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Dose-related statin myopathy:
Is it an issue?

EDITORIAL

ROBERT L. WORTMANN, MD
Professor and C.S. Lewis, Jr., MD, Chair of Medicine,
The University of Oklahoma College of Medicine, Tulsa

RGUABLY one of the most important
medical breakthroughs in the last 20

years has been the development of HMG-
CoA reductase inhibitors, commonly termed
statins. Used properly, these agents reduce
atherosclerotic disease events and prolong
lives. These positive effects are attributed to
alterations in serum lipid profiles and to anti-
inflammatory effects.1,2

See related article, page 811

Although the actions of statins are com-
plex and not completely understood, targets
have been established for their use. The pri-
mary target is lowering the concentration of
low-density lipoprotein cholesterol (LDL-C),
and a secondary target is lowering non-high-
density lipoprotein cholesterol (LDL-C plus
very-low-density lipoprotein cholesterol) in
people with elevated triglycerides.

Reaching and maintaining these target
levels significantly improves the prognosis for
people at risk of atherosclerotic events.3–5 The
prognosis is also better if high-density lipopro-
tein cholesterol (HDL-C) levels increase.

In this issue of the Cleveland Clinic Journal
of Medicine, Dr. Peter Jones reports the bene-
fits of starting statin therapy with doses strati-
fied on the basis of the patient’s global risk for
coronary artery disease, baseline LDL-C level,
and degree of LDL-C reduction required.6 As
Dr. Jones points out, the rationale for this

approach comes from numerous studies show-
ing prevalent “undertreatment” (ie, large per-
centages of patients not attaining recom-
mended serum cholesterol targets) and trials
in which a higher percentage of patients
reached the desired cholesterol level when a
targeted strategy was employed.

Clearly, the available data indicate that
one should try to reduce LDL-C to lower and
lower levels, that higher doses of statins are
more effective, and that many people require
those higher doses for optimal results.

Current guidelines recommend LDL-C
levels of less than 100 mg/dL as the target for
patients with stable coronary heart disease,
and less than 70 mg/dL for those at very high
risk.4 Some experts now also advocate the tar-
get of 70 mg/dL for those with stable disease.

This opinion is derived from the findings
of epidemiologic studies and the recognized
efficacy of high doses of statins in acute coro-
nary syndromes.7 Indeed, results from the
recently published Treating New Targets
(TNT) trial support the efficacy and safety of
reaching levels of 70 mg/dL in patients with
stable coronary heart disease, which are
attained by using higher doses of statins, com-
pared with reaching 100 mg/dL.8

■ TWO RISKS OF A TARGETED APPROACH

So what are the risks of using this targeted
approach compared with starting with a low
dose and titrating as needed to reach the
desired LDL-C concentration?

First, some patients would be taking doses
higher than necessary, because they could
have reached the target value at a lower dose.
Those people would be paying more for their
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medication than necessary and would have a
lower benefit-to-risk ratio.

Second and more important, the higher
the dose of statin, the greater the risk of statin-
related myopathy, which can cause a variety of
symptoms, including myalgia, cramps, muscle
weakness, and fatigue.

■ MYOPATHY CAN BE SERIOUS,
BUT IS UNCOMMON

Statin myopathies are perplexing. They can
occur with normal or with elevated serum
creatine kinase (CK) levels. Whereas most
statin myopathies resolve after the offending
agent is stopped, some do not, and statin
myopathy can result in renal failure and
death.

In placebo-controlled trials, approxi-
mately 5% of patients who take statins report
myopathic symptoms, but a similar percent-
age of patients who take placebo also report
those symptoms.8–13 The percentage of
patients with elevated CK levels is also simi-
lar for those taking a statin vs a placebo.8,9,12

Although these data suggest that the myo-
pathic symptoms are not related to statin use,
the temporal relationship between statin use
and the onset of symptoms is strong enough
to implicate the drug as the cause of the com-
plaints in many cases.

Fortunately, rhabdomyolysis with renal
failure, the most severe form of statin myopa-
thy, is rare with the statins available today.
The rate of hospitalization for rhabdomyolysis
from the use of statin monotherapy is low, 0.44
cases per 10,000 person-years.14 The risk is
higher if statins are used in combination with
a fibrate or niacin.

Nevertheless, even though the risk for the
individual patient is low, many cases will
occur because of the large number of patients
who take these agents. Think of the number
we would see if we were to treat all 105 million
people the American Heart Association15 says
have LDL-C concentrations greater than 200
mg/dL!

■ HOW DO STATINS CAUSE MYOPATHY?

A variety of mechanisms have been proposed
to explain statin myotoxicity.16

Blocking mevalonic acid production
Statins lower cholesterol levels by inhibiting
HMG-CoA reductase, which catalyzes the
conversion of 3-hydroxyl-1-3-methylglutaryl-
coenzyme A to mevalonic acid, a rate-limit-
ing step in cholesterol biosynthesis.

Mevalonic acid is a precursor for iso-
prenoids, which are necessary for prenylation
reactions in post-transcriptional lipid modifi-
cation of proteins and other compounds.
Important isoprenoids include dichols, which
are required for glycoprotein synthesis;
isopentyl adenosine, which is required for
transfer-RNA synthesis; and heme and
ubiquinone (coenzyme Q10), which are com-
ponents of the respiratory chain.

Thus, blocking mevalonic acid synthesis
could have a variety of consequences.

Depleting coenzyme Q10
Of these consequences, the potential effect on
coenzyme Q10 is of major interest because of
its role in energy metabolism.

Coenzyme Q10 is a component of com-
plexes I and II of the electron transport chain
and is an important antioxidant in mitochon-
drial and other lipid membranes. Perhaps
statins cause myopathy by depleting coenzyme
Q10, resulting in decreased production of
adenosine triphosphate or enhanced mem-
brane damage from free radicals.17 Decreased
coenzyme Q10 has been observed in the serum
of some18,19 but not all20 patients using statins.

Blocking Rho, Rac, and Ras activation
Additional regulatory compounds that are
activated by prenylation are small proteins
that bind guanosine triphosphate (GTP).
Rho, Rac, and Ras are GTP-binding proteins
that promote cell maintenance and attenuate
apoptosis.21 Thus, blocking the activation of
Rho, Rac, or Ras could promote apoptosis.
This may be good if the apoptosis occurs with-
in an atherosclerotic plaque, but bad if it
occurs in skeletal muscle.

Inducing selenoprotein dysfunction
In addition, HMG-CoA reductase inhibi-
tion could lead to myopathy by interfering
with the formation of selenocysteine-tRNA
and by causing abnormalities in selenopro-
teins.22
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Selenoprotein dysfunction has been
linked to multiminicore disease, a congenital
myopathy that is characterized histologically
by minicore lesions (focal areas of myofibril-
lar disorganization) and loss of mitochondri-
al function. In addition, selenium deficiency
can cause a painful myopathy with thinned
myofibrils, vacuolization without fibrosis,
and mitochondrial abnormalities—clinical
and histologic features seen with statin
myopathy.

Reducing cholesterol per se
Statins have been found to cause a lipid stor-
age myopathy in some patients,23 and a reduc-
tion in cholesterol levels alone may also have
a deleterious effect. Cholesterol is an impor-
tant structural component of cell membranes.
Thus, statin use might alter membrane fluidi-
ty, electrical properties, sodium-potassium
pump density, excitation-contraction cou-
pling, or cell-surface receptor transduction
cascades.16

Predisposing factors
Each of these mechanisms may cause statin
myopathy in a given patient. But given the
small percentage of people who experience
myotoxicity, those who do experience these
complications likely are predisposed to
them.

Recent observations indicate that statin
use triggers myopathy in people with previ-
ously asymptomatic deficiencies of myophos-
phorylase and carnitine palmitoyltransferase
(CPT) and in some carriers of these disor-
ders.24 This same study found abnormalities in
muscle L-carnitine content and decreased
activities of CPT and respiratory chain
enzymes in some patients. Whether these
changes are primary and set the stage for
statin myopathy or are secondary to the agents
is not known. Regardless, they implicate
abnormalities in energy metabolism as playing
a role in statin myopathy.

Contributing factors
Although the causes of statin myopathy are
unknown, recognized factors contribute to its
development.25–27 The risk is greater in
patients with advanced age, small body
frames, frailty, multisystem disease, and

polypharmacy and in the perioperative period.
Hepatic and renal dysfunction can contribute.
The risk is also increased in patients who have
diseases that affect skeletal muscle (such as
hypothyroidism) or who use medications that
can induce myopathy (eg, glucocorticoids,
hydroxychloroquine, colchicine, alcohol, and
antiretroviral agents).

But by far and away, the greatest risk of
developing a myopathy correlates with expo-
sure to the drug, either by simply taking a
higher dose or by using another medication
that interferes with the metabolism of the
statin. Such drugs include gemfibrozil,
cyclosporine, macrolide antibiotics, azole
antifungal agents, nefazodone, some calcium
channel blockers, and antiretroviral agents.
Grapefruit juice can also have this effect if
more than 1 quart a day is consumed.

■ CONSIDER OTHER CAUSES OF MYOPATHY

Because I am a rheumatologist with a special
interest in muscle diseases, I have been
referred a number of patients with the diagno-
sis of persistent statin myopathy. Interestingly,
one of them proved to have hypothyroidism
and was able to resume the use of a statin
without difficulty after his symptoms resolved
and his CK level returned to normal with thy-
roid hormone replacement. Others have
reported the same occurrence.28 Therefore,
one should always consider other causes of
myopathy even in patients taking a statin.

■ DOES ANYTHING HELP
BESIDES STOPPING THE STATIN?

Coenzyme Q10 supplementation has been
helpful to some patients with statin myopathy,
but certainly not to all. Although a dose of 60
mg orally twice a day has been recommended,
doses in excess of 300 mg twice a day may be
required.29

Whether L-carnitine supplementation
will prove helpful remains speculative, but
this agent has a logical rationale and ought to
be tested in clinical trials.24

An aerobic exercise program is recom-
mended. Patients should start with low levels
of exercise and increase to higher levels grad-
ually as tolerated.

CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 72 •  NUMBER 9       SEPTEMBER  2005 753

An aerobic
exercise
program is
recommended,
starting at a
low level



■ REFERENCES
1. Ridker PM, Cannon CP, Morrow D, et al. C-reactive protein levels

and outcomes after statin therapy. N Engl J Med 2005;
352:20–28.

2. Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin therapy, LDL
cholesterol, C-reactive protein, and coronary artery disease. N
Engl J Med 2005; 352:29–38.

3. Conroy RM, Pyorala K, Fitzgerald AP, et al. Estimation of ten-year
risk of fatal cardiovascular disease in Europe: the SCORE project.
Eur Heart J 2003; 24:987–1003.

4. Pasternak RC, Smith SC Jr., Bairey-Merz CN, et al.
ACC/AHA/NHLBI clinical advisory on the use and safety of statins.
Circulation 2002; 106:1024–1028.

5. Grundy SM, Cleeman JI, Merz CNB, et al. Implications of recent
clinical trials for the National Cholesterol Education Program
Adult Treatment Panel III guidelines. Circulation 2004;
110:227–239.

6. Jones PHJ. The benefits of individualized starting doses in statin
therapy. Cleve Clin J Med 2005; 72:811–816.

7. Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus mod-
erate lipid lowering with statins after acute coronary syndromes.
N Engl J Med 2004; 350:1495–1504.

8. La Rosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering
with atorvastatin in patients with stable coronary disease. N Engl
J Med 2005; 352:425–435.

9. Bradford RH, Shear CL, Chemos AN, et al. Expanded Clinical
Evaluation of Lovastatin (EXCEL) study results. I. Efficacy in modi-
fying plasma lipoproteins and adverse event profile in 8245
patients with moderate hypercholesterolemia. Arch Intern Med
1991; 151:43–49.

10. Gaist D, Rodriguez LAG, Huerta C, et al. Lipid-lowering drugs
and the risk of myopathy: a population-based follow-up study.
Epidemiology 2001; 12:565–569.

11. Farmer JA. Learning from the cerivastatin experience. Lancet
2001; 358:1383–1385.

12. Downs JR, Clearfield M, Tyoler HA, et al. Air Force/Texas
Coronary Atherosclerosis Prevention Study (AFCAPS/TEXCAPS):
additional perspectives on tolerability of long-term treatment
with lovastatin. Am J Cardiol 2001; 87:1074–1079.

13. Thompson P, Clarkson P, Karas RH. Statin-associated myopathy.
JAMA 2003; 289:1681–1690.

14. Graham DJ, Staffa JA, Shatin D, et al. Incidence of hospitalized
rhabdomyolysis in patients treated with lipid-lowering drugs.
JAMA 2004; 292:2585–2590.

15. Cholesterol statistics. American Heart Association. Available at
www.americanheart.org. Accessed April 2005.

16. Baker SK, Tarpolsky MA. Statin myopathies: pathophysiologic
and clinical perspectives. Clin Invest Med 2001; 24:2258–2272.

17. Bliznakov EG, Wilkins DJ. Biochemical and clinical consequences
of inhibiting coenzyme Q biosynthesis by lipid-lowering HMG-
CoA reductase inhibitors (statins): a critical overview. Adv Ther
1998; 15:218–228.

18. Watts GF, Castelluccio C, Rice-Evans C, et al. Plasma coenzyme Q
(ubiquinone) concentrations in patients treated with simvastatin.
J Clin Pathol 1993; 46:1055–1057.

19. Bargossi AM, Battino M, Gaddi A, et al. Exogenous CoQ10 pre-
serves plasma ubiquinone levels in patients treated with 3-
hydroxy-3-methyl-glutaryl coenzyme A reductase inhibitors. Int J
Clin Lab Res 1994; 24:171–176.

20. Laaksonen R, Jokelainen K, Laakso J, et al. The effect of simva-
statin treatment on natural antioxidants in low-density lipopro-
teins and high-energy phosphates and ubiquinone in skeletal
muscle. Am J Cardiol 1996; 77:851–854.

21. Olson MF, Ashworth A, Hall A. An essential role for Rho, Rac,
and Cdc42 GTPases in cell cycle progression through G1. Science
1995; 269:1270–1272.

22. Moosmann B, Behl C. Selenoprotein synthesis and side-effects of
statins. Lancet 2004; 363:892–894.

23. Phillips PS, Haas RH, Bannykh S, et al. Statin-associated myopa-
thy with normal and abnormal creatine kinase: clinical, patho-
logical and biochemical features. Ann Intern Med 2002;
137:581–585.

24. Vladutiu G, Isaackson P, Wortmann R. Metabolic disorders and
cholesterol-lowering drugs [abstract]. Arthritis Rheum 2004;
50(suppl):S667.

25. Sieb JP, Gillessen T. Iatrogenic and toxic myopathies. Muscle
Nerve 2002; 27:142–156.

26. Evans M, Rees A. Effects of HMG-CoA reductase inhibitors on
skeletal muscle: are all statins the same? Drug Saf 2002;
25:649–663.

27. Wortmann RL. Lipid-lowering agents and myopathy. Curr Opin
Rheumatol 2002; 14:643–647.

28. Hung YT, Yeung VTF. Hypothyroidism presenting as hypercholes-
terolemia and simvastatin-induced myositis. Hong Kong Med J
2000; 6:423–424.

29. Shults CW, Shapira AHV. A cue to queue for CoQ? Neurology
2001; 57:375–376.

ADDRESS: Robert L. Wortmann, MD, The University of Oklahoma College
of Medicine, 4502 East 41st Street, Tulsa, OK 74135; e-mail robert-wort-
mann@ouhsc.edu.

756 CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 72 •  NUMBER 9       SEPTEMBER  2005

■ REACHING LDL-C GOALS:
QUICKLY OR GRADUALLY?

One cannot argue against the goal of having
patients reach their ideal cholesterol targets.
After all, any reduction in LDL-C and
increase in HDL-C provides benefit. By one
estimate, the risk of a coronary heart event is
reduced by 1% for every 1-mg/dL reduction in
LDL-C. One can, however, question how
important it is to reach those targets rapidly if
the use of the higher doses that are required to
produce the rapid reduction increases the
potential for myotoxicity.

If more patients take higher doses of

statins, more myopathic complications will
occur. This increase must be balanced against
the improved outcomes that would be
derived. Regardless of the approach chosen,
the starting dose used may not provide the
desired result, and further modification will
be necessary. According to Dr. Jones’s report,
many physicians need to be reminded of that
fact.

What is important is that we strive to help
our patients achieve the optimal LDL-C level.
Whether one chooses to start low and titrate
the dose of a statin or to begin with a dose
stratified according to baseline risks remains a
matter of clinical judgment.
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