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Abstract
Objective—To determine the association of normal end row loops (ERL) at diagnosis of juvenile
dermatomyositis (JDM) with clinical findings in untreated children and identify predictors of the
development of decreased ERL.

Methods—Clinical and laboratory data of 80 untreated children with JDM were collected. ERL
scores were recorded at time of diagnosis, and at 24 months and 36 months thereafter. Twelve
children with normal ERL at diagnosis were compared with the remaining 68 children. Outcomes
included: duration of untreated disease, time on immunosuppresive medications, family medical
history, disease activity score (DAS), and levels of creatine phosphokinase (CPK), aldolase,
absolute CD3−CD56+/16+ NK cells, and von Willebrand factor antigen (vWF:Ag). Cross-
sectional and longitudinal analyses were performed.

Results—At diagnosis, children with normal ERL had a shorter duration of untreated disease
(p=0.03) and a lower skin DAS (p=0.045). Over time, an increased likelihood for having abnormal
ERL was associated with a longer duration of untreated disease and with higher skin DAS.

Conclusions—The presence of a normal number of ERL in JDM appears to be associated with a
shorter duration of symptoms and may be a useful indicator of disease chronicity in the newly
diagnosed child. Normal ERL is also associated with lower skin DAS. The lack of association
between normal ERL and other variables indicates that normal NFC should not be used as a
justification to delay immunosuppressive therapy in children with typical JDM symptoms.

Juvenile dermatomyositis (JDM) is a systemic vasculopathy characterized by skin and
muscle involvement. Diagnostic criteria include muscle weakness and rash,
electromyographic evidence of myopathy, muscle biopsy demonstrating inflammatory
infiltrate with or without atrophy, and elevated muscle enzymes, although muscle enzymes
may be normal (1). The etiology of JDM has not been established, but evidence suggests
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that environmental triggers such as an antecedent infection may play a role (2). Many
children with JDM have a TNFα–308A allele which is associated with vascular occlusion(3)
and increased TNF-α production (4). In addition, JDM disease activity has been associated
with decreased absolute numbers of CD3−CD56+/16+ NK cells and elevated von Willebrand
factor antigen (vWF:Ag) levels (5). Genes involved in immune responses, including those
related to dendritic cell maturation and vasculature remodeling, are expressed at higher
levels in muscle biopsies from children with greater duration of untreated disease (6).

One particular manifestation of JDM is the presence of abnormal nailfold capillaries,
evidenced by capillary dropout, capillary dilatation, and bushy loops (7). Nailfold
capillaroscopy (NFC) is a noninvasive, reproducible technique that provides information
about abnormalities in periungual microvasculature. It takes into account quantitative
measurements of capillary density or end-row loop (ERL) loss as well as the presence of
avascularity and abnormal capillaries represented by “bushy” or “bizarre” loops (7,8). ERL
scores between 7.0 and 11.5 have been observed in healthy children without JDM or other
recognized autoimmune diseases (9). Serial nailfold capillary observations have
demonstrated progression of nailfold changes over time in children with JDM (6), 10- 12)
and their degree of morphologic changes may correlate with the clinical course of the
disease (10). While abnormal NFC are not part of the Bohan and Peter criteria for
dermatomyositis, they may reflect systemic vasculopathy, and the data can be used to
evaluate patients with JDM (13).

ERL regeneration is associated with a shorter duration of untreated disease, a unicyclic
disease course resulting in discontinuation of all immunosuppressive therapy before 36
months (versus non-unicyclic in which continuous or repeated immunosuppressive therapy
is required), and a lower skin disease activity score (DAS), (11), (12). Lower numbers of
ERL in children with JDM are also associated with decreased bioavailability of oral
prednisolone compared with intravenous methylprednisolone, suggesting a relationship
between systemic vasculopathy and decreased absorption of oral prednisolone (14). Another
recent study also showed that six months after diagnosis, the presence of abnormal nailfold
capillaries with Gottron’s papules predicted a longer time to remission (15).

Given the potential uses of NFC in providing valuable clinical information with regard to
JDM, we studied untreated children fulfilling criteria for definite/probable JDM for the
following: 1) the association of normal ERL at the time of diagnosis with clinical and
laboratory data, and 2) predictors of decreased number of ERL over time.

Patients and Methods
Patients

Eighty children diagnosed with probable/definite JDM at the Rheumatology clinic of
Children’s Memorial Medical Center in Chicago from 1993 to 2007 were included in this
study, approved by the Children’s Institutional Review Board (IRB #10778), after age-
appropriate informed consent was obtained from the patient and their legal guardians.
Patients were excluded from the study if they had already started any medical treatment for
JDM, including glucocorticosteroids. Histories, physical findings, laboratory data, and NFC
observations were entered into a database. Twelve children with normal number of ERL at
diagnosis were compared with 68 untreated children with definite/probable JDM who had
abnormal ERL. The following clinical data were collected: family medical history, DAS,
serum levels of creatine phosphokinase (CPK), aldolase, vWF:Ag, absolute CD3−CD56+/
16+ NK cells, duration of untreated disease (determined by the historical onset of rash or
weakness obtained from parents/guardians), and time on immunosuppressive medications.
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Nailfold capillaroscopy and Disease Activity Scores
All children had NFC at the time of diagnosis consisting of freeze-frame video microscopy
images of each of eight fingers, excluding thumbs. The total number of ERL per millimeter
over the eight digits were divided to yield the mean ERL for each patient. An ERL score of
less than 7.00 was considered abnormal. All NFC studies were performed by one
investigator at the time of the clinic visit, and DAS scoring was determined by another
independent investigator.

DAS is comprised of subscores: skin DAS and muscle DAS. Skin DAS is determined by the
presence of dermatologic findings including the extent and severity of the rash, Gottron’s
papules and/or telangiectasias on the nailfolds, palate, and/or eyelids. Skin DAS ranges from
0-9; higher numbers correlate with severity and extent. The range for muscle DAS is 0-11,
and higher scores correlate with weakness and loss of function.

Statistical analysis
Demographic characteristics such as age, gender distribution, and race were compared
between the two study groups. Outcomes analyzed at the time of diagnosis include the
following: family medical history (autoimmune disease, cancer, infant deaths, lipid
abnormalities and cardiovascular disease), DAS for muscle and skin, serum levels of CPK,
aldolase, vWF:Ag, and absolute CD3−CD56+/16+ NK. Based on the normal values in our
laboratory, levels of CPK, aldolase, and vWF:Ag were categorized as normal or abnormal
values, while absolute number of CD3−CD56+/16+ NK cells and DAS were analyzed as
continuous data.

Time on immunosuppressive medications was compared between the two groups using
logrank test. Chi-square, Fisher’s Exact and Wilcoxon Rank tests were used for the cross-
sectional analyses at diagnosis.

ERL findings were classified as a dichotomous variable (normal or abnormal) for the cross-
sectional analysis at baseline, as well as for the longitudinal analysis examining covariates
potentially associated with ERL normality in a multiple logistic regression model, using a
generalized estimating equation approach. ERL was also analyzed as a continuous variable
comparing the two groups of children longitudinally at diagnosis and 24 months and 36
months thereafter, using a linear mixed model, with time as a random effect. Results from
this model are reported as adjusted means with corresponding standard error (SE).

The logistic regression modeling was used to look for potential predictors of abnormal ERL
at baseline, 24 months, and 36 months. All analyses were conducted using SAS, and
statistical significance was set at 0.05.

Results
Distribution of gender, age and race are listed in Table 1. There was no significant
difference in age, gender, or race between the two groups. Clinical characteristics of the
children with normal nailfolds are listed in Table 2. At the time of diagnosis, a shorter
duration of untreated disease was observed in children with normal ERL (median 3.1
months, range 1.0-13, versus 6.5 months, range 0.7-111, p=0.03). Children with normal ERL
also had significantly lower DAS Skin (median 5.0 range 4 – 7, vs. median 6, range 0 – 9,
p=0.045). There was no significant difference in the other outcomes at diagnosis, including
family history of autoimmune disease (p=0.53) and time on medications (p=0.60).

Trends of mean ERL in the two groups of children are plotted in Figure 1. Seven of the 12
children with normal nailfolds at the time of diagnosis developed abnormal ERL by 24
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months. One child did not have NFC at 24 months, but a capillaroscopy exam at 47 months
was abnormal. One child did not have any follow up NFC. Three children continued to have
normal nailfolds at 24 months, and two of these children developed abnormal nailfolds at 36
months.

In the longitudinal model examining ERL counts as a continuous variable over time,
children with normal ERL at baseline continued to have significantly higher ERL at 24 and
36 months, but the difference between normal and abnormal groups decreased significantly
over time (p=0.03). At diagnosis, the mean difference was 3.2 (SE=0.32). The mean
difference between ERL scores of the two groups at 24 and 36 months was 2.5 (SE=0.17)
and 2.1 (SE=0.24). This was adjusted for duration of untreated disease.

In a multiple logistic regression model looking for potential predictors of abnormal ERL
over the 36 month period, children with longer duration of untreated disease were more
likely to have abnormal ERL (p=0.02), and children with higher skin DAS had a higher
likelihood of having abnormal ERL, (p=0.004). The model was adjusted for age which was
not found to be statistically significant. DAS muscle, CD3−CD56+/16+ NK cells, family
medical history, and abnormal levels of CPK were not found to be associated with NFC over
the 36 months

Discussion
This investigation studied children with JDM who have normal nailfolds at diagnosis as a
group. We have found that the presence of a normal number of ERL at the time of diagnosis
in JDM is related to a shorter duration of untreated illness and a lower skin DAS. These
observations support earlier reports regarding decreased ERL, skin DAS, and duration of
untreated disease (11, 12).

Persistent NFC abnormalities together with Gottron’s papules at six months may be
associated with a longer time to remission (15). Additionally, ERL regeneration has been
associated with a less persistent disease course (12), and ERL loss with decreased
bioavailability of oral prednisolone (14). However, we did not find significantly shorter time
requirements of immunosuppressive treatment in children with normal ERL. Variability
between individual treatment regimens were not analyzed in our study. Time to
discontinuation of immunosuppressive medications simply indicates the presence of one or
more immunosuppressive drug, including methotrexate, hydroxychloroquine, oral
prednisone, intravenous methylprednisolone, and intravenous immunoglobulin. The absence
of a significant difference in time required for immunosuppressive treatment between the
two groups certainly suggests that children with JDM and normal ERL should not be treated
less aggressively for their disease. It is worthwhile to note that even the few children who
had persistently normal number of ERL at 24 and 36 months (3 children at 24 months) did
not require a shorter duration of medications, although a meaningful observation is not
possible due to this limited population.

JDM disease activity has been associated with decreased absolute numbers of CD3−CD56+/
16+ NK cells and elevated vWF:Ag levels (Reviewed in 5). The absence of a significant
difference between the levels of vWF:Ag at baseline and the absolute number of NK cells in
the two groups of our study might suggest that the immunological activity reflected by these
markers either do not interact with ERL or may take time to have an effect.

We also observed that a longer duration of untreated disease and higher skin DAS at
diagnosis were each associated with the presence or development of abnormal ERL over
time. In a previous report, a longer duration of untreated disease was associated with
reduced patient height, weight, and with pathologic calcifications (1). Since nailfold
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capillaries are a useful indicator of underlying vasculopathy, these findings emphasize the
importance of timely diagnosis and effective treatment in a child suspected of having JDM.

A limitation of our study is the small number of children who have normal ERL at
diagnosis, with even fewer children who have persistently normal ERL over time. Larger
studies are needed to confirm our findings, though the low incidence of JDM remains a
challenge to acquiring larger pools of data. Another limitation relates to the data on duration
of immunosuppressive medications. Regimens varied between individual patients and over
time, making it difficult to detect confounding factors in the treatments themselves.

The presence of a normal number of ERL in children who fulfill the diagnostic criteria for
definite/probable JDM appears to be associated with a shorter duration of symptoms and
may be a useful indicator of disease chronicity in the newly diagnosed child. In addition, a
longer duration of untreated disease and higher skin DAS at diagnosis were each associated
with a higher likelihood of having or developing abnormal ERL over time. This is valuable
information, since a longer duration of untreated symptoms has been found to be an
important factor in the impact of JDM on growth and clinical presentation (1). However, the
lack of association between normal NFC and other clinical variables indicate that normal
NFC results should not be used as a justification to delay or modify immunosuppressive
therapy in children with JDM who meet diagnostic criteria.
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Figure 1.
Sequential studies at diagnosis, 24, and 36 months of the number of End Row Loops (ERL).
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Table 1

Demographics of 80 children with JDM

n (%) Age at First Visit,
Mean Years (SD)

Duration of
Untreated Disease,
Mean Months (SD)

NORMAL ERL 1st VISIT 12 (15) 6.6 (2.3) 4.4 (4.2)

Male Gender 4 (33) 5.4 (1.5) 5.6 (5.4)

Female Gender 8 (67) 7.2 (2.4) 3.9 (3.7)

White Ethnicity 11 (92) 6.7 (2.4) 4.7 (4.3)

Non White Ethnicity 1 (8) 6.1 2.1

ABNORMAL ERL 1st VISIT 68 (85) 6.7 (3.8) 12.1 (19.1)

Male Gender 14 (21) 6.1 (4.6) 9.2 (6.2)

Female Gender 54 (79) 6.9 (3.6) 12.9 (21.1)

White Ethnicity 48 (71) 6.8 (3.9) 10.1 (16.0)

Non White Ethnicity 20 (29) 6.5 (3.7) 16.9 (24.8)

TOTAL 80 6.7 (3.6) 11.0 (17.8)
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