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Resulting in Proximal Muscle Weakness
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Abstract

Statin-induced immune-mediated necrotizing myopathy (IMNM) is
a subtype of IMNM linked to exposure to statins and is character-
ized by positive anti-hydroxymethylglutaryl (HMG) coenzyme A re-
ductase (HMGCR) antibodies. Although rare, this entity has become
increasingly recognized as a cause of proximal muscle weakness,
especially with the widespread use of statin therapy. Unlike typical
statin-associated muscle symptoms, IMNM myopathy often causes
severe muscle injury, and muscle weakness persists or sometimes
worsens following the withdrawal of statin therapy. Medical prac-
titioners need to keep a high index of clinical suspicion for statin-
induced IMNM in patients taking statins who present with muscle
weakness. The disease can be debilitating, and treatment strategies
are not well established despite the advances that have been made
in the diagnosis. Here we present the clinical characteristics and
disease course of two cases of statin-induced IMNM. Both patients
presented with progressive proximal muscle weakness and myalgias
while on long-term statin therapy without significant improvement
in their symptoms following the withdrawal of statin therapy. IMNM
was suspected, and both patients were found to have high titers of
anti-HMG coenzyme A reductase antibodies and demonstrated mi-
croscopic features consistent with a diagnosis of IMNM on muscle
biopsy. The patients experienced significant disability due to muscle
weakness and required a protracted course of escalated immunosup-
pressive therapy. Although rare, IMNM should be suspected in pa-
tients taking statins who present with muscle weakness that fails to
improve or worsens when statins were stopped. Early diagnosis and
institution of immunosuppressive therapy are important to prevent
the progression of the disease.
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Introduction

Statin-associated muscle symptoms represent a broad spec-
trum of clinical manifestations ranging from nonspecific mus-
cle aches to severe necrotizing myopathy. Immune-mediated
necrotizing myopathy (IMNM) is an increasingly recognized
muscle disease often linked to statin use and occurs in about
two to three patients for every 100,000 individuals exposed
to statins [1]. However, in certain populations, statin-induced
IMNM is now the most commonly observed form (> 50% of
all cases) of inflammatory muscle disease [2].

Unlike toxic myopathy commonly associated with statin
use, statin-induced IMNM is associated with a much worse
prognosis and requires timely diagnosis and institution of im-
munosuppressive therapy [3-5]. The pathogenesis of this entity
is not fully understood. However, many studies have linked
the disease to the induction of anti-hydroxymethylglutaryl co-
enzyme A (HMG-CoA) reductase antibodies by statin use [6],
and these antibodies are used as a diagnostic test [7]. In addi-
tion to positive anti-HMG-CoA reductase antibodies, the diag-
nosis of statin-induced IMNM is also made by demonstrating
the unique microscopic features on muscle biopsy, namely,
myofiber degeneration and necrosis out of proportion to the
inflammatory infiltrate [8]. Treatment of this entity requires
prolonged, often escalating courses of immunosuppressive
therapy. In this communication, the authors present two cases
of statin-induced IMNM, describing the clinical characteris-
tics, diagnosis, and outcome of immunosuppressive therapy.

Case Reports
Case 1

Investigations

A 54-year-old female presented with progressive bilateral leg
pain and weakness for 2 months. She reported difficulty climb-
ing stairs, getting out of bed, or low seats without assistance.
Her past medical history includes diabetes mellitus, hyper-
lipidemia, and obesity. She takes metformin, glimepiride, and
lisinopril. She has also been taking atorvastatin 20 mg daily for
2 years prior to her presentation. Her vital signs were within
normal limits. Physical examination was notable for muscle
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Table 1. Myositis Extended Panel for Case 1

Myositis extended panel Results Reference values
SSA 52 RO ENA Ab IgG 0 0-40 AU/mL
SSA 60 RO ENA Ab IgG 0 0-40 AU/mL
Ribo Prot Ul ENA Ab, I1gG 2 0-19U

Jo-1 Hist.-tRNA Syn. Ab, IgG 0 0 -40 AU/mL
Mi-2 (nuc. heli. Prot.) Ab Negative Negative
PL-7 (threo.-tRNA syn.) Ab Negative Negative
PL-12 (alanyl-tRNA syn.) Ab Negative Negative
P155/140 (FIF1-gamma) Ab Negative Negative

Ku antibody Negative Negative

EJ (glycyl-tRNA syn.) Ab Negative Negative

SRP (signal Rec. Part.) Ab Negative Negative

OJ (isoleucyl-tRNA syn.) Ab Negative Negative
SAE1 (SUMO activating enzyme) Ab Negative Negative
NXP-2 (nuclear matrix protein-2) Ab Negative Negative
MDAS (CADM-140) Ab Negative Negative
TIF-1 gamma (155 kDa) Ab Negative Negative
PM/Scl 100 Ab, I1gG Negative Negative
Fibrillarin (U3 RNP) Ab, I1gG Negative Negative

IgG: immunoglobulin G; SSA 52 RO ENA Ab IgG: SSA 52 RO extractable nuclear antigen antibodies; SSA 60 RO ENA Ab IgG: SSA 60 RO extract-
able nuclear antigen antibodies; Ribo Prot U1 ENA Ab, IgG: anti-ribonucleoprotein U1 extractable nuclear antigen antibodies; Jo-1 Hist.-tRNA Syn.
Ab, IgG: Jo-1 histidyl-tRNA synthetase antibodies; PL-7 (threo.-tRNA syn.) Ab: anti-threonyl-tRNA synthetase antibodies; PL-12 (alanyl-tRNA syn.)
Ab: anti-alanyl-transfer RNA synthetase antibodies; EJ (glycyl-tRNA syn.) Ab: EJ (glycyl-tRNA synthetase) antibody; SRP (signal Rec. Part.) Ab:
SRP (signal recognition particle) antibody; OJ (isoleucyl-tRNA syn.) Ab: OJ (isoleucyl-tRNA synthetase) antibody; MDA5 (CADM-140) Ab: melanoma
differentiation-associated gene 5 antibody; TIF-1 gamma (155 kDa) Ab: anti-transcription intermediary factor 1 (TIF1)-y autoantibodies; Fibrillarin (U3

RNP) Ab, IgG: fibrillarin (U3 ribonucleoprotein) antibody.

tenderness and proximal muscle weakness, with muscle power
of 3/5 of bilateral deltoids, hip flexors, and has weak neck flex-
ors. Physical examination was otherwise non-contributory.

Diagnosis

Initial investigations include aspartate aminotransferase (AST):
91(13 - 39 TU/L), alanine aminotransferase ALT: 224 (7 - 52
IU/L), creatine phosphokinase (CPK): 6,523 IU/L (30.0 - 223.0
IU/L), aldolase: 49.5 U/L (1.2 - 7.6 U/L) erythrocyte sedimenta-
tion rate (ESR): 73 (0 - 30 mm/h) and thyroid-stimulating hor-
mone (TSH): 2.85 (0.27 - 4.20 uIU/mL) and hemoglobin A1C:
6.4 (< 5.7%). Antinuclear antibodies (ANA) and rheumatoid
factor (RF) were negative. Anti-HMG-CoA reductase antibod-
ies immunoglobulin G (IgG) were elevated > 200 (0 - 19 U).
Myositis extended panel was negative (Table 1). Electromyo-
graphy (EMG) of the left leg was consistent with electrodiag-
nostic evidence of mild proximal myopathy.

Muscle biopsy (Fig. 1) demonstrated the presence of scat-
tered regenerating and necrotic muscle fibers without significant
chronic lymphoid inflammation, consistent with a diagnosis of
IMNM. In the context of statin use and positive HMG-CoA re-
ductase antibodies, it was concluded that atorvastatin was the
likely culprit.
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Treatment

Statin therapy was stopped. The patient was started on oral
prednisone 60 mg daily, and methotrexate 10 mg weekly.

Follow-up and outcomes

The patient experienced an improvement in her muscle pain
after stopping atorvastatin, but her muscle weakness continues
to worsen. However, she experienced a notable improvement
in her symptoms a few weeks after the start of her immunosup-
pressive treatment with prednisone and methotrexate with no
significant side effects at her first follow-up visit. She is sched-
uled for regular follow-up with her rheumatologist.

Case 2

Investigations

A 59-year-old male presented with 3 weeks of progressive
muscle weakness involving his arms associated with difficulty
lifting things above his head and reported some muscle stiff-
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Figure 1. (a) Hematoxylin and eosin-stained section of muscle biopsy showing occasional regenerating and necrotic muscle
fibers, with an associated sparse chronic lymphoid inflammation (arrow). No morphologic evidence of vasculitis is seen. No
perifascicular atrophy is noted. (b) Esterase preparation darkly highlights macrophages (arrow) seen in association with necrotic
myofibers. (c) NADH-TR preparation shows variable loss of the normal intermyofibrillar staining pattern in regenerating and
necrotic muscle fibers. (d) No abnormal inclusions or rimmed vacuole type structures are noted on modified Gomori trichrome
preparation. NADH-TR: nicotinamide adenine dinucleotide hydrogen-TR stain.

ness that improves with physical activity. A few weeks later,
the weakness extended to the lower extremities, with difficulty
standing up from a sitting position. His medical history was
significant for hyperlipidemia, type-2 diabetes mellitus, hyper-
tension, and obesity. His long-term medications include insu-
lin, lisinopril, metformin, and atorvastatin 80 mg daily. The
patient was initially taking simvastatin for 6 years for hyperlip-
idemia, then was switched to atorvastatin 80 mg daily 5 years
prior to this presentation. On physical examination, he had a
symmetrical proximal muscle weakness with muscle power
of 4/5, in both upper and lower extremities. His deep tendon
reflexes were normal and symmetrical, and he did not have
tremors or pronator drift. Physical examination was otherwise
non-contributory.

Diagnosis

He was initially diagnosed with rhabdomyolysis considering a
high creatine kinase (CK) of 18,315 (30.0 - 223.0 IU/L). His
atorvastatin was held and treated with intravenous fluids with a
gradual decrease in his CK level, which plateaued at 6,000. His
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initial labs were remarkable for AST: 378 (13 - 39 IU/L), ALT:
531 (7 - 52 TU/L), aldolase: 157 U/L (1.2 - 7.6 U/L), ESR: 12
(0 - 30 mm/h) and TSH: 1.897 (0.27 - 4.20 nlU/mL), lactate
dehydrogenase 1,415 (140 - 271 U/L), and hemoglobin A1C
6.9% (< 5.7%). His urine was positive for blood without red
blood cells (RBCs). Autoimmune screens, including ANA, RF,
JOI antibody, extractable nuclear antigen (ENA) SSA (RO)
and ENA SSB (LA) antibodies, scleroderma SCL-70, and
anti-neutrophil cytoplasmic antibodies IgG were all negative.
Anti-hydroxymethylglutaryl (HMG) coenzyme A reductase
(HMGCR) IgG antibody was elevated to more than 200 (0 - 19
U). Myositis extended panel was reported as negative (Table
2). The patient had EMG examination, which showed primary
muscle disease without large fiber neuropathy. A muscle bi-
opsy (Fig. 2) demonstrated necrotic muscle fibers with only
sparse focal lymphoid inflammation consistent with a diagno-
sis of IMNM, likely induced by statin treatment.

Treatment

Statin treatment was stopped, and the patient was started on
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Table 2. Myositis Extended Panel for Case 2

Myositis extended panel Results Reference values
SSA 52 RO ENA Ab IgG 1 0-40 AU/mL
SSA 60 RO ENA Ab IgG 0 0-40 AU/mL
Ribo Prot Ul ENA Ab, IgG 1 0-19U

Jo-1 Hist.-tRNA Syn. Ab, IgG 0 0 -40 AU/mL
Mi-2 (nuc. heli. Prot.) Ab Negative Negative
PL-7 (threo.-tRNA syn.) Ab Negative Negative
PL-12 (alanyl-tRNA syn.) Ab Negative Negative
P155/140 (FIF1-gamma) Ab Negative Negative

Ku antibody Negative Negative

EJ (glycyl-tRNA syn.) Ab Negative Negative

SRP (Signal Rec. Part.) Ab Negative Negative

OJ (isoleucyl-tRNA syn.) Ab Negative Negative
SAE1 (SUMO activating enzyme) Ab Negative Negative
NXP-2 (nuclear matrix protein-2) Ab Negative Negative
MDAS (CADM-140) Ab Negative Negative
TIF-1 gamma (155 kDa) Ab Negative Negative
PM/Scl 100 Ab, IgG Negative Negative
Fibrillarin (U3 RNP) Ab, IgG Negative Negative

IgG: immunoglobulin G; SSA 52 RO ENA Ab IgG: SSA 52 RO extractable nuclear antigen antibodies; SSA 60 RO ENA Ab IgG: SSA 60 RO extract-
able nuclear antigen antibodies; Ribo Prot U1 ENA Ab, IgG: anti-ribonucleoprotein U1 extractable nuclear antigen antibodies; Jo-1 Hist.-tRNA Syn.
Ab, IgG: Jo-1 histidyl- tRNA synthetase antibodies; PL-7 (threo.-tRNA syn.) Ab: anti-threonyl-tRNA synthetase antibodies; PL-12 (alanyl-tRNA syn.)
Ab: anti-alanyl-transfer RNA synthetase antibodies; EJ (glycyl-tRNA syn.) Ab: EJ (glycyl-tRNA synthetase) antibody; SRP (signal Rec. Part.) Ab:
SRP (signal recognition particle) antibody; OJ (isoleucyl-tRNA syn.) Ab: OJ (isoleucyl-tRNA synthetase) antibody; MDA5 (CADM-140) Ab: melanoma
differentiation-associated gene 5 antibody; TIF-1 gamma (155 kDa) Ab: anti-transcription intermediary factor 1 (TIF1)-y autoantibodies; Fibrillarin (U3

RNP) Ab, IgG: fibrillarin (U3 ribonucleoprotein) antibody.

oral prednisone and methotrexate.

Follow-up and outcomes

On follow-up 1 month later, he reported some improvement in
muscle strength. He however had persistent difficulty standing
up from a sitting position. He was then treated with three dos-
es of pulsed intravenous methylprednisolone 1,000 mg with
some improvement in muscle strength but still was unable to
get out of bed unassisted. He was started on intravenous im-
munoglobulin (IVIG), with significant improvement in muscle
strength. He then resumed oral prednisone with a reduced dose
along with weekly methotrexate and remained on IVIG. His
muscle weakness resolved, and he was back to baseline; he
was able to return to work and remained almost fully func-
tional 2 years after diagnosis.

Discussion

The increasing use of statins as first-line lipid-lowering agents
has led to increasing reports of statin-associated muscle symp-
toms and unmasking a peculiar form of myopathy with an
autoimmune nature associated with their use. Unlike patients

with the commonly described statin-induced toxic myopathy,
who typically improve after discontinuation of the offend-
ing medication, most patients with IMNM develop persistent
muscle weakness and elevation of markers of muscle injury,
namely CK, long after discontinuation of statins. Most of these
patients require immunosuppressive therapies to show some
clinical improvement. Thus, this distinct clinical entity, known
as statin-associated autoimmune necrotizing myopathy, has
become increasingly recognized [3-5].

The pathogenesis of statin-induced IMNM is not fully un-
derstood. The condition, typically positive for anti-HMGCR
antibodies, is strongly associated with class II major histocom-
patibility complex (MHC) allele DRB1*11:01 and exposure
to statins, suggesting a role for statin exposure in upregulating
HMGCR in genetically susceptible patients [6]. Expression of
HMGCR is upregulated not only in muscle tissue exposed to
statins but also in regenerating muscle cells compared to rest-
ing myocytes which is felt to initiate an autoimmune response
to muscle tissue [1]. The immune response is perpetuated
through persistently increased HMGCR expression in regen-
erating muscle fibers long after cessation of statin therapy [9].
This autoimmune etiopathogenesis is further supported by the
finding of MHC class I upregulation on the surface of non-
necrotic muscle fibers in many of the reported cases [10]. In
one case series, there was evidence of MHC class I antigen up-
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Figure 2. (a) Hematoxylin and eosin (H&E)-stained section of muscle biopsy demonstrates the presence of scattered regenerat-
ing and necrotic muscle fibers with only very sparse focal chronic lymphoid inflammation (arrow) (“necrotizing myopathy”). (b)
MHC1 staining showing patchy mild to moderate increase in membranous muscle fiber staining for MHC1 (arrow). (c) Esterase
preparation darkly highlights scattered acutely angulated atrophic muscle fibers (arrow), and highlights macrophages seen in
association with necrotic muscle fibers (arrowhead). (d) NADH-TR preparation demonstrates variable loss of the normal intermy-
ofibrillar staining pattern in regenerating and necrotic muscle fibers. NADH-TR: nicotinamide adenine dinucleotide hydrogen-TR

stain; MHC: major histocompatibility complex.

regulation in 87.5% of the anti-HMGCR cases associated with
the deposition of membrane attack complex (MAC), support-
ing a potentially complement-mediated immunopathogenesis
[8]. Both of our patients tested positive for HMGCR antibod-
ies. Interestingly, a recent study suggested that among different
statins, atorvastatin was most strongly associated with the de-
velopment of anti-HMG-CoA reductase myopathy when com-
pared to simvastatin or rosuvastatin [11]. Both of our patients
have been on long-term therapy with atorvastatin.
Anti-HMGCR IMNM presents clinically as a subacute
or chronic progressive symmetrical proximal muscle weak-
ness. Myalgia and dysphagia may occur in approximately one-
third of patients [5, 12, 13]. The condition may not be initially
clinically distinguishable from common statin-induced muscle
symptoms at presentation. However, unlike toxic myopathy
commonly associated with statin use, IMNM muscle weakness
and myalgia do not typically improve and may even worsen
after the withdrawal of statin therapy. Typical statin-induced
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muscle symptoms significantly improve or even resolve within
weeks of cessation of statin therapy [5]. In addition, statin-
induced necrotizing myopathy is often associated with signifi-
cantly increased levels of CK, which typically persists after the
withdrawal of statins, as seen in both of our cases.
Statin-induced necrotizing myopathy is associated with
significantly increased levels of CK, a nonspecific marker of
muscle injury. CK levels may also be linked to muscle strength
and can be used as a surrogate marker for disease activity [13,
14]. Anti-HMGCR autoantibodies directed at the pharmaco-
logic target of statins are a highly specific biomarker for the
diagnosis of statin-induced IMNM [15]. In some studies, de-
tecting these autoantibodies has shown sensitivity and speci-
ficity for the disease as high as 94.4% and 99.3%, respectively
[7, 16, 17]. Many studies demonstrated a clear association be-
tween statin exposure and positive anti-HMGCR antibodies;
one study showed that 67% of patients with positive HMGCR
antibodies had a prior prescription for statins [10], and higher
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rates of statin exposure have been reported by other investi-
gators [18]. Both of our patients had high titers of HMGCR
antibodies.

Histologically, muscle biopsy in statin-induced IMNM is
characterized by myofiber degeneration and necrosis out of
proportion to the minimal lymphocytic infiltration, suggest-
ing a lesser role of lymphocytes in the pathogenesis [8]. The
inflammatory infiltrate consists primarily of macrophages in
almost 100% of anti-HMGCR-associated myopathy biopsies.
Most of these macrophages were typically positive for CD163
M2, indicating regeneration/repair, whereas a few cases (18%)
had CD11c M1-positive macrophages characterized by phago-
cytic activity [8]. In contrast to dermatomyositis, where mac-
rophages and plasmacytoid dendritic cells were typically lo-
cated in the perimysium and perifascicular areas, these cells
were characteristically distributed throughout the endomysium
in HMGCR-associated myopathy [8].

There is no good literature about the use of immunosuppres-
sants in IMNM as the disease entity is relatively new, described
for the first time in 2004. Corticosteroids, oral prednisone, or
pulsed intravenous methylprednisolone are the first-line ther-
apy. Despite being a significant component of treatment, glu-
cocorticoids are insufficient when used alone [19, 20]. Some
experts recommend intravenous immunoglobulin as a first
line, especially in pregnant patients and young patients [21].
According to the 224th ENMC International Workshop recom-
mendations [22], initial treatment for IMNM should include
intravenous or oral steroids, along with the addition of another
agent at the same time or within 1 month, depending on discase
severity and the initial response to treatment. Methotrexate is
considered a reasonable option. IVIG could be added instead
of, or in severe cases, along with methotrexate. IVIG should
always be added within 6 months if other strategies are inef-
fective. Some experts recommended that IVIG be considered
monotherapy in patients who cannot take high-dose steroids. In
critically ill patients and patients with refractory disease, some
experts recommended using plasma exchange, cyclophospha-
mide, and/or cyclosporine. Rituximab is increasingly used for
severe or recalcitrant statin-induced autoimmune necrotizing
myopathy, usually employing the rheumatoid arthritis protocol,
and appears to be very effective [5, 6, 23].

After achieving maximum benefit from treatment, ster-
oids should be tapered as tolerated. Only after at least 2 years
of well-controlled disease with minimal or no steroids should
other agents be stopped or tapered as tolerated. Many patients,
however, may require chronic IVIG.

In some studies, early IVIG was associated with clinical
improvement in the short-term follow-up in IMNM as meas-
ured by gains in muscle strength during follow-up. The clinical
effect was especially significant in those with moderate to se-
vere muscle weakness. Some factors, including female gender,
older age, and initial oral or intravenous steroids, were associ-
ated with better biochemical improvement [24].

Learning points

Statin-induced IMNM is an uncommon form of myopathy that
requires a high index of clinical suspicion, especially in pa-
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tients treated with statins who develop muscle symptoms and
fail to improve or progress after cessation of statin therapy.
Although the condition can mimic other inflammatory myopa-
thies, it has different pathophysiologic, morphologic, diagnos-
tic, and therapeutic characteristics. Early recognition is vital to
prevent progressive muscle damage and disability, and treat-
ment requires immunosuppressive therapy. Despite treatment,
many patients develop clinical relapses upon weaning from
immunosuppressive therapy. Moreover, many patients require
escalation of immunosuppressive therapy to different classes
of drugs with the associated risks of immunosuppression. Fur-
ther research into therapeutic options is required.
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