prescription.
Persistence was based on the statin prescribing data. If a
patient did not receive another statin prescription within
the duration of use (mean of 30 days) plus a washout
period of 91 days, this patient was considered to have
discontinued statin treatment. These analyses were strati-
fied by concentration of CPK.

Results

A total of 641 703 patients who were prescribed a statin
were identified. The mean duration of follow-up (from
start to end of statin treatment) was 4.1 years and the total
follow-up was 2.6 million person-years. The total number

of statin prescriptions issued to the study population
exceeded 22.7 million. Simvastatin was the most fre-
quently prescribed statin (66.3% of all prescriptions)
followed by atorvastatin (24.4%), pravastatin (4.9%),
rosuvastatin (3.6%), fluvastatin (0.6%) and cerivastatin
(0.1%). The most frequently prescribed daily dose was
40 mg for simvastatin (53.6% of prescriptions for this type),
10 mg for atorvastatin (44.3%) and 10 mg for rosuvastatin
(68.2%). The 80 mg dose of simvastatin was issued in 1.1%
of the simvastatin prescriptions.

One hundred and twenty-seven thousand two
hundred and nine patients (19.8%) had a record of a
CPK measurement during statin treatment. Most of the
patients were found to have CPK within the normal range
(n = 103 610; 81.4%), 894 patients (0.7%) had CPK concen-
trations at least four times the ULN and 182 patients (0.1%)
at least 10 times the ULN. Rhabdomyolysis was recorded in
59 patients (incidence rate of 1.8 per 100000 person-years
in women and 2.6 in men). Table 1 shows the characteris-
tics of the patients at the date of the CPK measurement or
rhabdomyolysis. Women were less likely to have high CPK
values during statin treatment. The mean number of pre-
scriptions in the 3 months before increased with higher
CPK values. Of the 7043 patients with a GP-recorded
symptom of myalgia, 5675 patients (80.6%) had normal
CPK concentrations and 80 patients (1.1%) had CPK con-
centrations at least four times the ULN.

Patients with a recent GP visit for myalgia were sub-
stantially more likely to have a CPK test with values within
the normal range (adjusted OR of 43.79, 95% CI 36.75,
52.17), indicating the higher likelihood of CPK testing in
patients with myopathy. Rosuvastatin users were also
more likely to have a CPK measurement within the normal
range compared with simvastatin users (adjusted OR 1.32,
95% CI 1.25, 1.39). Patients who received 50 or more non-
statin prescriptions in 3 months were less likely to be
tested (adjusted OR for normal CPK 0.68, adjusted 95% CI
0.62, 0.75).

Table 2 shows the associations between concentra-
tions of CPK or rhabdomyolysis and risk factors. Patients
with GP-recorded myalgia had an increased odds of >four
times ULN CPK concentrations compared with patients
without myalgia and with a normal CPK test (adjusted OR
1.73, 95% CI 1.37, 2.18). Patients with concomitant pre-
scribing of CYP3A4 interacting drugs also had an increased
odds of >four times ULN CPK concentrations (adjusted OR
1.28, 95% CI 1.02, 1.60). The odds of rhabdomyolysis were
increased in patients with concomitant prescribing of
CYP3A4 interacting drugs (adjusted OR 3.71, 95% CI 1.18,
11.61) and in those who received more than 50 recent
non-statin prescriptions (adjusted OR 13.52, 95% CI 1.03,
177.3).

As shown in Table 3, rosuvastatin users had a higher
risk of rhabdomyolysis compared with simvastatin users,
although this difference did not reach statistical signifi-
cance (adjusted OR 2.92, 95% CI 0.59, 14.47). Rosuvastatin
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users had an increased odds of >four times ULN CPK con-
centrations compared with simvastatin users with a
normal CPK test (adjusted OR 1.62, 95% CI 1.22, 2.15). The
mean daily dose of rosuvastatin remained stable over cal-
endar time (about 11 mg). The prescribing of rosuvastatin
with a lower daily dose increased over time (in 2003, 0%
was 5 mg daily; 2007, 7.9%; 2011, 24.6%) as did prescribing
of higher doses (in 2003, 9.1% was 20 mg daily; 2007,
15.9%; 2011, 20.1%). There were no statistically significant
differences in the odds of CPK abnormalities and
rhabdomyolysis between atorvastatin and pravastatin
compared with simvastatin. The risks of rhabdomyolysis
and >four times ULN CPK abnormalities tended to be
highest with the largest daily doses (irrespective of any
type of statin).

The explorative analysis found that concomitant users
of allopurinol, ezetimibe, clopidogrel, furosemide, biso-
prolol fumarate and ramipril were more likely to have CPK
concentrations of >four times ULN (compared with normal
CPK concentrations) with false discovery rate-adjusted
values of 0.05 or less (Table 4). The crude OR for CPK con-
centrations of >four times ULN in statin users concomi-
tantly using allopurinol was 2.01 (95% CI 1.46, 2.75). For
ezetimibe and clopidogrel, these numbers were 1.99 (95%
CI 1.27, 3.12) and 1.49 (95% CI 1.17, 1.89), respectively.

Patients with rhabomyolyisis were least likely to con-
tinue statin treatment (Table 5). Of the rhabdomyolysis
cases, 58.0% did not receive a statin prescription in the 6
months after. In the control patients, this figure was 2.9%.
Switching of type and dose occurred infrequently in
patients with CPK abnormalities or rhabdomyolysis. In the
patients who continued statin treatment, the duration of
statin treatment (i.e. persistence) was lowest in patients
with rhabdomyolysis (Figure 1).

Table 6 shows the distribution of CPK values after
rechallenge to statins in patients with repeat CPK meas-
urements. Of the patients with >four times ULN CPK abnor-
malities, the repeat CPK measurement during continued
statin treatment was within normal range for 54.8% of the
patients, increased between one to three times ULN for
32.1% and increased >four times ULN for 13.0%.

Discussion

This study found that CPK was measured in about 20% of
statin users. The frequency of major CPK increases and
incidence rate of rhabdomyolysis were found to be low.
Statin users with concomitant prescribing of interacting
drugs had higher risks of rhabdomyolysis and major CPK
increases. Increased risks of these outcomes were also
found in rosuvastatin users and patients using higher daily
doses (irrespective of type). The frequency of recurrent
large CPK abnormalities was also low in patients who were
rechallenged with statins.

This study focused on CPK abnormalities rather on
GP-recorded symptoms of skeletal muscle complaints. The
literature on skeletal muscle complaints is confusing, in
part because of a lack of consistent definitions across
studies [15]. Four different syndromes have been defined:
statin myopathy (any muscle complaints related to these
drugs, myalgia (muscle complaints) without serum CPK
elevations), myositis (muscle symptoms with CPK eleva-
tions) and rhabdomyolysis [15]. The challenge with the
myopathy syndrome is that its frequency may vary with
the method for data collection. A study that used data
from two different primary care databases in the UK
reported a 10-fold difference in the incidence of myopathy
in statin users [16]. Clinical trials have also reported varying
rates. In the Heart Protection Study, 32.9% of statin users
and 33.2% of patients on placebo reported muscle pain,
while the WOSCOPS study reported frequencies of 3.5%
and 3.7%, respectively [17, 18]. Given that the results in our
study were to be used for pharmacogenetic testing, the
focus was on laboratory measurements of CPK. Our study
is the first large observational study to report on the dis-
tribution of different concentrations of CPK in statin users.
Few clinical trials have reported on the frequencies of CPK
abnormalities below 10 times ULN [15]. The frequency of
substantially raised CPK was found to be low in the present
study and most CPK concentrations were within the
normal range or concerned small increases, which is con-
sistent with a previous report [19]. Other studies have
reported an absolute risk of rhabdomyolysis during statin
treatment between 5 and 10 per 100 000 person-years
[20–22]. In the present study, the incidence of rhab-
domyolysis and >10 times CPK abnormalities was 9.1 per
100 000 person-years (the other studies used CPK concen-
trations in their case assessment [20–22]).

A recent review by the FDA found that the incidence of
myopathy (as defined by >10 times ULN CPK concentra-
tions with or without unexplained muscle weakness or
pain) was approximately three times as high with the
80 mg dose of simvastatin compared with superior LDL
cholesterol-lowering doses of rosuvastatin or atorvastatin
[23]. The recommendation of the FDA was that the 80 mg
dose of simvastatin should only be used in patients who
have been taking this dose ‘chronically’ (e.g. for 12 months
or more) without signs or symptoms of clinically significant
muscle toxicity [23]. In the UK, 80 mg simvastatin is only
prescribed infrequently. We did find higher risks of
rhabdomyolysis or >10 times ULN CPK in patients pre-
scribed a daily dose of 80 mg atorvastatin and 20–40 mg
rosuvastatin. We did not find major changes in the pre-
scribed dosages of rosuvastatin despite changes in the
recommendations for dosing. Further, our data show that
the risks of rhabdomyolysis or larger CPK abnormalities
were greatest in patients who recently started statin treat-
ment and in patients with a substantive prescribing
of other drugs (presumably reflecting a substantial
co-morbidity). Our findings of repeat CPK in patients
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rechallenged to statins are consistent with a recent study
that found that most patients who had statin-related
adverse events but were rechallenged were still taking a
statin 1 year later [24].

It is well known that statins can interact with drugs that
are metabolized by the CYP3A4 isoenzyme increasing the
risk of myotoxicity. About half of the currently available
drugs are metabolized by this enzyme and it is believed
that over half of the rhabdomyolysis cases are related to
drug interactions [25]. The present study confirmed this
increased risk of myotoxicity with CYP3A4 interacting
drugs. It was also found that the risk of larger CPK abnor-
malities and rhabdomyolysis was most pronounced in
patients taking several drug treatments, and no increased

risk in those with few concomitant treatments. With
respect to the type of drug, it is interesting to note that
concomitant users of allopurinol, clopidogrel and furo-
semide had substantial risks of myotoxicity. An interaction
with clopidogrel and cerivastatin has been reported pre-
viously [26]. A recent study found increased risks of
myotoxicity with concomitant use of erythromycin and
statins [27]. In this study, we also observed this association
although it did not reach statistical significance after
adjustment for multiple testing. It has been shown that
screening for statin related muscle toxicity is not useful in
a primary care setting [19] and this is evidenced by the
large number of normal CPK measurements in our study.
However, some patients do develop large increases in CPK,
which does indicate the need for better targeting of CPK
testing and to identify the kinds of patients who would
most benefit from testing.

There are several limitations to this study. One limita-
tion is that patients in this study were not screened sys-
tematically for CPK but rather tested based on either a
clinical indication or usual practice of a GP. It is also possi-
ble that patients had CPK checked by the GP when they
complained of muscle symptoms, but the GP did not
record the complaint in the casenotes. Consistent with
this, the likelihood of being tested was found to be sub-
stantially higher in statin users with a recent GP record of
myopathy and rosuvastatin users (as indicated by the
higher odds of having a test with normal CPK concentra-
tions). However these different levels of testing in patients
with myopathy and using rosuvastatin were not done with
prior knowledge by GPs of the outcome of the CPK test.
Our comparison of normal with increased CPK concentra-
tions may be less affected by this bias of differential likeli-
hood of testing. The reporting of laboratory results is
typically done electronically, with the results loaded auto-
matically into the electronic health records after review by
the GP. Another limitation of this study was that informa-

Table 5
Extent of statin exposure and changes in statin type or dose in the 6 months after the CPK measurement or rhabdomyolysis (for patients who were alive at
month 6)

Statin exposure afterwards Normal CPK
One to two
times ULN

Two to three
times ULN

Three to four
times ULN

>four times
ULN Rhabdomyolysis

Rhabdomyolysis/
>10 times ULN

No statin 8.6% 12.9% 26.0% 35.9% 44.9% 58.0% 55.9%
Same statin same dose 82.7% 75.6% 60.5% 48.1% 38.8% 34.0% 31.9%

Same statin different dose 2.4% 3.8% 5.0% 6.5% 3.9% 2.0% 1.9%
Different statin 6.4% 7.7% 8.5% 9.5% 12.4% 6.0% 10.3%

Controls Controls Controls Controls Controls Controls Controls

No statin 10.3% 5.1% 4.0% 3.8% 3.5% 2.9% 4.5%
Same statin same dose 86.5% 91.5% 92.7% 93.1% 92.6% 94.9% 91.7%

Same statin different dose 0.8% 0.8% 0.7% 0.7% 1.1% 1.0% 1.7%
Different statin 2.4% 2.5% 2.6% 2.4% 2.8% 1.3% 2.1%
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Figure 1
Persistence to statin treatment after the CPK measurement or
rhabomyolysis. x axis: Time in days of duration of statin treatment from
the first statin prescription after the CPK measurement or rhabomyolysis.
y axis: Percentage of patients continuing statin treatment at a time point.

, Normal CPK; , one to two times ULN; , two to three times ULN;
, three to four times ULN; , >four times ULN; , rhabdomyolysis
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tion on alternative causes of CPK abnormalities was incom-
plete. As an example, there was no information on the
level of exercise, which may cause increases in CPK. Lack of
information on the actual drug intake and patients’ com-
pliance was a further limitation. Finally, our study only
looked at patients on statins with CPK rises, and does not
provide any indication of how frequently patients with
statins develop muscle pains without any rise in CPK
concentrations.

In conclusion, substantive CPK increases and
rhabdomyolysis with statin use were particularly seen in
patients starting treatment, those on large daily doses or
interacting drugs (reflecting higher systemic exposure), in
patients on larger numbers of concomitant drugs and on
rosuvastatin. However, the overall risk of CPK rise with
statin use was low reflecting clinical trial data, while CPK
measurements appeared to have been done in a haphaz-
ard manner. There is a need to develop better, more
evidence-based guidance on measurement of CPK con-
centrations in patients taking statins.
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