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Abstract 

Background:  To report baseline characteristics, patient reported outcomes and treatment of children with Juvenile 
Dermatomyositis (JDM) in the Childhood Arthritis and Rheumatology Research Alliance (CARRA) Registry.

Methods:  Children newly diagnosed with JDM were enrolled in the CARRA Registry from 41 pediatric rheumatology 
centers. Baseline patient demographics, disease characteristics, assessments, patient reported outcome and treat-
ments were recorded.

Results:  In the first year, 119 JDM participants were enrolled. Most were female (63.4%), and white (72.3%) with a 
median diagnosis age 8.0 years (IQR 4.0–11.5), and median age of disease onset 7.0 years (IQR 3.5–7.5). They had char-
acteristic rashes (92.4%), elevated muscle enzymes (83.2%), physician global score 4.0 (IQR 2.5–5.0) and manual mus-
cle testing score 63.5 (IQR 51.0–75.0). Calcinosis (3.4%) and interstitial lung disease (< 1%) were uncommon. Myositis 
specific antibodies were measured and reported in nearly half of participants enrolled where anti-MJ followed by 
Anti-p155/140 were most common (11/49 and 7/53 respectively).

Childhood Health Assessment Questionnaire (CHAQ) results showed mild-moderate disability (median 0.750, IQR 
0.030–1.875), as did patient/parent global assessments of disease activity (median 3, patient IQR: 1.75–5.25; parent 
IQR: 1–7). Patient Reported Outcomes Measurement Information System (PROMIS®) Pediatric Global Health 7 scores, 
Pain Interference, Physical Function scores for Mobility, and Upper Extremity Function were commonly worse than 
95% of the general pediatric population.

Conclusions:  In its inaugural year, 119 JDM patients were successfully enrolled in participapte in the New CARRA 
Registy. This registry will provide the necessary foundation to advance clinical research to improve outcomes using 
traditional measures and patient reported outcomes. With the CARRA biorepository, this infrastructure will enable future 
translational research. Together, these efforts may aid in future clinical trials, including comparative effectiveness trials.
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Background
Juvenile dermatomyositis (JDM) is the most common 
inflammatory myopathy in children but it is nonethe-
less rare, with an estimated annual incidence of 2–4 
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in 1 million children in the United States [1]. JDM is a 
systemic autoimmune disease characterized by pathog-
nomonic rashes and proximal muscle weakness which 
may also involve many organ systems including the 
heart, lungs and gastrointestinal tract. Outcomes for 
JDM before the 1960s were poor, with a mortality rate 
of nearly 30% [2]. With the advent of steroids and other 
immunomodulatory therapies, mortality has declined 
to approximately 2% [3–5] in North America and the 
United Kingdom. Despite these improvements in out-
comes, the severity and disease course is highly vari-
able and over 60% of patients with JDM continue to 
experience a chronic continuous or polycyclic disease 
course, so remission and cure are uncommon [6, 7]. 
Although functional outcomes for JDM have improved 
with therapy, the long-term outcomes of North Ameri-
can and European cohorts suggest that the majority of 
patients suffer from persistently active disease, and that 
nearly 60% of patients develop disease damage includ-
ing chronic weakness, joint contractures, calcinosis, and 
lipodystrophy [6–9].

There are few clinical trials to inform optimal treat-
ment approaches in JDM. Given the challenges of 
conducting clinical trials in such a rare disease, large 
observational cohort studies are vital to improving the 
care and outcomes of children with JDM through disease 
characterization, long-term monitoring, and comparative 
effectiveness studies.

To this end, following the success of the historical pilot 
registry known as the Childhood Arthritis and Rheu-
matology Research Alliance (CARRA) Legacy Registry 
[10], the New CARRA Registry [11] was initiated in 2015 
and began enrollment of JDM patients in 2019. The New 
CARRA Registry includes prospective data collection to 
document the clinical course and medications used to 
treat childhood-onset rheumatic conditions which will 
facilitate long-term safety monitoring of the medica-
tions used to treat these conditions. In addition, the New 
CARRA Registry has several innovations to overcome 
some barriers in studying this rare condition. First, data 
collection forms, modeled on the international consensus 
core dataset for JDM [12], were standardized to facili-
tate harmonization with ongoing investigator-led studies 
and other cohorts and registries worldwide. In addition, 
to facilitate future comparative effectiveness analyses, 
the JDM Registry includes the previously developed 
consensus treatment plans for Moderate [13] and Skin-
Predominant JDM [14]. The Registry is designed as a lon-
gitudinal inception cohort with data collection planned 
over a minimum of 10 years, which will abrogate the limi-
tations encountered with cross-sectional data. The sys-
tematic collection of patient reported outcomes was also 
included in the data collection. Lastly, in order to bolster 

translational studies, standardized biosample collection 
was subsequently added to this registry.

Here, we describe the baseline patient demographics, 
disease characteristics, initial assessments, patient/par-
ent-reported outcomes and treatments for 119 children 
with JDM enrolled in the current registry in the first year.

Methods
Study population and inclusion criteria
The New CARRA Registry [11] began enrollment of 
JDM participants in January 2019 at 71 participating 
sites across North America. Participants were eligible for 
enrollment if they were < 18 years of age at disease onset 
and diagnosed with JDM based on clinical expertise of 
the treating rheumatologist and Bohan and Peter’s cri-
teria [15, 16]. To be eligible for enrollment, participants 
needed to have been diagnosed no more than 6 months 
prior to enrollment and treated with systemic therapy for 
no more than 12 weeks. The New CARRA Registry was 
approved by Duke University Institutional Review Board 
(Pro00054616) and each participating site obtained local 
IRB approval. Data collection complies with the Dec-
laration of Helsinki. Eligible patients and their families 
were approached by the local investigators, and written 
informed consent was obtained from participants age 
18 years or older, or from a parent or legal guardian of 
younger participants who had given their assent.

Data collection
Assessments were performed by medical providers and 
participants/guardians using standardized case report 
forms. At the baseline visit, demographic variables, 
including age, sex, race, insurance, household income, 
and parental educational level, along with medical his-
tory regarding comorbid conditions and relevant family 
history in first degree family members, was recorded. 
Information regarding diagnostic physical exam findings, 
diagnostic tests, and laboratory results was also recorded.

Disease activity indices
Clinicians also documented the presence or absence of 
extramuscular disease activity for constitutional, skel-
etal, gastrointestinal, pulmonary, and cardiovascular 
disease and provided a global visual analog score (VAS) 
ranging from 0 to 10 for each domain. VAS scores were 
also recorded for muscle, skin and global domains [17]. 
Results of two graded muscle strength evaluations, the 
Manual Muscle Testing 8 (MMT8) Scale and the Child-
hood Myositis Assessment Scale (CMAS), were also 
recorded to assess muscle strength and endurance: data 
recorded for participants < 5 years of age were excluded 
for CMAS and MMT8 due to limitations in validity of 
these measures in the younger patients [18]. The binary 
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version of the Cutaneous Activity Tool (CAT) and Cuta-
neous Dermatomyositis Area and Severity Instrument 
(CDASI) were scored to assess skin disease activity and 
damage [19].

Disease damage indices
The myositis damage index (MDI) and presence of calci-
nosis were recorded to assess disease damage at the time 
of enrollment [20].

Patient reported outcomes
Standardized questionnaires were recorded from the par-
ent of the subject or the subject, depending on the age of 
the patient. These assessments included patient or parent 
global VAS score (0–10), the Childhood Health Assess-
ment Questionnaire (CHAQ), Faces Pain Scale (0–10) 
from all participants, and Patient Reported Outcomes 
Measurement Information System (PROMIS®) meas-
ures in the domains of pain intensity, pain interference, 
global health (encompassing physical and mental health 
and quality of life), and physical function (i.e. mobility 
and upper extremity function) [20–22] for participants 
3 years of age or older. CHAQ respondent (i.e. patient 
or parent) was not documented, so CHAQ data were 
pooled.

Medications
Prescribed medications were recorded at the time of 
baseline enrollment. History of medication use was 
recorded, along with whether the participant was being 

treated according to a CARRA consensus treatment plan 
(CTP), namely either the CTP for moderate JDM or the 
CTP for skin-predominant JDM. For each CTP, inves-
tigators also recorded which one of the three treatment 
approaches shown in Fig. 1 was selected.

Statistics
Descriptive statistics were applied to evaluate the base-
line characteristics of this cohort. For variables with a 
normal distribution, the mean and standard deviation 
was calculated, and for those with a non-normal distribu-
tion, the median and interquartile range was calculated. 
To perform a sensitivity analysis to determine contrib-
uting factors to missing MMT-8 and CMAS measure-
ments, the mean age, sex and physician global scores 
between those with and without each measurement was 
compared using a t-test. To perform a stratified analysis 
to determine if participants enrolled to the registry prior 
to treatment had higher disease activity levels than those 
enrolled after treatment was started, the median physi-
cian VAS scores for global, muscle and skin domains 
were compared using a Wilcoxon test.

Results
One hundred nineteen patients with JDM meeting eligi-
bility criteria were enrolled in the New CARRA Registry 
between January 2019 and December 2019 from 41 out 
of 71 sites across North America. About half of all par-
ticipants, 60/119 (50.4%), were treatment-naïve at the 
time of enrollment, and the remaining participants were 

Fig. 1  Published consensus treatment plans for new onset JDM patients with moderate, skin predominant and skin resistant disease
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enrolled within the 12-week treatment window. Sixty-
three percent of participants were female (n = 76), with 
a median age at diagnosis of 8.0 years (IQR 4.0–11.5), and 
median age at disease onset of 7.0 years (IQR 3.5–7.5) 
(Table 1). Seventy-two percent of participants were white 
(n = 86) and 18.5% (n = 22) of participants reported His-
panic, Latino, or Spanish descent (Table 1).

Medical and family history
Twenty-two of the enrolled participants had a history of 
at least one other medical condition and 25 participants 
had a history of autoimmunity in first-degree family 
members, and 5 of these participants had a family history 
of more than one autoimmune condition (Table 1).

Diagnostic features
Participants with characteristic rashes (Gottron’s pap-
ules/rash or heliotrope rash) were reported in 110/119 
(92.4%), and symmetric proximal muscle weakness in 
86/119 (72.3%), and elevated muscle enzymes in 99/119 
(83.2%) (Table  1). MRI was the most commonly per-
formed diagnostic test in 81/119 (68.1%) of participants, 
whereas diagnostic muscle biopsy and EMG were less 
commonly performed in 19/119 (16%) and 4/119 (3.4%), 
respectively, indicating that invasive testing was rarely 
performed (Table 1).

Autoantibodies
Of participants tested, 75/96 (78.1%) had a positive ANA. 
Approximately half of enrolled participants had myositis-
specific antibody (MSA) testing from various laborato-
ries, with anti-NXP2 (aka MJ) being the most common 
antibody identified in 11/49 (22.4%) followed by anti-T
IF1-𝛄 (aka p155/140) in 7/53 (13.2%), anti-Mi2 in 6/55 
(10.9%), anti-MDA5 in 4/51 (7.8%), and anti-Jo1 in 2/67 
(3.0%) of participants tested (Table  1). No participants 
had positive anti-SRP or anti-HMGCR antibodies. Four 
of 119 participants had multiple MSA positivity, and 
were removed from this autoantibody summary due to 
concern for errors in reporting since it is rare for patients 
to have multiple MSAs. Myositis-associated antibod-
ies (MAA) were reported positive for anti-PM-Scl 3/43 
(7.0%) and anti-Smith 1/56 (1.8%). The were no reported 
positive MAAs for the remaining antibodies including 
anti-Ro, anti-La, or anti-RNP antibodies.

Clinical features
The median physician global VAS at baseline was 4.0 
[IQR 2.5–5.0]. The overall median physician global VAS 
for skin disease was 2.0 [IQR 1.0–4.0] with Gottron’s pap-
ules/rash being the most common rash present during 
the enrollment visit reported in 75.6%, followed by malar 
erythema in 65.5%, periungal capillary loop changes in 

Table 1  Demographics and diagnostic features (N = 119)

a Some participants reported more than one Race and/or Ethnicity
b Patient/guardian chose “other” and/or “not any of the Races”
c Patient/guardian chose “prefer not to answer” and/or did not provide a 
responsed
d Twenty-two of the enrolled participants had a history of at least one other 
medical condition: 5 participants had a history of asthma, 3 autoimmune thyroid 
disease, 1 celiac disease, 2 other autoimmune disease, and 12 other major or 
or acquired disease. One participant had a history of multiple autoimmune 
conditions including thyroid, celiac, and other autoimmune disease in addition 
to JDM
e Twenty-five participants had a history of autoimmunity in first-degree family 
members, and 5 of these participants had a family history of more than one 
autoimmune condition. The most common condition was psoriasis in 9 family 
members, followed by rheumatoid arthritis in 4, systemic lupus erythematosus 
in 3, inflammatory bowel disease in 3, autoimmune thyroid disease in 3, 
ankylosing spondylitis in 2, celiac disease in 2, juvenile arthritis in 1, Sjogren’s 
disease in 1, and other autoimmune disease in 4
f Proportion of patients with a positive test of the total number tested

Age at diagnosis in years, median (IQR) 8 (4.0–11.5)

Age at disease onset in years, median (IQR) 7 (3.5–7.5)

Time to diagnosis in months, median (IQR) 3 (1–6.5)

Female, N (%) 76 (63.4)

Race or Ethnicitya, N (%)

  White 86 (72.3)

  Hispanic, Latino, or Spanish origin 22 (18.5)

  Black, African American, African, or Afro-Caribbean 9(7.6)

  Asian 7(5.9)

  Native American, American Indian or Alaskan Native 3 (2.5)

  Middle Eastern 3 (2.5)

  Unknownb 3 (2.5)

  Otherc 4 (3.4)

Concomitant Medical History, N (%)d 22 (16.8)

Family History of Autoimmunity, N (%)e 25 (21)

Skin Predominant JDM, N (%) 38 (31.9)

History of, N (%)

  Proximal Muscle Weakness 86 (72.3)

  Rash (Heliotrope or Gottron’s) 110 (92.4)

  Elevated muscle enzymes 99 (83.2)

  EMG performed 4 (3.4)

  Muscle Biopsy performed 19 (16)

  MRI performed 81 (68.1)

Autoantibodies, proportionf

  ANA 75/96 (78.1%)

Myositis-specific antibodies

  Anti-MJ/NXP2 11/49 (22.4%)

  Anti-p155/140/TIF1-𝛄 7/53 (13.2%)

  Anti-Mi2 6/55 (10.9%)

  Anti-MDA5 4/51 (7.8%)

  Anti-Jo1 2/67 (3.0%)

Myositis-associated antibodies

  Anti-PM-Scl 3/43 (7.0%)

  Anti-Smith 1/56 (1.7%)
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58.8%, and heliotrope rash in 53.8% (Table  2). Cutane-
ous ulcerations were present in 10.9% of participants and 
extensive cutaneous erythema in 14.3%. No participants 
had panniculitis. The median cutaneous activity score 
tool was 4.0 (IQR 2.0–5.0). CDASI activity score was 
performed in 52 participants who had a median score of 
5.0 [IQR 3.0–10.0] (Table 2). Calcinosis was rare at dis-
ease presentation in this cohort occurring in only 4 par-
ticipants. These 4 participants who developed calcinosis 
had a median duration of symptoms of 12 months (IQR 
8–18 months) compared to 3 months (IQR 1–6 months) 
in those who did not develop calcinosis. However, 
because of the variation in duration of symptoms and few 
number of patients (N = 4), this did not meet statistical 
significance.

The median physician global VAS for muscle disease 
was 3.0 [IQR 1.0–5.0] and muscle enzymes were elevated 
in 83.2%. MMT8 scores were available for 36 partici-
pants (30%), however, 4 of these participants were < 5 yrs. 
of age. For 32 participants age 5 and up with reported 
scores, the median MMT8 score was 63.5 [IQR 51.0–
75.0] indicating moderate weakness. CMAS was per-
formed in 38 participants (32%), 4 of whom were < 5 yrs. 
of age. For 34 participants age 5 and up, the median 
CMAS score was 43.5 [IQR 30.5–51.0] (Table  2). These 
assessments were not performed in the majority of par-
ticipants. A sensitivity analysis comparing the age, sex 
and physician global VAS score between participants 
with available MMT8 and CMAS scores and those with-
out available scores identified that those with missing 
scores were significantly younger: mean age 7.4 years 
compared to 9.4 years for MMT-8 (p = 0.027) and mean 
age 7.2 compared to 9.7 years for CMAS (p = 0.01). Like-
wise, 31/83 (37%) and 31/81 (38%) of participants with 
missing MMT-8 and CMAS scores, respectively, were 
less than age 5, indicating that young age is, in part, con-
tributing to absence of reporting of for these measures. 
Organ involvement beyond skin and muscle disease was 
rare in this cohort (Table 2).

A stratified subanalysis between treatment-naïve and 
treated participants showed significantly higher median 
physician global scores in treatment-naive compared to 
the treated group: 4.75 [3.00, 5.00] and 3.00 [2.00, 5.00], 
respectively (p < 0.014). Physician global VAS for skin in 
treatment-naïve compared to treated participants was 
3.00 (1.12–5.00) versus 2.00 (1.00–3.00), (p  = 0.097). 
Patient/parent global VAS in treatment-naïve compared 
to treated participants was 3.00 (2.00–6.00) versus 2.00 
(1.00–5.00), (p = 0.057).

Treatment
Half of all participants, 60/119 (50.4%), were treatment-
naïve at enrollment, and the remaining participants were 

Table 2  Clinical disease features, N = 119a

a N = 119 unless indicated in the table where missing data reduced the total 
number of patients analyzed
b Manual-Muscle Testing 8
c Childhood Myositis Assessment Scale
d Cutaneous Activity Tool
e Cutaneous Dermatomyositis Area and Severity Instrument

Muscle Enzyme Elevation, N (%) 99 (83.2)

MMT8b, median (IQR) 63.5 (51.0–75.0), N = 32

CMASc, median (IQR) 43.5 (30.5–51.0), N = 34

Skin Manifestations, N (%)

  Gottron’s papules or sign 90 (75.6)

  Malar or facial erythema 78 (65.5)

  Periungal capillary loop changes 70 (58.8)

  Heliotrope Rash 64 (53.8)

  Linear Erythema 33 (27.7)

  Cuticular overgrowth 24 (20.2)

  Non-sun exposed erythema 23 (19.3)

  Extensive cutaneous erythema 17 (14.3)

  Shawl Sign 13 (10.9)

  Cutaneous Ulceration 13 (10.9)

  Subcutaneous edema 11 (9.2)

  V sign 10 (8.4)

  Mucus membrane lesions 6 (5)

  Livedo reticularis 6 (5)

  Mechanic’s hands 6 (5)

  Alopecia 4 (3.4)

CAT​d Score, median (IQR) 4.0 (2.0–5.0)

CDASIe Activity Score, median (IQR) 5.0 (3.0–10.0), N = 52

Calcinosis, N (%) 4 (3.4)

Overlap features, N (%)

  Raynaud phenomenon 8 (5.0)

  Sclerodactyly 5 (3.1)

Constitutional symptoms, N (%)

  Fever 13 (10.9)

  Weight loss 22 (18.5)

  Fatigue 71 (59.7)

Arthritis, N (%) 33 (27.7)

Gastrointestinal symptoms, N (%)

  Abdominal Pain 6 (5)

  Dysphagia 21 (17.6)

Pulmonary symptoms, N (%)

  Interstitial lung disease 1 (0.8)

  Dysphonia 14 (11.8)

Cardiovascular involvement, N (%) 1 (0.8)

Physician Global Assessment, median (IQR) 4.0 (2.5–5.0), N = 106

Physician Global Muscle Disease Activity, 
median (IQR)

3.0 (1.0–5.0), N = 78

Physician Global Skin Disease Activity, 
median (IQR)

2.0 (1.0–4.0), N = 71

Physician Global Extramuscular Disease 
activity, median (IQR)

0.25 (0.0–3.25), N = 72

  Constitutional 2.0 (0.0–2.0), N = 84

  Skeletal 0.0 (0.0–2.0), N = 88

  Gastrointestinal 0.0 (0.0–0.4), N = 90

  Pulmonary 0.0 (0.0–0.0), N = 89

  Cardiovascular 0.0 (0.0–0.0), N = 88
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enrolled within the 12-week treatment window. Approxi-
mately half of participants (64/119, 54.6%), were treated 
according to a CTP at the baseline visit. The majority 
(51/64, 80%), were treated according to a Moderate JDM 
CTP and 13 participants were treated according to a 
Skin-Predominant CTP (Fig. 1). Of those treated by the 
Moderate JDM CTP, there was a relatively equal distri-
bution across the three treatments arms with 14 par-
ticipants treated according to Plan A (IV + PO steroids 
+ MTX), 21 treated according to Plan B (IV + PO ster-
oids + MTX + IVIG), and 16 treated according to Plan 
C (PO steroids + MTX). Of those treated by the Skin-
Predominant CTP, 9 participants were treated according 
to Plan C (HCQ + MTX + PO steroids), 2 according to 
Plan A (HCQ monotherapy) and 2 according to Plan B 
(HCQ + MTX).

Damage
Four participants (3.4%) had calcinosis at the baseline 
visit indicating this complication is rare at disease pres-
entation in this cohort. Damage assessed by the Myosi-
tis Damage Index was also rare with only 7 participants 
with non-zero physician global damage VAS scores. Of 
these 7 participants, the median physican global damage 

VAS was 3.0 (IQR 1.0–3.5), and the most commonly 
reported damage was limited to the muscle and skin 
as follows: clinically identified muscle atrophy (n  = 3), 
muscle dysfunction defined as a decrease in aeurobic 
capacity (n = 3), poikiloderma (n = 3), and lipoatrophy/
lipodystrophy (n  = 2). Sclerodactyly (n  = 1), depressed 
scar/cutaneous atrophy (n  =  1), muscle weakness not 
attributable to active muscle disease (n = 1), gastrointes-
tinal dysmotility (n = 1), and persistent dysphagia (n = 1) 
were also reported.

Patient/parent‑reported outcomes
Patient and parent global assessments of disease activity 
were rated similarly (Table 3), with median scores of 3 for 
both groups of respondents (patient IQR: 1.8–5.3; parent 
IQR: 1–7). PROMIS Pediatric Global Health 7 (PGH7) 
patient and parent scores were generally scored similarly, 
with median score (IQR) 38.8 (33.6–42.1) for participants 
and 34.6 (39.4–37.9) for parents, consistent with worse 
health than the general pediatric population; 39.6 and 
52.9% of patient and parent PGH7 scores were consist-
ent with worse general health than 95% of the pediatric 
population [22].

Table 3  Patient/parent-reported outcome measures

a Proportion of patients with a high symptom/low function based on total number of respondents
b Childhood Health Assessment Questionnaire
c Patient Reported Outcomes Measurement Information System

Global Assessments: Median (IQR) High symptom/low 
function scorers, n 
(%)a

Global Assessment of Disease Activity (patient), n = 48 3.0 (1.8–5.3) –

Global Assessment of Disease Activity (parent), n = 33 3.0 (1.0–7.0) –

PROMIS Pediatric Global Health 7 (patient), n = 48 38.8 (33.6–42.1) 19 (39.6)

PROMIS Pediatric Global Health 7 (parent), n = 34 34.6 (29.4–37.9) 18 (52.9)

Physical Function:
  CHAQb, n = 102 0.750 (0.030–1.875) –

  PROMIScMobility (patient), n = 48 36.9 (32.9–48.4) 19 (39.6)

  PROMIS Mobility (parent), n = 33 32.0 (27.0–43.0) 22 (66.7)

  PROMIS Upper Extremity (patient), n = 31 35.4 (28.5–44.9) 16 (51.6)

  PROMIS Upper Extremity (parent), n = 28 23.5 (21.0–33.5) 20 (71.4)

Pain:
  Pain Intensity Now (patient), n = 48 1 (0–4) –

  Pain Intensity Now (parent), n-35 1 (0–3) –

  Pain Intensity Past 7 Days (patient), n = 48 3 (1–6) –

  Pain Intensity Past 7 Days (parent), n = 35 2 (0–6) –

  Pain Frequency, # Days in Past 14 Days (patient), n = 46 5 (1–13) –

  Pain Frequency, # Days in Past 14 Days (parent), n = 30 4 (0–14) –

  PROMIS Pain Interference (patient), n = 40 55.7 (50.3–61.4) 15 (37.5)

  PROMIS Pain Interference (parent), n = 30 62 (51.5–66.5) 21 (77.8)
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The median CHAQ score equaled 0.75, suggest-
ing mild-to-moderate disability though CHAQ scores 
varied widely at the baseline visit (IQR: 0.030–1.875; 
min-max documented scores 0–3) [23]. PROMIS physi-
cal function measures suggested poor functional sta-
tus for most participants with both Mobility (patient 
median (IQR): 36.9 (32.9–48.4); parent median (IQR): 
32.0 (27.0–43.00)) and Upper Extremity Function 
(patient median (IQR): 35.4 (28.5–44.9); parent median 
(IQR): 23.5 (21–33.5)) domains significantly impacted; 
PROMIS physical function scores were often worse 
than 95% of the general pediatric population, with such 
poor scores noted in 39.6 and 66.7% of patient and par-
ent Mobility assessments and 51.6 and 71.4% of patient 
and parent Upper Extremity assessments [22].

Pain intensity at the time of the study visit was mod-
est (patient median (IQR): 1 (0–4); parent median 
(IQR): 1 (0–3), but patient pain intensity scores were 
higher when asked to average over a recall period of 
7 days (patient median (IQR): 3 (1–6); parent median 
(IQR): 2 (0–6)). When estimating the number of days 
in which pain was experienced over the past 2 weeks, 
patient reported data showed somewhat higher fre-
quency of pain (patient median (IQR): 5 (1–13)) com-
pared to parent reported data (parent median (IQR): 4 
(0–14)). While pain intensity was somewhat modest, 
PROMIS pain interference showed evidence of mod-
erate to severe impact of pain on daily life (patient 
median (IQR): 55.7 (50.3–61.4); parent median (IQR): 
62 (51.5–66.5); 37.5% of participants and 77.8% of par-
ents reported pain interference scores that were worse 
than 95% of the general pediatric population [22].

Discussion
The New CARRA Registry was able to enroll 119 new 
onset patients with Juvenile Dermatomyositis from 41 
sites in North America in the first 12 months. This con-
temporary multicenter inception cohort of patients 
enrolling new onset JDM in North America will help to 
augment the knowledge from other North American and 
International cohorts [5, 10, 24–26].

In the first year, participants enrolled in the New 
CARRA Registry were similar in age and gender com-
pared to other published series. Similar to other cohorts, 
over 90% of our cohort presented with characteristic JDM 
rash, namely Gottron’s rash or heliotrope rash as well as 
a variety of other JDM related skin manifestations includ-
ing ulcerations and calcinosis. Calcinosis was uncommon 
at disease onset, occurring in 3% of the participants in 
our cohort, which is comparable to other cohorts early in 
the disease course [5, 27]. However, New CARRA Reg-
istry participants had lower baseline CHAQ and higher 
CMAS and MMT8 assessments suggesting less weakness 

at presentation compared to other published cohorts [27, 
28] suggesting patients with milder disease activity were 
effectively enrolled, although this result could also be 
impacted by the inclusion of participants after treatment 
initiation. This conclusion is supported by the stratified 
subanalysis, where at enrollment, treatment-naïve par-
ticipants had worse physician global scores and a trend 
for worse global skin scores and patient/parent global 
scores compared to treated participants. We plan addi-
tional subgroup analysis in the future. In addition, par-
ticipants enrolled in the JDM New CARRA Registry had 
shorter median time to diagnosis compared to previous 
cohorts, suggesting possible improvement in present-day 
recognition and diagnosis of JDM. Similarly, severe dis-
ease features, including visceral organ involvement, were 
also uncommon in our present cohort.

Similar to the UK JDM study that reported 18% of their 
cohort presented without weakness [5], nearly 17 and 
25% of JDM participants enrolled in the New CARRA 
Registry had no history of elevated muscle enzymes 
and proximal muscle weakness, respectively, suggest-
ing a subset of participants that could be categorized as 
skin predominant or amyopathic JDM. Future subgroup 
analysis of treatments, longitudinal monitoring and 
long-term outcomes of this subset of participants will 
be of great interest to the pediatric rheumatology com-
munity. Familial aggregation of autoimmune disease has 
been hypothesized in JDM [29], especially lupus and 
type 1 diabetes. Similarly, family history of autoimmun-
ity was reported in the JDM participants enrolled in the 
New CARRA Registry, including rheumatoid arthritis, 
psoriasis, lupus, and thyroid disease. Further analysis 
and consideration may be informative regarding disease 
pathogenesis and outcomes in this patient subset.

Patient−/parent-reported outcome measures (PROs) 
in this study demonstrated a substantial impact of JDM 
on multiple important domains. While patient/parent-
rated disease activity was generally in the mild-moderate 
range [22], PROMIS PGH7 scores suggested only fair 
health status in the median JDM patient, with partici-
pants in the lowest quartile reporting health status worse 
than 95% of the general pediatric population [17]. Unsur-
prisingly, JDM participants experience significant loss 
of physical function early in their disease as reflected in 
PROs from this inception cohort, with different instru-
ments demonstrating varying ability to detect functional 
limitations. Median CHAQ values fell in the mild-to-
moderate disability range [23], though scores varied 
widely across the full possible range. PROMIS Mobility 
and Upper Extremity Function measures are normalized 
to data from large pediatric validation cohorts, provid-
ing an advantage in terms of interpretability. The median 
PROMIS Mobility and Upper Extremity Function scores 
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in the New CARRA Registry were worse than 95% of the 
general pediatric population [23] suggesting very poor 
functional status early in the disease course that may be 
somewhat underestimated by the CHAQ. Pain intensity 
was generally modest, though pain may be intermittent 
as reflected in reports of pain occurring an average 4–5 
of the past 14 days. While the intensity and frequency of 
pain were somewhat modest, the pain that JDM patients 
experience is highly disruptive, as reflected by PROMIS 
Pain Interference median scores in the moderate range 
for patient-report data and the severe range for parent-
report data. Roughly one third of participants and three 
quarters of parents rated pain interference worse than 
95% of the general pediatric population. These results 
suggest the substantial impact of pain on daily life that 
may not have been fully appreciated in prior literature in 
which pain intensity measures were solely used [23].

Myositis specific antibodies were assessed in about 
half of participants enrolled in the New CARRA Regis-
try. The proportion of anti-NXP2 (22%) and anti-MDA5 
(8%) antibodies is similar to what is reported in other 
cohorts, but there was lower prevalence of anti-TIF1-𝛄 
(13%) and higher prevalence of anti-Mi-2 (11%) anti-
bodies than other published cohorts [24, 30]. These dif-
ferences in Myositis specific antibodies could contribute 
to the milder spectrum of disease found in this cohort. 
Similar to other cohorts, nearly 2/3 of participants had 
a positive ANA. As the Registry grows, we expect that 
additional studies related to autoantibody subtypes will 
be feasible to aid in future prognostication and advance-
ment towards individualized treatment and precision 
medicine.

Over 40% of participants with moderate JDM were 
treated according to a CARRA JDM Consensus Treat-
ment Plan demonstrating the potential for future analy-
ses including comparative effectiveness research. The 
Registry is paired with a growing biorepository. Together 
we expect that these samples paired with well-pheno-
typed patient and disease characteristics from the Regis-
try, will prove to be a rich resource in the future study of 
this rare condition.

As with any registry, there are several limitations to 
consider. Though this is an inception cohort of patients, 
participants were recruited voluntarily during routine 
clinical encounters. Therefore, it is possible that patients 
who had less severe disease activity were approached 
to participate and enrolled more often into the regis-
try, while sicker patients may have been inadvertently 
excluded or less willing to enroll into the registry. Alter-
natively, participants could be enrolled at up to 12 weeks 
of treatment, so it is also possible that this cohort has 
milder disease features due to response to treatment dur-
ing that time period. We had incomplete data disease 

measures important in the assessment of JDM, including 
VAS, MMT8, CMAS, and CDASI. The CHAQ respond-
ent was not documented so patient/parent-reported data 
was pooled. Additional attention is necessary for accu-
rate and consistent collection of PROs, according to age, 
for future data collection. These limitations are being 
addressed with additional education to CARRA Registry 
sites to improve future collection, in addition to data col-
lection forms indicating when participants are unable to 
participate in strength testing due to age or disease sever-
ity, or in PRO collection due to age. In addition, there 
was low and heterogenous MSA reporting from CARRA 
sites, which is a limitation that is difficult to address, 
since MSA testing is not standardized to date and is per-
formed through a variety of laboratories. There is cur-
rent interest in systematically assessing MSAs in all JDM 
patients, including work to validate reliability of varying 
approaches to measuring MSAs, and a growing impor-
tance in how these measures may influence treatment 
strategies [30–32].

Conclusions
The New CARRA Registry has been developed to 
improve the understanding of disease heterogeneity 
and to compare different treatments for rare pediatric 
rheumatic conditions including JDM. Nearly 120 JDM 
patients have been enrolled in its inaugural year. The col-
lection of serial biosamples linked with the rich clinical, 
serologic and patient-reported data from this registry 
recorded longitudinally over the course of disease will 
allow for future novel studies and help to advance the sci-
ence of JDM. This registry will also lay a foundation for 
comparative effectiveness research that will improve the 
treatment and outcomes of JDM patients in ways histori-
cal approaches were not able to achieve. We anticipate 
that such work will help improve patient outcomes in a 
real-life meaningful way.
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