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Abstract

Objectives—To develop and validate a Juvenile Spondyloarthritis (JSpA) Disease Activity
(JSpADA) index for use in clinical practice and research.

Methods—Using modified Delphi consensus techniques, ten items were selected by participants
in the international pediatric rheumatology list-serve, the Childhood Arthritis and Rheumatology
Research Alliance, and the list-serve for the Pediatric Section of the American College of
Rheumatology. Validation was performed in a retrospective multicenter cohort of 243 children.
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Results—106 physicians representing 14 countries completed the initial questionnaire.
Completion rates for the subsequent questionnaires were 84%, 75%, and 77% of the original
respondents. Ten items reached 80% consensus: arthritis, enthesitis, patient pain assessment,
inflammatory markers, morning stiffness, clinical sacroiliitis, uveitis, back mobility, and patient
and physician assessments of disease activity. Two items were eliminated after item analysis
(patient and physician assessments of disease activity). Factor analysis identified 3 primary
domains that explain 58% of variance: peripheral disease, axial disease, and uveitis. Cronbach a
coefficient was 0.66. The JSpADA had high or moderate correlations with the Juvenile Arthritis
disease activity score (r=0.80), patient and physician assessments of disease activity (r=0.70 and
0.66), and the Childhood Health Assessment Questionnaire (r=0.56). The JSpADA discriminated
well between subjects with active versus inactive disease (p<0.001) and was responsive to
improvement or worsening in disease activity over time (p<0.001).

Conclusion—Using international input and consensus formation techniques, we developed and
validated the first disease activity assessment for JSpA. Future studies should validate the
JSpADA index in a prospective multi-center cohort.

Spondyloarthritis (SpA) is a chronic inflammatory arthritis that affects 0.9 to 1.4% of adults
in the United States! and is characterized by peripheral arthritis, enthesitis, dactylitis, acute
anterior uveitis, HLA-B27 positivity, inflammatory back pain, and sacraoiliitis. The term SpA
encompasses ankylosing spondylitis (AS), undifferentiated SpA, inflammatory bowel
disease associated arthritis, psoriatic arthritis, and reactive arthritis. The term juvenile SpA
refers to SpA that starts during childhood. Under the newer International Leagues of
Associations for Rheumatology (ILAR) juvenile idiopathic arthritis (JIA) classification
scheme?2, most children with JSpA fall into the categories of enthesitis related arthritis
(ERA), psoriatic arthritis, and undifferentiated arthritis. Treatment regimens for JSpA are
suboptimal and primarily based on those developed for adults with AS, adult RA and
children with other JIA categories.3 In comparison to other categories of JIA, children with
JSpA have more frequent and higher intensity pain and poorer health status.4® They are less
likely to achieve and to sustain inactive disease than other JIA categories.”8 Further,
observational studies suggest that less than 20% of children with JSpA achieve remission
within five years of diagnosis.? Progress in finding more effective therapies for JSpA cannot
be made without validated and highly discriminatory instruments to assess disease activity
and response to treatments.

The frequent use of a highly responsive composite disease activity score (DAS) greatly
contributes to improved outcomes in rheumatoid arthritis (RA).10 The Tight Control for
Rheumatoid Arthritis (TICORA) study demonstrated that in comparison to routine care,
intensive outpatient management that included close monitoring of a composite DAS,
monthly follow-up and aggressive treatment decisions based on the DAS improved
remission rates by 4-fold (16% versus 65%) at 18 months.19 Several disease activity indices
have been developed for adults with AS, including the AS disease activity score
(ASDAS)!!, and the Bath Ankylosing Spondylitis Disease Activity Index (BASDAL).12
Since JSpA has less axial disease than adults with ankylosing spondylitis and since the
BASDAI is predominantly focused on axial symptoms it is unlikely to be as useful in this
pediatric population. Neither of these indices has been validated in children. Outcome
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measures available for monitoring JIA disease outcomes and activity include the ACR
pedi-30/50/70/9013, and the Juvenile Arthritis Disease Activity Score (JADAS).14 The pedi
ACR 30/50/70/90 are dichotomous and must always have a baseline measurement for
comparison; therefore, the measure does not provide a continuous scale by which to assess
disease activity and response levels cannot be compared across patients because each has a
unique baseline value. JSpA patients were included in the validation study of the JADAS but
were a minority (<1%; ~26 of 4363 subjects).14 Neither of these measures has been
validated in JSpA nor do they explicitly account for the unique disease activity features of
the condition such as axial disease and enthesitis. Despite the lack of a composite validated
disease activity measure, investigators doing trials in JSpA have traditionally used the pedi
ACR 30/50/70/90, and single measures such as active joint count, tender entheses count,
physician and parent global disease activity assessments, c-reactive protein (CRP) and the
childhood health assessment questionnaire (CHAQ).1516

To our knowledge, this is the first effort to develop and validate a disease activity
assessment tool for use in JSpA. Creation of the JSpADA index will enable the design and
analysis of much needed effectiveness and efficacy studies focused on JSpA, an
understudied category of JIA.

METHODS

Human subjects protections

The survey exercise was reviewed and determined exempt from Institutional Review Board
limitations. The protocol for the retrospective validation was reviewed and approved by the
Children's Hospital of Philadelphia Committee for the Protection of Human Subjects.

Development of the JSpADA index

Selection of items depicting disease activity—\Volunteers were solicited from
physicians who participate in the international pediatric electronic bulletin board, the
Childhood Arthritis and Rheumatology Research Alliance (CARRA), and the list-serve for
Pediatric Section of the American College of Rheumatology (ACR). Volunteers were sent
four sequential electronic questionnaires that used modified Delphi techniques. Modified
Delphi technique has been used successfully to develop the adult Ankylosing Spondylitis
disease activity score (ASDAS) and inactive disease criteria for select categories of JIA.11.17
The initial questionnaire was open-ended and asked for signs and symptoms that should be
considered when determining the disease activity of a child with JSpA. Respondents
excluded from the full survey were those who were not pediatric rheumatologists (n=3),
those who do not care for patients with JSpA (n=1), and those still in training (n=12). Seven
respondents answered the screening questions but did not complete the actual survey. A
team of 3 investigators (PFW, RAC, CAW) reviewed all items and grouped conceptually
redundant items. For example, “swollen joint count” “inflamed joint count” “joint count”
“active joint count” and “limited range of motion with warmth or pain” were all considered
indicative of active arthritis. Items listed by >80% of respondents were considered to have
consensus for inclusion in the JSSpADA index. Items listed by greater than 10% but less than
80% of respondents formed the basis of the subsequent surveys.
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The 2nd, 31 and 4t surveys were sent electronically to volunteers who answered the initial
survey. Summary results of the antecedent exercise were presented to participants before
administration of each new survey. The second survey contained 26 items (dichotomous,
multiple choice, and open-ended items) and the third survey contained 9 dichotomous
questions. Items receiving greater than 75% of votes were considered to have consensus.
The fourth questionnaire consisted of a single dichotomous question aimed to clarify the
definition of clinically relevant uveitis.

Items selected from the Delphi exercise were further tested in a retrospective database of
244 subjects from 5 pediatric rheumatology centers (Children's Hospital of Philadelphia,
Philadelphia, PA; Cincinnati Children's Hospital, Cincinnati, OH; Texas Scottish Rite
Hospital for Children, Dallas, TX; University of Alabama, Birmingham, AL; Meyer
Children's Hospital, Florence, Italy) who had a new diagnosis of JSpA according to the
treating physician from January 1989 to December 2012 (N=1,226 visits). Briefly, this
database includes demographic, clinical, and laboratory data for each subject. Subjects in the
database were followed for a median of 371 days (IQR: 311, 530 days).

The distribution and correlations of all items selected by the Delphi exercise were assessed.
Continuous items were compared using spearman correlation. If two items were highly
correlated with each other (r>0.75) and appeared to measure the same construct, one was
removed from further analysis.18 Continuous items were transformed to values of 0, 0.5, or
1. The assignment of 0.5 or 1 for continuous items was based upon the distribution of the
non-zero values for each item. Each item was considered to be of equal importance
(value=1).

Validation

We assessed the validity of the JSpADA using the Outcome Measures in Rheumatoid
Arthritis Clinical Trials (OMERACT) filter.1° This filter was created in 1992 to help
standardize outcome measures utilized in rheumatology patient assessments and clinical
trials. An outcome measure is accepted once it has passed 3 criteria: 1) Truth, which
includes face, content, criterion, and construct validity; 2) Discrimination, which includes
classification and sensitivity to change; and 3) Feasibility, which determines if the outcome
measure can be easily applied given limitations of time and money. The OMERACT filter
has been successfully applied to validate scales for JIA20:21,

Truth—~Face and content validity were established through the modified Delphi
questionnaire exercise. Face validity is demonstrated if the criteria are sensible on face value
to physicians who utilize them in their field. Principal component analysis (PCA) with
varimax rotation was used to verify that the candidate items measured a single construct.
Internal consistency was assessed using Cronbach's a coefficient. Estimates greater than or
equal to 0.6 were considered acceptable. Construct validity was tested using other measures
of disease activity for JIA including the JADAS-10 (version of the JADAS that uses a 10-
joint reduced count), patient and physician global assessments of disease activity, and the
Childhood Health Assessment Questionnaire as reference standards. Spearman's correlation
was used to evaluate the relationship between the JSpADA total score and other measures of
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JIA disease activity. A priori we hypothesized that the correlation with the JADAS-10,
patient and physician global assessments of disease would be moderate to high secondary to
closely related constructs. We also predicted that correlation with the Childhood Health
Assessment Questionnaire (CHAQ) would be moderate.

Discrimination—Discriminant validity was evaluated by comparing the mean JSpA scores
of visits with physician determined inactive disease (physician global disease activity
assessment = Q) versus active disease (physician global disease activity assessment >0)

using a two-tailed t-test test. Responsiveness to change in clinical disease activity over time
was tested by comparing the mean change in the JSpADA score between visits in subjects
who had improvement or worsening of disease activity according to the treating physician
using a two-tailed t-test and the standardized mean difference. A standardized mean
difference of >0.8 was considered evidence of large responsiveness.22

Feasibility—The stated purpose of the modified Delphi exercise was to develop a list of
items that physicians prioritize when considering disease activity for JSpA. The exercise
was prefaced with a statement that the items were intended to be easily measured/collected
during routine clinical assessment. Therefore, we relied on the modified Delphi exercise to
create a set of items that were easily and quickly collected as part of routine care,
inexpensive, and presented minimal or no risk to the patient.

All statistical analyses were performed with Stata version 12.1 (StataCorp, College Station,
TX).

Delphi exercise and selection of assessment items

One hundred and six physicians representing 14 countries from the pediatric rheumatology
international list-serve, ACR Pediatric section, and CARRA membership volunteered to
participate in the exercise. Eighty-nine physicians met inclusion criteria and completed the
first survey (Table 1). Three items achieved consensus for inclusion in the JSpADA. The
items included active arthritis, active enthesitis, and abnormal inflammatory markers. Items
that achieved between 10% and 80% consensus included measures of sacroiliitis, function,
pain, quality of life and both physician and patient global assessments of disease activity.

The response rate to the second survey was 84% (N=89/106). Items that achieved consensus
for inclusion in the JSSpADA included: clinical sacroiliitis, morning stiffness, physician
assessment of disease activity, uveitis, and abnormal back mobility. There was also
consensus to define active enthesitis as tenderness on direct palpation. Consensus was not
achieved on the following issues: definition of clinically active sacroiliitis, definition of
clinically relevant ocular inflammation, and inclusion of patient-reported pain, disease
activity, and global well-being.

There was a 75% (N=79/106) response rate to the third questionnaire. Consensus on a
number of issues was achieved: inclusion of patient-reported peripheral and axial pain;
inclusion of patient-reported global disease activity; definition of probable clinical
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sacroiliitis (defined as the presence of 2 or more of the following: tenderness on
examination, positive Patrick or Flexion Abduction External Rotation (FABER) test and
inflammatory back pain23); definition of clinically relevant morning stiffness as greater than
15 minutes; definition of abnormal spinal mobility as a modified Schober's test < 20 cm.
Consensus was not achieved regarding the definition of clinically relevant ocular
inflammation.

Responses for the fourth questionnaire were received from 77% (N= 82/106) of physicians.
There was consensus to define clinically relevant eye inflammation as any uveitis (acute/
symptomatic or chronic/asymptomatic).

Selection of proposed measurement scales

Validation

Once items reached consensus for inclusion in the JSpADA index, we aimed to develop
measurement scales to evaluate each item. In the second survey there was consensus that
when considering arthritis as part of the JSpADA the number of active joints was important,
but there was no consensus on how to quantify the number of active joints. Similarly, there
was consensus that when considering enthesitis as part of the JSpADA the number of active
entheses was significant but there was no consensus on how to quantify the number of active
entheses or which entheses should be examined routinely.

In the third survey, consensus on how to measure several items was achieved. There was
consensus to quantify the number of active joints by a reduced 10-joint count that includes
any involved joint, except the sacroiliac joints which are considered as a separate item in the
JSpADA, to a maximum of 10 without weighting of particular joints. This is analogous to
how arthritis is quantified with the reduced 10-jont count in the JADAS.1424 Second, there
was consensus to quantify enthesitis by a 10-entheses count, analogous to the 10-joint count,
which includes any tender entheses to a maximum of 10 without weighting of particular
entheses. Third, there was consensus to measure patient-reported peripheral and axial pain
and patient- reported global disease activity over the past week with a visual analogue
numeric rating scale (0-10). Lastly, based on recently published normal values for the
modified Schober's test in a multiracial cohort of children (median 22 cm, interquartile range
20, 23 cm)23, there was consensus to define abnormal spinal mobility as a modified
Schober's test less than 20 cm.

Among the ten items, patient and physician reported global disease activity and patient pain
assessments were all highly correlated (r>0.75) so only patient pain assessment was retained
for subsequent evaluation. This resulted in 8 items to construct the JSpADA score and the
range of possible scores was 0 to 8 by assuming equal importance of each item, with higher
scores indicating more disease activity (Table 2).

The source population for the validation exercise was a retrospective multicenter
longitudinal data set of children with a new diagnosis of JSpA. Only those visits with
complete data for all JISpADA items were retained for further analysis (N= 178 subjects, 597
visits). These 178 subjects did not significantly differ from those subjects with missing data
with respect to age, sex, symptom duration, active joint count or active enthesitis count at
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presentation (data not shown). 175 children met ILAR criteria for ERA and 3 met criteria for
ERA but also had a first-degree relative with psoriasis. One hundred and twenty-eight (72%)
of subjects were male, mean age was 12 years (SD+ 3.49) and 89 (50%) were HLA-B27
positive. There were 16 children older than 16 years at diagnosis in whom symptoms started
prior to age 16. There was active enthesitis, peripheral arthritis or hip arthritis present at
44%, 50%, and 8% of visits respectively. There was clinical sacroiliitis detected at 14% of
visits and sacroiliitis documented by MRI at 8% of visits.

Eight items were included for validation (Table 2). PCA identified three primary factors
with eigenvalues greater than 1 with a cumulative explained variance of 0.58 (Table 3). The
first factor included items related to peripheral disease (arthritis, enthesitis, morning
stiffness, patient assessment of pain, inflammatory markers). The second factor included
items related to axial disease (clinical sacroiliitis and back mobility). The third factor only
included one item, uveitis. Cronbach's a was 0.66 and 0.70 for the total score and peripheral
disease, respectively demonstrating acceptable internal consistency.

As predicted, correlation with the JADAS-10 was high (r=0.81). Correlations with the
patient and physician global disease activity assessments were moderate to high at 0.70 and
0.66, respectively, demonstrating construct validity. Also as predicted, correlation with the
CHAQ was moderate (r=0.56).

Discriminative validity was evaluated using physician global assessment as the external
criterion. The mean JSpA scores for children with a physician VAS of 0 (N=211) and >0
(N=386) were 0.46 (SD=0.82) and 1.94 (SD=1.36), respectively (p-value <0.001). One
hundred and eighteen subjects had a calculable JSpADA at 2 visits a median of 103 days
apart (IQR: 55, 229 days). Thirty-six subjects had stable disease activity, 68 improved, and
14 were worse according to the treating physician. Using a two-tailed t-test, the mean
change in JSpADA score was significantly different between those who improved and
worsened (p<0.001), demonstrating excellent responsiveness (Figure 1). The standardized
mean difference between those who improved and worsened was 1.07, demonstrating large
responsiveness.

DISCUSSION

This is the first disease activity assessment tool developed and validated for use in JSpA.
We used modified Delphi consensus formation techniques with participation from an
international group of pediatric rheumatologists. The eight items of the JSpADA include
measures of active arthritis, active enthesitis, clinical sacroiliitis, morning stiffness, patient
assessment of pain, uveitis, abnormal back mobility, and abnormal inflammatory markers.
Each item was considered to be of equal importance (value=1) and the range of possible
scores was 0 to 8, with higher scores indicating more disease activity. In a retrospective
multicenter longitudinal database of newly diagnosed children with JSpA, the JSpADA had
excellent face validity, construct validity, discrimination, and responsiveness to change. We
aimed to limit the JSpADA items to those that are easily assessed during normal routine care
so this tool would be feasible for both clinical care and research.
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The JSpADA index surpasses other existing JIA disease activity assessment tools such as
the pedi ACR 30/50/70/90 and the JADAS for the evaluation of JSpA disease activity as it
will enable comparison of disease activity and medication response across patients and
institutions, explicitly accounts for the unique disease activity features of JSpA and is based
upon international input from a large group of pediatric rheumatologists. Strengths of the
JSpADA index include the limited number of items, inclusion of disease features that are
associated with poorer outcomes in JSpA (enthesitis, sacroiliac involvement)*-, and all
items are feasible to assess in the limited amount of time available during a routine clinic
visit. Existing disease activity measures for adult SpA such as the BASDAI and ASDAS,
which are unlikely to be as useful in the pediatric population given the differences in disease
characteristics in adults and children, could not be evaluated in this retrospective cohort but
should be assessed in future studies.

The results of this study should be interpreted in the context of several limitations. First, the
validation was conducted on a retrospective cohort that was not developed specifically for
this purpose. Therefore, we did not have complete data needed to calculate the JSpADA
score on all subjects in the cohort. We only used those subjects with complete data for the
validation (N= 178 subjects, 73% of the total cohort). These 178 subjects did not
significantly differ from those subjects with missing data with respect to demographics or
clinical presentation. This underscores the importance of making the next step in the
JSpADA development assessment of the items in a prospective multicenter cohort, with an
emphasis on completeness and uniformity of data collection. Second, since there is no gold
standard or other pre-existing disease activity measure for JSpA concurrent validity could
not be assessed. However, we demonstrated that the JSpA has construct validity by
demonstrating a moderate to high correlation with other measures of disease activity and a
moderate correlation with a global measure of function.

The ACR published recommendations for the development and validation of response
criteria?® recommend that the development use appropriate consensus methodology to
identify the list of criteria and that the criteria chose be reliable (reproducible), precise in
measurement, easy and feasible to measure and clinically sensible while redundancy should
be minimized. Validation should include the following: 1) Appropriate statistical factor
analysis; 2) Identification of factors that differentiate patients across the full disease
severity ; 3) Validation of the response criteria in a prospective clinical trial. Our
methodology fulfills the recommendations for development of the criteria but only the first
two validation recommendations. There are no large clinical trials in children with JSpA,
precluding fulfillment of the third recommendation at this time. Future work is planned to
evaluate the validity of the JSpADA index in a large multi-center prospective cohort, the
next best option given the absence of a sufficiently large trial.

At the present there is no evidence to support the assignment of different measures of
importance or weights for any item in the JSpADA. While the current scoring system (all
items contribute equally for a total possible score of 8) has good construct validity, excellent
discrimination, and responsiveness to change, future work should assess whether
proportional weighting of the items improves the performance of the tool. Additionally,
abnormal inflammatory markers and abnormal back mobility did not load strongly onto any

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Weiss et al. Page 9

of the 3 primary factors of the JSpADA (the strongest factor loadings for each were 0.27 and
0.21, respectively). Future prospective work with careful and complete data collection
should assess whether these items should remain part of the JSSpADA.

Studies have demonstrated that children with JIA spend the majority of time with continuous
disease activity and that few children achieve remission as adults.27-29 Children with JSpA
only have a 17% chance of remission within 5 years of diagnosis.3? Therefore, a validated
tool to measure JSpA disease activity longitudinally is urgently needed so that we can
perform crucial studies to improve these outcomes. In this exercise we developed the first
disease activity assessment for children with JSpA and performed a preliminary validation
using a retrospective multicenter cohort. The use of the JSpADA for this understudied and
unique population will hopefully improve routine clinical care and enable effectiveness and
efficacy studies focused on this category of JIA.
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Figure 1. JSpADA index Responsiveness
The difference in mean change in the JSpADA score between those who had improved and

worsened disease was statistically significant (p<0.001).
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Table 1

Participants who met inclusion criteria from the first Delphi exercise

Number of respo
Pediatric Rheum
Years in practice
<5

5-10

>10

Country

Brazil

Canada

Germany

India

Israel

Italy

Mexico

Norway

Spain

The Netherlands
Turkey

United Kingdom
United States

ndents (%)
atologists 89 (100)

18 (20)
26 (29)
45 (51)

5(6)
6(7)
2(2)
1(1)
2(2)
1)
2(2)
1)
3(3)
1(@1)
2(2
1(1)
62 (70)

Legend. Volunteers are from the pediatric rheumatology international list-serve, ACR Pediatric section, and CARRA membership.
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Table 2

JSpADA item definitions and distributions in the validation cohort (N=597 visits)

Page 15

Item Score * N= 597 visits
1. Active joint count: includes any involved joint to a maximum of 10. There is no weighting of 0 joints=0 1.3+3.0
particular joints; mean + SD 1-2 joints= 0.5
>2 joints= 1
2. Active enthesitis count: includes any involved enthesis to a maximum of 10. There is no 0 entheses= 0 14+21
weighting of particular entheses; mean + SD 1-2 entheses= 0.5
>2 entheses= 1
3. Pain: patient reported pain over the past week, recorded on a visual analogue scale (0, 10); mean + 0=0 2427
sD 1-4=05
5-10=1
4. ESR or CRP related to JSpA activity; N (%) Normal =0 461 (77)
1-2 times normal= 0.5 83 (14)
>2 times normal=1 53 (9)
5. Morning stiffness: Morning stiffness for greater than 15 minutes; N (%) Absent= 0 302 (51)
Present= 1 295 (49)
6. Clinical sacroiliitis: defined as the presence of 2 or more of the following: tenderness on Absent=0 516 (86)
examination, positive Patrick's or FABER test and inflammatory back pain#; N (%) Present= 1 81 (14)
7. Uveitis: Presence of any uveitis (including acute/symptomatic and chronic/asymptomatic disease); Absent= 0 581 (97)
N (%) Present= 1 16 (3)
8. Back mobility: Abnormal back mobility defined as modified Schober's < 20 cm; N (%) Normal=0 581 (97)

Legend. JSpADA ltems.

*
Score is obtained by summing the total for each item (maximum total per item=1).

#There are no validated inflammatory back pain criteria for children. For this index the definition of inflammatory back pain was adapted from the

ASAS criteria23 for adults and was defined as present when 3 of the following criteria are met: 1) insidious onset, 2) improvement with exercise,
3) no improvement with rest, 4) pain at night (with improvement upon getting up). Range of possible scores is 0 to 8, with higher scores indicating

more disease activity. SD= Standard deviation
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Factor identification.

Table 3

Page 16

Item Factor 1 “Peripheral disease” Factor 2 “Axial disease” Factor 3 “Uveitis”
1. Active joint count 0.41 -0.37 0.15
2. Active enthesitis count 0.42 0.24 0.17
3. Patient assessment of pain (past week) 0.49 -0.08 -0.14
4. ESR or CRP related to JSpA activity 0.27 -0.58 -0.15
5. Morning stiffness 0.48 0.07 -0.01
6. Clinical sacroiliitis 0.32 0.64 0.08
7. Uveitis 0.02 0.02 0.63
8. Back mobility 0.08 0.21 -0.71

Legend. Items of the JSpADA index loaded on three primary factors after PCA. Items 1-5 load on factor 1 “Peripheral disease”, items 6 and 8 load

on factor 2 “Axial disease” and item 7 loads significantly on factor 3 “Uveitis”.
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