
Hydroxymethylglutaryl coenzyme A reductase in-
hibitors (statins) have proven to be safe and effective

in reducing fatal and nonfatal cardiovascular events in both
primary1,2 and secondary prevention3-5 and produce a re-
duction in total mortality of approximately 30%.

In August 2001, the lipid-lowering drug cerivastatin was
withdrawn from the market after its use was associated
with the deaths of 52 patients due to rhabdomyolysis in
Europe and the US.6 In 12 of the 31 US deaths, cerivastatin
was used in combination with a fibric acid derivative (fi-
brate), in all cases, gemfibrozil.7

Myopathy and rhabdomyolysis, however, have been re-
ported8-10 for all statins and fibrates. Additional risk factors
for myopathy include increased age, female gender, renal
or liver disease, diabetes, hypothyroidism, debilitated sta-

tus, surgery, trauma, excessive alcohol intake, and heavy
exercise,10 as well as interacting comedication.8 Although
the use of statins and fibrates is associated with an in-
creased risk of myopathy, the absolute risk of myopathy is
low in patients using these lipid-lowering drugs.11

The aim of this study was to estimate the expected num-
ber of cases of statin- and fibrate-related myopathy based
on the prevalence of lipid-lowering drug use, and to com-
pare this number with the observed number of cases of id-
iopathic myopathy due to the use of statins and fibrates in
the Netherlands.

Methods

PREVALENCE OF LIPID-LOWERING DRUG USE

Data on lipid-lowering drug use were obtained from the PHARMO
database, a record linkage system containing drug-dispensing records
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OBJECTIVE: To estimate the number of expected cases of myopathy based on the prevalence of lipid-lowering drug use, and to
compare this number with the observed number of cases of myopathy due to lipid-lowering drug use in the Netherlands.

METHODS: Prevalence of lipid-lowering drug use in 1998 was estimated by using data from the PHARMO record linkage system
comprising pharmacy records linked to hospital admission data. The expected number of cases of myopathy was calculated by
multiplying the total number of person-years of lipid-lowering drug use by the excess incidence rates of myopathy due to those
drugs as reported in the literature. The observed number of cases was obtained from PHARMO and the Dutch Pharmacovigilance
Foundation Lareb.

RESULTS: Based on the estimated prevalence of lipid-lowering drug use in the Netherlands in 1998 (n = 520 800), we expected 60
cases of idiopathic myopathy due to hydroxymethylglutaryl coenzyme A reductase inhibitors (statins) or fibric acid derivatives
(fibrates). This low number was confirmed by data from PHARMO (n = 11; none of these were related to current use of lipid-
lowering drugs) and Lareb (n = 43).

CONCLUSIONS: The expected number of statin- or fibrate-related idiopathic myopathy is low and observed numbers are even lower
in the Netherlands. This should, therefore, not compromise continued use of lipid-lowering drugs. 
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from community pharmacies and linked hospital discharge records of
approximately 300 000 subjects. This database covers a well-defined
population of residents of 6 medium-sized cities in the Netherlands.
Clustering of all pharmacies within each city results in medication histo-
ries that contain >95% of all prescriptions dispensed to a particular pa-
tient.12

We estimated the 1-year prevalence rates of lipid-lowering drug use
in 1998. A patient was defined as a prevalent user at that time if he or
she filled at least 1 prescription for a statin available in the Netherlands
(atorvastatin, cerivastatin, fluvastatin, pravastatin, simvastatin) or fibrate
(bezafibrate, ciprofibrate, clofibrate, gemfibrozil) between January 1,
1998, and December 31, 1998. The absolute number of people using
these drugs in the Netherlands was subsequently calculated using data
from Statistics Netherlands. 

To compare dosing of different lipid-lowering drugs, we expressed
the prescribed daily dose as the number of defined daily doses (DDDs;
Table 1). This unit corresponds to the average daily dose of a drug for its
main indication in adults and is recommended by the World Health Or-
ganization.13

EXPECTED CASES OF MYOPATHY

To estimate the expected number of cases, we used data from an ob-
servational study11 on the risk of myopathy. The estimated incidence of
myopathy in the general population shown in that investigation was 0.2
(95% CI 0.1 to 0.4) per 10 000 person-years. The incidence rates for cur-
rent use of statins and fibrates were 1.2 (95% CI 0.3 to 4.7) and 6.6 (95%
CI 3.0 to 14.3) per 10 000 person-years, respectively. For the statin–fi-
brate combination, we assumed an additive effect on the incidence rate.
Based on these rates, we calculated the excess rates due to statin or fi-
brate use, defined as the difference between the drug-specific incidence
rates and the rate in the general population. 

The number of person-years of lipid-lowering drug use was calculat-
ed by multiplying the absolute number of users by the average duration
of use. The expected number of cases of idiopathic myopathy was subse-
quently calculated by multiplying the number of person-years by the ex-
cess incidence rates.

OBSERVED CASES OF MYOPATHY

To assess the observed number of cases of myopathy and rhabdomy-
olysis in the PHARMO database, we selected all cases with ICD -9
codes 359 (muscular dystrophies and other myopathies) and 728.89 (oth-
er disorders of muscle, liagament, and fascia, including rhabdomyolysis)
during 1998. We excluded ICD codes 359.0 and 359.1, which represent
hereditary forms of muscular dystrophy. 

Additionally, reports of myopathy in the Netherlands in 1998 were
obtained from the Netherlands Pharmacovigilance Foundation Lareb.
Lareb maintains the national spontaneous reporting system on behalf of
the Dutch Medicines Evaluation Board. Health professionals send re-
ports to Lareb on a voluntary basis. Information is collected on the pa-
tient, the suspected adverse drug reaction, and concomitantly used medi-
cation.14

STATISTICAL ANALYSIS 

All prevalence rates were adjusted for the age and gender distribution
of the general Dutch population. Prevalence rates and their 95% CIs

were calculated according to Altman,15 using binomial distribution. Ex-
cess incidence rates and their 95% CIs were calculated according to
Rothman and Greenland.16

Results

In 1998, we identified 10 390 prevalent users of lipid-
lowering drugs in the PHARMO database. Of these pa-
tients, 9569 (92.1%) used a statin alone, 435 (4.2%) used a
fibrate alone, and 386 (3.7%) used a statin–fibrate combi-
nation. The majority of the patients were male, and the
mean age was approximately 60 years (Table 2).

Simvastatin was the most frequently used statin in
monotherapy (59.4%), followed by pravastatin (16.0%)
and atorvastatin (13.8%). Gemfibrozil was used most fre-
quently (70.0%) by patients on fibrate monotherapy, fol-
lowed by ciprofibrate (22.7%). These statins and fibrates
were also the drugs included most often in combination
therapy. The simvastatin–fibrate combination was used by
30.8% of patients on combination therapy. Average pre-
scribed daily doses were close to 1 DDD for both statin
and fibrate use alone (1.2 and 0.9 for statins and fibrates,
respectively). In patients using combination therapy, the
average prescribed daily doses were higher; the prescribed
daily dose for statins was 1.9 DDD and, for fibrates, 1.2
DDD. Most of the patients used lipid-lowering drugs for
>250 days that year, which was longer with length of use
of statins alone and combination therapy than use of fi-
brates alone (Table 2).

One-year prevalence rates adjusted for the age and gen-
der distribution of the Dutch general population resulted in
an absolute number of users of approximately 480 000,
21 600, and 19 200 in the Netherlands in 1998, for statins,
fibrates, and combinations, respectively. 

Combination of the estimated number of users of statins
or fibrates and the excessive incidence rates of myopathy
yields a total of 60 expected cases of possible statin- or fi-
brate-related idiopathic myopathy in 1998 in the Nether-
lands. 

In 1998, 36 cases of myalgia or myopathy and 7 cases
of rhabdomyolysis possibly attributable to the use of
statins or fibrates were spontaneously reported to Lareb. In
PHARMO, among the 11 patients admitted to the hospital
for myopathy (n = 2) and rhabdomyolysis (n = 9), none of
the patients used a statin or fibrate at admission and only 1
had ever used a statin before the date of the event. 

Discussion

The 1-year prevalence of the use of fibrates alone or
statin–fibrate combination therapy is very low in the Nether-
lands, resulting in a low expected number of patients with
idiopathic myopathy due to the use of these drugs. Al-
though the use of statin monotherapy is substantial, the
number of expected cases of idiopathic myopathy remains
low, because an estimated 10 000 patients must be treated
for the occurrence of 1 case of myopathy due to statin ther-
apy. This low expected number of cases of myopathy or
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Table 1. Defined Daily Doses for Statins and Fibrates

Atorvastatin 10 mg Bezafibrate 600 mg

Cerivastatin 0.2 mg Ciprofibrate 100 mg

Fluvastatin 40 mg Clofibrate 2000 mg

Pravastatin 20 mg Gemfibrozil 1200 mg

Simvastatin 15 mg



rhabdomyolysis was confirmed by data from PHARMO
and Lareb. 

Data on the prevalence of lipid-lowering drug use were
derived from a large, population-based database12 compris-
ing virtually complete medication histories on a patient
level, resulting in a valid estimate of lipid-lowering drug
use in the Netherlands. 

Myopathy is a rare adverse drug effect of statins and fi-
brates and, until recently, reports on the occurrence of this
adverse drug effect mainly consisted of case reports.17 To
estimate the number of expected cases of myopathy due to
lipid-lowering drug use, we used data from the first, large
epidemiologic study11 on the risk of myopathy in patients
using these agents. Although this study may have some
limitations, great effort was made by the authors to vali-
date their cases of myopathy and to control for potential
confounders. 

To compare the number of expected cases of idiopathic
myopathy due to the use of statins and fibrates with the ob-
served number of cases in general practice, we used data
from multiple sources available in the Netherlands. In
PHARMO, medication histories are linked to hospital dis-
charge records. Rhabdomyolysis is a severe disease for
which hospitalization is necessary. However, we may have
missed less severe cases of myopathy for which hospital-
ization is unnecessary. 

Pharmacovigilance is mainly based on spontaneous re-
porting of observations by health professionals. Due to the
spontaneous character of the reporting, the method has
some limitations. The most noticeable problem is (selec-
tive) underreporting.18,19 Unfortunately, too many factors
are involved in underreporting to make a general estimate
of its extent. Since not all adverse drug events are reported,
the spontaneous reporting system is not necessarily a valid
representation of the adverse drug reactions occurring in

daily practice, but often remains the only information for
regulatory bodies to act on. 

The observed number of cases of idiopathic myopathy
due to lipid-lowering drug use as reported by both PHAR-
MO and Lareb is far lower than expected. Underreporting
may account for a large part of this difference, but both
sources still confirm the low absolute risk of myopathy
due to the use of statins and fibrates.

Although the occurrence of statin- or fibrate-related my-
opathy is rare and the case-fatality rate is low, fear of pa-
tients and physicians for this adverse effect, raised by
broad lay media attention, might threaten the continuation
of lipid-lowering therapy.20,21 To reassure statin users, the
American Heart Association and the American College of
Cardiology22 issued a statement that the benefits of the use
of statins still far outweigh any risks. A recent meta-analy-
sis23 based on 3 placebo-controlled clinical trials including
>112 000 person-years of exposure to pravastatin did not
reveal any case of myopathy. 

Our main concern should be to closely monitor patients
with multiple risk factors for myopathy and to prevent pa-
tients from discontinuation of their lipid-lowering medication.

Summary

In this study, the expected number of cases of idiopathic
myopathy due to the use of statins or fibrates was low. The
number of observed cases of myopathy in the Netherlands
was even lower. This low risk of myopathy should not
compromise continued use of lipid-lowering drugs.

Aukje K Mantel-Teeuwisse PharmD, PhD Student, Department of
Pharmacoepidemiology and Pharmacotherapy, Utrecht Institute for
Pharmaceutical Sciences, Utrecht University, Utrecht, the Netherlands
Olaf H Klungel PharmD PhD, Assistant Professor of Pharma-
cotherapy, Department of Pharmacoepidemiology and Pharma-

cotherapy, Utrecht Institute for Pharmaceutical Sci-
ences, Utrecht University
Ron MC Herings PharmD PhD, Associate Profes-
sor of Pharmacoepidemiology, Department of Phar-
macoepidemiology and Pharmacotherapy, Utrecht In-
stitute for Pharmaceutical Sciences, Utrecht University;
Scientific Director, PHARMO Institute, Utrecht
Eugène P van Puijenbroek MD PhD, Research As-
sociate, Netherlands Pharmacovigilance Foundation
Lareb, ’s-Hertogenbosch, the Netherlands
Arijan J Porsius PharmD PhD, Professor of Phar-
macotherapy, Department of Pharmacoepidemiology
and Pharmacotherapy, Utrecht Institute for Pharma-
ceutical Sciences, Utrecht University
Anthonius de Boer MD PhD, Professor of Pharma-
cotherapy, Department of Pharmacoepidemiology and
Pharmacotherapy, Utrecht Institute for Pharmaceuti-
cal Sciences, Utrecht University
Reprints: Aukje K Mantel-Teeuwisse PharmD, De-
partment of Pharmacoepidemiology and Pharma-
cotherapy, Utrecht University, PO Box 80082, 3508 TB
Utrecht, the Netherlands, FAX 31 30 253 9166, E-mail
A.K.Mantel-Teeuwisse@pharm.uu.nl

References 

1. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR,
MacFarlane PW, et al. Prevention of coronary heart dis-
ease with pravastatin in men with hypercholesterolemia.

Myopathy Due to Statin/Fibrate Use in the Netherlands

The Annals of Pharmacotherapy    ■ 2002 December, Volume 36    ■ 1959www.theannals.com

Table 2. Prevalence Rates of Prescribing Lipid-Lowering Therapy and
Expected Number of Patients Developing Idiopathic Myopathy

Statins Fibrates Statins–Fibrates
Parameter (n = 9569) (n = 435) (n = 386)

Women (%) 4334 (45.3%) 148 (34.0%) 113 (29.3%)

Age (mean ± SD) 60.9 ± 11.2 58.4 ± 10.7 57.5 ± 9.9

Days of therapy 
(mean ± SD) 293 ± 113 263 ± 128 293 ± 110

Defined daily dose (d) 1.2 0.9 1.9 (statins)
1.2 (fibrates)

1-y prevalencea 3.0% 0.14% 0.12%
(95% CI) (3.0 to 3.1) (0.12 to 0.15) (0.11 to 0.13)

Absolute number 
of users 479 997 21 620 19 194

Person-years of use 385 313 15 578 15 408

Expected number of 39 10 (2 to 18) 11 (NE)
cases of idiopathic (–24 to 105)
myopathy (95% CI)

NE = not estimable. 
a1-year prevalence rates adjusted for the age and gender distribution of the gen-
eral Dutch population.



West of Scotland Coronary Prevention Study Group. N Engl J Med
1995;333:1301-7.

2. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA, et
al. Primary prevention of acute coronary events with lovastatin in men
and women with average cholesterol levels: results of AFCAPS/Tex-
CAPS. Air Force/Texas Coronary Atherosclerosis Prevention Study.
JAMA 1998;279:1615-22.

3. Randomised trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994;344:1383-9.

4. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG,
et al. The effect of pravastatin on coronary events after myocardial in-
farction in patients with average cholesterol levels. N Engl J Med
1996;335:1001-9.

5. Prevention of cardiovascular events and death with pravastatin in pa-
tients with coronary heart disease and a broad range of initial cholesterol
levels. The Long-Term Intervention with Pravastatin in Ischaemic Dis-
ease (LIPID) Study Group. N Engl J Med 1998;339:1349-57.

6. Weber W. Drug firm withdraws statin from market. Lancet 2001;
358:568.

7. Staffa JA, Chang J, Green L. Cerivastatin and reports of fatal rhabdomy-
olysis. N Engl J Med 2002;346:539-40.

8. Omar MA, Wilson JP. FDA adverse event reports on statin-associated
rhabdomyolysis. Ann Pharmacother 2002;36:288-95.

9. Ucar M, Mjorndal T, Dahlqvist R. HMG-CoA reductase inhibitors and
myotoxicity. Drug Saf 2000;22:441-57.

10. Shek A, Ferrill MJ. Statin–fibrate combination therapy. Ann Pharma-
cother 2001;35:908-17.

11. Gaist D, Garcia Rodriguez LA, Huerta C, Hallas J, Sindrup SH. Lipid-
lowering drugs and risk of myopathy: a population-based follow-up
study. Epidemiology 2001;12:565-9.

12. Herings RM, Bakker A, Stricker BH, Nap G. Pharmaco-morbidity link-
age: a feasibility study comparing morbidity in two pharmacy based ex-
posure cohorts. J Epidemiol Commun Health 1992;46:136-40.

13. Guidelines for ATC Classification and DDD assignment. Oslo: WHO
Collaborating Centre for Drug Statistics Methodology — Nordic Coun-
cil on Medicines; 2001.

14. van Puijenbroek EP, Egberts AC, Meyboom RH, Leufkens HG. Differ-
ent risks for NSAID -induced anaphylaxis. Ann Pharmacother 2002;36:
24-9.

15. Altman DG. Comparing groups — categorical data. In: Altman DG, ed.
Practical statistics for medical research. 6th ed. London: Chapman &
Hall, 1995:229-76.

16. Rothman KJ, Greenland S. Modern epidemiology. 2nd ed. Philadelphia:
Lippincott-Raven, 1998.

17. Omar MA, Wilson JP, Cox TS. Rhabdomyolysis and HMG-CoA reduc-
tase inhibitors. Ann Pharmacother 2001;35:1096-107.

18. Bégaud B, Miremont F, Tubert-Bitter P. Expected number of adverse re-
actions in a sample. Post Marketing Surveillance 1993;7:99-118.

19. Alvarez-Requejo A, Carvajal A, Bégaud B, Moride Y, Vega T, Arias LH.
Under-reporting of adverse drug reactions. Estimate based on a spontaneous
reporting scheme and a sentinel system. Eur J Clin Pharmacol 1998;
54:483-8.

20. Bloom BS. Daily regimen and compliance with treatment. BMJ
2001;323:647.

21. Furberg CD, Pitt B. Withdrawal of cerivastatin from the world market.
Curr Control Trials Cardiovasc Med 2001;2:205-7.

22. American Heart Association and American College of Cardiology Sci-
ence Advisory. ACC and AHA reassure patients about statins’ effective-
ness, safety: Physicians, patients urged to discuss concerns, side effects,
and options for lowering cholesterol [cited 2002 May 22]. Available
from: URL: http://www.americanheart.org/presenter.jhtml?identifier
=11052.

23. Pfeffer MA, Keech A, Sacks FM, Cobbe SM, Tonkin A, Byington RP, et
al. Safety and Tolerability of Pravastatin in Long-Term Clinical Trials.
Prospective Pravastatin Pooling (PPP) Project. Circulation 2002;105:
2341-6.

EXTRACTO

OBJETIVO: Estimar el número esperado de casos de miopatía secundaria
a medicamentos antilipémicos, inhibidores de reductasa de HMG-CoA,
y fibratos, basado en la prevalencia del uso de estos fármacos y
compararlo con el número de casos de miopatía observados en Los
Paises Bajos, Holanda (The Netherlands).

MÉTODOS: En 1998, se estimó la prevalencia del uso de medicamentos
que reducen las concentraciones de lípidos utilizando la información
obtenida del sistema de datos PHARMO. Este sistema interconecta
datos de registros de la dispensación de medicamentos de farmacias de
comunidad con datos de hospitalización, de aproximadamente 300 000
personas. El número esperado de casos de miopatía se calculó
multiplicando el número total de personas-años usando agentes
antilipémicos por el exceso en las razones de incidencia de miopatía
asociadas al uso de estos medicamentos según informadas en la
literatura. El número de casos observados se obtuvo a través de
PHARMO y de la Fundación Holandesa de Farmacovigilancia Lareb.

RESULTADOS: En 1998, se identificaron 10 390 personas que usaban
agentes antilipémicos. El 92.1% de éstos usaban estatinas, el 4.2%
usaban fibratos, y el 3.7% usaban la combinación de estatina y fibratos.
El número de casos esperados de miopatía inducida por estatinas o por
fibratos se calculó en 60. Este número se obtuvo a base del estimado de
prevalencia de uso de estos medicamentos en 1998 (n = 520 800). Este
número estimado se confirmó con los datos de PHARMO (n = 11;
ninguno de los cuales se relacionaron con el uso concurrente de
antilipémicos) y datos de Lareb (n = 43). Entre los casos informados a
Lareb, hubo 36 casos de mialgia o miopatía y 7 casos de rabdomiólisis
posiblemente atribuídos a estatinas o a fibratos.

CONCLUSIONES: La miopatía inducida por agentes antilipémicos es un
evento adverso raro. El número estimado de miopatía idiopática
relacionada con el uso de estatinas o fibratos en Los Paises Bajos es
bajo. El número de casos observados es todavía más bajo. Los autores
concluyen que este efecto no debe comprometer la continuación en el
uso de los agentes que reducen los niveles de lípidos.

Mirza D Martínez 

RÉSUMÉ

OBJECTIF: Estimer le nombre potentiel de cas de myopathies associées
aux hypolipémiants d’aprés la prévalance de leur utilisation, et comparer
cette valeur à celle rapportée dans la région de Pays-Bas.

MÉTHODOLOGIE: La prévalence d’utilisation des hypolipémiants en 1998
a été estimée avec les données obtenues à partir du système PHARMO
qui établit des liens entre les dossiers pharmaceutiques et les raisons
d’admission hospitalière de patients. Le nombre potentiel de cas de
myopathies a été calculé en multipliant le nombre total de patients sous
hypolipémiants-année par les taux d’incidence de myopathies, dues aux
hypolipémiants, rapportés dans la littérature. Le nombre de cas observés
provient du systéme PHARMO et de la fondation Lareb (cas de
pharmacovigilance)

RÉSULTATS: Selon la prévalence estimée d’utilisation d’hypolipémiants
aux Pays-Bas en 1998 (n = 520 800), les chercheurs s’attendaient à 60
cas de myopathies idiopathiques associées a ux statines ou aux fibartes.
Les donnés obtenues par PHARMO (n = 11; aucun cas n’était relié à
l’usage courani d’hypolipémiants) et par Lareb (n = 43) confirment ce
faible nombre.

CONCLUSION: Le nombre potentiel de cas de myopathies associées aux
statines ou aux fibrates est peu élevé et le nombre obtenu aux Pays-Bas
est encore plus faible. Ainsi, ces données ne devraient pas compromettre
l’usage actuel des hypolipémiants.

Louise Gagnon
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