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Neuromuscular Symptoms and Elevated Creatine Kinase  
after Statin Withdrawal

Table 1. Characteristics of the Patients after Withdrawal of Statin Therapy.*

Variable

Patients with Possible  
Statin-Induced Myotoxicity 

(N = 47)

Patients with an Underlying 
Neuromuscular Disorder 

(N = 5)

Mean age (range) — yr 53 (22–86) 67 (60–82)

Male sex — no. (%) 34 (72)   5 (100)

Neuromuscular symptoms — no. (%)

Myalgia 47 (100)   3 (60)†

Weakness   0   2 (40)†

Creatine kinase level >1000 U/liter — no. (%)   9 (19)   3 (60)

Mean interval between statin withdrawal and muscle 
biopsy — mo

6.8 5.5

Mean duration of statin therapy — mo 31 24

Findings on initial clinical examination — no. (%)

Abnormal electromyogram   0   5 (100)†

Abnormal muscle biopsy   0   5 (100)†

Findings at 6-mo follow-up‡

No. of patients 36   4

Myalgia — no. (%) 11 (31)

Creatine kinase level >200 U/liter — no. (%)   6 (17)

*	Creatine kinase levels were compared with the use of a rank-sum test, and proportions were compared with the use 
of a z-test. The normal level for creatine kinase is under 200 U per liter.

†	P<0.001.
‡	Among the five patients with an underlying neuromuscular disorder at 6 months, one was lost to follow-up, two had 

unchanged symptoms, one was undergoing treatment for cancer, and one had died. 

To the Editor: The main reported adverse ef-
fects of statins are various forms of myotoxicity, 
ranging from myalgias to rhabdomyolysis.1,2 The 
occurrence of neuromuscular symptoms and el-
evated levels of creatine kinase that persist after 
the withdrawal of statin therapy is frequent, and 
there are no guidelines to help physicians deter-
mine whether such effects are the result of sta-
tin-related myotoxicity or an underlying neuro-
muscular disorder.3-5

Fifty-two consecutive patients (75% male, with 
a mean age of 54 years) with muscle weakness, 
myalgia, or both, along with elevated creatine ki-
nase levels (mean, 1000 U per liter; normal, 
<200 U per liter) that had persisted for more than 
3 months (mean duration, 6.5 months) after dis-
continuation of statin therapy were enrolled from 
a single center in this 5-year prospective study (see 
Table A in the Supplementary Appendix, available 
with the full text of this letter at NEJM.org). Cre-

atine kinase levels before the initiation of statin 
therapy were unknown in all patients.

In 47 of 52 patients (90%), clinical examination, 
results on electromyography, and findings on 
muscle biopsy were normal, and possible statin-
induced myotoxicity was diagnosed, with a good 
clinical and biologic prognosis at the 6-month 
follow-up in the majority of patients (Table 1). Five 
patients (10%) presented with abnormalities on 
electromyography and pathological analysis and 
received the diagnoses of paraneoplastic polymy-
ositis, amyotrophic lateral sclerosis, Kennedy’s 
disease, muscle phosphorylase b kinase deficiency, 
and necrotic myopathy of uncertain cause (Table B 
in the Supplementary Appendix).

After adjustment for variables such as sex, the 
mean interval between statin withdrawal and neu-
romuscular evaluation, the type of statin, and the 
mean duration and dose of statin therapy, there 
was no significant difference between the two 
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groups of patients. In contrast, muscle weakness 
and abnormal electromyographic findings were 
associated with an increased risk of an underly-
ing neuromuscular disease (muscle weakness:  
0 of 47 patients vs. 2 of 5 patients, P<0.001; ab-
normal electromyographic findings: 0 of 47 pa-
tients vs. 5 of 5 patients, P<0.001). Patients with 
a neuromuscular disorder were older (>60 years) 
and had a higher creatine kinase level (>1000 U 
per liter) than those without such a disorder, al-
though the differences between the two groups 
were not significant (Table 1).

Patients with neuromuscular symptoms and 
elevated creatine kinase levels that persist after 
statin withdrawal should be systematically evalu-
ated for an underlying neuromuscular disease that 
may require appropriate treatment, especially if 
they present with muscle weakness, are older than 
60 years of age, and have a creatine kinase level 
of more than 1000 U per liter. In our study, elec-
tromyography was an excellent screening test for 
whether a muscle biopsy was needed. In several 
patients, the measurement of creatine kinase be-
fore the initiation of statin therapy might have 
been helpful in making an earlier diagnosis of a 
neuromuscular disease.
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American Neurogastroenterology  
and Motility Society

The following meetings will be held in Boston: “ANMS 5th 
Biennial Course on GI Motility and Neurogastroenterology in 
Clinical Practice” (Aug. 26) and “2010 Joint International Neu-
rogastroenterology and Motility Meeting (NGM 2010)” (Aug. 
26–29). Deadline for submission of abstracts for NGM 2010 is 
March 3.

Contact the American Neurogastroenterology and Motility 
Society, 45685 Harmony Lane, Belleville, MI 48111; or see 
http://www.motilitysociety.org.

TAT 2010
The “8th International Symposium on Targeted Anticancer 

Therapies” will be held in Bethesda, MD, March 4–6.
Contact Danielle Pos, MCCM Meeting Management, P.O. 

Box 77, 3480 DB Harmelen, the Netherlands; or call (31) 88 089 
8100; or fax (31) 88 089 8109; or e-mail tat@mccm.nl.

American Association for the Study of Liver 
Diseases

The “AASLD/EASL Clinical Research Single Topic Confer-
ence: Intensive Care of the Patient with Acute on Chronic Liver 
Failure” will be held in Atlanta, March 18 and 19.

Contact AASLD, 1001 N. Fairfax St., Suite 400, Alexandria, 
VA 22314; or call (703) 299-9766; or e-mail aasld@aasld.org;  
or see http://www.aasld.org.

Aseptic Surgery Forum
The conference will be held in Paris, March 26 and 27.
Contact Josette Appert, Oriex Communication, 25, rue An-

dré Joineau, 93310 Le Pré Saint-Gervais, France; or e-mail  
jappert@oriex.fr; or call (33) 1 48 91 89 89; or see http://www 
.aseptic-surgery-forum.com.
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