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Abstract

Objectives

The objectives of this review are to: 1) appraise the methodological quality of clinical prac-

tice guidelines (CPGs) in juvenile idiopathic arthritis (JIA) providing pharmacological and/or

non-pharmacological intervention recommendations, and 2) summarize the recommenda-

tions provided by the included CPGs and compare them where possible.

Methods

A systematic search was performed. Three trained appraisers independently evaluated the

methodological quality of the CPGs using a validated and reliable instrument, the Appraisal

of Guidelines in Research and Evaluation II. Six domains were considered: 1) score and

purpose; 2) stakeholder involvement; 3) rigor of development; 4) clarity of presentation; 5)

applicability; and 6) editorial independence. The domains consist of a total of 23 items each

scored on a 7-point scale. High quality CPGs were identified if they had a domain score

above 60% in rigor of development, and two other domains.

Results

Of the three included CPGs, the Royal Australian College of General Practitioners

(RACGP) and American College of Rheumatology (ACR) CPGs were considered to be of

high quality, but the German Society for Pediatric Rheumatology was of lower quality.
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Domains one to four had high domain scores across the guidelines (mean (standard devia-

tion)): 72.76 (13.80); 66.67 (9.81); 64.67 (7.77); and 87.00 (9.64), respectively. Lower scores

were obtained for applicability (14.00 (5.57)) and editorial independence (43.44 (7.02)). Rec-

ommendations varied across CPGs due to differences in context, target audience (general

practitioners, rheumatologists, and other multidisciplinary healthcare professionals) and

patients’ disease presentations. Despite this variability, progression of pharmacological treat-

ment did not conflict between CPGs. Recommendations for non-pharmacological interven-

tions were vague and the interventions considered varied between CPGs.

Conclusions

Overall, recommendations were based on a paucity of evidence and weak study designs.

Further research is needed on interventions in JIA, as well as higher quality CPGs to facili-

tate implementation of the best evidence-based recommendations in clinical practice.

Introduction
Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease of childhood, with
the precise etiology unknown and an incidence of 1 in 10,000 in children under 16 years of age
[1,2]. A diagnosis requires that arthritis be present for a minimum of six weeks in patients
younger than 16 years old [3,4]. There are seven onset types of JIA: systemic arthritis, oligoar-
thritis, polyarthritis (rheumatoid factor negative), polyarthritis (rheumatoid factor positive),
psoriatic arthritis, enthesitis related arthritis, and undifferentiated arthritis [3,4]. These catego-
ries are mutually exclusive and differ based on the number of joints affected by arthritis (4 or
fewer joints for oligoarthritis and 5 or more joints for polyarthritis), the presence of serological
markers (e.g. rheumatoid factor positive or negative polyarthritis), or the area of the body
affected (e.g. tenderness of the sacroiliac joint in enthesitis related arthritis). Symptoms of JIA
include joint symptoms such as joint pain, swelling, and stiffness, for all onset types but also
systemic symptoms such as fever and rash for those with systemic arthritis [2,5–8].

While most children do very well overall with this condition, an important proportion
exhibit reduced quality of life, often as a consequence of associated joint damage with resulting
pain which ultimately leads to a reduction in their ability to complete daily tasks and partici-
pate in activities [7,9]. Early pharmacological and non-pharmacological treatment of the
disease is imperative for the prevention of irreversible soft tissue and joint damage [10]. Phar-
macological interventions for JIA include non-steroidal anti-inflammatory drugs (NSAIDs),
disease-modifying antirheumatic drugs (DMARDs), biologics, and glucocorticoids (GCs)
(both as systemic treatment and now more commonly through intra-articular injection). Most
treatments can be used to control and delay the progression of symptoms of JIA, as well as pre-
vent joint damage over the long term [11]. Non-pharmacological interventions, such as physio-
therapy interventions (e.g. therapeutic exercises, massage), coupled with orthotics when
required, may help patients maintain their joint range of motion and functional status while
also contributing to maintenance of an increase in bone mineral density, and ultimately to the
prevention of osteopenia [12,13]. This combined multi-disciplinary approach to care is essen-
tial for overall better management of symptoms and leads to better ultimate outcomes [14,15].

Clinical practice guidelines (CPGs) are defined as “systematically developed statements to
assist practitioner and patient decisions about appropriate healthcare for specific clinical
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circumstances” (p. 38) [16]. To the authors’ knowledge, there are no publications that have
appraised the methodological quality of existing pharmacological and/or non-pharmacological
CPGs for JIA using the Appraisal of Guidelines in Research and Evaluation (AGREE) or
AGREE II [17] instruments.

The primary objective of this systematic review is to evaluate the methodological quality of
CPGs providing specific recommendations for pharmacological and/or non-pharmacological
interventions for patients with JIA. A secondary aim is to summarize the content of the CPG
recommendations and to compare recommendations across CPGs where possible.

Materials and Methods
The systematic review of CPGs used the Cochrane Methodology [18] to identify, select and
analyze the data and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement to guide the reporting of the systematic review (S1 Appendix). Ethics approval was
not required, as this work was based on a systematic literature review.

Systematic review of the literature
This systematic review used a similar methodology to previous studies in adult rheumatology
[19,20]. A systematic search of the literature was performed in Medline (Ovid), the Cumulative
Index to Nursing and Allied Health Literature, Embase (Ovid), and PubMed with the assis-
tance of a librarian specialized in rehabilitation sciences (ML). The search limits included
CPGs published in English between January 2003 and December 2014. Additionally, a hand
search was performed in June 2015 in the guideline inventories Canadian Medical Association
Infobase, Physiotherapy Evidence Database and National Guideline Clearinghouse, in the ref-
erence lists of included CPGs, and on the following websites of known rheumatology groups
who develop CPGs: American College of Rheumatology (ACR) (http://www.rheumatology.
org/), Royal Australian College of General Practitioners (RACGP) (http://www.racgp.org.au/),
the Canadian Rheumatology Association (http://rheum.ca/), the European League Against
Rheumatism (http://www.eular.org/), National Institute for Health and Care Excellence
(http://www.nice.org.uk/), Scottish Intercollegiate Guidelines Network (http://www.sign.ac.uk/
), and the British Society for Rheumatology (http://www.rheumatology.org.uk/). Pediatric
rheumatology experts were also consulted on the presence of other existing CPGs. S2 Appendix
contains the full search strategies with key words.

Selection criteria. S3 Appendix contains the full details of the selection criteria and S4
Appendix provides the reasons for exclusion of certain citations.

Instruments
The AGREE II instrument assesses the methodological quality of CPGs in six main areas
(domains): 1) scope and purpose; 2) stakeholder involvement; 3) rigor of development; 4) clar-
ity of presentation; 5) applicability; and 6) editorial independence. Each domain is divided into
smaller categories called items, with a minimum of 2 items (domain 6) and a maximum of 8
items (domain 3), for a total of 23 items [21].

Assessment of CPG quality
Training the appraisers. Three trained individuals (CS, SR, KTA) formed two pairs of

appraisers and received the same training with the AGREE II online tutorial [22]. Prior to eval-
uating the JIA CPGs, the appraisers reviewed a CPG on osteoarthritis using the AGREE II
instrument to familiarize themselves with the instrument. Each appraiser independently scored
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the CPGs using the AGREE II items and then assigned an overall quality rating to the CPG
using the same 7-point scale. For each CPG, appraisers also indicated whether they: recom-
mended its use by clinicians for practice, recommended its use with some modifications, or did
not recommend its use.

Grading of the items and domains. The AGREE II user manual was used by appraisers to
refer to the criteria for each item [21]. A grade was assigned for each item using a 7-point scale
indicating the level of agreement with each statement about the methodological quality of the
CPGs. A score of 1 was given if none of the criteria for an item were met or the item was
reported very poorly, while a score of 7 was given for an item if it met all the criteria and was
well reported. The domain score was calculated using the sum of the item scores in a given
domain and transforming the number into a percentage of the maximum score that domain
could obtain. For this review, a high quality CPG required a score of 60% for rigor of develop-
ment (domain 3) as well as 60% in any two other domains [23–25].

Calculating the domain scores. After all appraisers finished grading the CPGs, their
scores were entered into an AGREE II score calculator developed by the Capacity Enhance-
ment Program at McMaster University [26]. An overall methodological quality score of all
items in all domains was computed on a 7-point scale for each CPG. The concordance calcula-
tor was used to ensure the correct calculation of domain scores (�x (SD)) from the equation pro-
vided in the AGREE II user’s manual [21].

Discrepancies in rater scores. If the concordance calculator computed a medium or high
discrepancy in domain scoring among the three appraisers, a fourth appraiser (LB) resolved
the discrepancies. A medium discrepancy was defined as individual appraisers’ scores for a
domain being 1.5 to 2 standard deviations from the mean domain score. A high discrepancy
was greater than 2 standard deviations from the mean domain score [26]. To reduce the level
of error, the three appraisers independently reviewed for a second time all items where there
were medium discrepancies or where scores differed by three or more points between at least
two appraisers.

Inter-rater reliability. Inter-rater reliability was examined by comparing the individual
item scores of each appraiser and ensuring there was only a low discrepancy (less than 1.5 stan-
dard deviations from the mean domain score) with the concordance calculator [26].

Summary of CPG recommendations. The recommendations provided by each CPG were
presented based on types of patients (e.g. clinical scenarios or JIA onset types), rather than by
intervention to take into consideration the complexity of care for patients with JIA. Any treat-
ment algorithms presented by the CPGs were also summarized to indicate the progression of
treatment for JIA that the CPGs recommended.

Results

Search results
The systematic review provided a total of 90 citations and one citation was found through a
hand search (S1 Fig). There were 42 citations in Embase, 20 in the Cumulative Index to Nurs-
ing and Allied Health Literature, 2 in Medline, 11 in PubMed, 1 in the Canadian Medical Asso-
ciation Infobase, 1 in the Physiotherapy Evidence database, and 13 in National Guidelines
Clearinghouse. After an initial screening process reviewing titles and/or abstracts, 11 CPGs had
their full text examined. Three CPGs met the inclusion criteria and were evaluated using the
AGREE II instrument. These were the German Society for Pediatric Rheumatology (GKJR)
[27], RACGP [28] and ACR [29,30] CPGs. ACR published a partial update in 2013 [30] for
new pharmacological therapies to treat systemic JIA (sJIA) and it used the same methodology
as ACR in 2011 [29], thus it was treated as an extension to the main CPG rather than providing
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a separate AGREE II score. There were no additional CPGs found in the updated hand search
or through consultation of pediatric rheumatology experts. S1 Fig contains a Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the systematic
literature search and S4 Appendix indicates the excluded citations and the rationale behind
their exclusion.

Methodological quality of CPGs
The overall methodological quality score for each CPG was (mean (standard deviation)): 5.67
(0.58) for RACGP [28]; 4.33 (0.58) for ACR [29,30]; and 3.67 (0.58) for GKJR [27]. All three
CPGs obtained scores greater than 60% in domains 2 (stakeholder involvement) and 4 (clarity
of presentation). However, none of the CPGs reached a score of 60% for domains 5 (applicabil-
ity) and 6 (editorial independence). Of the three included CPGs, both ACR [29,30]; and
RACGP [28] were considered high quality because they obtained scores greater than 60% in
four of six domains, including rigor of development (domain 3). GKJR [27] had two domain
scores above 60%, but received a result slightly below the threshold of 60% (with a score of
56%) for rigor of development. While one of the appraisers said they would not recommend
GKJR [27], the other two said that they would recommend it with modifications. Therefore,
the recommendations were still considered because its score was close to the threshold. How-
ever, healthcare professionals should use their discretion when applying recommendations
from GKJR [27]. Table 1 provides the scores that all CPGs received in each domain and an
overall quality rating of the CPGs.

Domain 1: Scope and purpose. The CPGs had scores above 60% for scope and purpose
except for GKJR [27] which had a score of 57%. The main reason for the score below 60% was
that there was no detailed search strategy provided and this made the health questions covered
by the CPG unclear. The overall objectives of the CPG and the population to whom the CPG
applied were in general well described for all CPGs.

Domain 2: Stakeholder involvement. All three CPGs scored above 60%, although the
mean quality score was lower than domain 1. This is largely due to unclear descriptions of how

Table 1. Quality scores of included CPGs using AGREE II.

AGREE II Domains ACR
[27,29,30]

GKJR
[27]

RACGP
[28]

x� (SD) (%) Range of quality scores
(%)

Domain 1. Scope and purpose (%) 78% 57% 83% 72.67
(13.80)

26

Domain 2. Stakeholder involvement (%) 61% 61% 78% 66.67
(9.81)

17

Domain 3. Rigor of development (%) 67% 56% 71% 64.67
(7.77)

15

Domain 4. Clarity of presentation (%) 91% 76% 94% 87.00
(9.64)

18

Domain 5. Applicability (%) 8% 15% 19% 14.00
(5.57)

11

Domain 6. Editorial independence (%) 50% 36% 44% 43.33
(7.02)

14

Overall quality rating of the CPGa (AGREE II scoring system: 1–7)
(x� (SD))

4.33 (0.58) 3.67
(0.58)

5.67 (0.58)

ACR: American College of Rheumatology; GKJR: German Society for Pediatric Rheumatology; RACGP: Royal Australian College of General

Practitioners; x� : mean; SD: standard deviation.
aRating established using the AGREE II 7-point scale.

doi:10.1371/journal.pone.0137180.t001
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the CPGs sought the views and preferences of the target population. A description of the CPG
development group was acceptable, though there was not always a description of disciplines or
individual roles of those involved in the included CPGs.

Domain 3: Rigor of development. ACR [29,30] and RACGP [28] were very similar in
their quality scores, which were both above 60%. GKJR [27] received a lower score of 56%. The
main reason for the borderline score was there was no procedure given for updating the CPG,
which led to scores of 1 and 2. The other two CPGs still had moderate scores for item 14
because the information provided was somewhat limited. In general, the CPGs used systematic
methods in searching for evidence, as well as provided an obvious link between recommenda-
tions and their evidence.

Domain 4: Clarity of presentation. This domain received high scores from all three CPGs
and the highest mean quality score (SD) was 87.00% (9.64%) (Table 1). Each CPG provided a
type of treatment algorithm for pharmacological interventions and provided consensus state-
ments for which interventions were recommended.

Domain 5: Applicability. Consistent across the CPGs, this domain had the lowest scores
ranging from 8% to 19% (Table 1). All of the CPGs scored very poorly because they did not
clearly state the costs and resources that were needed in order to implement the CPG, which
was required by the AGREE II instrument [21,27–29]. Criteria for monitoring the implementa-
tion of recommendations and assessing the CPG’s impact were either not provided or simply
involved referring readers to government documents [27].

Domain 6: Editorial independence. Of all the domains, editorial independence had the
second lowest mean quality score at 43.33% (7.02%) (Table 1). While the funding body may
have been mentioned, ACR and GKJR did not provide an explicit statement to declare that the
funding body did not have an influence on the guideline content [27,29] and it was not entirely
clear to the appraisers whether one of the members in the RACGP working group, who was an
advisor for the funding source, influenced the CPG [28]. There was frequently missing infor-
mation for recording the competing interests for members of the guideline development group
in all CPGs.

Inter-rater reliability. The domain scores entered into the concordance calculator showed
low discrepancy between pairs of assessors except for stakeholder involvement (domain 2),
which required review for the ACR [29,30] and the GKJR [27] CPGs. The appraisers were
asked to review their scores in domain 2 and determine if they had overlooked or misunder-
stood information provided in the CPGs when scoring the items. No change in the appraisers’
scores was made if they had originally found the relevant information and had understood it.
Upon making these revisions, the medium discrepancy level (individual scores being between
1.5 and 2 standard deviations from the mean) for these two domains were resolved. In addition,
each appraiser’s raw data scores for all 23 items were fairly consistent with only a few instances
when two appraisers had scores varying by three points on the 7-point scale.

Summary of recommended interventions
The three CPGs were developed for different target audiences, presented recommendations for
varying clinical presentations of the disease, and used different grading systems that incorpo-
rated the strength of recommendations provided and also the level of evidence of the studies
forming the recommendations. Table 2 describes these differences between the CPGs and S5
Appendix indicates the grading system used by each CPG. Many recommendations were based
on a paucity of evidence, often relying on non-randomized controlled trials, observational
studies, expert opinion, or extrapolations from adult studies. Summaries of the specific phar-
macological and non-pharmacological recommendations provided by the CPGs are presented
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in Tables 3 and 4, respectively. Please note that these represent summaries only and readers
should consult the original CPGs prior to treating patients with JIA.

RACGP 2009. The RACGP CPG was focused on providing recommendations within an
Australian healthcare context for general practitioners (GPs) and other multidisciplinary
healthcare professionals who provide support and/or care for patients with JIA. The population
of interest consisted of patients less than 16 years who have at least one joint that is painful and
swollen [28]. The CPG directs GPs on early diagnosis of JIA, initial treatment options, and tim-
ing of referral to a pediatric rheumatologist or other healthcare professionals, all with a multi-
disciplinary focus [28]. Pharmacological interventions considered were oral NSAIDs, topical
NSAIDs, simple analgesics (e.g. acetaminophen), weak opioids, and complementary and alter-
native medicines. DMARDs and biologics were not considered as they are beyond the scope of
interventions prescribed by GPs. Thus, GPs were directed to refer patients to a pediatric rheu-
matologist. Non-pharmacological interventions included were complementary and alternative
physical therapies (e.g. transcutaneous electrical nerve stimulation (TENS), laser therapy, acu-
puncture, ultrasound), exercise (land-based and aquatic), nutritional therapy, orthotics man-
agement (corrective appliances/splints), and thermotherapy [28].

Recommendations were presented through algorithms for the diagnosis, early management
and long-term monitoring of JIA. Once a diagnosis of JIA has been made, it is suggested to
commence initial management of disease using short term analgesics (e.g. acetaminophen) and

Table 2. Scope and context of the CPGs.

ACR [27,29,30] GKJR [27] RACGP [28]

Population of
patients with JIA

History of arthritis in � 4 active joints,
history of arthritis in � 5 active joints,
systemic JIA (sJIA) with active systemic
features (no active arthritis), sJIA with
active arthritis (no systemic features), and
sJIA with features concerning for
macrophage activation syndrome (MAS)

Specific recommendations occasionally
provided for oligoarthritis, polyarthritis, and
sJIA onset types; otherwise the
recommendations do not specify all onset
types according to the International
League of Associations for Rheumatology

Oligoarticular, polyarticular (RF negative),
polyarticular (RF positive), systemic,
enthesitis related, psoriatic and
undifferentiated JIA onset types

Target audience Pediatric rheumatologists Physicians, affiliated professionals in
healthcare, physical therapists,
occupational therapists, and others caring
for patients with JIA

General practitioners plus physical
therapists, occupational therapists, sports
medicine workers, podiatrists, dieticians,
psychologists, pharmacists, nurses,
community health workers

Range of
pharmacological
interventions

NSAIDs, glucocorticoids (injection and
systemic), nonbiologic DMARDs, biologic
DMARDs (sJIA)

NSAIDs, glucocorticoids (injection and
systemic), prednisone/prednisolone,
DMARDs, biologics

NSAIDs, topical NSAIDs, simple
analgesics, weak opioids, complementary
and alternative medicines

Range of non-
pharmacological
interventions

N/A Electrotherapy, ultrasound, exercise,
massage, lymph drainage, orthotics
management (corrective appliances/
splints), physiotherapy, occupational
therapy, psychological support, socio-
pedagogical care, synovectomy,
thermotherapy

Complementary and alternative physical
therapies, exercise (land-based and
aquatic), nutritional therapy, orthotics
management (corrective appliances/
splints), thermotherapy

Notes The 2013 update focused solely on sJIA;
no discussion of contraindications,
intolerance, tapering or discontinuing
medications in the event of inactive
disease

Excluded information on medication
resistance or obscure and difficult arthritis
cases

Main focus is on early diagnosis, initiation
of intervention, and referral to pediatric
rheumatologists; recommendations are for
short term care and then planning and
management for long-term care;
multidisciplinary and developed for the
Australian healthcare context

sJIA = systemic JIA; MAS = macrophage activation syndrome; NSAIDs = non-steroidal anti-inflammatory drugs; DMARDs = disease modifying

antirheumatic drug

doi:10.1371/journal.pone.0137180.t002
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Table 3. Summary of recommendations for pharmacological interventions in JIA based on included CPGs. N.B. This is meant as a summary of the
recommendations only. Please refer to the official CPGs before providing treatment to patients.

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

NSAIDs

Celecoxib Yes (Grade
B-C, level I)

not been approved in children;
use if diclofenac, naproxen,
ibuprofen and indomethacin
are contraindicated

2–4 mg/kg b.i.d.

Diclofenac Yes (Grade A,
level I)

�14 years old 1 mg/kg b.i.d.

Ibuprofen Yes (Grade A,
level I)

�6 months; treat pain, fever 10 mg/kg 3–4 times daily

Indomethacin Yes (Grade A,
level II)

�2 years old 0.5–1.0 2–3 times daily

Meloxicam No (Level II) �15 years old;
recommendation grade not
given

0.15–0.30 mg/kg o.d.

Naproxen Yes (Grade A,
level I)

�1 year old 5–7.5 mg/kg b.i.d.

Piroxicam 0.2–0.4 mg/kg o.d.

NSAID
monotherapy

1) Hx �4 joints: Yes (Level B);
2) Hx �5 joints: Yes (Level
C); 3) sJIA active systemic
features (no active arthritis):
Unsure/No (Level D); 4) sJIA,
active arthritis (no active
systemic features): Yes (Level
B)

1) with GC injections; for low
disease activity (DA), no joint
contracture, no features of
poor prognosis (FPP); 2)
without GC injections
uncertain if active arthritis; do
not continue >2 months if
active arthritis; 3) appropriate
before diagnosis and
evaluating systemic arthritis,
uncertain if active fever–
inappropriate when fever and
MD global �7/10; initial Tx if
MD global <5 + any AJC;
inappropriate if MD global �5
+ AJC >0; inappropriate to
continue Tx >1 month if DA
continued; 4) initiate if low DA
without FPP (with/without GC
injections); uncertain to
continue >1 month for any DA
level (Level D); if no previous
Tx for 1 month max if AJC >0
(Level D); inappropriate for >2
months if continued disease
activity (Level D)

Yes (Grade B) Initial drug of choice to
reduce pain and
inflammation; see RACGP
2009 for details on dosing
of specific NSAIDs

Topical NSAIDs No (Grade D) No studies available

Steroids

Glucocorticoid
(intra-articular
injection)

1) Hx �4 joints: Yes (Level
C); should show improvement
for initial 4 months (Level A);
3) sJIA active systemic
features (no active arthritis):
Yes (Level C); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level C)

1) any pt active arthritis, any
disease level, prognostic
features, or joint contracture;
3) can consider adding it any
time during treatment; 4) initial
Tx if AJC �4; uncertain as
monotherapy if AJC >4;
unsure about repeat
injections as only Tx for �1
joint

Yes (Grade B,
level I)

Triamcinolone hexacetonide;
possible as part of first line Tx;
triamcinolone hexacetonide
preferred over triamcinolone
acetonide due to efficacy

(Continued)
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Table 3. (Continued)

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

Glucocorticoid
(systemic)

3) sJIA active systemic
features (no active arthritis):
Yes (Level D); 5) sJIA with
features concerning for MAS:
Yes (Level C)

3) initial Tx active fever and
MD global �7; initiate after �2
wks for all pts with active
fever (Level C); no published
data on doses and routes;
initial monotherapy (oral or IV)
up to 2 weeks max when MD
global <5 + AJC >4 OR MD
global �5 (Level C);
inappropriate to continue GC
monotherapy �1 month if DA
continues (Level D); continued
disease Tx after NSAID
monotherapy failed when MD
global <5 + AJC >0 OR MD
global �5 (Level C); can
consider adding GC treatment
any time (Level D); 5) GC
monotherapy �2 weeks is
inappropriate when continued
features concerning MAS
(Level D)

Yes (Grade A,
level III)

For highly AD; for pts with
sJIA, complications (uveitis,
pericardial effusion), RF-
positive JIA; use while waiting
for therapeutic effect of
DMARD Tx to be complete;
not recommended for long-
term use; not recommended
to continuously give 0.2 mg/kg
of a prednisolone equivalent
to pts

Prednisolone/
prednisone

Yes (Level III) for severe sJIA; can be used
as oral medium- or high-dose
Tx; can also be used as IV
pulse Tx; recommendation
grade not given

DMARDs

Azathioprine (Level II) not been approved in children;
1.5–3 mg/kg per day orally in
1–2 doses

Leflunomide 1) Hx �4 joints: Unsure; 2)
Hx �5 joints: Yes (Level B); 3)
sJIA active systemic features
(no active arthritis): Yes
(varies); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level C); 5)
sJIA with features concerning
for MAS: No (Level D)

2) initial Tx when high DA and
FPP; use after trial of NSAIDs
for high DA and no FPP; 3) for
continued disease Tx if MD
global <5 + AJC >0 after GC
monotherapy (Level C), an IL-
inhibitor (Level D), or
tocilizumab (Level D); if MD
global �5 + AJC >0 after trial
of IL-1 inhibitor/tocilizumab
(Level C); inappropriate if
AJC = 0 + any MD global
(Level D); 4) initial Tx when
AJC >4; continued disease Tx
if AJC >0 after intraarticular
injection (level C), NSAID
monotherapy (Level C), an IL-
1 inhibitor (Level D), or
tocilizumab (Level D)

Yes (Grade B,
level II)

Use only if MTX/etanercept
insufficient at treating disease;
not been approved in children

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Methotrexate 1) Hx �4 joints: Yes (Level
C); 2) Hx �5 joints: Yes
(Level B); 3) sJIA active
systemic features (no active
arthritis): No (Level B); 4)
sJIA, active arthritis (no active
systemic features): Yes (Level
B); 5) sJIA with features
concerning for MAS: No
(Level D)

1) Initial Tx if high DA and
FPP; start after GC injections
if moderate/high DA but no
poor prognosis; 2) Initial Tx if
moderate/high DA and FPP;
initial 1 month after NSAIDs
when low DA and FPP; initiate
1–2 months after NSAIDs
when moderate DA but no
FPP; 3) for initial management
active fever without active
arthritis; for continued disease
Tx if MD global <5 + AJC >0
after GC monotherapy (Level
C), an IL-inhibitor (Level D), or
tocilizumab (Level D); if MD
global �5 + AJC >0 after trial
of IL-1 inhibitor/tocilizumab
(Level C); inappropriate if
AJC = 0 + any MD global
(Level D); 4) if active arthritis
�1 month after NSAID
monotherapy (with/without GC
injections); initial Tx when
AJC >4 (Level C); continued
disease Tx if AJC >0 after
intraarticular injection (level
C), NSAID monotherapy
(Level C), an IL-1 inhibitor
(Level D), or tocilizumab
(Level D)

Yes (Grade A,
level I)

If NSAIDs and/or GC
injections ineffective; use
when continuously need
systemic GCs OR if high DA;
10–15 mg/m2 oral/SC; � 2
years old; for poly-JIA,
psoriatic JIA, uveitis,
collagenosis

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

(Continued)
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Table 3. (Continued)

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

Sulfasalazine 1) Hx �4 joints: Yes (Level B);
2) Hx �5 joints: Unsure

1) after GC injection or
NSAIDs with moderate/high
DA; for enthesitis-related JIA;
uncertain for other JIA onset
types; 2) for Tx initiation

Yes (Grade B,
level II)

Use if MTX/etanercept
insufficient

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Nonbiologic
DMARD
combinations

1) Hx �4 joints: Unsure; 2)
Hx �5 joints: Unsure; 3) sJIA
active systemic features (no
active arthritis): Unsure; 4)
sJIA, active arthritis (no active
systemic features): Unsure

1) MTX + sulfasalazine and/or
hydroxychloroquine; 2) MTX
+ sulfasalazine and/or
hydroxychloroquine; 3) MTX
+ leflunomide and/or a
calcineurin inhibitor) for any
AJC or MD global; 4) initiation
of a combination (MTX
+ leflunomide and/or a
calcineurin inhibitor) at any
AJC

Biologics

Abatacept 1) Hx �4 joints: Unsure; 2)
Hx �5 joints: Yes (Level B); 3)
sJIA active systemic features
(no active arthritis): Yes
(Level D); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level B); 5)
sJIA with features concerning
for MAS: No (Level D)

1) unsure before starting
TNFα inhibitor; 2) after 4
months TNFα inhibitor when
moderate/high DA and FPP;
start after receiving >1 TNFα
inhibitor sequentially when
moderate/severe DA with
FPP; 3) if MD global �5
+ AJC >4 after trying an IL-1
inhibitor and tocilizumab
sequentially; inappropriate
when AJC = 0, except if pt
tried IL-1 inhibitor and
tocilizumab sequentially
(unsure); inappropriate if MD
global <5 + AJC >0 OR MD
global �5 + AJC <4 (Level D);
appropriate only if had IL-1
inhibitor and tocilizumab
sequentially (Level D); unsure
if pt tried DMARD + IL-1
inhibitor/tocilizumab; 4) start if
received MTX and TNFα
inhibitor & has high DA OR
moderate DA with poor
prognosis; continued disease
Tx if AJC >0 after MTX/
leflunomide (Level B),
anakinra (Level D), or
tocilizumab (Level D); 5) not
for initiation

Yes (Grade C,
level III)

� 6 years old; for pts with
poly-JIA (non-systemic) when
unresponsive MTX and TNFα
inhibitors

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Anakinra 2) Hx �5 joints: Unsure; 3)
sJIA active systemic features
(no active arthritis): Yes
(Level C); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level C); 5)
sJIA with features concerning
for MAS: Yes (Level C)

3) start if active fever and FPP
regardless of intervention
currently taken; for all patients
who still have/develop active
fever with GCs; initial Tx if MD
global <5 + AJC >4 OR if MD
global �5; for continued
disease Tx after GC
monotherapy (Level A) OR
NSAID monotherapy (Level
C); 4) start in pts who were
given MTX and have
moderate/high DA; if Tx with
MTX + TNFα inhibitor OR
MTX + abatacept in pts with
moderate/high DA;
inappropriate to initiate
anakinra later in disease
course–better earlier on;
continued disease Tx if AJC
>4 after GC injection OR
NSAID monotherapy failed
(Level B) OR if AJC >0 after
Tx of MTX/leflunomide

Yes (Grade A,
level II)

Not been approved in
children; � 2 years old; for
refractory sJIA

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

(Continued)
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Table 3. (Continued)

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

Canakinumab 3) sJIA active systemic
features (no active arthritis):
Yes (Level C); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level C); 5)
sJIA with features concerning
for MAS: Unsure (Level D)

3) continued disease Tx after
GC monotherapy (Level A),
MTX/leflunomide (Level A),
anakinra (Level B), or
tocilizumab (Level C); use if
MD global �5 + any AJC
even if had previous NSAID
monotherapy (Level C); 4)
continued disease Tx–start if
AJC >4 after trial of DMARD
+ anakinra/ tocilizumab (Level
B), a DMARD + TNFα inhibitor
(Level B), or abatacept (Level
C); 5) becomes inappropriate
when MD global <5 and no
prior intervention, GC
monotherapy, or calcineurin
monotherapy (Level D)

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Calcineurin inhibitor 3) sJIA active systemic
features (no active arthritis):
Yes (Level C)

3) continued disease Tx only
if MD global �5 + AJC = 0
after trial of IL-1 inhibitor +
tocilizumab sequentially;
inappropriate if MD global <5
+ AJC = 0 (Level D), but
unsure if pt tried IL-1 inhibitor
+ tocilizumab sequentially OR
another DMARD + IL-1
inhibitor/tocilizumab

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Etanercept Yes (Grade A,
level I)

� 4 years old; for polyarticular
JIA

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Rilanocept 3) sJIA active systemic
features (no active arthritis):
Unsure; 4) sJIA, active
arthritis (no active systemic
features): Unsure; 5) sJIA
with features concerning for
MAS: Unsure

3) inappropriate as initial Tx
(Level D); unsure if continued
DA after trying other Tx
options; 4) any AJC

Not been approved in children
with JIA 12 years old??

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Rituximab 2) Hx �5 joints: Yes (Level C);
3) sJIA active systemic
features (no active arthritis):
Varies; 4) sJIA, active arthritis
(no active systemic features):
No (Level D); 5) sJIA with
features concerning for MAS:
inappropriate (Level D)

2) start after TNFα inhibitor
and abatacept in a row when
high DA OR moderate DA and
FPP; may be better for RF-
positive vs. negative pts
(informal recommendation); 3)
inappropriate when AJC = 0
+ any MD global;
inappropriate when MD global
<5 + AJC <4 (Level D), but
unsure if pt tried both IL-1
inhibitor and tocilizumab
sequentially; inappropriate if
MD global <5 + AJC >4 OR
MD global �5 + AJC >0, but
unsure if pt tried IL-1 inhibitor
and tocilizumab sequentially
OR a DMARD + IL-1 inhibitor/
tocilizumab; 4) AJC �4, but
unsure if pt tried IL-1 inhibitor
and tocilizumab sequentially
OR a DMARD + IL-1 inhibitor/
tocilizumab; inappropriate if
AJC >4, but unsure if pt tried
both IL-1 inhibitor
+ tocilizumab sequentially OR
a DMARD + IL-1 inhibitor,
tocilizumab, a TNFα inhibitor,
or abatacept

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Tocilizumab 3) sJIA active systemic
features (no active arthritis):
Yes (varies); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level B); 5)
sJIA with features concerning
for MAS: Unsure

3) continued DA after GC
monotherapy (Level A), MTX/
leflunomide (Level B), or
anakinra (Level B) for any MD
global or AJC; if MD global �5
+ any AJC regardless if prior
NSAID monotherapy (Level
C); 4) continued disease Tx
when AJC >0 after anakinra
OR MTX/leflunomide

Yes (Grade A,
level II)

� 2 years old; for refractory
sJIA

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

(Continued)
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Table 3. (Continued)

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

TNF alpha inhibitors 1) Hx �4 joints: Yes (Level
C); 2) Hx �5 joints: Yes
(Level B); 3) sJIA active
systemic features (no active
arthritis): not assessed in ACR
2011 –Yes in ACR 2013
(Level C); 4) sJIA, active
arthritis (no active systemic
features): Yes (Level B); 6)
active sacroiliac arthritis: Yes
(Level C)

1) after GC injections and 3
months of max tolerated dose
MTX when high DA and FPP;
after GC injections + 6 months
MTX when high DA and no
FPP; enthesitis-related JIA pts
with GC injections and
sulfasalazine trial (without
MTX before) and moderate/
high DA; 2) after 3 months of
max tolerated dose MTX/
leflunomide when moderate/
high DA; after 6 months MTX/
leflunomide when low DA;
switch TNFα inhibitor after 4
months if moderate/high DA
(Level C); switch to a TNFα
inhibitor if receiving abatacept
for 3 months and high DA with
FPP, OR 6 months of
abatacept and moderate/high
DA (any FPP) (Level D); 3)
ACR 2011: not effective for Tx
active systemic features;
continued disease Tx–start if
AJC >4 + any MD global after
trial of IL-1 inhibitor/
tocilizumab; if AJC >0 + any
MD global after trial IL-1
inhibitor + tocilizumab
sequentially; inappropriate if
MD global <5 + AJC = 0
(Level D), but unsure if tried
IL-1 inhibitor + tocilizumab
sequentially OR DMARD + IL-
1 inhibitor/tocilizumab;
inappropriate if MD global �5
+ AJC = 0 (Level D), but
unsure if pt tried IL-1 inhibitor/
tocilizumab; 4) concomitant Tx
of MTX 3 months when
moderate/high DA; may need
to switch anakinra to TNFα
inhibitor when moderate/high
DA–risk is latent systemic DA
may be revealed (Level D);
continued active Tx–start if
AJC >0 after MTX/leflunomide
(Level C), anakinra (Level D),
or tocilizumab (Level D); 6)
after NSAIDs trial when high
DA and FPP; after 3 months
MTX when moderate/high DA
OR moderate DA and FPP,
OR after 6 months MTX when
moderate DA without FPP; if 3
months sulfasalazine when
moderate/high DA, OR 6
months sulfasalazine when
low DA without FPP;
inappropriate for any MD
global (Level D), but unsure
when calcineurin inhibitor
+ anakinra

Yes (Grade A,
level I)

if not enough response to
NSAIDs and GC injections
OR if no response to MTX; for
poly-JIA

Not assessed GPs to refer patient to
pediatric rheumatology
specialist

Other

Hydroxychloroquine
monotherapy**

1) Hx �4 joints: No (Level C);
2) Hx �5 joints: inappropriate
(Level A)

1) inappropriate for active
arthritis; with/without
concurrent NSAID Tx; 2)
inappropriate to start for active
arthritis; with/without
concurrent NSAID Tx

Not assessed Clinical trials revealed limited
efficacy

Autologus stem cell
transplantation
(SCT)

Level III Only as a last resort because
of serious adverse events

(Continued)
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an NSAID [28]. When symptoms of inflammation continue for more than 4 weeks, patients
should be referred to a pediatric rheumatologist for advanced treatment (GC intra-articular
injection, oral or intravenous corticosteroids, DMARDs, and biologics) [28]. In the 6 to 12
weeks after diagnosis, basic pharmacological treatment (simple analgesics such as acetamino-
phen, NSAIDs and weak opioids) can be provided by the GP, while consulting a pediatric rheu-
matologist [28]. Beyond 12 weeks, the GP should monitor the child or adolescent and refer
them to the appropriate multidisciplinary healthcare professionals (e.g. physiotherapists, occu-
pational therapists, dieticians, podiatrists) who can provide non-pharmacological interventions
as an additional component of a patient’s care plan. GPs are also advised to manage acute flares
of JIA using analgesics with or without NSAIDs and to involve a pediatric rheumatologist and
other healthcare professionals in the event that disease flares continue [28].

GKJR 2012. The GKJR CPG was intended for a variety of individuals, including physi-
cians and other healthcare professionals who care for patients with uncomplicated JIA [27].
Multidisciplinary treatment is recommended, including both pharmacological and non-phar-
macological interventions. The types of pharmacological interventions considered were
NSAIDs, GCs (intra-articular injection and systemic), DMARDs, and biologic agents (tumor
necrosis factor alpha (TNFα) inhibitors, interleukin-1 (IL-1) inhibitors, interleukin-6 (IL-6)
inhibitors, and co-stimulatory antagonists). Non-pharmacological interventions included
physiotherapy and occupational therapy, low-impact sports and exercise, nutritional therapy,
surgery, and psychological and socio-pedagogical care [27]. The pharmacological recommen-
dations for systemic GCs, DMARDs and biologics sometimes specified if they were for oligoar-
ticular JIA, polyarticular JIA, or sJIA; otherwise, the recommendations were general. The CPG
did not discuss how to treat those individuals who were resistant to medications or obscure
and difficult arthritis cases [27].

Table 3. (Continued)

ACR 2011 & 2013 [29,30] GKJR 2012 [27] RACGP 2009 [28]

Recommend: Yes/No/
Unsure (Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/
Unsure
(Grade)

Details

Simple analgesics Yes (Grade C) Use paracetamol; varies by
body mass; seek medical
advice for use >48 hours;
use as short-term Tx

Weak opioids Yes (Grade D) Codeine is weak opioid of
choice; prescribe with
paracetamol for moderate
pain of articulations; varies
by body mass; seek
medical advice for use >48
hours

Intravenous
immune-globulin
(IVIG)

3) sJIA active systemic
features (no active arthritis):
inappropriate (Level D); 5)
sJIA with features concerning
for MAS: inappropriate (Level
D)

3) any AJC or MD global; 5)
unsure if pt tried a calcineurin
inhibitor + anakinra

Comple- mentary
and alternative
medicines (CAM)

Unsure
(Grade D)

Ask pt/parents about use of
CAM and possibly inform
that no RCTs or systematic
reviews available in
children; low risk
intervention, but interactions
with medications a concern

DMARDs = disease-modifying antirheumatic drugs; NSAIDs = non-steroidal anti-inflammatory drugs; MTX = methotrexate; GC = glucocorticoid

Hx = history; DA = disease activity; FPP = features of poor prognosis (see ACR 2011 & 2013 for detailed description); AJC = active joint count; MD

global = physician global assessment (10-point numeric rating scale); SC = subcutaneous; b.i.d. = twice daily; o.d. = once daily; pt = patient

oligo-JIA = oligoarticular JIA; poly-JIA = polyarticular JIA; sJIA = systemic JIA

doi:10.1371/journal.pone.0137180.t003
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The clinical recommendations were presented for each JIA onset type. For oligoarticular
JIA, treatment starts with an NSAID, then intra-articular injections (with GCs) are added and
finally DMARDs (specifically methotrexate (MTX)). For polyarticular JIA, the initial treatment
is a combination of an NSAID plus GCs (intra-articular injection or systemic). As an escalation
of treatment, the next step is to treat with a DMARD (specifically MTX). Finally, if disease

Table 4. Summary of recommendations for non-pharmacological interventions in JIA based on included CPGs.

GKJR [27] recommendation RACGP [28] recommendation

Recommend:
Yes/No/
Unsure
(Grade)

Details Recommend:
Yes/No/Unsure
(Grade)

Details

Complementary/
alternative
physical
therapies

Unsure (Grade
D)

No research available using children with JIA

Electrotherapy
and ultrasound

Yes (Grade B,
level III)

For pts with tendosynovitis

Exercise Yes (Grade A,
level I)

Depends on amount of inflammation, number
of joints affected and global assessment of
disease activity; low-impact sports preferred
so easier on joints

1) Land-based:
Yes (Grade C); 2)
Aquatic: Yes
(Grade C)

1) regular activity according to pt’s physical
abilities and any disease restrictions; 2)
recommended on case-by-case basis; is safe
exercise for pts

Massage and
lymph drainage

Yes (Grade B,
level III)

Nutritional
therapy

Yes (Grade B) Monitor calcium intake and provide advice
about increasing intake; consider giving
calcium and vitamin D supplements, especially
pts on corticosteroids due to higher risk of
osteoporosis and osteopenia

Orthotics
management
(corrective
appliances/
splints)

Yes (Grade B,
level I)

For axial misalignment, prevention false
weight bearing, joint stabilization; case-by-
case decision by physician

1) Splints: Yes
(Grade D); 2)
Foot orthotics:
Yes (Grade D)

1) recommended on case-by-case basis with
help of a multidisciplinary team of health
professionals; includes resting + functional
splints experienced fitting done by experienced
therapist; 2) recommended on case-by-case
basis with help of a multidisciplinary team of
health professionals; for JIA affecting the lower
limbs

Physiotherapy/
occupational
therapy

Yes (Grade A,
level II)

In combination with pharmacological therapy;
provide pts with exercise sessions for joint
mobility

Psychological
support

Yes (Grade A,
level III)

In combination with standard pediatric
rheumatology care; identify and treat mental
and behavioural problems related to physical
aspects of disease

Socio-
pedagogical
care

Yes (Grade A,
level III)

Includes help with school, work and daily life
integration; educate parents and pts

Synovectomy Yes (Grade B,
level III)

Open or arthroscopic; use on case-by-case
basis only after other therapies are
unsuccessful

Thermotherapy Yes (Grade A,
level II)

Use cold appliances for acute joint
inflammation

Yes (Grade D) Use heat or cold packs, warm baths and/or ice
massage; for relief of JIA symptoms

N.B. This is meant as a summary of the recommendations only. Please refer to the official clinical practice guidelines for more details on the types of

interventions in broader categories (e.g. complementary and alternative physical therapies)

pt = patient

doi:10.1371/journal.pone.0137180.t004
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activity is high, a TNFα inhibitor should be added to the treatment, but if disease activity is
low, the DMARD should be replaced with a TNFα inhibitor. For sJIA, NSAID and systemic
GC (high dose or pulse) interventions are initially recommended, followed by the addition of
DMARDs (specifically MTX) as an escalation in treatment. Finally, a biologic agent should be
added if disease activity continues. For each onset type, physiotherapy interventions should be
used concomitantly throughout the escalation of pharmacological interventions according to
GKJR in order to ensure a multidisciplinary approach to care [27].

ACR 2011 & 2013. The ACR CPG was aimed toward pediatric rheumatologists to give
recommendations on NSAIDs, GCs (intra-articular injection and systemic), DMARDs, and
biologics [29,30]. The recommended pharmacological intervention depends on whether dis-
ease activity is low, moderate, or high and if an individual has features of poor prognosis or not
[29,30]. The 2011 ACR CPG focused on the most frequently used medications in each drug
class, while the 2013 ACR CPG update included medications specific to treating sJIA [29,30].
There was no discussion of contraindications, intolerance, tapering or discontinuing medica-
tions in the event of inactive disease [29]. Instead of presenting the patient populations of inter-
est according to JIA onset types, ACR used the following clinical scenarios: 1) history of
arthritis in 4 or fewer active joints, 2) history of arthritis in 5 or more active joints, 3) sJIA with
active systemic features but no active arthritis, 4) sJIA with active arthritis but no systemic fea-
tures. Other clinical scenarios considered were active sacroiliac arthritis in the 2011 CPG and
sJIA with features of macrophage activation syndrome (MAS) in the 2013 update [29,30].

Features of poor prognosis varied according to clinical scenario and were clearly defined in
tables in the CPG [29]. For those with a history of 4 or fewer joints at least one of the following
features of poor prognosis had to be satisfied: arthritis of the hip or cervical spine, 2) arthritis
of the ankle or wrist plus a noticeable or extended time with elevated inflammatory markers
and 3) radiographic damage (erosion of joint or reduction in joint space) [29]. For those with a
history of 5 or more joints, the features are the same except for the second one, which is posi-
tive rheumatoid factor or presence of anticyclic citrullinated peptide antibodies [29]. The clini-
cal scenario of systemic arthritis with active arthritis but without active systemic features has
only two features of poor prognosis: arthritis of the hip and radiographic damage (erosion of
joint or reduction in joint space) [29]. For sJIA with active systemic features but without active
arthritis the features of poor prognosis were defined as: 1) systemic disease being active for at
least 6 months (fever, elevated inflammatory markers), or 2) need for systemic GC intervention
[29]. The 2013 update used active joint count and physician’s global assessment to assist in
determining the need for specific interventions rather than the features of poor prognosis [30].

Each clinical scenario has described disease activity levels being low, moderate, or high.
There were specific requirements for each scenario, but common among them for low disease
activity was having a normal erythrocyte sedimentation rate or C-reactive protein level and
receiving a score below 2/10 on the patient/parent global assessment of overall well-being [29].
For moderate disease activity, each clinical scenario required that patients experience one or
more low disease activity criterion, but under three that were considered high disease activity
[29]. To be classified as high disease activity, among other specific criteria of each clinical sce-
nario, patients must have a doubled erythrocyte sedimentation rate or C-reactive protein level
compared to what is considered the upper limit of normal and have a score of 7 or higher out
of 10 on the physician global assessment of overall disease activity. Unlike with low disease
activity where all criteria must be satisfied, all but one of the criteria for a particular clinical sce-
nario could be satisfied. Systemic arthritis with active systemic features but without active
arthritis had two levels of disease activity, depending on the physician global assessment of
overall disease activity (above or below 7/10) [29].

A Systematic Appraisal in Juvenile Idiopathic Arthritis

PLOS ONE | DOI:10.1371/journal.pone.0137180 September 10, 2015 15 / 22



The ACR CPGs [29,30] made separate treatment algorithms for each of their clinical scenar-
ios. For a history of 4 or fewer joints, NSAID monotherapy is given initially to those with low
disease activity without features of poor prognosis (FPP) and to start on GC injections after 2
months if the disease activity (DA) remains or worsens. For any other combination of features
of poor prognosis (FPP) and disease activity (DA), the initial treatment is GC intra-articular
injections with NSAIDs as necessary. The escalation of treatment would lead to MTX as the
next step for any of these patients (with NSAIDs or GC intra-articular injections as necessary)
and then finally a TNFα inhibitor (with NSAIDs or GC intra-articular injections as necessary).
Among individuals with a history of 5 or more joints, MTX is recommended (with NSAIDs or
GC intra-articular injections as necessary) when there is high disease activity (DA) or moderate
disease activity with features of poor prognosis or after 1 month of NSAIDs for low disease
activity and features of poor prognosis or moderate disease activity and any prognosis [29].
After MTX treatment for either 3 or 6 months, depending on disease activity, a TNFα inhibitor
(with NSAIDs or GC injections as necessary) should be given. Finally, if after 4 months the dis-
ease activity is still moderate or high then a different TNFα inhibitor or abatacept should also
be prescribed in the place of the first one [29]. For systemic arthritis with active systemic fea-
tures, NSAIDs should be the initial intervention only if the physician’s global assessment is less
than 7 and the patient presents with fever, but has no features of poor prognosis. Otherwise
they should be started on systemic GCs (with NSAIDs as necessary). If fever continues, the
treatment is escalated to anakinra (with GC intra-articular injections or NSAIDs as necessary).
The treatment pathways are more complex in the 2013 update and the pathways depend on
the active joint count for determining the disease activity. With a lower joint count (no more
than 4) initial intervention will be either NSAID monotherapy or GC intra-articular injections,
but MTX or leflunomide will be the initial intervention when more than 4 joints have active
disease [30].

Discussion
Of the included CPGs for this critical appraisal, RACGP [28] and ACR [29,30] were found to
be of high quality and were recommended with or without modifications by all three apprais-
ers, but GKJR [27] was considered of lower quality. Clinicians must therefore use their discre-
tion in applying the recommendations from GKJR. Domains 1–4 generally had high scores for
all three CPGs; they concern scope and purpose, stakeholder involvement, rigor of develop-
ment, and clarity of presentation, respectfully. On the other hand, domains 5 and 6, which
address applicability and editorial independence, received the lowest scores as they were not
well addressed in any of the CPGs. The differences in the CPGs in terms of context, target audi-
ence, patient population and clinical scenarios made it challenging to compare the recom-
mended interventions. Furthermore, each CPG provided their own criteria for grading (i.e.
strength of recommendations and level of evidence) and used different scales (e.g. a 3-level or
5-level grading scale).

Assessment of the quality of the CPGs
The elevated mean score for scope and purpose (domain 1) was similar to what has been found
for reviews in rheumatology and various pediatric conditions [19,20,23,31,32].

RACGP [28] scored the highest for stakeholder involvement (domain 2) because it provided
more clear information about the CPG development group, the input of the target population,
and the CPG’s target users. Interestingly, this domain saw high scores for the CPGs, while
CPGs in adult rheumatology had lower scores [23,31,33], but high scores were seen in a review
of CPGs in pediatrics [32].
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For rigor of development (domain 3), a lower quality score was given to ACR [29,30] and
GKJR [27] for not providing clear strengths and limitations to the body of evidence (item 9).
Overall, RACGP [28] received a high quality score for receiving fairly high scores in all items
except 13 and 14. A similar review examining osteoarthritis also found scores for items 9 and
14 to be lower [19].

Previous reviews of CPGs in rheumatology and various pediatric conditions also gave high
quality scores for clarity of presentation (domain 4), whereas applicability (domain 5) consis-
tently received the lowest scores of all domains [19,20,23,31–33]. A great deal of time and
resources are required to develop a CPG and they should be reassessed every 3–5 years for
validity in order to remain up to date. The developers of the CPGs likely do not see it as feasible
to focus as much on applicability as other areas of CPG quality because it may involve monitor-
ing or auditing of the recommendations being implemented [28,34].

For the most part, the low scores for editorial independence (domain 6) were also consistent
with previous reviews in rheumatology [19,20,23,31–33].

Implications of the quality scores
Both ACR [29,30] and RACGP [28] were of higher methodological quality after assessment
using the AGREE II instrument and thus clinicians can trust the methodological quality of
these CPGs for use in practice [21]. RACGP [28] and GKJR [27] were specific in reporting
pharmacological interventions, but the quality and specificity of the reporting on non-pharma-
cological interventions was lacking. For example, both CPGs covering the non-pharmacologi-
cal management of JIA recommended exercise, which is far too broad of a category as it could
include resistance, aerobic, strengthening and other forms of exercise. Certain types of exercise
would be more beneficial while others may be more harmful for patients with JIA. A similar
problem was found when GKJR [27] referred to physical and occupational therapy as interven-
tions when those are professions.

Interestingly, RACGP [28] used the AGREE instrument as a guide for developing their
CPG. Of the included CPGs it received the highest overall quality score by all three appraisers
for this review. Certain recommendations in RACGP [28] for both pharmacological and non-
pharmacological interventions had lower grades because the CPGs used research on adults
with osteoarthritis or rheumatoid arthritis and extrapolated to the target population of patients
with JIA [28]. This led to lower recommendation grades, because of a lack of high quality stud-
ies available. A systematic review on intra-articular steroid injections for managing JIA indi-
cated a lack of RCTs using children with JIA and that any extrapolations from adult studies
must be done with care [35].

Recommended interventions
Due to the differences across CPGs in terms of context, target audience, and clinical scenarios
considered, the kinds of recommendations provided did not always overlap, so recommenda-
tions were summarized separately by CPG. For example, ACR provides recommendations on
pharmacological interventions specific for pediatric rheumatologists (e.g. DMARDs, biologics),
whereas RACGP had GPs as the target audience, thus the pharmacological interventions con-
sidered for recommendation were limited to initial interventions for low disease activity [28–
30]. This was also observed for a critical appraisal of CPGs for osteoarthritis in the knee, with
some providing very specific recommendations and others being more general [23]. Another
critical appraisal of CPGs for osteoarthritis found that combining recommendations from mul-
tiple CPGs was not possible due to elevated levels of variation [31].
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Among newly diagnosed patients, the RACGP CPG recommended that GPs provide
NSAIDs to reduce inflammation and pain [28]. As disease severity increases or after 4 weeks
from onset of symptoms the role of the GP is to refer the patient to a pediatric rheumatologist
for specific prescriptions of other pharmacological interventions [28]. Non-pharmacological
interventions should be implemented from the start of management of the disease from the
appropriate healthcare professionals based on the RACGP experts’ opinion [28].

Both ACR and GKJR provided recommendations for longer term and with specific clinical
scenarios in mind. The ACR clinical scenario of 4 or fewer active joints includes oligoarthritis,
which was one of the onset types with specific recommendations provided by GKJR. The initial
treatment of patients within this clinical scenario was similar in all CPGs, with NSAIDs being
recommended initially (for low disease activity but no features of poor prognosis in ACR). The
progression of treatment was similar between the GKJR and the ACR CPGs, which includes
the addition of GC intra-articular injections, and MTX as the next intervention [27,29]. Only
ACR recommended to switch to a TNFα inhibitor with NSAIDs and/or GC intra-articular
injections as required after either 3 or 6 months of MTX, depending on disease activity for
patients with a history of 4 or fewer active joints (which includes oligoarthritis in the GKJR
CPG) [29]. GKJR considered non-pharmacological interventions as well as pharmacological
interventions and suggested that throughout the progression of treatment, this patient popula-
tion should receive physiotherapy interventions [27]. ACR provided more detailed information
on pharmacological interventions as it considered an individual’s level of disease activity and
the presence or absence of features of poor prognosis [29]. In contrast, GKJR did not mention
features of poor prognosis in its recommendations and was inconsistent in providing details on
disease activity. For example, the recommendations for MTX and systemic GCs included
patients with highly active JIA and one of the three algorithms differentiated the pathway for
low and high disease activity, but the consensus statements for other pharmacological interven-
tions did not provide details on the level of disease activity [27].

The clinical scenario in ACR of a history of 5 or more active joints included polyarticular
JIA, as described in the GKJR CPG. While more details for the specific context (e.g. disease
severity and presence of features of poor prognosis) were provided by ACR, both CPGs indi-
cated a similar progression of treatment. The main differences were that for GKJR, a TNFα
inhibitor was to be added to the DMARD (preferably MTX) for high disease activity rather
than replacing the DMARD with a TNFα inhibitor as with low disease activity, and ACR rec-
ommends switching to a different TNFα inhibitor or abatacept after 4 months if disease activity
is moderate to high [27,29]. Physiotherapy interventions were the non-pharmacological inter-
ventions recommended for the entire progression of treatment in GKJR [27,29].

In the ACR CPG, the algorithm for sJIA with active systemic features but no active arthritis
focused on interventions to target the systemic symptoms starting with systemic GCs and then
anakinra later on. This specific type of sJIA was not considered in the GKJR CPG [27,29]. The
algorithm for treating sJIA in GKJR was similar to the clinical scenario presented by ACR for
sJIA with active arthritis. Following treatment with an NSAID and GC intra-articular injec-
tions, MTX is the recommended DMARD to add to the treatment. Next, GKJR recommended
adding a biologic, but ACR provides two possible interchangeable pathways: anakinra or a
TNFα inhibitor and then abatacept if disease activity is moderate to high after 4 months
[27,29].

Both the RACGP and GKJR [27] CPGs described non-pharmacological interventions, but
there was not always a clear description of the disease severity and stage of disease (e.g. acute
versus chronic). For GKJR, no specific details were provided for the broad disciplines of phys-
iotherapy and occupational therapy, which were listed as interventions [27,28]. In addition, the
recommendation grades for exercise were different between RACGP and GKJR, since GKJR
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[27] combined all evidence for exercise into one broad category while RACGP [28] separated
land-based and aquatic exercises. A Cochrane systematic review published in 2008 based on
three RCTs on exercise concluded that there were no statistically significant or clinically impor-
tant improvements for clinical outcomes with exercise interventions [36], yet GKJR was
published more recently and indicates there is high quality evidence to support a high recom-
mendation for exercise.

Limitations
The AGREE II instrument has undergone some revisions since the development of the original
AGREE instrument. One change was to use a 7-point scale for evaluating the items in the
domains instead of a 4-point scale. This may have been a limitation in assessing the quality of
the CPGs because the only well-defined points in the scale are 1 and 7 [21]. There is little to dis-
tinguish the values 3, 4, and 5, thus it may have introduced a potential risk of reporting bias.

In addition, the AGREE II instrument is limited in terms of the information that is in focus
for scoring the CPGs on the items in each domain. For example, GKJR [27] and RACGP [28]
were both providing recommendations on pharmacological and non-pharmacological inter-
ventions, but there is no distinction in the AGREE II quality assessment for different interven-
tion types, so appraisers had provided scores for each item for the CPG in its entirety, rather
than on specific sections (i.e. pharmacological and then non-pharmacological intervention
recommendations).

There was also a risk of selection bias because only studies published in English or French
were included. Finally, due to the low number of included CPGs, it was not possible to calculate
the intra-class correlation coefficient to determine the inter-rater reliability as the results would
not converge. The test was not sensitive enough to detect such a low number of items and the
assumptions of the reliability model were violated. However, by resolving the two medium dis-
crepancies found in the concordance calculator and by assessing the raw data scores, the three
appraisers maintained fairly consistent scores.

Conclusions
The ACR [29,30] and RACGP [28] CPGs were found to be of higher quality using the AGREE
II instrument while the GKJR [27] CPG was considered to be of lower quality. Future CPGs
should focus on improving the methodological quality, particularly for monitoring the imple-
mentation of recommendations and assessing the CPG’s impact. Recommendations varied
across the CPGs due to differences in context, target audience and patients’ clinical presenta-
tion of disease. Even though there was variability in CPGs, the progression of pharmacological
treatment did not seem to be in conflict between CPGs. RACGP and GKJR covered different
non-pharmacological interventions and the recommendations were vague. Overall, both phar-
macological and non-pharmacological recommendations were based on a paucity of evidence
and studies of weaker design. Therefore, there is a need for further research on interventions
for JIA in order to have higher quality evidence to ensure greater confidence for clinicians to
implement the recommendations of a particular CPG in rheumatology practice.
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