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Abstract
The objective of this study was to investigate the frequency of autoantibodies to hydroxymethylglutaryl coenzyme A reductase
(HMGCR) in systemic sclerosis (SSc) and associations with inflammatory myositis and statin exposure.
This was a cross-sectional, multicenter study of 306 subjects from the Canadian Scleroderma Research Group cohort who had

complete data on statin exposure and serology for anti-HMGCR antibodies assayed by an addressable laser bead immunoassay
(ALBIA). Descriptive statistics were used to summarize the baseline characteristics of the patients and to compare subjects with and
without anti-HMGCR antibodies.
Four (1.3%) subjects had anti-HMGCR antibodies. None of the subjects with anti-HMGCR antibodies titers had a history of an

inflammatory myositis or overlap with polymyositis/dermatomyositis, compared to 8.6% and 2.0% of those without anti-HMGCR
antibodies, respectively. In addition, none of the subjects with anti-HMGCR antibodies had past or current exposure to statins
compared to 12% of those with negative titers.
Anti-HMGCR antibodies are rare in SSc and are not associated with inflammatory myopathy or statin exposure. Larger studies

will be required to confirm these preliminary observations. Nevertheless, we conclude that anti-HMGCR antibodies are unlikely to
play a major role in inflammatory myopathy in SSc and anti-HMGCR antibodies can be present in subjects without exposure
to statins.

Abbreviations: AIM = autoimmune inflammatory myopathy, ALBIA = addressable laser bead immunoassay, ANA = antinuclear
antibody, ARIC = Atherosclerosis Risk in Communities, CENP = centromeric protein, CSRG = Canadian Scleroderma Research
Group, dcSSc= diffuse cutaneous systemic sclerosis, DLCO= diffusion capacity of the lung for carbonmonoxide, FVC= forced vital
capacity, HMGCR = hydroxymethylglutaryl coenzyme A reductase, HRCT = high resolution computed tomography, IIF = indirect
immunofluorescence, ILD = interstitial lung disease, IMNM = immune mediated necrotizing myopathy, lcSSc = limited cutaneous
systemic sclerosis, MAC = membrane attack complex, NAM = necrotizing autoimmune myopathy, NOR = Nucleolar ORganizer/
human upstream binding factor, SPAP = systolic pulmonary artery pressure, SSc = systemic sclerosis.
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1. Introduction

Cholesterol lowering hydroxymethylglutaryl coenzyme A reduc-
tase (HMGCR) inhibitors (statins) are among the most frequently
prescribed medications for the treatment of dyslipidemia.
Amongst users, between 5% and 20% will develop a self-limited
myopathy that is usually mild and resolves with discontinuation
of the drug.[1,2] Severe myotoxicity, defined as rhabdomyolysis
with elevation of creatine kinase greater than 10 times the upper
limit of normal, can also occur, but is rare with an estimated rate
of 0.4 to 0.9/10,000 person-years of exposure.[3–5]

In contrast to self-limited statin myopathy, a distinct subset of
autoimmune necrotizing myopathy associated with anti-
HMGCR antibodies that requires immunosuppression has been
described.[6] This condition is characterized by progressive
muscle weakness, elevated muscle enzymes (with mean creatine
kinase levels before treatment of 10,000IU/L), and anti-HMGCR
autoantibodies, with or without statin exposure.[6–9] Muscle
biopsies commonly show myofiber necrosis and regeneration
with minimal inflammation, major histocompatibility complex
(MHC) class I upregulation as well as complement membrane
attack complex (MAC) deposits on necrotic fibers.[6] Myonuclear
and perimysial abnormalities have also been described.[8] Anti-
HMGCR antibodies have been reported to be present in
approximately 5% of subjects with autoimmune myopathies,
of which two-thirds had been exposed to statins[10] and emerging
evidence suggests that these autoantibodies are pathogenic.
Systemic sclerosis (SSc) is a complex chronic autoimmune

disease characterized by vascular damage, excessive fibrosis, and
autoantibodies. It is highly heterogeneous and affects most
organs. Skeletal muscle involvement is common, with weakness
reported in up to 90% of patients.[11] Inflammatory myopathy
has been reported in approximately 10% of subjects.[12–14] Since
statins are one of the most commonly prescribed medications,
and SSc is characterized by the presence of autoantibodies,
muscle weakness, and inflammatory myositis, we sought to
determine the frequency of anti-HMGCR antibodies in a large
SSc cohort and associations with inflammatory myopathy and/or
statin use.
2. Methods

2.1. Ethical considerations

Ethics committee approval for this study was obtained at McGill
University (Montreal, Canada) and at all participating study
sites. All subjects provided informed written consent to
participate.
2.2. Design

Cross-sectional, multicenter study of 306 subjects from the
Canadian Scleroderma Research Group (CSRG) cohort with
baseline study visits between September 2004 and August 2011,
and complete data on statin exposure and serology for anti-
HMGCR antibodies (described below).
2.3. Study subjects

SSc subjects in the CSRG cohort are recruited by rheumatologists
across Canada. They are ≥18 years of age, fluent in English or
French, and likely tobe compliantwith studyprocedures andvisits.
Approximately 98% of subjects enrolled in the CSRG registry
fulfill the 2013 ACR/EULAR classification criteria for SSc.[15]
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2.4. Serology

Using standard operating procedures, serum was collected and
sent to a central laboratory, Mitogen Advanced Diagnostics
Laboratory, University of Calgary, where aliquots were stored at
�80°C until needed. Antibodies to HMGCR were detected by an
addressable laser bead immunoassay (ALBIA) using a full-length
recombinant human HMGCR (Sigma-Aldrich, St. Louis, MO,
Catalog #H7039) which encompassed the previously described C
terminal epitope. Human anti-HMGCR sera (generous gift from
Dr. Andrew Mammen, Johns Hopkins University, Baltimore,
MD) were used as reference standards. The protocols to establish
ALBIA assays have been previously published.[16,17] Briefly, 2mL
of suspended beads in solution (Luminex Corp., Austin, TX),
35mL of horseradish peroxidase sample diluent (INOVA
Diagnostics, Inc.) and 5mL of sera diluted 1/1000 were pipetted
into the wells of light tight microtiter plates (Luminex Corp.). The
plate was covered so as to limit exposure of the beads to ambient
light and incubated on a shaker for 30minutes at room
temperature. After the beads were washed again as described
above, 40mL of diluted, phycoerythrin (PE) conjugated second-
ary antibody (goat antihuman IgG/mouse antihuman IgG, 1:50 in
sample diluents, Jackson ImmunoResearch,West Grove, PA) was
added and incubated with gentle agitation at 600rpm for 30
minutes at room temperature in the dark. Control positive and
negative samples were included in each run and plates were
analyzed by ALBIA using the Luminex-200 flow apparatus
(Luminex Corp.). The data were expressed as median fluores-
cence units and positivity was defined as titers >500units based
on validation against a commercially available ELISA that detects
anti-HMGCR autoantibodies (QUANTA Lite HMGCR,
INOVA Diagnostics, Inc.).[18]

Samples were also tested for antinuclear antibodies (ANA) by
indirect immunofluorescence (IIF) performed on HEp-2 substrate
(HEp-2000; ImmunoConcepts, Sacramento, CA), for antibodies
against centromere (CENP-AandCENP-B), topoisomerase I,RNA
polymerase III (RP11 and RP155), Pm/Scl (PM75 and PM100),
Ro52/TRIM21, PDGFR, Ku, Th/To, Nor90, and fibrillarin by a
SSc profile line immunoassay (Euroline: Euroimmun, Luebeck,
Germany), and for antibodies against Jo-1 and U1-RNP using the
(QUANTAPlex ENA 8, INOVA Diagnostics, Inc.).

2.5. Study measures

Subjects recruited into this study underwent standardized
medical evaluation including medical histories, physical exami-
nations, and laboratory investigations. Results of signs and
symptoms associated with anti-HMGCR associated myopa-
thy[19] and available in the database were extracted. These
included patient self-reported myalgias and dysphagia. Muscle
strength was tested by a study physician and weakness was
defined as a score of ≥1 on the Medsger Disease Severity Scale
muscle domain (described below)[20,21] or a score of<5 in any of
5 muscle groups (neck flexors, and right and left upper and lower
proximal extremities) according to the British Medical Research
Council scale.[22] History of inflammatory myositis, overlap with
polymyositis/dermatomyositis ormixed connective tissue disease,
and exposure to statins was recorded by study physicians.
Baseline creatine kinase values from local clinical labs were also
extracted.
Other study measures considered in exploratory analyses

included self-reported demographic information regarding age,
sex, and ethnicity. Disease duration was recorded by study
physicians and defined as the interval between the onset of the



Table 1

Baseline characteristics of the study cohort, stratified by anti-HMGCR antibody status.

Negative (n=302) Positive (n=4)

Mean±SD or N (%) # of missing Mean±SD or N (%) # of missing 95% confidence interval P

Mean age, y 56.1±12.3 0 60.3±14.9 0 (�16.3, 8.1) 0.639
Female 264 (87.4%) 0 4 (100%) 0 (�36.5%, 16.8%) 1.000
White 259 (90.6%) 16 4 (100%) 0 (�39.6%, 13.4%) 1.000
Disease duration, y 11.0±8.7 1 8.6±5.6 0 (�6.2, 11.0) 0.769

SD= standard deviation.
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first non-Raynaud disease manifestation and baseline study visit.
Skin involvement was assessed using the modified Rodnan skin
score, a widely used clinical assessment where the examining
rheumatologist records the degree of skin thickening ranging from
0 (no involvement) to 3 (severe thickening) in 17 areas (total score
range 0–51). Limited cutaneous disease (lcSSc) was defined as skin
involvement distal to the elbows and knees with or without facial
involvement; diffuse cutaneous disease (dcSSc) was defined as skin
involvement proximal to the elbows and knees, with or without
truncal involvement. To assess gastrointestinal involvement,
patients answered yes/no to a series of 14 questions concerning
appetite loss, difficulty swallowing, regurgitation of acid, noctur-
nal choking, heartburn, early satiety, abdominal bloating, nausea
and vomiting, constipation, diarrhea, need for antibiotics for
diarrhea, greasy stools, fecal incontinence and need for parenteral
nutrition. Systolic pulmonary artery pressure (SPAP) was
measured using the Doppler flow measurement of the tricuspid
regurgitant jet on cardiac echocardiography. Pulmonary hyper-
tensionwasdefinedas an estimated SPAP>45mmHg (an estimate
that correlates strongly with right heart catheter studies[23]). The
presence of interstitial lung disease (ILD) was determined using a
published clinical decision rule.[24] Using this algorithm, ILD was
considered present if a high-resolution computed tomography
(HRCT) scan of the lung was interpreted by an experienced
radiologist as showing ILD or, in the case where no HRCT is
available, if either a chest X-ray was reported as showing either
increased interstitial markings (not thought to be due to congestive
heart failure) or fibrosis, and/or if a study physician reported the
presence of typical “velcro-like crackles” on physical examination.
Pulmonary function tests were obtained in local laboratories
working in accordancewithAmericanThoracic Society standards.
Table 2

Associations between anti-HMGCR antibodies and markers of muscle
significant after Bonferroni correction).

Negative (n=302)

Median (IQR) or N (%) # of missing Median

Myalgia 154 (53.7%) 15
Muscle weakness 52 (17.5%) 4
Dysphagia 167 (58.2%) 15
Inflammatory myositis 26 (8.6%) 0
Overlap with PM/DM 6 (2.0%) 1
Overlap with MCTD 4 (1.3%) 4
Baseline CK, m/L 83 (57, 112) 46 3
BMI, mean (SD) 26.1±5.9 9 2
Statin exposure 0
Current 33 (10.9%)
In the past 3 (1.0%)
Never 266 (88.1%)

BMI=body mass index, CK= creatine kinase, HMGCR=hydroxymethylglutaryl coenzyme A reducta
dermatomyositis, SD= standard deviation.
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Forcedvital capacity (FVC)%predicted and singlebreathdiffusion
capacity for carbonmonoxide (DLCO)%predictedwere extracted
from reports. Disease severity was measured using a modified
Medsger Scleroderma Disease Severity Scale.[20,21] The scale
assesses disease severity in 9organ systems, namely, general health,
peripheral vascular, skin, joint/tendon, muscle, gastrointestinal
tract, lungs, heart, and kidneys. Each organ is scored separately
from 0 to 4 depending on whether there is no, mild, moderate,
severe, or end-stage involvement.
2.6. Statistical analysis

Descriptive statistics were used to summarize the baseline
characteristics of the subjects. The number of subjects with
missing data for each variable of interest were indicated in the
tables. Fisher exact test for categorical variables and
Mann–Whitney U test for continuous variables were used to
compute P values. Bonferroni corrections were made to adjust for
multiple testing. Further statistical analysis was not performed
due to the exploratory nature of the study. All statistical analyses
were performed with SAS v.9.2 (SAS Institute, Cary, North
Carolina, USA).
3. Results

This study included 306 SSc subjects, of which 88% were
women, mean age was 56±12 years, mean disease duration was
11±9 years, and 91% were White (Table 1). Four (1.3%)
subjects had anti-HMGCR antibodies.
There were no clinically meaningful differences in the rates of

myalgias, muscle weakness, or dysphagia between subjects with
disease in SSc (P values<0.005 are considered to be statistically

Positive (n=4)

(IQR) or N (%) # of missing 95% confidence interval P

2 (50%) 0 (�31.8%, 39.1%) 1.000
1 (25%) 0 (�13.4%, 52.7%) 0.540
3 (75%) 0 (�28.5%, 38.1%) 0.644
0 (0%) 0 (�51.9%, 12.5%) 1.000
0 (0%) 0 (�58.4%, 4.5%) 1.000
0 (0%) 0 (�59.1%, 3.6%) 1.000
8 (30, 44) 0 (55, 93) 0.003
2.1±1.8 0 (�1.8, 9.8) 0.113

0 (�37.2%, 16.1%) 1.000
0 (0%)
0 (0%)
4 (100%)

se, IQR= interquartile range, MCTD=mixed connective tissue disease, PM/DM=polymyositis/
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Table 3

Exploratory analyses of associations between anti-HMGCR antibodies and other clinical and serological manifestations of SSc (P
values<0.002 are considered to be statistically significant after Bonferroni correction).

Negative (N=302) Positive (N=4)

Mean±SD or N (%) # of missing data Mean±SD or N (%) # of missing 95% confidence interval P

Diffuse SSc 112 (37.2%) 1 1 (25.0%) 0 (�33.0%, 33.4%) 1.000
Modified Rodnan skin score 9.7±9.5 4 13.7±4.7 1 (�14.8, 6.8) 0.140
Number of GI symptoms (0–14) 4.2±3.2 15 5.5±3.8 0 (�4.4, 1.7) 0.401
Pulmonary hypertension, % 27 (10.4%) 42 2 (66.7%) 1 (10.2%, 83.7%) 0.033
Interstitial lung disease, % 103 (34.8%) 6 3 (75.0%) 0 (�5.1%, 61.3%) 0.128
FVC, %predicted 89.1±18.7 34 73.3±17.6 1 (�5.7, 37.1) 0.155
DLCO, %predicted 70.3±20.6 70 72.5±25.6 2 (�31.0, 26.6) 0.806
Disease severity score (range 0–10)
General 0.8±1.2 1 1.3±1.9 0 (�1.6, 0.7) 0.702
Skin 1.2±0.7 4 1.3±0.6 1 (�0.9, 0.7) 0.636
Kidney 0.1±0.6 28 0.0±0.0 0 (�0.4, 0.7) 0.625
Peripheral vascular 1.5±1.2 9 2.3±1.7 0 (�2.0, 0.5) 0.300
Joint/tendon 0.7±1.2 36 1.0±1.7 0 (�1.5, 0.9) 0.922
Muscle 0.2±0.7 7 0.5±1.0 0 (�1.0, 0.5) 0.395
Gastrointestinal 1.9±0.7 0 2.3±0.5 0 (�1.1, 0.4) 0.266
Lung 1.3±1.1 0 2.0±1.8 0 (�1.8, 0.4) 0.419
Heart 0.4±0.9 12 2.0±1.6 0 (�2.5, �0.7) 0.005

Autoantibodies
Centromere 120 (40.0%) 2 2 (50.0%) 0 (�25.5%, 45.4%) 1.000
Topoisomerase I/Scl-70 54 (18.0%) 2 0 (0%) 0 (�31.2%, 22.7%) 1.000
RNA Polymerase III 49 (16.3%) 2 0 (0%) 0 (�32.8%, 20.9%) 1.000
PM75/PM100 17 (5.8%) 2 0 (0%) 0 (�43.4%, 8.9%) 1.000
TRIM21/Ro52 84 (28.0%) 2 3 (75.0%) 0 (�6.4%, 71.2%) 0.072
PDGFR 0 (0%) 2 0 (0%) 0 — —

Ku 4 (1.3%) 2 0 (0%) 0 (�47.7%, 3.4%) 1.000
Th/To 4 (1.3%) 2 0 (0%) 0 (�47.7%, 3.4%) 1.000
Nor90 10 (3.3%) 2 1 (25.0%) 0 (�2.1%, 74.8%) 0.138
Fibrillarin 1 (0.3%) 2 0 (0%) 0 (�60.1%, 2.1%) 1.000
U1-RNP 16 (5.3%) 0 0 (0%) 0 (�55.1%, 8.7%) 1.000
Jo-1 2 (0.7%) 0 0 (0%) 0 (�59.8%, 2.7%) 1.000

DLCO= lung diffusion capacity for carbon monoxide, FVC= forced vital capacity, GI=gastrointestinal, HMGCR=hydroxymethylglutaryl coenzyme A reductase, Jo-1=histidyl tRNA synthetase antigen, Ku=DNA
phosphokinase antigen, NOR=nucleolar organizer/human upstream binding factor antigen, PDGFR=platelet-derived growth factor, PM=polymyositis antigen, RNP= ribonucleoprotein, SD= standard
deviation, SSc= systemic sclerosis, Th/To=RNAse P complex hPOP1 Rrp antigen, TRIM= tripartite motif.
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and without anti-HMGCR antibodies (Table 2). None of the
subjects with anti-HMGCR antibodies had a history of
inflammatory myositis, overlap with polymyositis/dermatomyo-
sitis, or overlap with mixed connective tissue disease compared to
8.6%, 2.0%, and 1.3% of those with negative titers, respectively.
Subjects with anti-HMGCR antibodies had significantly lower
baseline CK levels (median 38m/L [interquartile range (IQR) 30,
44] vs 83m/L [IQR 57, 112]), but also had lower body mass
indices (22.1±1.8 vs 26.1±5.9kg/m2) compared to negative
subjects. Finally, none of those with anti-HMGCR antibodies
had past or current exposure to statins compared to 12%of those
with negative titers.
Other clinical and serological correlates of anti-HMGCR

antibodies were explored (Table 3). Of note, there was a strong
numerical trend for subjects with anti-HMGCR antibodies to
have ILD (75% vs 35%) compared to negative subjects. Mean
FVC %predicted was lower in subjects with anti-HMGCR
antibodies compared to negative subjects (73% vs 89%). In
addition, subjects with anti-HMGCRantibodies weremore likely
to have pulmonary hypertension compared to negative subjects
(67% vs 10%). However, %predicted DLCOwas similar in the 2
groups (73% vs 70%).
Three of the 4 subjects with anti-HMGCR antibodies had

strongly positive ANAby IIF with a centromere pattern (CENP) at
titers of 1/2560 (Table 4). One of these also had nuclear speckled
4

staining at 1/1280 and another with nucleolar staining at 1/2560.
The fourth subject had a negative ANA. Three subjects with anti-
HMGCR had anti-CENP autoantibodies but none of the subjects
with anti-HMGCR antibodies had anti-topoisomerase I,
anti-RNA polymerase III, anti-PM75/100, anti-PDGFR, anti-
Ku, anti-Th/To, or anti-fibrillarin antibodies by line immunoassay.
Three subjects with anti-HMGCR antibodies were positive for
anti-Ro52/TRIM21antibodies by line immunoassay, including the
1 with a negative ANAby IIF. All 3 had ILD. One subject was also
positive for anti-NOR90 (NOR, Nucleolar ORganizer/human
upstream binding factor) autoantibodies by line immunoassay.
None of the subjects with anti-HMGCR antibodies were positive
for anti-U1RNP or anti-Jo1 by ELISA.
4. Discussion

In this study of 306 SSc subjects, anti-HMGCR antibodies were
rare (1.3%) and were not associated with a clinically apparent
inflammatory myopathy, overlap with polymyositis/dermatomy-
ositis and/or statin exposure.
The history of the detection of anti-HMGCR antibodies and

their associationwith an immunemediated necrotizingmyopathy
(IMNM) has recently been reviewed.[6,25,26] Commercially
available immunoassays for the detection of anti-HMGCR
antibodies have been developed to aid in the diagnosis of



[9,26–29]

Table 4

Detailed serology of subjects with anti-HMGCR antibodies.

Subject 1 Subject 2 Subject 3 Subject 4

Indirect immunofluorescence Centromere 1/2560, speckled 1/1280 Centromere 1/2560, nucleolar 1/2560 Centromere 1/2560 Negative
Line immunoassay
CENP-A SP SP LP N
CENP-B SP SP LP N
Topoisomerase N N N N
RNA Polymerase III N N N N
PM75/PM100 N N N N
TRIM21/Ro52 MP SP N SP
PDGFR N N N N
Ku N N N N
Th/To N N N N
Nor90 MP N N N
Fibrillarin N N N N

ELISA
U1-RNP N N N N
Jo-1 N N N N

CENP=centromeric protein, HMGCR=hydroxymethylglutaryl coenzyme A reductase, LP= low positive, MP=medium positive, N=negative, PDGFR=platelet-derived growth factor, SP= strong positive.

Hudson et al. Medicine (2016) 95:44 www.md-journal.com
IMNM and a significant difference between statin-
exposed and statin-unexposed anti-HMGCR antibody positive
patients has been reported (reviewed in Ref.[26]). Although the
nomenclature of the IMNM clinical phenotype is still not fully
established, several studies use the term necrotizing autoimmune
myopathy (NAM) or autoimmune inflammatory myopathy
(AIM). In our study, we used an ALBIA that had been established
with the use of index anti-HMGCR sera (kind gift of Dr. A.
Mammen, Johns Hopkins University, Baltimore, MD) and
subsequently validated by a commercially available ELISA.
While there is good agreement between the various assays (90%),
in order to fully understand the clinical utility of anti-HMGCR
autoantibody tests, studies of large disease cohorts have been
initiated.[26]

While the frequency of anti-HMGCR in our SSc cohort is
admittedly low, it is important to point out that in an extensive
study of community-based Atherosclerosis Risk in Communities
(ARIC) Study and 98 French Canadian subjects with familial
hypercholesterolemia, including 51 with documented statin
intolerance, none (0%) had anti-HMGCR.[30] Similarly, in our
own centre using the ALBIA described in this study, 0% of
normal blood donor controls and 0% of osteoarthritis patients
had anti-HMGCR (data not shown). In addition, elevated
creatine kinase levels are not a uniform feature of anti-HMGCR
autoimmunemyopathy,[31] although normal levels are in fact the
exception, present in only 4% of subjects in one study.[30]

Anti-CENP antibodies were seen in three of the four subjects
with anti-HMGCR autoantibodies. Anti-HMGCR did not
associate with antibodies against other SSc-specific and SSc-
associated autoantibodies, with the exception of anti-Ro52/
TRIM21, which was also present in 3 out of 4 subjects with
anti-HMGCR antibodies, including one with negative ANA by
IIF. Anti-Ro52/TRIM21 is the second most common autoanti-
body in SSc[12,32] and has been associated with other
autoimmune myopathy-related autoantibodies[33] and ILD.[34]

All 3 subjects with anti-Ro52/TRIM21 antibodies in this study
also had ILD.
In exploratory analyses, we found that subjects with anti-

HMGCR antibodies were more likely to have ILD and lower
predicted % FVC compared to negative subjects. This is in
contrast to findings of a review that reported that ILD did not
5

appear to be a feature of HMGCR-associated autoimmune
myopathy.[19] Pulmonary hypertension was also more common
in subjects with anti-HMGCR antibodies compared to negative
subjects, but %predicted DLCO was similar in the 2 groups.
Hence, it is possible that the pulmonary hypertension was
secondary to ILD, rather than pulmonary vascular disease.
The finding of anti-HMGCR autoantibodies in patients that

neither had a history of statin exposure nor clinical features of
IMNM raises some interesting questions. First, it is increasingly
appreciated that despite lack of evidence of prescribed statin
exposure in IMNM and in patients with anti-HMGCR
antibodies, there is a possibility of exposure to “environmental”
statins or statin-like substances.[26] For example, the history of
the discovery of statins is traced back to the studies of Akira
Endo and colleagues in 1972 who isolated compactin, the first
statin compound, from a blue-green mold, Penicillium citrinum
Pen-51, isolated from contaminated rice.[35] Compactin, and
other statins that were developed thereafter, have structural
similarities to HMG-CoA making it a potent competitive
inhibitor of HMG-CoA reductase, the rate controlling enzyme
in cholesterol biosynthesis. Indeed, there are a number of
“naturally occurring statins” in foods such as red yeast rice
(food coloring used in oriental cuisine), soy (i.e., soy tempeh),
grains (i.e., wheat germ, phytosterols, grain oils), and oyster
mushrooms (the source of oyster sauce used in cooking).
Therefore, the interesting pathogenic link of statins to the
induction of anti-HMGCR autoantibodies makes it important
to consider sources of statin exposure other than prescription
drugs. Asians are more likely to consume or be exposed to the
natural statins outlined above, but in our study all SSc patients
with anti-HMGCR were Caucasian.
Statins are known to upregulate the expression of the

HMGCR, which is believed to trigger a B cell response in some
patients leading to the development of pathogenic anti-HMGCR
autoantibodies.[10] This autoimmune response is perpetuated by
high levels of HMGCR expression in regenerating muscle and
upregulation of MHC class I even after statins are discontinued.
Muscle biopsies of anti-HMGCR positive patients after statin
cessation show upregulated HMGCR expression in cells
expressing neural cell adhesion molecule, a marker of muscle
regeneration.[10] In a recent multicentre international study, anti-
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HMGCR antibodies characterized a subpopulation of autoim-
mune mediated myopathy patients with a history of statin
exposure who are frequently of older age and present
predominantly with necrosis on muscle biopsy.[26] Future studies
are needed to understand why apparently statin-naïve patients
develop anti-HMGCR antibodies.
Equally important are the well-known but somewhat underap-

preciated pleiotropic effects of statins that, in addition to lipid
lowering effects, include antithrombotic, antiinflammatory, and
antioxidant effects,[36,37] which makes them an interesting
consideration for adjunct therapy of SSc. Last, there are a number
of known risk factors related to the establishment of adverse
responses to statins and they include demographics, gene markers,
comorbidities, drug interactions, and dosing regimens.[38] Hence,
the possible association of anti-HMGCRwith ILDmay be related
to pathogenic pathways that differ from those observed in IMNM.
This study is not without limitations. First, results should be

interpreted with caution because of the small number of patients
with anti-HMGCR antibodies and the extensive exploratory
analyses, with positive or negative findings possibly related to
either type I or type II error. Second, a history of inflammatory
myositis and overlap with PM/DM were not defined using
specific criteria and the presence or absence thereof was not
confirmed with electromyography, magnetic resonance imaging,
or muscle biopsies. However, the fact these were recorded by
study physicians, all of whom were experienced rheumatologists,
provides some support for the validity of these diagnoses. Third,
creatine kinase levels were only recorded at baseline study visits
and may not have corresponded to episodes of inflammatory
muscle disease. In fact, if anything, this may have underestimated
the true frequency of muscle disease. Finally, subjects in this
cohort have established SSc, with mean disease duration over 10
years. Thus, survival bias is possible and the results are therefore
generalizable to the sampling frame. Longitudinal follow-up and
muscle biopsies of a large, unselected sample of incident SSc
subjects would be required to overcome these limitations and
confirm these preliminary observations.
We conclude that anti-HMGCR antibodies are unlikely to play a

major role in inflammatory myopathy in SSc and that these
autoantibodies canbepresent in subjectswithout exposure to statins.
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