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Abstract Statin medications have recently been shown to
cause not only a toxic myopathy but also an immune-
mediated necrotizing myositis. Before the discovery of a
specific anti-HMG-CoA reductase antibody occurring in con-
junction with a necrotizing myopathy, many of these patients
may have been classified as polymyositis. They present sim-
ilarly with proximal muscle weakness, elevated muscle en-
zymes, persistence of symptoms despite cessation of the stat-
in, with need for immunosuppression. This article provides an
overview of this novel disease entity by placing it in the
context of existing idiopathic inflammatory myopathy (IIM)
classification criteria, and in the range of statin-associated
muscle toxicity.
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Introduction

Our understanding of the autoimmune myopathies has
evolved rapidly in recent years because of new discoveries,
particularly in relation to myositis-related antibodies. Where-
as, traditionally, autoimmune myopathies had been
subdivided into polymyositis (PM) and dermatomyositis
(DM), additional distinct subgroups are now recognized.

The discovery of statin-associated myositis among patients
with antibodies recognizing HMG-CoA reductase is an exam-
ple of pathologic and clinicoserologic correlations leading to
the recognition of a new disease. Whether we classify this
disease within the range of PM is largely a matter of which
criteria are used. We will discuss this novel entity in the
context of two classification schemes, the classic Bohan and
Peter criteria [1, 2] and a more recent set of criteria published
by the European Neuromuscular Center [3].

The Bohan and Peter Criteria

The most widely accepted classification scheme for myositis
remains the Bohan and Peter criteria published in 1975 [1, 2].
In this iteration, both PM and DM are recognized as inflam-
matory myopathies presenting with subacute symmetrical
muscle weakness; they are differentiated primarily by the
presence of skin involvement in the latter. Five major criteria
are used to confirm the diagnosis of PM and DM: the presence
of symmetric proximal weakness, consistent muscle biopsy
findings, elevated muscle enzymes, electromyographic find-
ings of myopathy, and characteristic skin rashes (Table 1).
Patients can be categorized as having definite (four criteria for
PM, three or four criteria plus rash for DM), probable (three
criteria for PM, two criteria plus rash for DM), or possible
(two criteria for PM, one criterion plus rash for DM) disease.
However, muscle biopsy findings were not used to differenti-
ate between PM and DM. Further work has shown that,
although DM and PM have many similarities, each seems to
be a distinct pathophysiological entity. Histologically, the
characteristic feature of DM is perifascicular atrophy, perhaps
the result of a microangiopathy [4] associated with C5b-9
membrane attack complex deposition in the intramuscular
microvasculature [5]. In DM, there is a paucity of lymphocytic
invasion of non-necrotic fibers. Rather, inflammatory
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infiltrates are located in the perimysial area with a large
number of CD4+ compared with CD8+ cells. These findings
have led some to speculate that humoral processes drive DM.
In contrast, PM seems to be mediated by CD8+ Tcells, which
surround and invade non-necrotic fibers [6]. In both PM and
DM, there may be upregulation of MHC class I antigen in
muscle fibers [7].

Based on advances in our understanding of the autoim-
mune myopathies, alternative classification criteria have been
proposed to improve the original set of Bohan and Peter [4,
8–12]. Still, none has been as widely accepted for use in
research studies or for enrollment in clinical trials.

Immune-Mediated Necrotizing Myopathy: A Newly
Recognized Form of Autoimmune Myopathy

In 2003, a working group of the ENMC met and pro-
posed a classification scheme relying heavily on muscle
biopsy findings as developed by Anthony Amato and
the Muscle Study Group [3]. In this scheme, the idio-
pathic inflammatory myopathies were divided into DM,
PM, inclusion body myositis (IBM), and non-specific
myositis (among patients with non-specific perimysial
and/or perivascular infiltrates but without features diag-
nostic of PM or DM). Furthermore, immune-mediated
necrotizing myopathy (IMNM) was recognized as a
distinct form of autoimmune muscle disease in which
muscle biopsies reveal muscle cell necrosis and degen-
eration with a lack of significant inflammatory
infiltrates.

Importantly, because muscle cell necrosis is a non-
specific feature that can occur in many muscle-damaging
processes, immune-mediated necrotizing myopathies must
be differentiated from toxic myopathies, endocrinopathies,
and muscular dystrophies. In a recent study comparing
immune versus non-immune necrotizing myopathy [13•],
diffuse and strong MHC-1 up-regulation in normal fibers
was seen only in the immune-mediated form. In contrast,

only necrotic fibers had increased MHC-1 expression in
non-immune-mediated necrotizing myopathies. Other fea-
tures seen mainly in IMNM include the presence of com-
plement deposition on capillaries and decoration of the
sarcolemma of non-necrotic fibers by membrane attack
complex. Although a relative paucity of inflammatory
infiltrates have marked the necrotizing myopathies, small
numbers of perimysial and endomysial CD4+ and CD8+
cells and predominantly CD68 macrophages, irrespective
of myophagocytosis, may be seen. IMNM muscle tissue
also included high levels of IFN-γ, TNF-α, IL-12, and
STAT-1, suggesting a Th1-mediated disease [13•].

Myositis Autoantibodies

As with other autoimmune diseases, autoantibodies in myosi-
tis are linked to unique phenotypic expressions. To date, at
least fifteen myositis-specific antibodies have been found,
each with a characteristic clinical syndrome [14–16] (Table 2).
Tests for most of these antibodies are now available commer-
cially. Although muscle biopsy has been regarded as essential
for diagnosis of inflammatory myopathies, much heterogene-
ity in clinical presentation is seen, even among those with
similar appearing biopsies. For example, in one study includ-
ing 38 patients with necrotizing muscle biopsies [17], four had
the anti-synthetase syndrome (characterized by the presence
of interstitial lung disease and other systemic manifestations
of autoimmunity), six had anti-SRP associated myopathy (a
severe autoimmune myopathy with minimal extramuscular
manifestations), and 10 had statin-associated autoimmune
myopathy with anti-HMGCR antibodies (see below). Thus,
basic histological features may be of limited utility in
distinguishing different forms of autoimmune myopathy, and
myositis autoantibodies may provide important complemen-
tary information regarding diagnosis, prognosis, and etiology.
Not surprisingly then, novel classification schemes incorpo-
rating myositis autoantibody profiles have been proposed
[10–12, 18].

Table 1 Bohan and Peter criteria for polymyositis and dermatomyositis

Symmetric proximal muscle
weakness

Limb-girdle muscles and anterior neck flexors

Elevation of skeletal muscle
enzymes

Creatine kinase, aldolase, serum glutamate oxaloacetate, pyruvate transaminases, lactate dehydrogenase

Myopathic findings on EMG Triad of short small, polyphasic motor unit potentials; fibrillations, positive sharp waves, and insertional irritability; and
bizarre, high-frequency repetitive discharges

Muscle biopsy irregularities Necrosis, phagocytosis, regeneration, atrophy and interstitial mononuclear infiltrate

Typical skin rash of
dermatomyositis

Gottron sign, Gottron papules, heliotrope

Adapted from Refs. [1, 2]
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What Happened to Polymyositis?

The reader may note that although there are anti-synthetase anti-
bodies, DM-specific antibodies, and antibodies associated with
IMNM, there are no PM-specific antibodies. Rather, PM has
become a disease of exclusion, defined by the presence of inflam-
matory cells on muscle biopsy in those without DM rash, genetic
muscle disease, endocrinopathy, myotoxic drug exposure, or IBM
[4]. The ENMC criteria include more strict histologic criteria that
require the presence of CD8+ T cells surrounding and invading
non-necrotic muscle fibers [3] for diagnosis of PM. In clinical
practice, however, diagnosis of PM is frequently made when the
muscle biopsy shows inflammation and when DM, IBM, and
other non-immune-mediated conditions have been excluded.

It is now clear that PM may be an over-diagnosed entity. In
2003, a study investigated the applicability of diagnostic features
for diagnosing PM and DM in a large unselected group of
patients previously diagnosed to have myositis [19]. Of 165
patients, nine were initially diagnosed as having Bohan and Peter
definite PM on the basis of clinical, laboratory, and biopsy
findings. After a follow-up period of at least one year, five of
the nine patients had typical IBM features, and none of the
remaining four continued to have typical signs of PM. Similarly,
another group noted that of 46 caseswith a PMpattern on biopsy,
36 were associated with another disease [20]. Of the remaining
ten with isolated PM, only one continued to carry that diagnosis
after follow-up and re-evaluation. This emphasizes that pure PM
is probably even more rare than previously appreciated.

Statin Induced Myopathy

Self-Limited Statin Myopathy

The statin medications used by millions of patients to reduce
serum cholesterol levels, have long been known to cause
muscle-related side effects. These range in severity from asymp-
tomatic muscle enzyme elevation to life-threatening rhabdomy-
olysis. Myalgias are the most common side effect with preva-
lence estimated to be approximately 10 % [21, 22]. Myopathy,
defined as elevated muscle enzymes accompanied by symptoms
of pain, cramps, or weakness, can also occur. Myopathy with
creatine kinase >10 times the upper limit of normal occurs in five
patients per 100,000 person years and increases with high-dose
statin use [23]. Rhabdomyolysis, themost ominous complication
of statin use, is marked elevation of creatine kinase (>10×ULN)
as a result of acute and massive destruction of muscle fibers
resulting in release ofmuscle fiber contents into the bloodstream.
It is a clinical syndrome that can result in renal failure and death,
with incidence of 0.44 per 10,000 person years of use [24].

The mechanisms by which statins exert direct muscle tox-
icity are complex and not yet fully understood [25]. Potential
mechanisms for the toxic effect of statins include a change in
muscle membrane excitability, because of modulation in
membrane cholesterol, impaired mitochondrial function and
calcium signaling, induction of apoptosis, and increased lipid
peroxidation [26]. Factors that predispose patients to develop-
ing statin toxicity include high statin dose, advanced patient

Table 2 Myositis-specific antibodies

Antibody Antigen Clinical features

Antisynthetase antibodies

Anti-Jo-1 Histidyl tRNA synthetase PM, DM, ILD

Anti-PL-7 Threonyl tRNA synthetase PM, DM, ILD

Anti-PL-12 Alanyl tRNA synthetase PM, DM, ILD (ILD can dominate course)

Anti-EJ Glycyl tRNA synthetase PM, DM, ILD

Anti-OJ Isoleucyl tRNA synthetase PM, DM, ILD

Anti-KS Asparaginyl tRNA synthetase PM, DM, ILD

Anti-Zo Phenylalanyl tRNA synthetase PM, DM, ILD

Anti-Ha Tyrosyl tRNA synthetase PM, DM, ILD

Dermatomyositis-specific antibodies

Anti-Mi-2 DNA helicase DM usually treatment-responsive

Anti-MDA5 (CADM-140) Melanoma differentiation-associated gene 5 DM with minimum muscle involvement and progressive ILD

Anti-155/140 Transcriptional intermediary factor 1-gamma Cancer-associated myositis

Anti-140 Nuclear matric protein (NXP-2) Juvenile DM, calcinosis

Anti-SAE Small ubiquitin-like modifier-activating enzyme Amyopathic DM initially but can progress with muscle involvement

Antibodies specific to immune mediated necrotizing myopathy

Anti-SRP Signal recognition particle Severe, acute, resistant necrotizing myopathy

Anti-HMGCR HMGCoA Reductase Necrotizing myopathy related to statin use (may also be seen
in statin naïve)

Adapted from Ref. [37]
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age, co-administration of drugs that interfere with statin me-
tabolism, and concurrent hypothyroidism. Furthermore, indi-
viduals may have genetic susceptibility to statin toxicity.
Specifically a genome-wide association study revealed a
strong association between a single nucleotide polymorphism
within the SLCO1B1 gene and myopathy with statins [27].
SLCO1B1 encodes a protein that is involved in hepatic uptake
of statins, thereby controlling the blood level of statins. Pa-
tients homozygous for the C allele of the gene had the highest
risk for myopathy [27]. These findings provided strong evi-
dence that genetic susceptibility factors are significant in
predisposing patients to statin-induced myopathy.

The range of muscle-related effects described above are
regarded as toxic, non-inflammatory, and self-limiting. Impor-
tantly, discontinuation of the drug results in cessation of
muscle damage and resolution of symptoms. In contrast,
progressive immune-mediated myopathy related to statin use
has also recently been described [17, 28, 29].

Statin-Associated Immune-Mediated Myopathy

Reports of patients developing an autoimmune myopathy in the
context of statin use have been published since the late 1980s
[30–32]. However, the cases were isolated and the link to statin
use was never proven. In 2007, eight patients were described by
Needham et al. who had been exposed to statins and developed
progressive muscle weakness despite cessation of the drug [29].
Their muscle biopsies revealed prominent myofiber necrosis
with a paucity of inflammatory infiltrate. The presence of in-
creased MHC-1 expression on biopsy and a clear requirement
for immunosuppressive therapy suggested an immune-mediated
mechanism. In 2010, Esposito and colleagues reported a group
of 25 patients that developed a necrotizing myopathy while on
statins [28], had progressive symptoms after stopping statins, and
required treatment with steroids and immunosuppressants. This
cohort of patients had a significantly higher frequency of statin
use than age-matched control patients with dermatomyositis,
polymyositis, or inclusion body myositis.

Working in parallel, investigators at the Johns Hopkins
Myositis Center performed screening for novel autoantibodies
among a group of patients with necrotizing myopathy on
biopsy without a known underlying etiology [17]. A subgroup
of these patients had autoantibodies recognizing 200 and 100-
kD proteins. These antibodies were specific for patients with a
necrotizing myopathy and were not found in controls or
patients with PM, DM, or IBM. Surprisingly, a much higher
proportion of anti-200/100 positive patients over the age of 50
had been exposed to statins (83 %) compared with age-
matched patients with DM (25 %), PM (37 %), and IBM
(33 %). This finding suggested that this may be an immune-
mediated myopathy frequently associated with statin use.

A follow-up study identified the 200 and 100-kD proteins
targeted in statin-associated immune-mediated necrotizing

myopathy [33•]. Remarkably, the 100-kD protein was deter-
mined to be HMG-CoA reductase (HMGCR), the pharmaco-
logic target of the statins, with the 200-kD protein likely to be
an HMGCR dimer. This antibody was found in ~6 % of
patients seen at the Myositis Center, with most positive pa-
tients having a necrotizing myopathy on biopsy. Although
some anti-HMGCR positive subjects did not have a history
of statin exposure, among those who were 50 years old and
above, 92.3 % had been on a statin. Importantly, anti-
HMGCR autoantibodies are not found in statin-exposed sub-
jects without myopathy and are not found in patients with self-
limited statin myopathy [34•].

Risk factors for developing the self-limited statinmyopathy
and for the immune-mediated myopathy appear distinct.
Whereas patients with self-limited statin myopathy have an
increased frequency of a SLCO1B1 single nucleotide poly-
morphism, those with progressive anti-HMGCRmyopathy do
not [33•]. Rather, HLA typing has shown that the class II allele
DRB1*11:01 confers an increased risk for the anti-HMGCR
among both whites and African Americans [35•]. In contrast,
HLA class II alleles DQA1 and DQB6 seemed to be
protective.

Of note, statin exposure has been shown to increase ex-
pression of HMGCR [33•]. For patients positive for the anti-
body, expression of HMGCR was also found to be upregulat-
ed in the regenerating muscle fibers, even after statins were
discontinued. It has been suggested that exposure to statins
upregulates expression of HMGCR, triggering an autoim-
mune response against the antigen. Because expression of
HMGCR continues in regenerating muscle tissue, this con-
stant source of antigen could perpetuate the immune response
even when the medications are discontinued. This serves as an
interesting model for the mechanism by which a drug can
provoke an autoimmune response.

Clinical Features

Patients with anti-HMGCR myopathy have a similar presen-
tation to other patients with autoimmune muscle disease,
developing symmetric proximal weakness over the course of
weeks to months [17, 28, 29]. Symptoms can occur at any
point in statin treatment with an average duration of three
years of statin use before the onset of weakness (range two
months to three years). Because myalgias are common, oc-
curring in ~75 % of patients, many of these individuals are
initially diagnosed with self-limited statin myopathy. Howev-
er, persistence and progression of symptoms is the rule even
after discontinuation of the medication. If the weakness is
severe, dysphagia and distal involvement are also observed.
Other systemic manifestations, for example arthralgias and
Raynaud’s phenomenon, are infrequently noted.

Muscle enzymes are strikingly high with a mean CPK
value of 10,000 IU L−1 at initial presentation [17].
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Interestingly, some patients maintain normal strength despite
markedly elevated muscle enzymes, with a threshold CPK of
3,000–7,000 at which weakness begins to occur (personal
observation). Inflammatory markers need not be elevated
and the association with other antibodies, for example ANA,
is not often seen. Muscle MRI typically shows muscle edema,
with atrophy, fatty replacement, and fascial edema occurring
in some cases. EMG of an involved muscle reveals an irritable
myopathy inmost cases and a non-irritable myopathy in a few.

Muscle biopsy for patients with anti-HMGCR reveals
prominent necrotic and regenerating fibers [28]. As in
other forms of autoimmune myopathy, diffuse or focal
upregulation of MHC-1 expression may be observed
[29]. Although scarce endomysial and perivascular in-
flammatory cells may be present, the degree of inflam-
mation is much less than for patients with typical DM
or PM biopsies. These findings are consistent with the
diagnosis of IMNM as detailed in the ENMC criteria.

It is important to note that a subgroup of patients
with anti-HMGCR necrotizing myopathy have never
been exposed to statins. This statin naïve group tended
to be younger at diagnosis, have higher CPK levels, and
were more frequently non-white [33•]. Other genetic or
environmental factors may be the cause of increased
HMGCR expression in these patients. Importantly, these
non-statin-exposed anti-HMGCR-positive subjects may
be less responsive to treatment than those anti-
HMGCR subjects who developed myopathy after statin
exposure [36].

Management

When statin-exposed patients have muscle symptoms
and CK elevation that do not resolve with discontinua-
tion of the statin, statin-associated IMNM should be
suspected and an anti-HMGCR antibody should be
checked. This is now commercially available through
the RDL reference laboratory. For patients with
antibody-confirmed statin-associated IMNM, the statin
should be discontinued and immunosuppressive treat-
ment should be commenced. Most patients respond fa-
vorably to immunosuppression with steroids or another
immunosuppressants [17, 28, 29]. Immunosuppressants
that have been used include methotrexate, azathioprine,
mycophenolate mofetil, rituximab, and intravenous im-
munoglobulin (IVIG). Although the optimum treatment
has yet to been defined for this disease, our experience
is that IVIG is particularly beneficial. Relapses can
occur with tapering of immunosuppression, and with
re-exposure to statins. Whether some anti-HMGCR-
positive patients with significant cardiovascular risk fac-
tors can ever be safely re-exposed to statins remains to
be determined.

Conclusions

Statin-associated myositis can be defined as an autoimmune
myopathy, on the basis of the presence of a specific autoanti-
body, upregulation of MHC-1 expression on biopsy, immuno-
genetic risk factors, and response to immunosuppression. Using
the Bohan and Peter criteria, the vast majority of these patients
would be classified as having probable or definite PM. How-
ever, according to the more modern ENMC diagnostic scheme,
these patients would be classified has having IMNM and not
PM. Irrespective of nomenclature, testing for the anti-HMGCR
antibody should be considered for those who develop a pro-
gressive myopathy after statin exposure and for those with
predominantly necrotizing myopathies when an immune-
mediated process is included in the differential diagnosis.
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