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Abstract

Statin-related myopathy is a clinically important cause of statin intolerance and discontinuation.
understood whether statin therapy is safe from patients with autoimmune inflammatory muscular disease.
We examined the effect of atorvastatin (10 mg/day) on the muscle in patients with immune-mediated
neuromuscular disease and hyperlipidemia. Serum LDL levels (pre-therapy, 164+14.3 mg/dl; post 1M,
92+26.6 mg/dl; post 2M, 93+15.9 mg/dl; 113+36.1 mg/dl) and TG levels (pre-therapy, 173+75.1 mg/dl; post
1M, 106+60.9 mg/dl; post 2M, 111+41.4 mg/dl; 130+28.2 mg/dl) were significantly decreased after
atorvastatin therapy but serum CK levels were not significantly changed during the therapy (pre-therapy,
105452 IU/L [meantSD]; post 1M, 131£76.6 IU/L; post 2M, 133+97.7 IU/L; 147+33.9 IU/L). The results of
the present small study indicate that acquired inflammatory neuromuscular disorders may net become a

risk factor in statin myopathy.
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Introduction

Statins are the most effective and practical class
of drugs for reducing LDL-C levels, with a
proven ability to reduce LDL-C to established
and lower target levels [1,2]. They reduce the
risk of essentially every clinical manifestation of
the atherosclerotic process, are easy to
administer, and have good patient acceptance.
In general, statins have an excellent safety
record [1]. Safety concerns have focused
primarily on the effects on the liver and skeletal
muscle. The connection between statin therapy
and adverse reactions of the skeletal muscle is
well established [1, 3, 4]. Between 2% and 7% of
patients report myalgia, defined as proximal or
diffuse muscle pain, tenderness, and/or
weakness  [4]. Myopathy—muscle pain,
tenderness, and weakness accompanied by
elevations of creatine kinase (CK) of more than
10 times the upper limit of normal (ULN)—is
much rarer, affecting only 0.01% to 0.5% of
patients treated with statin monotherapy [4].

Myopathy has been reported with all currently
marketed statins, particularly at higher doses.

The immune-mediated inflammatory
myopathies are a heterogeneous group of
diseases with diverse clinicopathological
features and etiologies including
dermatomyositis (DM), polymyositis (PM) and
inclusion body myositis (IBM). In DM a
complement-dependent humoral process
thought to be initiated by antibodies to
endothelial cells results in a microangiopathy
with secondary ischemic changes in muscles. On
the other hand, in PM and IBM there is a T-cell
response with invasion of muscle fibers by CD8+
lymphocytes and perforin-mediated cytotoxic
necrosis. Patients with DM or PM usually
respond to treatment with glucocorticoids and
immunosuppressive agents. On the other hand,
corticosteroids are recognized as a secondary
cause of dyslipidemia. Observational studies
and case reports of patients who have received
long-term corticosteroid administration
generally demonstrate elevations in total plasma
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cholesterol, triglyceride, low density lipoprotein
(LDL) cholesterol (LDL-C) and high density
lipoprotein (HDL) cholesterol (HDL-C) [5-13]. In
particular, care should be taken when giving
statin therapy to patients suffering from
hyperlipidemia with autoimmune inflammatory
muscular disease who have received treatment
with corticosteroids. This is because it is not
understood whether statin therapy is safe from
the patients with autoimmune inflammatory
muscular disease. We examined the effect of
atorvastatin on the muscle in patients with
immune-mediated neuromuscular disease and
hyperlipidemia.

Patients and Methods

Clinical assessment

The subjects of this study included 12 patients
with neuromuscular disorders. The underlying
diseases are shown in Table 1. All were selected
from among Japanese patients who had been
treated at Tokushima University Hospital or
Tokushima National Hospital from April 2006 to
January 2008 and who agreed to participate in
the study. All patients received oral
administrations of atorvastatin (10 mg/day).
Other therapies including corticosteroids or FK
506 remained unchanged during the study. The
patients were evaluated one, two, and three
months after treatment by measurement of hand
grasp power, blood sugar level, and serum
concentrations of y-GTP, AST, ALT, CK,

Statin therapy in myopathic patients Mitsui et al.

LDL-cholesterol,
HDL-cholesterol.

triglyceride  (TG), and

Statistical analysis

We used StatView for Windows (version 5.0) for
statistical analysis. Non-paired data and paired
data were analyzed by the nonparametric
Mann-Whitney U test and Wilcoxon’s signed
rank test, respectively.

Results

During atrovastatin hand grip power and blood
sugar levels were not significantly changed, as
shown in Figure 1. Taken together, serum
levels of y-GTP, AST, and ALT were not
significantly changed.

Figure 2 shows serum levels of CK, LDL, TG and
HDL. Serum CK levels were not significantly
changed during the therapy (pre-therapy,
10552 IU/L [meanzSD]; post 1M, 131£76.6
IU/L; post 2M, 133+97.7 IU/L; 147+33.9 IU/L).
On the other hand, LDL levels (pre-therapy,
164+14.3 mg/dl; post 1M, 92+26.6 mg/dl post
2M, 93£15.9 mg/dl; 113+£36.1 mg/dl) and TG
levels (pre-therapy, 173+75.1 mg/dl; post 1M,
106£60.9 mg/dl; post 2M, 111+41.4 mg/dl;
130£28.2 mg/dl) were significantly decreased
after atorvastatin therapy. Serum HDL levels
were not significantly changed (pre-therapy,
70£17.1 mg/dl; post 1M, 77£12.2 mg/dl; post
2M, 76x17.1 mg/dl; post 3M, 78+£9.6 mg/dl).

Table 1. Summary of Patients

Age (y) Underlying Disease Duration (y) Other Medication
58 polymyositis 7 PSL 10 mg/day
67 polymyositis 12 PSL 5 mg/day
60 polymyositis 21 -
58 polymyositis 14 -
71 polymyositis 20 FK506 3mg/day
62 dermatomyositis 5 PSL 7. 5 mg/day
51 dermatomyositis 6 PSL 2. 5 mg/day
63 dermatomyositis 11 PSL 5 mg/day
58 IBM 7 PSL 5 mg/day
65 CIDP 10 PSL 5 mg/day
64 CIDP 7 PSL 5 mg/day
59 CIDP 8 PSL 20mg/day

IBM, inclusion body myositis; CIDP, chronic inflammatory demyelinating polyneuritis; PSL, predonisolone
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Figure 1. Hand grip power, blood sugar levels and serum levels of y-GTP, AST and ALT during atorvastatin therapy.
Significant changes were not seen after the therapy.
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Discussion

The precise mechanisms underlying statin
myopathy are incompletely understood.
Proposed  mechanisms for statin-related
myopathy include decreased cholesterol content
of skeletal myocyte membranes inducing
instability, depletion of isoprenoids (farnesyl
pyrophosphate and geranyl pyrophosphate) or
coenzyme Q10, and mitochondrial dysfunction.
Decreased cholesterol synthesis with membrane
destabilization is unlikely to be an important
mechanism because in experimental models,
non-statin  lipid-lowering  agents, = most
importantly fibrates, induce myopathy through
distinct non-overlapping pathways [14-16].
Furthermore, decreasing cholesterol synthesis by
inhibiting squalene synthase does not result in
myopathy [17] .

Although the present study is preliminary, we

CK

2% r p=0.16465
p=0550

20 f p=0.181

180 | /‘

100

()

50

pre-therapy post 1M post 2M post 3M

TG
300

20

(mg/dl)

200

p=0.00972

150

100

5

(mg/dl)

(mg/dl)

pre-therapy post 1M post 2M post 3M

Statin therapy in myopathic patients Mitsui et al.

found that atorvastatin therapy significantly
reduced serum LDL and TG levels. However,
serum CK levels were not significantly changed
during the therapy. These findings indicate that
the onset of side effects does not occur in
everyone equally. Recent results suggest that
genetic factors increase the risk of statin-related
muscle complaints. Some patients are
susceptible to statin myopathy because of
pre-existing subclinical inherited muscular
disorders, or genetic variation in statin uptake
proteins encoded by SLCO1B1 or the
cytochrome P enzyme system [18]. The results of
the present small study indicate that acquired
inflammatory neuromuscular disorders may net
become a risk factor of statin myopathy.
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Figure 2. Scores of positive SUBI (A) and negative SUBI (B). Neither the scale of positive SUBI or negative SUBI were
significantly changed in patients with PD compared with those of controls. In addition, these scales were not significantly

changed during candesartan therapy.



Vol. 1

Statin therapy in myopathic patients Mitsui et al.

References

10.

11.

12.

13.

Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation.
2002; 106: 3143-3421.

Heart Protection Study Collaborative Group.
MRC/BHF Heart Protection Study of
cholesterol lowering with simvastatin in
20,536 high-risk individuals: a randomized
placebo-controlled trial. Lancet. 2002; 360:
7-22.

Pasternak RC, Smith SC, Jr, Bairey-Merz CN,
Grundy SM, Cleeman JI, Lenfant C.
ACC/AHA/NHLBI clinical advisory on the
use and safety of statins. ] Am Coll Cardiol.
2002; 40: 567-572.

Jacobson TA. Combination lipid-lowering
therapy with statins: safety issues in the
postcerivastatin era. Expert Opin Drug Saf.
2003; 2: 269-286.

Bagdade ]JD, Porte D Jr, Bierman EL.
Steroid-induced lipemia. A complication of
high-dosage corticosteroid therapy. Arch
Intem Med 1970; 125: 129-134.

2. el-Shaboury AH , Hayes TM.
Hyperlgpklaemia in asthmatic patients
receiving long - term steroid therapy. BM]J
1973; ii: 85-86.

3. Jeflerys DB, LessofMH, Mattock MB.
Corticosteroid treatment, serum lipids and
coronary artery disease. Postgrad Med ]
1980; 56: 491-493.

4. Curtis JJ, Galla JH, Woodford SY, Lucas
BA, Luke RG. Effect of alternate-day
prednisone on plasma lipids in renal
transplant recipients. Kidney Int 1982; 22:
42-47.

5. Becker DM, Markakis M, Sension M, et al.
Prevalence of hyperlipidemia in heart
transplant recipients. Transplantation 1987;
44: 323-325.

6. Becker DM, Chamberlain B, Swank R, et al.
Relationship between corticosteroid exposure
and plasma lipid levels in heart transplant
recipients. Am ] Med 1988; 85: 632-638.

7. Cattran DC, Stehler G, Wilson DR, Fenton
SA. Hyperlipidemia after renal
transplantation:  natural  history = and
pathophysiology. Ann Intern Med 1979; 91:
554-559.

8. Ettinger WH, Goldberg AP,
Applebaum-Bowden D, Hazzard WR
Dyslipoproteinemia in  systemic lupus

erythematosus. Eaect of corticosteroids. Am J
Med 1987; 83: 503-508.

9. Ettinger WH, Klinefelter HF, Kwiterovitch
PO. Effect of short-term, low-dose
corticosteroids on plasma lipoprotein lipids.
Atherosclerosis 1987; 63: 167-172.

10

14.

15.

16.

17.

18.

Langer T, Levy RI Acute muscular
syndrome associated with administration
of clofibrate. N Engl ] Med. 1968; 279:
856-858.

Smals AG, Beex LV, Kloppenborg PW.
Clofibrate-induced muscle damage with
myoglobinuria and cardiomyopathy [Letter].
N Engl ] Med. 1977; 296: 942.

Johnson TE, Zhang X, Shi S, Umbenhauer DR.
Statins and PPARalpha agonists induce
myotoxicity in differentiated rat skeletal
muscle cultures but do not exhibit synergy
with co-treatment. Toxicol Appl Pharmacol.
2005; 208: 210-221.

Flint OP, Masters BA, Gregg RE, Durham SK.
Inhibition of cholesterol synthesis by
squalene synthase inhibitors does not induce
myotoxicity in vitro. Toxicol Appl Pharmacol.
1997; 145: 91-98.

Kuncl RW. Agents and mechanisms of toxic
myopathy. Curr Opin Neurol. 2009; 22:
506-515.



