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Abstract

Objective. To develop a composite disease activity score for systemic JIA (sJIA) and to provide preliminary evi-
dence of its validity.

Methods. The systemic Juvenile Arthritis Disease Activity Score (sJADAS) was constructed by adding to the four
items of the original JADAS a fifth item that aimed to quantify the activity of systemic features. Validation analyses
were conducted on patients with definite or probable/possible sJIA enrolled at first visit or at the time of a flare,
who had active systemic manifestations, which should include fever. Patients were reassessed 2 weeks to 3 months
after baseline. Three versions were examined, including ESR, CRP or no acute-phase reactant.

Results. A total of 163 patients were included at 30 centres in 10 countries. The sJADAS was found to be feas-
ible and to possess face and content validity, good construct validity, satisfactory internal consistency (Cronbach’s
alpha 0.64-0.65), fair ability to discriminate between patients with different disease activity states and between
those whose parents were satisfied or not satisfied with illness outcome (P < 0.0001 for both), and strong respon-
siveness to change over time (standardized response mean 2.04-2.58). Overall, these properties were found to be
better than those of the original JADAS and of DAS for RA and of Puchot score for adult-onset Still's disease.
Conclusion. The sJADAS showed good measurement properties and is therefore a valid instrument for the as-
sessment of disease activity in children with sJIA. The performance of the new tool should be further examined in
other patient cohorts that are evaluated prospectively.

Key words: systemic juvenile idiopathic arthritis, Stil’'s disease, composite disease activity score, outcome
measures, disease activity, clinical assessment, pediatric rheumatology

Rheumatology key messages

« No validated global disease activity tool for systemic JIA exists.
o We developed and validated the first composite disease activity score for systemic JIA.
o The new tool will increase the precision of disease activity assessment for systemic JIA.

disease [10, 11] and minimal disease activity [12] are
suitable for use in sJIA. However, they have been

Systemic JIA (sJIA) accounts for 5-15% of all children  gesigned to define a particular disease activity state and
with chronic arthritis seen in Europe and North America, do not allow quantitative estimation.

but is much more common in southeast Asia, with a In the last decade, the Juvenile Arthritis Disease
reported frequency in India, Thailand and Japan as high Activity Score (JADAS) has gained increasing popularity
as 25-50% [1, 2]. It is quite distinct from the other cate-  for the assessment of disease activity in children with
gories of JIA, owing to the association of arthritis with JIA [13-15]. However, although the JADAS has been
particular extraarticular manifestations, which include used in studies of sJIA [16], its validation analysis was

Introduction

high-spiking fever, erythematous macular rash, general-  conducted only in children with oligoarthritis and polyar-
ized lymphadenopathy, hepatosplenomegaly and sero-  tnyitis, including sJIA without extraarticular manifesta-
sitis [3, 4]. Typical laboratory features include microcytic  tjons, but not in children with sJIA and active systemic
anaemia, leucocytosis, thrombocytosis, elevated immu- features [13].

noglobulins, increased ESR, CRP and fibrinogen, and
hypoalbuminemia. Children with sJIA are uniquely sus-
ceptible to developing a potentially life-threatening
hyperinflammatory complication known as macrophage
activation syndrome [5]. There is nowadays wide agree-
ment that sJIA and adult-onset Still’'s disease constitute
the same disease occurring at different ages [6-8].
Regular measurement of level of disease activity in
children with sJIA is important in monitoring the disease
course over time and in treat-to-target strategies [9].
However, clinical instruments specifically validated for
use in sJIA are lacking. Criteria for clinically inactive

Because systemic symptoms have a major impact on
a child’s well-being and play a key role in driving thera-
peutic decisions, any instrument used to quantify the
level of disease activity in sJIA must incorporate their
assessment [17]. In the past, systemic feature scores
and a disease activity core set have been devised [18-
20], but none has been widely embraced.

Against this background, the primary purpose of the
present study was to develop a new version of the
JADAS specific to sJIA, named systemic JADAS
(sJADAS), and to provide preliminary evidence of its
validity.

https://academic.oup.com/rheumatology
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Methods
Development of the sJADAS

The sJADAS was devised by a panel of five pediatric
rheumatologists with 2 to >30years of experience in
clinical care and assessment of children with sJIA (J.T.,
G.G., A.C, N.R. and A.R)). All investigators agreed that
although the original JADAS was suitable to measure
the level of disease activity in sJIA, it lacked a compo-
nent aimed at quantifying the burden of extra-articular
manifestations. It was therefore decided to construct the
new score by adding to the four items of the JADAS a
fifth item aimed at measuring the activity of systemic
disease. After the analysis of the published tools aimed
to quantify systemic symptoms in sJIA [18-21], consen-
sus was reached on the choice of the Systemic
Manifestation Score (SMS) [21], which was felt to be the
most suitable.

The SMS includes the following seven clinical and/or
laboratory features: (i) fever = 1 point if 37-38°C, 2
points if >38-39°C, 3 points if >39-40°C, 4 points if
>40°C; (ii) rash = 1 point; (jii) generalized lymphadenop-
athy = 1 point; (iv) hepatomegaly and/or splenomegaly
= 1 point; (v) serositis = 1 point; (vi) anaemia (haemo-
globin <9g/dl) = 1 point; (vii) platelet count >600 x 10%I
or ferritin >500ng/ml = 1 point. Fever is assigned a
greater weight owing to its major impact on a child’s
well-being and importance in driving treatment deci-
sions. Fever was the sole extra-articular feature added
to the six core set variables in the adaptation of the
ACR Pediatric response criteria used in clinical trials on
biologic medications in slJA [22, 23, 24]. Furthermore,
resolution of fever was recently set as the primary short-
term therapeutic target in sJIA [9]. However, because
we realized that a cut-off for fever at 37°C may be
regarded as too low as the presence of fever is com-
monly defined as a body temperature >37.5°C, we
modified the original SMS score by giving 1 point to a
temperature range from 37.5 to 38°C instead of from 37
to 38°C. Fever was defined as the highest temperature
recorded in the 24h before the visit. The temperature
should have been measured with a thermometer by the
parents in the mouth, ear, armpit, rectum or forehead.
We selected the maximum temperature in the past 24 h,
because we thought that it was most closely related to
the other systemic manifestations, especially rash, at
the time of the visit. For the sake of clarity, we further
modified the SMS by adding the definitions for general-
ized lymphadenopathy and serositis. We also warned
that in the assessment of fever its possible pharmaco-
logic suppression should be taken into account. The
modified version of the SMS (MSMS), which is shown in
Table 1, ranges from 0 to 10, where 0 =absence of sys-
temic manifestations and 10 =maximum activity of sys-
temic manifestations.

The final sUADAS was made up of the following five
items: (i) physician global assessment of overall disease
activity, measured on a 10-cm visual analogue scale
(0 =no activity; 10 =maximum activity); (i) parent/patient

https://academic.oup.com/rheumatology

TaBLe 1 Modified Systemic Manifestation Score

Clinical or laboratory feature Points

Fever?

37.5-38°C

>38-39°C

>39-40°C

>40°C
Evanescent erythematous rash
Generalized lymphadenopathy

(enlargement of >3 lymph node stations)
Hepatomegaly and/or splenomegaly
Serositis (pleuritis, pericarditis or peritonitis)
Anaemia (haemoglobin <9 g/dI)
Platelet count >600 x 107/

or ferritin >500 ng/ml

I N A

—_

®Fever is defined as the maximum temperature either in
the past 24h, 3days or week. In the assessment of fever,
the possible pharmacologic suppression of temperature by
paracetamol, NSAIDs or glucocorticoids should be taken
into account. Modified with permission from [21].

global assessment of well-being, measured on a 10-cm
visual analogue scale (0=very well; 10 =very poor); (iii)
count of active joints in 10, 27 or 71 joints, depending
on the version (i.e. sJADAS10, sJADAS27 and
sJADAS71, respectively); (iv) ESR or CRP level, both
normalized to a 0-10 scale, as reported [13, 25]; and (v)
the mSMS, composed and scored as above. The
sJADAS is calculated as the simple linear sum of the
scores of its five components, which yields a global
score of 0-67, 0-111 and 0-50, respectively, for the
sJADAS27, sJADAS71 and sJADAS10.

The version used in validation analyses was the
sJADAS10. The composition and score ranges of the
sJADAS10, the original JADAS10 [13], the clinical
JADAS10 (cJADAS10) [26, 27], and of two composite
scores used in adult RA, the DAS in 28 joints (DAS28)
[28] and the Clinical Disease Activity Index [28], are
shown in Table 2.

Data collection

Participation in the study was proposed to 27 centres of
the Italian Pediatric Rheumatology Study Group and to
16 international paediatric rheumatology centres located
in geographic regions with a high prevalence of sJIA.
Participating centres were asked to enroll consecutive
patients who had new-onset ‘definite’ sJIA (i.e. a dis-
ease that met the ILAR criteria for sJIA [29]) or ‘prob-
able/possible’ JIA (i.e. a febrile disease that presented
with the classical extra-articular features of systemic
JIA, but lacked overt arthritis). All patients would meet
the recently proposed new criteria for sJIA [30]. Patients
with definite sJIA could also be enrolled at the time of a
disease flare. All patients should have active systemic
manifestations, comprising fever.

Exclusion criteria included monogenic autoinflamma-
tory illnesses and other febrile rheumatic disorders (e.g.
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TasLeE 2 Composition and theoretical range of the composite disease activity scores tested in the study

sJADAS10 JADAS10

Physician global 0-10 cm VAS 0-10 cm VAS
assessment

Parent/patient 0-10 cm VAS 0-10 cm VAS
global
assessment

Active joint count Simple, 0-10 Simple, 0-10

joints® joints®

Swollen joint - -
count (range)

Tender joint count - -
(range)

Acute-phase Normalized Normalized
reactant (range) ESR® or ESR (0-10)

CRP° (0-10)

Systemic mani- 0-10 -
festation score
(range)®

Score range 0-50 0-40

cJADAS10
0-10 cm VAS - 0-10cm VAS
0-10 cm VAS 0-1.40 mm VAS 0-10cm VAS
Simple, 0-10 - -
joints®
- 28 joints, square Simple, 0-28 joints
root-transformed
(0-1.48)
- 28 joints, square Simple, 0-28 joints
root-transformed
(0-2.96)
- Log-transformed -
ESR (0.49-3.22)
0-30 0.49-9.07 0-76

3Up to 10 joints, irrespective of their type, censored at 10. PAccording to the formula: (value in mm/h-20)/10, where val-
ues <20mm/h are converted to 0, and values >120mm/h are converted to 120. “According to the formula (value in mg/I—
10)/10, where values <10mg/l are converted to 10, and values >110mg/l are converted to 110. 9See text for composition
and score calculation. sJADAS10: systemic Juvenile Arthritis Disease Activity Score in 10 joints; JADAS10: JADAS in 10
joints; cJADAS10: clinical JADAS in 10 joints; DAS28: DAS in 28 joints; CDAI: Clinical Disease Activity Index; VAS: visual

analogue scale.

Kawasaki disease). Patients with sJIA with active arth-
ritis but lacking systemic manifestations were excluded.
Patient enroliment was started on 1 February 2017 and
closed on 31 December 2018. Ethical approval was
obtained in all countries involved in the study.

Clinical assessments

At study entry, study investigators were asked to regis-
ter patients’ demographic data and to perform all
assessments required to calculate the composite dis-
ease activity scores. Additional evaluations included the
physician subjective assessment of disease state as in-
active disease or low, moderate or high disease activity,
and the assessment of disease course at second visit
as improved, stable or worsened. Study investigators
were instructed to base these assessments on their
subjective perception of the disease status and course.
A brief definition of each disease state was provided as
reference. Prior to the study visit, a parent was asked to
complete the parent proxy-reported national-language
version of the Juvenile Arthritis Multidimensional
Assessment Report [31], which includes assessment of
physical function, health-related quality of life and satis-
faction with illness outcome. Investigators were asked to
repeat all baseline assessments at the subsequent visit,
after 2 weeks to 3 months.

Study data were collected in a standardized case re-
port form and entered in an electronic database at the
coordinating centre (the Istituto Giannina Gaslini of
Genoa, ltaly).

Validation procedures

Validation of the sJADAS10 was conducted following
standard procedures [32-35]. Feasibility or practicality
was determined by addressing the issues of brevity,
simplicity and easy scoring. Face and content validity
were established by determining that all items: (i)
referred to relevant aspects of the construct to be
measured (i.e. sJIA disease activity); (i) were relevant to
a population of patients with sJIA and active systemic
manifestations; (iii) had good discriminative and evalu-
ative properties; and (iv) comprehensively reflected, al-
together, the construct to be measured.

Three versions of the sUADAS10 were tested in valid-
ation analyses: a version including the ESR (sJADAS10-
ESR), a version including the CRP (sJADAS10-CRP) and
a version lacking the acute-phase reactant (sJADAS10-
no APR). Furthermore, the performance of the sJADAS
was compared with that of JADAS10 [13], cJADAS10
[26, 27], DAS28 [28], Clinical Disease Activity Index [29]
and Pouchot score for adult-onset Still's disease [36].
The latter score assigns 1 point to each of the following
12 manifestations: fever, typical rash, pleuritis, pneumo-
nia, pericarditis, hepatomegaly or abnormal liver function
tests, splenomegaly, lymphadenopathy, leucocytosis
>15 000/mm?3, sore throat, myalgia and abdominal pain.
The Pouchot score was tested both individually and as
substitute of the mSMS in the sJADAS-ESR (the so-
called sJADAS10-Pouchot).

Construct validity was assessed by examining
whether the sJADAS is related to other clinical outcome

https://academic.oup.com/rheumatology
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measures not included in the score in a manner consist-
ent with a priori prediction. Correlations were computed
on score changes between baseline and second visit,
using Spearman’s rank statistics and were considered
high if >0.7, moderate if 0.4-0.7 and low if <0.4 [37].

Internal consistency was assessed using Cronbach’s
alpha coefficient [38] and was defined as follows:
<0.6 =poor, 0.6-0.64 =slight, 0.65-0.69 =fair, 0.7-
0.79 =moderate, 0.8-0.89 =substantial and >0.9=
almost perfect [39]. The dimensional structure of the
sJADAS10 was examined using exploratory factor ana-
lysis [40, 41], which can determine whether a scale is
measuring more than one construct. It generates factor
loadings, which are measurements of how strongly the
variables in the scale are associated with its latent
factor(s).

To evaluate whether the sJADAS10 can differentiate
between patients with varying levels of disease activity,
we compared its scores between patients grouped
using physician subjective estimation of disease activity
state (rated as inactive, low, moderate or high) and par-
ent satisfaction with illness outcome [42]. It was
expected that the sJADAS10 score was lower among
patients judged by the physician in inactive disease or
whose parents were satisfied with illness outcome.
Comparison among groups was made by Mann-
Whitney U test and Kruskall-Wallis test, as appropriate.

Responsiveness to change was assessed through the
standardized response mean, calculated as the mean
change in score divided by the s.n. of individuals’
change in score from baseline to second visit. Threshold
levels for standardized response mean were defined
as follows: >0.2=small, >0.5=moderate and >0.80
=good [43].

All statistical tests were two sided; a P-value <0.05
was considered statistically significant. The statistical
packages used were ‘Statistica’ (release 6.1, StatSoft,
Tulsa, OK, USA), Stata release 9.2 (Stata Corporation,
College Station, TX, USA), XLSTAT (version 1.02,
Addinsoft, 2013) for Cronbach’s alpha calculation, and R
statistics (version 3.3.3) [The R foundation for Statistical
Computing, Vienna, Austria (https://www.R-project.org/)].

Results

A total of 163 patients, whose demographic and clinical
features at study entry (baseline) and at second visit are
summarized in supplementary Table S1, available at
Rheumatology online, were included in the study at 30
centres in 10 countries. The female-to-male ratio and
age at disease onset were typical of sJIA [4]. The major-
ity of patients had definite sJIA and more than half were
enrolled at first observation at study centre. Thirty-nine
patients who met the ILAR clinical criteria for sJIA, but
had a disease duration at study entry of <6weeks,
which is a mandatory time frame for diagnosis of sJIA in
the ILAR classification, were placed in the possible/
probable sJIA category. The frequency of systemic

https://academic.oup.com/rheumatology

symptoms was comparable between patients with defin-
ite and probable/possible sJIA (results not shown).

The values of clinical outcome measures, laboratory
tests and composite disease activity scores at study
entry and at second visit are shown in Table 3. As
expected, the level of disease activity was high at base-
line, and decreased markedly at second visit, as a result
of therapeutic interventions performed between the two
assessments. Table 4 reports the value or frequency of
the individual items of the mSMS at study entry and se-
cond visit. All patients had fever by inclusion criteria and
the median maximum temperature in the 24 h preceding
baseline visit was 39°C.

Feasibility and face and content validity

All members of the study panel and all participating
investigators agreed that the proposed tool possessed
these properties.

Construct validity

Spearman’s correlations between the sJADAS10 and
the other composite DAS and the outcome measures
not included in the scores, assessed on changes in val-
ues between baseline and second visit, are shown in
Table 5. All correlations between sJADAS10 and parent-
reported outcomes were in the moderate range
(0.41-0.60) and were overall better for the sJADAS10-
ESR than for the versions with CRP or without APR.
sJADAS10-ESR correlations were comparable to those
of JADAS10 (0.42-0.62) and cJADAS10 (0.38-0.57), but
higher than those of adult composite scores (0.07-0.56),
with the exception of similar correlations for the
sJADAS10-Pouchot (0.46-0.60).

Internal consistency

Cronbach’s alpha values for sJADAS10 were slight-to-
fair (0.64-0.65) and marginally better than those for
JADAS10 (0.60) and cJADAS10 (0.63) (see supplemen-
tary Table S2, available at Rheumatology online).
Removal of all individual items of sUJADAS10 one at a
time decreased internal consistency, with the sole ex-
ception of ESR removal from sJADAS10-ESR, which
increased Cronbach’s alpha value (results not shown).
Internal consistency of sJADAS10-ESR (0.64) was su-
perior to that of the sUADAS10-Pouchot (0.55).

Factor analysis

Exploratory factor analysis showed that the sJADAS10
measured only one construct. Correlations between indi-
vidual items and the latent factor were greater for phys-
ician global assessment, followed by parent global
assessment and active joint count (see supplementary
Table S3, available at Rheumatology online).

Discriminant validity

The sJADAS10 revealed strong ability to discriminate
patients categorized subjectively in different disease
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TasLe 3 Values of outcome measures and laboratory tests at study entry and at second visit*

Baseline Second visit

No. Median (IQR) No. Median (IQR)
Physician global assessment of overall disease activity? 160 .5(6-9) 157 1(0-3.5)
Parent global assessment of child’s wellbeing® 159 .5(5-9) 157 2 (0-4)
Parent assessment of pain® 160 .5(5-9) 150 0.5 (0-3)
Physical function score® 159 3 (5-24) 154 0 (0-4)
HRQL PhH score® 151 9 (4-12) 148 2 (0-5)
HRQL PsH score® 151 4(2-7) 148 2(0-3)
No. swollen joints 161 3(0-7) 157 0(0-1)
No. tender joints 158 4 (1-11) 154 0(0-1)
No. joints with limited range of motion 158 3(1-8) 157 0 (0-0)
No active joints 161 4 (1-10) 157 0(0-2)
White blood cell count, x10%/ 161 5 (9.6-20) 161 11 3(7.8-15)
Neutrophil count, x10%/1 159 8(4.9-14.2) 159 2 (4.0-9.0)
Haemoglobin, gm/di 162 10 1(8.9-11.1) 162 11 8(106 12.8)
Platelet count, x10%I 161 468 (349-575) 161 354 (271-450)
Ferritin, ng/ml 152 874 (284-2956) 152 161 (60-330)
ESR, mm/h 160 65 (40-95) 160 8 (7-36)
CRP, mg/dl 153 13.9(7.9-24.3) 153 1(0.3-4.8)
Fibrinogen, g/ 98 518 (350-637) 98 264.5 (199-374)
JADAS10? 160 23.3(17.3-28.5) 157 6 (1-10.5)
cJADAS10° 160 18.5(13.3-24.3) 157 4(0.5-9)
DAS28" 157 5(3.9-6.1) 151 2.4(1.7-3.3)
CDAI¢ 157 18.5(14.0-28.0) 156 4.0(0.5-9.5)
mSMsh 162 5 (4-6) 156 0 (0-2)
sJADAS10-ESR! 160 28.2 (22.6-34.9) 156 .5(1.8-12.3)
sJADAS10-CRP' 151 32.4 (27.2-39.0) 146 8(2.0-8.6)
sJADAS10-no APR! 160 24.0 (18.8-30.0) 156 5.0 (1.3-11.0)
sJADAS-ESR-Pouchot' 157 26 4 (21.0-32.8) 156 6.5 (1.7-12.4)
Pouchot score™ 159 .0 (3.0-5.0) 156 1.0(0.0-1.0)

No. refers with patients with the item available. 20On a 0-10 visual analogue scale (0=best; 10 =worst); Pscore ranges
from 0 (no disability) to 30 (maximum disability); °score ranges 0-15, higher scores indicate worse HRQL; %score ranges
from 0 to 40 (0=no activity; 40 =maximum activity); ®score ranges from 0 to 30 (0=no activity; 30 =maximum activity);

fscore ranges from 0.49-9.07 (0.49=no activity; 9.07 =maximum activity); 9score ranges from 0 to 76 (0=no activity;
76 =maximum activity); "score ranges from 0 to 10 (0=no systemic activity; 10=maximum systemic activity); 'score
ranges from 0 to 50 (0=no activity; 50 = maximum activity); lscore ranges from 0 to 52 (0 =no activity; 52 = maximum ac-
tivity); “score ranges from 0 to 12 (0=no activity; 12 =maximum activity). IQR: interquartile range; HRQL: health-related
quality of life; PhH: physical Health; PsH: psychosocial health; JADAS: Juvenile Arthritis Disease Activity Score; cJADAS:
clinical JADAS; DAS28: DAS in 28 joints; CDAI: Clinical Disease Activity Index; mSMS: modified Systemic Manifestation
Score; sJADAS: systemic JADAS; sJADAS-ESR: sJADAS with ESR; sJADAS-CRP: sJADAS with CRP; sJADAS-no APR:

sJADAS without acute-phase reactant; sUADAS-ESR-Pouchot: sJADAS with ESR and Pouchot score instead of mSMS.

activity states by the caring physician (P <0001)
(Fig. 1) and between patients whose parents were sat-
isfied or not satisfied of illness outcome (P < 0.0001)
(see supplementary Fig. S1, available at Rheumatology
online).

Responsiveness to change

The standardized response mean values were good for
all three versions of the sUADAS10 (2.04-2.58), although
lower for the one without APR, in both the whole patient
sample (2.04) and the patient subgroup judged as
improved at second visit by the caring physician (2.18).
Responsiveness of sJADAS10 was better than that of
JADAS10 (2.06-2.17), cJADAS10 (1.81-1.89), adult

composite scores (1.39-1.86) and sJADAS10-Pouchot
(2.12-2.27) (see supplementary Table S4, available at
Rheumatology online).

Discussion

We have described the development of a composite
disease activity score specific to sJIA and provided pre-
liminary evidence of its validity. The sJADAS combines
the four disease activity measures included in the origin-
al JADAS with a fifth component, the mSMS, which is
aimed at quantifying the activity of extra-articular symp-
toms. The score of the sJADAS results from the
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arithmetic sum of the values of each individual compo-
nent, which makes its calculation simple and quick.
Validation procedures were conducted on a multi-
national inception cohort, comprising a total of 163
patients enrolled by paediatric rheumatologists practic-
ing in 10 countries. The study sample is likely represen-
tative of the entire spectrum of children with sJIA seen
in paediatric rheumatology centres worldwide. At study
entry, all patients had to have active disease with on-
going systemic manifestations, which should include
fever. To evaluate the capacity of the tool to capture the

TaBLe 4 Value or frequency of individual components of
mSMS at study entry and at second visit

Baseline Second visit

Median (IQR) highest 39.0 (38.0-39.2) 36.8(36.0-37.0)
temperature
in the last 24 h,
°C (n=157)

No. (%) of patients
with skin rash
No. (%) of patients with ~ 69/161 (42.9)

generalized
lymphadenopathy
No. (%) of patients with ~ 91/161 (56.5)
hepatomegaly and/or
splenomegaly

118/161 (73.3) 7/156 (4.5)

9/156 (5.8)

27/157 (17.2)

No. (%) of patients 24/161 (14.9) 3/155 (1.9)
with serositis
No. (%) of patients with ~ 41/162 (25.3) 9/152 (5.9)

haemoglobin <9 g/dl
No. (%) of patients with  112/159 (70.4) 27/131 (20.6)
platelet count
>600 x 109/
and/or ferritin
>500 ng/ml

IQR: interquartile range.

change in disease activity over time, patients were reas-
sessed at the subsequent visit, when disease activity
was expected to be decreased as a result of therapeutic
interventions prescribed at initial visit.

In validation analyses, the sJADAS was found to be
feasible and to possess face and content validity, good
construct validity, satisfactory internal consistency, ap-
propriate dimensional structure, fair discriminative valid-
ity and strong responsiveness to clinically important
change over time. By documenting these key measure-
ment properties, we have demonstrated that the
sJADAS is a valid tool for the assessment of disease ac-
tivity in this patient population and is therefore applic-
able in both clinical and research settings. Overall, the
performance of the sUADAS was superior to that of the
original JADAS and of adult disease activity scores.

We tested three versions of the sJADAS, which
included ESR or CRP, or lacked the APR. The sJADAS-
ESR performed best in construct validity assessment,
whereas the sJADAS-CRP revealed superior internal
consistency and better responsiveness to change. In
addition, CRP was better correlated than the ESR with
latent factor in factor analysis and did not lead, as
opposed to ESR, to a drop in Cronbach’s alpha when
removed from the instrument. Considering the overall
performance in validation analyses, we would favour the
use of the sJADAS10-CRP over the version with the
ESR. Notably, the sJADAS version without APR showed
satisfactory metrological properties, which suggests that
it is potentially suited for use in routine clinical practice,
when an APR is not obtained or is missing. Given the
characteristics of patients enrolled, all of whom had
fever, the sJADAS should be applied only in sJIA
patients with fever or other active systemic manifesta-
tions. In patients who lack extra-articular features and
have a polyarticular course of their disease, the trad-
itional JADAS may be preferred.

TaBLe 5 Spearman’s correlation between composite scores and JIA outcome measures not included in the scores?

sJADAS10-ESR - 0.28 (n = 141)
sJADAS10-CRP 0.23 (n = 138) -
sJADAS10-no APR 0.16 (1 =148) 0.24 (n =141
JADAS10 - 0.29 (n = 141
cJADAS10 0.12(1=149) 0.23 (1 =141
DAS28 -

CDAI 0.1(n=145) 0.17 (n=137
sJADAS-ESR-Pouchot - 0.26 (n =138

)
)
)
0.17 (n = 136)
)
)
Pouchot score 0.12(n=147) 0.15(n =140)

assessment function PhH score

o
]
N
—_—— e~~~ o~ =~

oo
N o
oo
SES)
([l

Parent pain Physical HRQL HRQL

PsH score

n=146) 053(n=151) 051(n=141) 0.43(n=141)
n=134) 0.44(n=138) 0.44(n=130) 0.43 (n = 130)
n=146) 0.46(n=151) 0.49(n=141) 0.41(n=141)
n=147) 055(n=152) 0.52(n=142) 0.42(n=142)
n=147) 0.48(n=152) 0.47(n=142) 0.38(n=142)
n=139) 0.56(n=144) 0.47 (n=137) 0.39 (n=137)
n=143) 0.50(n=148) 0.41(n=140) 0.23 (n = 140)

144) 050 (1=149) 0.52(n=139) 0.46 (n = 139)

146) 0.07 (n=151) 0.23(n=139) 0.33 (0 =139)

#Correlations have been assessed on the absolute change between baseline and second visit. HRQL: health-related quality
of life; PhH: physical health; PsH: psychosocial health. sUADAS10: systemic Juvenile Arthritis Disease Activity Score in 10
joints; sJADAS-ESR: sJADAS with ESR; sJADAS-CRP: sJADAS with CRP; sJADAS-no APR: sJADAS without acute-phase
reactant; JADAS10: JADAS in 10 joints; cJADAS10: clinical JADAS10; DAS28: DAS in 28 joints; CDAI: Clinical Disease
Activity Index; sJADAS-ESR-Pouchot: sUJADAS with ESR and Pouchot score instead of mSMS.
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Fic. 1 Capacity of sJADAS10-ESR to discriminate be-
tween disease activity states
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sJADAS10-ESR: systemic Juvenile Arthritis Disease
Activity Score in 10 joints with ESR.

Our study has some caveats. We recognize that the
new tool was developed by a restricted group of experts
and, although agreed upon by a large group of inter-
national paediatric rheumatologists, was not derived
from a formal Delphi survey. The choice of the mSMS to
measure the activity of systemic manifestations was ar-
bitrary and other published instruments [19-21] or an-
other format of the tool could be more appropriate.
Unfortunately, we could not compare the validity of the
sJADAS with that of the core set of variables proposed
by Limenis et al. [20], because our data did not allow
the calculation of the number of fever and rash days in
the past 2 weeks, which is needed to assess the fever
and rash items. The value of the Limenis core set is,
nevertheless, worth testing in future analyses. We ac-
knowledge that the SMS was originally proposed as a
tool to assess baseline predictors of anakinra treatment
outcome [21] and was not designed for the assessment
of treatment response, serial measurement of disease
activity or estimation of a particular disease state. We
also recognize that assessment of fever at intervals
other than in the past 24h, such as in the preceding
3days of week, could be more reliable or meaningful.
However, the mSMS values obtained using the max-
imum temperature in these time intervals were compar-
able to those yielded by the past 24h (results not
shown). The requirement for measurement of maximal
body temperature in the 24 h prior to sJADAS assess-
ment may not be practical for patients with established
disease in the outpatient setting. It may be difficult for a
family of a child with fever to repeatedly take and record
the child’s temperature throughout the night. That the
cut-offs for laboratory tests were not data-driven, but
based on expert consensus, could hinder their face val-
idity. We did not evaluate the characteristics and behav-
iour of the sJADAS in patients who have a flare of
systemic manifestations without the presence of fever
(for example, rash). Due to the lack of long-term

assessments, we could not investigate the capacity of
the sJADAS to predict disease outcomes, such as con-
tinued activity, cumulative damage or functional disabil-
ity. Our effort did not take into account the recent
scientific evidence for biomarkers of immune activation
and systemic inflammation in sJIA [44]. Although these
biomarkers are still not available on a routine basis, they
will likely be included in future tools for disease activity
measurement.

In conclusion, we have devised a new composite dis-
ease activity score for sJIA, which is composed of the
five key disease activity measures for this disease. This
instrument is feasible and easily applicable in routine
clinical practice, which should result in its widespread
acceptance and use. In validation analyses, the sUADAS
was found to possess good measurement properties,
which indicates that it is applicable in both clinical and
research settings, including clinical trials. The measure-
ment performances of the sJADAS should be externally
validated in other patient cohorts that are evaluated pro-
spectively, including patients with adult-onset Still’s dis-
ease. Another future key objective is to define the cut-
offs in the score that correspond to the states of in-
active disease and low, moderate and high disease ac-
tivity. In line with the recent recommendations for the
treat-to-target strategy in JIA [9], there is a need to aim
at reaching the lowest possible sJADAS in sJdIA, prefer-
ably in glucocorticoid-free patients.
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