
1867Beukelman, et al: DMARD use in JIA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

Disease-modifying Antirheumatic Drug Use in the
Treatment of Juvenile Idiopathic Arthritis: 
A Cross-sectional Analysis of the CARRA Registry
TIMOTHY BEUKELMAN, SARAH RINGOLD, TREVOR E. DAVIS, ESI MORGAN DeWITT, CHRISTINA F. PELAJO,
PAMELA F. WEISS, and YUKIKO KIMURA, for the CARRA Registry Investigators

ABSTRACT. Objective. To characterize disease-modifying antirheumatic drug (DMARD) use for children with juve-
nile idiopathic arthritis (JIA) in the United States and to determine patient factors associated with med-
ication use.
Methods. We analyzed cross-sectional baseline enrollment data from the Childhood Arthritis and
Rheumatology Research Alliance (CARRA) Registry from May 2010 through May 2011 for children
with JIA. Current and prior medication use was included. We used parsimonious backward stepwise
logistic regression models to calculate OR to estimate associations between clinical patient factors and
medication use.
Results. We identified 2748 children with JIA with a median disease duration of 3.9 years from 51 US
clinical sites. Overall, 2023 (74%) had ever received a nonbiologic DMARD and 1246 (45%) had ever
received a biologic DMARD. Among children without systemic arthritis, methotrexate use was most
strongly associated with uveitis (OR 5.2, 95% CI 3.6–7.6), anticitrullinated protein antibodies (OR 4.5,
95% CI 1.7–12), and extended oligoarthritis (OR 4.1, 95% CI 2.5–6.6). Among children without sys-
temic arthritis, biologic DMARD use was most strongly associated with rheumatoid factor (RF)-posi-
tive polyarthritis (OR 4.3, 95% CI 2.9–6.6), psoriatic arthritis (PsA; OR 3.0, 95% CI 2.0–4.4), and
uveitis (OR 2.8, 95% CI 2.1–3.7). Among children with systemic arthritis, 160 (65%) ever received a
biologic DMARD; tumor necrosis factor inhibitor use was associated with polyarthritis (OR 2.5, 95%
CI 3.8–16), while interleukin 1 inhibitor use was not.
Conclusion. About three-quarters of all children with JIA in the CARRA Registry received nonbiolog-
ic DMARD. Nearly one-half received biologic DMARD, and their use was strongly associated with
RF-positive polyarthritis, PsA, uveitis, and systemic arthritis. (First Release Aug 1 2012; J Rheumatol
2012;39:1867–74; doi:10.3899/jrheum.120110)
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The introduction of disease-modifying antirheumatic drugs
(DMARD) for the treatment of juvenile idiopathic arthritis
(JIA) over the last 2 decades has significantly improved clin-
ical outcomes. First to be introduced were the nonbiologic
DMARD, methotrexate (MTX) being chief among them1.
Many years later the biologic DMARD were introduced. The
tumor necrosis factor-α (TNF-α) inhibitors2,3,4 were followed
by several other biologic therapeutic agents with different
mechanisms of action including inhibition of interleukin 1
(IL-1), IL-6, and T cell costimulation5,6,7. To date, the US
Food and Drug Administration (FDA) has approved 3 biolog-
ic DMARD for the treatment of polyarticular JIA (etanercept,
adalimumab, and abatacept) and 1 for the treatment of sys-
temic arthritis (tocilizumab).

In response to these numerous advances in the treatment of
JIA, the American College of Rheumatology issued the first
evidence and consensus-based Recommendations for the
Treatment of JIA in 2011 (ACR Recommendations)8. The
ACR Recommendations used key clinical measures to define
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patients and make specific recommendations about the appro-
priate initiation of biologic and nonbiologic DMARD. These
key clinical measures included JIA treatment group (disease
phenotype), prognostic features, disease activity, and current
therapy. The ACR Recommendations were intended to reflect
current clinical practice according to a panel of experts.
Nevertheless, the actual use of DMARD in the treatment of
JIA in clinical practice has not been well characterized and
was the basis for our study. 

In 2009, the Childhood Arthritis and Rheumatology
Research Alliance (CARRA) created an observational registry
of pediatric rheumatology patients from throughout the US. In
our study, we used enrollment data for children with JIA in the
CARRA Registry to characterize DMARD use by pediatric
rheumatologists on a national level and determine patient fac-
tors associated with medication use.

MATERIALS AND METHODS
Data source. The CARRA Registry is an observational longitudinal data cap-
ture study that encompasses all major pediatric rheumatic diseases and 51
active CARRA clinical sites that represent the majority of pediatric rheuma-
tology centers from all major geographic regions of the US. Children are not
systematically enrolled in the registry, but are recruited without regard to dis-
ease duration, disease severity, current disease activity status, or treatment
received.

After obtaining Institutional Review Board approval, we analyzed
cross-sectional baseline enrollment data for all children with a primary diag-
nosis of JIA as determined by the enrolling pediatric rheumatologist. We used
data from all active US clinical sites from the start of the registry in May 2010
through May 2011. To maintain a limited dataset that did not contain any
potential personal identifiers, we did not have access to the children’s clinical
site of enrollment.
Medications. Medication histories were obtained through family and patient
recall, limited (not necessarily exhaustive) chart review, and provider recall at
the discretion of the clinical site investigators. Use of individual nonbiologic
DMARD and biologic DMARD was categorized as current, prior, never, or
unknown. Use of intraarticular, intravenous pulse, and daily oral glucocorti-
coids was similarly categorized. Use of nonsteroidal antiinflammatory drugs
(NSAID) was categorized as current daily use, not current daily use, or
unknown. “Unknown” responses constituted < 1% of the data for the use of
any one of the medications. For the purposes of our study, “ever use” encom-
passed all reported current and prior medication use, and nonbiologic
DMARD comprised MTX, leflunomide (LEF), and sulfasalazine (SSZ; for
children without systemic arthritis). The data do not contain information
about medication doses or dates of initiation or discontinuation.
Analysis. We used logistic regression to calculate OR to estimate univariate
associations between patient factors and medication use. Owing to funda-
mental differences between the treatment of systemic arthritis and the other
categories of JIA8, we analyzed medication use for children with systemic
arthritis separately. We analyzed the following patient factors for children
without systemic arthritis: International League of Associations for
Rheumatology (ILAR) categories9 [persistent oligoarthritis, extended
oligoarthritis, rheumatoid factor-negative (RF–) polyarthritis, rheumatoid fac-
tor-positive (RF+) polyarthritis, psoriatic arthritis (PsA), enthesitis-related
arthritis (ERA)], treatment groups from the ACR Recommendations8 (history
of arthritis of ≤ 4 joints and history of arthritis of ≥ 5 joints), HLA-B27 pos-
itivity, uveitis, inflammatory bowel disease (IBD), sacroiliac (SI) tenderness,
enthesitis, psoriasis rash, anticitrullinated protein antibodies (ACPA), and
radiographic joint damage (defined as presence of joint space narrowing, ero-
sion, or ankylosis). Disease duration since the onset of symptoms was includ-
ed as a potential confounding factor in all multivariable models. For children

with systemic arthritis, we evaluated the following patient factors: history of
polyarthritis (≥ 5 joints), serositis, and radiographic joint damage. We further
analyzed patient factors that were significant in univariate analyses (p < 0.10)
using stepwise backward selection multiple variable logistic regression mod-
els with removal of covariates at the level of p > 0.05 to create parsimonious
models. The predictive value of the parsimonious multivariable models was
analyzed by calculating the area under the curve (AUC) for the receiver-oper-
ating characteristic (ROC) curve. Models in which the AUC is ≥ 0.70 are con-
sidered to have acceptable discrimination10. Statistical analyses were per-
formed using Stata 10.0 (StataCorp, College Station, TX, USA).

RESULTS
We identified 2748 children with JIA with available baseline
enrollment data from 51 US clinical sites (Table 1). The medi-
an number of patients enrolled at each site was 35, and the
interquartile range was 18 to 69 patients. Most children were
diagnosed with JIA several years prior to enrollment in the
CARRA Registry, with a median disease duration of 3.9 years.
All categories of JIA were represented.
Overall medication use. Among all patients with JIA, 2023
(74%) had ever received a nonbiologic DMARD (Table 2),
including MTX (ever used by 95% of nonbiologic DMARD
users), SSZ (11%), and LEF (5%). By contrast, the current
users of nonbiologic DMARD at enrollment numbered 1400
(51%). Most MTX users (74%) had received it through the
subcutaneous route of administration during their treatment
course. Many SSZ users (35%) had not ever received MTX;
only 5% of LEF users had not received MTX. Among current
SSZ users, 20% were concurrent users of MTX.

Among all patients with JIA, 1246 (45%) had ever
received a biologic DMARD (Table 2). By contrast, the cur-
rent users of biologic DMARD at enrollment numbered 1050
(38%). TNF inhibitors were ever used by 96% of all biologic
users. Etanercept was the most commonly used TNF inhibitor
(ever used by 81% of all TNF inhibitor users), followed by
adalimumab (32%) and infliximab (18%). Among users of
adalimumab or infliximab, 43% did not ever receive etaner-
cept. Among users of infliximab, 54% did not have uveitis or
inflammatory bowel disease (IBD). Many children treated
with TNF inhibitors received > 1 anti-TNF agent; 22%
received 2 and 6% received 3 or more different TNF
inhibitors. Few abatacept users (8% of total) had never used a
TNF inhibitor. Children with systemic arthritis were 86% of
all IL-1 inhibitor users.

Among all children, 1258 (46%) ever received an intraar-
ticular glucocorticoid injection and 1041 (38%) ever received
systemic glucocorticoid to treat JIA. The majority of children
(57%) who ever received intravenous pulse glucocorticoids
had systemic arthritis. About one-half of all children (51%)
were currently receiving daily NSAID.

There was clinically important variation in medication use
according to the JIA ILAR categories and ACR treatment
groups (Table 3). Not surprisingly, DMARD use was less
common among children with oligoarthritis or a history of ≤ 4
active joints; intraarticular glucocorticoid use was more com-
mon among these patients. More than 20% of children with
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systemic arthritis and RF+ polyarthritis were currently receiv-
ing systemic glucocorticoids. There was no marked variation
in current daily NSAID use among the JIA categories or ACR
treatment groups.

Overall, there were 304 (11%) children with a history of
uveitis. Most of these children had received treatment with
MTX (88%) and many had received TNF inhibitors (57%).
Children with uveitis who received TNF inhibitors were much
more likely to ever receive a monoclonal antibody TNF
inhibitor (adalimumab, infliximab, or golimumab) compared
to children who received TNF inhibitors and did not have
uveitis (OR 10, 95% CI 6.7–16).
Use of nonbiologic DMARD among children without systemic
arthritis. There were multiple patient factors independently
associated with the use of MTX (Table 4). Not surprisingly, a
history of ≥ 5 active joints and its associated ILAR categories
(extended oligoarthritis, RF– polyarthritis, and RF+ poly -
arthritis) were associated with more MTX use. PsA remained
associated with MTX use when adjusted for a history of ≥ 5
active joints and other factors. SI tenderness was associated
with less use of MTX. Uveitis was strongly associated with
the use of MTX. The patient factors in the parsimonious mul-
tivariable model demonstrated a modest predictive value

overall for treatment with MTX with an AUC of the ROC
curve of 0.79.

In multivariable analysis, SSZ use was most strongly asso-
ciated with IBD (OR 2.8, 95% CI 1.3–5.8) and ERA (OR 2.1,
95% CI 1.3–3.6) compared to oligoarthritis. The parsimonious
multivariable model for any nonbiologic DMARD use (MTX,
LEF, or SSZ) was similar to the MTX model, with the excep-
tion that SI tenderness had no association with use of any non-
biologic DMARD.
Use of biologic DMARD among children without systemic
arthritis. There were multiple patient factors independently
associated with the use of biologic DMARD (Table 5). Again,
not surprisingly, a history of ≥ 5 active joints and RF+ and
RF– polyarthritis were associated with more biologic
DMARD use. Nevertheless, biologic DMARD were used by
20% of children with persistent oligoarthritis, and only 41%
of these children had a history of uveitis. In the multivariable
model, some clinical features typically associated with ERA
(enthesitis, SI tenderness) remained associated with biologic
DMARD use, while the ERA category as a whole did not. The
patient factors in the parsimonious multivariable model
demonstrated a modest predictive value overall for treatment
with biologic DMARD, with an AUC of the ROC curve of
0.77.

Among 1056 children who received TNF inhibitors, only
82 (8%) did not receive prior or current nonbiologic DMARD.
In multivariable analysis of all patient factors, this medication
usage pattern was most strongly associated with ERA (OR
3.2, 95% CI 1.9–5.4) compared to patients with other cate-
gories of JIA.

We separately analyzed biologic DMARD use among
patients with the JIA ILAR categories that may be associated
with more or less than 4 affected joints. Restricted to children
with ERA, several patient factors were associated with the use
of biologic DMARD in a multivariable parsimonious model:
IBD (OR 8.8, 95% CI 2.4–33), radiographic damage (OR 4.6,
95% CI 2.4–9.0), enthesitis (OR 2.4, 95% CI 1.4–4.4), and
history of ≥ 5 joints (OR 1.7, 95% CI 1.0–2.8). Restricted to
children with PsA, several patient factors were associated
with the use of biologic DMARD in a multivariable parsimo-
nious model: HLA-B27 (OR 5.4, 95% CI 1.1–27), radio -
graphic damage (OR 3.3, 95% CI 1.2–9.4), and history of ≥ 5
joints (OR 2.5, 95% CI 1.2–5.2).
Nonbiologic medication use by children with systemic arthri-
tis. There were 246 children (9%) with systemic arthritis.
Among these children, 80% had received MTX, 13%
cyclosporine, 4% cyclophosphamide, 3% LEF, 3% mycophe-
nolate mofetil, 2% SSZ, and 2% tacrolimus. MTX use was
more common in children with polyarthritis (Table 6).
Cyclosporine use was more common in children with radio -
graphic damage (Table 6).
Biologic DMARD use by children with systemic arthritis.
Among children with systemic arthritis, 160 (65%) had
received any biologic; 46% had received any TNF inhibitor,

1869Beukelman, et al: DMARD use in JIA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

Table 1. Characteristics of the study patients (N = 2748). For time-varying
characteristics (e.g., sacroiliac tenderness), current and prior presence are
included.

Characteristic

Median age, yrs (IQR) 12.0 (7.7–15.4)
Female, n (%) 1996 (73)
Median disease duration, yrs (IQR) 3.9 (1.8–7.2)
ILAR JIA categories, n (%)

Systemic arthritis 246 (9)
Persistent oligoarthritis 724 (26)
Extended oligoarthritis 224 (8)
RF– polyarthritis 802 (29)
RF+ polyarthritis 200 (7)
Enthesitis-related arthritis 286 (10)
Psoriatic arthritis 170 (6)
Undifferentiated arthritis 62 (2)
Missing or “other” 34 (1)

HLA-B27-positive, n (%) 210 (8)
ACPA-positive, n (%) 114 (4)
Sacroiliac tenderness, n (%) 264 (10)
Ethesitis, n (%) 324 (12)
Uveitis, n (%) 304 (11)
Inflammatory bowel disease, n (%) 53 (2)
Psoriasis rash, n (%) 143 (5)
Radiographic joint damage, n (%) 588 (21)
ACR treatment groups, n (%)

History of arthritis of ≤ 4 joints 1045 (38)
History of arthritis of ≥ 5 joints 1443 (53)
Systemic arthritis 246 (9)

IQR: interquartile range; ILAR: International League of Associations for
Rheumatology; JIA: juvenile idiopathic arthritis; RF: rheumatoid factor;
ACPA: anticitrullinated protein antibody; ACR: American College of
Rheumatology.
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39% any IL-1 inhibitor, 5% tocilizumab, 5% abatacept, and
1% rituximab. TNF inhibitor use was more common in chil-
dren with radiographic damage (Table 6). IL-1 inhibitor use
was more common in children with radiographic damage
compared to children without radiographic damage. Only 21
(13%) of the ever biologic users did not ever use MTX or
cyclosporine.

DISCUSSION
Using cross-sectional data for 2748 children with prevalent

JIA enrolled in the CARRA Registry at 51 different clinical
sites throughout the US, we observed that 74% of all patients
had ever received nonbiologic DMARD and 45% had ever
received biologic DMARD in clinical practice. The use of
systemic glucocorticoids (38% ever use) and NSAID (51%
current daily use) was also common. In addition, we identified
several patient factors that were strongly and independently
associated with particular medication usage.

We found that a considerable proportion of children with
JIA are treated with biologic agents by pediatric rheumatolo-
gists in the US. Among children with the systemic arthritis
and RF+ polyarthritis categories of JIA, about two-thirds of
patients had ever received biologic DMARD. Even among
children with the persistent oligoarthritis category and without
uveitis, 12% had received biologic DMARD, a practice that
has been recommended for refractory disease8 but has not
been the subject of any controlled studies. To our knowledge,
there are not similar published reports of the use of biologic
DMARD among all children with JIA from other countries
with which to compare our results.

For children without systemic arthritis, the current ACR
Recommendations generally specify a variable trial of non -
biologic DMARD prior to initiation of TNF inhibitors8.
Correspondingly, we observed that the vast majority of chil-
dren (92%) without systemic arthritis who received TNF
inhibitors had also received nonbiologic DMARD. Children
who received TNF inhibitors in the absence of nonbiologic
DMARD use were significantly more likely to have ERA,
suggesting that some pediatric rheumatologists may believe
that nonbiologic DMARD are less effective in the treatment of
ERA. This opinion may be based, in part, on the fact that non-
biologic DMARD have not been shown to be efficacious in
the treatment of adults with ankylosing spondylitis11.
Accordingly, the ACR Recommendations specify a lower
threshold for the initiation of TNF inhibitors for children with
active SI arthritis compared to children without SI arthritis8.
Nevertheless, when we restricted our analyses of the ever use
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Table 2. Medication use among all patients with juvenile idiopathic arthri-
tis (n = 2748).

Medication Medication Users,
n (% of total)

Any nonbiologic DMARD 2023 (74)
Methotrexate 1939 (71)
Sulfasalazine 228 (8)
Leflunomide 96 (3)

Any biologic DMARD 1246 (45)
TNF inhibitors 1196 (44)

Etanercept 972 (35)
Adalimumab 378 (14)
Infliximab 220 (8)
Golimumab 17 (1)
Certolizumab 8 (< 1)

IL-1 inhibitors 111 (4)
Anakinra 106 (4)
Rilonacept 13 (< 1)
Canakinumab 7 (< 1)

Abatacept 77 (3)
Rituximab 19 (1)
Tocilizumab 16 (1)

Intraarticular glucocorticoid 1258 (46)
Systemic glucocorticoid 1041 (38)

Oral glucocorticoid 1031 (38)
Intravenous pulse glucocorticoid 132 (5)

Current daily NSAID 1393 (51)

DMARD: disease-modifying antirheumatic drug; TNF: tumor necrosis
factor-α; IL-1: interleukin 1; NSAID: nonsteroidal antiinflammatory drug.

Table 3.  Medication use by juvenile idiopathic arthritis International League of Associations for Rheumatology categories and American College of
Rheumatology treatment groups. Counts for nonbiologic DMARD, biologic DMARD, and intraarticular GC include ever use. Data are n (%).

Classification Nonbiologic Biologic Intraarticular Any Systemic Current Current Daily
DMARD DMARD GC GC Systemic GC NSAID

Oligoarthritis 387 (53) 143 (20) 467 (65) 118 (16) 14 (2) 370 (51)
Extended oligoarthritis 200 (89) 104 (46) 157 (70) 61 (27) 6 (3) 108 (48)
RF– polyarthritis 666 (83) 431 (54) 313 (39) 340 (42) 79 (10) 400 (50)
RF+ polyarthritis 181 (91) 136 (68) 73 (37) 125 (63) 43 (22) 118 (59)
ERA 181 (63) 132 (46) 77 (27) 103 (36) 21 (7) 162 (57)
Psoriatic 142 (84) 99 (58) 60 (35) 56 (33) 10 (6) 72 (42)
Systemic 202 (82) 160 (65) 82 (33) 204 (83) 62 (25) 114 (46)
Undifferentiated 40 (65) 23 (37) 21 (34) 22 (35) 3 (5) 36 (58)
History of ≤ 4 active joints 594 (57) 270 (26) 573 (55) 223 (21) 35 (3) 536 (51)
History of ≥ 5 active joints 1219 (84) 812 (56) 600 (42) 609 (42) 144 (10) 738 (51)

DMARD: disease-modifying antirheumatic drug (methotrexate, leflunomide, or sulfasalazine); GC: glucocorticoid; NSAID: nonsteroidal antiinflammatory
drug; RF: rheumatoid factor; ERA: enthesitis-related arthritis.
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of biologic DMARD to children with ERA, we did not find a
significant association with SI tenderness. The reason for this
result is unclear, but it is possible that not all patients with
reported SI tenderness had clinically important SI arthritis.

Our results support the importance of the number of affect-
ed joints (rather than the ILAR category) in clinical deci-
sion-making, as presented in the ACR Recommendations8. A
history of arthritis of ≥ 5 joints remained strongly and inde-
pendently associated with biologic DMARD use when con-
trolling for other patient factors. It was also strongly and inde-

pendently associated with biologic DMARD use among chil-
dren with ERA and PsA, the ILAR categories that may be asso-
ciated with more or less than 4 affected joints. There was not a
marked difference in the proportion of patients who received
biologic DMARD in the extended oligoarthritis versus 
RF– polyarthritis categories (46% vs 54%; p = 0.053). Also
consistent with the ACR Recommendations, the presence of
radiographic damage or ACPA was associated with biologic
DMARD use. We were unable to assess other prognostic fea-
tures reported in the ACR Recommendations (e.g., hip or cer-
vical spine arthritis).

TNF inhibitors are not always completely effective or uni-
versally tolerated, which may lead to switching among agents
for individual patients. In our study, 28% of TNF inhibitor
users had received > 1 anti-TNF agent during their disease
course. This proportion is higher than about 10% reported
from biologics registries in the United Kingdom12 and the
Netherlands13, but is lower than the about 35% reported from
Finland14. These differences likely reflect, in part, the relative
availability of different biologic agents in the respective coun-
tries and the time periods of the studies.

Etanercept was the most commonly received TNF
inhibitor, most likely because it was the first TNF inhibitor
studied and approved for the treatment of JIA by the FDA2.
However, infliximab was received by a significant proportion
of children with JIA, including those without uveitis or IBD,
and has not received an FDA-approved label for this indica-
tion. In a randomized clinical trial in JIA, infliximab failed to
demonstrate efficacy for the primary endpoint versus placebo4,
despite convincing evidence of clinical effectiveness during
open-label use15,16,17. We observed that the monoclonal anti-
body TNF inhibitors are used more among children with
uveitis. This medication usage pattern is supported by numer-
ous observational studies18,19,20, although no randomized stud-
ies have been reported. These TNF inhibitor usage patterns
suggest that pediatric rheumatologists do not rely solely on the
results of controlled clinical trials or FDA-approved labeling
when making treatment decisions for children with JIA.

MTX represented the vast majority of nonbiologic
DMARD use, and we identified several patient factors that
were independently associated with its use. The strongest
associations with MTX use were uveitis, ACPA, RF+ poly -
arthritis, and extended oligoarthritis. Most users of MTX
received it through the subcutaneous route at some time in
their disease course. This is not surprising because subcuta-
neous administration of higher doses of MTX has been sug-
gested to be more efficacious than doses typically adminis-
tered through the oral route in children with JIA21. In adults
with rheumatoid arthritis, one study found that subcutaneous
administration was more efficacious than identical doses of
orally administered MTX22. It cannot be known from these
data how many children initiated oral MTX and subsequently
failed to respond. Based on the results of one survey published
in 2007, most pediatric rheumatologists in the US and Canada
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Table 4. Patient factors associated with the use of methotrexate among
children without systemic arthritis (n = 2502).

Patient Factor Univariate OR Multivariable OR
(95% CI) (95% CI)

Extended oligoarthritis* 7.3 (4.7–11) 3.8 (2.3–6.3)
RF– polyarthritis* 4.7 (3.7–5.9) 2.6 (1.9–3.7)
RF+ polyarthritis* 9.5 (5.8–15) 3.9 (2.2–7.1)
Psoriatic arthritis* 4.5 (2.9–6.8) 3.5 (2.2–5.5)
ERA* 0.9 (0.7–1.2) —
History ≥ 5 joints 4.4 (3.7–5.3) 2.0 (1.5–2.8)
HLA-B27 0.6 (0.4–0.8) —
Uveitis 3.5 (2.5–5.0) 4.4 (3.0–6.5)
IBD 2.1 (1.0–4.4) 3.4 (1.3–8.6)
Sacroiliac tenderness 0.5 (0.4–0.7) 0.5 (0.4–0.7)
Enthesitis 0.6 (0.5–0.8) —
Psoriasis rash 2.0 (1.3–3.1) —
ACPA 9.9 (4.0–24) 4.9 (1.9–13)
Radiographic damage 2.3 (1.8–2.9) 1.8 (1.3–2.4)
Disease duration, yrs 1.1 (1.1–1.2) 1.1 (1.0–1.1)

* Compared to oligoarthritis category. RF: rheumatoid factor; ERA: enthe-
sitis-related arthritis; IBD: inflammatory bowel disease; ACPA: anticitrul-
linated protein antibodies.

Table 5. Patient factors associated with the use of biologic DMARD
among children without systemic arthritis (n = 2502).

Patient Factor Univariate OR Multivariable OR
(95% CI) (95% CI)

Extended oligoarthritis* 3.5 (2.6–4.8) —
RF– polyarthritis* 4.7 (3.8–5.9) 1.9 (1.5–2.5)
RF+ polyarthritis* 8.6 (6.1–12) 3.4 (2.2–5.2)
Psoriatic arthritis* 5.7 (4.0–8.1) 2.7 (1.8–3.9)
ERA* 3.5 (2.6–4.7) —
History ≥ 5 joints 3.7 (3.1–4.4) 2.3 (1.8–2.9)
HLA-B27 1.3 (1.0–1.8) —
Uveitis 1.8 (1.4–2.3) 2.3 (1.7–3.0)
IBD 3.3 (1.8–6.0) 3.0 (1.4–2.6)
Sacroiliac tenderness 1.9 (1.4–2.4) 1.7 (1.2–2.4)
Enthesitis 1.6 (1.3–2.1) 1.9 (1.4–2.6)
Psoriasis rash 2.0 (1.4–2.8) —
ACPA 3.4 (2.3–5.2) 1.9 (1.1–3.2)
Radiographic damage 3.0 (2.5–3.7) 2.2 (1.7–2.8)
Disease duration, yrs 1.1 (1.1–1.2) 1.1 (1.1–1.1)

* Compared to oligoarthritis category. DMARD: disease-modifying
antirheumatic drug; RF: rheumatoid factor; ERA: enthesitis-related arthri-
tis; IBD: inflammatory bowel disease; ACPA: anticitrullinated protein
 antibodies.
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would have recommended the oral route of administration for
children with oligoarthritis in whom they were initiating ther-
apy with MTX23. In contrast, results from a recent clinical
trial suggested that using subcutaneous MTX at 0.5
mg/kg/week (maximum 40 mg) at initiation of therapy for
polyarthritis may be a superior approach24. The most appro-
priate dose and route of administration for the initiation of
MTX therapy remains uncertain.

SSZ was used by a minority of patients, most of whom had
ERA or concurrent IBD. In the ACR Recommendations, SSZ
use was recommended under some circumstances for children
with ERA, but was uncertain for children without ERA8. LEF
has been shown to be efficacious in the treatment of JIA8,25.
Nevertheless, we found that LEF was used sparingly in the
treatment of JIA and very infrequently in the absence of prior
therapy with MTX. This suggests that LEF was likely
reserved for instances of MTX intolerance or failure.

The use of DMARD for children with systemic arthritis
demonstrated some associations with patient factors, but we
were unable to examine most of the poor prognostic features
found in the ACR Recommendations8, such as hip arthritis or
a 6-month duration of significant active systemic disease. A
history of polyarthritis was associated with MTX use, but was
not associated with cyclosporine, TNF inhibitor, or IL-1
inhibitor use. Radiographic damage was strongly associated
with all DMARD except MTX and likely represents a marker
of severe refractory disease.

Despite the widespread use of DMARD, the use of sys-
temic glucocorticoids was common. More than one-third of
patients with JIA received systemic glucocorticoids during
their disease course and > 20% of children with RF+ poly -
arthritis or systemic arthritis were current users at the time of
enrollment. Nevertheless, there are almost no published stud-
ies of systemic glucocorticoids in the treatment of JIA, and

consequently the ACR Recommendations remained silent on
the appropriateness of their use8. Clearly, rigorous studies of
the safety and effectiveness of systemic glucocorticoids in the
treatment of JIA are needed26.

Uveitis may occur in the context of any of the ILAR cate-
gories of JIA, although it is most common among children
with oligoarthritis27. In multivariable models, uveitis was
strongly and independently associated with nonbiologic and
biologic DMARD use. Uveitis disease activity is commonly
independent of arthritis disease activity28. This implies that
uveitis may frequently be the determining factor in the sys-
temic treatment of children with JIA. Nevertheless, there are
no published sizable randomized studies of the systemic treat-
ment of uveitis in children29; clearly, more research about the
most appropriate treatment for uveitis is needed.

Our study had limitations. Patients enrolled in the CARRA
Registry represent a convenience sample of children with
prevalent JIA cared for at pediatric rheumatology centers. It is
not known whether children who were not enrolled in the
CARRA Registry had different disease severity or received
different treatment than children who were enrolled at the
same clinical site. However, selection bias in patient enroll-
ment was likely to be idiosyncratic and center-specific and
therefore minimized by the large number of contributing cen-
ters. The distribution of JIA categories in the CARRA
Registry is similar to those found in recently published JIA
inception cohorts30,31, with the notable exception of fewer
patients with persistent oligoarthritis. Children with less
severe disease (e.g., oligoarthritis) are likely clinically evalu-
ated less frequently, and it is possible that they may have
fewer opportunities to be recruited to the registry. In addition,
it is likely that children who receive care at pediatric rheuma-
tology centers may have more severe disease than children
who receive care elsewhere. Medication histories were not
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Table 6. Patient factors associated with medication use for children with systemic arthritis (n = 246).

Medication Patient Factor Univariate OR Multivariate OR
(95% CI) (95% CI)

Methotrexate Polyarthritis 5.5 (2.8–11) 4.0 (2.0–8.3)
Serositis 1.9 (0.8–4.9) —
Radiographic damage 4.5 (1.5–13) —
Disease duration, yrs 1.2 (1.1–1.3) 1.2 (1.0–1.3)

Cyclosporine Polyarthritis 1.9 (0.8–4.6) —
Serositis 2.3 (1.0–5.1) —
Radiographic damage 3.5 (1.6–7.4) 3.9 (1.8–8.6)
Disease duration, yrs 1.1 (1.1–1.2) —

TNF inhibitor Polyarthritis 3.0 (1.7–5.4) —
Serositis 1.7 (0.9–3.2) —
Radiographic damage 8.6 (4.3–18) 4.7 (2.2–10)
Disease duration, yrs 1.2 (1.2–1.3) 1.2 (1.1–1.3)

IL-1 inhibitor Polyarthritis 1.3 (0.8–2.3) —
Serositis 1.9 (1.0–3.5) —
Radiographic damage 2.6 (1.5–4.7) 4.7 (2.2–10)
Disease duration, yrs 1.0 (0.9–1.0) 0.9 (0.8–1.0)

TNF: tumor necrosis factor-α; IL-1 interleukin 1.
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systematically obtained, but were recorded by the local study
investigators from several sources, including family report,
physician recollection, and limited medical record review. It is
not known how this nonsystematic data collection may have
influenced our results, including the potential for recall bias.
Laboratory and radiographic studies were performed at the
discretion of the treating physicians as part of routine clinical
care. We accepted the JIA ILAR category as assigned by the
treating pediatric rheumatologist and did not attempt to reclas-
sify patients based on the data collected in the registry,
although there are recognized difficulties in implementing the
ILAR categorization system in the routine clinical setting32.
Our cross-sectional study design prevented us from making
any causal inferences. For example, it cannot be known from
the data whether radiographic damage occurred before or after
the initiation of a biologic DMARD. The data did not contain
some important clinical factors potentially associated with
medication usage, such as the specific joints involved and his-
torical disease activity and severity measures.

We found that nonbiologic and biologic DMARD were fre-
quently used in the treatment of JIA and were associated with
several specific patient factors. These associated factors were
largely in agreement with published ACR Recommendations
for the treatment of JIA. Our study results also highlighted
several areas in significant need of further clinical investiga-
tion, in particular the appropriate management of uveitis with
systemic immunosuppression and the best use of systemic
glucocorticoids for the treatment of JIA.
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