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Abstract Anti-HMGCR antibodies represent a characteristic serological feature of statin-exposed and statin-unexposed

patients with immune-mediated necrotizing myopathy (IMNM). We assessed anti-HMGCR antibodies in patients with

suspected IMNM following statin exposure and patients with other autoimmune rheumatic diseases. We evaluated the

presence of anti-HMGCR autoantibodies in sera samples from 13 statin-exposed patients who were suspected of having

IMNM, 38 patients with different inflammatory and autoimmune rheumatic diseases and 29 healthy subjects. The

autoantibodies were evaluated by two assays: a new chemiluminescence QUANTA Flash HMGCR kit utilizing BIO-

FLASH system and QUANTA Lite� HMGCR ELISA kit. Twelve samples from patients with suspicion for IMNM were

found positive for anti-HMGCR antibodies by both assays. Only one of the 13 samples that were found positive by ELISA

was negative by CIA. A very good qualitative correlation (j = 0.95; 95 % CI 0.85–1.0) and quantitative agreement

(Spearman’s rho 0.87; P value\ 0.0001; 95 % CI 0.62–0.96) were found between these two assays. All samples from

healthy subjects and from the disease-controlled patient cohort were negative for anti-HMGCR antibodies. In comparison

with ELISA results, the CIA exhibited high sensitivity and specificity values of 92.3 and 100 %, respectively. Receiver

operating characteristic analysis for CIA and ELISA yielded area under the curve values of 0.99. The presence of anti-

HMGCR antibodies may be a useful biomarker of IMNM in statin-exposed patients. There is a good correlation between

the two anti-HMGCR antibody assays evaluated in the present study.

Keywords Autoantibodies � Immune-mediated necrotizing myopathy (IMNM) � Myositis � Anti-HMGCR antibodies �
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Introduction

Idiopathic inflammatory myopathies (IIMs) represent a

heterogeneous group of systemic autoimmune rheumatic

diseases with high mortality and morbidity rates [1, 2]. The

frequency of autoantibodies directed against nuclear or

cytoplasmic constituents ranges from 50 to 80 % in

patients with dermatomyositis (DM) or polymyositis (PM).

A wide spectrum of myositis-specific autoantibodies

(MSAs) and myositis-associated autoantibodies (MAAs)

has been recently identified and contributed to better

clinical classification of IIMs at diagnosis [3].

In recent years, immune-mediated necrotizing myopathy

(IMNM) was also recognized as a distinct form of

autoimmune muscle disease [4]. Unlike IIM where
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lymphocytic infiltrates are predominantly found within

muscle tissue, IMNM is characterized by prominent myo-

fiber necrosis with abundant macrophages and minimal

lymphocytic infiltration [5]. Current evidence suggests that

IMNM may be associated with the presence of distinct

autoantibodies recognizing either the signal recognition

particle (SRP), a cytoplasmic protein that binds the signal

sequences of newly synthesized proteins and facilitates

their translocation into the endoplasmic reticulum [2, 6], or

3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), the

rate-controlling enzyme of the mevalonate pathway

involved in cholesterol synthesis [7–13].

Historically, anti-HMGCR was firstly reported by

Christopher-Stine and colleagues as ‘‘anti-200/100’’ [7].

Due to the strong association of these novel autoantibodies

with statin use in 63 % of the patients with necrotizing

myopathy, Mammen and colleagues in the same group

searched for an autoantigenic target in the cholesterol

synthesis cascade.

This ‘‘anti-200/100’’ autoantibody was later identified as

directed against HMGCR [8].

Anti-HMGCR antibodies have been identified in

patients with IMNM associated with statin exposure as well

as in statin-unexposed patients [7–14]. The discovery of

these antibodies created a new subset of IMNM that may

be sometimes clinically distinguishable from other forms

of IIM and other muscle diseases associated with muscle

necrosis, including toxic myopathies, endocrinopathies and

muscular dystrophies. In stain-exposed patients, the pres-

ence of anti-HMGCR antibodies may point to the

autoimmune nature of the myopathy, in contrast to other

forms of statin-induced myotoxicity [9].

Different technologies may be used to detect anti-

HMGCR antibodies including immunoprecipitation,

quantitative addressable laser bead immunoassay

(ALBIA), enzyme-linked immunosorbent assay (ELISA)

and chemiluminescence immunoassay (CIA) [7–14].

Immunoprecipitation was an early assay that was time-

consuming and expensive [7]. In 2012, ELISA was vali-

dated as consistent, efficient test for the identification of

anti-HMGCR autoantibodies with sensitivity and speci-

ficity of 94.4 and 99.3 %, respectively [8]. During the last

few years, the CIA technology has been applied for

autoantibody testing [15]. CIA technology offers rapid

detection of antibodies, high reproducibility and broader

dynamic range than ELISA that enables a more accurate

quantification of the results.

The main aim of the present study was to compare

between two different techniques for the detection of anti-

HMGCR antibodies: ELISA and CIA using BIO-FLASH

system. For this purpose, we evaluated the presence of anti-

HMGCR antibodies in statin-exposed patients with

suspected IMNM, in patients with other autoimmune

inflammatory diseases and in healthy subjects.

Materials and methods

Sera samples

We evaluated the presence of anti-HMGCR autoantibodies

in sera samples from 13 patients who were suspected of

having IMNM. All patients fulfilled the Bohan and Peter

criteria for PM and were previously exposed to statins

[16, 17].

The control group consisted of 29 healthy subjects and

38 patients with different inflammatory and autoimmune

rheumatic diseases including systemic lupus erythematous

(SLE; n = 12 patients), rheumatoid arthritis (RA; n = 10),

ankylosing spondylitis (AS; n = 8), systemic sclerosis (SS;

n = 2), polymyositis (PM; n = 2) and antiphospholipid

syndrome (APS; n = 4).

The study fulfilled the ethical guidelines of the most

recent Declaration of Helsinki and received approval by the

local ethical committees (Edinburgh, 2000; Registration

number: 1895-15-SMC).

Diagnostic assays

QUANTA Lite� HMGCR ELISA kit

ELISA plates coated with recombinant HMGCR were incu-

bated with diluted patient samples. The evaluation was done

according to the standardprotocol ofQUANTALiteHMGCR

ELISA (Inova Diagnostics Inc., San Diego, CA, USA). The

principles of this assay have recently been summarized else-

where [14]. The cutoff was defined as 20 units (U/mL).

QUANTA Flash HMGCR kit

Chemiluminescence QUANTA Flash HMGCR assay uti-

lizing recombinant human HMGCR antigen coupled to

paramagnetic beads (Inova Diagnostics Inc., San Diego,

CA, USA) was performed on the BIO-FLASH� system

(Biokit S.A., Barcelona, Spain). The BIO-FLASH�

instrument is a fully automated chemiluminescent

immuno-analyzer, and the principles of this system have

recently been described elsewhere [15]. The cutoff was

defined as 20 chemiluminescence units (CU). MSA was

evaluated by Sclero-Poly-Synthetase Profile 8 Ag Dot

(Alphadia S.A/N.V. Diagnostic Products, Belgium), and

MAA was assessed by ANA Immunofluorescence (Hep-2

Cell line, Bio-Rad Laboratories, Inc., USA) and EIA

(Quanta Lite, Inova Diagnostics, Inc., USA).
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Statistics

The data were statistically evaluated using the MedCalc

Software (version 16.4.3; MedCalc Software bvba, Ostend,

Belgium). Cohen’s kappa agreement tests and Spearman’s

correlation were carried out to analyze the agreement

between ELISA and CIA, and P value[ 0.05 was con-

sidered significant. Receiver operating characteristics

(ROC) analysis was used to analyze the discriminatory

ability of these assays.

Results

All patients with suspicion for IMNM presented with

proximal weakness following statin therapy which per-

sisted at least 8–10 weeks after statin cessation. Serum

creatine kinase (CK) levels ranged from 2700 to

12,200 IU/L. EMG was consistent with a myopathic pic-

ture. In 12 patients, the diagnosis of necrotizing myopathy

was proven by muscle biopsy: 10 patients underwent

biopsy before the detection of anti-HMGCR antibodies; in

the remaining the biopsy was performed after the detection

of these antibodies. In one patient, the biopsy result was

inconclusive. Results of screening for MSAs and MAAs

were available only in three patients, and they were all

negative.

Twelve samples from patients with suspicion for IMNM

were found positive for anti-HMGCR antibodies by both

assays. Only one of the 13 samples that were found positive

by ELISA was negative by CIA. All samples from healthy

subjects and from the disease-controlled patient cohort

were negative for anti-HMGCR antibodies (Figs. 1, 2). In

comparison with ELISA results, the CIA exhibited high

sensitivity and specificity values of 92.3 and 100 %,

respectively.

A very good qualitative agreement was found between

these two assays (j = 0.95; 95 % CI 0.85–1.0) (Table 1).

A quantitative comparison between CIA and ELISA based

on the levels of anti-HMGCR antibodies also revealed a

strong correlation (Spearman’s coefficient 0.87;

P value\ 0.0001; 95 % CI 0.62–0.96) (Fig. 3).

Receiver operating characteristic (ROC) analysis for

CIA and ELISA yielded area under the curve values of 0.99

(Fig. 4).

Discussion

IMNM is a complex heterogeneous group of muscle dis-

orders with a similar histopathological pattern on muscle

biopsy, including muscle cell necrosis and degeneration

without significant inflammatory infiltrates. However, the

clinical spectrum of IMNM is very broad and the analysis

of all of the underlying causes may prove to be difficult.

IMNM may be associated with viral infections such as

hepatitis C [18] and HIV [19, 20], malignancy [20, 21] or

connective tissue diseases such as scleroderma [22, 23] or

antisynthetase syndrome [24]. Additional subsets of IMNM

are characterized by the presence of autoantibodies direc-

ted against SRP [2, 6] and HMGCR [7–12]. The classifi-

cation and diagnostic criteria for IMNM are currently

investigated, and the verification of distinct subsets of

IMNM based on autoantibodies, environmental triggers

and more specific muscle biopsy features is often needed.

In the present study, we evaluated the presence of anti-

HMGCR antibodies in statin-exposed patients with suspi-

cion for IMNM and two control groups: healthy subjects

and patients with different autoimmune rheumatic diseases.

Our cohorts were tested by two different assays: ELISA

* Healthy - IMNM 
P value = 0.001 

** Disease control - IMNM 
P value = 0.0009 

Fig. 1 Evaluation of HMGCR antibodies by ELISA in different

patient cohorts. IMNM immune-mediated necrotizing myopathy

(N = 13)

* Healthy - IMNM 
P value = 0.0002

** Disease control - IMNM 
P value = 0.001

Fig. 2 Evaluation of HMGCR antibodies by CIA in different patient

cohorts. IMNM immune-mediated necrotizing myopathy (N = 13)
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and CIA. Similarly to previous reports, our results con-

firmed that anti-HMGCR antibodies were strongly associ-

ated with IMNM following statin exposure in comparison

with control groups. With regard to statin-exposed patients

with suspicion for IMNM, a very good qualitative agree-

ment (j = 0.95) and strong quantitative correlation based

on anti-HMGCR antibodies levels (Spearman’s rho 0.87)

were found between these two techniques. Both assays

were able to discriminate between IMNM patients and

controls in a similar manner, as shown by ROC analysis

(Fig. 4). In comparison with ELISA results, The CIA

showed good performance characteristics with specificity

of 92.3 % and sensitivity of 100 %. Our data confirmed the

previous results that anti-HMGCR antibodies may be

detected using different assays including CIA technology

and ELISA with good inter-method agreement [14]. A fully

automated measurement process makes CIA an attractive

alternative to the more traditional ELISA. An additional

method, ALBIA might also be a reliable screening test for

anti-HMGCR antibodies that displays good agreement with

the methods discussed above [14].

In our study, we mainly focused on patients suspected of

having IMNM according to clinical manifestations that

included muscle weakness and prolonged CPK elevation

(more than 8–10 weeks) following statin withdrawal.

Remarkably, the initial clinical presentations of autoim-

mune and self-limited forms of statin-related muscle dis-

ease may be similar and differential diagnosis may be

difficult. However, anti-HMGCR autoantibodies have not

been detected in patients with statin intolerance or rhab-

domyolysis [9, 25]. Thus, negative results may exclude

IMNM and distinguish between those who require treat-

ment and those who may recover following statin with-

drawal only. However, commercial anti-HMGCR ELISA

has a false positive rate of approximately 0.7 %, and some

statin-exposed patients with self-limited myotoxicity may

be misclassified as autoimmune disease patients by this

method [9]. In this regard, testing for anti-HMGCR anti-

bodies should only be performed in patients with a high

clinical probability of IMNM mostly associated with

statins.

It has been found that statin exposure in different pop-

ulations of anti-HMGCR-positive patients with IIM/IMNM

ranges from 15 to 94 % [8, 10, 26–28]. Thus, only 15 % of

anti-HMGCR-positive patients with IIM in the China study

had previous statin exposure [26]. Similarly, the majority

of anti-HMGCR-positive patients from an European cohort

who were suspected of having IMNM were not exposed to

statins [27]. In contrast, a more early study from the USA

Table 1 Comparison of ELISA and CIA for the detection of anti-HMGCR antibodies

Groups of samples ELISA (reference) CIA Qualitative agreement

IMNM (n = 13) 13 Positive 12 Positive j = 0.95; 95 % CI 0.85–1.0

Inflammatory and autoimmune rheumatic diseases (n = 38) All negative All negative

Healthy subjects(n = 29) All negative All negative

ELISA enzyme-linked immunosorbent assay, CIA chemiluminescence immunoassay

1 10 100 1000
1

10

100

1000

ELISA

C
IA

Rho = 0.87 (0.62 - 0.96)
N = 13

Fig. 3 Spearman’s correlation of anti-HMGCR antibodies detected

using CIA and ELISA in IMNM patients

Fig. 4 Comparative receiver operating characteristic analysis (ROC)

analysis of the results of CIA and ELISA in immune-mediated

necrotizing myopathy patients and control groups. Area under the

curve (AUC) values are shown with 95 % CI
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revealed that the prevalence of statin use reached 72.7 % in

a cohort of IIM patients [10]. Moreover, an Australian

report showed that 94 % of HMGCR antibody-positive

patients with IMNM had been previously exposed to statins

[28]. This difference in the prevalence of statin exposure

may be explained by different genetic backgrounds as well

as by the fact that different studies analyzed different

patient cohorts suffering from either IIM or IMNM. In this

context, it is important to emphasize that many food

products contain increased levels of natural statins which

might or might not explain the existence of anti-HMGCR

antibodies in so-called statin-naı̈ve patients [29]. Another

interesting aspect is that not all forms of statins seem to

have an equivalent effect on the initiation of IMNM [30].

Although an additional recent report showed that anti-

HMGCR antibodies were found in both IIM and IMNM

and were associated strongly with statin use [31], further

studies with separate analysis of these conditions are

required.

As discussed above, the proportion of statin-naı̈ve

HMGCR antibody-positive patients varies between differ-

ent studies. Although both statin-exposed and statin-unex-

posed anti-HMGCR positive myopathy patients have

similar clinical manifestations and genetic risk factor

associated with the class II HLA allele DRB1*11:01, sig-

nificant differences were found between the two groups

[32]. In comparison with statin-exposed patients, statin-

unexposed patients were more likely to be younger, Afri-

can-American and have higher CK levels and a low

response to immunosuppressive therapy [8].

It should be noted that necrotizing myopathy may be

associated with various malignancies [20, 21] In addition,

necrotizing myopathy is more common in older people

who are more likely to be exposed to statins. Therefore, the

presence of anti-HMGCR antibodies in IMNM patients

may suggest autoimmune etiology of the disease, but this

condition may also be associated with coexisting malig-

nancy. For instance, one earlier study noted that 13 % of

anti-HMGCR-positive IMNM patients had a malignancy,

although the status of statin exposure in this subpopulation

was unknown [7]. For this reason, a full malignancy

workup at the time of diagnosis of IMNM may be rec-

ommended, similar to the one that would be undertaken at

the time of diagnosis of PM or DM. To date, according to

age appropriate malignancy screening, none of our IMNM

patients had malignancies.

In the current study, anti-HMGCR antibodies were not

detected in patients with different systemic autoimmune

rheumatic diseases. In this regard, previous reports have

shown that these antibodies are rarely found in patients with

autoimmune diseases other than IMNM. For example, an

early basic study revealed that among 45 anti-HMGCR-

positive patients, one patient had ILD associated with anti-

Jo 1-positive antisynthetase syndrome, and another patient

had ILD related to anti-Pm/Scl-positive scleroderma [8].

However, anti-HMGCR-positive IMNM is usually charac-

terized by a typical phenotype that includes progressive

muscle weakness and sometimes arthralgia, myalgia, dys-

phagia and Raynaud’s phenomenon, while multisystem

manifestations, especially ILD, appear to be uncommon.

The clinical significance of anti-HMGCR positivity in the

two patients described above is unknown, but the possibility

of an overlap syndrome as well as false positive results was

not excluded. In addition, low titers of anti-HMGCR anti-

bodies were previously detected in three patients with Sicca

syndrome [14] and also in one patient with pSS without

symptoms of myopathy [26]. In our study, one IMNM

patient had low titer of anti-HMGCR antibodies as detected

by ELISA, while CIA did not find anti-HMGCR reactivity.

A repeat test for anti-HMGCR antibodies was not per-

formed in this patient who completely recovered following

treatment with corticosteroids. It is possible that patients

with statin-associated IMNM may sometimes have a low

titer of anti-HMGCR antibodies, and recurrent assessment

of these antibodies is required. Therefore, anti-HMGCR

antibodies detected in moderate and high titers are highly

specific for IMNM, but low titers do not exclude this disease

in certain clinical situations. Therefore, a novel strategy

regarding patients with low titers of anti-HMGCR anti-

bodies should be proposed.

The current study has several limitations: First of all, the

study involves a relatively small cohort of patients with

IMNM, due to the rarity of this disease. Secondly, our

initial visit data do not reflect true patients’ status before

treatment because some patients started steroids treatment

before the anti-HMGCR antibodies were evaluated.

Thirdly, the results of screening for MSA and MAA were

available only in three patients.

Conclusion

In summary, this study demonstrates that anti-HMGCR

antibodies are a promising highly specific biomarker that

may aid in the diagnosis of IMNM in statin-exposed

patients.

The presence of anti-HMGCR antibodies may be

detected by different techniques, such as CIA and ELISA,

with a good inter-method agreement.
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