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Statins are some of the most widely prescribed medica-
tions, and though generally well tolerated, can lead to a
self-limited myopathy in a minority of patients. Recently,
these medications have been associated with a necrotiz-
ing autoimmune myopathy (NAM). Statin-associated
NAM is characterized by irritable myopathy on electromy-
ography (EMG) andmuscle necrosis withminimal inflam-
mation onmuscle biopsy. The casepresented is a 63-year-
oldwomanwhohas continued elevation of creatinekinase
(CK) after discontinuation of statin therapy. She has irri-
table myopathy onEMG and NAM is confirmed bymuscle
biopsy. She subsequently tests positive for an experimen-
tal anti-3-hydroxy-3-methylglutaryl-coenzyme A (anti-
HMGCoA) antibody that is found to be present in patients
with statin-associated NAM. Though statin-associated
NAM is a relatively rare entity, it is an important consid-
eration for the general internist in patients who continue
to have CK elevation and weakness after discontinuation
of statin therapy. Continued research is necessary to bet-
ter define statin-specific and dose-dependent risk, as well
as optimal treatment for this condition.
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CASE PRESENTATION

A 63-year-old African American woman with a past medical
history of mild intermittent asthma, allergies, coronary artery
disease, gastroesophageal reflux, hypertension and type 2
diabetes mellitus presented for evaluation of proximal muscle
weakness most prominent in the lower extremities. She
complained that she was unable to walk without her legs
buckling. She denied excessive alcohol use, weight loss, night
sweats, black tarry stools, joint swelling, fevers, and skin
changes. Examination confirmed significant proximal muscle
weakness of her lower extremities. Routine laboratory studies

were normal except for a creatine kinase (CK) level of
10,829 U/L (Fig. 1). Several months prior to the onset of her
weakness, she underwent coronary artery stenting and was
changed from simvastatin to atorvastatin. Before switching
to atorvastatin, her CK level was normal (174 U/L). The
atorvastatin was suspected as the cause and immediately
discontinued. After several months of taking no statins, her
walking improved, but she continued to have significant mus-
cle pain and weakness. Her CK was rechecked and remained
elevated at 2306 U/L (Fig. 1).
Additional neurologic, serologic, and musculoskeletal studies

were performed. Nerve conduction study (NCS) and electromy-
ography (EMG) were consistent with an active, irritable myop-
athy of the proximal muscles. Myositis-associated and connec-
tive tissue disease antibody panels were negative except for
positive titers of anti-centromere antibodies (Table 1). A muscle
biopsywas performed that showedmuscle necrosiswithminimal
inflammation. At that time, no definitive diagnosis was made.
However, the patient remained stable, with no additional medical
therapy, for approximately a year. Then, her condition worsened
with increasing muscle weakness and a rising CK to 7015 U/L
(Fig. 1). Muscle strength examination at this time revealed de-
creased muscle bulk in the biceps and triceps. She was found to
have significantly decreased strength in the hip flexors bilaterally,
not capable of lifting her legs against minimal resistance from the
examiner. She was unable to rise from a seated position.
Given the persistent weakness and CK elevation long after

statin discontinuation, there was concern for possible statin-
associated necrotizing myopathy with consideration for other
inflammatory myopathies, such as dermatomyositis (DM) and
polymyositis (PM). Review of medication history antecedent to
symptom onset revealed no other medications known to cause
myopathy (Table 2). Thyroid function was normal, with a
thyroid stimulating hormone (TSH) of 3.06 (reference 0.4–
5.0 μIU/mL). Given the connection between necrotizing my-
opathy and malignancy, cancer screening was reviewed.
Screening colonoscopy was performed in 2011 with a recom-
mended follow-up of 10 years. Mammogram performed in
2011 was stable from prior with benign findings (BI-RADS
2), and cervical cancer screening in the same year was negative
for intraepithelial neoplasm. Repeat muscle biopsy revealed
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findings similar to the initial biopsy with severe myopathic
changes and considerable necrosis (Fig. 2a). Additional immu-
nofluorescence staining using antibody to C5b9 complement
membrane attack complex (MAC) andmajor histocompatibility
complex class I (MHC-I) demonstrated the presence of an
antibody-mediated attack of non-necrotic fibers, which made
statin-induced myopathy and dermatomyositis more likely
(Fig. 2b–d). The patient was tested for the presence of novel
anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (anti-
HMGCR) antibodies with a positive result. She was diagnosed
with statin-associated necrotizing autoimmune myopathy
(NAM) and started on 40 mg of prednisone daily.

Days after initiating corticosteroids, she presented to the hospital
with acutely worsened weakness and shortness of breath. In addi-
tion to continuing prednisone, intravenous immunoglobulin
(IVIG) 2mg/kg divided into five doseswas initiatedwith improve-
ment in strength. She was also started on methotrexate later in the
hospital stay. Upon discharge, she continued treatment with IVIG
every four weeks and was maintained on prednisone and metho-
trexate therapy with improved strength and normalization of CK.

DISCUSSION

Statins are among the most commonly prescribedmedications,
with 29.7 million people receiving prescriptions for statins in

Figure 1. Creatine kinase (U/L) fluctuation from previously normal levels to levels at diagnosis and after treatment.

Table 1. Results of Connective Tissue Disease, Vasculitis and
Myositis-Related Antibody Testing

Date Test Result (U/mL)
(reference range)

April 2011 PL-7 antibody Not detected
PL-12 antibody Not detected
Mi-2 antibody Not detected
Ku antibody Not detected
Ej antibody Not detected
Oj antibody Not detected
SRP antibody Not detected

March 2012 MPO antibody negative
PR3 antibody negative

September 2012 dsDNA antibody <1 (negative <5)
SSA antibody <0.2 (0–0.9)
SSB antibody 0.3 (0–0.9)
Chromatin Antibody <0.2 (0–0.9)
Ribosomal p protein <0.2 (0–0.9)
RNP antibody <0.2 (0–0.9)
Jo-1 antibody <0.2 (0–0.9)
Scl-70 antibody <0.2 (0–0.9)
Centromere antibody 5.6 (0–0.9)
Antinuclear antibody <1:80 (<1:80)
Rheumatoid factor <10 (<15)
CCP antibody 4 (<20)

Table 2. Medications and Dosages Other than Statin Taken Prior to
Onset of Symptoms

Medications & dosages taken prior to onset of symptoms other than
statin

Albuterol 108 mcg/act 2 puffs inhaled every 4 hours
as needed

Aspirin EC 325 mg orally daily
Amlodipine 2.5 mg orally daily
Beclomethasone 60 mcg/act 1 puff inh twice daily
Carvedilol 25 mg orally twice daily
Clonidine 0.2 mg orally daily
Indapamide 1.25 mg orally daily
Ranitidine 150 mg orally daily
Glimepiride 2 mg orally daily
Lantus 100 units/ml 17 units subcutaneous nightly
Trazodone 100 mg orally nightly
Metformin 500 mg tabs orally, 1 tab in

AM, 2 tabs in PM
Claritin 10 mg orally daily prn allergies
Fluticasone nasal 50 mcg/dose 2 sprays in each nostril daily
Patanol 0.1 % optic solution 1–2 drops in each eye twice

daily prn
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2005.1 Due to the institution of the new American College of
Cardiology and American Heart Association guidelines, the
number of patients qualifying for statin therapy has increased
substantially, with therapy recommended in 33 million of 101
million people without clinical cardiovascular disease.2 The
impact of statins has primarily been in the arena of vascular
health, with effects on both primary and secondary prevention
of cardiovascular events.3,4 Though these medications are gen-
erally well tolerated, they can lead to musculoskeletal side
effects, with up to 20 % of patients experiencing myalgias.5

Notably, the estimated incidence of true statin-induced myopa-
thy, characterized by muscle weakness with concomitant eleva-
tion in CK, is much lower, at 44 to 120 per million per year.6,7

Anti-HMGCR NAM is even more rare, with an incidence
estimated to be 2 per million per year.5 Marked elevation in
CK is characteristic of NAM, with a mean value of 10,000 IU/L
compared to the self-limited form.5 The mechanism of myocyte
disruption in self-limited statin myopathy is not fully under-
stood, but theories include changes in the cholesterol composi-
tion of cellular membranes, effects on compounds such as
coenzyme Q10 that require cholesterol precursors for synthesis,
and decreased isoprenoids responsible for reducing apoptosis of
myocytes.7 In general, statins produce a self-limited myopathy
that resolves within several months of medication cessation;
however, they are also associated with increased incidence of

inflammatory myopathies including DM and PM as well as
statin-associated NAM.8,9

Similar to self-limited statin myopathy, statin-associated
NAM pathophysiology is poorly understood. It is hypothe-
sized that the upregulation of HMGCR in patients taking
statins in combination with major histocompatibility complex
I (MHC-I) presentation of specific HMGCR antigens leads to
the formation of ant-HMGCR antibodies. Furthermore, there is
increased expression of HMGCR in regenerating muscle fi-
bers, which may lead to propagation of antibody formation
even after statin discontinuation.5 Immunohistochemistry
staining of biopsy specimens displays MHC-I upregulation
on both necrotic and non-necrotic fibers.10 While normal mus-
cle showsMHC-I antigens only on blood vessels, sarcolemmal
and internal upregulation of MHC-I has also been described in
other inflammatory myopathies, dystrophinopathies, and other
muscular dystrophies.11 Deposition of complement membrane
attack complexes on non-necrotic muscle fibers is consistent
with the concept that the myofiber degeneration in anti-
HMGCR NAM is a complement-mediated antibody-depen-
dent toxicity.12 Additionally, there is an identified association
between anti-HMGCR NAM and HLA-DRB1*11.13

The novel anti-HMGCR antibody, which was discovered in
2010, is a promising diagnostic marker for statin-associated
NAM.12 Nearly all patients with statin-induced necrotizing

Figure 2. Pathological findings in skeletal muscle (bar=50 μm). a H&E stain showing a myopathic process with muscle fiber size variability with
regenerative and degenerative fibers, the latter indicative of attempts at healing. Prominent necrotic fibers (arrows) and non-necrotic fibers
undergoing immune-mediated attack (arrowheads) are noted. The paucity of inflammation (T cells, B cells, Dendritic cells and macrophages) is
consistent with statin-induced myopathy compared to PM or DM. b C5b9 (complement membrane attack complex; MAC) immunofluorescence

staining showing diffuse (involving sarcolemma and myofiber) upregulation within the necrotic fibers (arrows) and only sarcolemmal
upregulation in non-necrotic fibers (arrowheads), a finding seen in antibody-mediated myopathies. c Major histocompatibility complex class I
(MHC-I) staining showing upregulation within necrotic (arrow) and non-necrotic (arrowheads) fibers, also indicative of an immune-mediated
process. d Spectrin (a protein found on the sarcolemma) immunofluorescence highlights the abnormal pattern of staining in necrotic fibers
(arrows) while showing normal pattern of staining in non-necrotic fibers (arrowheads). This confirms that during the early antibody-mediated

phase of the disease, the membrane is relatively intact, but in later phases, the membrane integrity is compromised.
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autoimmunemyopathy have positive anti-HMGCR antibodies
with tropism to the catalytic site of HMGCoA reductase. The
antibody is not present in the majority of patients with self-
limited statin myopathy, or in healthy controls. The reported
sensitivity and specificity are 94.4% and 99.3%, respectively.14

Not all anti-HMGCR positive NAM patients have been
exposed to statins. Approximately 33 % of anti-HMGCR–
positive NAM patients have no history of statin use.15 These
patients often have slightly different clinical characteristics,
such as younger age and increased inflammation, compared to
statin-exposed individuals.15

There is no clear association between anti-HMGCR anti-
body NAM and collagen vascular disease; however, at least
two cases have been described: one with anti-synthetase syn-
drome and another who was Scl-70 positive and was diag-
nosed with scleroderma.15 Interestingly, our patient tested
positive for the anti-centromere antibody, but she did not have
other sequelae consistent with a diagnosis of limited
scleroderma.
There are several types of NAM, including those associated

with malignancy, anti-signal recognition particle (SRP) anti-
bodies, connective tissue disease, HIV and statins.16 Malig-
nancy was less likely in our patient, considering the duration
of symptoms for two years, absence of weight loss and normal
routine screening. Regardless of the underlying etiology, pa-
tients generally present with significant proximal muscle
weakness and marked elevation in CK levels, often greater
than ten times the upper limit of normal. Electromyography
(EMG) shows signs of irritable proximal myopathy, indicative
of a severe muscle disease such as an immune-mediated
myopathy, compared to a non-irritable myopathy such as a
steroid-induced myopathy. Muscle biopsy has features of
prominent muscle necrosis with myofiber regeneration and
minimal inflammation.8 Myalgias are present in 16–75 % of
patients with statin-induced NAM, and peak elevation in CK
levels range from 958 to 45,000 IU/L.5 Currently,
distinguishing statin-associated NAM from other forms of
NAM requires history of statin exposure, consistent muscle
biopsy findings, and consideration for and exclusion of alter-
native causes of NAM. Anti-HMGCR antibody testing is now
commercially available from Rheumatology Diagnostics Lab-
oratory, Inc. (RDL) and may be utilized to confirm a diagnosis
of statin-associated anti-HMGCR antibody NAM.
There is little clinical evidence for the association between

incidence of statin-associated NAM and particular statins or
statin dose. Different statins have varied propensities for caus-
ing self-limited myopathy, with atorvastatin and simvastatin
associated with higher rates of myopathy than rosuvastatin;
however, there is no established association between specific
statins and the occurrence of statin-associated necrotizing
autoimmune myopathy.17,18 Interestingly, our patient was on
simvastatin with a normal CK for 10 years and only developed
symptoms when transitioned to atorvastatin. In one series of
25 patients, 21 were taking atorvastatin at the time of the
development of proximal muscle weakness, though this was

likely a representation of prescribing practices and not neces-
sarily indicative of an association between atorvastatin and
increased risk of NAM.18 Simvastatin and pravastatin use has
also been noted in patients with statin-associated NAM.18

Though there is a known association between statin dose,
incidence and severity of self-limited myopathy, a dose
relationship with statins in necrotizing autoimmune my-
opathy has not been established.5,19 Length of statin
exposure prior to the development of symptoms has
been noted to be approximately 3 years on average,
with a range of 9 months to 10 years.18

Immunosuppressive therapy is the mainstay of treatment for
statin-associated necrotizing autoimmune myopathy, and is
essentially identical to the treatment of other causes of
NAM. Currently, there are no controlled trials to guide treat-
ment selection. Initial treatment is generally high-dose pred-
nisone (1 mg/kg/day). Methotrexate is the most commonly
used steroid-sparing agent, with azathioprine, mycophenolate
mofetil and cyclosporine also being utilized.10 In cases that are
refractory to high-dose prednisone and steroid-sparing agents,
or in cases that are particularly severe at diagnosis, intravenous
immunoglobulin (IVIG) is utilized at a dose of 2 g/kg in
divided doses over 2 to 5 days, every 4 to 6 weeks.10 Initial
response to therapy is generally quite good with 100 % of
patients in two separate studies showing a partial (36 % and
54 %) to complete (64 % and 46 %) response. However, there
was also a 50–60 % relapse rate in these studies after tapering
immunosuppressive therapy.5,18

Self-limited statin myopathy has been described for several
decades, but statin-associated autoimmune necrotizing myop-
athy is an entity that has been described only in recent years.
Though it is rare, statin-associated NAM is an important
consideration for the general internist in any patient who has
prolonged symptoms of muscle weakness and elevated CK
levels after discontinuation of statin therapy. Workup in these
cases should include EMG and muscle biopsy, with signs of
irritable myopathy on EMG and prominent necrosis with
minimal inflammation indicative of necrotizing autoimmune
myopathy. Anti-HMGCR antibody testing is now available to
aid in confirmation of the diagnosis. Additional studies that
examine the effect of different statins and the dose response in
statin-associated NAM are needed. Given our patient’s 10-
year history of simvastatin use and onset of symptoms only
after initiation of atorvastatin therapy, there is reason to sus-
pect relation to therapy with specific statins. Additionally, the
severity of her disease at diagnosis and need for aggressive
immunosuppressive therapy raises questions regarding the
impact of diagnostic delay on treatment effectiveness. Current
strategies for immunosuppressive therapy utilizing high-
dose prednisone, steroid-sparing agents and IVIG have
demonstrated an improvement in strength and CK levels,
but clinical research is needed to establish treatment
outcomes, determine the role of trending anti-HMGCR
antibody titers as a measure of treatment efficacy, and
identify the most effective therapeutic regimens.
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