
From the Divisio

Pediatrics,a an

Northwestern

Cure JM Cente

and Research,

and The Ann a

Research Cent

Funding sources:

Pachman Fund

Pachman), and

Arthritis, Meta

Electronic Dat

Medicine by t

lational Scienc

by a Clinical a

National Instit

1610
Skin disease is more recalcitrant than
muscle disease: A long-term prospective

study of 184 children with
juvenile dermatomyositis
Andi Wang, BA,a Gabrielle A. Morgan, MA,b Amy S. Paller, MD,c and Lauren M. Pachman, MDa,b

Chicago, Illinois
Background: Persistent skin manifestations, especially calcinoses, contribute to morbidity in children with
juvenile dermatomyositis.
Objective: To compare the course of skin and muscle involvement and document frequency of calcinosis
in juvenile dermatomyositis.
Methods: Prospective cohort study of 184 untreated children with juvenile dermatomyositis (July 1971 to
May 2019) at a single children’s hospital.
Results: Disease Activity Scores (DASs) were persistently higher for skin versus muscle at all points; clinical
inactivity (DAS #2) occurred earlier for muscle than skin. Among vascular features for DAS for skin, eyelid
margin capillary dilatation was most frequent (54.3%) and persisted longest. Intravenous methylprednis-
olone reduced DAS for skin more than oral prednisone at 12 months (P = .04). Overall, 16.8% of patients
(n = 31) had calcifications, with 4.9% at enrollment. Despite therapy, 25.0% of calcifications recurred and
22.6% failed to resolve; of the latter, 71.4% (n = 5) were present at enrollment. Children with persistent
calcifications had longer duration of untreated disease than those whose calcifications resolved (mean
12.5 months) (P\ .001). Hydroxychloroquine did not improve DAS for skin (P = .89).
Limitations: DAS does not quantify nailfold capillary dropout.
Conclusions: In juvenile dermatomyositis, skin disease presents with greater activity and is more
recalcitrant to therapies than muscle disease. Early and aggressive treatment can limit the severity and
persistence of calcifications identified later in the disease course. ( J Am Acad Dermatol 2021;84:1610-8.)

Key words: calcinosis; IV methylprednisolone; juvenile dermatomyositis; oral prednisone; pediatric
dermatology; vasculitis.
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INTRODUCTION
Juvenile dermatomyositis, a rare autoimmune

disease, affects 2.3 to 4.1 US children per million
per year.1-3 Defining features are symmetric proximal
muscle weakness and a characteristic skin eruption,
most often localized to the face and overlying joints.4

Juvenile dermatomyositis may lead to severe
CAPSULE SUMMARY

d Juvenile dermatomyositis skin signs are
significantly more severe and persistent
than muscle signs, despite therapy;
eyelid margin capillary dilatation is a
prominent, persistent vascular feature.
Intravenous methylprednisolone controls
skin disease more rapidly than oral
prednisone.

d Clinicians should consider both the
activity of skin manifestations and
muscle dysfunction in therapeutic
decision making.
sequelae, including dystro-
phic calcifications, persistent
cutaneous inflammation, and
organ involvement with
functional limitations.5-7

Validated in 2003,8 the
Disease Activity Score (DAS)
continues to be a widely
usedmeasure for quantifying
skin and muscle activity in
juvenile dermatomyositis.9-13

The 20-point scale uses 11
possible points for muscle
and 9 points for skin mani-
festations. Scored skin fea-
tures include severity of skin
erythema and Gottron pap-
ules, distribution, and the

presence of erythema and telangiectasia at specific
locations (eyelid, periungual region, and palate).
The DAS monitors disease severity and response to
treatment, and has been shown to predict juvenile
dermatomyositis functional outcomes, such as car-
diac dysfunction with high early Disease Activity
ScoreeSkin (DAS-S) scores.14 The DAS-S has the
strongest correlation with the physician’s visual
analog scale.15

Prompt initiation of appropriate therapy is
linked to optimal outcomes and reduction of
long-term disability.16-18 Although skin features
often precede muscle complaints, calcinoses are a
later complication. Calcinosis is a poorly under-
stood and feared complication of juvenile derma-
tomyositis, contributing to significant morbidity.
Reported to be present in 30% to 50% of juvenile
dermatomyositis patients,19-21 calcinoses often
involve the extremities22 and soft tissues, may be
related to repeated local trauma, and are associated
with longer disease duration before therapy.23,24

Risk of calcification has been linked to delayed or
suboptimal treatment5,25 and the TNFA-308 GA or
AA genotype.26

Using long-term tracking of DAS-S and Disease
Activity ScoreeMuscle (DAS-M) scores,8,9 this study
compared skin and muscle activity, as well as
patterns of calcifications, during the juvenile derma-
tomyositis disease course in 485 children at a single
center.
METHODS
Patient selection and study design

Data from this single-center cohort study were
extracted from the Juvenile Myositis Registry, currently
aResearchElectronicDataCapturedatabase (hostedby
Northwestern University Feinberg School of
Medicine),27 begun in July 1971 that includes all juve-
nile dermatomyositis patients
treated at The Ann and Robert
H. Lurie Children’s Hospital of
Chicago through May 2019.
Clinical and laboratory data
werecaptured for 184children
and adolescents who met in-
clusion criteria of diagnosis of
juvenile dermatomyositis (us-
ing criteria at enrollment, such
as those provided by Bohan
andPeter28 and laterAmerican
College of Rheumatology
criteria29-31) and untreated dis-
ease. The study was approved
by the Lurie Children’s
Institutional Review Board;
written informed consent and
assentwere obtained from legal guardians andpatients
aged 12 years or older, respectively.
Outcome measures and treatments
Duration of untreated disease was collected at the

start of medical therapy. At enrollment and each visit,
patients were assessed with the validated 20-point
DAS,8 which sums scores for skin activity (0-9 points)
andmuscle activity (0-11 points). TheDAS-S evaluates
the distribution and extent of involvement of cuta-
neous features, including mucocutaneous vasculature
and Gottron sign/papules. DAS-M assesses muscle
weakness and physical function. Disease severity is
classified as absent (DAS-S 0;DAS-M0),mild (DAS-S 1-
3; DAS-M 0.5-3), moderate (DAS-S 4-5; DAS-M 4-5),
moderate to severe (DAS-S 6; DAS-M 6-8), and severe
(DAS-S 7-9; DAS-M 9-11). Therefore, classifications
based on severity for DAS-M and DAS-S are compa-
rable. A total DAS of 0 to 2 is considered clinically
inactive, but may also reflect damage. Although
validation of the DAS was not published until 2003,8

our study used DAS data collected from 1971 by a
single physician (L.M.P.), who generated and later
validated the DAS. TNFA (TNFa)-308 polymorphisms
were determined32 and routine laboratory testing,
muscle enzyme levels (creatinine phosphokinase,
aldolase, lactate dehydrogenase, and serum
glutamic-oxaloacetic transaminase)33 and immune in-
dicators of inflammation, was performed. At each visit,



Table I. Demographic and baseline characteristics
of 184 untreated juvenile dermatomyositis patients

Characteristic

Participants

(N = 184)*

Age at first visit, mean (SD), y 7.1 (3.9)
Median (range) 6.3 (1.5e17.1)

Sex, no. (%)
Male patient 46 (25)
Female patient 138 (75)

Race, no. (%)
Non-Hispanic White 133 (72.2)
Hispanic 34 (18.4)
Black 7 (3.8)
Asian 7 (3.8)
Other 3 (1.6)

DUD, mean (SD), moy 10.4 (17.5)
Follow-up time, mean (SD), y 6.7 (5.5)
DAS, mean (SD) (n = 166)
DAS-total (range 0e20) 10.7 (3.6)
DAS-muscle (range 0e11) 4.9 (1.4)
DAS-skin (range 0e9) 5.8 (3.0)

Skin involvement type (n = 177),
no. (%)

Erythema, mild 80 (45.2)
Erythema, moderate 80 (45.2)
Erythema, severe 16 (9.0)
Atrophic changes only 0 (0)
Gottron papules only 1 (0.6)

Skin distribution (n = 176)z

Focal 104 (59.1)
Diffuse 55 (31.2)
Generalized 17 (9.7)

TNFA-308 genotype, no. (%) (n = 147)
GG 102 (69.4)
GA 41 (27.9)
AA 4 (2.7)

Time to reach clinical skin inactivity
(DAS-skin 0e2), mean (SD), mo

0 18.4 (20.4)
#1 12.8 (11.8)
#2 11.3 (10.7)

Time to reach clinical muscle inactivity
(DAS-muscle 0e2), mean (SD), mo

0 9.5 (9.9)
#1 6.2 (6.5)
#2 4.0 (4.6)

DAS, Disease Activity Score; DUD, duration of untreated disease;

SD, standard deviation.

*Patients with missing data are reflected in the modified N values

listed.
yDefined as the interval between first symptoms and the

beginning of treatment.
zFocal distribution involves the area of joint-related skin. Diffuse

includes extensor surfaces of limbs and shawl area. Generalized

includes trunk involvement.

Abbreviations used:

DAS: Disease Activity Score
DAS-M: Disease Activity ScoreeMuscle
DAS-S: Disease Activity ScoreeSkin
SD: standard deviation
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medication use and the presence of calcifications on
clinical examination were recorded. Regular use of
intravenous methylprednisolone began in 1990,34,35

supplementing the previous standard of treatment of
oral prednisone.

Statistical analysis
Demographic characteristics, including age, sex,

and duration of untreated disease, were recorded for
all patients at enrollment (baseline), independent of
the availability of DASs. Mean DASs were calculated
for skin and muscle (and summed to total disease
activity) at baseline and 6, 12, 24, 36, 48, and
60 months after medication initiation. Reduction in
DAS (DDAS) quantified the percentage of change in
DASs from baseline to various periods with treat-
ment. A paired t test analyzed significant differences
between mean DAS-S and DAS-M scores, as well as
differences in DDAS-S between intravenous methyl-
prednisolone and oral prednisone at each point. The
percentage of participants reaching clinically inac-
tive total DASs of 0, less than or equal to 1, and less
than or equal to 2 was calculated for skin and muscle
activity. A x2 test analyzed the proportion of partic-
ipants who obtained clinically inactive skin disease,
muscle disease, or both. Mean months since initia-
tion of medication to reach clinical inactivity for total,
skin, andmuscle activity was also calculated, defined
as the first time that patients achieved a DAS of less
than or equal to 2, irrespective of whether the score
was maintained. The frequency of the 5 abnormal
vascular elements was calculated at baseline,
12 months, and patients’ last visit. Participants were
excluded if more than 24 months had elapsed
between consecutive visits or they had fewer than
3 visits. Significance of differences in resolution of
abnormal vascular elements used 1-way analysis of
variance. x2 Testing was performed to determine the
significance of differences in the development of
calcification based on genotype (TNFA GG vs TNFA
GA 1 TNFA AA). These analyses used SPSS, with
significance defined as P\ .05.

RESULTS
The 184 untreated juvenile dermatomyositis

patients (Table I) were predominantly female in-
dividuals (75%), non-Hispanic White (72.2%), and of
the TNFA-308 GG genotype (69%). The mean dura-
tion of untreated disease at enrollment was
10.4 months (standard deviation [SD] 17.5 months).



Fig 1. Juvenile dermatomyositis. Representative image of
eyelid margin capillary dilatation.8,54
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At entry, skin involvement was classified as minimal
(Gottron papules only, 0.6%), mild (45.2%), moder-
ate (45.2%), or severe (9.0%). Skin distribution was
described as focal (59.1%; limited to joint regions),
diffuse (31.2%; including extensor surfaces of limbs
and shawl area), or generalized (9.7%; including
truncal involvement). Some form of vascular
involvement was observed in greater than 99% of
patients. Fig 1 shows microvascular involvement
with eyelid margin vessel dilatation. Other vascular
findings included eyelid erythema, periungual (nail-
fold) capillary telangiectasia or erythema, palatal
vessel dilatation, or all 3. Gottron papules were
described in 82.3% (n = 135); of these, 64.4% were
mild (mild erythema and slight thickening) and
36.5% persisted at 12-month follow-up.

At enrollment, patients presented with higher
mean DAS-S (mean 5.7; SD 3.0) compared with
mean DAS-M (mean 4.9; SD 1.4) (P = .002) (Fig 2,
A). After initiation of therapy, total DASs decreased
progressively at 6, 12, and 24 months from a mean at
baseline of 10.7 (SD 3.6) to 2.7 (SD 2.4) at 24 months,
but DAS-S was consistently more severe than DAS-M
throughout the 60 months of evaluation while the
patient received medication (all P \ .001). By
36 months after enrollment and at subsequent
points, the mean DAS-S was approximately 2.5-fold
greater than the DAS-M (Fig 2, A).

The percentage of participants who achieved
clinical inactivity by the last data point (DAS-
M # 2) for muscle (97.5%; n = 153) was higher
than for skin (92.4%; n = 146) (P = .04). Only 81.6% of
patients (n = 129) reached a DAS-S of 0, whereas
96.8% (n = 152) reached a DAS-M of 0 (P\.001). Of
patients who reached DAS-S less than or equal to 2,
only 17.8% (n = 26) maintained clinical inactivity
throughout the observation period versus mainte-
nance of DAS-M less than or equal to 2 in 49.0%
(n = 152) (P\ .001).
The duration of treatment before reaching DAS
less than or equal to 2 was also longer for skin (mean
11.3 months [SD 10.7]) versus muscle (mean
4.0 months [SD 4.6]) (P\.001), as was time receiving
medication before full clearance of the skin signs
(DAS-S 0) in a mean of 18.4 months (SD 20.4) versus
DAS-M of 0 in a mean of 9.5 months (SD 9.9)
(P \ .001) (Table I). The mean times to achieve
clinical inactivity and clearance of total DAS were
15.1 months (SD 14.6) and 26.6 months (SD 26.4)
while patients received medication, respectively.

Of the 164 patients with vascular data at baseline,
145 were included for analysis in accordance with
inclusion criteria of less than 24 months having
elapsed between consecutive visits and more than
3 visits in total. Eyelid margin capillary dilatation was
the most frequently observed vascular feature at
enrollment (n = 89) (Table II) and persisted (mean
7.8 months) longer than periungual (nailfold) telan-
giectasia (mean 3.5 months; P = .03) or palatal vessel
dilatation (mean 3.3 months; P = .05), but not longer
than periungual erythema (Table II).

Of the 184 patients, 9 (4.9%) had calcifications at
enrollment; an additional 22 children developed
calcifications (overall 16.8%). Of these calcifications,
87.0% (n = 27) were mild and 77.4% (n = 24)
resolved. Calcifications developed in 24 patients
with juvenile dermatomyositis after a mean of
65.6 months (SD 73.1) of receiving medication (me-
dian 41.4 months; range 3.2 to 139.3 months) and
took an average of 5.6 months (SD 7.0) to resolve
(Table II). Among patients whose calcifications
resolved, the calcification recurred at the original
site in 25.0%, with a mean time to recurrence of
62.1 months (SD 58.2). Calcifications never resolved
in 7 patients (22.6%), 5 of whom had calcifications at
enrollment and who had a longer duration of
untreated disease than children whose calcifications
resolved (60.3 months [SD 44.5] vs 12.5 [SD 14.8],
respectively; P\ .001). Recurrence of calcifications
was associated with a longer duration of untreated
disease than juvenile dermatomyositis without re-
currences (23.1 months [SD 25.1] vs 8.8 [SD 6.9],
respectively; P = .04). Based on TNFA genotype, the
calcification risk was higher in the AA 1 AG geno-
types, but did not reach significance (P = .06).
Calcinosis also tended to occur more often in
patients with higher initial DAS-S but again did not
reach significance (P = .06).

Initial treatment options included oral prednisone
(89%; n = 164), intravenous methylprednisolone
(70%; n = 129), methotrexate (68%; n = 125), hydrox-
ychloroquine (35%; n = 64), mycophenolate mofetil
(29%; n = 53), cyclosporine (15%; n = 27),
and intravenous immunoglobulin (1%; n = 2)



Fig 2. Changes in Disease Activity Scores during the juvenile dermatomyositis course. A, Mean
Disease Activity Scores at serial visits. The asterisks above each set of data show the P value
comparing scores for skin and for muscle at that point. Brackets between times indicate P
values comparing the total Disease Activity Score between the 2 points. *P \ .05; **P \ .01;
***P\.001. B, Percentage of reduction in Disease Activity Score for skin. The asterisk shows the
P value, if significant, comparing oral prednisone and intravenous methylprednisolone at that
point. *P \ .05. DAS, Disease Activity Score; DAS-S, Disease Activity ScoreeSkin; NS, not
significant.
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(mycophenolate mofetil, cyclosporine, and intrave-
nous immunoglobulin use started in the 2000s).
Patients who had intravenous methylprednisolone
at diagnosis had a significantly higher percentage of
reduction in DAS-S (DDAS-S) at 12 months with
treatment (but not other points) compared with
those who only had oral prednisone available (pre-
1990s) (P = .04) (Fig 2, B).
At 1 year, 76% of patients (n = 140) were being
treated with oral prednisone, 26% (n = 48) with
intravenous methylprednisolone, 48% (n = 89) with
methotrexate, 27% (n = 50) with hydroxychloro-
quine, 13% (n = 24) with mycophenolate mofetil, 3%
(n = 5) with cyclosporine, and 4% (n = 8) with
intravenous immunoglobulin. Vitamin D3 or calcife-
diol/25-hydroxyvitamin D3 was prescribed for 80%



Table II. Course of cutaneous elements at enrollment and over time

Enrollment, n (%) 12 months, n (%) Last data point, n (%)

Months to achieve

clearance, mean (SD)

Vascular element n = 164 n = 153 n = 173 n = 145
Any vascular element n = 140 (87.8) n = 61 (39.9) n = 57 (32.9)
Eyelid margin capillary
dilatation

89 (54.3) 45 (29.4) 35 (20.2) 7.8 (14.5)

Periungual capillary
telangiectasia

85 (51.8) 20 (13.1) 9 (5.2) 3.5 (4.1)

Periungual erythema 72 (43.9) 21 (13.7) 19 (11.0) 5.3 (5.7)
Eyelid erythema 63 (38.4) 28 (18.3) 18 (10.4) 5.9 (9.5)
Palate vessel dilatation 50 (30.5) 19 (12.4) 15 (8.7) 3.3 (3.2)

Gottron sign/papules n = 164 n = 156 n = 173
Present (any severity) 135 (82.3) 57 (36.5) 50 (28.9) 8.0 (10.0)
Mild 87 (64.4) 51 (89.5) 32 (64.0)
Moderate 40 (29.6) 4 (7.0) 9 (18.0)
Severe 8 (5.9) 0 0
Atrophic 0 2 (3.5) 9 (18.0)

Calcifications n = 184 n = 160 n = 173
Present 9 (4.9) 9 (5.6) 11 (6.4) 5.6 (7.0)
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of patients (n = 147) to mitigate steroid bone toxicity.
Children given intravenous methylprednisolone
reached clinical skin inactivity sooner than those
who were not receiving it (10.4 months [SD 9.2] vs
15.7 [SD 15.6]; P = .02). Additionally, these patients
had a greater change in DAS-S from baseline to
12 months (3.5 [SD 2.3] vs 2.0 [SD 1.9]; P = .002).
Initiation of hydroxychloroquine was associated
with higher skin disease severity at enrollment
(DAS-S 6.2 [SD 1.4] vs 5.5 [SD 1.4]; P = .003); however,
the subsequent change in DAS-S from treatment
initiation of hydroxychloroquine to the end of the
observation period was not statistically significant
(P = .89).

DISCUSSION
Given the collection of data for 48 years, this study

provides a historical and comprehensive look at the
management of juvenile dermatomyositis. The data
confirm that juvenile dermatomyositis patients pre-
sent with greater skin than muscle involvement, and
that skin features require more time for resolution.36

This is an important consideration because persistent
skin disease not only significantly affects quality of
life but also can foster calcification and ulceration
that can be life threatening. We have now shown that
eyelid margin capillary dilatation is the most com-
mon microvascular feature. It requires the longest
time to resolve, with time to clearance comparable to
that of more recognized cutaneous manifestations
such as Gottron papules/plaques. This underrecog-
nized feature can serve as both an important
diagnostic tool and an indicator of continued disease
activity that may require continued therapy, despite
resolution of muscle disease.

Previous studies have described vascular damage
associated with life-threatening sequelae, including
intestinal ischemia and perforation, interstitial lung
disease, cardiac dysfunction, premature atheroscle-
rosis, and calcinosis-associated sepsis.14,37,38 The
pathophysiology of vascular damage in the skin and
elsewhere is not fully understood, but loss of
nailfold end-row capillary loops is associated with
decreased bioavailability of orally administered
prednisone,39 suggesting the concurrence of intes-
tinal vascular damage and providing the impetus for
initiation of intravenous methylprednisolone for
most of the children in this study. Type I interferon
genes40 and chemokines (monocyte chemoattrac-
tant-1 and monocyte chemoattractant-2) are also
correlated with clinical measures of disease activ-
ity.41 A skin biopsy study identified increased mast
cells and plasmacytoid dendritic cells in both
involved and normal-appearing skin compared
with muscle from juvenile dermatomyositis.36

Improved understanding of the molecular changes
in the skin of individuals with juvenile dermatomy-
ositis promises to direct the use of more targeted
therapies.40

Calcinosis is associated with delayed diagnosis
and treatment, as well as a longer disease
course,23,42,43 which was confirmed in this study.
Calcification early in the disease course tended to be
more severe and resistant to aggressive treatment
options,5,25 suggesting that permanent damage is
established early in the course. Calcinosis that
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resolved was often mild at presentation or devel-
oped later in the disease course, confirming the
importance of long-term monitoring.

According to current consensus treatment pro-
tocols,44-46 most patients in this study initiated
intravenous methylprednisolone, oral prednisone
and methotrexate, or both after enrollment, well
before published reports.25,47 At 1 year, most patients
were still receiving steroid treatment, but few had
cutaneous inactivity. This study documents that skin
disease is more resistant to therapy than muscle
disease, reminding physicians to develop more
effective therapeutic interventions targeting skin
disease activity, not just muscle disease activity, in
making treatment decisions.
STRENGTHS AND LIMITATIONS
With data captured during almost 5 decades, this

study is the largest cohort study of untreated juvenile
dermatomyositis patients from a single center, to our
knowledge. Most patients were treated and evalu-
ated by a single physician (L.M.P.), ensuring uniform
scoring. However, the DAS has certain limitations.
For example, nailfold capillary dropout is associated
with more chronic disease and greater disease
severity,17,48 but it is not quantified in the DAS. Our
group’s ongoing investigation of this cohort’s nail-
fold capillary dropout will be useful.48,49 Testing for
myositis-specific antibodies50 more recently became
available and thus they were not tested in most
patients with juvenile dermatomyositis diagnosed
before 2013.

This study highlights the limitations of current
treatments in controlling the volatile nature of both
skin and muscle disease. In 2000, a report of long-
term outcomes of juvenile dermatomyositis patients
showed that 52% of patients had chronic disease
activity, with 35% continuing to need treatment after
7-year follow-up.51 Similarly, many of our patients
had DASs that fluctuated throughout the disease
course, even after reaching clinically inactive DASs.
Further research should identify reliable biomarkers
of continuing disease activity in juvenile dermato-
myositis that appears clinically quiescent.52,53
CONCLUSIONS
This cohort study confirms that both skin and

muscle involvement should guide diagnosis and
treatment of juvenile dermatomyositis. Clinicians
should be aware of eyelid margin capillary dilatation,
which tends to persist, in addition to other charac-
teristic skin features that are better recognized. Early
and aggressive treatment with therapies such as
intravenous methylprednisolone can help limit the
severity of skin disease.
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