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Purpose of review

The use of statins has increased exponentially over the last 2 decades. Consequently, side effects have also
increased, with muscle-related side effects commonly reported.

Recent findings

Although once thought to be only associated with self-limited direct myotoxicity, statins have recently been
described in association with an autoimmune myopathy in association with antibodies directed against
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), the rate limiting enzyme in cholesterol synthesis and
the pharmacologic target of statins. Since this discovery, various cohorts have been identified worldwide
and highlight both similarities and differences among them.

Summary

Recent studies from different fields have revealed diverse aspects of anti-HMGCR-associated immune-
mediated necrotizing myopathy (IMNM). HMGCR IMNM is a unique autoimmune disease characterized
by a well defined environmental trigger (statins) and a strong association with a genetic risk factor (Human
leukocyte antigen D related B 1�11 : 01). New diagnostic modalities have been established to confirm the
presence of anti-HMGCR antibody and confirm the diagnosis of HMGCR IMNM. Clinical studies have
shown that disease severity, as measured by muscle strength, as well as the rate of response to treatment
have been associated with age at disease onset. Furthermore, a case series supported that intravenous
immunoglobulin administration, perhaps even as monotherapy, may be a beneficial therapeutic
intervention for selected patients.
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INTRODUCTION

The idiopathic inflammatory myopathies (IIMs) are
a diverse group of autoimmune disorders affecting
mainly the skeletal muscles. Typically, patients with
IIM experience progressively worsening proximal
muscle weakness, and present with elevated muscle
enzymes, distinctive electromyography (EMG) ab-
normalities, characteristic muscle biopsy findings
and myositis-specific antibodies. Since 1975, many
classification criteria for diagnosis of IIM have been
proposed, but the Bohan and Peter [1,2] criteria still
remain the most commonly used in clinical practice
and research. Nevertheless, emerging data, includ-
ing the identification of novel myositis-specific anti-
bodies [3], advancement in immunopathologic
fields and new insights into the immune-mediated
mechanisms involved in the autoimmune process-
es, emphasize the need to introduce new classifica-
tion criteria for this heterogeneous group of
autoimmune muscle diseases.
rs Kluwer Health, Inc. All rights rese
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In 2004, the Muscle Study Group/European
Neuro Muscular Centre (ENMC) classified the IIMs,
based predominately on muscle biopsy features,
into polymyositis, dermatomyositis, inclusion body
myositis, nonspecific myositis and immune-medi-
ated necrotizing myopathy (IMNM) [4]. IMNM was
defined by the presence of muscle cell necrosis and
degeneration along with a lack of significant inflam-
matory infiltrates (Table 1). The ENMC criteria in-
troduced a new comprehensive list of exclusion
criteria, such as indications of muscular dystrophy
rved. www.co-rheumatology.com
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KEY POINTS

� Anti-HMGCR-associated IMNM. HMGCR IMNM is a
distinct autoimmune muscle disease characterized by a
well defined environmental trigger (statins) and a strong
genetic association (HLA DRB1�11 : 01).

� New diagnostic modalities have been developed to
confirm the presence of anti-HMGCR antibody and
establish the diagnosis of HMGCR IMNM. Some are
now commercially available.

� Whether anti-HMGCR antibodies play a pathogenic
role in the disease process is still unclear.

� Disease severity, as measured by muscle strength, as
well as the rate of response to treatment have been
associated with age at disease onset.

� There are no guidelines for therapy; however, at least
some small studies suggest that intravenous
immunoglobulin may be beneficial, even
as monotherapy.

Myositis and myopathies

Cop
or perifascicular atrophy, to better differentiate and
subclassify patients with this type of myositis. In this
review, we intend to summarize and present the
recent data regarding the clinical picture, immuno-
pathology and therapeutic options in the field of the
statin-associated IMNM.
STATINS

In early 1970s, clinical studies were starting to con-
vey the contribution of cholesterol to atherosclero-
sis and, therefore, led to the need of new drug
development. In 1976, Japanese biochemist Akira
Endo was able to isolate three compounds from
the fungus species Penicillium citrinum, which were
able to impede cholesterol synthesis in a mouse
liver enzyme system by blocking the 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGCR) enzyme
[5]. Two years later, the first medication in its class
of statins, Mevacor (Lovastatin; Merck, Rockville,
MD, USA), was marketed, which was isolated from
Aspergillus terreus. As of today, seven different statins
are available in the US market, and they have proved
to be some of the most widely used and profitable
medications in recent years.

The use of statins has increased exponentially
over the last 2 decades. In 2013, the American
College of Cardiology and the American Heart
Association published new guidelines for the man-
agement of cholesterol [6] based on elevated LDL
cholesterol level, the presence of diabetes or the
predicted risk of a cardiovascular event. When these
guidelines are used to estimate the number of
2 www.co-rheumatology.com
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persons in the United States who would be eligible
for statin therapy, the number reaches 56 million
Americans between the ages of 40 and 75 years [7],
accounting for almost one-fifth of the population.
Particularly amongst adults between 60 and 75 years,
87.4% of men and 53.6% of women are now advised
to be on cholesterol-lowering medications. Conse-
quently, we expect to see a substantial increase in
the consumption of statins and their side effects
thereof.
STATIN TOXICITY

At least half of the documented statin-associated
side effects are related to muscle complaints [8,9].
Various studies have reported that 7–29% of people
on statins can develop nonspecific myalgias and
weakness [10,11]. As defined by the European
Atherosclerosis Consensus Panel, the spectrum of
muscle-related events includes a broad range of
manifestations, encompassing asymptomatic eleva-
tion of creatine kinase, myalgias, rhabdomyolysis,
up to myositis or myopathy [12].

There have been many attempts to explain the
multitude of myotoxic effects of statins. Inhibition
of HMGCR not only decreases the synthesis of
cholesterol, which is essential for the maintenance
of the cell membrane, but can also have effects on
other metabolic pathways, like Coenzyme Q10 pro-
duction and mitochondrial function. Other theories
evoked include also individual variations in hepatic
uptake of drugs, deficiencies in cell membrane re-
pair or impaired sarcoplasmic reticulum calcium
cycling [13,14].
PROTOTYPIC PATIENT

A 59-year-old woman, with history of longstanding
diabetes, hypertension and hypercholesterolemia,
was started on high-intensity statin (atorvastatin
80 mg) in fashion with the appropriate guidelines.
A month later, she noticed that she required help
to get out of the car and progressively could not
even get up from a chair. When her creatine phos-
phokinase was checked 8 months later, it was
above 17 000. She was diagnosed with statin-
induced rhabdomyolysis, and the presumed offend-
er was stopped. Six months later, she continued
to complain of muscle weakness. Her EMG was
consistent with irritable myopathy, and her muscle
biopsy showed necrotizing myopathy with lack of
inflammatory infiltrate. Examples like the afore-
mentioned patient, although rare, cultivated
the impression that statins were potentially associ-
ated with the development of autoimmune muscle
disease.
Volume 29 � Number 00 � Month 2017
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ANTI-3-HYDROXY-3-METHYLGLUTARYL-
COA REDUCTASE AUTOANTIBODY

The muscle-related adverse effects of statins usually
resolve within weeks to months after cessation of
statins, as they are thought to be due to a nonin-
flammatory, toxic effect [15]. However, some
patients would develop persistent myositis and
eventually meet the diagnosis of polymyositis, as
per Bohan and Peter criteria [16,17]. In the late
2000s, the hypothesis of statins triggering an auto-
immune reaction was emerging, quite revolutionary
in the concept that a medication can lead to a pure
autoimmune development [18].

Still, it was not until 2010, when a new antibody
targeted against HMGCR, the pharmacologic target
of statins, was described and was able to explain the
persistent muscle symptoms [19]. Out of 454
patients of the Johns Hopkins Cohort who were
screened, 26 patients were found to have predomi-
nant necrosis on muscle biopsy and no known
antibody. Sixteen of those were able to immunopre-
cipitate 200/100 kDa proteins when their sera were
assessed using HeLa lysates. These patients had
proximal muscle weakness, muscle edema on MRI,
irritable myopathy on EMG and elevated creatine
kinase levels (mean 10 333 IU/l; range 3052–24 714).
When the clinical characteristics of these patients
were analyzed, it was detected that 83.3% of those
above the age of 50 years old were on a statin,
compared with 25% in dermatomyositis and
36.8% in polymyositis. That observation led to fur-
ther investigation of a potential relationship be-
tween drug exposure and this newly found
autoantibody. Initially, it was established that sta-
tins were able to upregulate the expression of the
200/100-kDa autoantigen in muscle fiber cultures
[20]. That could mean that the target autoantigen
could be any of the 19 enzymes involved in the
mevalonate pathway. As HMGCR is a 97-kDa pro-
tein, it stood to reason that it would be the first one
to screen. Indeed, the recognition that the novel
autoantibody recognized the HMGCR, led to the
formation of a new subgroup of IIM known as
anti-HMGCR associated IMNM. The 200-kDa pro-
tein has not been identified to date but thought to
potentially be a dimer.

To test the diagnostic utility of this new anti-
body, 1966 participants of a community-based Ath-
erosclerosis Risk in Communities Study and 98
French Canadian patients with familial hypercho-
lesterolemia were screened for the presence of anti-
HMGCR antibodies. None of those patients were
found to be positive for these autoantibodies, al-
though a significant portion of those were exposed
to a statin. Therefore, anti-HMGCR could be used as
4 www.co-rheumatology.com
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a discriminating factor between self-resolved toxic
myopathy and IMNM, which requires immunosup-
pressive treatment [21]. This was also verified at a
consequent study amongst 101 patients with severe
self-limited statin intolerance and proved that self-
limiting symptoms are not associated with autoan-
tibody formation [22]. In addition, when 47 patients
with an inherited muscle disease were screened,
none of those were found to be positive for anti-
HMGCR, suggesting once again that these antibod-
ies are highly specific [23]. Contrariwise, when eight
refractory patients had whole exome sequencing of
their DNA, no pathogenic mutations in dystrophy
genes were discovered [24

&

].
IMMUNOFLUORESCENCE PATTERN

The commonly used diagnostic method for anti-
HMGCR antibodies has been an ELISA, which sen-
sitivity has been verified when compared with the
gold standard procedure of immunoprecipitation
assay. A new screening method based on immuno-
fluorescence pattern has recently been suggested, in
which the antibodies create a centrolobular distri-
bution amongst stained rat hepatocytes [25

&

]. This
observed pattern was unique for anti-HMGCR anti-
bodies and can be used as an initial screening test, as
it is relatively inexpensive.
MUSCLE BIOPSY FINDINGS

As mentioned previously, the anti-HMGCR autoan-
tibody was discovered on the basis of observations
based on patients with IMNM. All consecutive
patients of the Johns Hopkins Cohort were screened
for anti-HMGCR, and muscle biopsies from 18
patients were available for review [26]. The majority
of those patients were exposed to statins (16/18 or
88.9%). The data confirmed the predominance
of myofiber degeneration and infiltrating macro-
phages of the M2 phenotype, known to contribute
to muscle regeneration and repair. Major histocom-
patibility complex class I was found to be upregu-
lated in the majority of the biopsies, consistent with
IIM. However, 20–30% of them had also collections
of inflammatory cells, 50% of which were identified
as scattered T cells (CD4þ and CD8þ). The above
results were also confirmed at a European and an-
other US cohort, with the only difference that the
exposure to statins was significantly lower [27,28].

Given the rarity of infiltrating T cells, the pres-
ence of membrane attack complex depositions on
nonnecrotic muscle fibers and association of anti-
body titers with disease severity, the authors hy-
pothesized on the interaction of autoantibodies
and complement cascade as the main pathogenetic
Volume 29 � Number 00 � Month 2017
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pathway for anti-HMGCR IMNM [26]. Concurring
to the idea aforementioned, culture of muscle fibers
with anti-HMGCR antibodies in an in-vitro system
induced muscle fiber atrophy and decreased myo-
fiber fusion [29

&&

]. The above outcome implicates
the autoantibodies as being pathogenic, rather than
an epiphenomenon of an autoimmune process.
However, further studies need to be conducted to
confirm the results in vivo as well.
CLINICAL CHARACTERISTICS/STATIN
EXPOSURE

The typical clinical picture of anti-HMGCR IMNM
involves a patient with proximal muscle weakness
and significantly elevated creatine kinase levels.
Although proximal muscle weakness is commonly
uniform between the patients with anti-HMGCRþ
IMNM, extramuscular manifestations are relatively
rare. These can include dysphagia, skin or lung
involvement [19,24

&

,27,30,31].
However, there are differences depending on the

origin of the described cohort. Many anti-HMGCR
myositis cohorts have been reported worldwide
(Table 2). The Johns Hopkins cohort reported mean
age of patients 55 years (52.4–57.6), with female
(59%) and white (72%) predominance, and elevated
creatine kinase of 2812 IU/l (1399–6821 IU/l). The
majority of those had a prior history of statin expo-
sure (75%) [24

&

]. In juxtaposition, a cohort from
central United States described anti-HMGCR IMNM
in patients with mean age 50 years old, 67% women,
76% whites and only 38% reported use of statins
(18/47) [28]. In a study from Australia, the mean age
of the typical patient was 70 years old (55–89 years),
male (61%) and 84% exposed to statins (16 out of
19) [32]. When assessing a single-center cohort from
the Czech Republic, 36% of them were men, mean
age of 55 years old, and all of them admitted use of
statins (15 out of 15, 100%) [33]. Similarly, eight
patients were described in New Zealand with mean
age 67.8 years and 75% exposure to statins [34]. At
the same time, France, China and Japan docu-
mented to have a much lower statin exposure.
The French Myositis Network reported 45 anti-
HMGCRþ patients, of whom 73% were women,
with a mean age of 48.9, and only in 44%, there
was an association with statins [27]. The study from
China identified only 15% prevalence of statin ex-
posure in anti-HMGCR positive patients. However,
only five out of the 22 patients were over the age of
50 years old [30]. In Japan, the mean age of anti-
HMGCRþ patients was 56.4 and only 18% (eight out
of 48) had ever been on a statin [31].

Lastly, collaborative work comprising nine dif-
ferent countries, including China and France,
1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
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reported a mean age of 62.5 (58.0–67.0) with a
statistically significant ratio of increased statin users
amongst the patients with anti-HMGCR myopathy
(52 out of 91) [39

&

]. The difference in statin exposure
is probably associated with the mean age of the
relevant cohort, as statin prevalence is associated
with increasing age.
GENETIC RISK FACTORS

HMGCR INMN is additionally unique, as it has one
of the strongest associations between an immuno-
genetic risk factor and autoimmune disease. The
class II human leukocyte antigen (HLA) allele D
related B (DRB)1�11 : 01 has an odds ratio (OR) of
24.5 in whites and 56.5 in blacks [44]. The above
finding has been verified in different cohorts from
Australia and Japan as well [32,45]. Interestingly
enough, a recent study based on a pediatric cohort
from the United States showed an association with
DRB1�07 : 01 [41

&

]. That implies that there is proba-
bly a different mechanism causing autoimmunity
between children and adults that does not involve
statin exposure and most likely involve different
epitope recognition.
TITERS AND STRENGTH AND AGE

At an initial study in 2012, the titer of anti-HMGCR
antibodies was associated with creatine kinase and
inversely correlated with muscle strength but only
for statin exposed patients. Although autoantibody
titers and creatine kinase levels decreased over time
with treatment in statin exposed patients, on the
other hand, statin naı̈ve patients were quite resis-
tant, implying reasonably a different pathogenetic
process [35]. However, a follow-up analysis of the
same cohort showed that a history of statin expo-
sure was not independently associated with the
severity and the improvement rate, as measured
by increase in muscle strength. Instead, age at dis-
ease onset associated with severity; interestingly
and somewhat counterintuitively, patients who
were older at disease onset were usually stronger
and were found to improve faster than younger
patients [24

&

].
DIABETES

Type 2 diabetes mellitus has been associated with
anti-HMGCR myopathy at the Johns Hopkins
cohort (OR: 15.6, P¼0.006) [46

&

], although this
relationship was not maintained in the Australian
cohort, when controlling for sex and statin
use [32].
rved. www.co-rheumatology.com 5
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C

CANCER

The association between inflammatory myopathy
and cancer was initially described at the beginning
of the twentieth century and has since been estab-
lished in different cohorts [47]. Similarly, an associ-
ation was investigated by Limaye et al. [32] but was
not statistically significant. However, in the French
cohort, anti-HMGCR-positive myositis patients
were indeed found to have a modestly increased
risk of malignancy (17.3%), with a mean age at
the age of diagnosis of cancer of 67�15 years,
whereas the mean age at the diagnosis of myopathy
was 50�22 years [40

&

]. That implies that the older
the patient develops myopathy, the more likely it is
to be diagnosed with myositis associated malignan-
cy. Comparably, 36% of anti-HMGCRþ Japanese
patients were identified to have synchronous cancer
(92% within 1 year of the myositis diagnosis) and
33% of them had history of statins (four out of 12)
[38

&

]. The authors concluded that malignancy
itself could be a trigger, rather than exclusively
the statin, which could lead to the development
of HMGCRþ myopathy. At the opposite end of
the spectrum, no association with malignancy was
found at the Johns Hopkins cohort, which com-
prises patients of older age and with a higher preva-
lence of statin use [24

&

].
THERAPY

Self-limited statin-induced toxic myopathy general-
ly resolves within few weeks to months after cessa-
tion of the medication. In the case of anti-HMGCR
IMNM, however, statins are thought to trigger a
perpetual autoimmune process. On rare occasions,
patients have been reported to improve without the
use of immunosuppression [24

&

,27], but the majori-
ty of anti-HMGCR-positive patients require inten-
sive treatment for control of their disease. Previous
reports have indicated that patients often require at
least two agents for remission of the disease, as
established by improvement of the muscle strength
[24

&

,27,31], but one case series suggested that intra-
venous immunoglobulin (IVIG) monotherapy
could be adequate for a specific subset of patients
[48]. Given the recent association of severity of
disease with age at disease onset [24

&

], we would
suggest tailoring the intensity of the treatment to
the age of the patient.
CONCLUSION

Recent studies from different fields have revealed
diverse aspects of the anti-HMGCR associated
IMNM. HMGCR IMNM is a unique autoimmune
1040-8711 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese

opyright © 2017 Wolters Kluwer Health, Inc. Una
disease characterized by a well defined environmen-
tal trigger (statins) and a strong association with a
genetic risk factor (HLA DRB1�11 : 01). New diagnos-
tic modalities have been developed to confirm the
presence of anti-HMGCR antibody and establish the
diagnosis of HMGCR IMNM. Whether anti-HMGCR
antibodies play a pathogenic role in the disease
process remains to be addressed. Clinical studies
have shown that disease severity, as measured by
muscle strength, as well as the rate of response to
treatment have been associated with age at disease
onset. Furthermore, a case series supported that
IVIG administration may be a beneficial therapeutic
intervention for selected patients.

Given the rarity of the disease, multicenter stud-
ies are required to recruit sufficient number of
patients to study the clinical spectrum of the dis-
ease, to understand the immunopathologic mecha-
nisms involved in disease pathogenesis, and to test
additional therapeutic choices. The discovery of key
molecular and biological pathways involved in the
disease process could offer the opportunity to iden-
tify potential diagnostic and prognostic biomarkers
and thus lead to innovative therapeutic targets.
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