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Background: In rare cases, statin therapy for the reduction 
of lipid levels may cause muscle-related adverse effects 
leading to autoimmune myopathy. Statin-induced necrotizing 
autoimmune myopathy (SINAM) is typically accompanied by 
symmetrical proximal muscle weakness and elevated creatine 
phosphokinase (CPK). Glucocorticoids are the first-line 
treatment, but therapy may escalate to include methotrexate 
and/or intravenous immune globulin therapy (IVIG).
Case Presentation: A male aged 59 years with confirmed 
atorvastatin adherence for 1 year presented with a 
4-month history of fatigue, neuropathy, and progressive 
proximal muscle weakness. Laboratory tests revealed 
elevated CPK as high as 12,990 mcg/L. The anti-3-
hydroxy-3-methlyglutaryl coenzyme A reductase (anti-
HMGCR) antibody test was positive, and the patient started 
immunosuppressive therapy with IVIG therapy monotherapy 

(2 g/kg) over 3 days. Gluocorticoid therapy was not used 
due to difficult to control type 2 diabetes. After hospital 
discharge, the patient continued monthly IVIG treatment. 
Following 7 total rounds (6 rounds postadmission) of IVIG, 
the patient reported an improvement in activity, increased 
strength in his daily activities, and his CPK level continued 
decreasing to 680 mcg/L.
Conclusions: Patients presenting with proximal 
muscle weakness and elevated CPK, even after statin 
discontinuation, should be considered for a full workup for 
potential SINAM. The detection of anti-HMGCR antibodies 
or presence of necrosis on muscle biopsy are necessary 
for a formal diagnosis. This case displayed success with 
IVIG monotherapy, although previous research suggests 
the best chance of muscle symptom improvement is with 
a combination of a glucocorticoid, methotrexate, and IVIG.
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Muscle-related complaints occur in 
7% to 25% of patients taking statin 
medications.1 In most instances, 

these adverse effects are quickly resolved 
when the medication is discontinued, but 
in rare occurrences, the statin can trigger 
an autoimmune response that progresses 
even after stopping use. This uncommon 
condition is typically accompanied by sym-
metrical proximal muscle weakness and 
an elevated CPK leading to a necrotizing 
myopathy requiring treatment with immu-
nosuppressive therapy. Although less com-
mon, some patients may also present with 
dysphagia, myalgia, weight loss, and/or skin 
rash.1

Statin medications have been the cor-
nerstone of lipid-lowering therapy due to 
their mechanism of inhibiting 3-hydroxy-
3-methylglutaryl coenzyme A reductase 
(HMGCR), which is the rate-limiting step 
within the cholesterol synthesis pathway to 
produce mevalonic acid. There is a proven 
genetic association with human leukocyte 
antigen (HLA)-DRB1*11:01 in adults and 
anti-HMGCR–associated myopathy.1 The in-
cidence of statin-induced necrotizing auto-
immune myopathy (SINAM) in relation to 
each specific statin agent remains unknown;  

however, a systematic review of case reports 
found higher correlations for atorvastatin and 
simvastatin.2

There are 2 ways to confirm a SINAM di-
agnosis. The first and simplest includes 
checking for the presence of antibodies 
against HMGCR. The anti-HMGCR antibody 
test is typically used as a definitive diagnosis 
because it has a high specificity for SINAM.3 

The second and more invasive diagnosis 
method involves a muscle biopsy, which is 
identified as positive if the biopsy shows the 
presence of necrotic muscle fibers.1,3

The anti-HMGCR antibody test can serve 
as a marker for disease activity because the 
antibodies are strongly correlated with CPK 
levels.1 CPK levels indicate the severity of 
muscle injury and is often used in addition 
to either of the confirmatory tests because it 
is faster and less expensive. Anti-HMGCR ti-
ters may remain positive while CPK returns 
to baseline when SINAM is dormant. In ad-
dition, clinicians may use an electromyog-
raphy (EMG) test to measure the muscle 
response in association to nerve stimula-
tion.1 This test can show potential features 
of myopathic lesions such as positive sharp 
waves, spontaneous fibrillations, or myo-
tonic repetitive potentials.
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Typical treatment includes glucocorticoids 
as first-line agents, but SINAM can be dif-
ficult to treat due to its complicated patho-
physiology processes.3 Escalation of therapy 
is sometimes required beyond a single agent; 
in these complex scenarios, methotrex-
ate and/or intravenous (IV) immunoglobu-
lin (IVIG) therapy are frequently added to 
the steroid therapy. There have been con-
cerns with steroid use in specific patient pop-
ulations due to the undesired adverse effect 
(AE) profile, and as a result IVIG has been 
used as monotherapy at a dose of 2 g/kg per 
month.3 Studies looking at IVIG monother-
apy showed a reduction in CPK levels and 
improvement in strength after just 2 to 3 
rounds of monthly treatment.3 Some patients 
receiving IVIG monotherapy even achieved 
baseline strength and no longer reported 
muscle-related symptoms, although the total 
treatment duration varied. A systematic re-
view of 39 articles where glucocorticoids, 
IVIG, methotrexate and/or a combination 
were used to treat SINAM found an average 
time to remission of 8.6 months. Addition-
ally, this systematic review observed more 
patients returned to baseline or experienced 
improvement in symptoms when being 
treated with a combination of glucocorticoid 
plus IVIG plus methotrexate.2 Suggested dos-
ing recommendations are available in Table 1.

Patients diagnosed with HMGCR anti-
body myopathy are contraindicated for fu-
ture statin therapy.1 Rechallenge of statins 
in this patient population has led to wors-
ening of disease and therefore these patients 
should have a severe statin allergy listed in 
their medical documentation record.

CASE PRESENTATION
A 59-year-old male patient with a medical 
history including atrial fibrillation, periph-
eral vascular disease, type 2 diabetes melli-
tus (T2DM), hypertension, and peripheral 
neuropathy was referred by his primary care 
clinical pharmacist practitioner for an outpa-
tient neurology consult. The patient reported 
a 4-month history of fatigue, lower extremity 
paresthesia, and progressive proximal muscle 
weakness which began in his legs, mostly no-
ticeable when walking upstairs but quickly 
developed into bilateral arm weakness. The 
patient reported significant impact on his 
quality of life: he could no longer lift his arms 

above his head and had difficulty with daily 
activities such as brushing his hair or getting 
up from a chair. He reported multiple falls at 
home, and began to use a cane for assistance 
with ambulation. He confirmed adherence 
to atorvastatin over the past year. Laboratory 
testing on the day of the visit revealed an el-
evated CPK level at 9729 mcg/L (reference 
range for men, 30-300 mcg/L). 

The patient was urged to go to the emer-
gency department where his CPK level had 
increased to 12,990 mcg/L (Figure 1). The 
workup began to find the source of rhabdo-
myolysis and elevated liver enzymes differen-
tiating autoimmune vs medication-induced 
myopathy. Upon admission atorvastatin was 
discontinued, anti-HMGCR antibody level 
was ordered, and IV fluids were started. 

After 8 days of hospital admission with 
minimal improvement, Rheumatology and 
Neurology services were consulted in the 
setting of persistent CPK elevation and the 
potential neuropathic component of mus-
cle weakness. Both consulting services 
agreed to consider muscle biopsy and EMG 
if the patient did not begin to show signs 
of improvement. The patient’s CPK levels 

TABLE 1. Treatment Dosing Recommendations 

Drug Dosing

Prednisone10 Start at 50 mg orally once daily, gradually titrate as needed for 
symptom improvement; typically requires long-term steroid taper

Methotrexate10 Start at 15 mg orally once weekly, gradually titrate as needed 
for symptom improvement

Intravenous  
immunoglobulin 
therapy3

2 g/kg evenly divided into 2 doses on consecutive days;  
regimen may be repeated monthly as needed for symptom 
improvement

FIGURE 1. Creatine phosphokinase levels during  
hospitalization.
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remained elevated with minimal change 
in muscle weakness. The next step was a 
right quadricep muscle biopsy performed 
on Day 14 of admission. Sixteen days after 
admission, the anti-HMGCR antibody test 
(originally obtained upon admission) was 
positive and elevated at 249 CU/mL (refer-
ence range, < 20 CU/mL negative; reference 
range, ≥ 60 CU/mL strong positive), which 
confirmed the SINAM diagnosis (Table 2).

On Day 17 of hospitalization, the Neu-
rology service initiated IVIG monotherapy 
to avoid the undesired glycemic AEs associ-
ated with glucocorticoids. The patient had a 
history of T2DM that was difficult to man-
age and his hemoglobin A

1c level was the best 
it had ever been (6.2%) relative to a peak A

1c 
of 11.0% 9 months prior. The patient was 
treated with a total IVIG dose of 2 g/kg di-
vided into 3 daily doses while still obtain-
ing CPK levels with daily laboratory tests 
to assist with trending the extent of disease 
severity improvement (Figures 2-4). After 
a 20-day hospital stay, the patient was dis-
charged home with rehabilitation services 
and a scheduled outpatient EMG the follow-
ing week. 

The patient continued to report gen-
eralized body weakness, pain, and decon-
ditioning upon discharge and was unable 

to attend the EMG neurology appointment. 
The patient did eventually attend a follow-
up appointment about 6 weeks after hospital 
discharge and reported continued weakness. 
The Neurology service prescribed a 2-day 
IVIG regimen (total dose = 2 g/kg) monthly 
for the next 2 months. The patient returned 
to the neurology clinic 8 weeks later follow-
ing 2 rounds of IVIG posthospitalization and 
reported that his muscle strength was return-
ing, and he was able to slowly reintroduce 
exercise into his daily routine. During a fol-
low-up appointment about 11 months after 
the initial hospitalization, the patient’s pri-
mary care clinical pharmacist provided edu-
cation of effective management of cholesterol 
without statins, including use of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors as recommended by the Neurology 
service. At this time, the patient’s calculated 
low-density lipoprotein (LDL) was 110 mg/
dL (reference range, 0-99 mg/dL). The pa-
tient preferred to work on a healthy diet and 
positive lifestyle choices before trialing any 
lipid lowering therapies. 

The patient appeared to tolerate this treat-
ment regimen following 7 rounds of IVIG. 
He noted fatigue for about 24 hours after 
his infusion sessions but otherwise reported 
no additional AEs. He has continued to at-
tend weekly physical therapy sessions and is 
able to walk without the assistance of a cane. 
He can now walk a mile before he begins to 
feel fatigued or experience bilateral lower leg 
pain. The pain appears neuropathic in na-
ture, as the patient reports ongoing “pins and 
needles” sensation in his legs and feet. The 
patient has noticed a major improvement in 
his overall function, strength, and exercise 
tolerance since starting IVIG treatments and 
although he is not yet back to his baseline, he 
is motivated to continue his recovery. Neu-
rology is considering ongoing treatment with 
IVIG monthly infusions given his continued 
clinical improvement.

DISCUSSION
There is limited evidence on the use of IVIG 
monotherapy for SINAM, although it may be 
a viable option for patients deemed poor can-
didates for glucocorticoid or methotrexate 
therapy. This particularly applies to patients 
with DM for which there may be concerns 
for managing blood glucose levels with  

TABLE 2. Diagnostic Results

Test Result Reference range

3-hydroxy-3-methylglutaryl  
coenzyme A reductase AB

249 CU/mL ≤ 20 CU/mL

Skeletal muscle right thigh  
biopsy

Necrotizing myopathy; 
neurogenic atrophy

Not applicable

FIGURE 2. AST and ALT levels during hospitalization.  
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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steroid use. The Johns Hopkins Myosi-
tis Center evaluated 3 patients with SINAM 
who declined glucocorticoid therapy and had 
documented DM and weakness in the proxi-
mal arms and legs. Following 2 to 3 monthly 
rounds of IVIG 2 g/kg monotherapy, these 
patients had reduced CPK levels and had 
improvement in both arm and hip-flexion 
strength. Two patients reported no muscle- 
related symptoms after completing IVIG 
monotherapy treatment for 9 and 19 months.3 

The optimal treatment duration for IVIG 
monotherapy for SINAM is still uncertain 
given the limited available data. The patient 
in this case report showed clinically signifi-
cant muscle-related improvement following 
7 monthly rounds of 2 g/kg IVIG treatments. 
The mechanism of action for IVIG in this 
setting is still unknown, although the med-
ication may allow muscle regeneration to 
surpass muscle destruction, thus leading to 
resolution of the muscle-related symptoms.3

There are numerous concerns with IVIG 
use to consider prior to initiating treatment, 
including expense, AEs, patient response, 
and comorbidities. IVIG is considerably more 
expensive than glucocorticoid and metho-
trexate alternatives. Systemic reactions have 
been shown to occur in 5% to 15% of pa-
tients receiving IVIG infusion.4 The majority 
of these infusion reactions occur early during 
infusion or within a few hours after admin-
istration is complete.5 Early AEs to monitor 
for include injection site reactions, flu-like 
symptoms, dermatologic reactions, anaphy-
laxis, transfusion-related acute lung injury, 
and transfusion-associated circulatory over-
load. Additional AEs may be delayed, includ-
ing thromboembolic events, acute kidney 
injury, aseptic meningitis, hemolysis, neutro-
penia, and blood-borne infection.6 IVIG has 
a boxed warning for thrombosis, renal dys-
function, and acute renal failure risk.7 There 
are multiple strategies documented to reduce 
the risk of IVIG reactions including slowing 
the infusion rate, ensuring adequate hydra-
tion, and/or giving analgesics, antihistamines, 
or steroids prior to infusion.6 The patient in 
this case had monthly IVIG infusions with-
out the need of any pretreatment medications 
and only reported fatigue for about 24 hours 
following the infusion.

An essential question is how to provide 
safe cholesterol management for patients 

with SINAM. Some evidence has suggested 
that other lipid-lowering medications that 
avoid the mevalonate pathway, such as feno-
fibrate or ezetimibe, may be used cautiously 
initially at lower doses.1 Due to the sever-
ity of SINAM, it is crucial to closely monitor 
and ensure tolerability as new lipid-lowering 
agents are introduced. More evidence sug-
gests that PCSK9 inhibitors are a safer op-
tion.8 PCSK9 inhibitors avoid the mevalonate 
pathway and block PCSK9 from binding to 
LDL receptors, allowing LDL to be removed 
from circulation. 

Tiniakou et al followed 8 individuals for 
a mean 1.5 years who had anti-HMGCR 
immune-mediated myopathy at high car-
diovascular risk. Muscle strength, CPK 
levels, and serum anti-HMGCR antibody 
titers were assessed at baseline and again 
after initiation of PCSK9 inhibitor. None 
of the patients experienced a decline in 
their muscle strength. CPK, anti-HMGCR  

FIGURE 3. Creatine phosphokinase levels  
posthospitalization.

FIGURE 4. AST and ALT levels posthospitalization.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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antibody levels, and LDL trended down in 
all participants and 2 patients were able to 
reduce their immunosuppression treatment 
while still achieving clinical improvement. 
Tiniakou et al suggest that PCSK9 inhibi-
tors are a safe and effective option to lower 
cholesterol in patients with SINAM.8

Alirocumab is the preferred PCSK9 in-
hibitor for patients at the US Department 
of Veterans Affairs (VA). The VA Phar-
macy Benefits Management (PBM) Service 
guidance recommends alirocumab for pa-
tients with a history of atherosclerotic car-
diovascular disease (ASCVD) or severe 
hypercholesterolemia.9 PBM guidance sug-
gests alirocumab use for patients with a con-
traindication, intolerance, or insufficient 
LDL reduction with a maximally tolerated 
dose of statin and ezetimibe with a desire to 
reduce ASCVD risk by lowering LDL. Per 
the PBM Criteria for Use guidance, patients 
should follow the stepwise approach and 
trial ezetimibe prior to being considered for 
PCSK9 inhibitor therapy. Given the patient’s 
contraindication to future statin use and se-
verity of myopathy, in this case the Neu-
rology Service felt that the safest option to 
reach goal LDL reduction would be a PCSK9 
inhibitor. Consideration can be made for ali-
rocumab use when considering an alterna-
tive lipid lowering therapy. 

CONCLUSIONS
This report demonstrates a case of SINAM 
caused by atorvastatin therapy. Patients pre-
senting with proximal muscle weakness and 
elevated CPK even after statin discontinua-
tion should be considered for a full workup 
to determine whether SINAM may be in-
volved. This uncommon form of myopathy 
can be diagnosed based on the detection of 
anti-HMGCR antibodies and/or presence of 
necrosis on muscle biopsy. A combination 
of glucocorticoid, methotrexate, and IVIG is 
recommended for a patient’s best chance of 
muscle symptom improvement. IVIG mono-
therapy should be considered for patients 
with glycemic control concerns.
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