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Abstract
Statins are the first line of treatment for hypercholesterolemia and of prevention of athero-
sclerotic cardiovascular disease (ASCVD). It is estimated that 1 in 4 Americans over the age of
40 years use statins. In rare cases, patients may develop an autoimmune myopathy associated
with antibodies against 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR). Anti-
HMGCR–associated myopathy requires immediate discontinuation of statins plus initiation of
immunosuppressive therapy. Suspension of statin treatment worsens low-density lipoprotein-
cholesterol (LDL-C) control, leading to an increased risk of ASCVD and necessitating
commencement of another treatment for dyslipidemia. Unfortunately, the management of
dyslipidemia in these patients is still unclear. In this study, we describe the case of a 65-year-old
woman with dyslipidemia treated with atorvastatin, who consulted for long-standing muscle
pain associated with symmetrical proximal weakness. Laboratory tests showed elevated levels of
creatine kinase and anti-HMGCR antibodies. She was diagnosed with an anti-HMGCR–
associated myopathy and was successfully treated with corticosteroids and azathioprine as
immunosuppressive therapy, followed by ezetimibe for LDL-C reduction. We present key
findings for early recognition and treatment of anti-HMGCR–associated myopathy and give
recommendations on how to manage hypercholesterolemia in a patient with statin intolerance
due to this disease.

Pearls
c Anti-HMG-CoA reductase–associated myopathy requires immediate discontinuation of

statins, plus immunosuppressive therapy. Discontinuation of statins worsens LDL-C
control, leading to an increased risk of atherosclerotic cardiovascular disease, which makes
further treatment for dyslipidemia necessary.

c Ezetimibe is a safe, effective, and affordable choice to control LDL-C. Different LDL-
C–lowering agents, such as PCSK9 inhibitor, may be used to achieve personalized LDL-C
goals.

Oy-sters
c Statin-associated muscle symptoms must be distinguished from anti-HMG-CoA reductase–

associated myopathy. Useful keys to consider, other than the presence of anti-HMG-CoA
reductase antibodies, are a progressive, symmetrical, proximal weakness and a very high CK.

c A rechallenge with the same or another type of statin has proven to be unsuccessful and
should be avoided.

c Although muscle fiber necrosis has been classically described in anti-HMGCR–associated
myopathy, it may not be present in a biopsy.
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Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

Copyright © 2022 American Academy of Neurology 909

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:neurocrs@hotmail.com
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000201315


Case Report
A 65-year-old woman with dyslipidemia, which had been
treated with atorvastatin 10 mg per day for 48 months, pre-
sented with a 10-month history of progressive myalgia in the
upper and lower limbs, predominantly proximal, graded 8/10
on the visual analogue scale, and associated with a progressive
limitation in the ability to raise her arms above the shoulder
level and difficulty getting out of bed. She was thereafter
unable to stand up and able to walk only 10 meters. She was a
homemaker without other diseases, interventions, or relevant
family history of disease.

Physical examination showed a myopathic gait with sym-
metrical proximal muscle weakness, compromising the
strength of the neck (cervical flexion M3 and cervical exten-
sion M4) and the 4 extremities (shoulder abduction M3, el-
bow flexion and extension M4, wrist flexion M4, knee flexion
and extension M3, and hip flexion M2), with marked atrophy
of both deltoids and quadriceps. Deep tendon reflexes were
normal, and there were no sensory deficits.

Suspecting an ongoing myopathy, atorvastatin was stopped.
Laboratory tests revealed a total creatine kinase (CK) of 5,839
U/L (normal level [NL]: 30–135), autoantibodies against
3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) >
200 (NL < 20), negative connective tissue disease antibodies, and
a negative panel of antibodies for inflammatory myopathies. After

an extended study that included gynecologic, breast, and thyroid
ultrasounds and chest CT, malignancy was ruled out (Table 1).
Electromyography (EMG) showed signs of proximal active in-
flammatory myopathy.

Methylprednisolone 500 mg IV daily was given for 3 days,
followed by oral prednisone 80 mg daily and azathioprine up
to 3 mg/kg of body weight. After a month, the CK level fell to
1,245 U/L. The patient did not experience significant im-
provement during the first 3 months of treatment; therefore, a
left quadriceps biopsy was performed and showed muscle
fibers of different sizes without necrosis. Immunohisto-
chemical staining showed that the predominant inflammatory
cells were macrophages (cluster of differentiation [CD]163-
positive), with B lymphocytes (CD20-positive) and
T lymphocytes (CD3-positive) present (Figure 1).

Four months after the treatment onset, sustained clinical im-
provement was observed, associated with a reduction in CK
levels to 303U/L. Prednisone was tapered-offwhile maintaining
the dose of azathioprine at 150 mg/d. At month 4, the patient
was able to walk 500 meters and muscle strength had improved.

Although previously normal, after 7 weeks of atorvastatin dis-
continuation, total cholesterol and low-density lipoprotein
cholesterol (LDL-C) were 289 mg/dL (NL: <200) and 164
mg/dL (NL: <140), and after 20 weeks increased to 329mg/dL
and 196mg/dL, respectively. Ezetimibe 10mg per day was used

Figure 1 Quadriceps Biopsy

20× view of histologic sections stained with hematoxylin and
eosin (A) showed muscle fibers of different sizes without
necrosis, accompanied by moderate chronic lymphohistio-
cytic inflammation and tissue between muscle fibers. (B–D)
Immunohistochemical staining (B) 20× view of B lympho-
cytes (cluster of differentiation [CD]20-positive) and (C) 10×
view of T lymphocytes (CD3-positive). (D) 20× view of mac-
rophages. Macrophages are the predominant inflammatory
cells (CD163-positive).

Glossary
ASCVD = atherosclerotic cardiovascular disease; LDL-C = low-density lipoprotein-cholesterol.
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as monotherapy to treat the hypercholesterolemia with a sus-
tained reduction of 40% in LDL-C levels after 4 months of
follow-up.

Discussion
Statins act by inhibiting HMG-CoA reductase, which leads to
increased expression of the hepatic LDL-C receptor and in-
creased clearance of LDL-C from circulation. The mechanism
underlying the development of anti-HMGCR myopathy re-
mains unknown, although statins up-regulate the expression of
HMG-CoA reductase suggesting a mechanistic link be-
tween statins and the development of autoimmunity.1 They are
the first-line agents for the treatment of hypercholesterol-
emia and prevention of atherosclerotic cardiovascular disease
(ASCVD).2 It is estimated that 1 in 4 Americans aged older
than 40 years use statins.3 Their most common adverse effects
occur in skeletal muscle, usually called statin-associated muscle
symptoms (SAMS), and include myalgia (muscle aches with-
out elevated levels of CK), myopathy (muscle symptoms with
CK >10 times the upper limit of normal [ULN]), myositis
(muscle inflammation), and rhabdomyolysis.

Statins are also associated with anti-HMG-CoA reductase–
associated myopathy. This is a rare disease with an estimated
incidence of 2–3 cases for every 100,000 patients treated with
statins,4 which generally occurs in adults in their 50s and 60s
who have been taking statins for 1–2 years, but can also occur
in patients with no history of statin use. In one case series, the
median disease duration was 13months at the time of biopsy.5

Patients usually have very high CK levels: > 10 times the
ULN, usually around 45 times the ULN.3,4 The clinical pre-
sentation consists of myalgia and a bilateral, proximal, sym-
metric weakness that helps to differentiate it from other forms
of SAMS in which weakness is less common. Indicative lab-
oratory test results include the presence of anti-HMGCR
antibodies, which have a sensitivity of 94.4% and a specificity
of 99.3% for anti-HMG-CoA reductase–associated myopa-
thy.6 EMG is usually interpreted as an irritable myopathy, and
magnetic resonance imaging may show muscle edema. Mus-
cle biopsy may reveal muscle fibers of different sizes, necrosis,
regeneration, myophagocytosis, and infiltration of macro-
phages and lymphocytes.4 Up to 25% of cases may present
with neither muscle fiber necrosis nor perimysial pathology.7

Macrophages that are CD163-positive are the predominant

Table 1 Laboratory Tests Results and Normal Values

Laboratory analysis
Before
treatment

After
discontinuation
of statins and
starting MTP Normal value

Anti-CCP, RF Negative

ANA Negative

Anti-Ro, anti-La,
anti-RNP, anti-Jo1,
anti-Scl70, anti-Sm

Negative

Anti-HMG-CoA
reductase (U)

>200 <20

Creatine kinase
(U/L)

5 839 30–135

Hemoglobin (g/dL) 14,1 12–16

Leucocytes (/μL) 7 000 4,500–11,000

Platelets (/μL) 300,000 150,000–400,000

C-reactive
protein (mg/dL)

0.07 <1

LDH (U/L) 681 135–214

GOT (U/L) 131 10–32

GPT (U/L) 273 <34

Total
cholesterol (mg/dL)

289 <200

HDL-C (mg/dL) 90 40–60

LDL-C (mg/dL) 164 <140

TG (mg/dL) 172 <150

Myositis panel
(U/mL)

<5: negative

5-10: dubious

>11: positive

PM-Scl100 6

Mi-2α 2

Mi-2β 5

TIF-1-gamma 2

MDA5 4

HPX2 1

SAE1 3

Ku 2

PM-Scl75 1

Jo-1 1

SRP 3

PL-7 3

PL-12 2

EJ 2

OJ 4

Table 1 Laboratory Tests Results and Normal Values
(continued)

Laboratory analysis
Before
treatment

After
discontinuation
of statins and
starting MTP Normal value

Ro-52 1

Abbreviations: ANA = anti-nuclear antibodies; anti-CCP = anti-cyclic citrulli-
nated peptide; MTP = methylprednisolone; RF = rheumatoid factor.
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infiltrating cell type and would play a role in muscle re-
generation rather than mediate muscle injury. Sparse lym-
phocytic infiltration suggests that T and B cells play a lesser
role in the pathogenesis of anti-HMG-CoA reductase–
associated myopathy.4

In addition to the discontinuation of statins, immunosup-
pressive treatment is indicated, usually corticosteroids at a
dose equivalent to 1 mg/kg/d of prednisone. Methotrexate
and azathioprine are often given as immunosuppressant
agents.3,4 The use of IV immunoglobulin has also been de-
scribed as a replacement for immunosuppressants or even as
monotherapy,8 and rituximab has been used as a rescue
treatment for patients with refractory anti-HMG-CoA
reductase–associated myopathy,9 but effective treatment
strategies have not yet been established in clinical trials. After
muscle strength recovery, medications should be tapered, al-
though a relapse may prompt long-term immunosuppressive
therapy.

There are several caveats in the treatment of these patients.
Corticosteroid treatment may adversely affect serum lipid
levels.10 This should be considered if a patient treated with
corticosteroids and LDL-lowering therapy continues with a
high LDL-C level because this may prompt replacement or
reduction of the dose of corticosteroids and/or intensification
of the LDL-lowering therapy. Second, rechallenge with the
same or another type of statin should be avoided because this
may lead to a disease flare, with accelerated decline in weak-
ness and worsening hyperCKemia,3 possibly by the upregu-
lation of HMGCR levels. Third, although anti-HMGCR
antibody levels are reported to correlate with disease activity,
they rarely normalize even in patients who seem to have re-
covered. Thus, anti-HMGCR antibody titer may not be useful
for therapeutic monitoring.

In anti-HMG-CoA reductase–associated myopathy, the aim
of pharmacologic lipid modification is to reduce LDL-C as a
means of primary or secondary prevention of ASCVD. Eze-
timibe reduces LDL-C by selectively blocking the Niemann-
Pick C1-like 1 protein and reducing intestinal cholesterol
absorption. In addition, ezetimibe inhibits macrophage mi-
gration, decreasing vascular cell adhesion molecule 1 expres-
sion, and reducing the level of reactive oxygen species, which
may reduce inflammation.11 Although it has been shown to
reduce LDL-C by 15%–20%, there is limited evidence on its
role as monotherapy in the prevention of ASCVD.12 Ezeti-
mibe has a safety profile similar to placebo, and no significant
drug interactions have been observed.12

A case series described the use of proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors, which proved to
be a safe cholesterol-lowering therapy for patients with anti-
HMG-CoA reductase–associated myopathy.13 PCSK9 in-
hibitors have been proven to reduce LDL-C more effectively
than ezetimibe.14 Although PCSK9 inhibitors are very ef-
fective and safe drugs that can reduce LDL-C and

cardiovascular events, considering their cost, they may be
cost-effective only in patients at very high-risk of ASCVD
and their use may not be possible in countries with limited
healthcare resources.2

A large retrospective cohort study15 found that patients with
myocardial infarction (MI) who were prescribed statin but
were found to be statin-intolerant after MI hospitalization and
were therefore then treated with another LDL-lowering
therapy had a 36% higher rate of recurrence of MI and a 43%
higher rate of coronary heart disease events than those who
were statin-adherent. Strategies for dealing with statin in-
tolerance in secondary prevention are still needed.

The exponential use of statins makes it crucial for clinicians
to remain aware of their possible and even dangerous side
effects. Early recognition and treatment are key factors in
decreasing the morbidity of anti-HMG-CoA reductase–
associated myopathy, a rare disease that requires definitive
statin withdrawal, plus immunosuppressive therapy, while
maintaining the prevention of ASCVD.
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