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ABSTRACT
Objective The objectives of this study were to compare 
the clinical features of patients with SLE with and without 
myopathy and to describe the muscle biopsy features of 
patients with SLE myopathy.
Methods This nested case–control study included all 
subjects enrolled in the Hopkins Lupus Cohort database 
from May 1987 to June 2016. Subjects with elevated 
creatine kinase along with evidence of muscle oedema 
on MRI, myopathic electromyography and/or myopathic 
muscle biopsy features were defined as having SLE 
myopathy. Demographic, serological and clinical features 
were compared between patients with SLE with and 
without myopathy. Muscle biopsies were histologically 
classified as polymyositis, dermatomyositis, necrotising 
myopathy or non- specific myositis.
Results From among 2437 patients with SLE, 179 (7.3%) 
had myopathy. African American patients were more likely 
to develop myositis than Caucasian patients (p<0.0001). 
Compared with those without myopathy, patients with SLE 
myopathy were more likely to have malar rash (OR 1.67, 
1.22–2.29), photosensitivity (OR 1.43, 1.04–1.96), arthritis 
(OR 1.81, 1.21–2.69), pleurisy (OR 1.77, 1.3–2.42), 
pericarditis (OR 1.49, 1.06–2.08), acute confusional 
state (OR 2.07, 1.09–3.94), lymphopaenia (OR 1.64, 
1.2–2.24), anti-double- stranded DNA antibodies (OR 1.52, 
1.09–2.13), lupus anticoagulant (OR 1.42, 1–2), cognitive 
impairment (OR 1.87, 1.12–3.13), cataract (OR 1.5, 
1.04–2.18), pulmonary hypertension (OR 1.98, 1.13–3.47), 
pleural fibrosis (OR 2.01, 1.27–3.18), premature gonadal 
failure (OR 1.9, 1.05–3.43), diabetes (OR 1.92, 1.22–3.02) 
or hypertension (OR 1.45, 1.06–2). Among 16 muscle 
biopsies available for review, the most common histological 
classifications were necrotising myositis (50%) and 
dermatomyositis (38%).
Conclusions Patients with SLE myopathy have a higher 
prevalence of numerous SLE disease manifestations. 
Necrotising myopathy and dermatomyositis are the most 
prevalent histopathological features in SLE myopathy.

INTRODUCTION
SLE is a chronic systemic autoimmune 
disease that may target a wide variety of 
tissues including the skin, lungs, kidneys, 
joints, blood, as well as peripheral and 
central nervous systems.1 While skeletal 

muscle involvement has been described in 
4%–16% of patients with SLE,2–6 the clinical 
features and muscle biopsy characteristics of 
patients with SLE myopathy have been poorly 
described.

In the current study, we compare the demo-
graphic, clinical and serological features of 
patients with SLE with and without myopathy 
in a large and well- characterised cohort of 
patients with SLE. In addition, we describe 
the muscle biopsy features of patients with 
SLE myopathy. Our results demonstrate that 
patients with SLE myopathy have a mark-
edly higher prevalence of certain SLE clin-
ical features, including arthritis, pericarditis, 
cognitive impairment and pulmonary hyper-
tension. In addition, we show for the first time 
that most muscle biopsies in SLE myopathy 

Key messages

What is already known about this subject?
 ► Skeletal muscle involvement has been described in 
4%–16% of patients with SLE.

 ► The clinical features and muscle biopsy characteris-
tics of patients with SLE myopathy have been poorly 
described.

What does this study add?
 ► SLE myopathy, strictly defined as elevated creatine 
kinase along with evidence of muscle oedema on 
MRI, myopathic electromyography and/or myopathic 
muscle biopsy features, was present in 7.3%.

 ► The most prevalent histological features in SLE my-
opathy were necrotising myositis (50%) and derma-
tomyositis (38%).

 ► African American patients were more likely to devel-
op SLE myopathy.

How might this impact on clinical practice or future 
developments?

 ► This study can inform about screening of patients 
with lupus for muscle involvement.

 ► Further studies are necessary to investigate the re-
sponse to treatment of necrotising myopathy in the 
setting of lupus.
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are consistent with a histological diagnosis of either a 
necrotising myositis or dermatomyositis.

PATIENTS AND METHODS
Patient characterisation
This is a nested case–control study of all subjects enrolled 
in the Hopkins Lupus Cohort database from May 1987 
to June 2016. This database included 2437 subjects who 
met the revised 1982 American College of Rheumatology 
criteria for SLE7 8 or the Systemic Lupus Collaborating 
Clinics (SLICC) criteria for the classification of SLE.1 
All patients have given informed consent before partici-
pating in the study. The patients were seen at least every 3 
months, and at each visit all relevant clinical information 
was collected. Patients were diagnosed with SLE myopathy 
if they had muscle weakness/myalgias along with one or 
more of the following: (1) elevated creatine kinase (CK) 
levels, (2) muscle oedema on MRI, (3) myopathic elec-
tromyography (EMG) findings or (4) a muscle biopsy 
demonstrating a myopathic process.

Clinical data
Demographic data including age, gender and race 
were obtained from the database. Clinical data analysed 
included SLE manifestations, serological markers and 
SLE- associated damage. If missing, additional clinical 
information was obtained from a comprehensive medical 
chart review.

Muscle histology
For patients who had muscle biopsies obtained at Johns 
Hopkins, frozen sections were stained using H&E, modi-
fied Gomori trichrome, myosin adenosine triphosphatase 

(pH 4.3, 4.6 and 9.4), nicotinamide adenine dinucleotide 
(NADH)- tetrazolium reductase, acid phosphatase, succi-
nate dehydrogenase stain (SDH), cytochrome esterase, 
alkaline phosphatase, Periodic Acid- Schiff stain (PAS), 
PAS- diastase control and Congo red. All available muscle 
biopsies were reviewed by the same pathologist (AC) and 
assessed for myofibre necrosis, perifascicular atrophy, 
perivascular inflammation, lymphocytic invasion of non- 
necrotic muscle fibres (ie, primary inflammation), and 
endomysial or perimysial inflammation. Based on their 
individual features, these were categorised as polymy-
ositis, dermatomyositis, necrotising myopathy or non- 
specific myositis; these categories were adapted from 
the European NeuroMuscular Centre histopathological 
criteria as previously described.9

Statistical analyses
Patients with myositis versus those without myositis were 
compared with respect to patient characteristics and clin-
ical features. OR, p values and 95% CIs were determined 
using Fisher’s exact test for categorical variables. ORs 
were adjusted for gender and race. For continuous varia-
bles, p values were determined using a t- test. All statistical 
calculations were performed using JMP V.14.0 (SAS, Cary, 
North Carolina).

RESULTS
Demographics
From among 2437 patients included in the Hopkins Lupus 
Cohort, 179 (7.3%) were diagnosed with SLE myopathy. 
Among these patients, 47 had an EMG performed, 17 
had a muscle MRI and 39 had a muscle biopsy. African 

Table 1 Demographic features of patients with SLE and history of myositis versus no myositis

Demographics With myositis (n=179) Without myositis (n=2258) P value

Gender, n (%) NS

  Female 171 (95.5) 2083 (92.3)

  Male 8 (4.5) 175 (7.8)

Race, n (%) <0.0001

  African American 112 (62.6) 837 (37.2)

  Caucasian 57 (31.8) 1249 (55.4)

  Other 10 (5.6) 170 (7.5)

Years of education 13.7±2.9 14.4±3.1 0.0029

Private insurance, n (%) <0.0001

  Yes 116 (65.5) 1718 (79.3)

  No 61 (34.5) 448 (20.7)

Family history of SLE, n (%)

  Yes 52 (29.2) 599 (26.6) NS

  No 126 (70.8) 1651 (73.4)

History of smoking, n (%) NS

  Yes 61 (34.1) 824 (36.6)

  No 118 (65.9) 1428 (63.4)
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American patients were more likely than Caucasians to 
develop myositis (table 1). There were no differences in 
gender, family history of SLE or smoking history among 
those with and without myositis.

Clinical features
Myositis occurred at a median of 1.54 years (range −17 to 
35 years) after the diagnosis of SLE, and 16% (28 out of 
176 patients) carried a diagnosis of myositis prior to the 
diagnosis of SLE. Documented muscular atrophy and/or 
muscle weakness were present in 10.7% of patients with 
SLE myopathy compared with 2% of patients without 
myopathy (OR 5.43, 3.05–9.66). Patients with SLE 
myopathy were more likely to have malar rash (OR 1.67, 
1.22–2.29) and photosensitivity (OR 1.43, 1.04–1.96) 
(tables 2 and 3). The vast majority of patients with myositis 
had a history of arthritis (OR 1.81, 1.21–2.69), and there 
was a trend of increased incidence of deformities or 
erosions, although it did not reach statistical significance 
(OR 1.66, 0.99–2.78). Serositis was also more common, 
in the form of either pleurisy (OR 1.77, 1.3–2.42) or peri-
carditis (OR 1.49, 1.06–2.08), and they were also more 
likely to have pulmonary hypertension (1.98, 1.13–3.47) 
and pulmonary fibrosis (2.01, 1.27–3.18). There was no 
change in the prevalence of seizures (OR 1.3, 0.8–2.1) 
or neuropathy (OR 1.42, 0.88–2.31), but they were more 
likely to develop acute confusional state (OR 2.07, 1.09–
3.94) and some type of cognitive impairment (OR 1.87, 
1.12–3.13). There was no significant difference found in 

the incidence of renal involvement (OR 0.62, 0.33–1.18), 
proteinuria (OR 0.93, 0.54–1.6) or decreased glomerular 
filtration rate (GFR) (OR 0.75, 0.38–1.46). For a detailed 
analysis, please refer to online supplemental tables 1 and 
2. There was no significant difference in other clinical 
characteristics (table 1).

Detailed clinical features of patients with SLE myopathy who 
underwent muscle biopsy
Nineteen muscle biopsies were available for review, 
majority of which were from women (89.5%) and 14 
from African Americans (73.7%). Of these, two had 
normal creatine phosphokinase (CPK) and no evidence 
of myopathy on muscle biopsy and therefore did not 
meet the criteria for lupus myopathy. Additionally, a 
third biopsy from a 42- year- old African American woman 
on hydroxychloroquine with history of fatigue, myalgias 
and subjective muscle weakness showed an accumulation 
of small acid phosphatase positive vacuoles in otherwise 
normal myofibres, consistent with hydroxychloroquine 
myopathy. Therefore, we included only 16 muscle biop-
sies in our analysis.

The mean maximum CK of the remaining 16 patients 
undergoing biopsy was elevated at 6240 (SD 6441), and 
11 (68.75%) had documented proximal muscle weak-
ness. Twelve patients had an electromyogram and four 
(33.33%) of these were consistent with non- irritable 
myopathy, seven (58.33%) had irritable myopathy and 
one of them was normal. One had electrophysiological 

Table 2 Association of SLE manifestations with SLE myopathy

SLE 
manifestation

Myositis, n 
(%)

No myositis, 
n (%) OR P value Adjusted OR

Adjusted 
p value

Malar rash 103 (57.5) 1095 (48.6) 1.44 (1.06–1.95) 0.0212 1.67 (1.22–2.29) 0.0014

Photosensitivity 100 (55.9) 1172 (52) 1.17 (0.86–1.59) 0.3217 1.43 (1.04–1.96) 0.0273

Arthritis 147 (82.1) 1594 (70.8) 1.9 (1.28–2.81) 0.0014 1.81 (1.21–2.69) 0.0035

Serositis Pleurisy 102 (57) 951 (42.2) 1.82 (1.34–2.47) 0.0001 1.77 (1.3–2.42) 0.0003

Pericarditis 56 (31.3) 479 (21.3) 1.68 (1.21–2.35) 0.0021 1.49 (1.06–2.08) 0.0214

Renal disorder 11 (6.1) 182 (8.1) 0.74 (0.4–1.39) 0.3556 0.62 (0.33–1.18) 0.1474

Neurological Seizures 21 (11.7) 210 (9.3) 1.3 (0.8–2.09) 0.2872 1.3 (0.8–2.1) 0.2898

Acute confusional 
state

12 (6.7) 69 (3.1) 2.28 (1.21–4.29) 0.0107 2.07 (1.09–3.94) 0.0269

Haematological Haemolytic anaemia 23 (13.9) 213 (9.7) 1.5 (0.94–2.38) 0.0863 1.39 (0.87–2.22) 0.1699

Leucopenia 99 (55.3) 1019 (45.2) 1.5 (1.1–2.04) 0.0096 1.31 (0.96–1.78) 0.0925

Lymphopaenia 94 (52.8) 900 (40.2) 1.66 (1.22–2.26) 0.0011 1.64 (1.2–2.24) 0.0017

Thrombocytopaenia 39 (21.9) 454 (20.2) 1.11 (0.77–1.61) 0.5783 1.09 (0.75–1.58) 0.6589

Immunological Anti- dsDNA 127 (70.9) 1376 (61.1) 1.55 (1.11–2.17) 0.0095 1.52 (1.09–2.13) 0.0149

Anti- Smith 41 (23.3) 443 (20.2) 1.2 (0.83–1.73) 0.3308 0.95 (0.65–1.38) 0.7791

Antiphospholipid Anticardiolipin 90 (52.3) 1047 (47.8) 1.2 (0.88–1.63) 0.2541 1.24 (0.91–1.7) 0.173

Anti- beta- 2 
glycoprotein

33 (30.3) 398 (29) 1.06 (0.69–1.62) 0.783 1.13 (0.73–1.73) 0.5854

LAC 53 (30.8) 569 (26) 1.27 (0.91–1.78) 0.1645 1.42 (1–2) 0.0478

P values <0.05 were considered statistically significant.
Anti- dsDNA, anti- double- stranded DNA; LAC, lupus anticoagulant.

https://dx.doi.org/10.1136/lupus-2021-000635
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findings consistent with a neurogenic process. Eight 
(50%) of the muscle biopsies were histologically classi-
fied as necrotising myopathy and six (38%) were histo-
logically classified as dermatomyositis based on the 
presence of perifascicular atrophy, the hallmark feature 
of dermatomyositis (table 4). Regarding individual histo-
logical features, 25% had primary inflammation, 87.5% 
had necrosis and/or regeneration, 25% had perimysial 
inflammation and 37.5% had endomysial inflammation 
(table 5). A single biopsy did not reveal any patholog-
ical findings, although the EMG demonstrated irritable 
myopathy and there was elevation of CPK.

The vast majority of the patients responded to immuno-
suppressive treatment and had normal muscle strength at 
their last visit (73.3%), and only four patients continued 
to have muscle weakness. Interestingly, a 42- year- old 
African American woman presented with only weakness 
of the finger flexors and positive anti- NT5c1A antibodies, 
which would fit a clinical diagnosis of inclusion body 
myositis. However, her muscle biopsy was consistent with 
dermatomyositis and her strength actually improved with 
immunosuppression.

Laboratory markers
There was an increased incidence of lymphopaenia (OR 
1.64, 1.2–2.24) in patients with lupus myopathy, but no 
difference in haemolytic anaemia, leucopenia or throm-
bocytopaenia (table 2). The presence of anti-double- 
stranded DNA (anti- dsDNA) antibodies (OR 1.52, 1.09–
2.13) or lupus anticoagulant (OR 1.42, 1–2) was more 
common as well. However, there was no change in anti- 
Smith antibodies (OR 0.95, 0.65–1.38), false- positive 

rapid plasma reagin (OR 1.39, 0.9–2.14) or other 
antiphospholipid- associated antibodies (table 2).

Patients with necrotising myopathy and dermato-
myositis features on muscle biopsy had similar clinical 
features (online supplemental table 3). Regarding the 
autoantibody profile, of those with muscle biopsy consis-
tent with dermatomyositis, two patients were positive for 
anti- ribonucleoprotein (anti- RNP) antibodies and one 
for anti- melanoma differentiation- associated protein 
5(MDA5). Anti- RNP antibodies were present in seven 
patients (43.75%), and 57% of them had muscle biopsy 
consistent with necrotising myopathy. Anti- Ro antibodies 
were present in 12 patients (75%) (table 4).

DISCUSSION
In this study we identified patients with SLE myopathy in 
a large cohort of patients with SLE based on the presence 
of CK elevation along with imaging, electrophysiological 
features and/or histological features consistent with an 
active myopathic process. We then compared the clinical 
features of patients with SLE with and without myopathy. 
Additionally, we investigated the characteristics of the 
available muscle biopsies and the associated clinical find-
ings of those patients with a biopsy.

Tsokos et al10 reported an 8% (18 patients) incidence 
of myositis in patients with SLE hospitalised in a span of 
6.5 years, but the definition of myositis was broad and 
included any patient with muscle complaint. Foote et al4 
studied 11 patients who met the criteria for both lupus 
and myositis, as outlined by Bohan and Peter.11 12 They 
were not able to describe any clinical features that were 

Table 3 Association of SLE damage with SLE myopathy

Damage component Myositis, n (%) No myositis, n (%) OR P value Adjusted OR
Adjusted p 
value

Cataract 41 (23.2) 374 (16.8) 1.5 (1.04–2.16) 0.0307 1.5 (1.04–2.18) 0.0318

Cognitive impairment 19 (10.8) 150 (6.7) 1.69 (1.02–2.79) 0.0422 1.87 (1.12–3.13) 0.0166

Seizure 9 (5.1) 102 (4.6) 1.13 (0.56–2.27) 0.7337 1.23 (0.61–2.5) 0.5674

Cranial or peripheral 
neuropathy

21 (11.9) 199 (8.9) 1.39 (0.86–2.24) 0.1784 1.42 (0.88–2.31) 0.1527

Transverse myelitis 1 (0.6) 17 (0.8) 0.75 (0.1–5.64) 0.7773 0.6 (0.08–4.59) 0.6234

Proteinuria 16 (9.1) 184 (8.2) 1.11 (0.65–1.9) 0.6912 0.93 (0.54–1.6) 0.786

Pulmonary hypertension 16 (9.1) 97 (4.3) 2.21 (1.27–3.84) 0.005 1.98 (1.13–3.47) 0.0171

Pulmonary fibrosis 25 (14.2) 154 (6.9) 2.24 (1.42–3.53) 0.0005 2.01 (1.27–3.18) 0.003

Cardiomyopathy 9 (5.1) 79 (3.5) 1.47 (0.73–2.99) 0.2827 1.24 (0.6–2.54) 0.5613

Muscular atrophy/
weakness

19 (10.7) 45 (2) 5.89 (3.37–10.32) <0.0001 5.43 (3.05–9.66) <0.0001

Arthritis 19 (10.7) 130 (5.9) 1.93 (1.16–3.2) 0.0112 1.66 (0.99–2.78) 0.0546

Premature gonadal 
failure

14 (8) 100 (4.5) 1.85 (1.03–3.3) 0.039 1.9 (1.05–3.43) 0.0346

Diabetes 26 (14.8) 168 (7.5) 2.13 (1.37–3.33) 0.0009 1.92 (1.22–3.02) 0.0048

Hypertension 79 (44.9) 720 (32.4) 1.7 (1.24–2.31) 0.0008 1.45 (1.06–2) 0.0212

P values <0.05 were considered statistically significant.

https://dx.doi.org/10.1136/lupus-2021-000635
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associated with muscle involvement. Of note, these two 
studies were performed in 1981 and 1982, respectively. 
There have been changes in the accepted criteria for 
diagnosis of SLE and pathological classification of muscle 
biopsies, making their results difficult to interpret and 
apply to our current cohorts. There have been three recent 
investigations on lupus myositis. Jakati and colleagues6 
described 15 patients with lupus and muscle complaints 
undergoing muscle biopsy. Approximately half of these 
patients had histological evidence of myositis, but they 
failed to find any other common characteristics. Liang 
et al3 defined myositis as reported muscle weakness, with 
elevated CK and abnormal EMG findings. They reported 
a prevalence of 2.6% of myositis within their cohort of 
hospitalised patients with SLE in the Anhui province in 
China. Cotton et al13 described an incidence of 1.05 cases 
per 1000 person- years in a North American cohort. Non- 
Caucasian patients with a history of arthritis, Raynaud’s 
phenomenon and anti- Smith antibodies were found to 
have a higher risk of developing myositis.

In the current study, we found a 7.3% prevalence of 
myopathy in patients with SLE, which is in accordance 
with all previous reports. CK is one of the serologies 
obtained regularly at the Johns Hopkins Lupus Cohort, 
and a consistent increase of its value initiates further 
work- up even in the absence of muscular symptoms. Given 
that patients with lupus tend to have lower CK values,14 15 
an increase over normal values can be significant. These 
patients tended to have concomitant malar rash, photo-
sensitivity, arthritis and serositis, indicative of a diffuse 
SLE involvement. However, there was no association with 
lupus nephritis. In the central nervous system (CNS) 
realm, it is interesting that these patients were more 

likely to have cognitive impairment and an association 
with acute confusional states. These patients exhibited a 
borderline association with erosive arthritis (p=0.0546), 
resembling previous findings of a British cohort.16

Pulmonary hypertension is an uncommon but partially 
lethal complication of lupus, with a prevalence estimated 
at 3%–5%.3 17 While the prevalence of pulmonary hyper-
tension was 4.3% in patients without myopathy, patients 
with overlap myopathy were twice more likely to have 
lung involvement as well as lung fibrosis. This suggests 
that patients who exhibit objective evidence of muscle 
disease should also be screened with an echocardiogram 
and lung functional and imaging studies.

Of the serological markers, patients with lupus myositis 
overlap were more likely to have leucopenia/lymph-
opaenia and anti- dsDNA, as has been reported in the 
Chinese lupus cohort as well,3 but additionally we found 
that lupus anticoagulant was an independent marker 
associated with lupus myopathy in our cohort. Contrary 
to the study by Cotton et al,13 we did not find an associa-
tion with anti- Smith antibodies.

Dissimilar to previous cohorts,3 the patients of our 
cohort with muscle disease were more likely to have 
hypertension and diabetes, as well as premature gonadal 
failure, likely as a result of previous treatments. These 
conditions though should be screened and considered 
especially on decision for treatment.

For our current study, we included all muscle biopsies 
of our cohort that were performed at the Johns Hopkins 
Hospital. Remarkably, we were able to identify only 19 of 
179 (10.6%) patients with documented myopathy who 
had a muscle biopsy performed from our chart review. 
This most likely reflects our ability to diagnose myopathy 

Table 5 Histological features of SLE myopathy muscle biopsies (n=16)

ID
ENMC 
diagnosis Necrosis/regeneration

Perifascicular 
atrophy

Primary 
inflammation

Endomysial 
inflammation

Perimysial 
inflammation

1 DM + + + − −

2 DM + + + + +

3 DM + + − + −

4 DM + + − + +

5 DM − + − + +

6 DM + + + + −

7 PM + − + + +

8 NM + − − − −

9 NM + − − − −

10 NM + − − − −

11 NM + − − − −

12 NM + − − − −

13 NM + − − − −

14 NM + − − − −

15 NM + − − − −

16 Normal − − − − −

DM, dermatomyositis; ENMC, European NeuroMuscular Centre; ID, identification; NM, necrotising myopathy; PM, polymyositis.



Tiniakou E, et al. Lupus Science & Medicine 2022;9:e000635. doi:10.1136/lupus-2021-000635 7

Epidemiology and outcomes

using imaging studies (such as MRI), the low prevalence 
of significant muscle weakness that would prompt an 
invasive procedure to accurately diagnose the nature of 
muscle involvement, and/or quick resolution of muscular 
symptoms with treatment that would deter from further 
work- up. On the same note, only one biopsy revealed 
normal muscle tissue, which again mirrors perhaps the 
practice of our institution to reserve invasive methods 
cautiously. Of the available muscle biopsies 40% were 
consistent with dermatomyositis and half of them demon-
strated elements of necrotising myopathy. These results 
come in contrast to previous studies, where the majority 
showed polymyositis.4 6 18 While necrotising myopathy is 
associated with a rapidly progressive and severe prognosis 
requiring multiple therapeutic agents,19 the majority of 
patients with SLE regained full muscle strength with the 
use of steroids and one immunosuppressive agent. We did 
not find any association of the type of muscle biopsy with 
any clinical characteristic, considering though the small 
numbers of samples.

Of the 15 patients with available muscle biopsy, 7 were 
positive for anti- RNP antibodies, and in the majority of 
these muscle biopsy was consistent with necrotising myop-
athy. This is similar to a different study from the Johns 
Hopkins Myositis Center when examining patients who 
were referred for anti- U1- RNP- positive myositis.20

There are several limitations to the present study. This 
study is nested case–control in nature and we cannot 
conclude the temporal and pathogenetic nature of the 
above associations. Additionally, we do not have informa-
tion on the exact degree of muscle weakness. The study 
population is based in the Baltimore community.

This is the largest analysis of clinical characteristics asso-
ciated with myopathy in patients with lupus, as defined by 
objective measures of muscle disease. This study reveals 
that lupus myopathy is associated with a higher preva-
lence of lung involvement (pulmonary hypertension, lung 
fibrosis), and clinicians need to be aware to proceed with 
appropriate screening tests for these patients. Moreover, 
the most likely histological phenotype of muscle disease 
is necrotising myopathy, which seems to be responsive to 
first- line immunosuppressive treatment, although further 
studies are necessary to determine if treatment should be 
adjusted similarly.
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