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Abstract: The juvenile idiopathic inflammatory myopathies (JIIM)
are systemic autoimmune diseases characterized by skeletal muscle
weakness, characteristic rashes, and other systemic features. In follow-up
to our study defining the major clinical subgroup phenotypes of
JIIM, we compared demographics, clinical features, laboratory mea-
sures, and outcomes among myositis-specific autoantibody (MSA)
subgroups, as well as with published data on adult idiopathic inflam-
matory myopathy patients enrolled in a separate natural history study.
In the present study, of 430 patients enrolled in a nationwide registry
study who had serum tested for myositis autoantibodies, 374 had
either a single specific MSA (n = 253) or no identified MSA (n = 121)
and were the subject of the present report. Following univariate anal-
ysis, we used random forest classification and exact logistic regression
modeling to compare autoantibody subgroups. Anti-p155/140 autoan-
tibodies were the most frequent subgroup, present in 32% of patients
with juvenile dermatomyositis (JDM) or overlap myositis with JDM,
followed by anti-MJ autoantibodies, which were seen in 20% of JIIM
patients, primarily in JDM. Other MSAs, including anti-synthetase,
anti-signal recognition particle (SRP), and anti-Mi-2, were present in
only 10% of JIIM patients. Features that characterized the anti-p155/
140 autoantibody subgroup included Gottron papules, malar rash,
‘‘shawl-sign’’ rash, photosensitivity, cuticular overgrowth, lowest cre-
atine kinase (CK) levels, and a predominantly chronic illness course.
The features that differed for patients with anti-MJ antibodies included
muscle cramps, dysphonia, intermediate CK levels, a high frequency
of hospitalization, and a monocyclic disease course. Patients with anti-
synthetase antibodies had higher frequencies of interstitial lung dis-
ease, arthralgia, and ‘‘mechanic’s hands,’’ and had an older age at
diagnosis. The anti-SRP group, which had exclusively juvenile poly-
myositis, was characterized by high frequencies of black race, severe

onset, distal weakness, falling episodes, Raynaud phenomenon, cardiac
involvement, high CK levels, chronic disease course, frequent hospi-
talization, and wheelchair use. Characteristic features of the anti-Mi-2
subgroup included Hispanic ethnicity, classic dermatomyositis and
malar rashes, high CK levels, and very low mortality. Finally, the most
common features of patients without any currently defined MSA or
myositis-associated autoantibodies included linear extensor erythema,
arthralgia, and a monocyclic disease course. Several demographic and
clinical features were shared between juvenile and adult idiopathic in-
flammatory myopathy subgroups, but with several important differ-
ences. We conclude that juvenile myositis is a heterogeneous group
of illnesses with distinct autoantibody phenotypes defined by vary-
ing clinical and demographic characteristics, laboratory features, and
outcomes.

(Medicine 2013;92: 223Y243)

Abbreviations: ANA = antinuclear antibody, CK = creatine kinase,
CTM = myositis overlapping with another autoimmune or connective
tissue disease, DM = dermatomyositis, IIM = idiopathic inflammatory
myopathies, JCTM = juvenile myositis overlapping with another
autoimmune or connective tissue disease, JDM = juvenile
dermatomyositis, JIIM = juvenile idiopathic inflammatory myopathies,
JPM = juvenile polymyositis, JRA = juvenile rheumatoid arthritis,
MAA = myositis-associated autoantibody, MDA = mean decrease in
accuracy, MSA = myositis-specific autoantibody, PM = polymyositis,
PM-Scl = polymyositis-scleroderma, SLE = systemic lupus
erythematosus, SRP = signal recognition particle.

INTRODUCTION

T he juvenile idiopathic inflammatory myopathies (JIIM)
are systemic autoimmune diseases characterized by sym-

metric proximal weakness, characteristic rashes, and other
systemic features.10,27 The adult idiopathic inflammatory my-
opathies (IIM) and several other autoimmune disorders are
recognized as being composed of a number of clinical and
serologic phenotypes, each defining relatively homogeneous
subsets of patients with common demographic and clinical
features, the presence of certain associated autoantibodies, re-
sponses to therapy, and outcomes.1,22,25

Recently, a large study of the demographic, clinical, and
laboratory features and outcomes of patients with IIM defined
homogeneous, distinct clinical phenotypes.29 As a complement
to clinical phenotypes, serologic phenotypes, defined by the
presence of autoantibodiesVwhich are either relatively spe-
cific for myositis (myositis-specific autoantibodies EMSAs^) or
are seen in myositis and other autoimmune diseases (myositis-
associated autoantibodies EMAAs^)Vhave been recognized in
adult patients.20 Recently identified autoantibody specificities
have aided in defining additional phenotypes in adult IIM pa-
tients.1,22 Although myositis autoantibodies have been de-
scribed in JIIM patients,12,13,26,28,29,32,39 the full spectrum of
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demographic, clinical features, and outcomes associated with
the myositis autoantibodies has not been fully elucidated in
large JIIM populations. The existence of distinct subgroups
of patients based on myositis autoantibodies has not been
uniformly recognized,5,9 and the degree of similarity between
JIIM and adult IIM patients with the same myositis autoanti-
bodies has not been thoroughly investigated.24,27

In follow-up to our prior study of clinical phenotypes,29

we undertook a large study to define the myositis autoantibody
phenotypes of JIIM and compare them to adult IIM patients
with the same autoantibody specificities.

PATIENTS AND METHODS
Four hundred thirty-six patients with probable or definite

juvenile dermatomyositis (JDM) or juvenile polymyositis (JPM)2

were enrolled in the National Institutes of Health Clinical
Center or Food and Drug Administration’s investigational re-
view board-approved natural history protocols from March 1989
through August 2010; patients had been diagnosed with myosi-
tis between May 1957 and March 2010.29 Of these, 430 patients
were tested for myositis autoantibodies using a single serum
sample after written consent/assent was obtained according to
the Declaration of Helsinki. A final cohort of 374 patients
had either a single specific MSA (n = 253) or no identified MSA
(n = 121), and they are the primary subjects in the present study.
The childhood cohort was compared to an adult IIM study
population, which included 148 adult IIM patients enrolled at
the National Institutes of Health Clinical Center in Bethesda,
MD, between 1983 and 1990 with MSA testing completed;
adult IIM patients were diagnosed between January 1965 and
January 1990.20

All methods, including patients, autoantibody testing, and
statistical approaches, were as described previously,29 with the
modified statistical methods detailed here. The Wilcoxon rank
sum test was used to compare continuous data, and the chi-
square test and, for small sample sizes, Fisher exact test were
conducted to determine significant differences between vari-
ables of interest and autoantibody subgroups. Following uni-
variate analysis, we again used a 2-staged approach to further
identify variables important in the classification of JIIM auto-
antibody groups. First, for autoantibody groups with more than
15 patients, we used random forest classification tree analysis,
a nonlinear, nonparametric algorithm that generates estimates
of ranking for predictive importance,21 to identify and validate
the predictors from among a large group of candidate variables.
Then the top variables from the random forest models, con-
sisting of 500 forests and 1000 trees, were entered into a back-
ward stepwise logistic regression analysis. Variables that were
statistically significant from univariable analyses or were clini-
cally significant based on prior reports in the literature were en-
tered into the random forest model (full model). Variables with
more than 10% of data missing, such as enzymes, pulmonary
function testing, and abnormal cardiac findings, were not en-
tered in the models. Due to these factors, the number of patients
with a given autoantibody varied in different random forest
models. When the number of patients in the autoantibody groups
differed, the data were resampled to ensure balance, using the
method of undersampling from the larger group.21 The top vari-
ables from the random forest model were selected based on
their mean decrease in accuracy (MDA) and their clinical im-
portance in the literature. Variables that were significant in
the backward stepwise logistic regression were entered into an
exact logistic regression.

For autoantibody groups with n G 15 (anti-signal recog-
nition particle ESRP^ and anti-Mi-2 autoantibodies), due to

small sample size, random forest classification tree analysis
was not performed; thus, these analyses began with a stepwise
logistic regression, and then significant variables were entered
into the exact logistic regression. Variables in which the fre-
quency was either 100% or 0% in 1 of the 2 groups were not
examined by logistic regression, to avoid model instability.
Similarly, if a variable was highly correlated with another var-
iable (for example, age at onset and age at diagnosis), the var-
iable that was less significant was removed from the logistic
regression analysis. Finally, certain variables led to model in-
stability, and such predictor variables were removed from the
logistic regression analysis.

Odds ratios, 95% confidence intervals, and p values to
test for significance were calculated. For this analysis, we inter-
preted a c statistic Q90% as very good, 90% 9 c Q 80% as good,
80% 9 c Q 70% as fair, and c G 70% as poor. The likelihood
ratio test, which compares the log likelihoods of the 2 models
and tests whether this difference is statistically significant, also
was examined to test the final model’s validity.

RESULTS

Myositis Autoantibody Distributions in JIIM
To assess patterns of MSA and MAA combinations, an

autoantibody matrix was created (Table 1). Approximately
two-thirds (63%) of JIIM patients had at least 1 MSA, whereas
28% were negative for any currently defined MSA or MAA,
and 9% had an isolated MAA. The most frequent MSAs were
the anti-p155/140 autoantibody (also called ‘‘p155/140’’ or
‘‘anti-p155/140’’), present in 32%, and anti-MJ autoantibodies
in 20%. The classic MSAs, that is, anti-aminoacyl-tRNA syn-
thetases (anti-synthetase) (4.4%), anti-SRP (1.4%), and anti-
Mi-2 (4.4%) autoantibodies, were present in approximately
10% of JIIM patients. Most patients with anti-synthetase
autoantibodies had anti-Jo1 (63%), and 5 patients had anti-
alanyl, and 1 each had anti-glycyl and anti-asparaginyl-tRNA syn-
thetase autoantibodies.

Generally, each MSA was seen in isolation. Several patients
had more than 1 MSA: 6 patients had both anti-Mi-2 and anti-
p155/140, and 1 patient had both anti-Mi-2 and anti-MJ auto-
antibodies. These dually positive sera were positive for anti-Mi-2
by protein immunoprecipitation and positive for anti-p155/140 or
anti-MJ autoantibodies by the immunoprecipitation-blot assay
only. Since the current study of autoantibody phenotypes exam-
ined only patients with 1 independent MSA, these 7 patients with
more than 1 MSA were excluded from subsequent analyses.

Almost 16% of patients had an MAA. The most frequent
MAAs included anti-Ro (6.3%), anti-U1-ribonucleoprotein
(RNP) (5.6%), and anti-polymyositis-scleroderma (PM-Scl)
(3.7%). As expected, sera from patients with MAA frequently
had a concomitant MSA. Frequent combinations of MAA and
MSA were anti-Ro and either anti-MJ or anti-p155/140 auto-
antibodies. Patients with anti-SRP or anti-Mi-2 autoantibodies
were not positive for MAA. In terms of combinations of
MAAs, all patients with anti-La autoantibodies also had anti-
Ro autoantibodies, and many of these also had anti-U1-RNP
as well. All patients with the anti-Sm autoantibody were also
positive for anti-U1-RNP autoantibody.

We excluded from certain analyses 49 patients with an
MAA in isolation who did not also have an MSA. The patients
with isolated MAAs who were excluded had anti-La (1 patient),
anti-Ku (2 patients), anti-Ro (13 patients), anti-U1-RNP (18 pa-
tients), or anti-PM-Scl autoantibodies (15 patients). Three patients
were excluded due to missing myositis autoantibody data.
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A final 374 patients with either a single specific MSA
(n = 253) or no identified MSA (n = 121) were included in the
study (Table 2). Over half of the patients with anti-synthetase
autoantibodies had JDM, 16% had JPM, and 32% had juvenile
myositis overlapping with another autoimmune or connective
tissue disease (JCTM). Patients with non-Jo-1 anti-synthetases
had JDM more frequently than those with anti-Jo-1 autoanti-
bodies (71% vs. 42%). The JCTM patients with anti-synthetase
autoantibodies included 3 patients with JDM overlapping with
juvenile rheumatoid arthritis (JRA), 1 patient with JDM over-
lapping with systemic lupus erythematosus (SLE), 1 patient with
JPM and Sjögren syndrome, and 1 patient with JDM, SLE, and
JRA. Patients with anti-synthetase autoantibodies had a different
distribution of clinical subgroups compared to patients with anti-
SRP, anti-MJ, and anti-p155/140 autoantibodies and patients who
were negative for an MSA or MAA. All patients with anti-SRP
autoantibodies had JPM, which is a significantly different clinical
subgroup distribution than patients with anti-Mi-2, anti-p155/140,
or anti-MJ autoantibodies and patients who were MSA/MAA nega-
tive, who had JDM predominantly. However, 3 patients with anti-
MJ had JPM and 1 had JPM overlapping with ulcerative colitis.
Of these patients with JPM and anti-MJ autoantibodies, several
had features of JDM, but none had the characteristic Gottron
papules or heliotrope rash (1 had thigh rash, a muscle biopsy
with perifascicular atrophy, and developed calcinosis; 2 had peri-
vascular inflammation on muscle biopsy and periungual capillary
changes).

The demographics and disease onset among the myositis
autoantibody groups are given in Table 3. Patients with anti-
synthetase and anti-SRP autoantibodies were significantly older
when diagnosed compared with patients with anti-MJ or anti-
p155/140 autoantibodies and those without any MSA or MAA.
Patients with anti-MJ autoantibodies had a shorter delay to
diagnosis than those with anti-p155/140 autoantibodies and
those without a defined MSA or MAA. About three-fourths
(72%) of the study population were female. Overall, the ma-
jority of patients were white, but the racial distribution differed
among autoantibody groups. The proportion of white patients
was higher in patients with anti-p155/140 (80%) and anti-MJ
(72%) autoantibodies than in patients with anti-SRP (17%) and
anti-Mi-2 autoantibodies (18%). White patients comprised 53%
of the anti-synthetase autoantibody population, which was greater
than the anti-Mi-2 autoantibody group. The majority of patients
with anti-SRP autoantibodies were black (83%), compared
with the percentage of patients with anti-p155/140 and anti-MJ
autoantibodies and those who were MSA/MAA negative that
were black (5.3%Y16%). Six patients (54%) in the anti-Mi-2
group were Hispanic.

Most patients had either a slow or very slow onset speed.
Patients with anti-synthetase autoantibodies (58%) were more
likely to have an insidious onset speed compared with the other
autoantibody groups. Patients with anti-SRP autoantibodies
uniformly had a severe or very severe disease onset in contrast
to patients who were MSA/MAA negative or had anti-Mi-2,
anti-p155/140, or anti-MJ autoantibodies (24%-39%). Patients
with anti-p155/140 autoantibodies more frequently had a mild
or moderate illness onset.

Signs and Symptoms Among the Myositis
Autoantibody Groups

The frequencies of signs and symptoms (Table 4) showed
a number of differences among the myositis autoantibody
groups. Almost every patient showed some musculoskeletal
system involvement, with proximal muscle weakness being
almost universally present, as expected, because it is a cardinal TA

B
LE

2.
M
yo

si
tis

C
lin

ic
al

Su
bg

ro
up

s
C
at
eg

or
iz
ed

by
th
e
Pr
es
en

ce
of

M
yo

si
tis
-S
pe

ci
fic

A
ut
oa

nt
ib
od

ie
s

T
ot
al

A
n
ti
-S
yn

th
et
as
e

A
n
ti
-S
R
P

A
n
ti
-M

i-
2

A
n
ti
-p
15

5/
14

0
A
n
ti
-M

J
M
S
A

an
d
M
A
A

N
eg
at
iv
e

C
li
n
ic
al

S
u
b
gr
ou

p
N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

S
ig
n
if
ic
an

ce
*

JI
IM

ov
er
al
l

37
4
(1
00

)
19

(5
.1
)

6
(1
.6
)

11
(2
.9
)

13
1
(3
5.
0)

86
(2
3.
0)

12
1
(3
2.
4)

JD
M

32
0
(8
5.
5)

10
(5
2.
5)

0
(0
.0
)

10
(9
0.
9)

12
3
(9
3.
9)

76
(8
8.
4)

10
1
(8
3.
5)

S
yn

th
vs
.
S
R
P
4
,
S
yn

th
vs
.
M
J4
,

S
yn

th
vs
.
p1

55
/1
40

4
,
S
yn

th
vs
.
N
on

e3
,

S
R
P
vs
.
M
i-
24
,
S
R
P
vs
.
M
J4
,

S
R
P
vs
.
p1

55
/1
40

4
,
S
R
P
vs
.
N
on

e4
,

p1
55

/1
40

vs
.
N
on

e3

JP
M

23
(6
.2
)

3
(1
5.
8)

6
(1
00

.0
)

0
(0
.0
)

0
(0
.0
)

3
(3
.5
)

11
(9
.1
)

JC
T
M

31
(8
.3
)

6
(3
1.
7)

0
(0
.0
)

1
(9
.1
)

8
(6
.1
)

7
(8
.1
)

9
(7
.4
)

D
M

28
(9
0.
3)

5
(8
3.
3)

0
(0
.0
)

1
(1
00

.0
)

8
(1
00

.0
)

6
(8
5.
7)

8
(8
8.
9)

P
M

3
(9
.7
)

1
(1
6.
7)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(1
4.
3)

1
(1
1.
1)

*S
ig
ni
fi
ca
nt

di
ff
er
en
ce
s:

1
p
G
0.
05

;
2
p
G
0.
01
;
3
pG

0.
00
5

4
p
G
0.
00
1.

A
bb
re
vi
at
io
ns

of
au
to
an
tib

od
ie
s:
S
yn
th

=
an
ti-
sy
nt
he
ta
se
;
M
J
=
an
ti-
M
J;
p1
55
/1
40

=
an
ti-
p1
55
/1
40
;
S
R
P
=
an
ti-
si
gn
al
re
co
gn
iti
on

pa
rt
ic
le
;
M
i-
2
=
an
ti-
M
i-
2.

Rider et al Medicine & Volume 92, Number 4, July 2013

226 www.md-journal.com * 2013 Lippincott Williams & Wilkins

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



TA
B
LE

3.
D
em

og
ra
ph

ic
an

d
D
is
ea

se
O
ns
et

D
at
a
fo
r
Pa

tie
nt
s
W
ith

Ju
ve
ni
le

M
yo

si
tis

C
at
eg

or
iz
ed

by
M
yo

si
tis

A
ut
oa

nt
ib
od

ie
s

T
ot
al

(n
=
37

4)
A
n
ti
-S
yn

th
et
as
e

(n
=
19

)
A
n
ti
-S
R
P

(n
=
6)

A
n
ti
-M

i-
2

(n
=
11

)
A
n
ti
-p
15

5/
14

0
(n

=
13

1)
A
n
ti
-M

J
(n

=
86

)
M
S
A

an
d
M
A
A

N
eg
at
iv
e
(n

=
12

1)

S
ig
n
if
ic
an

t
D
if
fe
re
n
ce
s*

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

M
ed
ia
n
[I
Q
R
]

A
ge

at
di
ag
no

si
s
(y
r)

7.
4
[5
.1
Y1

1.
7]

14
.0

[7
.5
Y1
6.
7]

15
.1

[1
2.
1Y
16

.2
]

10
.8

[6
.8
Y1
5.
0]

7.
2
[5
.1
Y1
1.
0]

6.
2
[4
.3
Y1
0.
3]

7.
9
[5
.3
Y1

1.
4]

S
yn

th
vs
.
M
J4
,
S
yn

th
vs
.
p1

55
/1
40

4
,

S
yn

th
vs
.
N
on

e4
,
S
R
P
vs
.
M
J4
,

S
R
P
vs
.
p1

55
/1
40

4
,
S
R
P
vs
.
N
on

e4

A
ge

at
on

se
t
(y
r)

6.
9
[4
.0
Y1

1.
0]

12
.3

[7
.1
Y1
5.
0]

14
.6

[1
1.
6Y
16

.1
]

10
.7

[6
.7
Y1
4.
9]

7.
0
[3
.8
Y1
0.
4]

5.
8
[3
.9
Y1
0.
2]

6.
8
[4
.4
Y1

0.
4]

S
yn

th
vs
.
M
J4
,
S
yn

th
vs
.
p1

55
/1
40

4
,

S
yn

th
vs
.
N
on

e4
,
S
R
P
vs
.
M
J4
,

S
R
P
vs
.
p1

55
/1
40

4
,
S
R
P
vs
.
N
on

e3

D
el
ay

in
di
ag
no

si
s
(m

o)
4.
1
[2
.0
Y9

.1
]

5.
9
[2
.0
Y1
3.
2]

1.
9
[1
.6
Y6

.3
]

2.
0
[1
.0
Y5
.1
]

4.
6
[2
.0
Y9
.1
]

3.
0
[1
.0
Y7
.0
]

4.
1
[2
.0
Y1

0.
1]

M
J
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e1

D
is
ea
se

du
ra
tio

n
(y
r)

4.
4
[2
.2
Y7

.9
]

2.
3
[1
.1
Y5
.6
]

6.
1
[3
.1
Y8

.3
]

7.
3
[3
.6
Y1
0.
4]

4.
8
[2
.1
Y8
.9
]

4.
1
[2
.8
Y7
.9
]

4.
4
[2
.2
Y7

.2
]

S
yn

th
vs
.
M
i-
23
,S
yn

th
vs
.
M
J2
,

S
yn

th
vs
.
N
on

e1

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

S
ex
:
fe
m
al
e

27
1
(7
2.
5)

16
(8
4.
2)

4
(6
6.
7)

7
(6
3.
6)

10
2
(7
7.
9)

60
(6
9.
8)

82
(6
7.
8)

R
ac
e W
hi
te

25
8
(6
9.
7)

10
(5
2.
6)

1
(1
6.
7)

2
(1
8.
2)

10
5
(8
0.
2)

62
(7
2.
1)

78
(6
4.
5)

S
yn

th
vs
.
M
i-
21
,
S
yn

th
vs
.
p1

55
/1
40

2
,

S
R
P
vs
.
M
J3
,
S
R
P
vs
.
p1

55
/1
40

4
,

S
R
P
vs
.
N
on

e4
,
M
i-
2
vs
.
M
J4
,

M
i-
2
vs
.
p1

55
/1
40

4
,
M
i-
2
vs
.
N
on

e4
,

M
J
vs
.
p1

55
/1
40

1
,
p1

55
/1
40

vs
.N
on

e2

B
la
ck

52
(1
3.
9)

6
(3
1.
6)

5
(8
3.
3)

3
(2
7.
3)

7
(5
.3
)

14
(1
6.
3)

17
(1
4.
0)

O
th
er

64
(1
7.
1)

3
(1
5.
8)

0
(0
.0
)

6
(5
4.
5)

19
(1
4.
5)

10
(1
1.
6)

26
(2
1.
5)

O
ns
et

sp
ee
d

In
si
di
ou

s
(Q
6
m
o)

13
4
(3
5.
8)

11
(5
7.
9)

2
(3
3.
3)

2
(1
8.
2)

50
(3
8.
5)

26
(3
0.
2)

42
(3
4.
5)

S
yn

th
vs
.
M
i-
22
,
S
yn

th
vs
.
M
J1
,

S
yn

th
vs
.
p1

55
/1
40

2
,
S
yn

th
vs
.
N
on

e4

S
lo
w

(3
-6

m
o)

10
6
(2
8.
4)

3
(1
5.
8)

1
(1
6.
7)

5
(4
5.
4)

33
(2
5.
4)

22
(2
5.
6)

42
(3
4.
5)

S
ub

ac
ut
e

(1
-3

m
o)

92
(2
4.
6)

1
(5
.3
)

3
(5
0.
0)

4
(3
6.
4)

33
(2
5.
4)

26
(3
0.
2)

25
(2
0.
5)

A
cu
te

(G
1
m
o)

42
(1
1.
2)

4
(2
1.
0)

0
(0
.0
)

0
(0
.0
)

14
(1
0.
7)

12
(1
4.
0)

13
(1
0.
5)

S
ev
er
ity

of
on

se
t

M
ild

or
m
od

er
at
e

26
2
(7
0.
1)

9
(4
7.
4)

0
(0
.0
)

7
(6
3.
6)

10
0
(7
6.
3)

59
(6
8.
6)

88
(7
2.
7)

S
yn

th
vs
.
p1

55
/1
40

2
,
S
R
P
vs
.
M
i-
23
,

S
R
P
vs
.
M
J3
,
S
R
P
vs
.
p1

55
/1
40

4
,

S
R
P
vs
.
N
on

e3
,
M
J
vs
.
p1

55
/1
40

1
,

p1
55

/1
40

vs
.
N
on

e1

S
ev
er
e
or

ve
ry

se
ve
re

11
2
(2
9.
9)

10
(5
2.
6)

6
(1
00

.0
)

4
(3
6.
4)

31
(2
3.
7)

27
(3
1.
4)

33
(2
7.
3)

A
bb
re
vi
at
io
ns
:
IQ

R
=
in
te
rq
ua
rt
ile

ra
ng
e.

N
ot
e
th
at

pe
rc
en
ta
ge
s
m
ay

no
t
re
fl
ec
t
th
e
nu
m
be
r
di
vi
de
d
by

th
e
to
ta
l
nu
m
be
r
of

su
bj
ec
ts
,
if
da
ta

ar
e
m
is
si
ng
.

*S
ig
ni
fi
ca
nt

di
ff
er
en
ce
s:

1
p
G
0.
05

;2
p
G
0.
01
;3
p
G
0.
00
5,

4
p
G
0.
00
1.

A
bb
re
vi
at
io
ns

of
au
to
an
tib

od
ie
s:
S
yn
th

=
an
ti-
sy
nt
he
ta
se
;M

J
=
an
ti-
M
J;
p1
55
/1
40

=
an
ti-
p1
55
/1
40
;S

R
P
=
an
ti-
si
gn
al
re
co
gn
iti
on

pa
rt
ic
le
;
M
i-
2
=
an
ti-
M
i-
2.

Medicine & Volume 92, Number 4, July 2013 Autoantibody Subgroups of Juvenile Myositis

* 2013 Lippincott Williams & Wilkins www.md-journal.com 227

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



TA
B
LE

4.
Sy
m
pt
om

s
an

d
Si
gn

s
by

Sy
st
em

In
vo

lv
em

en
t
in

Pa
tie

nt
s
W
ith

Ju
ve
ni
le

M
yo

si
tis

C
at
eg

or
iz
ed

by
M
yo

si
tis

A
ut
oa

nt
ib
od

ie
s

T
ot
al

(n
=
37

4)
A
n
ti
-S
yn

th
et
as
e

(n
=
19

)
A
n
ti
-S
R
P

(n
=
6)

A
n
ti
-M

i-
2

(n
=
11

)
A
n
ti
-p
15

5/
14

0
(n

=
13

1)
A
n
ti
-M

J
(n

=
86

)
M
S
A

an
d
M
A
A

N
eg
at
iv
e
(n

=
12

1)

S
ym

p
to
m
/S
ig
n

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

N
o.

(%
)

S
ig
n
if
ic
an

t
D
if
fe
re
n
ce
s*

M
us
cu
lo
sk
el
et
al
sy
st
em

P
ro
xi
m
al

m
us
cl
e

w
ea
kn

es
s

37
3
(9
9.
7)

19
(1
00

.0
)

6
(1
00

.0
)

6
(1
00

.0
)

13
0
(9
9.
2)

6
(1
00

.0
)

12
1
(1
00

.0
)

A
rt
hr
al
gi
a

22
9
(6
1.
3)

16
(8
4.
2)

1
(1
6.
7)

4
(3
6.
4)

72
(5
5.
0)

55
(6
4.
0)

80
(6
7.
2)

S
yn

th
vs
.
S
R
P
3
,
S
yn

th
vs
.
M
i-
22
,
S
yn

th
vs
.
p1

55
/1
40

2
,

S
R
P
vs
.
M
J2
,
S
R
P
vs
.
N
on

e2
,
p1

55
/1
40

vs
.N
on

e2

M
ya
lg
ia

22
5
(6
0.
2)

13
(7
2.
2)

2
(3
3.
3)

6
(5
4.
6)

73
(5
8.
0)

59
(7
0.
2)

66
(5
4.
5)

C
on

tr
ac
tu
re
s

20
1
(5
3.
7)

8
(4
4.
4)

3
(5
0.
0)

7
(6
3.
6)

72
(5
5.
0)

52
(6
0.
5)

59
(4
8.
8)

A
rt
hr
iti
s

17
2
(4
6.
0)

14
(7
3.
7)

3
(5
0.
0)

3
(2
7.
3)

45
(3
7.
4)

37
(4
3.
0)

66
(5
4.
6)

S
yn

th
vs
.
M
i-
22
,
S
yn

th
vs
.
M
J2
,
S
yn

th
vs
.
p1

55
/1
40

3
,

p1
55

/1
40

vs
.
N
on

e3

D
is
ta
lw

ea
kn

es
s

17
1(
45

.7
)

5
(2
7.
8)

6
(1
00

.0
)

4
(3
6.
4)

59
(4
6.
5)

38
(4
4.
2)

55
(4
6.
6)

S
yn

th
vs
.
S
R
P
3
,
S
R
P
vs
.
M
i-
22
,
S
R
P
vs
.
M
J2
,

S
R
P
vs
.
p1

55
/1
40

2
,
S
R
P
vs
.
N
on

e2

Fa
lli
ng

14
7
(3
9.
3)

5
(2
7.
8)

6
(1
00

.0
)

7
(6
3.
6)

47
(3
6.
2)

38
(4
4.
7)

42
(3
5.
3)

S
yn

th
vs
.
S
R
P
3
,
S
R
P
vs
.
M
J2
,
S
R
P
vs
.
p1

55
/1
40

3
,

S
R
P
vs
.
N
on

e3

M
us
cl
e
at
ro
ph
y

13
1
(3
5.
0)

7
(3
8.
9)

5
(8
3.
3)

3
(2
7.
3)

56
(4
3.
1)

28
(3
2.
6)

31
(2
5.
6)

S
R
P
vs
.
M
i-
22
,
S
R
P
vs
.
M
J2
,
S
R
P
vs
.
N
on

e3
,

p1
55

/1
40

vs
.
N
on

e3

M
us
cl
e
cr
am

ps
93

(2
4.
9)

3
(1
5.
8)

1
(1
6.
7)

4
(3
6.
4)

23
(1
8.
4)

33
(3
8.
4)

28
(2
3.
1)

M
J
vs
.
N
on

e2
,
M
J
vs
.
p1

55
/1
40

3

A
sy
m
m
et
ric

w
ea
kn
es
s

45
(1
2.
0)

1
(5
.6
)

2
(3
3.
3)

0
(0
.0
)

14
(1
0.
8)

15
(1
7.
4)

12
(1
0.
2)

C
ut
an
eo
us

sy
st
em

G
ot
tr
on

pa
pu

le
s

31
3
(8
3.
7)

10
(5
2.
6)

0
(0
.0
)

10
(9
0.
9)

12
6
(9
6.
2)

69
(8
0.
2)

97
(8
0.
8)

S
yn

th
vs
.
M
i-
22
,
S
yn

th
vs
.
M
J2
,
S
yn

th
vs
.
p1

55
/1
40

4
,

S
yn

th
vs
.
N
on

e2
,
S
R
P
vs
.
M
i-
24
,
S
R
P
vs
.
M
J4
,

S
R
P
vs
.
p1

55
/1
40

4
,
S
R
P
vs
.
N
on

e4
,
M
J
vs
.

p1
55

/1
40

4
,
p1

55
/1
40

vs
.
N
on

e4

H
el
io
tr
op

e
ra
sh

29
7
(7
9.
4)

13
(6
8.
4)

0
(0
.0
)

7
(6
3.
6)

11
8
(9
0.
1)

68
(7
9.
1)

89
(7
4.
8)

S
yn

th
vs
.
S
R
P
3
,
S
yn

th
vs
.
p1

55
/1
40

2
,
S
R
P
vs
.
M
i-
22
,

S
R
P
vs
.
M
J4
,
S
R
P
vs
.
p1

55
/1
40

4
,
S
R
P
vs
.
N
on

e4
,

M
i-
2
vs
.
p1

55
/1
40

2
,
p1

55
/1
40

vs
.
N
on

e4

Pe
ri
un

gu
al

ca
pi
lla
ry

ab
no

rm
al
iti
es

28
5
(7
6.
2)

13
(6
8.
4)

4
(6
6.
7)

8
(7
2.
7)

11
3
(9
7.
6)

67
(7
7.
9)

72
(6
4.
3)

S
R
P
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e2
,
M
J
vs
.
p1

55
/1
40

1
,

p1
55

/1
40

vs
.
N
on

e4

M
al
ar

ra
sh

26
2
(7
0.
1)

7
(3
6.
8)

0
(0
.0
)

9
(8
1.
8)

11
8
(9
0.
1)

58
(6
7.
4)

69
(5
7.
5)

S
yn

th
vs
.
M
i-
22
,
S
yn

th
vs
.
M
J3
,
S
yn

th
vs
.
p1

55
/1
40

4
,

S
R
P
vs
.
M
i-
23
,
S
R
P
vs
.
M
J3
,
S
R
P
vs
.
p1

55
/1
40

4
,

S
R
P
vs
.
N
on

e3
,
M
J
vs
.
p1

55
/1
40

4
,

p1
55

/1
40

vs
.
N
on

e4

P
ho

to
se
ns
iti
vi
ty

17
1
(4
5.
7)

3
(1
5.
8)

0
(0
.0
)

5
(4
5.
5)

81
(6
3.
8)

29
(3
4.
1)

48
(4
1.
4)

S
yn

th
vs
.
p1

55
/1
40

4
,
S
yn

th
vs
.
N
on

e2
,
S
R
P
vs
.

p1
55

/1
40

3
,
S
R
P
vs
.
N
on

e1
,
M
J
vs
.
p1

55
/1
40

4
,

p1
55

/1
40

vs
.
N
on

e4

L
in
ea
r
ex
te
ns
or

er
yt
he
m
a

12
8
(3
4.
2)

3
(1
5.
8)

0
(0
.0
)

3
(2
7.
3)

68
(5
1.
9)

15
(1
7.
9)

38
(3
1.
9)

S
yn

th
vs
.
p1

55
/1
40

3
,
S
R
P
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e2
,

M
J
vs
.
p1

55
/1
40

4
,
p1

55
/1
40

vs
.
N
on

e4

C
ut
ic
ul
ar

ov
er
gr
ow

th
12

0
(3
2.
1)

3
(1
7.
6)

1
(1
6.
7)

3
(2
7.
3)

58
(4
5.
7)

29
(3
4.
1)

23
(1
9.
1)

S
yn

th
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e3
,
p1

55
/1
40

vs
.
N
on

e4

M
uc
ou

s
m
em

br
an
e

in
vo
lv
em

en
t

11
4
(3
0.
5)

3
(1
5.
8)

0
(0
.0
)

4
(3
6.
4)

42
(3
2.
3)

25
(2
9.
1)

39
(3
2.
8)

Rider et al Medicine & Volume 92, Number 4, July 2013

228 www.md-journal.com * 2013 Lippincott Williams & Wilkins

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



‘‘V
-s
ig
n’
’
ra
sh

10
4
(2
7.
8)

3
(1
5.
8)

0
(0
.0
)

1
(9
.1
)

58
(4
4.
6)

19
(2
2.
1)

22
(1
8.
3)

S
yn

th
vs
.
p1

55
/1
40

2
,
S
R
P
vs
.
p1

55
/1
40

2
,
M
i-
2
vs
.

p1
55

/1
40

2
,
M
J
vs
.
p1

55
/1
40

4
,
p1

55
/1
40

vs
.
N
on

e4

S
ki
n
ul
ce
rs

72
(1
9.
3)

2
(1
0.
5)

0
(0
.0
)

1
(9
.1
)

27
(2
0.
6)

19
(2
2.
1)

21
(1
9.
0)

‘‘S
ha
w
l-
si
gn

’’
ra
sh

67
(1
7.
9)

2
(1
0.
5)

0
(0
.0
)

0
(0
.0
)

44
(3
4.
1)

6
(7
.1
)

14
(1
1.
7)

S
yn

th
vs
.
p1

55
/1
40

2
,
M
i-
2
vs
.
p1

55
/1
40

2
,
M
J
vs
.

p1
55

/1
40

4
,
p1

55
/1
40

vs
.
N
on

e4

E
de
m
a

60
(1
6.
0)

4
(2
1.
1)

1
(1
6.
7)

2
(1
8.
2)

16
(1
2.
2)

14
(1
6.
3)

21
(1
9.
0)

R
ay
na
ud

ph
en
om

en
on

36
(9
.6
)

6
(3
1.
6)

3
(5
0.
0)

2
(1
8.
2)

11
(8
.4
)

2
(2
.4
)

12
(1
0.
0)

S
yn

th
vs
.
M
J4
,
S
yn

th
vs
.
p1

55
/1
40

3
,
S
yn

th
vs
.
N
on

e2
,

S
R
P
vs
.
M
J3
,
S
R
P
vs
.
p1

55
/1
40

2
,
S
R
P
vs
.
N
on

e2
,

M
J
vs
.
N
on

e2

L
ip
od

ys
tr
op

hy
35

(9
.4
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

23
(1
7.
6)

8
(9
.4
)

4
(3
.3
)

S
yn

th
vs
.
p1

55
/1
40

2
,
p1

55
/1
40

vs
.
N
on

e4

‘‘M
ec
ha
ni
c’
s
ha
nd

s’
’

20
(5
.3
)

6
(3
1.
6)

0
(0
.0
)

0
(0
.0
)

7
(5
.4
)

1
(1
.2
)

6
(5
.1
)

S
yn

th
vs
.
M
J4
,
S
yn

th
vs
.
p1

55
/1
40

3
,
S
yn

th
vs
.
N
on

e3

E
ry
th
ro
de
rm

a
28

(7
.5
)

1
(5
.3
)

0
(0
.0
)

0
(0
.0
)

19
(1
4.
5)

3
(3
.5
)

5
(4
.2
)

M
J
vs
.
p1

55
/1
40

2
,
p1

55
/1
40

vs
.
N
on

e3

S
cl
er
od

ac
ty
ly

5
(1
.3
)

3
(1
5.
8)

0
(0
.0
)

0
(0
.0
)

2
(1
.5
)

0
(0
.0
)

0
(0
.0
)

S
yn

th
vs
.
M
J3
,
S
yn

th
vs
.
p1

55
/1
40

2
,
S
yn

th
vs
.
N
on

e3

G
as
tr
oi
nt
es
tin

al
sy
st
em

D
ys
ph

ag
ia

14
7
(3
9.
3)

3
(1
5.
8)

3
(5
0.
0)

3
(2
7.
3)

52
(3
9.
7)

43
(5
0.
0)

43
(3
5.
8)

S
yn

th
vs
.
M
J3
,
S
yn

th
vs
.
p1

55
/1
40

2

A
bd

om
in
al

pa
in

14
7
(3
9.
3)

8
(4
2.
1)

1
(1
6.
7)

4
(3
6.
4)

49
(3
7.
7)

38
(4
4.
2)

45
(3
7.
2)

R
eg
ur
gi
ta
tio

n
66

(1
7.
6)

4
(2
1.
1)

1
(1
6.
7)

1
(9
.1
)

25
(1
9.
1)

17
(2
0.
0)

18
(1
5.
0)

C
on

st
ip
at
io
n

62
(1
6.
6)

2
(1
0.
5)

0
(0
.0
)

1
(9
.1
)

26
(2
0.
2)

17
(2
0.
0)

15
(1
2.
9)

D
ia
rr
he
a

36
(9
.6
)

1
(5
.3
)

0
(0
.0
)

0
(0
.0
)

15
(1
1.
5)

11
(1
2.
8)

9
(7
.4
)

G
as
tr
oi
nt
es
tin

al
bl
ee
di
ng

15
(4
.0
)

1
(5
.3
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

7
(8
.1
)

7
(5
.8
)

M
J
vs
.
p1

55
/1
40

3
,
p1

55
/1
40

vs
.
N
on

e3

G
as
tr
oi
nt
es
tin

al
ul
ce
r

14
(3
.7
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(0
.8
)

6
(7
.0
)

7
(5
.8
)

M
J
vs
.
p1

55
/1
40

2
,
p1

55
/1
40

vs
.
N
on

e2

A
bd
om

in
al
pe
rf
or
at
io
n

8
(2
.1
)

2
(1
0.
5)

0
(0
.0
)

1
(9
.1
)

0
(0
.0
)

2
(2
.3
)

3
(2
.5
)

P
ul
m
on

ar
y
sy
st
em

D
ys
ph

on
ia

11
6
(3
1.
0)

2
(1
0.
5)

4
(6
6.
7)

0
(0
.0
)

40
(3
0.
8)

38
(4
4.
2)

31
(2
6.
1)

S
yn

th
vs
.
S
R
P
2
,
S
yn

th
vs
.
M
J3
,
S
R
P
vs
.
M
i-
23
,

M
i-
2
vs
.
M
J3
,
M
i-
2
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e3
,

M
J
vs
.
p1

55
/1
40

2
,
p1

55
/1
40

vs
.
N
on

e2

D
ys
pn

ea
on

ex
er
tio

n
88

(2
3.
5)

11
(5
7.
9)

3
(6
0.
0)

1
(9
.1
)

23
(1
7.
8)

21
(2
4.
4)

28
(2
3.
3)

S
yn

th
vs
.
M
J3
,
S
yn

th
vs
.
p1

55
/1
40

4
,
S
yn

th
vs
.
N
on

e3
,

S
R
P
vs
.
p1

55
/1
40

2

A
bn

or
m
al

P
F
T
†

90
(2
4.
1)

11
(6
8.
8)

5
(8
3.
3)

1
(1
0.
0)

22
(2
2.
5)

13
(1
9.
1)

24
(1
9.
8)

S
yn

th
vs
.
M
i-
23
,
S
yn

th
vs
.
M
J4
,
S
yn

th
vs
.
p1

55
/1
40

4
,

S
yn

th
vs
.
N
on

e4
,
S
R
P
vs
.
M
i-
23
,
S
R
P
vs
.
M
J3
,

S
R
P
vs
.
p1

55
/1
40

3
,
S
R
P
vs
.
N
on

e3

D
ys
pn

ea
at

re
st

44
(1
1.
8)

6
(3
1.
6)

2
(4
0.
0)

1
(9
.1
)

11
(8
.4
)

9
(1
0.
5)

15
(1
2.
6)

S
yn

th
vs
.
M
J2
,
S
yn

th
vs
.
p1

55
/1
40

3
,
S
yn

th
vs
.
N
on

e2

In
te
rs
tit
ia
ll
un
g
di
se
as
e

24
(6
.4
)

12
(6
3.
2)

0
(0
.0
)

0
(0
.0
)

4
(3
.1
)

1
(1
.2
)

7
(5
.8
)

S
yn

th
vs
.
S
R
P
2
,
S
yn

th
vs
.
M
i-
24
,
S
yn

th
vs
.
M
J4
,

S
yn

th
vs
.
p1

55
/1
40

4
,
S
yn

th
vs
.
N
on

e4

P
ne
um

ot
ho

ra
x/

m
ed
ia
st
in
um

4
(1
.1
)

1
(5
.3
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(1
.2
)

2
(1
.7
)

C
ar
di
ac

sy
st
em

C
he
st
pa
in

34
(9
.1
)

5
(2
6.
3)

1
(1
6.
7)

2
(1
8.
2)

10
(7
.6
)

6
(7
.0
)

10
(8
.3
)

S
yn

th
vs
.
p1

55
/1
40

2
,
S
yn

th
vs
.
N
on

e2

C
ar
di
ac

ab
no
rm

al
E
K
G

or
E
C
H
O
†

56
(1
5.
0)

3
(1
7.
6)

3
(5
0.
0)

1
(1
1.
1)

10
(9
.6
)

7
(9
.5
)

23
(2
2.
8)

S
R
P
vs
.
M
J2
,
S
R
P
vs
.
p1

55
/1
40

2
,
M
J
vs
.
N
on

e2
,

p1
55

/1
40

vs
.
N
on

e3

Pa
lp
ita
tio

ns
36

(9
.6
)

2
(1
0.
5)

0
(0
.0
)

1
(9
.1
)

12
(9
.2
)

7
(8
.2
)

14
(1
1.
8)

(C
on

tin
ue
d
on

ne
xt

pa
ge
)

Medicine & Volume 92, Number 4, July 2013 Autoantibody Subgroups of Juvenile Myositis

* 2013 Lippincott Williams & Wilkins www.md-journal.com 229

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



manifestation of the disease. Arthralgia and arthritis were also
higher in frequency in patients with anti-synthetase autoanti-
bodies (74%Y84%) compared to patients with anti-SRP, anti-
Mi-2, anti-p155/140, and anti-MJ autoantibodies (17%Y64%).
Arthralgia was less common in patients with anti-SRP auto-
antibodies (17%) compared with patients with anti-MJ auto-
antibodies or patients with no MSA or MAA (64% and 67%,
respectively), and in patients with anti-p155/140 autoanti-
bodies (55%) compared to patients who were MSA/MAA
negative (67%). Patients with anti-SRP autoantibodies almost
universally experienced falling episodes, distal weakness, and
muscle atrophy (83%Y100%) as signs of more severe weak-
ness, compared to patients with other myositis autoantibodies.

As expected, cutaneous involvement was common in all
patients except those with anti-SRP autoantibodies. The most
common cutaneous manifestations in patients with anti-p155/140,
anti-MJ, and anti-Mi-2 autoantibodies included Gottron papules
and heliotrope rash (64%Y96%), which are part of the Bohan
and Peter classification criteria for dermatomyositis (DM).2

Malar rash was present in most patients with these DM-
associated autoantibodies (67%Y90%), was less frequent in
patients with anti-synthetase autoantibodies (37%), and was
absent from patients with anti-SRP autoantibodies, all of
whom had JPM. Photosensitivity was also more frequent in
patients (34%Y64%) with DM-associated autoantibodies (anti-
p155/140, anti-MJ, or anti-Mi-2), and was infrequent or absent
in patients with anti-synthetase and anti-SRP autoantibodies.
Patients with anti-p155/140 autoantibodies also had frequent
periungual capillary changes, linear extensor erythema, ‘‘V-sign’’
and ‘‘shawl-sign’’ rashes, and cuticular overgrowth (34%Y88%).
In contrast, Raynaud phenomenon was more common in pa-
tients with anti-SRP (50%) and anti-synthetase autoantibodies
(32%) compared with patients with anti-p155/140 and anti-MJ
autoantibodies, or with those who were MSA/MAA negative
(2%Y10%). Sclerodactyly and ‘‘mechanic’s hands’’ were more
common in patients with anti-synthetase autoantibodies (16%
and 32%, respectively). Lipodystrophy was seen most frequently
in patients with anti-p155/140 autoantibodies (18%), whereas
it was nearly absent in patients with anti-synthetase autoantibodies
and those who were MSA/MAA negative (0% and 3%, respec-
tively). Erythrodermawas similarly most frequent in those with
anti-p155/140 autoantibodies (14%) and uncommon in those
with anti-MJ autoantibodies or those who were MSA/MAA
negative (4% each).

Dysphagia was most frequent in patients with anti-MJ
and anti-SRP autoantibodies (50% each) and was less com-
mon in patients with anti-synthetase autoantibodies (16%).
Gastrointestinal bleeding and ulcers, infrequent but severe com-
plications, were most frequent in patients with anti-MJ auto-
antibodies and in those whowere MSA/MAA negative (present
in 6%Y8%), but were absent in patients with anti-p155/140
autoantibodies.

Dysphonia was reported in 67% of patients with anti-SRP
autoantibodies, in 44% of patients with anti-MJ autoantibodies,
and less frequently in other antibody phenotypes (10%Y31%),
and was absent from patients with anti-Mi-2 autoantibodies.
Dyspnea on exertion was more prevalent in patients with anti-
SRP and anti-synthetase autoantibodies (60% and 58%, each)
compared with patients with anti-p155/140 and anti-MJ auto-
antibodies and those whowere MSA/MAA negative (18%Y24%).
Interstitial lung disease was much more common in patients
with anti-synthetase autoantibodies (63%) than in the other
antibody phenotypes (0Y6%). Dyspnea at rest was also more
common in anti-synthetase-positive patients (32%) than in
those with anti-p155/140 or anti-MJ autoantibodies or thoseTA
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who were MSA/MAA negative (8%Y13%). Chest pain was
more frequent in patients with anti-synthetase autoantibodies
(26%) compared to those with anti-p155/140 autoantibodies
or those who were MSA/MAA negative (8%). Cardiac abnor-
malities on electrocardiogram or echocardiogram were most
frequent in those with anti-SRP autoantibodies (50%) and less
common in those with anti-MJ and anti-p155/140 autoanti-
bodies (10% each).

Fatigue was a common symptom in all clinical groups,
occurring in 82%Y100% of patients and not differing among
autoantibody groups. Fever and weight loss (63% each) were
more common in the anti-synthetase autoantibody-positive pa-
tients than in those with anti-p155/140 or anti-MJ autoanti-
bodies (32%Y35%).

Enzyme Levels and Antinuclear Antibody Titers
Among Myositis Autoantibody Groups

There were significant differences in the percentage of
patients who had elevated serum levels of muscle-derived en-
zymes among the myositis autoantibody groups (Table 5). Only
71% of patients with anti-p155/140 autoantibodies had an ele-
vated creatine kinase (CK) level compared with 92%Y95% of
patients with anti-MJ autoantibodies or patients who were
MSA/MAA negative. Patients with anti-MJ and anti-synthetase
autoantibodies were more likely to have elevated CK levels
than patients with anti-p155/140 autoantibodies.

Patients with anti-SRP and anti-Mi-2 autoantibodies had
significantly higher median levels of CK (10- to 40-fold greater)
compared with patients with anti-MJ and anti-p155/140 autoan-
tibodies and patients who were MSA/MAA negative. Patients
with anti-synthetase autoantibodies had intermediate CK levels.
Similar trends were observed for the other muscle enzymes, as
well as in white patients only.

No patients with anti-SRP autoantibodies, which target
cytoplasmic autoantigens,33 had elevated antinuclear antibody
(ANA) titers. Patients with anti-Mi-2 autoantibodies, which
target nuclear autoantigens,33 were more likely to have elevated
ANA titers (100%) than patients with anti-synthetase, anti-
SRP, or anti-MJ autoantibodies and those who were MSA/
MAA negative (0Y65%). Patients with anti-p155/140 auto-
antibodies, another nuclear autoantigen,34 also generally had
elevated ANA titers (84% positive), which was significantly more
frequent than patients with anti-SRP or anti-MJ autoantibodies
and those who were MSA/MAA negative.

Patients with anti-Mi-2 autoantibodies had the highest
ANA values (median titer, 1:1280); patients with anti-synthetase
or anti-p155/140 autoantibodies had intermediate titers (me-
dian, 1:320); and patients with anti-MJ or those who were MSA/
MAA negative had the lowest titers (median, 1:80).

Disease Outcomes Among Autoantibody Groups
The most frequent disease course was a chronic disease

course (52% overall). All patients in the anti-SRP group had a
chronic disease course. Patients with anti-p155/140 autoanti-
bodies were more likely to have a chronic course (65%) than
patients who had anti-MJ autoantibodies (46%) or patients
without a myositis autoantibody (37%). Myositis autoantibody-
negative patients were more likely to have a monocyclic course
(39%) compared with patients with anti-p155/140 or anti-SRP
autoantibodies (12% and 0%, respectively).

Hospitalization was common in all groups; however, all
patients with anti-SRP autoantibodies had a history of hospitali-
zation, whereas approximately 50% of patients with anti-p155/
140 autoantibodies and 50% of those who were MSA/MAA

negative did (Table 6). Patients with anti-MJ autoantibodies
also had a higher frequency of hospitalization (63%) than pa-
tients with anti-p155/140 autoantibodies. Patients with anti-
SRP autoantibodies had more frequent hospitalizations (median,
2.5 visits) compared with other autoantibody groups.

Calcinosis was most common in MSA/MAA-negative
patients and in patients with anti-MJ autoantibodies (37% each),
and more frequent than in patients with anti-synthetase (10%)
or anti-SRP autoantibodies (0%). Wheelchair use was much
more common in patients with anti-SRP autoantibodies (83%)
than in patients with any other myositis autoantibody (11%Y27%).
Overall mortality during the follow-up period was 3.4%, but was
highest in patients with anti-synthetase autoantibodies (16.7%)
compared with patients with anti-p155/140 or anti-MJ auto-
antibodies (2.4% and 1.3%, respectively), despite a shorter dis-
ease duration in the patients with anti-synthetase autoantibodies.

Comparison of Juvenile and Adult-Onset IIM
Autoantibody Groups

Adult and juvenile IIM patients had similar distributions
of clinical subgroups in the anti-SRP and anti-Mi-2 autoanti-
body groups (Table 7). All adults and children with anti-SRP
autoantibodies had polymyositis (PM), and all adults and
children with anti-Mi-2 and anti-p155/140 autoantibodies had
DM (or DM with overlap myositis). Adult patients with anti-
synthetase autoantibodies were more likely to have PM and
less likely to have myositis overlapping with another autoim-
mune or connective tissue myositis (CTM) compared with JIIM
patients with these autoantibodies. By clinical subgroup, a
larger proportion of patients with adult DM had anti-synthetase
(33%) and anti-Mi-2 (13%) autoantibodies compared with
JDM patients (3% each). Children with JDM were more likely
to have anti-p155/140 autoantibodies (38%) compared with
adults with DM (20%). For patients with PM, adults and chil-
dren differed only in the proportion with anti-SRP autoanti-
bodies; JPM patients were more likely than adult PM patients
to have anti-SRP autoantibodies (26% vs. 13%, respectively).
Juvenile CTM patients were more likely to have anti-p155/140
autoantibodies than adult CTM patients (26% vs. 15%), with
no other differences in autoantibody distribution among adult and
juvenile CTM patients.

The female predilection was similar in the juvenile and
adult IIM autoantibody groups (Table 8). The racial distribu-
tions differed for adults and children with anti-Mi-2 autoanti-
bodies. Approximately 55% of anti-Mi-2-positive JIIM patients
were characterized as ‘‘other race,’’ which was primarily His-
panic, compared with 9% of adult IIM patients. Although 43%
of adults with anti-SRP autoantibodies died, no children with
these autoantibodies died.

With regard to clinical signs and symptoms of the auto-
antibody subgroups in juvenile compared with adult IIM, distal
weakness, falling, and muscle atrophy were more common in
juvenile patients with anti-synthetase autoantibodies (28%Y39%)
than their adult counterparts (4%) (Table 9). Interstitial lung
disease, dyspnea on exertion, Raynaud phenomenon, mechanic’s
hands, palpitations, and carpal tunnel syndrome were more
common in adult patients with anti-synthetase autoantibodies
(33%Y94%) compared with JIIM patients (11%Y63%). Ar-
thritis and fevers did not differ between children and adults
with anti-synthetase autoantibodies. Falling episodes and muscle
atrophy (83% and 100%, respectively) were more common in
children with anti-SRP autoantibodies compared with adults
(33% and 14%, respectively). However, myalgia and palpitations
were more common in adults with anti-SRP autoantibodies
(100%) compared with children (0Y33%).
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Falling was more common in children (64%) than adults
(0%) with anti-Mi-2 autoantibodies. Cuticular overgrowth, V-sign
and shawl-sign rashes, and carpal tunnel syndrome (56%Y100%)
were more prevalent in adult patients with anti-Mi-2 autoanti-
bodies compared with juvenile cases (0Y27%). Myalgia and
arthritis had similar prevalence in adults and children with anti-
Mi-2 autoantibodies. Adults and children with anti-p155/140
autoantibodies shared similar features, except that adults were
more likely to have V-sign rash (75%) and mechanic’s hands
(25%) compared with children with these autoantibodies (45%
and 5%, respectively).

Multivariable Analysis for Anti-p155/140
Autoantibodies

The most important predictors of anti-synthetase com-
pared with anti-p155/140 autoantibodies were CK level (MDA,
80.3), the presence of interstitial lung disease (MDA, 68.8),
malar rash (MDA, 65.9), clinical subgroup (MDA, 47.2), age
at onset (MDA, 41.7), Gottron papules (MDA, 37.2), photo-
sensitivity (MDA, 32.0), shawl-sign rash (MDA, 25.4), and
mechanic’s hands (MDA, 20.4) in a random forest model, with an
out-of-bag error rate of 10.7%. Using the top variables from the
random forest analysis, interstitial lung disease and malar rash were
the only variables that were statistically significant in backward
stepwise logistic regression analysis, which was confirmed by
exact logistic regression (Table10). The c statistic measure (0.95)
indicated a very good fit for discriminating between these 2 groups.
Clinical subgroup was not significant when forced in the model.

Backward stepwise logistic regression analysis of anti-
SRP versus anti-p155/140 autoantibodies yielded race as the
only risk factor distinguishing these 2 autoantibody groups.
Exact logistic regression (see Table 10) confirmed that being
non-white was significant. The c statistic was 0.89, indicating a
good fit for discriminating between the 2 groups. Clinical
subgroup was not significant when forced in the model. Back-
ward stepwise logistic regression analysis of anti-Mi-2 versus
anti-p155/140 autoantibodies yielded only CK level as a risk
factor. The c statistic (0.96) indicated a very good fit for dis-
criminating between these 2 autoantibody groups. Clinical sub-
group remained insignificant when forced into the model.

In a random forest model, the most important predictors
of anti-p155/140 autoantibodies compared with MSA/MAA
negative was presence of malar rash (MDA, 99.9), illness course
(MDA, 69.2), periungual capillary changes (MDA, 56.0), cutic-
ular overgrowth (MDA, 51.1), shawl-sign rash (MDA, 46.3), and
V-sign rash (MDA, 39.6), with an out-of-bag error rate of 26.4%.
Using the top variables from the random forest analysis, we
found that Gottron papules, malar rash, shawl-sign rash, and
cuticular overgrowth were the significant variables in backward
stepwise logistic regression, which was confirmed by exact logistic
regression. In addition, the anti-p155/140 autoantibody group had
a 0.28-fold lower risk of having a monocyclic course compared
with MSA/MAA-negative patients. The c statistic (0.82) indicated
a good fit for discriminating between these 2 groups. Clinical
subgroup was not a significant risk factor when forced into the
model.

Multivariable Analysis for Anti-MJ Autoantibodies
In a random forest model, the most important predictors of

anti-synthetase compared with anti-MJ autoantibodies were
interstitial lung disease (MDA, 97.0), age at onset (MDA,
54.6), mechanic’s hands (MDA, 42.0), and malar rash (MDA,
22.0), with an out-of-bag error rate of 14.1%. Using the top
variables from the random forest analysis in backward stepwise
logistic regression, interstitial lung disease and mechanic’s
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hands were the only significant variables, which was con-
firmed in a final exact logistic regression model (Table 11). The
c statistic (0.91) indicated a very good fit for discriminating

between these 2 groups. Clinical subgroup was not a significant
risk factor when forced into the model.

For anti-SRP versus anti-MJ autoantibodies, backward
stepwise binary regression analysis with confirmation by exact
logistic regression yielded race and Raynaud phenomenon as
the only significant risk factors. Patients with anti-SRP auto-
antibodies had 15.6-fold higher odds of being non-white than
patients with anti-MJ autoantibodies. The c statistic (0.87) in-
dicated a good fit for discriminating between the 2 groups,
and the likelihood ratio for having anti-SRP over anti-MJ
autoantibodies was p G 0.0001, which means that the model
differentiated between the 2 groups. Clinical subgroup was
not a significant predictor when forced into the model.

Backward stepwise binary regression analysis yielded
race as the only significant risk factor for distinguishing anti-
Mi-2 from anti-MJ autoantibodies. Exact logistic regression (see
Table 11) confirmed that being non-white was significant when
comparing patients with anti-Mi-2 versus anti-MJ autoanti-
bodies. The c statistic (0.72) indicated a fair fit for discriminat-
ing between the 2 groups. The likelihood ratio for having anti-MJ
over anti-Mi-2 autoantibodies means that the model differen-
tiated between the 2 groups (p = 0.002). Clinical subgroup was
not a significant predictor when forced into the model.

In a random forest model, the most important predictors
of anti-MJ compared with anti-p155/140 autoantibodies were
shawl-sign rash (MDA, 98.6), CK level (MDA, 73.6), malar
rash (MDA, 46.4), linear extensor erythema (MDA, 28.7),
V-sign rash (MDA, 26.8), photosensitivity, (MDA, 25.3) muscle
cramps (MDA, 18.2), Gottron papules (MDA, 16.5), illness
course (MDA, 14.2), gastrointestinal ulcer or bleeding (MDA,
13.2), and ever hospitalized (MDA, 12.2), with an out-of-bag
error rate of 21.9%. Using the top variables from the random
forest analysis in backward stepwise logistic regression, followed
by exact logistic regression, muscle cramps, ever hospitalized,
CK level, photosensitivity, malar rash, and shawl-sign rash
were all significant, with the latter 3 more frequent in the anti-
p155/140 autoantibody group. The c statistic (0.88) indicated a
good fit for discriminating between these 2 autoantibody groups.
Clinical subgroup was not a significant predictor when forced
into the model.

The most important predictors of anti-MJ autoantibodies
compared with the MSA/MAA-negative group were CK level
(MDA, 99.6), periungual capillary changes (MDA, 58.4), dys-
phonia (MDA, 38.9), contractures (MDA, 36.3), linear extensor

TABLE 8. Demographic Features of Patients With Juvenile vs. Adult Idiopathic Inflammatory Myopathies Categorized by Myositis
Autoantibodies*

Anti-Synthetase Anti-SRP Anti-Mi-2

JIIM
(n = 19)

Adult IIM
(n = 48)

JIIM
(n = 6)

Adult IIM
(n = 7)

JIIM
(n = 11)

Adult IIM
(n = 10) Significant

DifferencesNo. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Sex: Female 16 (84.2) 30 (64.5) 4 (66.7) 6 (85.7) 7 (63.6) 8 (72.7)
Race
White 10 (52.6) 30 (62.0) 1 (16.7) 1 (14.0) 2 (18.2) 8 (73.0) Mi-2†
Black 6 (31.6) 11 (23.0) 2 (83.3) 5 (72.0) 3 (27.3) 2 (18.0)
Other 3 (15.8) 7 (15.0) 0 (0.0) 1 (14.0) 6 (54.6) 1 (9.0)

Mortality
Dead 3 (16.7) 10 (21.0) 0 (0.0) 3 (43.0) 0 (0.0) 1 (11.0)

*Adult data from Love et al.20

†Race white vs. black vs. other, p G 0.05.

TABLE 7. Comparison of Myositis Autoantibody Distribution
in Juvenile vs. Adult Idiopathic Inflammatory Myopathy
Patients

JIIM Cases Adult IIM Cases*

PVariable No. (%) No. (%)

All IIM Cases
(n = 374) (n = 212)

Anti-synthetase 19 (5.1) 49 (23.3) G0.001
Anti-SRP 6 (1.6) 6 (2.9)
Anti-Mi-2 11 (2.9) 11 (5.2)
Anti-p155/140 131 (35.0) 16/108 (14.8) G0.0001
Dermatomyositis Cases

(n = 320) (n = 79)
Anti-synthetase 10 (3.1) 26 (33.0) G0.001
Anti-SRP 0 (0.0) 0 (0.0)
Anti-Mi-2 10 (3.1) 10 (13.0) 0.001
Anti-p155/140 123 (38.4) 8/39 (20.5) G0.0001
Polymyositis Cases

(n = 23) (n = 55)
Anti-synthetase 3 (13.0) 19 (34.2)
Anti-SRP 6 (26.1) 7 (12.7) G0.001
Anti-Mi-2 0 (0.0) 0 (0.0)
Anti-p155/140 0 (0.0) 0/48 (0.0)
Overlap Myositis Cases

(n = 31) (n = 36)
Anti-synthetase 6 (19.4) 3 (8.0)
Anti-SRP 0 (0.0) 0 (0.0)
Anti-Mi-2 1 (3.2) 0 (0.0)
Anti-p155/140 8 (26.0) 2/13 (15.4) 0.036

Note that adult IIM data for anti-MJ autoantibodies are not available
from this population.

*Data are from Love et al20 except for anti-p155/140, which are from
Targoff et al.34 For anti-p155/140, the n is given separately for each
clinical subgroup.
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erythema (MDA, 33.7), clinical subgroup (MDA, 32.9), fever
(MDA, 26.5), and wheelchair use (MDA, 24.8) in a random
forest model, with an out-of-bag error rate of 35.5%. Using the
top variables from the random forest analysis in logistic re-
gression, the final model included clinical subgroup, dyspho-
nia, and linear extensor erythema as significant predictors. The
c statistic was 0.68, which indicated a poor fit for discriminat-
ing between these 2 subgroups.

Multivariable Analyses of Classic MSA Subgroups
JIIM patients with anti-synthetase autoantibodies were

compared to patients with anti-SRP and anti-Mi-2 autoanti-
bodies by using logistic regression and were compared with
the MSA/MAA-negative subgroup by using random forest
analysis followed by logistic regression.

Backward stepwise binary regression analysis yielded
arthralgia as the only risk factor for JIIM patients in the anti-
synthetase subgroup compared to JIIM patients with anti-SRP
autoantibodies and for anti-synthetase versus anti-Mi-2 auto-
antibodies, which was confirmed by exact logistic regression
(Table 12). The c statistic (0.84) indicated a good fit for the first

model in discriminating between anti-synthetase and anti-SRP
autoantibodies. For anti-synthetase versus anti-Mi-2 autoanti-
bodies, the c statistic was 0.74, which indicated a fair fit for
discriminating between these 2 groups, although the likelihood
ratio for being anti-synthetase positive over anti-Mi-2 positive
means that the model differentiates between the 2 groups (p =
0.007). Finally, clinical subgroup was included to test for
confounding in both models, but this variable was insignificant
and therefore omitted from the final models.

In a random forest classification model, the most impor-
tant predictors of anti-synthetase autoantibody-positive patients
compared to patients who were MSA/MAA negative were the
presence of interstitial lung disease (MDA, 90.1), age at diagnosis
(MDA, 58.8), age at onset (MDA, 57.6), CK level (MDA, 49.7),
and mechanic’s hands (MDA, 43.3), with an out-of-bag error
rate of 22.0%. In the final logistic regression model (see
Table 12), interstitial lung disease had an odds ratio of 54.5,
and mechanic’s hands had an odds ratio of 53.4 for the anti-
synthetase autoantibody versus the MSA/MAA-negative group.
Patients at least 14 years of age had 7-fold higher odds of having
anti-synthetase autoantibodies compared to MSA/MAA-negative

TABLE 9. Symptoms and Signs for Patients With Juvenile vs. Adult Idiopathic Inflammatory Myopathies Categorized by
Myositis Autoantibodies

Symptom/Sign

Anti-Synthetase* Anti-SRP* Anti-Mi-2† Anti-p155/140†

JIIM
(n = 19)

Adult IIM
(n = 48)

JIIM
(n = 6)

Adult IIM
(n = 7)

JIIM
(n = 11)

Adult IIM
(n = 10)

JIIM
(n = 131)

Adult IIM
(n = 16) Significant

Differences‡No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Musculoskeletal system
Myalgia 13 (72) 40 (84) 2 (33) 7 (100) 6 (55) 6 (60) 76 (58) 12 (75) SRP1

Distal weakness 5 (28) 2 (4) 6 (100) 3 (43) 4 (36) 0 (0) 60 (46) 4 (27) Synth1

Arthritis 14 (74) 45 (94) 3 (50) 0 (0) 3 (27) 2 (20) 48 (37) 5 (31)
Falling 5 (28) 2 (4) 6 (100) 2 (33) 7 (64) 0 (0) 47 (36) 1 (7) Synth1,

SRP1, Mi-22

Muscle atrophy 74 (39) 2 (4) 5 (83) 1 (14) 3 (27) 0 (0) 56 (43) 3 (21) Synth2, SRP1

Asymmetric
weakness

13 (7) 2 (4) 5 (33) 0 (0) 0 (0) 0 (0) 24 (18) 3 (21)

Cutaneous system
Cuticular overgrowth 34 (18) 3 (7) 1 (17) 0 (0) 3 (27) 10 (100) 60 (46) 6 (40) Mi-22

‘‘V-sign’’ rash 30 (16) 7 (15) 0 (0) 0 (0) 1 (9) 10 (100) 59 (45) 12 (75) Mi-22,
p155/1401

‘‘Shawl-sign’’ rash 2 (11) 3 (7) 0 (0) 0 (0) 1 (9) 5 (56) 45 (34) 9 (56) Mi-21

Raynaud
phenomenon

6 (32) 30 (62) 3 (50) 2 (29) 2 (18) 3 (30) 10 (8) 3 (19) Synth1

‘‘Mechanic’s hands’’ 6 (32) 34 (71) 0 (0) 1 (14) 0 (0) 1 (10) 6 (5) 4 (25) Synth3,
p155/1401

Cardiopulmonary system
Dyspnea on exertion 11 (58) 45 (94) 3 (60) 3 (43) 1 (9) 5 (50) 24 (18) 5 (31) Synth4

Interstitial lung
disease

12 (63) 43 (89) 0 (0) 0 (0) 0 (0) 0 (0) 4 (3) 0 (0) Synth1

Palpitations 2 (11) 16 (33) 0 (0) 7 (100) 1 (9) 1 (11) 12 (9) 3 (19) Synth1, SRP2

Constitutional signs and symptoms
Fever 12 (63) 42 (87) 1 (17) 0 (0) 4 (36) 1 (10) 45 (34) 7 (44)
Carpal tunnel
syndrome

0 (0) 23 (49) 0 (0) 1 (20) 0 (0) 5 (56) 4 (3) 1 (6) Synth4,
SRP2, Mi-22

*Data from Love et al.20

†Data from Targoff et al.34

‡Statistically significant differences between JIIM and adult IIM as follows: 1p e 0.05; 2p e 0.01; 3p G 0.005; 4p e 0.001. Abbreviations of
autoantibodies: Synth = anti-synthetase; MJ = anti-MJ; p155/140 = anti-p155/140; SRP = anti-signal recognition particle; Mi-2 = anti-Mi-2.
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patients. The c statistic (0.94) indicated an excellent fit for dis-
criminating between these 2 groups. Clinical subgroup (JDM vs.
JPM) was not significant when entered into the model.

Backward stepwise regression analysis yielded wheel-
chair use as the only risk factor for the anti-SRP autoantibody
group compared to the anti-Mi-2 group, which was confirmed
by exact logistic regression (see Table 12). The c statistic was
0.78, which indicated a fair fit for discriminating between
these 2 groups, but the likelihood ratio was significant (p = 0.02),
meaning that the model differentiates between the 2 groups.
Clinical subgroup was not significant when forced in the model.
Backward stepwise binary regression analysis, with confirmation
by exact logistic regression, revealed that wheelchair use, Black
race, and arthralgia were significant predictors in distinguish-
ing patients with anti-SRP autoantibodies from MSA/MAA-
negative patients (see Table 12). The c statistic (0.94) indicated
an excellent fit for discriminating between these groups. Clinical
subgroup was not significant when forced in the model.

In comparing patients with anti-Mi-2 autoantibodies
and MSA/MAA-negative patients by using backward stepwise
logistic regression, race (non-white) was the only potentially
significant variable, which was confirmed by exact logistic re-
gression (see Table 12). The c statistic was 0.67, which indicated a
poor fit for discriminating between these 2 groups, but a signifi-
cant likelihood (p = 0.02) suggested that the model differentiates
between the 2 groups. Clinical subgroup was not significant
when forced in the model.

DISCUSSION
The current study complements our previous report on

clinical phenotypes29 and, to our knowledge, is the first study
to investigate the association of clinical features with 6 MSAs

in a large group of JIIM patients with a large number of de-
mographic, clinical, laboratory, and outcome features. The re-
sults of this study suggest that each MSA defines a clinically
distinct phenotype and may serve as a predictor of clinical
complications and prognosis. The analyses demonstrate that,
as is the case for adult myositis, childhood myositis is a het-
erogeneous group of illnesses with different clinical and de-
mographic characteristics, laboratory features, and outcomes.

Our findings show that MSAs can be an important method
for classifying children with myositis. This study dispels sug-
gestions that children with JIIM are a homogeneous group with a
low prevalence of autoantibodies.5,9 Anti-p155/140 and anti-MJ
autoantibodies were the most prevalent MSA in this population
and represent the 2 major serologic subsets of juvenile myositis.
We found a higher prevalence of anti-p155/140 autoantibodies
(35%) than previously reported by others (21%Y23%),8,13,34

although our population is more than 3-fold greater in size.
Twenty-three percent of the patients in our database had anti-
MJ autoantibodies, which was similar to the frequency reported
in the United Kingdom (23%)12 and in an Argentinian JDM
population (25%).8 The prevalence of classic MSAs, including
anti-synthetase, anti-SRP, and anti-Mi-2 autoantibodies, is con-
sistent with other reports of less than 10% of JDM patients with
positive assays.38,39

TABLE 10. Final Multivariable Exact Logistic Regression
Models for Anti-p155/140 Autoantibodies vs. Classic
Myositis-Specific Autoantibodies

Variable
Odds Ratio
Estimate

95% Confidence
Interval P

Anti-Synthetase vs. Anti-p155/140 Autoantibodies (n = 115)
Interstitial lung
disease

65.0 5.1Y999.9 0.0002

Malar rash 0.02 0.001Y0.15 G0.0001
Likelihood ratio chi-square 59.5, c statistic 0.95 G0.0001
Anti-SRP vs. Anti-p155/140 Autoantibodies (n = 137)
Race (non-white vs.
white)

80.0 7.6Y999.9 G0.0001

Likelihood ratio chi-square 21.3, c statistic 0.89 G0.0001
Anti-Mi-2 vs. Anti-p155/140 Autoantibodies (n = 142)
CK level 1.6 1.3Y2.1 G0.0001

Likelihood ratio chi-square 48.9, c statistic 0.96 G0.0001
Anti-p155/140 Autoantibodies vs. MSA/MAA Negative (n = 17)
Gottron papules 7.9 1.5Y85.4 0.01
Malar rash 4.2 1.7Y10.9 0.0007
‘‘Shawl-sign’’ rash 2.7 1.1Y7.2 0.023
Cuticular overgrowth 2.6 1.2Y5.7 0.01
Illness course
(monocyclic vs. other)

0.28 0.11Y0.70 0.005

Likelihood ratio chi-square 75.6, c statistic 0.82 G0.0001
TABLE 11. Final Multivariable Exact Logistic Regression
Models for Anti-MJ Autoantibodies vs. Other Myositis-Specific
Autoantibodies

Variable
Odds Ratio
Estimate

95% Confidence
Interval P

Anti-Synthetase vs. Anti-MJ Autoantibodies (n = 98)
Interstitial lung
disease

188.13 18.6Y999.9 G0.0001

‘‘Mechanic’s hands’’ 85.2 6.4Y999.9 0.0001
Likelihood ratio chi-square 45.9, c statistic 0.91 G0.0001
Anti-SRP vs. Anti-MJ Autoantibodies (n = 91)
Raynaud
phenomenon

25.8 1.3Y999.9 0.03

Race (non-white vs.
white)

15.6 1.3Y826.7 0.02

Likelihood ratio chi-square 19.43, c statistic 0.87 G0.0001
Anti-Mi-2 vs. Anti-MJ Autoantibodies (n = 97)
Race (non-white vs.
white)

8.8 1.9Y44.2 0.01

Likelihood ratio chi-square 9.9, c statistic 0.72 0.002
Anti-p155/140 vs. Anti-MJ Autoantibodies (n = 210)
Muscle cramps 3.4 1.4Y8.0 0.006
Ever hospitalized 2.3 1.1Y5.0 0.04
CK level 1.3 1.1Y1.6 0.003
Photosensitivity 0.37 0.18Y0.80 0.01
Malar rash 0.24 0.09Y0.64 0.004
‘‘Shawl-sign’’ rash 0.05 0.01Y0.22 G0.0001

Likelihood ratio chi-square 91.5, c statistic 0.88 G0.001
MSA/MAA Negative vs. Anti-MJ Autoantibodies (n = 170)
Clinical subgroup 9.2 1.2Y420.7 0.03
Dysphonia 2.7 1.3Y5.6 0.006
Linear extensor
erythema

0.39 0.17Y0.89 0.02

Likelihood ratio chi-square 20.6, c statistic 0.68 0.0001
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Adult patients and juvenile patients have different distri-
butions of certain myositis autoantibodies, suggesting that
different genetic risk factors or environmental exposures are
important in the pathogenesis of these diseases. Adult IIM
studies reported that 20%Y30% of patients have anti-synthetase
autoantibodies.20,37 In contrast, only 5% of our JIIM patients
had anti-synthetase autoantibodies. The lower prevalence of
anti-synthetase autoantibodies in children with myositis com-
pared to adults suggests that the frequency of possible envi-
ronmental risk factors for these autoantibodies, such as smoking
or certain occupational exposures that are known to differ with
age, may play a role in the development of this phenotype.4,19

Anti-SRP autoantibodies were slightly less common in children
than adults. Only 1.6% of our juvenile IIM patients had anti-
SRP autoantibodies, in contrast to a reported prevalence of
3%Y5% in adult-onset IIM patients.35 Anti-Mi-2 autoanti-
bodies represented 3% of our JIIM population, and in previous
studies of JIIM, anti-Mi-2 autoantibodies occurred at a fre-
quency of 4%Y10%.38,39 This finding is similar to what has
been reported in adult IIM (5%Y8%).20,38

Specific autoantibodies were highly associated with cer-
tain clinical subgroups. For example, anti-SRP autoantibody-
positive patients all had JPM. Patients with anti-Mi-2, anti-MJ,
or anti-p155/140 autoantibodies displayed classic DM signs and
symptoms and almost exclusively had JDM or overlap myositis
associated with JDM. Patients with anti-synthetase autoantibodies
had significant associations with overlap myositis and JPM.We
were able to stratify by clinical subgroup and test for confounding
of the clinical subgroup in defining differences between the

autoantibody subgroups. However, in most comparisons, sub-
group was unrelated to the autoantibody phenotype. Clinical
subgroup was important when comparing MSA/MAA-negative
and anti-MJ-positive patients andwas a potential confounder in that
analysis. We were unable to test for clinical subgroup in the com-
parison of patients with anti-synthetase versus anti-SRP autoanti-
bodies, as the latter all had JPM. Future studies that focus on the
association of clinical subgroup and autoantibody group would
help to improve the classification of JIIM patients.

Past studies suggest that the classic MSAs are generally
mutually exclusive, with only 1 MSA present in a given patient,
and that certain autoantibodies are more consistently associated
with specific individual clinical profiles.20,37 However, in our
population, several patients had coexistence of anti-Mi-2 with 1
of the newer DM-associated MSAs: 6 patients had both anti-Mi-2
and anti-p155/140 autoantibodies, and 1 patient had anti-Mi-2
and anti-MJ autoantibodies. Muro et al23 reported several pa-
tients with both anti-TIF1> and anti-Mi-2 autoantibodies, and
Fujimoto et al11 reported the coexistence of anti-TIF1> and
TIF1F autoantibodies. The reason for this association is not
known, although it is interesting in view of the clinical asso-
ciation with DM. Generally the anti-p155/140 or anti-MJ au-
toantibodies in sera containing anti-Mi-2 were detected only
by immunoprecipitation blotting assay, not by routine immuno-
precipitation; this is possibly due to interference by the presence
of anti-Mi-2 autoantibodies, which is a complex autoantigen. The
more sensitive immunoprecipitation blotting assay may also have
detected lower titers of anti-p155/140 or anti-MJ than could be
detected by routine immunoprecipitation.36

Characteristics of Distinct JIIM Clinical
Subgroups Based on Myositis Autoantibodies
and Comparison to Adults With the Same
Autoantibody Specificities

Based on these data, we discovered a number of distinct
features associated with the classic MSAs and the 2 recently
identified MSAs, anti-p155/140 and anti-MJ autoantibodies.
The most essential findings are reported in Tables 13 and 14,
with the level of evidence indicated as well in these tables.

Anti-synthetase autoantibody-positive patients accounted
for 5% of all patients in this large juvenile myositis population;
12 patients were anti-Jo-1 positive and 7 others were positive
for the less common anti-synthetase autoantibodies (including
anti-alanyl- and glycyl-tRNA synthetase). Important charac-
teristics of patients with anti-synthetase autoantibodies included
having an older age at diagnosis and being non-white. Anti-
synthetase autoantibodies are highly associated with interstitial
lung disease.20,22 In this study, over 60% of patients with anti-
synthetase autoantibodies had interstitial lung disease, which
is comparable in frequency to some reports in adults but lower
than others.7,19,20,38 Dyspnea on exertion, abnormal pulmonary
function tests, and dyspnea at rest were also major characteristics
of anti-synthetase-positive patients, as in adult patients.38 Other
classic features of the anti-synthetase syndrome in adults, such as
arthralgia and mechanic’s hands, were also strongly associated
with this subgroup of children. Fevers, arthritis, Raynaud phe-
nomenon, and sclerodactyly were also common in the children
with anti-synthetase autoantibodies, and they had intermediate
to high CK levels, as is the case in adult IIM patients with these
autoantibodies.15,17 Anti-synthetase autoantibody-positive patients
were more likely to be in the JCTM clinical subgroup than patients
with the other MSAs. This might explain why patients with anti-
synthetase autoantibodies were more likely to have Raynaud phe-
nomenon, sclerodactyly, interstitial lung disease, arthralgia, and
weight loss, which are clinical features we found to be frequent in

TABLE 12. Final Multivariable Exact Logistic Regression
Models for Classic Myositis-Specific Autoantibodies

Variable
Odds Ratio
Estimate

95% Confidence
Interval P

Anti-Synthetase vs. Anti-SRPAutoantibodies (n = 25)
Arthralgia 21.9 1.7Y1000 0.01

Likelihood ratio chi-square 9.4, c statistic 0.84 0.0002
Anti-Synthetase vs. Anti-Mi-2 Autoantibodies (n = 30)
Arthralgia 8.5 1.3Y77.1 0.02

Likelihood ratio chi-square 7.2, c statistic 0.74 0.007
Anti-Synthetase Autoantibodies vs. MSA/MAA Negative (n = 117)
Interstitial lung
disease

54.5 7.4Y704.2 G0.0001

‘‘Mechanic’s hands’’ 53.4 5.0Y953.0 0.0002
Age at diagnosis
(Q14 yr vs. G14 yr)

7.0 0.9Y87.4 0.07

Likelihood ratio chi-square 55.1, c statistic 0.94 G0.0001
Anti-SRPAutoantibodies vs. Anti-Mi-2 Autoantibodies (n = 17)
Wheelchair use 11.1 0.8Y707.0 0.09

Likelihood ratio chi-square 5.2, c statistic 0.78 0.02
Anti-SRPAutoantibodies vs. MSA/MAA Negative (n = 117)
Wheelchair use 11.1 0.8Y707.0 0.09
Race (black vs.
white/other)

22.8 1.4Y1000 0.02

Arthralgia 0.052 0.001Y0.95 0.04
Likelihood ratio chi-square 29.0, c statistic 0.94 0.0001
Anti-Mi-2 Autoantibodies vs. MSA/MAA Negative (n = 127)
Race (non-white vs.
white)

4.3 1.01Y19.5 0.05

Likelihood ratio chi-square 5.1, c statistic 0.67 0.02
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patients with JCTM.29 However, when we tested for confound-
ing of clinical subgroup in distinguishing anti-synthetase autoan-
tibodies from other MSAs, clinical subgroup was generally
not a cofactor in these models, suggesting that these are features
of the anti-synthetase autoantibodies themselves. Patients with
anti-synthetase autoantibodies tended to have a chronic contin-
uous disease course, similar to adults.20,38 Children with anti-
synthetase autoantibodies compared to the other MSAs had
higher mortality (16.7% over a median of 2.7 yr), which was
similar to the adult population (about 25% over 5 yr) and pri-
marily due to interstitial lung disease.20 One limitation of the
current study is that we combined Jo-1 and non-Jo-1 anti-
synthetase patients, whose features can differ, particularly in
the frequency of interstitial lung disease and severity of muscle
weakness.12 The shorter duration of follow-up in the anti-
synthetase autoantibody subgroup could also have resulted in
symptoms and outcomes that were not as fully developed in
this group of patients.

Anti-SRP autoantibody-positive patients accounted for only
1.6% of JIIM patients. Despite the low prevalence, however,
patients with anti-SRP autoantibodies were clinically distinct.
Anti-SRP autoantibody-positive patients all had JPM, and
as in adult patients, all had severe PM.16,20,38 Anti-SRP
autoantibody-positive patients were older at diagnosis (median
age, 15 yr), and were mostly black females, consistent with
previous studies.28,32 Anti-SRP patients, in this JIIM popula-
tion, had a higher frequency of distal weakness, muscle atro-
phy, falling episodes, and very high CK levels, suggestive of
more severe weakness, consistent with previous reports.20,28,31,35

As in some reports of adults and other children, our patients
with anti-SRP autoantibodies also had a high frequency of car-
diac abnormalities on electrocardiogram or echocardiogram,20,28,35

but unlike the adult patients, children with anti-SRP did not
have frequent palpitations.20,28,35 Similar to Rouster-Stevens
et al,28 we also observed frequent Raynaud phenomenon, dyspho-
nia, and dyspnea on exertion. The median CK level for anti-SRP

TABLE 13. Characteristics of Juvenile Myositis Classic Autoantibody Phenotypes*

Characteristic Anti-Synthetase Anti-SRP Anti-Mi-2

Demographics
Median age at diagnosis Older (14.0 yr) Oldest (15.1 yr) Older (11.0 yr)

Race Larger proportion of non-white
patients (47%)

Larger proportion of black
patients (83%)

Larger proportion of non-white
patients (82%) - mostly Hispanic

Severity of onset No penchant Severe or very severe (100%) Mild or moderate severity (61%)
Delay in diagnosis Shorter delay to diagnosis (1.9 mo)
Clinical group JDM (53%), JPM (16%), or

JCTM (32%)
JPM JDM (JDM or JDM overlap)

Clinical Features
Arthralgia Distal weakness Gottron papules
‘‘Mechanic’s hands’’ Falling episodes Heliotrope rash
Interstitial lung disease Raynaud phenomenon Malar rash
Arthritis Muscle atrophy
Raynaud phenomenon Abnormal EKG or ECHO
Sclerodactyly Dysphonia
Dyspnea at rest or on exertion Dyspnea on exertion
Abnormal PFTs Abnormal PFTs
Chest pain
Fever
Weight loss

Laboratory Features
Intermediate CK levels (median,
3409 U/L)

Highest CK level (median,
18,544 U/L)

High CK level (median,
15,926 U/L)

Intermediate levels of aldolase,
LDH, AST, ALT

Highest levels of aldolase,
LDH, AST, ALT

High levels of aldolase, LDH,
AST, ALT

Intermediate % with positive
ANA (39%)

ANA negative ANA positive (100%)

Intermediate ANA titers
(median, 1:320)

Highest ANA titers (median, 1:1280)

Outcome
Highest mortality (16.7%)
Lower percentage with
calcinosis (10%)

Chronic disease course (100%)

Hospitalized (100%)
Wheelchair use (83.3%)

Abbreviations: See previous tables.

*Bold type = significant in logistic regression or universally present in the group; italicized type indicates top variables from random forest models.
Other variables included in this table were significant in univariable analysis. Note that random forest modeling was not performed in patients with
anti-SRP and anti-Mi-2 autoantibodies.
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autoantibody-positive patients was very high, similar to other
reports.20,31,35 The high CK levels in this subgroup may re-
flect disruption of the myofiber membrane related to a se-
vere immune-mediated necrotizing myopathy, characterized
by myofiber necrosis and little to no muscle inflammation.35

All of our JIIM patients with anti-SRP autoantibodies were
hospitalized, most used a wheelchair, and they had a chronic
continuous disease course. However, unlike adult patients,
none of the juvenile patients died during the follow-up period,
which may be the result of better diagnosis and treatment op-
tions or a greater capacity for muscle regeneration, including
cardiac muscle.

The key associations with anti-Mi-2 autoantibodies, which
were present in only 2.9% of JIIM patients, were highest ANA
titers and being non-white. Approximately 45% of the pa-
tients with anti-Mi-2 autoantibodies were Hispanic. This was
consistent with a study by Shamim et al,30 who reported a higher
prevalence of anti-Mi-2 autoantibodies in Meso-Americans

compared to whites. Patients with anti-Mi-2 autoantibodies
had classic DM, since all patients were classified as either JDM
or JDM with overlap, confirming that anti-Mi-2 autoantibodies
were specific to JDM in JIIM patients.14,20,39 The predilection
for JDM explains the higher prevalence of Gottron papules,
heliotrope rash, and malar rash in anti-Mi-2 autoantibody-
positive patients. Patients with anti-Mi-2 autoantibodies had
a high frequency of ANAs, which were also in high titer.
Children with anti-Mi-2 autoantibodies often followed a poly-
cyclic illness course. Clinical characteristics of patients with
anti-Mi-2 autoantibodies in the current study were generally
consistent with those reported in previous studies, in that anti-
Mi-2 is associated with typical cutaneous lesions and mild-to-
moderate muscle involvement and very low mortality.14,18,20

Different from findings in adults, we did not find the Mi-2
group to be associated with V-sign or shawl-sign rashes or
cuticular overgrowth.20 One reason for differences in the features
of anti-Mi-2 autoantibodies between children and adults might

TABLE 14. Characteristics of Recently Defined Autoantibody Phenotypes in Juvenile Myositis

Characteristic Anti-p155/140 Anti-MJ MSA/MAA Negative

Demographics
Median age at diagnosis Average (7.2 yr) Younger (6.2 yr) Average (7.9 yr)
Race Larger proportion white (80%) Larger proportion white (72%) No racial predilection
Severity of onset Mild or moderate severity (76%) Mild or moderate severity (68%) Mild or moderate severity (72.9%)
Delay in diagnosis Average delay (4.6 mo) Short delay (3.0 mo) Average delay (4.1 mo)
Clinical group JDM (JDM or JDM overlap) Predominantly JDM (JDM or

JDM overlap)
Predominantly JDM

Clinical Features
Gottron papules Muscle cramps Arthralgia
Malar rash Dysphonia Linear extensor erythema
‘‘Shawl-sign’’ rash Contractures Fever

Photosensitivity Gastrointestinal bleeding or ulcer Gottron papules
Cuticular overgrowth Gottron papules Arthritis
Periungual capillary
abnormalities

Malar rash Gastrointestinal bleeding or ulcer
Abnormal EKG or ECHO

Linear extensor erythema Periungual capillary abnormalities

‘‘V-sign’’ rash Heliotrope rash
Cuticular overgrowth
Dysphagia

Heliotrope rash
Lipodystrophy
Erythroderma

Laboratory Features
Lowest CK level
(median, 455 U/L)

Intermediate CK level (median,
1563 U/L)

Relatively lower CK levels (median,
544 U/L)

High percentage ANA
positive (84%)

High percentage ANA positive (64%)

Intermediate ANA titers
(median 1:320)

Low positive ANA titer Low positive ANA titer

Outcome
Muscle atrophy Low mortality (1.3%)
Low mortality (2.4%) Monocyclic course (28%) Monocyclic course (39%)
Chronic disease course (65%) Calcinosis (37%) Calcinosis (37%)

Hospitalized (63%)
Intermediate frequency of wheelchair
use (24%)

*Bold type = significant in logistic regression or universally present in the group; italicized type indicates top variables from random forest models.
Other variables included in this table were significant in univariable analysis.
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relate to the fact that some of the adult patients with anti-Mi-2
autoantibodies had cancer-associated DM, whereas the children
with this autoantibody did not.20

A recently identified autoantibody, anti-p155/140, was
present in 35% of our population as the most common auto-
antibody identified in JIIM patients, and was associated with
JDM or JDM seen with JCTM. The clinical features associated
with anti-p155/140 autoantibodies differed from those associ-
ated with anti-synthetase and anti-SRP autoantibodies. Patients
with anti-p155/140 autoantibodies were mostly white and had
mild or moderate disease at illness onset, and they most fre-
quently had a chronic disease course. Similar to anti-MJ, anti-
p155/140 autoantibody-positive patients displayed classic JDM
features, such as Gottron papules, heliotrope and malar rashes,
and periungual capillary abnormalities. In addition, these patients
developed frequent photosensitivity, linear extensor erythema,
cuticular overgrowth, V-sign and shawl-sign rashes, lipody-
strophy, and erythroderma, which are all cutaneous features of
DM.6 Patients who were anti-p155/140 autoantibody positive
had the lowest CK levels compared to the other autoantibody
groups, possibly explaining the lower prevalence of severe
muscular manifestations. The commonly associated rashes
might be related to their associations with DM, rather than
being distinct to p155/140 autoantibodies.34 However, when
we tested for confounding of clinical subgroup in our logistic
regression models, we did not find clinical subgroup to be a
confounder, suggesting that these are indeed part of the fea-
tures of the autoantibody subgroup itself. Compared to patients
studied by Gunawardena et al,13 our patients were slightly older
at diagnosis (median age, 7.2 yr compared to 6.0 yr, respec-
tively). Similar to other studies,11,13 the presence of Gottron
papules was a significant clinical feature. However, our data
did not show that edema or ulceration were significant fea-
tures of the anti-p155/140 autoantibody subgroup.11,13 Chil-
dren with anti-p155/140 were less likely to report V-sign rash
compared to adults, but still had a higher frequency of this rash
than the other autoantibody subgroups. Our study provides
additional data on the phenotype of the p155/140 subgroup,
including demographic and clinical features and outcomes.
One limitation is that we did not distinguish between TIF1F and
TIF1> autoantibodies, which may coexist and have slightly dif-
ferent clinical features.11

Patients with anti-MJ autoantibodies accounted for 23%
of the total population, as a second major serologic subset of
JIIM, comparable to that of JDM populations in the United
Kingdom and South America.8,12 This autoantibody group was
most commonly found in JDM patients and JCTM associated
with JDM, but was also seen in 3 JPM patients and 1 JCTM
patient with associated JPM. Other investigators have also
observed that anti-MJ autoantibodies are strongly associated
with JDM, although not exclusively.3,8 Patients with anti-MJ
autoantibodies in our population had the youngest age at onset
and age at diagnosis compared to other classic MSA groups,
and most were white. Important clinical features characteristic
of the anti-MJ autoantibody-positive patients included muscle
cramps, dysphonia, and calcinosis, although the frequency of
calcinosis was lower than that previously reported.12 These
patients also had more frequent gastrointestinal bleeding and
ulcers, dysphagia, and classic JDM rashes, including Gottron
papules, heliotrope and malar rashes, and periungual capillary
changes. Gunawardena et al12 noted an absence of truncal
rashes with anti-MJ autoantibodies, which we did not see in our
population. The results of this study were consistent with those in
the Argentinean JIIM population, in which there was a greater
frequency of muscle cramps and falling episodes in children with

anti-MJ autoantibodies, as well as wheelchair use.8 Espada and
colleagues8 found that in juvenile patients, anti-MJ autoanti-
bodies were associated with joint contractures, muscle atrophy,
and significant compromise of functional status, the first 2 of
which were frequent in our population but did not differ from
other MSA subgroups. Hospitalization was common among
anti-MJ autoantibody-positive patients, even though severity
of onset and mortality were low. The present analysis adds
to the literature, solidifying that this autoantibody should be
classified under the rubric of an MSA and is among the most
frequent MSA subgroups in children with myositis.

Although this group was used as a reference for compar-
ison, patients who were MSA/MAA negative displayed unique
characteristics compared to those with a particular MSA. These
patients predominantly had JDM and were more likely to have
a monocyclic illness course. Clinical features that were preva-
lent in this group included arthralgia and linear extensor ery-
thema as the most distinct, but also frequent arthritis, Gottron
papules, gastrointestinal bleeding or ulceration, abnormal elec-
trocardiogram or echocardiogram findings suggesting cardiac
involvement, and fever. Although there was no clinical feature
that was seen solely in this subgroup, some of these features
are characteristic of more severe illness. When comparing this
subgroup to the adult MSA/MAA-negative group, we saw little
similarity, most probably because the Love et al study20 occurred
before the discovery of the newer MSAs. Novel MSAs are still
being discovered, and some of our MSA/MAA-negative patients
may have autoantibodies of as-yet-undefined specificities.1,22

Limitations
Although the current study is one of the largest registry

studies of juvenile myositis, the number of patients with certain
MSA is relatively low, which limits the power to test for in-
teractions formally. In fact, in multivariable logistic regres-
sion analyses, only a few variables were significant, most likely
because they are limited by small sample sizes. Our solution
to small sample size was to use exact logistic regression;
however, even with the exact regression, in some cases there is
suggestion of very wide confidence intervals and possible
model instability.

Methods of autoantibody testing differ between laborato-
ries, which may in part explain some of the differences in our
results compared to other studies. The methods used in the
current study, immunoprecipitation, and for anti-p155/140
and anti-MJ autoantibodies, immunoprecipitation and immu-
noblotting, are gold standards and repeated to be certain of the
results and their reproducibility whenever needed. Immuno-
blotting of immunoprecipitates was used to confirm that all
immunoprecipitation-positive sera were reacting with the same
antigen. However, a reverse immunoprecipitation blotting strategy
was necessary because two-thirds of sera did not react by immu-
noblotting directly, suggesting exclusive reaction with confor-
mational epitopes.36 In contrast, some studies for anti-p155/140
and anti-MJ autoantibodies used immunoprecipitation followed
by immunodepletion, which is also a relatively specific method.13

Further clarification of these immunoreactivities will be possible
when more direct assays have been developed. Additional limi-
tations of this work have been discussed in the previous report
by Shah et al.29

CONCLUSIONS
We conducted the current study to develop classification

methods, using demographic, clinical, and laboratory features,
to better identify stable and mutually exclusive phenotypes
of JIIM. The findings show that clinically distinct phenotypes
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have unique characteristics and that testing for MSAs is im-
portant for predicting clinical course, treatment, and prognosis.
Based on the findings of this study and our prior report,29 we
propose a novel classification system for juvenile myositis
patients that includes both clinical and autoantibody pheno-
types (Table 15). In this new classification system, JPM and
JCTM are unique subgroups in the JIIM family. We also rec-
ommend including anti-p155/140 and anti-MJ autoantibodies
as part of the MSAs. We recommend testing for MSAs and
MAAs in JIIM patients to confirm the diagnosis of JDM, JPM,
or JCTM when necessary and to enhance prediction of the
clinical features and possible course of the disease.
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