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Results. The median clinical JADAS-10 declined
significantly, from 7 in 2000 to 2 in 2013, while the proportion of patients with inactive disease increased from 19%
in 2000 to 41% in 2013. The rate of treatment with systemic glucocorticoids and disease-modifying antirheumatic drugs (DMARDs) remained stable from 2000 to
2013. By 2013, the proportion of patients with systemic JIA
who were treated with biologic DMARDs had increased to
20%. At 3-year follow-up, 72% of patients with systemic
JIA had inactive disease, and 77% had no functional limitations. Growth retardation was associated with persistently high disease activity and continuing treatment with
systemic glucocorticoids. At the 3-year follow-up, onethird of patients were still being treated with systemic
glucocorticoids.
Conclusion. The proportion of patients with inactive disease has increased over the past decade. Possible
explanations may include improved access to specialized
care, additional treatment options, and earlier or faster
step-up treatment. However, challenges in the management of systemic JIA remain, as ~30% of patients continue to present with ongoing active disease.

Objective. To investigate the clinical presentation
and medical treatment of patients with systemic juvenile
idiopathic arthritis (JIA) during the first year of illness.
Our study focused on 3-year outcomes in a subsample of
patients who were followed up longitudinally.
Methods. From 2000 to 2013, 597 patients with systemic JIA and a disease duration of £12 months were recorded in the National Pediatric Rheumatologic Database.
Among those patients, 3-year outcome data were available
for 133. These data included the clinical Juvenile Arthritis
Disease Activity Score in 10 joints (JADAS-10) and the
physician’s global assessment score (on a numerical rating
scale), as well as assessment of joint involvement, growth
retardation, and patient-reported outcomes.
The National Pediatric Rheumatologic Database received a
grant from the Federal Ministry of Education and Research in 2005. It
is currently funded by the Children’s Arthritis Foundation (Kinder
Rheumastiftung).
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Juvenile idiopathic arthritis (JIA) is the common
term for all forms of arthritis that begin before age 16
years, persist for more than 6 weeks, and for which the etiology is unknown. Systemic juvenile idiopathic arthritis
(JIA) is 1 of 7 categories of JIA that account for 5–15%
of all JIA cases (1–4). The peak age at onset of systemic
JIA is between 18 months and 24 months (4). Systemic
JIA has a distinct clinical phenotype characterized by daily
spiking fevers and is accompanied by a variety of other systemic signs, including evanescent erythematous skin rash,
generalized lymphadenopathy, pericarditis, pleuritis, and
hepatosplenomegaly (2). Despite its relative rareness,
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systemic JIA is the main contributor to JIA-related
mortality and overall morbidity. Serious, life-threatening
complications such as macrophage activation syndrome
occur more frequently in systemic JIA compared with
other JIA categories (5,6). The mortality rate is estimated to
be 0.6–4% (7–9) and remains higher than that in other JIA
subcategories. Outcome studies have shown that patients
with systemic JIA more frequently have osteoporosis,
growth failure, cardiovascular disease, joint destruction,
and hip endoprosthesis in early adulthood compared with
patients with other categories of JIA (10–13).
Newly developed biologic agents that inhibit the
cytokines interleukin-1 (IL-1) and IL-6 have demonstrated
remarkable effectiveness in the short-term clinical treatment of systemic JIA (14–16). In response to the success
shown for these biologic agents, in 2013 the American
College of Rheumatology (ACR) updated the treatment
recommendations (17) and now recommends the use of IL1 and IL-6 inhibitors as the first high-dose glucocorticoidsparing disease-modifying antirheumatic drug (DMARD)
therapy in patients with systemic JIA who have active
systemic manifestations. Several studies, as well as clinical
experience, suggest that methotrexate (MTX) is less effective in systemic JIA than in polyarticular JIA. As reported
in the small number of available open studies, the ACR
pediatric criteria for 30% improvement (18) response
rates are barely above 30% in patients with systemic JIA
(19–21). In addition, the randomized controlled trial by
Woo and colleagues (22) showed significant improvement
in only 2 variables (physician’s and patient’s global assessment), while the systemic feature score did not substantially
differ between the MTX and placebo groups. Treatment
with tumor necrosis factor (TNF) receptor antagonists also
was not sufficiently effective during the course of systemic
inflammatory disease (4,23).
The objective of our study was to compare the clinical presentation and medical treatment of patients with
systemic JIA within the first year of disease onset during
the period 2000–2013. Cross-sectional data from the
National Pediatric Rheumatologic Database (NPRD)
(24) in Germany were used. In addition, 3-year outcomes
were investigated in a subsample of patients from the total
cohort who were followed up longitudinally (longitudinal
sample). Finally, possible predictors for attaining a state
of inactive disease while not receiving treatment were
examined. The physicians who enrolled patients in the
NPRD are shown in Appendix A.
PATIENTS AND METHODS
Patients. The NPRD of children and adolescents with
rheumatic diseases began in 1997. Today it covers a wide spectrum

of juvenile rheumatic diseases and assesses the health care of
patients treated by pediatric rheumatologists. Once per year, data
on the phenotypes and outcomes of juvenile rheumatic diseases
are prospectively collected via standardized physician and patient
questionnaires. The number of participating rheumatology centers increased from 27 in 2000 to 60 in 2013. All participating centers consecutively enroll incident and prevalent cases of juvenile
rheumatic diseases in the NPRD. The NPRD provides representative data regarding sociodemographic and clinical characteristics, as well as treatment assignments, of children and adolescents
with rheumatic diseases who receive routine care in Germany
(24). The NPRD has no active study-monitoring to allow longitudinal follow-up of the patients. Approximately 60% of the patients
were re-documented the year following enrollment, resulting in a
smaller sample size in the longitudinal analyses. The study was
approved by the ethics committee of the Charite Medical University of Berlin.
Criteria for inclusion in the cross-sectional study were as
follows: 1) a diagnosis of systemic JIA according to the International League of Associations for Rheumatology (ILAR) criteria
(2,25), 2) disease duration of ,12 months, and 3) enrollment
in the database between 2000 and 2013. Criteria for inclusion in
the longitudinal sample were: 1) a diagnosis of systemic JIA
according to the ILAR criteria (2,25), 2) disease duration of #12
months, 3) enrollment in the database between 2000 and 2010,
and 4) availability of a 3-year follow-up assessment.
Measures of function and disease activity. The physician recorded the patient’s age, sex, diagnosis, age at disease
onset, and body height at each study visit. Systemic symptoms,
including spiking fever, evanescent erythematous skin rash, generalized lymphadenopathy, hepatosplenomegaly, or serositis at
the time of inclusion in the study were recorded by the physician
during the years 2012 and 2013. Unfortunately, this information
was not available for previous years. The physician evaluated the
patient’s disease activity (physician’s assessment) on a numerical
rating scale (NRS; 0 5 no disease activity and 10 5 very severe
disease activity) and the number of joints with active arthritis.
Physician-rated inactive disease (IDNRS) was defined as a
patient’s disease activity being equivalent to 0 on an NRS. The
patient-reported outcomes included an evaluation of pain and
overall well-being (patient’s global assessment) on an NRS.
Patients ages $12 years or their parents reported functional ability via the German version of the Childhood Health
Assessment Questionnaire (C-HAQ) (26). The resulting disability
index ranges from 0 to 3. A value of 0 indicates no functional disability, while higher scores indicate relative degrees of disability.
The clinical Juvenile Arthritis Disease Activity Score in 10 joints
(JADAS-10) (27) was used as a composite tool for scoring disease
activity. The clinical JADAS-10 considers the number of joints
with active disease together with the physician’s and the patient’s/
parent’s global assessment, without considering the erythrocyte
sedimentation rate. Inactive disease based on the clinical JADAS-10
(IDcJADAS) was defined as a clinical JADAS-10 of #1. It should be
noted that Consolaro at al (27) have defined cutoffs for nonsystemic JIA. In the presence of systemic features, one may assume
that the physician’s and the patient’s/parent’s global assessment will
be .0. Consequently, patients with inactive systemic JIA can be
identified by a clinical JADAS-10 of #1. A history of macrophage
activation syndrome was reported by the treating physician.
Treatment. The physician recorded current treatment as
well as all use of nonsteroidal antiinflammatory drugs (NSAIDs),
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Table 1. Characteristics, clinical presentation, and therapy at the first documentation in the 597 patients with systemic
JIA with a disease duration of #12 months, according to enrollment years*

No. of patients
Age, years
Female, no. (%)
Disease duration, months
Time between symptom onset and first visit
to pediatric rheumatologist, months
Age at disease onset, years
Physician-assessed disease activity†
IDNRS, no. (%)
Clinical JADAS-10, median (IQR)
IDcJADAS, no. (%)
No. of joints with active disease
C-HAQ score
C-HAQ score of 0, no. (%)
Patient-reported pain†
Patient-reported well-being†
Height SDS
Height SDS below the norm, no. (%)
Therapy before inclusion in NPRD, no. (%)
NSAIDs
Systemic glucocorticoids
Low-dose systemic
glucocorticoids (,0.2 mg/kg/day)
High-dose systemic glucocorticoids
($0.2 mg/kg/day)
Any conventional synthetic DMARD
and/or biologic DMARD
Conventional synthetic DMARD
Methotrexate
Other conventional synthetic DMARD
Biologic DMARD
Etanercept
Anakinra
Tocilizumab
Canakinumab

2000–2002

2003–2005

2006–2008

2009–2010

2011–2013

94
7.9 6 4.3
43 (45.7)
5.6 6 3.7
0.9 6 1.5

129
7.4 6 4.6
68 (52.7)
5.2 6 3.4
0.8 6 1.8

118
8.1 6 5.1
60 (50.9)
5.3 6 3.2
1.0 6 2.3

94
9.2 6 4.8
45 (47.9)
5.7 6 3.7
1.3 6 2.4

162
8.3 6 5.0
85 (52.5)
5.6 6 3.6
1.1 6 2.1

7.4 6 4.2
2.9 6 2.7
17 (20.2)
7.0 (0.0–25.0)
17 (25.4)
2.8 6 5.3
0.33 6 0.55
35 (48.0)
2.0 6 2.4
2.0 6 2.0
ND
ND

7.0 6 4.6
2.4 6 2.5
40 (31.8)
3.5 (0.0–28.0)
33 (31.1)
2.0 6 4.2
0.35 6 0.58
67 (58.8)
1.2 6 1.9
1.7 6 2.1
20.68 6 1.25
17 (14.5)

7.7 6 5.1
1.8 6 2.4
50 (45.9)
2.0 (0.0–26.0)
31 (36.9)
1.1 6 2.6
0.30 6 0.55
57 (62.6)
1.3 6 2.1
1.7 6 2.2
20.87 6 1.26
21 (19.4)

8.7 6 4.8
2.2 6 2.6
33 (36.7)
3.0 (0.0–24.0)
25 (36.8)
1.6 6 4.1
0.37 6 0.64
41 (54.7)
1.7 6 2.4
2.1 6 2.5
20.71 6 1.07
10 (11.5)

7.7 6 4.9
1.6 6 2.4
71 (47.3)
1.5 (0.0–24.0)
60 (48.8)
1.0 6 2.8
0.23 6 0.50
84 (62.7)
1.4 6 2.4
1.4 6 2.1
20.68 6 1.26
26 (18.1)

59 (71.1)
65 (78.3)
20 (23.8)

72 (60.5)
81 (68.1)
23 (18.9)

64 (66.7)
70 (72.2)
26 (23.6)

38 (55.1)
45 (65.2)
13 (19.1)

55 (44.0)
75 (59.5)
20 (23.0)

47 (56.0)

60 (49.2)

65 (58.0)

36 (52.9)

35 (39.8)

50 (59.5)

64 (55.2)

66 (58.4)

44 (50.6)

86 (55.1)

50 (59.5)
45 (53.6)
13 (15.5)
2
2
2
2
2

64 (55.2)
56 (48.3)
11 (9.5)
4 (3.4)
4 (3.4)
2
2
2

65 (57.5)
61 (54.0)
6 (5.3)
10 (8.8)
5 (4.4)
4 (3.5)
2
2

40
40
2
13
7
6

68 (43.6)
68 (43.6)
3 (1.9)
33 (21.2)
2 (1.3)
17 (10.9)
12 (7.7)
5 (3.2)

(46.0)
(46.0)
(2.3)
(14.9)
(8.0)
(6.9)
2
2

* Except where indicated otherwise, values are the number (%), where % refers to the total number of patients with a valid
response for the item. JIA 5 juvenile idiopathic arthritis; IDNRS 5 inactive disease defined by a patient’s disease activity
equivalent to 0 on a numerical rating scale (NRS) with a maximum possible score of 10; JADAS-10 5 Juvenile Arthritis Disease Activity Score in 10 joints; IQR 5 interquartile range; IDcJADAS 5 inactive disease defined by a clinical JADAS-10 of
#1; C-HAQ 5 Childhood Health Assessment Questionnaire; SDS 5 SD score ([height of patient – average height in the reference population]/SD of the reference population); ND 5 not determined; NPRD 5 National Pediatric Rheumatologic
Database; NSAIDs 5 nonsteroidal antiinflammatory drugs; DMARD 5 disease-modifying antirheumatic drug.
† Assessed on an NRS (maximum score 10).

glucocorticoids, conventional synthetic DMARDs, and biologic
DMARDs (including dosage and duration) within the prior 12
months. With respect to systemic glucocorticoids, 3 categories
were compared: low-dose (,0.2 mg/kg/day), high-dose ($0.2 mg/
kg/day), and intravenous pulse therapy.
Short stature. Short stature is defined as patient’s height
minus 2 SD scores (SDS) of the age- and sex-matched general
population (SDS 5 [height of patient – average height in the reference population]/SD of the reference population). Data from the
German Health Interview and Examination Survey for Children
and Adolescents (28) were used for defining the reference body
height for each age group and sex.
Statistical analysis. Categorical variables were reported
by absolute and relative frequencies, while continuously distributed variables were reported by the mean 6 SD or median and
interquartile range, as appropriate. Cross-sectional data from
the NPRD for the years 2000–2013 were used to determine the

distribution of and changes in sociodemographic and clinical
characteristics, as well as treatment of patients with systemic JIA
within the first year of disease. Two-level linear mixed-effects
models were used to investigate the temporal trend in clinical
characteristics between 2000 and 2013 (29,30). Statistical inference in the analyses of longitudinal data was based on logistic
regression analysis. In the univariate and multivariate analyses of
the outcome in patients with inactive disease while not receiving
treatment, and the outcome in patients with inactive disease
while not receiving glucocorticoids, possible baseline predictor
variables were considered for statistical inference.
A sensitivity analysis was conducted to investigate
whether the selection of patients introduced bias in the longitudinal sample. The likelihood of being included in the longitudinal
sample was estimated by a logistic regression model including the
predictor variables sex, age at the onset of systemic JIA, clinical
JADAS-10, treatment with conventional synthetic DMARDs,
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Figure 1. Age at onset of systemic juvenile idiopathic arthritis (sJIA) according to sex.

and treatment with biologic DMARDs. Furthermore, the probability of withdrawal during the 3-year follow-up was estimated
with a logistic regression model using the covariates at the considered follow-up from the previous model. Weights were calculated
as ratios of the estimated probabilities and were combined for the
final weighting, as described by Molenberghs and Kenward (31).
Balanced samples of patients were obtained by using inverse
probability of weighting, in which weights were estimated as
a patient’s probability of being included in the study (32). The
sensitivity analyses included the weighted analyses of the 3-year
outcome data. P values less than 0.05 were considered significant.
All statistical analyses were conducted using SAS software
(version 9.3).

RESULTS
Cross-sectional data on patients with systemic JIA
for 2000–2013. Between 2000 and 2013, the number of
eligible patients with systemic JIA and a disease duration
of #1 year ranged from 27 (in 2000) to 51 (in 2013).
Cumulatively, this resulted in a total of 597 patients with
systemic JIA. The mean 6 SD disease duration was
5.5 6 3.5 months for all patients with systemic JIA. The
mean 6 SD length of time between symptom onset and
first visit to a pediatric rheumatologist was 1 6 2.0 months.
This period of time did not vary significantly between 2000
and 2013. The proportion of systemic JIA patients documented within the first 3 months of disease (35.8%
[n 5 214]), between months 4 and 6 (27.0% [n 5 161), and
between months 7 and 12 (37.2% [n 5 222]) did not significantly differ (P 5 0.955) over the course of the 14 years.
The mean 6 SD age of patients at the onset of systemic JIA
was a minimum of 5.9 6 3.8 years (median 5) in 2002 and a
maximum of 9.4 6 5.5 years (median 8) in 2008 (Table 1

and results not shown). As shown in Figure 1, the most
common age range recorded for systemic JIA onset was 3–
5 years, with 3 and 4 years being the most common. There
was no remarkable difference between boys and girls in this
respect.
Clinical activity in patients with systemic JIA within
the first year of disease onset and its time trend. In 2012
and 2013 (n 5 84 patients providing information about
systemic symptoms), the most common systemic symptom at inclusion was fever (n 5 59 [70.2%]), followed by
skin rash (n 5 45 [53.6%]), hepatosplenomegaly (n 5 34
[40.5%]), serositis (n 5 21 [25.0%]), and generalized
lymphadenopathy (n 5 14 [16.7%]). The frequency of
fever at first documentation was a function of disease
duration. Almost all patients with a disease duration of
,1 month had fever (88%), while the rate was 8% in
patients with systemic JIA with a disease duration of .10
months. The clinical JADAS-10 in the total cohort significantly declined from a mean 6 SD of 7.2 6 5.1 (median 7)
in 2000 to 3.7 6 4.2 (median 2; b 5 20.29 [95% confidence interval (95% CI) 20.42, 20.15], P , 0.001) in
2013. The proportion of patients with inactive disease, as
defined by the clinical JADAS-10 (IDcJADAS), increased
from 19% in 2000 to 41% in 2013 (odds ratio [OR] 1.09
[95% CI 1.04, 1.16], P 5 0.001).
The clinical JADAS-10 was associated with disease duration at first documentation: patients with systemic JIA with a disease duration of ,1 month had a
higher clinical JADAS-10 compared with patients in
whom documentation occurred between months 7 and
12 after disease onset (b 5 2.5 [95% CI 1.2, 3.8],
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P , 0.001). The clinical JADAS-10 decreased significantly across the 3 disease-duration strata. During the
period 2000–2013, the mean 6 SD physician’s global
assessment of disease activity declined considerably
(from 3.0 6 2.2 in 2000 to 1.6 6 2.3 in 2013 (b 5 20.10
[95% CI 20.16, 20.05] P , 0.001). Meanwhile, the
proportion of patients with no functional limitations
(C-HAQ 5 0) notably increased over time (from 9
[42.9%] in 2000 to 27 [65.9%] in 2013 (OR 1.06 [95% CI
1.02, 1.11], P 5 0.008). In contrast, however, the proportion of patients with growth retardation (n 5 6 [18.8%]
in 2000; n 5 7 [15.9%] in 2013) and development of
macrophage activation syndrome within the first year of
systemic JIA disease (n 5 1 [2.3%] in 2000; n 5 2 [4.6%]
in 2013) remained stable over the period (that is, the
change was not statistically significant).
Drug treatment. The rates of drug treatment in
patients with systemic JIA between 2000 and 2013 are
shown in Table 1. NSAIDs were prescribed in 78% of
patients (n 5 18) in the first year of systemic disease in
2000, whereas the rate of NSAID prescriptions decreased
to 42% (n 5 16) in 2013. The rate of treatment with systemic glucocorticoids (n 5 28 [78%] in 2000 and n 5 30
[79%] in 2013) and DMARDs in general (n 5 14 [56%] in
2000 and n 5 28 [57%] in 2013) remained stable over the
period, while treatment with other conventional synthetic
DMARDs (e.g., azathioprine or cyclosporin A) decreased,
from 15.5% in 2000–2002 to 1.9% in 2011–2013. Since the
introduction of biologic DMARDs as a treatment option
for systemic JIA in 2002, the rates of DMARD prescriptions have continuously increased (n 5 4 [3%] in
2003–2005 and n 5 33 [21%] in 2011–2013).
From 2011 to 2013, biologic DMARD therapy was
started in 20 patients (28.2%) after a disease duration of
.6 months, whereas only a few patients (n 5 4 [10%])
were treated with biologic DMARDs within the first 1
month of systemic JIA disease. From 2011 to 2013, 1 of 5
patients was treated with a biologic DMARD within the
first year after the diagnosis of systemic JIA. In particular,
the IL-1 inhibitors anakinra (n 5 17 [10.9%]) and canakinumab (n 5 5 [3%]), as well as the IL-6 inhibitor
tocilizumab (n 5 12 [7.7%]), were the most frequently
used biologic DMARDs in 2011–2013. In contrast, the use
of etanercept significantly declined in 2011–2013 (n 5 2
[1.3%]) compared with 2009–2010 (n 5 7 [8%]). Among
patients who were treated with a biologic DMARD, almost
60% (n 5 31) received treatment in combination with
methotrexate.
Three-year outcome in patients with systemic
JIA. Among the 435 patients with systemic JIA who
were enrolled in the database between 2000 and 2010,
133 (31%) patients with a 3-year follow-up assessment
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were able to be identified and therefore were included in
the longitudinal data analyses. The population of patients
with systemic JIA who were not included in the sample
that was followed up longitudinally (n 5 302) during the
corresponding enrollment years, and the subsample of
patients who were followed up longitudinally (n 5 133),
did not significantly differ in sociodemographic characteristics, disease duration at first documentation (mean 6 SD
5.0 6 3.4 versus 5.1 6 3.2 months; P 5 0.830), disease activity according to the clinical JADAS-10 (mean 6 SD
5.8 6 6.3 versus 6.3 6 6.1; P 5 0.547), or functional ability
according to the C-HAQ (mean 6 SD 0.36 6 0.60 versus
0.33 6 56; P 5 0.600) (see Supplementary Table 1, available
on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.39796/abstract).
However, patients with 3-year follow-up data were
slightly less likely to have inactive disease at first documentation (25.7% versus 32.8%; P 5 0.039).
Treatment at baseline and during follow-up.
Treatment was stratified by enrollment years in the sample of patients followed up longitudinally (n 5 133). The
rates of NSAID treatment (59% at baseline [n 5 69] and
31% at 3-year follow-up [n 5 35]) and the cumulative use
of systemic glucocorticoids during the 12 months before
the 3-year follow-up (67% at baseline [n 5 79] and 38% at
3-year follow-up [n 5 43]) were approximately halved. At
3-year follow-up, patients who continued to be treated
with systemic glucocorticoids and high-dose glucocorticoids represented 28% and 8% of the overall cohort,
respectively. The proportion of patients with systemic JIA
who were treated with biologic DMARDs increased markedly during the 3-year follow-up (10% at baseline [n 5 12]
and 19% at 3-year follow-up [n 5 24]).
Patients with inactive disease (IDcJADAS) at 3-year
follow-up less frequently had been treated with systemic
glucocorticoids (52.0% versus 27.4%), methotrexate
(65.5% versus 43.7%), or biologic DMARDs (34.5% versus 11.3%) in the last 12 months compared with patients
with active disease. However, the rate of treatment with
biologic DMARDs at baseline depended on the year of
enrollment in the NPRD. As shown in Figure 2 (and as
described above for the cross-sectional analysis), this
reflects changes in the treatment of systemic JIA over the
course of the last 10 years. Remarkably, despite the overall
treatment response, cumulative steroid use within the
prior 12 months, along with contemporaneous use of systemic glucocorticoids—in particular treatment with highdose glucocorticoids—differed only slightly between
enrollment years 2000–2004 and 2005–2010 (Figure 2) at
the point of documentation.
Therapy with IL-1 or IL-6 inhibitors was initiated
in 14 patients within the first 2-year period and in 4
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Figure 2. Treatment at baseline and at 1-year, 2-year, and 3-year follow-up in patients with systemic juvenile idiopathic arthritis (n 5 133), stratified according to enrollment years. NSAIDs 5 nonsteroidal antiinflammatory drugs; csDMARD 5 conventional synthetic disease-modifying antirheumatic drug; bDMARD 5 biologic DMARD.

patients within the third year. Nearly all patients were
treated with systemic glucocorticoids (93%) and highdose systemic glucocorticoids (79%) before starting treatment with IL-1 or IL-6 inhibitors. In contrast, the rate of
glucocorticoid use declined by 50% after starting biologic
DMARD therapy (for systemic glucocorticoids, 46%; for
high-dose systemic glucocorticoids, 18%) (see Supplementary Table 2, available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.39796/abstract).
Medium-term (3-year) outcome. According to
the clinical JADAS-10, 72% of all patients (n 5 133)
had inactive disease at the 3-year follow-up. Thirty-five
percent were in remission while not receiving medication,
and 36% were in remission while receiving medication
(Table 2). At study inclusion, 75% of systemic JIA patients
had active disease (clinical JADAS-10 of .1). Thirty-four
percent of patients (n 5 21) still had active disease at the 3-

year follow-up (38% treated with systemic glucocorticoids,
51% treated with methotrexate, and 15% treated with biologic DMARDs). In our cohort, the cumulative incidence
of macrophage activation syndrome was 4.8% (6 patients
with systemic JIA) at the 3-year follow-up. Therapy with
systemic glucocorticoids was reported in 2 patients
(33.3%), with conventional synthetic DMARDs (MTX) in
3 patients (50%), and with biologic DMARDs (etanercept) in 1 patient (16.7%) after the macrophage activation
syndrome event during the 3-year follow-up. Unfortunately however, it was not possible to assess the therapy
administered before development of macrophage activation syndrome. Three cases of macrophage activation syndrome (50%) were reported during the baseline year, 1
(16.7%) during the 1-year follow-up, and 2 (33.3%) during
the 3-year follow-up.
Growth retardation. The mean 6 SD height SDS
was 20.78 6 1.23 at baseline. Fourteen patients (11.0%)
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Table 2. Outcomes in the 133 patients with systemic JIA who were followed up longitudinally
between 2000 and 2010*

Physician-assessed disease activity, mean 6 SD
IDNRS
Clinical JADAS-10, median (IQR)
IDcJADAS
Receiving medication†
IDNRS
IDcJADAS
Not receiving medication†
IDNRS
IDcJADAS
No. of joints with active disease, mean 6 SD
No joints with active disease
Pain on NRS, mean 6 SD (maximum score 10)
No pain
C-HAQ, mean 6 SD (0–3 scale)
C-HAQ score showing no disability
Height SDS below the norm

Baseline

Three-year
follow-up

2.46 6 2.40
34 (26.8)
4 (1–9)
26 (25.7)

0.65 6 1.49
94 (71.8)
0 (0–2)
73 (71.6)

27 (21.3)
21 (20.8)

50 (38.2)
37 (36.3)

7 (5.5)
5 (5.0)
1.97 6 3.73
75 (58.6)
1.35 6 1.83
52 (49.5)
0.33 6 0.56
60 (57.7)
14 (14.7)

44 (33.6)
36 (35.3)
0.62 6 2.44
112 (86.2)
0.58 6 1.40
82 (78.1)
0.17 6 0.41
81 (77.1)
18 (15.1)

* Except where indicated otherwise, values are the number (%). JIA 5 juvenile idiopathic arthritis;
IDNRS 5 inactive disease defined by a patient’s disease activity equivalent to 0 on a numerical rating scale
(NRS) with a maximum possible score of 10; IQR 5 interquartile range; IDcJADAS 5 inactive disease defined
by a clinical Juvenile Arthritis Disease Activity Score in 10 joints (JADAS-10) of #1; C-HAQ 5 Childhood
Health Assessment Questionnaire; SDS 5 SD score ([height of patient – average height in the reference
population]/SD of the reference population).
† Disease-modifying antirheumatic drugs and systemic glucocorticoids.

had a height SDS below the threshold of 22 at baseline.
Twelve patients (9.4%) displayed incident growth retardation at the 3-year follow-up (n 5 6) or the 2-year follow-up
(n 5 6), and 1 patient (2.4%) developed growth retardation 3 years after disease onset. In total, 29 patients
(22.8%) had a height SDS below the threshold of 22 at
any time during the 3-year follow-up interval. Among the
14 patients with short stature at baseline, 5 (35.7%) caught
up on growth by the time of the 3-year follow-up, while 9
patients (64.2%) continued to have short stature. The latter group of patients had a significantly higher rate of glucocorticoid treatment (high-dose glucocorticoids, 56%
versus 20%; systemic glucocorticoids in total, 88.9% versus 20%) and significantly higher disease activity (clinical
JADAS-10, 3.0 versus 0.9) during the 3-year interval,
as compared with patients in whom catch-up growth
occurred (see Supplementary Figure 1, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.39796/abstract).
Patients who developed short stature during
follow-up (n 5 12) had continuing high disease activity
before the onset of growth retardation. Compared with
patients with normal growth, however, there was no significant difference in the history of treatment with glucocorticoids (see Supplementary Figure 2, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.39796/abstract). Approximately

one-half of the patients with incident growth retardation
during follow-up did not experience catch-up growth until
the 3-year follow-up. Ongoing short stature in these 6
patients was significantly associated with high rates of glucocorticoid treatment (systemic glucocorticoids, 83.3%
versus 40%; high-dose glucocorticoids, 50% versus 0%)
and long-lasting high disease activity (clinical JADAS-10,
7.1 versus 1.0) as compared with the 5 patients who experienced catch-up growth (see Supplementary Figure 2) until
the 3-year follow-up. Fourteen patients started treatment
with IL-1 or IL-6 inhibitors within the first 2 years of systemic JIA disease. Among those, 4 patients had short stature in the year when biologic DMARD therapy was
started. Only 1 of the 10 patients without short stature at
the initiation of biologic DMARD treatment had short
stature at the 3-year follow-up. This patient was treated with
high-dose glucocorticoids at each follow-up assessment.
Medium-term predictors of outcome. The outcome variables for inactive disease while not receiving medication (n 5 44 [33.6%]) and inactive disease while not
receiving glucocorticoid treatment (n 5 68 [58.6%]) were
investigated at 3-year follow-up. Patients who had an onset
of systemic JIA before age 18 months (OR 2.8 [95% CI
1.05, 7.45], P 5 0.04), who had no joint involvement at baseline (OR 2.1 [95% CI 1.02, 4.49], P 5 0.045), and in whom
systemic symptoms were absent (OR 3.1 [95% CI 1.06,
9.10], P 5 0.039) were more likely to have inactive disease
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Table 3. Univariate baseline predictors of inactive disease in the 133 patients followed up longitudinally who were not receiving medications and those who were not receiving glucocorticoids at 3-year
follow-up*
Inactive disease off
medications
Variable

OR

Age
Female sex
Duration of systemic JIA
Age at onset of systemic JIA
Disease onset before age 18 months
No systemic symptoms at inclusion†
No. of joints with active disease
No joint involvement
Physician-assessed disease activity‡
Clinical JADAS-10
Patient-reported pain‡

1.02
0.95
1.04
1.01
2.80
3.10
0.87
2.13
0.89
0.92
0.78

95% CI
0.93,
0.46,
0.93,
0.93,
1.05,
1.06,
0.77,
1.02,
0.77,
0.85,
0.59,

1.11
1.96
1.16
1.11
7.45
9.10
0.99
4.49
1.03
1.00
1.02

Inactive disease off
glucocorticoids
P

OR

0.700
0.898
0.527
0.744
0.040
0.039
0.028
0.045
0.118
0.050
0.067

1.07
1.06
1.10
1.06
2.08
1.59
0.85
2.59
0.81
0.89
0.75

P

95% CI
1.00,
0.61,
1.01,
0.99,
0.94,
0.57,
0.77,
1.49,
0.73,
0.84,
0.61,

1.14
1.86
1.20
1.14
4.63
4.43
0.93
4.50
0.91
0.94
0.92

0.062
0.833
0.035
0.088
0.072
0.379
,0.001
0.001
,0.001
,0.001
0.005

* OR 5 odds ratio; 95% CI 5 95% confidence interval; JIA 5 juvenile idiopathic arthritis; JADAS10 5 Juvenile Arthritis Disease Activity Score in 10 joints.
† Systemic symptoms included spiking fever, evanescent erythematous skin rash, generalized lymphadenopathy, hepatosplenomegaly, and serositis.
‡ Assessed on a numerical rating scale (maximum score 10).

while not receiving medication. No variable showed a significant association in the multivariate analysis. Patients
with no joint involvement at the time of study inclusion
more often had inactive disease while not receiving glucocorticoids (OR 2.6 [95% CI 1.49, 4.50], P 5 0.001). Patients
with lower disease activity and a lower pain level at baseline
had a significantly higher likelihood of having inactive disease while not receiving glucocorticoids (Table 3).
Sensitivity analysis. In the sensitivity analysis, we
examined whether the results of the longitudinal analyses
are retained when taking into account the potential selection bias for the longitudinally followed sample. The mean
weight was 0.96 (median 0.89). For instance, systemic JIA
patients with higher disease activity were assigned (in
means) to weights lower than that in the longitudinally followed cohort. It might be an indication that these patients
were going to have a more-severe disease course compared
with that in the total cohort. The weighted 3-year outcome
analysis showed a slightly more favorable outcome (see
Supplementary Table 3, available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.39796/abstract) compared with the results
shown in Table 2. For example, the proportion of patients
with inactive disease at 3-year follow-up was slightly
higher (inactive disease clinical JADAS-10, 73.2% versus
71.6%; inactive disease clinical JADAS-10 while not
receiving medication, 42.4% versus 35.3%). The weighted
analysis of predictors for inactive disease while not receiving medications or glucocorticoids (see Supplementary
Table 4, available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.39796/abstract)

showed associations comparable with those shown in
Table 3.
DISCUSSION
Systemic JIA is known as a potentially lifethreatening disease (1). In our cohort, the overall clinical
condition of patients with systemic JIA in the first year
after diagnosis significantly changed between the years
2000 and 2013. This was shown by a decrease in disease
activity and the number of joints with active disease, as
well as by better functional capacity in the NPRD. However, between 2000 and 2010, a remarkable proportion of
patients with systemic JIA in our cohort still were being
treated with systemic glucocorticoids or high-dose glucocorticoids (38% and 11%, respectively) during the third
year of disease. Given the risk of serious side effects with
glucocorticoid treatment (23), particularly in children, this
is notable.
Achieving inactive disease status is one of the major
goals of treatment in JIA. The proportion of patients with
inactive disease (clinical JADAS-10 of #1, physician’s
global assessment of ,1) increased significantly between
2000 and 2013. Almost every second patient achieved a
state of inactive disease in the first year of systemic
JIA disease between 2011 and 2013. This reflects overall
improvements in the treatment of patients with systemic
JIA over the last decade. As of 2014, 95 specialized centers
and pediatric rheumatologists are available for medical
care of patients with juvenile rheumatic diseases. The
introduction of treatment guidelines (17,32,33) and their
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implementation in routine care, the early involvement of
experienced multidisciplinary teams, as well as the trend
toward earlier and faster step-up treatment regimens with
systemic and intraarticular glucocorticoids, conventional
systemic DMARDs, and biologic DMARDs (34,35) can
be seen as being associated with more favorable prognoses
for patients with systemic JIA. A trend toward earlier and/
or faster step-up treatment also can be observed in our
study cohort. In 2013, 1 of every 5 patients was treated with
a biologic DMARD that inhibits IL-1 or IL-6.
In our longitudinal study, ;72% of the patients
with systemic JIA had inactive disease at the 3-year
follow-up. A variety of studies have shown (11,13,36–38) a
comparable proportion of patients with systemic JIA
achieving clinical disease remission. In contrast, almost
30% of systemic JIA patients had active disease at 3-year
follow-up. Similar rates (10–50%) of patients with active
systemic JIA can be found in the literature (36–39),
depending on the cohort and era. Patients with no joint
involvement and an absence of systemic symptoms at
baseline had a higher likelihood of experiencing inactive
disease while not being treated with medications. This was
also shown by Russo and Katsicas (40). In contrast to the
findings in another study by Russo and Katsicas (41), however, we observed that onset of systemic JIA before age 18
months was associated with a higher likelihood of having
inactive disease while not receiving medications at the 3year follow-up. The number of patients with early-onset
systemic JIA in our cohort (n 5 18 [13.6%] was similar to
that in the later study by Russo and Katsicas (n 5 19
[14%]) (41). The possibility that early-onset systemic JIA is
a risk factor needs to be studied in larger cohorts in order to
limit the random effect of small group and sample sizes.
We did not analyze the treatment effect of systemic
glucocorticoids and (nonbiologic/biologic) DMARDs on
the likelihood of having inactive disease while not receiving medications and/or glucocorticoids. Our data show
that patients with a more-severe disease course (higher
disease activity, presence of systemic symptoms) were
more likely to be treated with conventional synthetic
DMARDs and biologic DMARDs. Unfortunately, the
use of statistical methods such as propensity scores does
not allow us to address the indication bias caused by the
observational study design. Annual data collection prevents the identification of relevant variables for estimating
the propensity score to model treatment decisions (e.g.,
clinical characteristics at treatment start). Head-to-head
trials of different treatment strategies in systemic JIA are
not available (42). To prove the comparative effectiveness
of different treatment strategies in systemic JIA, such
studies remain necessary.
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Nearly all patients who started treatment with IL-1
or IL-6 inhibitors had previously been treated with
high-dose systemic glucocorticoids. Among those, only 1
patient was treated with high-dose systemic glucocorticoids
at follow-up. Woerner et al (3,43) hypothesized that the
early use of IL-1 and IL-6 inhibitors is beneficial and may
rescue patients from the need for long-term treatment with
high-dose glucocorticoids. This is significant because of the
associated risks of serious side effects, including excessive
weight gain, osteoporosis, fractures, arterial hypertension,
and growth failure (23).
The most serious complication of systemic JIA is
macrophage activation syndrome. Approximately 5% of
patients with systemic JIA developed macrophage activation syndrome within the first year of disease. Over the last
decade, there has been no trend toward a decline in this
rate. A similar rate was observed in our sample that was
followed up longitudinally, while other studies have shown
even higher rates of macrophage activation syndrome (10–
15%) (6,44). This difference may be explained by the difference in study designs. Our study is a population-based
registry, whereas other studies (6,44) have been based on
systemic JIA disease registries and retrospective chart
reviews.
Due to persistent systemic inflammation during
the course of systemic JIA as well as long-term glucocorticoid therapy (4), growth failure is a major problem among
patients with systemic JIA. The degree of growth retardation correlates with both the severity and the duration of
acute symptoms in patients with systemic JIA and to the
cumulative glucocorticoid exposure (45), as our data also
show. Some children with systemic JIA catch up on growth
following effective disease control and a resulting reduction in glucocorticoid doses (46). In our cohort, we identified growth deficits in 29 patients (23%) at the 3-year
follow-up. These patients had a prolonged history of both
active systemic JIA disease and treatment with high-dose
glucocorticoids. Other studies of growth retardation in
JIA have shown similar rates of continuing growth deficit
(i.e., 10–20%) (46,47). Despite variability in the response
pattern, the use of growth hormones showed promising
results for the treatment of growth failure in patients with
severe systemic JIA or nonsystemic polyarticular JIA (48).
Future research should address the question of whether
the ACR recommendations (17) for treatment of systemic
JIA—in particular the use of IL-1 and IL-6 inhibitors in
patients with continuing disease activity—are more effective in terms of reducing growth deficits in patients with
systemic JIA. De Benedetti et al (49) recently reported on
catch-up growth and normalization of insulin-like growth
factor 1 levels in patients treated with tocilizumab.
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Composite disease activity scores (such as the clinical JADAS-10) evaluate different dimensions of disease
activity in order to produce a single numerical value.
Given the heterogeneity in the clinical presentation of JIA
patients (27,50), composite scores may be more reliable
for summarizing overall disease activity. Indeed, in our
study, inactive disease was defined by a clinical JADAS-10
of #1. However, the clinical JADAS-10 has weaknesses,
because it does not incorporate systemic features such as
fever, rash, serositis, organomegaly, or lymphadenopathy.
A disease activity score for systemic JIA should include
these features. Consolaro et al (27) established the clinical
JADAS-10 cutoff values for nonsystemic JIA. However,
the physician’s and the patient’s/parent’s global assessment scores may not equal zero in the presence of systemic features. Consequently, the group of patients with
inactive systemic JIA disease may be identified correctly
by a clinical JADAS-10 of #1. In view of the limited evidence for the clinical JADAS-10 cutoff values in systemic
JIA, we did not consider moderate or high disease activity.
Thus, our study has several limitations. For
instance, due to the nature of observational registry data,
we were unable to properly evaluate the role of single
drugs (e.g., anti-TNF agents and IL-1 or IL-6 inhibitors)
in predicting disease activity and functional outcome at
3-year follow-up. Our study was not designed to assess or
compare the effectiveness of therapeutic agents; because
of this, our results must be interpreted with caution. Systemic JIA has a heterogeneous disease course regarding
severity and outcome.
Within our registry, it is not possible to distinguish
between patients with a monocyclic course and those
with a polycyclic course, including recurrent episodes of
active disease and a persistent course. The NPRD provides representative data on the treatment and disease
characteristics of patients with rheumatic diseases (24).
Only one-third of the patients with systemic JIA (133 of
435) provided 3-year follow-up data. It is possible that
patients in the sample that was followed up longitudinally
appeared to be on a course for more-severe disease due
to the periodic documentation at their specialized center.
Patients with systemic JIA having a monocyclic course,
with expected remission within 2–4 years (4), may be less
likely to be included in the sample followed up longitudinally compared with patients with a polycyclic disease
course. The sensitivity analyses revealed some support
for this hypothesis, because the analysis weighted for the
potential selection bias resulted in a slightly higher rate
of inactive disease at 3-year follow-up. It should be
noted, however, that the potential selection bias only
mildly affected the results. Physicians report on current
treatment and treatment within the last 12 months. In
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the NPRD, the exact dates of treatment start and discontinuation were not documented in most years. Finally,
the duration and dosage of drugs used is not described
in the NPRD. Because of this, the cumulative dosage of systemic glucocorticoids cannot be determined. The physician
indicated the dosage according to the categories ,0.2 mg/
kg/day and $0.2 mg/kg/day.
In conclusion, our prospective disease registry
provides data on outcome and predictors of outcome in a
representative subset of patients with systemic JIA in
Germany. Disease activity in patients with systemic JIA
during the first year of disease has significantly improved
over the last decade. From 2010 to 2013, half of patients
with systemic JIA attained an inactive disease state
within the first year of disease. The disease burden
appears to have changed due to improved access to specialized care, implementation of treatment guidelines,
more treatment options including biologic DMARDs
(and in particular IL-1 and IL-6 inhibitors), as well as the
trend toward earlier and/or faster step-up treatment.
However, challenges in the management of systemic JIA
remain. For instance, ;15% of patients with systemic
JIA still experience growth retardation, and this has
potentially negative health consequences in adulthood.
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