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Abstract
Background: Long-term consequences of active disease in juvenile idiopathic arthritis (JIA)
include persistent pain, disability and potential joint replacement surgery. The aims of treatment are
therefore clinically inactive disease (CID) and, ideally, sustained disease remission. This thesis set
out to understand CID and remission in JIA: how they are defined, how commonly they are
achieved, long-term outcomes following their achievement and whether they are associated with
factors early in disease.
Methods: The setting for this thesis was the UK Childhood Arthritis Prospective Study (CAPS),
the largest multicentre, prospective inception cohort of JIA globally. Children and young people
(CYP) were selected for each paper based on their dates of recruitment and categories of disease.
At one year following initial presentation to paediatric rheumatology, CYP were classified as to
whether they had fulfilled published criteria for CID. Initial analyses explored whether different
definitions for CID identified the same groups of CYP. Outcomes to five years were then compared
between those achieving all, some or none of the criteria for CID using multivariable, multilevel
logistic (absence of limited joints), linear (quality of life) and zero-inflated negative binomial
(functional ability) regression models. Finally, risk factors for remission (CID maintained over two
annual follow-ups) were explored using multivariable logistic regression models. Throughout,
multiple imputation under various assumptions was implemented for missing data.
Results: The majority of CYP in CAPS were female (65%) and had oligoarthritis (50%). Median
age at initial presentation was eight years (IQR 4, 12). At one year, fewer than 50% of CYP had
achieved CID according to published definitions. There was poor overlap (44%) between groups of
CYP identified by two validated definitions, whose main difference was the inclusion or exclusion
of patient-reported wellbeing. The odds of no limited joints in the long-term did not differ between
CYP fulfilling either definition of CID. However, CYP who achieved CID on scores which
included wellbeing had superior long-term function (OR for no disability: 2.5, 95% CI 1.8, 3.5) and
quality of life (β: 3.9, 95% CI 1.6, 6.2) to those who either did not achieve CID or only achieved it
using inflammatory criteria (i.e. had persistent symptoms despite the absence of inflammation).
Finally, there were few factors at initial presentation which were associated with remission.
However, greater improvements in both physician and patient-reported variables over the first year
following initial presentation were associated with higher odds of remission in the first three years.
Conclusions: The disease burden in JIA remains high with over 50% of CYP not achieving CID
within the first year of disease. Current definitions of CID available for use in clinical practice as
potential treatment targets do not classify the same groups of CYP and are associated with different
long-term outcomes. Further study is required to define the best outcome measures for CYP with
JIA.
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▪
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Journal Format
This thesis is written in journal format. The results chapters are therefore presented as
complete manuscripts, three of which have already been published at the time of
submission. Each results chapter therefore constitutes a separate paper, answering a
specific research question regarding the understanding of remission in juvenile idiopathic
arthritis. Corresponding journals were contacted for each published paper and no additional
permissions were required to reproduce the papers as result chapters in this thesis. Each
paper is formatted in the same style as the rest of this thesis to assist flow:

Section 6.1: Published in Seminars in Arthritis and Rheumatism
Shoop-Worrall SJW, L Kearsley-Fleet, W Thomson, SMM Verstappen and KL Hyrich
(2017). How Common is Remission in Juvenile Idiopathic Arthritis: A Systematic Review.
Seminars in Arthritis and Rheumatism, 47(3): 331-337.
Section 6.2: Published in Annals of the Rheumatic Diseases
Shoop-Worrall SJW, SMM Verstappen, E Baildam, A Chieng, J Davidson, H Foster, Y
Ioannou, F McErlane, LR Wedderburn, W Thomson and KL Hyrich (2017). How Common
is Clinically Inactive Disease in a Prospective Cohort of Patients with Juvenile Idiopathic
Arthritis? The Importance of Definition. Annals of the Rheumatic Diseases, 76(8): 13811388
Section 6.3: Published in Arthritis and Rheumatology
Shoop-Worrall SJW, SMM Verstappen, JE McDonagh, E Baildam, A Chieng, J Davidson,
H Foster, Y Ioannou, F McErlane, LR Wedderburn, W Thomson and KL Hyrich (2018).
Long term Outcomes Following Achievement of Clinically Inactive Disease in Juvenile
Idiopathic Arthritis: the Importance of Definition. Arthritis and Rheumatology [epub ahead
of print] doi: 10.1002/art.40519
The final results chapter (Section 6.4) has been prepared for planned submission to
Annals of the Rheumatic Diseases:
Shoop-Worrall SJW, SMM Verstappen, JE McDonagh, E Baildam, A Chieng, J Davidson,
H Foster, Y Ioannou, F McErlane, LR Wedderburn, W Thomson and KL Hyrich (2018).
Factors Associated with Remission in a Prospective Cohort of Patients with Juvenile
Idiopathic Arthritis: The Importance of Definition
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1 INTRODUCTION
Juvenile idiopathic arthritis (JIA) is the most common inflammatory rheumatic disease
affecting children and young people (CYP). Whilst the aetiology is unknown, certain
genetic and environmental factors have been reported to associate with the occurrence of
this condition. The features of disease in JIA are primarily the inflammation of one or more
synovial joints accompanied by pain and often limitation in function of the affected
joint(s). There are seven defined disease categories with distinct manifestations of disease,
including varying numbers of affected joints, serological abnormalities and specific extraarticular features such as psoriasis or enthesitis. If not controlled, chronic inflammation can
lead to cartilage erosion and the eventual destruction of joints that may require
replacement. In addition, long-term disease activity can result in functional limitations,
chronic pain and impaired quality of life.
The severe consequences of unresolved JIA lend the ultimate goal of treatment to be
complete remission. This would encompass the absence of inflammatory activity in
addition to the resolution of the symptoms associated with active disease. However, there
is no single gold standard test for remission. The heterogeneity in the features of JIA
disease activity has resulted in the development of many definitions for remission, which
each contain different components and have undergone variable levels of validation.
The ability to forecast disease course, including remission, would facilitate the early
stratification of treatment in JIA. CYP less likely to achieve these states with current
approaches to treatment could be targeted with more aggressive or alternative treatment
strategies. This would maximise the early benefit of treatment and minimise the risk of
adverse effects on cumulative, potentially unnecessary, therapies. The ability to measure
and predict remission would also facilitate communication with patients and their
guardians regarding expected outcomes.
It is currently unknown how many CYP with JIA achieve remission. Multiple definitions
exist and there has not been a systematic review of the overall achievement of remission in
JIA populations globally. Given the number of proposed definitions, each validated
separately and rarely against each other, it is also unclear whether these definitions identify
a common group of CYP, which would have implications for implementation in clinical
practice. This group should be common in terms of both current disease states in addition
to subsequent longer-term outcomes. Finally, few studies have assessed factors associated
with remission early in the JIA disease course. Thus, there is a general lack of knowledge
regarding how remission should be defined and the occurrence and predictors of remission
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in general practice. Given these challenges, this thesis set out to explore the achievement,
outcomes following and factors associated with remission states in CYP with JIA over the
first five years of disease following diagnosis. The overall format of the thesis will flow
according to Figure 1.

• Epidemiology and Outcomes in JIA
Chapter 2

•This section focuses on the disease occurrence and processes in JIA, including potential
treatment strategies. Outcomes measures are discussed, with a focus on measures of
clinically inactive disease and remission.

• Aims and Objectives
Chapter 3

• Methods
Chapter 4

•This section describes epidemiological principles considered when recruiting, selecting
and analysing patient data in this thesis. Statistical analyses implemented to answer study
aims and objectives are discussed.

• The Childhood Arthritis Prospective Study
Chapter 5

•The demographic, clinical and patient-reported characteristics of participants selected for
analyses in this thesis are described. In addition, missing data and differences in patients
lost to follow-up under different mechanisms are detailed.

• Results
Chapter 6

•Four manuscripts form the results chaper. These investigate the frequency of remission
across clinical cohorts and within the Childhood Arthritis Prospective Study. In addition,
long-term outcomes following, and factors associated with, remission are explored.

• Discussion
Chapter 7

•This chapter discusses the key results of the thesis, including their clinical implications.
Strengths and limitations of the analyses are examined, with reference to further research
prompted by this work.

• Final Conclusions
Chapter 8

• Appendices
Chapter 9

•Recruitment materials and questionnaires completed by both research nurses and
participants/families are detailed.

Figure 1. Overall flow of chapters in this thesis
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Chapter 2
Epidemiology and Outcomes in Juvenile Idiopathic Arthritis

This chapter discusses the background to the classification and epidemiology of JIA,
including risk factors for the development of this condition. Treatments are discussed with
particular reference to anti-rheumatic therapies and proposed treatment pathways.
Measures for assessing JIA disease activity, including single and composite outcome
measures and definitions of remission are described. The occurrence of remission is the
focus of a systematic review presented in Section 6.1; however reported predictors of
remission in JIA are reviewed.
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2 EPIDEMIOLOGY AND OUTCOMES IN JUVNEILE
IDIOPATHIC ARTHRITIS
2.1 What is Juvenile Idiopathic Arthritis?
Juvenile idiopathic arthritis (JIA) is a term used to describe a heterogeneous group of
disorders with an onset prior to a child or young person’s (CYP) 16th birthday. It is
characterised by chronic inflammation (≥6 weeks) in one or more joints, with unknown
aetiology 1. The inflammatory mechanisms of the condition, which affects primarily
synovial joints, have not been confirmed. However, affected joints are characterised by
increased volumes of synovial fluid, containing inflammatory cells such as neutrophils,
macrophages, dendritic cells and B- and T-type lymphocytes 2. The invasion of synovial
tissue by inflammatory cells and subsequent synovial cell hypertrophy and proliferation
may cause its expansion 3, which along with the effect of destructive enzymes, can lead to
cartilage and bone erosion with eventual destruction of the joint 4.
For some, JIA can be a relatively short-lived condition which responds easily to therapies,
resulting in early remission 5. For others, the disease can be more severe and persistent,
resulting in chronic pain, joint damage and disability which will continue into adult life 6,7.
The goal of treatment for JIA is remission, since continued disease activity is associated
with these poor long-term outcomes

4,6,7

. Currently, however, this state is not achieved by

all CYP 5 and it is not yet possible to identify, with certainty, who will achieve remission.
2.1.1 Classification of JIA
JIA is a clinical diagnosis based on a constellation of symptoms and signs. The
heterogeneous nature of the disease has prompted the development of classification criteria
to foremost aid research and communication, but which are also used to support clinical
diagnoses. Over the years, three different criteria have been proposed (Table 1), with the
current classification of JIA published under the auspices of the International League of
Associations for Rheumatology (ILAR) in 2001 1. In all cases, the criteria have largely
been driven by consensus opinion supported by clinical observations 1,8,9.
Juvenile Rheumatoid Arthritis (JRA)
The combination of signs and symptoms with which a CYP presents determines their JIA
‘category’ initially 1. In certain forms of the disease, inflammation is localised to one or
few joints and no extra-articular features are experienced (oligoarthritis). However, in
around 25% of cases, greater than five joints are affected (polyarthritis) and in around 5%
of cases, systemic manifestations such as fever, rash and splenomegaly may be
experienced 4. It was these differences in disease onset that, in 1972, initially led the
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American College of Rheumatology (ACR) to sub-classify ‘Juvenile Rheumatoid Arthritis’
(JRA), as it was then called, into three categories: ‘pauciarticular disease’, where fewer
than five joints were affected, ‘polyarticular disease’, where five or more joints were
affected and ‘systemic disease’, where fever accompanied arthritis

8

(Table 1). In this

original classification, psoriatic arthritis and enthesitis-related arthritis were not included.
Juvenile Chronic Arthritis (JCA)
At a similar time to the ACR (1978), the European League Against Rheumatism (EULAR)
also developed a classification system for ‘Juvenile Chronic Arthritis’ (JCA), as they
named it, that mirrored the ACR criteria but differed slightly in regards to the ‘systemic’
criteria, and added three additional disease categories. The EULAR classification further
separated CYPs that presented with enthesitis, sacroilitis and/or inflammatory bowel
disease (IBD) in addition to their arthritis as ‘enthesitis-related arthritis’ and also defined a
group with ‘psoriatic arthritis’ 9. The final category added by EULAR was a category for
CYP who did not fit into the other well-defined groups. They summarised this subgroup
succinctly as ‘undefined arthritis’ 9 (Table 1).
Juvenile Idiopathic Arthritis (JIA)
In later years, it became clear that an international, unified set of criteria was needed to
classify patients with JRA and JCA alike, as different classifications for the same disease
was complicating research and communication in this area

1,4

. In addition, subsequent

experience with JRA and JCA patients had demonstrated additional disease manifestations
and family history profiles commonly associated with the rarer EULAR categories.
Furthermore, outcomes for patients in both the ‘oligoarticular’ and ‘polyarticular’
categories tended to follow one of two vastly different disease courses 1. For these reasons,
in 1995, ILAR defined classification criteria for JIA through a consensus meeting between
12 paediatric rheumatologists representing four international rheumatology bodies:
EULAR, the Pan American League of Associations for Rheumatology (PANLAR), the
Asia Pacific League of Associations for Rheumatology (APLAR) and the African League
Against Rheumatism (AFLAR) 10. The latest revision of the ILAR criteria was published in
2004 1.
The development of the ILAR criteria for JIA involved combining, adjusting and building
on existing criteria. The ‘polyarticular’ group was split into two distinct new categories
based on a test for rheumatoid factor (RF), an autoantibody against immunoglobulin G
(IgG) 11. Patients who tested positive for RF tended to fare substantially worse than those
who tested negative for this autoantibody 4. In addition, patients with oligoarthritis were
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initially split into two distinct disease categories based on whether they experienced
persisting inflammation in fewer than five joints (‘persistent oligoarthritis’), or whether the
inflammation extended to five or greater joints (‘extended oligoarthritis’) after the first six
months of disease. The patterns of joint involvement in the two oligoarticular categories
were categorised into those involving i) only large joints, ii) only small joints, iii) large and
small joints with predominating in upper limbs, iv) large and small joints predominating in
lower limbs and v) large and small joints with no predominance. The initial classification
criteria suggested that joint involvement patterns i) to iv) were common in both ‘persistent’
and ‘extended’ oligoarthritis, with group v) only present in the extended phenotype

10

.

However, through further revisions of the criteria, the oligoarticular categories were
combined into a single category, with joint patterns changed to descriptors, to aid the initial
classification of JIA category within the first six months of disease. In addition, exclusions
were later added to avoid the misclassification of patients with high probabilities of
developing systemic, RF-positive polyarthritis, enthesitis-related or psoriatic JIA, which
may all initially present with fewer than five inflamed joints 1.
Further additions to the ILAR criteria focused on these rarer disease categories. The
EULAR classification criteria had sub-categorised patients into having a ‘definite’ or
‘probable’ diagnosis of systemic or psoriatic disease. The ILAR revisions removed the
classification of systemic JIA for CYP who had experienced systemic features without
arthritis, due to both the unfeasibility of continuing to monitor fever without providing
antipyretics and the potential for infectious or malignant disorders with these clinical signs.
Similarly, it was felt that a family history of psoriasis should be given equal weighting to
the clinical signs of dactylitis or nail abnormalities, which were the distinguishing features
between ‘probable’ and ‘definite’ psoriatic JIA . Therefore, a CYP can only currently be
classified as ‘having JIA’ or ‘not having JIA’, with no ‘probable’ intermediate until further
signs of disease have become established (Table 1).
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Table 1. Classification of juvenile arthritis according to ACR, EULAR and ILAR criteria
ACR (1972)8

EULAR (1978)9

Juvenile arthritis
classification

Juvenile
Rheumatoid
Arthritis (JRA)

Juvenile
(JCA)

Symptom
duration before
classification

6 weeks

3 months

Chronic

ILAR (1995)1
Arthritis

Juvenile Idiopathic Arthritis (JIA)

6 weeks

Category definitions
Systemic arthritis

Definite:

Definite:

Arthritis
accompanied by:

Arthritis accompanied by:

•

Persistent
intermittent
fever (103oF or
more daily)

Probable:
No arthritis:
•
•

Oligoarthritis

Fever
Rheumatoid
rash

Arthritis affecting
up to four joints.

•
•

Fever
Rash

Probable:
•
•
•
•

No arthritis
Fever
Rash
2 of 3:
o Generalised
lymph
node enlargement
o Hepatomegaly
or
splenomegaly
o Serositis

Pauciarticular arthritis: Fewer
than five joints affected at
disease onset

Arthritis preceded by fever that has
persisted for at least two weeks
Fever has occurred daily for at least three
days
Presentation with at least one of the
following in addition to fever:
•
•
•
•
•

Temporary erythematous rash
Generalised enlargement of
lymph nodes
Splenomegaly
Hepatomegaly
Serositis

the

Arthritis affecting under five joints in the
six months following disease onset
Split into two subcategories:
Persistent oligoarthritis:
•

Fewer than five joints are affected
throughout the course of the disease

Extended oligoarthritis:
•

Polyarthritis

Arthritis affecting at
least five joints

At least five joints affected at
disease onset

At least five joints are affected after
disease duration of six months

RF+ polyarthritis:
•

•

Arthritis affecting at least five joints
in the six months following disease
onset
A test for rheumatoid factor is
positive

RF- polyarthritis:
•

•

Arthritis affecting at least five joints
in the six months following disease
onset
A test for rheumatoid factor is
negative
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Enthesitis-related
arthritis

-

Juvenile
ankylosing
spondylitis (JAS): arthritis
accompanies by enthesitis or
sacroilitis
Arthritis with inflammatory
bowel disease (IBD)

Arthritis accompanied by enthesitis
Or arthritis or enthesitis accompanied by
at least two of:
•

•
•
•
•

Psoriatic arthritis

-

Definite:
Arthritis accompanied
typical psoriasis

Arthritis accompanies by psoriasis
by

Or arthritis accompanied by
three of:
•
•
•
•

Dactylitis
Nail pitting
Psoriasis-like rash
Family
history
psoriasis

Currently suffering from or history
of inflammatory lumbosacral pain
and/or sacroiliac joint tenderness
HLA-B27 antigen positive
Onset in male CYP over the age of
six
Acute anterior uveitis
History of first-degree relative
suffering from enthesitis-related
arthritis, ankylosing spondylitis,
sacroilitis with IBD, acute anterior
uveitis or Reiter’s syndrome

Or arthritis accompanied by at least two
of:
•
•
•

Dactylitis
Oncholysis or nail pitting
Family history of psoriasis in a firstdegree relative

of

Probable:
Arthritis and two of:
•
•
•
•

Undifferentiated
arthritis

-

Dactylitis
Nail pitting
Psoriasis-like rash
Family
history
psoriasis

Undefined arthritis

of

Arthritis that fulfils none of the criteria
for other categories or criteria for more
than one category

ACR: American College of Rheumatology, EULAR: European League Against Rheumatism, ILAR:
International League of Associations for Rheumatology, JRA: Juvenile rheumatoid arthritis, JCA: Juvenile
chronic arthritis, JIA: Juvenile idiopathic arthritis, CYP: Children and young people, RF: Rheumatoid factor,
JAS: Juvenile ankylosing spondylitis, IBD: Inflammatory bowel disease
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There continues to be much debate about the current classification of JIA, with disease
biomarkers such as anti-cyclic citrullinated peptide (anti-CCP), radiological findings and
specific joint involvements not taken into account in the ILAR classification, all of which
12,13

may potentially contribute to long term outcomes

. In addition, patients with persistent

or extended oligoarthritis or RF-negative polyarthritis who have positive anti-nuclear
antibody (ANA) tests have tended to have similar clinical characteristics

14,15

, suggesting a

grouping based on biomarkers rather than joint counts may exist. There is also mounting
evidence that the systemic form of the disease should not be considered JIA at all, and
constitutes a unique disease in its own right

16,17

. However, current epidemiological

evidence and treatment strategies largely focus on the disease categories defined by ILAR1.
2.1.2

A Common Comorbidity of JIA: Uveitis

In approximately 12%

18

to 30% of JIA cases

19

, patients will develop uveitis: a usually

asymptomatic inflammation of a structural component of the eye: the uvea 20. Uveitis can
present before or after JIA onset

21

and can affect one or both eyes

22

. Although the

majority of patients do not experience any discomfort due to uveitis, it can quickly become
sight-threatening in affected patients

22

. It is therefore essential that early access to

ophthalmology and anti-uveitis medications are available. In the UK, the current standard
recommendation is that all patients with suspected or confirmed diagnoses of JIA are
referred to ophthalmology for screening 23. Symptomatic patients or those with evidence of
cataract or posterior synechiae are urgently screened within one week of referral;
asymptomatic patients are screened as soon as possible but not longer than six weeks
following this referral. Ongoing screening is then undertaken at regular intervals based on
the age of JIA onset, ILAR category and ANA test results. Since younger patients, those
testing positive for ANA and those with oligoarticular, psoriatic or enthesitis-related
arthritis are at the highest risk 21, these patient groups are screened the most frequently 23,24.
2.1.3

Epidemiology of JIA

The estimated incidence and prevalence of JIA has varied between populations studied. A
recent systematic review reported the global annual incidence of JIA at between 1.6

25

and

23 26 cases per 100,000 CYP, with a pooled annual incidence of 8.3 cases per 100,000 CYP
27

. The rates did not seem to be systematically higher or lower in any particular country or

continent although the majority of populations studied were in Europe or North America 27.
Prevalence estimates had greater variation with between 3.8

28

and 400

29

cases per

100,000 CYP. The lowest of these estimates was from Eastern Asia and highest from
Australia. Variation in incidence rates is likely affected by region-specific disease

27

classifications, environmental or genetic factors, or access to rheumatologists which might
affect rates of diagnosis. Differences in how cases are ascertained for research purposes
may also have affected these estimates, with more accurate representations likely from
regions such as Scandinavia, where cases were identified at systematic health visits
encompassing developmental checks, preventative care and immunisation

27

. In addition

to these factors, prevalence estimates are likely affected by differing treatment regimens
across continents and, since specific ILAR categories are associated with greater longevity
of disease activity 5, distribution of ILAR categories.

The specific drivers of the

differences in both incidence and prevalence estimates across populations studied,
however, cannot be truly disentangled due to the different designs across studied, with
patient inclusion and exclusion criteria key to the eventual estimation of these parameters.
The most common category diagnosed, oligoarticular JIA, has an annual estimated
incidence of 3.7 cases and prevalence of around 17 cases per 100,000 CYP

27

. The

systemic form of the disease is relatively rare with a prevalence of 2.4 cases per 100,000
CYP and enthesitis-related and psoriatic JIA similarly at only 3.1 and 1.1 cases per
100,000 CYP, respectively

27

. In certain populations, enthesitis-related JIA has been

reported as the most commonly-presenting onset type with 37% of CYP with JIA in this
subgroup in Taiwan

30

. There is no current explanation for these differences, however,

they are likely due to population differences rather than study design based upon the
corroboratively high enthesitis-related JIA prevalence and relatively lower uveitis
prevalence in Asian countries, such as India, Korea and Japan, compared with Western
countries 30.
Whilst overall, JIA is known to more commonly affect females than males

27

, specific

ILAR categories are associated with differential gender distributions 4. For the majority of
categories, females are more likely to be affected with JIA; this can be up to three times
more for oligoarticular and polyarticular JIA

31

. However, in systemic JIA, females and

males may have equal risk of diagnosis 4, with the occurrence of enthesitis-related JIA in
males far exceeding that of females

32

. In Taiwan, the incidence and prevalence of JIA in

general has been reported higher in males than females
differential behaviour of the disease in this region.

20

adding more evidence to the

28

2.1.4

Environmental Risk factors for JIA

Many factors have been studied as possible risk factors for JIA; however, associations have
not always been very strong and much contradictory evidence exists. This section
summarises some of the evidence surrounding environmental risk factors for JIA. It is also
recognised that there is likely to be a genetic risk component to JIA 33, but this risk will not
be discussed further within this thesis.
a) Prenatal environment
As the host of the foetus, maternal exposure and health play large roles in the development
and postnatal outcomes of the unborn child. These exposures may be due to modifiable
factors, such as smoking status, or unmodifiable factors, such as the blood groups of
mother and baby. Few studies have focused on the risk of JIA with maternal factors, with
no consistent associations reported between JIA and maternal age
34-38

34,35

, maternal smoking

or non-tobacco air pollutants 39,40. However, recall bias may be evident when focusing

on maternal smoking. Given the evident risks of tobacco on multiple diseases such as
cancers

41-43

, cardiovascular, respiratory and musculoskeletal conditions such as

rheumatoid arthritis (RA) 44-46, this association bears further investigation.
b) Birth Factors
CYP born via caesarean-section (C-section) may have poorer outcomes than those born
through vaginal delivery

47-50

. One of the reasons cited for this association is the hygiene

hypothesis, discussed below. In accordance, two studies have reported an increased risk of
JIA in CYP born via C-section

35,50

. However, C-sections are often performed if there are

higher risks of complications for either the child or mother in waiting for, or during the
process of, vaginal-delivery birth

51

. It is therefore unclear if these increased risks of JIA

reported are due to the mode of delivery or a factor more intrinsic to either baby or mother.
c) Postnatal Environment
Breastfeeding
Since breast feeding transfers essential immune materials to the infant

52

, it may be

expected that breastfed CYPs may be less susceptible to the future development of an
immune-mediated disease such as JIA. There is mixed evidence for this potential
association across four case-control studies of similar size, with no risk difference (n=2)
36,53

and higher risk of JIA in non-breastfed babies (n=2)

54,55

reported. Recall bias and

recall accuracy potentially affected these cross-sectional studies that asked about past
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breastfeeding. These may be particularly evident with longer follow-ups, with CYP in one
study having JIA for up to ten years when their families were asked about the exact
duration of breastfeeding

36

. Therefore, breastfeeding cannot be excluded as a risk factor

for the development of JIA.
The Hygiene Hypothesis
The hygiene hypothesis proposes that CYP who are more exposed, at a younger age, to
potential pathogens have a boosted immune response because of early adaptive immunity
56

. It has been used to explain lower odds of developing JIA in CYP with siblings

compared with only children in two small case-control studies

57,58

. Conversely two far

larger studies have reported no associations between number of older siblings and JIA risk
35

and birth order in general and JIA risk

59

, with these yielding more compelling

conclusions due to the large sample sizes of over 3500 patients with JIA and 16500
controls combined

35,59

. Unlike breastfeeding, the exposure of sibling numbers should be

fairly accurate and less prone to recall bias. However, no studies have focused on siblings
and the risk of JIA from birth cohorts. Thus, selection bias may play a role in the types of
CYP studied for this hypothesis.
Infections and Vaccinations
Although the hygiene hypothesis may propose that CYP with greater exposure to
pathogens in childhood may be at lower risk of JIA onset
pathway to JIA onset is through early childhood infection

35

60

, an alternative proposed

. In a prospective register in

Sweden in over 3000 cases of JIA and over 13000 controls, 13% of patients with JIA had
been hospitalised for any infection during the first year of life, compared with just 7% of
the controls

35

. A seasonal effect has been observed

61

, with JIA occurring in areas where

outbreaks of particular viral or bacterial agents have been reported

62

. In addition, a dose-

response association appears to be evident, with both greater numbers of hospitalisation for
infections and a shorter time window following hospitalisation for infection associated
with higher risk of JIA 63.
Although reports of associations between JIA onset and seasons or pathogen outbreaks
may give credence to the theory of a viral pathogenicity to JIA onset, various studies have
also demonstrated no association between early hospitalisation with infection and JIA risk
34

, no association between rubella and JIA

64-66

and no difference in antibodies to

parvovirus between JIA and healthy controls 67, with speculation that the presence of viral
genomic DNA in patients with JIA may not be sufficient evidence of a viral mechanism to
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disease onset

67

. It may be that i) only a subset of CYP are susceptible to JIA after

infection, or ii) certain CYP are susceptible to both JIA and infection; there is no other
mechanism between the two 68. This latter theory has been proposed to explain the multiple
studies associating earlier 68 and greater exposure to antibiotics 68-71 and later JIA onset, as
well as exposure nearer to JIA onset 71.
Socioeconomic Status
Socioeconomic status, which may describe education and skills, occupation, income,
health deprivation, crime, barriers to key resources, living environments

72

or a

combination of the above, is an independent predictor of health across multiple diseases
73,74

. Those with a lower socioeconomic status are more likely to have poorer living

standards, working standards where employed, a greater number of chronic stressors in
everyday life and poorer health literacy

75

. In JIA, this may translate to many factors

mentioned in this passage, such as lower breastfeeding rates
exposure

75

, lower maternal age

more socially deprived families

78
79

76,77

, greater tobacco smoke

and increased numbers of siblings for CYP born into

. In concordance, a case-control study in 220 CYP with

JIA reported that those from high-income families had twice the odds of JIA (95% CI 1.2,
3.1) 58. However, this study did not adjust for maternal age, which may be both associated
with income, number of CYP and the development of autoimmune conditions, as
previously discussed, nor did it adjust for ethnicity.
d) Ethnicity
The majority of studies focusing on the risk of JIA among people of different ethnic
60

backgrounds have studied majority-Caucasian populations

. These studies generally

under-represent ethnic minorities which has been attributed to a higher risk of JIA in
people of European-descent

60,80,81

. This may be plausible given the lower JIA incidence

and prevalence rates in majority non-Caucasian populations, such as Japan
and Oman

84

82

, Kuwait

, although relatively high prevalence estimates were gained from Egypt

83
85

.

Differences in disease category risk may be evident among people with different ethnic
heritages, with an overrepresentation of systemic JIA in India

86

, RF-positive polyarthritis

in those with black African, African American, Caribbean or Native American origins
and enthesitis-related JIA in Eastern Asian populations
descent

80

30

80

and people of Eastern Asian

. That these categories are rarer forms of the disease and make up a larger

proportion of all JIA cases in these populations may partially explain the lower incidence
rates of JIA as a whole in these populations. However, there is evidence from studies in
non-rheumatological conditions to suggest that, in majority-Caucasian populations, ethnic
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minorities are underrepresented in research compared with the general population

87-89

.

Thus, differences in susceptibility may not be due to differences in ethnicity, but instead
differences in recruitment to research. This may be due to a lack of fluency in the given
language of the majority-Caucasian population combined with limited access to translation
services
studied

89-92
93-96

, a perceived stigma in participation or admission to having the condition

, the overlooking of religious or cultural sensitivities

with attending the study appointments

90,91,98-101

91,97

or logistical issues

. In addition, misconceptions from

healthcare providers that patients from ethnic minorities might not wish to participate
may find communication difficult
deviate from study protocol

104,105

102

, might not understand the research

103

102

,

or might

have also been identified as barriers to recruiting this

population subgroup.

2.2 The Treatment of JIA
There is no cure for JIA. The disease course is that of remission and relapse, with many
CYP still experiencing symptoms of the disease into adulthood 7. There are a number of
pharmaceutical and non-pharmaceutical therapies aimed at helping patients with JIA
achieve, and maintain, remission in addition to minimising the pain and disability
associated with this disease. Given the heterogeneity of JIA, not all CYP will require all
treatments. This section introduces the British Society for Paediatric and Adolescent
Rheumatology (BSPAR) Standards of Care, discusses the main pharmacological and nonpharmacological interventions used in the treatment of JIA and discusses the approach to
treatment of JIA.
2.2.1 Standards of Care
In the UK, standards of care, proposed by BSPAR, outline the minimum requirements of
care for every young person affected with JIA 24.
The first consideration for effectively managing JIA is the prompt recognition of the
condition in primary care and referral to specialist paediatric rheumatology services. The
standards of care require that any CYP with suspected JIA should be seen by paediatric
rheumatology within 10 weeks of symptom onset and within a maximum of four weeks
following referral

24

. This is particularly important given a proposed ‘window of

opportunity’ for effectively managing disease activity in JIA, discussed in a later section.
The heterogeneity in the signs and symptoms of JIA require that, upon referral to
paediatric rheumatology, every patient should have access to a multidisciplinary team. This
team should include nine core team members, including professionals from paediatric
rheumatology, ophthalmology, general practice and psychology. Additional support from
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seven alternative specialties may be required if clinically indicated, including community
nursing, play therapy, ophthalmology and orthopaedic surgery. Upon transition to adult
care, an adult rheumatology specialist with experience in adult JIA must be provided. In
addition to input from these specialties, patients and their guardians should take an active
role in the management of the disease (Figure 2). This includes being provided with all
necessary information to make informed choices and provide informed consent to any
interventional therapies. This information must be age-appropriate and consider the impact
of both their disease and treatments on their daily lives 24.

Figure 2. Members required for the care of patients with JIA. Adapted from Davies et al,
2010 24.
Prompt access to treatment is required by the standards of care, administered, and where
appropriate taught to be administered, by a paediatric specialist. Access to nitrous oxide,
general anaesthesia and/or imaging technology should be provided if necessary when
administering joint injections. In addition, to best control disease activity, and in some
cases to monitor therapies, regular, frequent appointments with paediatric rheumatology
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should be attended. The maximum limit for duration between appointments given by the
BSPAR standards of care is four months for patients with active disease, with prompt
access to further intermittent appointments available where required. In addition, a
paediatric rheumatology nurse-manned telephone line for non-urgent queries is suggested
24

.

The BSPAR standards of care for JIA are required to ensure consistent high-quality and
multidisciplinary care for all young people with JIA in the UK. Whilst these standards
provide frameworks for personnel and services that should be available, they do not give
guidance on which specific therapeutics or the pathways for therapeutics should be
provided for patients with JIA.
2.2.2 Pharmacological treatments for JIA
2.2.2.1 Non-steroidal Anti-inflammatory Drugs
Non-steroidal anti-inflammatory drugs (NSAIDs) are a common first-line therapy for JIA
due to their analgesic and mild anti-inflammatory properties

4

in addition to their high

tolerance in CYP 106. These drugs tend to suppress symptoms but have not been shown to
stop, or ‘modify’, joint destruction 4. To control JIA activity, further treatments are often
necessary either in combination with, or in place of, NSAID therapy.
2.2.2.2 Glucocorticoids
Glucocorticoid (or steroid) therapy may also be indicated for first-line use either as
monotherapy or in combination with NSAIDs

107

. In the UK, according to the National

Health Service (NHS) England treatment pathway for JIA, the initial treatment strategy for
all CYP with JIA is similar: at diagnosis, all CYP should receive steroids

108

. These drugs

are either administered directly into the affected joint via intra-articular injection or
systemically via intra-venous infusion or oral administration

109

. The BSPAR standards of

care require any steroid injections to be given within a maximum six week window
following informed consent to the treatment 24. However, a choice of intra-articular versus
systemic steroid therapy may be based on ILAR category; CYP with lesser joint
involvement (e.g. oligoarthritis) often receive intra-articular injections and those with
polyarthritis systemic steroids. Those with systemic JIA or the other rarer ILAR categories
may also receive systemic steroids to help control disease at initial presentation 108.
Steroids can be highly effective and have long-lasting effects

106

, with one study reporting

that 246 of 300 joints from a study population including patients of all JIA categories
(n=61) experienced inactive joint disease for at least six months following intra-articular
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steroids

110

. However, prolonged or repeated use of steroids is a concern due to adverse

effects associated with these drugs, including growth failure, cushing-oid features and
osteoporosis in the longer-term 4.
2.2.2.3 Conventional Synthetic Disease-modifying Anti-rheumatic Drugs
Conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) represent an
important class of medicines for JIA. These are prescribed to not only control the
symptoms of disease but also to modify the underlying disease process including the
control of inflammation and subsequent joint damage. Methotrexate (MTX) is regarded the
gold-standard csDMARD for JIA and is dosed according to the weight of the patient

4,111

.

For some CYP with enthesitis-related JIA, an alternative csDMARD, sulfasalazine, is
recommended

107

. However, in general, MTX is highly efficacious, with over 75% of

patients having improvement and controlled disease progression after two years of
treatment 106,112.
MTX is generally felt to be a safe drug. There is a concern regarding the possible toxic
effects of this drug on the liver, though paediatric patients seem to be at lower risk of
hepatotoxicity than adults with this medication 4. More commonly, gastrointestinal sideeffects, such as nausea, vomiting or diarrhoea, are experienced, affecting between 20% and
75% of patients

113,114

. Gastrointestinal side-effects appear to be ameliorated, in some

cases, with the use of subcutaneous rather than the more common oral administrative
approach, the use of antiemetics and behavioural therapies
will also develop anticipatory nausea to MTX

111,114-116

. However, some CYP

116

. These side-effects may affect quality of

life 117 and lead to non-adherence or even discontinuation of an otherwise effective therapy
114

.
2.2.2.4 Biological Therapies

Biologic therapies are the newest development in the treatment of JIA

4,118

. The first

biologic for JIA, etanercept, was licensed for this condition in Europe by the European
Medicines Agency (EMA) in February 2000

119

. It was accepted for NHS prescription in

the UK for the polyarticular category in 2002 by the National Institute for Health and Care
Excellence (NICE)

118

. Since then, further biologic agents have been licensed in Europe,

including an additional anti-TNF therapy: adalimumab, an IL-1 antagonist: canakinumab,
an IL-6 antagonist: tocilizumab and an anti-T-cell agent: abatacept for use in JIA

120

.

However, due to their efficacy in RA and other conditions, additional biologics are often
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used “off-licence” in CYP with JIA. These include the anti-TNF therapy infliximab, the
IL-1 receptor antagonist anakinra and the anti-B-cell agent rituximab 121.
In the UK, biologic therapies are largely approved for use after MTX has been tried
(Figure 3). They are often prescribed in combination with MTX to maximise efficacy

108
106

.

The choice of biologic therapy is usually driven by clinical factors, including ILAR
category and comorbidities, such as the presence of uveitis (where the first choice in UK
practices is adalimumab or infliximab) or macrophage activation syndrome (first choice
often anakinra instead of tocilizumab) 108,122.
Whilst biologic therapies have revolutionised treatment for patients who are refractory to
csDMARDs, they come at a high price. The individual drugs cost on average (currently
2018) £5000 to £10,000 per annum 123.
2.2.2.5 Approach to the Pharmacological Treatment of JIA
JIA is a heterogeneous disease and not all CYP will require all therapies. It is generally
accepted that CYP presenting with mild disease may only require NSAIDs, although
research from the UK has reported that fewer than 10% will receive this therapy in
isolation over the first three years following initial presentation to paediatric rheumatology
124

. In current practice, CYP with oligoarthritis are usually initially treated with IA steroid

injections, only proceeding to MTX where joints remain active or multiple injections are
repeatedly required. Those with polyarthritis are usually treated with MTX from the outset
of disease, often in combination with steroids. These patients may be escalated to biologic
therapies if refractory or cannot tolerate MTX

124

. Until recently, no specific treatment

guidelines existed in the UK. However, the increasing choice of biologic therapies
prompted NHS England to publish treatment pathways in 2015 to fill this gap
3).

108

(Figure
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Figure 3. Treatment pathways for patients with JIA in the UK. Adapted from NHS England interim policy statement 108.
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2.2.3 Non-Pharmacological Treatment of JIA
In addition to pharmacological interventions, many patients also benefit from nonpharmacological interventions such as psychological interventions or physical therapy.
These interventions are also important to control disease activity, improve symptoms and
promote rehabilitation and well-being in JIA.
2.2.3.1 The Treatment of Pain
One of the principal symptoms of JIA is pain 125. However, there are no current guidelines
for the management of either acute or chronic pain in JIA

125

. Pain can be associated with

inflammation and therefore controlled using anti-inflammatory medication previously
discussed. Principally, this is using NSAID therapies principally, which have analgesic
properties 125,126, with evidence that DMARDs may also reduce pain 127-129. Many patients,
however, develop chronic pain that persists despite the absence of active joints and raised
inflammatory biomarkers or tissue damage

125,130

, with between 40 to 90% of CYP

reporting pain even years after the initiation of anti-rheumatic therapies
ongoing pain in CYP may be temporarily controlled using opiates

133

131,132

. Whilst

, there is discomfort

among healthcare professionals about using these therapies in young people over a
sustained period of time, particularly with regard to dependence and ongoing side-effects
134

. However, since chronic pain in JIA is multifactorial and associated with many other

factors, including sleep, functional ability, health-related quality of life and fatigue

135-137

,

CYP with JIA and chronic pain require a multi-disciplinary approach that extends beyond
pain medications 24, such as physical, sleep and psychological therapies 125, discussed here.
2.2.3.2 Physical and Occupational Therapies
To aid recovery and maintain functional ability in affected joints as well as address the
biological processes of pain, all patients are recommended some form of physical therapy
for their JIA

24

. These are particularly important given that CYP with JIA tend to be less

physically active than their contemporaries, which may lead to muscle de-conditioning and
therefore additional disability and pain 138,139. Therapies targeting functional ability include
physical, occupational and self-management interventions

140

. The aims of these therapies

may be to restore mobility, improve stability or improve pain management. Techniques to
relax muscles and surrounding joints may include the use of hot packs, heated pools or
baths before joint mobilisation or manipulation 4. This joint mobilisation involves the
passive movement of the joint to anatomically correct positions. Cold temperatures may be
used to reduce inflammation and aid in the mobilisation techniques 4. Conversely to
relaxation techniques, exercise programmes may also aid in the range of motion of
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affected joints alongside reductions in pain

141-143

. Whilst the previously mentioned

techniques aid in generic pain management and mobility, occupational therapy provides
the CYP with exercises and aids to cope with specific tasks in everyday life. Occupational
therapists may provide the CYP with techniques or assistive tools such as pencil grips and
walking aids

4

. The benefits from the previously mentioned interventions can be

experienced in the short-term and may help the patient regain their normal activities.
However, other functional therapies, such as splinting and traction, aim to prevent poor
long-term outcomes, such as deformities from subluxation and ankyloses 4. Whilst these
interventions may substantially improve function and/or pain for CYP with JIA, they do
not address the psychological or psychosocial aspects of JIA morbidity that is not mediated
through biological processes.
2.2.3.3 Psychological Therapies
Access to psychological services is generally poor for CYP with JIA

125

, with increasing

development of internet-based therapies to aid pain management in the absence of
psychology referrals

125,144,145

. For CYP with JIA and chronic pain, psychology

professionals can provide counselling and education on self-management techniques

125

.

These techniques focus on two fronts: i) modifying behaviour of the CYP to better cope
with their pain and ii) modifying the CYP’s experience of pain when it arises. To these
ends, cognitive behavioural therapy, which focuses on both short and longer-term selfmanagement of pain, has proved successful for many CYP with chronic pain

146,147

including those with JIA 148,149. It is at these clinics, and those with occupational therapists,
that the link between sleep and pain can be adequately addressed, although the direction of
this relationship is unclear 125.
2.2.3.4 Surgical Interventions
For patients experiencing more severe symptoms where the therapies outlined above have
not adequately controlled disease activity and/or pain, synovectomy or reconstructive
surgeries may be appropriate. These more extreme interventions may be targeted at
preventing progressive synovitis and joint erosions, or restoring function if damage is
irreparable 4. Difficulties with skeletal growth in CYP with JIA must be taken into account
when considering surgical procedures affecting joints 4. An initial form of surgery, with
the aim of suppressing inflammation, is synovectomy. This involves the removal of
synovial membrane that has become inflamed 4. However, due to the size of the
instruments and difficulties in rehabilitating younger CYP, this form of surgery is not
indicated for CYP with JIA under the age of six years 4.
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Where joints have eroded or there is evidence of deformity, synovectomy may no longer
be a viable option to restore joint function. In these cases, reconstructive surgery may be
the final option to restore function and reduce pain associated with disease 4, including
osteotomy, arthrodesis and total arthroplasties, although total arthroplasties are relatively
rare in JIA 130,150.
2.2.4 Treatments for Uveitis
The treatment of uveitis is in parallel with that of arthritis. If uveitis is detected upon
screening, treatments for the acute stages initially include a combination of topical and
systemic steroids to reduce inflammation in addition to therapies to prevent adhesions
within the affected structures

151

. If the uveitis becomes chronic, the treatment pathways

are similar to those observed for joint-specific inflammation in JIA. Namely, progression
to MTX and then combination therapy with a biologic agent 22. As treatment pathways for
joint-specific inflammation differ across ILAR categories, the choice of treatment when
both arthritis and uveitis are present usually reflects the highest level of treatment required
to control both manifestations (e.g. if MTX controls joint activity but not uveitis, a
biologic therapy may be considered).
2.2.5 Goals of Therapy and Treating to Target
The goal of treatment of JIA is remission; however, there are currently no agreed measures
of remission for use in clinical practice to use as therapy targets

152

. For example, no

specific definition or measure of remission has been incorporated into the current NHS
England pathway for JIA 108 to assist treatment decisions .
In RA, treat to target (T2T) strategies have been proposed, studied in clinical trials and
introduced into clinical practice153,154. T2T involves defining a target disease state (e.g.
remission) and at scheduled interval assessments (e.g. monthly), it is determined whether
the patient has achieved that disease state. If the state has not been achieved, treatments are
escalated until the target state has been achieved. This could involve a combination of
increasing doses of existing therapies and/or switching to an alternative therapy (Figure 4)
154

.
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Figure 4. Basic framework for a treat to target strategy in inflammatory arthritis
T2T strategies have not yet been tested or implemented in JIA. Several publications have
proposed these strategies on the back of evidence in RA

152,155-158

. However, treatments

differ between RA and JIA, with JIA being a much more heterogeneous condition than
RA. Therefore, it is unclear whether this strategy will be as successful, or acceptable, in
JIA. In addition, it is unclear what the treatment target state should be for JIA. A vast
number of possible outcomes exist for monitoring disease in JIA. Similarly, several
composite outcome scores, discussed in a later section, have been developed although
many are not yet routinely used in clinical practice.
2.2.6

Summary: Treatments for JIA

Many pharmacological and non-pharmacological therapies are available for JIA. Broad
treatment guidelines exist which take on escalation strategies, where CYP are
progressively moved forward to more aggressive and/or targeted therapies once failing
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initial treatments. The current UK guidelines largely focus on pharmacological
management

108

. Although non-pharmacological management is included in the BSPAR

Standards of Care

24

, specific guidelines for when and how to integrate these practices

have not been published. In addition, the many symptoms of JIA that may require nonpharmacological therapies have not been addressed. The aims of treating the signs and
symptoms of JIA are to improve short and long-term outcomes. With an increasing choice
of therapies, the concept of precision medicine in JIA is attractive. To be able to truly
incorporate precision medicine into treatment guidelines, initial features of disease and
outcomes over the short and long-term should be considered. To understand if an
intervention is successful in a group of patients or whether a different approach is
warranted, consistent measurement of outcomes is necessary. This requires the
development of outcome measures that are applicable across the spectrum of patients with
JIA, who may differ physically, emotionally and sociologically. The next section will
discuss the outcome measures currently in use for JIA.

2.3 Outcome Measures in JIA
There is no single gold standard measure for assessing disease activity in JIA. The disease
symptoms are driven by underlying inflammation in the joints and other tissues or organs
and within this heterogeneous disease, the manifestations of active disease can be diverse
and can include patient symptoms (such as pain, fatigue), physical signs of disease (such
as joint swelling) as well as biological abnormalities (such as raised serum inflammatory
markers) 4.
Traditionally, the physical signs of disease, including abnormal biomarkers, have been
used in clinical practice as a basis for pharmacological treatment decisions, specifically in
terms of steroid and DMARD therapies 107. Patient-reported symptoms may be considered
contentious to use for this purpose due to i) Not being specific targets for therapeutics and
ii) Possibly not relating entirely to JIA

159

. However, these non-inflammatory outcomes

offer an insight into the impact of the disease on patients’ everyday lives in addition to
being potentially useful contributors to both pharmacological and non-pharmacological
treatment decisions

159

. To be able to monitor, communicate and act on any feature of

disease, standardised outcome measures are required.
Disease outcome measures in any condition are used for the primary purpose of
standardised monitoring of disease as well as outcomes in clinical studies. These measures
can assess a wide range of outcomes,

from purely clinical outcomes that must be

measured in a clinical setting e.g. blood biomarkers, to outcomes that may be outside of
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direct clinical control but have great impact on a patient’s everyday life e.g. wellbeing

160

.

As previously mentioned, the standardised use of outcomes measures is vital. This initially
allows clinicians to assess and communicate both current disease status and prognoses to
patients. Both parties can then make informed decisions regarding future treatment
strategies. In addition, the standardised use of outcome measures in clinical research
facilitates the monitoring and recording of disease across larger cohorts of patients in a
standardised fashion in order to facilitate direct comparisons of treatment efficacy (or
effectiveness) across study settings 161.
2.3.1

Development of an Outcome Measure: the Delphi Process and
Nominal Group Technique

The Delphi process and Nominal Group Technique (NGT)

162

are often used in the

development of outcome measures in addition to the creation of core data sets or
combining expert opinion for other purposes. These often follow initial focus groups with
a range of stakeholders, including patients and carers, healthcare professionals and
researchers 163,164. These qualitative sessions allow the exploration of the need for outcome
measures and the importance of different outcomes to the various stakeholders. This
should lead to greater confidence in the completeness of the initial long-list of potential
outcomes for consideration as part of a Delphi or NGT process 163.
Combining Expert Opinion: The Delphi Process
The Delphi process encompasses the completion of iterative questionnaires by an initially
remote respondent group (academics/healthcare professionals/patients/carers) who then
meet to consolidate generated ideas. The goal of this process is to combine expert opinion
in a consensus-based manner by first generating a long-list of potential items for core
outcome sets, questionnaires or composite outcome measures

162,165

. This list is eventually

condensed through multiple rounds of anonymised voting regarding items to include or
exclude from the core outcome set, questionnaire or composite outcome criteria 162. Whilst
in practice, there are multiple methods of completing a Delphi process, the same iterative
structure can allow the collation of opinions from experts across multiple areas into the
development of such resources. This may be independent of, or in combination with,
statistical techniques to validate new outcome definitions against existing measures 161.
Combining Expert Opinion: Nominal Group Technique
Nominal group technique (NGT) is similar to the Delphi process in that consensus opinion
is sought from experts. However, there are substantial differences between the two
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processes. Unlike Delphi, the NGT process is always set within a face to face meeting.
Generation of ideas, like Delphi, are initially completed independently. This takes place
silently in a face-to-face meeting, with each respondent generating ideas, for example a list
of potential items to include in a core outcome set or composite measure. Each respondent
then reads out one idea in turn until no further components are raised. At this stage, either
the same group or a new group of experts feeds back on each idea raised, with discussion
to focus on clarifying the meaning of each item and evaluating whether the item is suitable
for inclusion. Voting is then completed to form a consensus on which items to include in
the final outcome set or measure 162.
The NGT process may build upon results from a Delphi process, with experts joined in a
face-to-face setting once the selection of measures to include has been completed. In this
setting, NGT could be valuable in deciding how the single outcomes selected should be
combined or scored for the final composite measure

161

. In addition, these groups could

come to consensus on how to test the utility of the completed measure
without statistical input

161

165

, again with or

. However, both Delphi and NGT methods have limitations

which may restrict their utility in the development of core outcome sets or outcome
measures.
Limitations of Delphi and Nominal Group Techniques
The Delphi and Nominal Group Technique processes are excellent methods to combine
judgement from multiple sources of individual experts. These are particularly helpful in
exploring the underlying assumptions driving respondent judgement and to synthesise
informed judgement on a given topic

162

. However, for the creation of core outcome sets

and outcome measures, they have limitations both in theory and in practice. The theories
of both processes rely on expert judgement being the best available evidence to answer a
specific question. However, all forms of expert judgement are prone to biases such as
confirmation bias, selection bias, small samples sizes from which opinions are formed and
the lack of control for confounding factors

166

. In summarising the effectiveness or safety

of particular therapies, expert opinion, gained through anecdotal evidence, is deemed by
NICE to be a ‘very low’ quality form of evidence 167 and lies near the bottom of evidence
hierarchies

166

. This may also apply to the development of core outcome sets or measures

where any form of published evidence available in human participants regarding the
capture of specific disease constructs or prediction of outcome by measures of disease may
be appropriately deemed better quality evidence than expert opinion. In theory, experts
from a range of sources, such as physicians and allied healthcare professionals, researchers
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in the field and patients and carers, would form the respondent group. This would allow
the different users of the questionnaire or outcome measure to influence which items are
most important from their perspective, the reasoning behind their choices and potential
issues surrounding feasibility. However, in practice, Delphi processes have traditionally
been dominated by physicians 161,165,168, with changes in more recent years moving toward
the greater inclusion of the patient/carer viewpoint

169-171

. Even when limiting the

respondent group to physicians only, the results of the Delphi process will only have
internal validity within this small group. Further opinion is often not sought from external
potential respondents

162

and thus the generalisability of expert opinion gained through a

Delphi process is limited. When meeting face to face, dominant personalities may skew
consensus results. In addition, the hierarchy within the profession may lead some
individuals to agree with more senior experts, against their own judgement. Finally, the
process of providing feedback between sequential questionnaires has been reported to
influence the results of the subsequent questionnaire

172

. Scheibe et al

173

provided false

feedback to respondents and reasoned that one of the following three options would be
taken in response to this feedback i) The feedback would be ignored, ii) The feedback
would be rebelled against by voting more extremely to influence the results to their view
and iii) The feedback would be conformed to. The third option was taken most frequently
173

, thus even the internal validity of results from Delphi or NGT processes is questionable.

Statistical Approaches to Core Outcome Set or Outcome Measure Development
An alternative or complementary approach to consensus-based techniques for core
outcome variables (COVs) or outcome measure development is through statistical means.
This can be completed where current evidence or single outcome measures exist regarding
the capture of specific disease constructs of interest. Following the selection of an initial
long-list of items to include, short-listing and developing the final core set or composite
measure may take a stepwise or comparative approach, with different forms of the final set
tested against existing measures. This could take the form of stepwise regression, item
response theory analyses or testing receiver operating characteristics 174. Whilst consensusbased methods incorporate items important to the parties invited to participate, statistical
methods may develop a measure that more accurately represents the construct of interest
175

without the biases involved in anecdotal evidence. Care should be taken that the models

developed are feasible to implement in the desired setting

176

and validation methods of

acceptability, discriminant abilities between different states of the construct and future
outcomes, reliability and feasibility should be tested as with those developed under
consensus-based techniques.
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2.3.2 Development of an Outcome Measure: Outcome Validation
Once a core outcome set or measure has been created, it should be tested to determine
different elements of applicability, or ‘validity’. Capture or achievement of the outcome in
question may differ depending on the investigator, patient or disease characteristics in
different populations. In addition, whilst the core set or outcome measure may have
seemed reasonable to the respondents in Delphi/NGT processes, it may not be seen to
capture all important elements of the underlying construct. However, where important
elements are captured, they must also be deemed clinically feasible to implement. For
these reasons, new outcome measures should undergo a validation process.
Several international groups have aimed to improve the development and reporting of
outcome measures, such as the Core Outcome Measures in Effectiveness Trials (COMET)
177

, Consensus-based Standards for the selection of health Measurement Instruments

(COSMIN) 178 and the Patient-Centred Outcomes Research Initiative (PCORI) 179. Specific
to rheumatology, Outcome Measures in Rheumatology (OMERACT) have produced a
development and validation guide for core outcome sets and measures, which, although
intended for use in clinical trials, are widely available for application by research
investigators outside of this team in observational research

180

. Overall, the measurement

properties of the instruments should be of a high standard and fulfil several criteria (Table
2).
Outcome measures should, firstly, truly measure the construct that they intend to capture.
This can be assessed through face and content validities in conversations with patient
groups and other stakeholders. Outcome measures should also be able to discriminate
between different severities of the outcome at a static state and over time. These comprise
construct and criterion validities, assessed through comparison to other measures of the
same construct

180,181

. However, these validities are concerned principally with the

sensitivity of the outcome measure in question: Does this outcome measure capture a
disease state in patients who are truly affected by the state in question? They do not assess
the specificity of the outcome measure: whether people who do not have the disease state
are identified as such. Classification and responsiveness validities therefore not only assess
whether patients are accurately classified into construct groups, but whether these groups
are clinically meaningful. In addition, reliability requires the production of consistent
scores when measured by different investigators across different recipients, measured
using inter-rater and test re-test reliabilities

180,181

. Finally, feasibility validation is

concerned with whether it is appropriate to use the outcome measure in practice when
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knowledge of the outcome would be clinically useful. This is multifactorial and takes
health economics, time and ease of completion and any potential risks to the target
population into account 180,181 (Table 2).
The types of validation and reliability assessments described are vital to ensure the
applicability of outcome measures. When outcome measures accurately capture static
states and clinically important changes across samples of patients in which they were
developed, these are said to have ‘internal validity’. However, to be truly generalisable, a
measure should be able to demonstrate sufficient accuracy, reliability and feasibility in a
population external to that it was created in: external validity.
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Table 2. Validation processes
Validation type

Description

Potential tests of validity

Face validity

Whether the outcome components seem
reasonable to the target population

Qualitative assessments by service
users and providers

Content validity

i)

Qualitative assessments by service
users and providers

Construct validity

Criterion validity

Classification

Responsiveness
Reliability

Feasibility

Whether the most important aspects
of the outcome, according to the
target population, are being captured
ii)
Whether each component captures a
distinct element of the construct
iii)
Whether the format of the test is
acceptable to capture each element
of the construct
Whether the outcome converges or diverges
from other measures of the same construct

Whether patients with the same construct are
classified similarly using a gold standard
(sensitivity)
i)
Whether
the
measure
can
discriminate between patients with
and without the construct of interest
ii)
Whether
the
measure
can
discriminate between clinicallyrelevant construct states in terms of
prognosis
Whether the measure is sensitive to change in
the underlying construct
i)
Whether the measure similarly
classifies
patients
where
the
construct has not changed
ii)
Whether the measure classifies
patients into similar construct
categories between investigators

Whether it is appropriate to use the outcome
measure where knowledge of the construct is
clinically useful. Incorporates:
i)
Health economics
ii)
Time to train and complete
iii)
Ease of completion
iv)
Potential risks to the target
population
ICC: Intra-class correlation coefficient

Pearson’s or Spearman’s correlations
182

0.0 to (-)0.3: Negligible
(-)0.3 to (-)0.5: Low
(-)0.5 to (-)0.7: Moderate
(-)0.7 to (-) 0.9: High
(-)0.9 to (-)1.0: Very high
Sensitivity of ≤0.5 no better than
chance. Approaching 1.0 has perfect
sensitivity 183
Specificity of ≤0.5 no better than
chance. Approaching 1.0 has perfect
specificity 183
Longitudinal analyses for prognoses.

Intra-class correlation coefficient
(ICC) 184:
≤0.5: Poor reliability
0.5 to 0.75: Moderate reliability
0.75 to 0.9: Good reliability
0.9 to 1.0: Excellent reliability
Cohen’s Kappa:
<0.0: Poor agreement
0.0-0.4: Slight to fair agreement
0.4 to 0.6: Moderate agreement
0.6 to 1.0: Substantial agreement
Qualitative interviews with service
users and providers
Health economic analyses
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The various outcome measures currently in use for JIA have not undergone every process
in the validation pathway and many, including the core outcome set, were published before
recommendations by OMERACT had been published. However, the majority used
routinely in clinical practice and/or research have undergone at least partial validation
under the methods described. Challenges have arisen in multiple areas. One of the main
issues is that gold standards outcomes are rare in JIA. In accordance, new outcome
measures would not need to be developed if an adequate, feasible and affordable gold
standard was already in common practice. In these situations, ‘concurrent validity’ has
been substituted for criterion validity in order to assess whether similar CYP are identified
by measures designed to measure the same construct e.g. against other measures of the
same construct or disease process 181. The components of the outcome measures are tested
occasionally for face validity, but rarely in the true target population. Many outcome
criteria have only been tested for face and content validity by target investigators, i.e.
healthcare professionals, rather than the target recipients themselves 161,165,168,185,186. One of
the other major issues surrounds feasibility of testing; when diseases are rare, fewer and
smaller patient groups are available for both internal and external validation of outcome
measures. In addition, testing a new measure that may be vital for understanding the JIA
disease process takes time for clinicians to learn and even more time to incorporate into
their busy clinics. For this reason, retrospective datasets or data from existing clinical trials
are often used as an easily accessible source of data to test both internal and external
validity

168,181,187

. Selection bias in these cases may play a role in the non-applicability of

some outcome measures in the general clinic population. Despite these issues, there are a
set of core outcome variables that are routinely collected in JIA

161

. The combinations of

these single items into composite outcome criteria may yield improved assessment of JIA
for both clinical and research purposes.
2.3.3

Single versus Composite Outcome Measures in JIA

Single outcome measures for JIA capture individual disease features. This may include the
measurement of a single item, such as the number of active joints, or multiple items within
a single outcome measure, such as multiple areas of function for a total functional ability
score. These are valuable to assess the current state of disease activity and/or the impact of
disease on a patient’s daily life. Single outcome measures may therefore prompt the
consideration of specific treatment pathways by paediatric rheumatologists, such as
DMARD therapy for joint inflammation, as indicated by a high active joint count, or
referral to physiotherapy for poor functional ability 4, as measured by the Childhood
Health Assessment Questionnaire (CHAQ)

188

. However, considering each measure in
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isolation does not provide a complete picture of the disease or its impact on a given CYP.
Composite outcome measures have therefore been developed, combining single outcome
measures into scores or classification criteria to capture multiple elements of disease in a
single measure.
2.3.4 Single Outcome Measures in JIA
2.3.4.1 Core Outcome Variables in JIA
There are many potential measures of outcome in JIA. However, in 1997, in response to
the lack of consistent outcome reporting across clinical trials in JIA, Giannini et al.
proposed a combination of COVs for this disease

157,161

. The selection of outcomes to

include in the core set was completed using a Delphi process among a group of physicians.
No patients or allied healthcare professionals were included. In brief, clinical experiences
of the group of physicians were used to condense a long-list of outcomes that had already
been used in clinical trials to a short-list and then to the final core outcome set for JIA,
which included six measures (Box 1) 161:
Active joint count
Limited joint count
Erythrocyte sedimentation rate (ESR)
Physician’s global assessment
Parental global assessment
Functional ability (using the Childhood Health Assessment Questionnaire: CHAQ)

Box 1. The Core Outcome Variables for JIA, as defined by Giannini et al 161
Active and Limited Joint Counts
Active joints are defined as swollen joints not caused by underlying deformity or joints
with limitation of motion in addition to tenderness, pain or heat 8,189. These are considered
one of the cardinal signs of JIA and contribute to the diagnosis and disease classification,
felt to be a key manifestation of joint inflammation. Following periods of low disease or
clinically inactive disease (CID), active joints may be one of the primary signs of a disease
flare 190.
In contrast to the swelling, heat and/or tenderness associated with active joints, joint
limitations may be evident in the absence of these features 165,191,192. Joint range of motion
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may improve over time with effective anti-rheumatic therapies

192

but may persist in CID

due to structural changes as a result of previous inflammatory disease activity 191.
ESR
As an acute phase reactant, erythrocyte sedimentation rate (ESR) is considered an
objective biomarker of inflammation

157

. It is measured by recording the speed of

sedimentation of aggregated erythrocytes in blood plasma, with higher values indicative of
inflammation

193,194

. ESR values correlate only moderately with other features of disease,

flare of disease and its impact in CYP with JIA 190,195. This may be due to ESR capturing a
unique aspect of JIA not observable through other means of observation, or the capturing
of inflammation due to causes other than JIA. Since ESR is a generic marker for
inflammation

157

, raised ESR observed in clinically inactive disease

196

may indicate

underlying persistent activity or may be raised for reasons unrelated to JIA, such as
infection, renal disease or obesity

197

. Another limitation is that in attaining a value for

ESR, blood must be taken. This procedure is often stressful, particularly in younger CYP
157

, and may not be considered routine in CYP with milder disease, or those not on

medications, such as MTX, that require blood monitoring 198.
Physician’s Global Assessment of Disease Activity
Most frequently scored on a 100mm visual analogue scale (VAS) 157, or alternatively using
Likert scales with interval scores

199

or ordinal measures

161,200

,

the physician’s global

assessment is intended to give an overall picture of the physician’s opinion of disease
activity in JIA 157. The anchors at each end of the 100mm VAS are ‘no activity’ (at 0mm)
and ‘maximum activity’ (100mm) 160. There is currently no standardised method for which
manifestations of disease or test results physicians should consider when scoring or what
level of disease each value on the scale represents. This has led to some variability in the
score among children and adults with perceivably similar disease states or within the same
patient when assessed by two physicians 201,202.
The physician’s global assessment is driven by features of disease observable or reported
by patients at clinical appointments. It may therefore not encapsulate features of disease
experienced outside of clinical appointment or the impact of disease on the patient. This
score has been previously reported to correlate strongly with features of inflammation,
such as joint count, and is highly responsive to changes in disease activity, but is less
highly correlated with patient-reported outcomes such as pain 199.
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Patient/Parent Global Assessment of Wellbeing
The patient/parent global assessment of wellbeing is similarly scored on a 100mm VAS.
This measure is intended to give an overall picture of wellbeing rather than disease
activity from the point of view of the patient rather than the physician

157

. Therefore, the

anchor at 0mm represents ‘very good’ wellbeing with a score of 100mm representing ‘very
poor’ wellbeing

160

. This measure correlates with, and is moderately responsive against,

other features of disease activity 203,204. Where physicians’ and parents’ global scores have
been reported discordant, physicians tended to score higher than parents in the presence of
active joints and parents scored higher than physicians in the presence of greater pain
and/or functional disability

160

. These global scores therefore likely capture different

constructs and are both necessary to monitor the full impact of JIA on a given CYP.
The Childhood Health Assessment Questionnaire
The final core outcome criterion in Giannini et al.’s core outcome variable set is functional
ability

161

. Although multiple tools and measures have been developed for assessment of

functional ability in CYP with and without JIA
in JIA is the CHAQ

188

205-210

, the most commonly used measure

. No formal statistical or Delphi procedures were undertaken to

develop the questionnaire. Instead, a single study group derived and adapted this
questionnaire from the Stanford Health Assessment Questionnaire (HAQ), which assessed
functional ability in adults with RA

211

. Both the CHAQ and the HAQ comprise eight

domains of function: dressing and grooming, arising, eating, walking, hygiene, reach, grip
and activities. These are designed to cover the extent of activities that can be expected to
be completed by a healthy person on a daily basis. In addition, sections on aids and
devices, including the need for help from another person, are available for each domain.
There are four possible options for each question within the eight domains on the HAQ,
ranging from ‘without any difficulty’ to ‘unable to do’ (scored between zero and three,
respectively)

211

. A fifth, ‘not applicable’, option was added to the CHAQ for young CYP

who cannot be expected to complete certain tasks due to their age, for example ‘do
household chores’. The highest score for any question within each domain then represents
the domain-specific score. If help from an aid, device or person was needed for a particular
domain, the domain-specific score is changed to ‘2’ if below this value using the domainspecific questions alone. The domain specific scores are then summed to produce a score
out of 24, then divided by eight to give a final score (0 to 3). Higher final scores therefore
represent poorer functional ability 188,211.
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Other modifications of the CHAQ from the HAQ include the addition of activities
applicable to a younger audience, such as ‘writing or scribbling with a pencil’ in the ‘grip’
domain, which had previously only asked about car doors, jars and taps

188

. In addition,

certain questions were rephrased for a younger audience: The HAQ question regarding
‘reaching…a 5lb object (e.g. a bag of potatoes)’ was adapted to ‘reach…a heavy object
such as a large game or books’. Finally, where the HAQ was to be self-completed, the
CHAQ is designed for proxy completion. Thus, the questions have been reworded from the
first to third person (e.g. ‘can you’ versus ‘can your child’) 188,211.
Although it is possible to achieve scores along the entire scale from 0 to 3 on the CHAQ, it
has a known flooring effect where scores cluster near zero

212

. In relation to this

phenomenon, CHAQ scores are poorly 204,213 to moderately 214,215 responsive to changes in
the disease over time, with limited ability to detect improvements in CYP with mild
disability

216

. However, the CHAQ has been reported to be highly reliable, is relatively

quick to complete and has been translated into many languages for use worldwide 217.
2.3.4.2 Other Outcomes in JIA
Although the COVs, as previously discussed, encompass objective and subjective
measures of disease activity in addition to the impact of the disease on function and
wellbeing, several additional outcomes are assessed regularly in JIA. This section
summarises the main other outcomes which will be used and/or discussed in later sections
of this thesis.
CRP
Similar to ESR, C-reactive protein (CRP) level is an acute phase reactant and therefore
elevated results of this test represent systemic rather than cause-specific inflammation

185

.

The choice of ESR rather than CRP as the acute phase reactant to include in the COV set
likely relates to the date of development of the core outcome set, which predated the
widespread use of CRP in clinical practice. In addition, unlike ESR, different assays for
CRP have different cut-points for ‘increased’ values. However, there is high correlation
with active disease for both CRP and ESR 218.
Morning Stiffness
Stiffness in the joints in the early morning period after waking is a typical characteristic of
inflammatory arthritis

219

. The presence of prolonged morning stiffness is usually

associated with active disease
during waking hours

219

220,221

, typically improving upon movement of the joint(s)

. Decreases in the duration of morning stiffness or its loss entirely
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222,223

are associated with reductions in inflammation
where disease flares are evident

190

, with high sensitivity to change

. Several outcome measures have therefore employed a

maximum time-period of morning stiffness to reflect a period of CID. However, the
specific length of time chosen to reflect this disease quiescence is questionable

165

, with

two published definitions suggesting time periods of fewer than five 221 and 15 minutes 185
as suitable. However, quantifying the exact number of minutes of morning stiffness, or
even its presence or absence in general, is challenging in certain patients with JIA. In
particular, very young CYP or those with complex needs may not be able to verbalise the
duration or presence of morning stiffness, and guardians may not be able to assess the
duration in cases where CYP are not yet walking

157

. In addition, morning stiffness may

persist, in some cases, after inflammation has been controlled where joint damage has been
sustained

224

and therefore may not be suitable as the basis for pharmacological anti-

rheumatic medication treatment strategies.
Pain
One of the core symptoms of JIA is pain

134,225

but a measure of pain specifically is not

included as a JIA core outcome variable. In outlining the COVs for JIA, Giannini et al
suggest that the inclusion of self-reported pain in the preliminary RA core outcome set
drives its inapplicability for CYP with JIA. This is cited as due to the “measurements
[being] compromised due to age-related cognitive problems.”

161

. It is unclear why, if

Giannini et al considered younger people an unreliable source of pain assessment, a
guardian assessment was not included instead as had been done for well-being. As a
primary feature of JIA, pain can be limited to a single joint, spread to surrounding areas
near to the joint or become more widespread. It can last for only a short period (acute
pain), for example while a joint is inflamed but quickly resolve with effective treatment
and/or can continue to persist (chronic pain), even in the absence of inflammation 225,226.
Measuring pain in CYP with a chronic disease such as JIA is challenging. Given the
multifactorial nature of pain, any assessment of this symptom should include biological,
psychological and psychosocial assessments. This could include a history of pain in
addition to comprehensive assessment of the location, duration and experience of pain,
pain-related behaviours, the impact of pain on the CYP’s daily life and wellbeing and the
social context within which the CYP is living

130,227

. However, no formal assessments of

pain are routine in JIA, with many of the listed factors overlooked even when this
important issue is raised. The most commonly used tools for measuring pain (in clinic or
research) are unidimensional and include i) The Faces Pain Scale in younger CYP aged

54

between three and seven years old, and for older CYP and young people either a ii) visual
analogue scales or a iii) numeric rating scale 226,228.
The Child Health Questionnaire: Health-related Quality of Life
The term ‘health-related quality of life’ (HRQoL) has previously been used
interchangeably with functional ability in JIA

229

. However, HRQoL is more than just

physical impact of disease and considers the multidimensional psychological impact of
disease on both wellbeing and function. This could be driven by limitations in physical and
mental health in addition to the social impact of the JIA from a CYP’s perspective

229,230

.

To truly capture quality of life that relates to the specific disease in question, measures of
HRQoL have consistently included both physical and psychosocial elements.
The Child Health Questionnaire (CHQ) 188 is one measure specifically designed to capture
HRQoL in CYP. It has been developed for CYP aged five to 18 years, with completion by
the CYP themselves after the age of 10. It comprises 15 subscales in two broad categories:
physical health and psychosocial health

188

. Ten of the 15 subscales are used to form both

the summary physical and psychosocial health score, with the other subscales excluded
due to further development: physical functioning, social limitations (emotional and
physical), pain and discomfort, general health perceptions, parental impact (emotional and
time), self-esteem, mental health and behaviour 188,231. The mean of items in each subscale
is transformed to a 0 to 100 (100 denotes better health) scale using formula 1 below 231:

𝑨𝒄𝒕𝒖𝒂𝒍 𝒓𝒂𝒘 𝒔𝒄𝒐𝒓𝒆 (𝒎𝒆𝒂𝒏)−𝑳𝒐𝒘𝒆𝒔𝒕 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒓𝒂𝒘 𝒔𝒄𝒐𝒓𝒆
𝑷𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝑹𝒂𝒘 𝑺𝒄𝒐𝒓𝒆 𝑹𝒂𝒏𝒈𝒆

𝒙 𝟏𝟎𝟎

(1)

Each subscale is then standardised using Z-scores with data from the representative
population. Z-scores are created using formula 2 below:

𝑺𝒖𝒃𝒔𝒄𝒂𝒍𝒆 𝒔𝒄𝒐𝒓𝒆−𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒎𝒆𝒂𝒏
𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏

(2)
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Once Z-scores have been created for each subscale, psychosocial and physical health
summary subscales can be aggregated. Each Z-score is multiplied by a ‘weighting
coefficient’, also provided for a standard population, and then summed for the preliminary
physical and psychosocial scores. Weighting coefficients are different between physical
and psychosocial summary scores to allow for the up-weighting of physical impact for the
former and psychosocial impact for the latter summaries. These preliminary scores are
then transformed to a norm based scoring system using formulas 3 and 4 below:

𝟓𝟎 + (𝒑𝒓𝒆𝒍𝒊𝒎𝒊𝒏𝒂𝒓𝒚 𝒑𝒉𝒚𝒔𝒊𝒄𝒂𝒍 𝒔𝒄𝒐𝒓𝒆 ∗ 𝟏𝟎)

(3)

𝟓𝟎 + (𝒑𝒓𝒆𝒍𝒊𝒎𝒊𝒏𝒂𝒓𝒚 𝒑𝒔𝒚𝒄𝒉𝒐𝒔𝒐𝒄𝒊𝒂𝒍 𝒔𝒄𝒐𝒓𝒆 ∗ 𝟏𝟎)

(4)

Means and standard deviations from the representative sample can then be used to
ascertain how physical or psychosocial scores of a study sample, say of CYP with JIA,
compare to the general population

231

. For example, it is common to use a cut-off using

this standardised scale of two standard deviations below the population mean to denote
poorer versus better psychosocial health 188,231.
The CHQ has good classification validity, with ability to discriminate between healthy
CYP and those with JIA; CYP with JIA score substantially lower than healthy CYP,
particularly those within the systemic, polyarticular and extended oligoarticular onset
categories across the 15 CHQ domains 188. In addition, within JIA, CHQ scores across the
majority of domains were able to discriminate between CYP with differing levels of
functional ability

188

. However, the scoring system is complex and would likely need

embedding into an electronic clinical record, further time or personnel to calculate the
score for each CYP.
2.3.4.3 Summary: Single Outcome Measures in JIA
The list of COVs and other single outcome measures in JIA presented is not exhaustive but
represents the main measures in regular use for CYP with JIA, either in a clinical or
research setting. There are other scores and measures than have not been described, but as
they are not discussed again in this thesis or used routinely with the UK NHS, they will not
be discussed further.
The measures presented are useful to understand current levels of disease activity or the
impact of disease on the CYP. However, individual measures of disease fail to capture the
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multidimensional aspects of JIA, particularly if only a selection of measures is presented in
any individual patient or within an individual research paper. Many composite scores for
disease activity have therefore been developed.
2.3.5

Composite Measures of Disease Activity in JIA

The Juvenile Arthritis Disease Activity Score
Development
The Juvenile Arthritis Disease Activity Score (JADAS)

232

, was published in 2009. The

JADAS score is intended to describe current levels of disease activity at a given time
point. It includes four of the COVs in JIA

: active joint count, physician’s global
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assessment, parental global evaluation and ESR . These were chosen by nine paediatric
rheumatologists based on existing evidence that the final two COVs, limited joint count
and functional ability, were affected by disease damage rather than purely inflammation
195,232

. Other items considered for the JADAS but not incorporated included pain, deemed

to be represented by the parental global assessment, swollen and tender joints, measures
more common in RA, deemed to be represented by active joint count, and HRQoL, since it
is influenced by factors unrelated to disease activity 195,232-234.
There are currently three JADAS scores available for use in clinical practice (Box 2). The
JADAS10 includes up to 10 active joints but does not specify which joints to include. If a
greater number of joints are active, the active joint score is capped at 10. The JADAS71
includes a 71 joint count from standard JIA practice 232 (Figure 5.a) and for the JADAS27,
a 27 reduced joint count is used

232,235

(Figure 5.b). ESR values under 20 are given a final

score of zero. Scores exceeding 20 (truncated at 120) are transformed using the formula in
Box 2 to produce a final value of between zero and 10.
Definition
JADAS10: Active joint count (using any 10 joints) + PGA (10cm) +PGE (10cm) +

(𝒕𝒓𝒖𝒏𝒄𝒂𝒕𝒆𝒅 𝑬𝑺𝑹−𝟐𝟎)

JADAS27: Active joint count (using 27 joint count) + PGA (10cm) + PGE (10cm) +
JADAS71: Active joint count (using 71 joint count) + PGA (10cm) + PGE (10cm) +

Box 2. Calculating JADAS10, JADAS27 and JADAS71 scores 232

𝟏𝟎
(𝒕𝒓𝒖𝒏𝒄𝒂𝒕𝒆𝒅 𝑬𝑺𝑹−𝟐𝟎)
𝟏𝟎
(𝒕𝒓𝒖𝒏𝒄𝒂𝒕𝒆𝒅 𝑬𝑺𝑹−𝟐𝟎)
𝟏𝟎
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a)

b)

Figure 5. a) 71 joint count for the JADAS71/cJADAS71 b) 27 joint count for the
JADAS27/ cJADAS27
Validation
The total highest scores possible for the JADAS10, JADAS27 and JADAS71 are 40, 57
and 101, respectively 236. Correlation of the scores with other outcomes in JIA were largely
similar across the three JADAS options, at between r=0.5 and r=0.51 against CHAQ scores
to r=0.76 to r=0.78 against restricted joint count

232

. In addition, all scores could

discriminate between patients who had experienced different levels of response from a trial
of meloxicam and naproxen and a trial of MTX. Finally, strong responsiveness to clinical
change was demonstrated

232

.

The Clinical Juvenile Arthritis Disease Activity Score
Development
One of the challenges in applying the JADAS in route clinical practice is that many CYP
do not routinely have blood taken to measure ESR

198

. To overcome the limitations with

including ESR in the JADAS tools, a modified clinical JADAS (cJADAS), which
excluded ESR, was developed

198

and further validated

186

. The cJADAS also has three

versions using the 10, 27 and 71 joint counts (Figure 5; Box 3).
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Definition
cJADAS10: Active joint count (using any 10 joints) + PGA (10cm) + PGE (10cm)
cJADAS27: Active joint count (using a 27 reduced joint count) + PGA (10cm) + PGE (10cm)
cJADAS71: Active joint count (using a 71 joint count) + PGA (10cm) + PGE (10cm)

Box 3. Calculating cJADAS10, cJADAS27 and cJADAS71 198.
Validation
Scores on these three measures total 30, 47 and 91, respectively

236

. The cJADAS

demonstrated excellent correlation with the original JADAS, with correlation coefficients
exceeding 0.9 across all ILAR categories

198

. In addition, moderate to high concurrent

validity was demonstrated for the cJADAS score against other assessments of disease
activity (r=0.5 against limited joint counts and pain to r=0.8 against active joint count).
However, poor concurrent validity was demonstrated against ESR (r=0.3).198 In terms of
feasibility, in a prospective inception cohort of 956 CYP, the full JADAS could be
calculated in 37%, compared with 58% on the cJADAS at initial presentation to paediatric
rheumatology 198.
Interpreting the JADAS or cJADAS score
It is not clear currently how often the JADAS or cJADAS scores are being used in clinical
practice and in part this is related to the fact that until recently it has not been possible to
interpret the score in relation to what entails high or low disease activity. The score is also
not linked to any specific treatment pathway or treatment decisions. The next section of
this thesis considers composite definitions of disease state, including CID and remission as
well as minimal disease states. Where JADAS or cJADAS score cut-offs have been
proposed, these will also be discussed.

59

2.4 Composite Measures for Assessing Disease State in JIA including
Remission, Clinically Inactive Disease and Minimal Disease Activity
Measuring remission in JIA is effectively an extension of measuring disease activity, since
remission, by definition, is the absence of disease activity. A single instance of this state,
in JIA, has been termed CID. After achieving CID, disease activity may flare or CID may
persist. Persisting CID over a length of time defines remission. If a CYP remains on antirheumatic therapy, this is then classed ‘remission on medication’ (CRM), with maintaining
CID without the use of pharmaceuticals, ‘remission off medication’ (CR), the current
optimal outcome in JIA 237.
In a heterogeneous disease such as JIA, ruling out absolutely all signs and symptoms of the
disease would require a huge wealth of data including many biological and imaging tests
plus patient-reported measures to assess the psychosocial impact of active disease

165

.

Currently, such tests either do not exist or are not feasible to implement in every patient.
Therefore, determining states of CID and remission are currently based on assessments of
the COVs and/or using composite outcomes as surrogates for the absence of disease.
Due to the heterogeneity of the signs and symptoms of JIA and the lack of a gold standard
test for remission and its associated states, multiple criteria sets have been developed and
validated 165,168,185-187.
2.4.1 Clinically Inactive Disease
2.4.1.1 Wallace’s Preliminary Criteria for Clinically Inactive Disease, 2004
Development
The first composite score for CID, Wallace’s preliminary criteria, was created as the use of
biologic therapies became more widespread for JIA and remission-like states became more
common for patients with this condition. The authors identified that recently published
papers had rarely used the same outcome definitions, and therefore aimed to create a tool
that could be used in a standardised manner across paediatric rheumatology clinics; this
tool therefore needed to include components that were feasible to collect in routine clinical
practice 165.
The initial long-list of components to include in the CID criteria set was developed using a
Delphi process. Paediatric rheumatologists who were members of five rheumatology
societies and organisations were asked to suggest variables for inclusion in a composite
measure of CID. Components that were suggested by over 80% of participants were
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carried forward straight into the definition for CID. Those suggested in between 10% and
80% were carried forward for further discussion at a consensus conference attended by 20
senior paediatric rheumatologists. The definition that was decided upon by the end of the
conference included five physician-assessed components. However, these were designed
for patients with select categories of JIA, with the authors noting that several disease
features of the rarer categories were not taken into account 165 (Box 4, Table 3).
Definition
CID: No active joints, no systemic features, no active uveitis, normal ESR or CRP (if both
tested, both must be normal) and a score of 0cm on the physician’s global assessment of
disease activity.

Box 4. The definition of CID according to Wallace’s preliminary criteria 165.
Validation
The validation process for CID according to Wallace’s preliminary criteria was performed
according to the OMERACT filter. For the truth domain, face and content validity were
tested in an audience of approximately 250 paediatric rheumatologists across 34 countries.
The authors state that i) the consensus conference and ii) the suggestion that elements of
other published criteria for CID were included in the final set, as evidence of face and
content validity

181

. It is unknown how acceptable these criteria are to patients. Construct

and criterion validities were not tested for the CID definition.
For the discrimination filter, classification validity was not tested for CID versus active
disease. Responsiveness of the measure was tested to see if CYP could shift from CID to
active disease within a time course. This was tested in the same three clinics as previously
described

238

and demonstrated that CYP could experience multiple episodes of each

disease state. Whilst the authors attributed these results as evidence of responsiveness to
the natural history of JIA

181

, they did not test other parameters of disease to ascertain if

the ‘flares’ corresponded with worsening in other signs and symptoms of the disease.
Thus, responsiveness to change was not demonstrated. Finally, reliability was assessed for
a proportion, but not all, of the components of the criteria set, but clinicians did not
independently apply the whole set to the same CYP

181

. Therefore, the reliability filter for

the criteria set as a whole was not met.
The final OMERACT filter is feasibility

180

. The authors state that during the Delphi

process, the participants were mindful to create a criteria set that fulfilled the feasibility
filter. However, since clinicians (and no other parties) assessed the full set outside of this
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consensus meeting, it is unclear if the feasibility validation filter has been met

181

. For one

component, ESR, further work has shown that this measure is not feasible to use in every
CYP, since ESR is not routinely collected in all patients with JIA 198.
Strengths and Limitations
As the first composite set of criteria for CID in JIA, Wallace’s preliminary criteria
identified the first partially-validated state to use as a potential treatment target. The
Delphi process was far-reaching in terms of variety of paediatric rheumatology
professionals across the globe and an attempt was made to validate the criteria both
internally and externally across OMERACT filters

181

. However, many of the validation

filters were not met. The altering of the criteria for validation purposes precludes the
original definition from validation. Finally, at no point in the development or validation
process were patients and/or their guardians consulted.
2.4.1.2 ACR Provisional Criteria for Clinically Inactive Disease, 2011
Development
Several years after the publication of Wallace’s preliminary criteria

165

, an update to the

criteria was provided: the ACR provisional criteria. The reason for the update of the
criteria is unclear, only that a phase III trial of infliximab

239

“indicated that changes be

made…to maximize validity” 185.
To develop these new updated criteria, 60 patient visits (out of 1096) from the infliximab
trial 239 were extracted for the study; all had low or no disease activity. The authors do not
discuss the implications of not including CYP with moderate or high disease activity in
this exercise. However, these patients would have undoubtedly been useful in assessing
discriminant validity of the new criteria set. Forty paediatric rheumatologists rated the low
or inactive disease visits as being in CID or active disease using both physician and
patient-reported variables from the trial: active joint counts, limited joint counts, duration
of morning stiffness, physician’s global, parental global, functional ability, pain and four
laboratory assessments: ESR, platelets, haematocrit and white blood cells

185

. A forward

stepwise logistic regression model was then used to select the set of variables that were
independently (p<0.05) associated with the physician’s ‘gold standard’ rating of CID. The
new model was then tested against the physician likelihood rating via receiver operating
characteristics. A final modification was then made after assessing face and content
validity of the model with the physicians previously involved in the development of this
and/or Wallace’s preliminary criteria (Box 5, Table 3) 185.
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Definition
CID: No active joints, systemic features or uveitis, normal ESR or CRP (if elevated, not
attributable to JIA), zero on the physician’s global assessment and morning stiffness ≤15
minutes.

Box 5. Definition of CID according to the ACR provisional criteria 185.
Validation
Face and content validity of the final ACR provisional criteria were tested according to the
judgement of 60 paediatric rheumatologists, all of whom had been involved in the process
of creating the new 2011 criteria (n=40) or Wallace’s preliminary criteria (n=20)

185

.

Whilst this filter may have been met, external judgement from both healthcare
professionals who were not involved in the process in addition to the patients themselves
may have strengthened this assessment. Criterion and classification validities were tested
via sensitivity, specificity and receiver operating characteristic values of area under the
curve compared with ‘gold standard’ physician likelihood ratings. Whilst specificity
against the physician’s original judgement was 100%, sensitivity was only 33%. Thus, in a
CYP with clinically inactive disease, this criteria set performs worse than chance at
identifying them in a physician-assessed state of CID. The criteria were then altered to
include changes to the definition of uveitis, normal ESR and morning stiffness but this test
was not re-examined. Therefore, the intermediate criteria had high classification validity,
but poor criterion validity. Since the analyses for testing criterion and classification
validity do not appear to have been repeated in the updated criteria set, they are unclear for
the final ACR provisional criteria. Feasibility, inter and intra-rater reliability were not
tested for the these provisional criteria 185.
Strengths and limitations
The ACR provisional criteria

185

provided an update to Wallace’s preliminary criteria

165

,

which clarified elements that were unclear in the previous set, such as ‘no uveitis’ and
‘normal ESR’. However, the addition of morning stiffness appears to have been a
statistical, rather than clinical judgement. This has compromised the feasibility of
implementing this outcome measure in clinical practice, with morning stiffness not easily
collectible in all patients, particularly those of young age

157

. As with Wallace’s

preliminary criteria, patients and/or guardians were not included in the development or
validation process. Only physicians have judged these states and formed the bases of these
criteria. There are additional issues with using purely physician judgement in the
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development of this criteria set. Physician judgement was used as ‘gold standard’ for CID.
However, models were based on those same physician judgements. It stands to reason that
a model based on physician judgement will show good agreement with the original
judgement. Thus, whilst criterion and classification validities have been reported for the
intermediate criteria set, these should be taken with caution. External physician judgement
would have been preferable, however this is also not a ‘gold standard’, nor even a
desirable option as a comparator, given the variation and unreliability of ‘expert opinion’
in the hierarchy of evidence

166

. To have developed the optimal ‘gold standard’ based on

available evidence would have entailed estimating a set of criteria that resembles a state of
absent disease activity and predicts optimal outcome in JIA from available, published
literature.
2.4.1.3 Defining Clinically Inactive Disease using the JADAS, 2012
Development
In response to the lack of patient/parent measure in Wallace’s preliminary criteria

165

,a

cut-off of the JADAS was proposed as an alternative definition of CID, since the JADAS
incorporates both physician and patient/parent assessments

240

. This cut-off was selected

based on a comparison with CID on Wallace’s preliminary criteria using a threshold of
90% specificity under receiver operating characteristic analyses

165,168

and on whether the

CYP had oligoarticular or polyarticular course JIA (Box 6, Table 3). The definitions of
oligoarthritis and polyarthritis used were not defined using ILAR classification 1. Instead,
patients with persistent oligoarthritis fell into the former category and those with systemic,
RF-negative or RF-positive polyarthritis were deemed ‘polyarthritis’. CYP in the
remaining ILAR categories were classified according to whether they had fewer than
(oligoarthritis group) or greater or equal to (polyarthritis group) five joints affected during
their course of disease.
Defining cut-offs through comparison with existing criteria sets meant that JADAS cutoffs were based on published evidence rather than consensus through Delphi. Although
this may represent a preliminary stage of criterion validity, to truly validate the cut-off in
this domain would have required testing in an external dataset. However, no external
validation was performed against this definition 240.
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Definition
CID: Total JADAS score ≤1 for both oligoarticular and polyarticular course JIA.

Box 6. Classifying CID according to the JADAS
Validation
Both internal and external validation for construct validity and external validation for
classification (discriminant) validity for CID cut-offs on JADAS scores were performed.
Initially, the authors state that a sensitivity of >75% against CID on Wallace’s preliminary
criteria was sufficient to determine face validity. Meeting a sensitivity of >75% against
this criteria set demonstrates good criterion validity. However, these cut-offs were not
assessed by patients or parents and therefore their acceptability in this context are
unknown.
Good construct validity of the cut-offs was demonstrated through observing increases in
the proportion of patients classified as having achieved CID on the JADAS through
different levels of response to infliximab in the development dataset

168

. In an external,

cross-sectional population of CYP with JIA for at least five years at two Italian clinics

241

,

the proportion of CYP with CID was compared with binary measures of functional ability
200,242

, joint damage 243,244 and quality of life 245. A greater proportion of patients with good

function , no joint damage and higher quality of life were demonstrated to be in JADAS
CID compared with those with poor function, joint damage and poorer quality of life 168.
In a sample of patients from the investigators’ clinics, good classification validity of the
cut-offs was suggested in that a greater proportion of CYP who achieved CHAQ 188 scores
of zero at their last follow-up (78% CHAQ=0), or CID according to Wallace’s preliminary
criteria

165

(42% in Wallace CID), had JADAS CID at their initial visit compared with

CYP who had not been in JADAS CID (54% CHAQ=0, 28% Wallace CID)

168

. In

addition, in a population of 177 patients with polyarticular JIA with radiographic imaging
data

246

, CID on the cJADAS during follow-up was associated with lesser radiographic

damage at three years (median cJADAS 1.3 for initial CID versus 7.8 for no CID)

168

.

Neither inter or intra-rater reliability, nor feasibility analyses, were tested for the cut-offs.
Therefore, partial validation of the scores has been completed.
Strengths and Limitations
Since the original JADAS tool does not contain components measuring extra-articular
features such as enthesitis, psoriasis or systemic features, these features may persist in
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CYP classified in CID. However, the inclusion of the physician and parent global
assessments within the JADAS tool may, at least partially, take these features into account.
In accordance, the inclusion of both physician and patient/parent-reported outcomes allows
the cut-offs to define a disease state that may be relevant to both parties in the clinic.
Although the types of validation were limited, good classification validity was observed
not just for a single time point, but in longer-term longitudinal studies of multiple
outcomes. The JADAS cut-points therefore identify clinically-relevant disease states in
terms of patient outcomes. However, the limitations in feasibility of this instrument
prompted the development of cJADAS cut-points 186.
2.4.1.4 cJADAS Cut-offs for Clinically Inactive Disease, 2014
Development
The same dataset of patients in which the JADAS cut-offs had been developed was used to
develop those on the cJADAS. Patients were classified into oligoarticular and polyarticular
course JIA as per the JADAS cut-offs tool. However, for unclear reasons, patients with
systemic JIA with active systemic features were excluded from this analysis 186.
Conversely to the JADAS cut-off, that on the cJADAS for CID was gained through
comparisons with CID according to the ACR provisional criteria (Box 7, Table 3) 185,186.
Definition
CID: Total cJADAS score ≤1 for both oligoarticular and polyarticular course JIA.

Box 7. Classifying CID according to the cJADAS
Validation
The authors state that face validity of the cut-offs was gained through ensuring that a
minimum sensitivity of 75% was evident compared with the proxy development measures.
However, like the JADAS cut-off, demonstrating a sensitivity of >75% suggests good
criterion validity.
Further validity was tested in two samples of patients from the authors’ clinics. These two
samples comprised a longitudinal inception cohort of patients observed for two years

247

,

the second a cross-sectional study of patients with at least five years of disease duration
241

. Construct validity was tested with measures used in routine clinical practice: physician

and parent global assessments, parents’ satisfaction with their CYP’s current disease and
pain in the first sample of incident cases. For all of these measures, better outcomes were
progressively experienced across high disease to CID. For example, the percentage of

66

parents satisfied with their CYP’s disease outcome increased from 27% from those with
high disease activity to 95% of those in CID. Similarly, the median pain and parental
global evaluation scores were both median 5cm for high disease activity (IQR pain 3, 7;
IQR parent global 5, 7) and 0cm for those in CID (IQR pain 0, 0; IQR parent global 0, 1).
In the second sample of prevalent cases, classification validity was tested against poor
versus good functional ability
244,249

200,242,248

and the absence versus presence of joint damage

. Good classification validity was demonstrated with ten times the odds of CHAQ≠0

in high disease activity (95% CI 5, 22) compared with CID and six times the odds of a
non-zero score on the Juvenile Arthritis Damage Index focusing on articular features
(JADI-A) (95% CI 2.8, 13). However, no significant differences in CHAQ scores (p=0.48)
and JADI-A scores (p=0.31) were observed between patients having fulfilled CID versus
low disease activity cut-offs.

Feasibility, inter and intra-rater reliability were not tested

for these cut-offs.
Strengths and Limitations
Although feasibility testing has not been completed for the cJADAS cut-offs, all elements
of the cJADAS are easily acquired in routine clinical practice. However, like the JADAS,
specific cut-offs or additional factors were not added for patients with systemic, enthesitisrelated or psoriatic JIA, in addition to those that may experience uveitis. The cut-offs
developed for CID underwent several different external validation procedures and were
reported to have good construct and classification validity. No patients or physician
external to the study were reported to have been consulted on this topic. It is therefore
unclear if the measure is acceptable to these groups.
2.4.2

Definitions of Remission

2.4.2.1 Wallace’s Preliminary Criteria for Remission on and off Medication,
2004
Development
In addition to developing a definition for the state of CID, Wallace et al. also developed
definitions for remission on medication and remission off medication using similar
processes as previously described. The latter two states are mutually exclusive. However,
both remission on and off medications involves first achieving CID, with time and
medication requirements for remission on and off medication 165 (Box 8).
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Definition
Remission on medication: Clinically inactive disease maintained for six months on
medication.
Remission off medication: Clinically inactive disease maintained for 12 months whilst off
medication.

Box 8. The definitions of remission on medication and remission off medication according
to Wallace’s preliminary criteria
Validation
The validation process for remission off medication was more comprehensive than that for
CID or remission on medication. As mentioned previously, face and content validities
were assumed given consensus agreement by paediatric rheumatologists on the items to
include in the criteria sets and that certain components were included in other definitions
for CID/remission. It is unknown how acceptable these criteria sets are to
patients/guardians.
To test construct validity, agreement was tested with two definitions of remission off
medication in the authors’ cohort comprising a single retrospective cohort of three clinics;
Two of these clinics were in the US and a third in Italy
not tested

181

238

. Remission on medication was

. Although agreement was high between the two pairs of measures, as

described below, it is unclear if the full criteria for remission off medication were applied
to this cohort. Therefore, construct validity cannot be inferred for any of the Wallace’s
preliminary criteria states.
Criterion validity had to be tested through concurrent validity. Concurrent validity was
tested through assessing the proportion of CYP identified by two published external
definitions of remission off medication in the literature in two external populations
as well as the authors’ retrospective Italian and US population

238

250,251

. One definition was

broad, describing a state of ‘absence of arthritis’. The other was marginally more detailed,
with inclusion of specific ‘active joint’ and ‘laboratory test’ terms

250,251

. However, neither

gave specific components or meaning of ‘active arthritis’, in order for their definitions to
be reproducible. This is evident in the authors’ own statement that construct validity can be
tested “If one assumes that no active arthritis means inactive disease by our criteria”. For
the validation, the authors altered the definition of remission off medication according to
Wallace’s preliminary criteria for greater similarity to the original authors’ definitions.
Even with these changes, there was a significant difference with no overlap in 95%
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confidence intervals between CYP identified in remission off medication in the first
population studied by Oen et al.

251

, and a borderline significant difference in the second

population studied by Fantini et al, with confidence intervals that only marginally
overlapped 250. Although similar estimates of remission off medication were attained when
all definitions of remission off medication were applied to the author’s cohort

181

, it is

unclear whether original or altered definitions of Wallace’s preliminary criteria were being
applied. Thus, for remission off medication, external criterion validity has not been met
and internal validity is unclear from the results presented. In addition, criterion validity
was not considered for remission on medication.
Classification validities of the two remission definitions compared with CID were
explored. The difference in flare rate between CYP who had achieved versus not achieved
CID was tested in the author’s retrospective Italian and US population

238

. The filter for

classification was met in this population: time to flare was longer in remission on
medication (median 14 months; IQR 9, 21) compared with CID (median 5 months; IQR 3,
6) and the longest in remission off medication (median 29 months, IQR 17, 45)

181

.

Responsiveness and reliability of the remission definitions were not assessed. Finally,
feasibility of implementing the remission definitions was not assessed beyond that
discussed for CID.
Strengths and Limitations
Many of the strengths and limitations for CID according to Wallace’s preliminary criteria
apply to the definitions for remission on and off medication. Further validation steps were
taken for remission off medication compared with CID or remission on medication.
However, it is not apparent why the remission on and off medication criteria were defined
separately and were deemed mutually exclusive. Since there were (and still are) no formal
guidelines on the tapering of therapies in JIA, external validation of these definitions in the
same population may have eluded to an issue with these definitions regarding tapering that
will be discussed in a later section.
2.4.2.2 Comparison of Scores for Clinically Inactive Disease and Remission
The multiple definitions of CID in JIA have not been directly compared with each other in
an external dataset to understand who they capture in regards to fulfilling the CID criteria.
This is important to consider, especially if one of more of the states are selected as
treatment targets in either clinical trials or clinical practice. The differences in components
suggest that different disease constructs may be captured across the definitions. Wallace’s
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preliminary criteria and the ACR provisional criteria include measures of articular and
extra-articular inflammation. In contrast, the JADAS and cJADAS capture articular
inflammation, albeit over fewer measures, in addition to patient wellbeing. Therefore, in
theory, a CYP could be classified as having CID according to the Wallace or ACR criteria
but have ongoing pain and/or functional limitations. This is less possible using the JADAS
score, but a child who achieves JADAS CID may have ongoing uveitis or systemic
features which may not necessarily be captured in the physician or patient scores. Also, no
validated definition of CID/remission currently includes enthesitis or psoriatic features of
JIA as distinct components.
Further differences between the proposed definitions for CID/remission are the
requirement to fulfil all criteria on Wallace’s preliminary criteria and the ACR provisional
criteria but score below a certain cut-point on the JADAS/cJADAS. Since the cut-off for
CID on these latter measures is one, it remains to be seen whether CYP with one active
joint may be misclassified as having CID if all other measures were zero. It could be
argued that it would be unlikely for both a parent and physician to score zero on a VAS
where there is evidence of joint activity. However, misclassification may occur in the
opposite direction where physicians are hesitant to mark zero on their PGA, instead
marking marginally higher at 0.1 or 0.2cm. These CYP would not be classified as CID
using either Wallace’s preliminary criteria or the ACR provisional criteria but would be
using the JADAS. Further study of these outcomes within the same cohort may provide
insight on these potential limitations.
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Table 3. Comparison of definitions for CID for JIA
Definition

Components

How to score CID

Active

Physician’s

Patient/parent

joint

global

global

count

assessment

assessment

ESR

Systemic

Uveitis

features

Morning
stiffness

Wallace’s
preliminary











Zero active joints, systemic features
and uveitis, a score of zero on the
PGA and normal ESR and CRP
(undefined)



Zero active joints, systemic features
and uveitis, a score of zero on the
PGA, normal ESR and CRP and
morning stiffness ≤15 minutes

criteria 165
ACR
provisional
criteria



















185

JADAS (10,
27, 71) 168
cJADAS (10,
27, 71) 186







Total score≤1

Total score≤1

CID: Clinically inactive disease, ACR: American College of Rheumatology, JADAS: Juvenile Arthritis Disease Activity Score, cJADAS: clinical JADAS, PGA: Physician’s global
assessment, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein
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2.4.3 Minimal Disease Activity
Unfortunately, within the limits of current therapies for JIA, some CYP may never reach
remission or even CID at a single time point. In these cases, continuing to aggressively
escalate treatment may not appreciably improve disease activity, pain or wellbeing further.
These treatment strategies may confer an added risk of increasing toxicity of treatment,
with little benefit. Intermediate disease states have therefore been proposed as an
alternative treatment target, such as minimal disease activity (MDA)

168,187

. The first

definition of MDA was developed by Magni-Manzoni et al. in 2008 252.
2.4.3.1 Magni-Manzoni Definition of Minimal Disease Activity, 2008
Development
Magni-Manzoni et al.’s definition of MDA was the first to be proposed and validated for
CYP with JIA. Their definition was originally proposed as a treatment target for CYP with
polyarticular JIA, the majority of whom had not achieved remission in published clinical
trials 187.
To develop a new measure of MDA in JIA, a consensus between study investigators
combined with a literature review classified CYP into what they considered a state of high
or minimal disease activity. The CYP were selected from a retrospective cohort of 414
patients with at least one clinic visit between 1988 and 2003

187

. In this initial stage, the

decision on whether a CYP had high or minimal disease was based purely on medication
strategies. For example, a criterion for high disease activity was new, restart or increased
dose of prednisolone, and MDA not changing a second-line therapy or biologic for at least
one year. Following these classifications, all measures of disease activity (both
inflammatory and non-inflammatory) captured in these CYP were considered for inclusion
to the criteria. This was completed in all ILAR categories except enthesitis-related JIA,
due to both the differential disease features and low numbers in this subgroup.
Cut-offs on the variables considered for the MDA definitions were selected through
highest area under the curve analyses using receiver operating characteristics. For these
analyses, patients were divided and analysed separately if following one of two courses
based on the number of affected joints: i) oligoarticular JIA, to include patients with
persistent oligoarthritis and

ii) polyarticular JIA, to include patients with extended

oligoarthritis, polyarthritis and systemic arthritis. Patients with psoriatic or undifferentiated
arthritis were classified based on the number of active joints they experienced through
their disease course. It is unclear whether this relates to the total highest overall or at a
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single time point. Finally, the preliminary set of MDA criteria for each category was
defined in separate multivariable logistic regression models using backwards stepwise
selection methods. The model with the highest predictive ability was then partially
validated (Box 9, Table 4) 187.
Definition
Oligoarthritis course: no active joints and physician’s global score ≤2.5cm.
Polyarthritis course: no active joints, physician’s global score≤3.4cm and parental global
score≤2.1cm.

Box 9. Definitions for minimal disease activity according to Magni-Manzoni et al 187.
Validation
The authors attempted to attribute a lack of patients with minimal disease activity at
baseline in trials as evidence of face validity, however this is not without its limitations.
Patients enrolled in clinical trials may be more likely to have severe disease. This test of
face validity therefore does not distinguish between minimal and moderate disease states
not observed frequently in these cohorts at this initial time point. Content validity was not
tested. Construct validity was assessed through associating minimal versus high disease
activity against non-inflammatory measures of the impact of JIA, including functional
ability 248, quality of life 248 and radiographic damage 249. For oligoarthritis, good construct
validity was demonstrated across two of three measures of function (Median CHAQMDA=0
(IQR 0, 0), CHAQNo MDA=0 (IQR 0, 0.25); Median LJCMDA=0 (IQR 0, 0), LJCNo MDA=1
(IQR 0, 1); Median Steinbrocker class II-IIIMDA= 2.6%, Steinbrocker class II-IIINo MDA=
13.4%) but not damage (Median JADIMDA=0 (IQR 0, 0), JADINo

MDA=0

(IQR 0, 0)) or

quality of life (Median CHQ psychosocialMDA: 47 (IQR 44, 54), CHQ psychosocialNo MDA=
52 (IQE44, 57)). In polyarthritis, greater construct validity was evident with statistically
significant differences in all measures tested between MDA and high disease. However,
absolute differences were small, challenging the clinical significance of these findings

187

.

Criterion validity was not tested.
For discrimination, classification validity was tested against two measures of
improvement: ACR Pedi responses

161

, which assess the proportional change across the

range of the 6 JIA COVs, and a physician judgement of improvement. Overall, there were
significant differences in the proportions of patients classified in minimal disease activity
across four ACR Pedi categories and through ‘improved’ versus ‘not improved’ clinician
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judgement. However, as a measure of a static disease state, classification validity would
have been better demonstrated against other static disease states in addition to variables of
change, such as Wallace’s preliminary criteria for CID, which had been published four
years previously

165

. It is unknown whether this measure was available at the start of the

process for developing the definition for MDA. Responsiveness, reliability and feasibility
were not assessed.
Strengths and Limitations
Strengths of this measure include it being the first developed criteria for MDA and partial
validation in nearly all JIA categories

187

. In addition, a large selection of potential

variables to form the score was considered, comprising both inflammatory and noninflammatory measures. These measures were taken from data already present in a
routinely-collected clinical dataset. Potential components of the score therefore had to be
feasible to collect in some part before entry into the selection procedure, increasing the
clinical applicability of the final measure

187

.

However, data for the study were

retrospective and therefore susceptible to selection bias. CYP in the study may have had
poorer disease activity than a prospective cohort given the observation that CYP lost-tofollow-up in clinical studies often have better disease activity

250

. Given a wide range of

high disease activity in retrospective data, cut-offs for low activity may therefore have
been less stringent given these data, compared with prospective data with a greater range
of CYP with low disease activity. This issue might have been mitigated through external
validation in a prospective dataset, which was not performed. In addition, face and content
validity of the minimal disease criteria were likely limited. The initial proxy definitions of
minimal and high disease activity were based purely on changes or persistence using
medications, not taking patient opinion of low and high disease activity into account

187

.

This is also a likely factor in explaining the low construct validity across some of these
analyses, particular in oligoarticular course JIA. However, the final measure includes both
physician and patient-reported outcomes for polyarticular course JIA 187.
2.4.3.2 Minimal Disease Activity Defined using JADAS Cut-offs, 2012
Development and Validation
The MDA state previously discussed by Magni-Manzoni et al. does not include any
patient/parent assessments for oligoarthritis

187

. Therefore, similar to the development

following Wallace’s preliminary criteria for CID, MDA cut-offs on the JADAS were
proposed in order to define disease activity states relevant to both patients and clinicians.
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Similar to the original definitions of MDA proposed by Magni-Manzoni et al.

187

, cut-off

values on JADAS tools were defined according to whether the CYP had an oligoarticular
or polyarticular course JIA. An optimal cut off for MDA was determined based on highest
area under the curve estimates using receiver operating characteristics against the MagniManzoni minimal disease definition. A cut-off score was proposed for all three
calculations of the JADAS score (10, 27 and 71 joints) (Box 10, Table 4) 168,187.
Validation, strengths and limitations of cut-offs on the JADAS for disease activity states
have been previously discussed. However, criterion and classification validity of the cutoffs were not tested against the Magni-Manzoni MDA definition in an external population
at a static time point.
Definition
Oligoarthritis course: Total score ≤2 (cut-off similar on all three JADAS measures).
Polyarthritis course: Total score ≤3.8 (cut-off similar on all three JADAS measures).

Box 10. Defining minimal disease activity on the JADAS

2.4.3.3 Minimal Disease Activity defined using cJADAS Cut-offs, 2014
Development and Validation
The development, validation, strengths and limitations for disease activity states using the
cJADAS have been previously discussed. Additionally, cut-offs on the cJADAS tools for
MDA were assigned, as determined through receiver operating characteristic analyses
(Box 11)187. Criterion and classification validity of the cut-offs were not tested against the
original Magni-Manzoni or previous JADAS MDA cut-offs in an external population at a
static time point 168,186.
Definition
Oligoarthritis course: Total score ≤1.5
Polyarthritis course: Total score ≤2.5

Box 11. Defining minimal disease activity on the cJADAS
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2.4.3.4 Comparison of Scores for Minimal Disease Activity
Despite the lack of direct validation between the JADAS/cJADAS
and the Magni-Manzoni definition

187

168,186

MDA cut-offs

, there is likely high concordance between the three

MDA definitions. All three include assessments of the disease and its impact on the patient
by physicians and patients/guardians. In addition, all three definitions propose cut-points
for MDA which differ according to the disease course experienced. However, the MDA
criteria for oligoarticular course JIA in the Magni-Manzoni definition does not include any
patient/guardian input. Therefore, some discordance between patients captured by this
definition and those with oligoarthritis using the JADAS/cJADAS measures may be
expected.
Table 4. Comparison of definitions for minimal disease activity in JIA
MDA
outcome

Components
AJC

PGA

Scoring for MDA
PGE

ESR

MagniManzoni 187

Persistent oligoarticular:




Extended oligoarticular, polyarticular,
systemic:



JADAS (10,
27, 71) 168







cJADAS (10,
27, 71) 186







Active joint count=0
Physician’s global≤2.5cm



Active joint count≤1,
Physician global≤3.4cm
Patient/parent global≤2.1cm

Oligoarticular course≤2.0
Polyarticular course≤3.8
Oligoarticular course≤1.5
Polyarticular course≤2.5

JIA: Juvenile idiopathic arthritis, MDA: Minimal disease activity, AJC: Active joint count, PGA: Physician’s
global assessment, PGE: Parental global evaluation, ESR: Erythrocyte sedimentation rate, JADAS: Juvenile
Arthritis Disease Activity Score, cJADAS: Clinical JADAS
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2.4.4

Summary of Validation for Minimal Disease Activity, Clinically
Inactive Disease and Remission Criteria Sets in JIA

The criteria sets for MDA and CID as well as remission are invaluable for potential use in
standardising treatment strategies and assessment of disease activity in JIA. However, the
differential development and validation methods mean that comparability is unclear. In
addition, none of the criteria sets for MDA, CID or remission in JIA had any input from
patients or their parents, although some of the outcomes do include a patient/parent
assessment. Therefore, states of disease activity identified by the definitions described may
not be meaningful to patients. These scores may aim to measure disease states
encompassing a lack of inflammation and which are targetable through anti-rheumatic
therapies. If so, including patient/parent reported outcomes may introduce additional
disease constructs that may not fit this paradigm. However, to patients/parents, disease
control may not represent a decrease in the minutes of morning stiffness from 30 to 15
minutes or the lowering of inflammatory biomarkers. Functional ability, pain and quality
of life have been overlooked by the disease activity measures, despite being primary aims
in the management of JIA

236

. Instead, physician opinion is used as a basis, and even a

‘gold-standard’ for the ACR provisional criteria

185

. The authors of this criteria set state,

“In the absence of a biologic marker for active or inactive JIA, aggregated expert
judgement becomes necessary to determine criteria for clinical inactive JIA”. However,
they did not incorporate published epidemiological evidence or experts in the form of
patients, guardians or additional healthcare professionals. This led to a greater inclusion of
physician-assessed components that may not have been based in evidence beyond
anecdotal physician opinions of their assessments of patients.
Problems with expert opinion have been widely accepted in the evidence hierarchy, being
outranked by all forms of published evidence in humans

166

. Before the development of

further criteria for CID, evidence of long-term outcomes following achievement of certain
states of disease activity needs to be ascertained. This needs to be in terms of both short
and long-term outcomes and physician and parent-reported outcomes. In addition, face and
content validity need assessment from not only paediatric rheumatologists, but all
members of the multidisciplinary team. However, the most important party to assess these
validities is the patient group themselves, who have so far not been involved in the
development, validation or implementation in any of the CID/remission definitions.
Without these measures, no further treatment targets should be identified for JIA.
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Table 5. Validation information for published definitions of remission, minimal and clinically inactive disease in JIA
Outcome
definition

Year Face Content Construct Criterion Classification Responsive- Reliability Feasibility Validated in
ness
which
categories?
Minimal disease activity
cJADAS
2014
All except



?
symptomatic
systemic
JADAS
2012
All



?
Magni2008
Manzoni
CID and remission
cJADAS
2014

JADAS
2012
ACR
2011
provisional
criteria

?

-

 oligo
poly

-



?

-







?

-







*

*

-

?

?

Wallace’s 2004

preliminary
*
*
?
?
criteria
*According to paediatric rheumatologists and not patients/guardians.

-

-

-

All except
ERA

Validated in which Any
Validation in
age ranges
external observational
validation cohorts
Population IQR 8.6 Yes
to 21.6 years

Yes

0 – 22 years

Yes

Yes

Unknown

No

All except
Population IQR 8.6 Yes
Yes
symptomatic to 21.6 years
systemic
All
0 – 22 years
Yes
Yes
Extended
4 - 17 years
No
No
oligoarticular,
polyarticular
and
asymptomatic
systemic
None with
uveitis
Oligoarticular, 0.7 to >30 years.
Yes
Yes
?
?
polyarticular
and systemic
= Good validity demonstrated, ?= test was not appropriate to assess validity or not tested in
-

-

-

complete criteria set. = Tested and poor validity demonstrated, - = Not tested. JIA: Juvenile idiopathic arthritis, JADAS: clinical Juvenile Arthritis Disease Activity
Score, cJADAS: clinical JADAS, CID: Clinically inactive disease, ACR: American College of Rheumatology
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2.4.5

How often do CYP with JIA Achieve Remission?

The validated definitions for remission in JIA have only been available since 2004
165,168,185,186

. Their uptake has not been widespread, described in a later section (See Paper

1). However, in order to assess and optimise treatment in the routine care of CYP with JIA,
an understanding of how often states of MDA and CID are achieved is needed. At the time
of starting this PhD (2014), no systematic reviews of how common CID or remission is
achieved in JIA had been published. Such a systematic review forms the first results
chapter of this thesis. Narrative reviews have estimated that between one third to two
thirds of CYP achieve this disease state 253,254. These estimates differ widely across cohorts
and across studies, which have often used different outcome criteria. Despite their
differences, these estimates suggest that the burden of JIA disease is high, although these
reviews have largely summarised cohorts prior to the widespread use of biologic therapies.
Thus, it is unclear whether the expected disease course remains this bleak in patients being
treated within an era of changing treatment strategies, including biologic therapies, such as
that presented in the NHS England pathway. Understanding the frequency of remission
and CID in more recent cohorts is important in terms of understanding the burden of
disease, for healthcare planning and to assess any impact of changes to treatments or
treatment strategies.

2.5 Predictors of Remission
There may be certain patient characteristics that predict, at an early stage, whether a CYP
with JIA will achieve MDA, CID or remission. If predictors are known, CYP with poorer
chances of achieving these states can be targeted with more aggressive early therapies,
minimising the burden of unnecessary additional therapies and improving their short and
long-term outcomes. Potential predictors may include characteristics ranging from
demographic features, such as age and gender, to more complex disease-related factors.
Although environmental exposures and genetic factors may play a role in predicting these
outcomes, the focus of this narrative review was on demographic and clinical factors.
2.5.1

Considerations Regarding Outcome Definitions across Studies
Assessing Predictors of CID/remission

A total of 32 studies were identified which assessed predictors of CID or remission for
patients with JIA (Table 6 & Table 7). Many studies were completed before the
publication of the first validated definition: Wallace’s preliminary criteria

237

. However,

even after their publication, many investigators continued to define their own criteria
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(n=13/20). No studies focusing of predictors of these disease states have, to date, used the
JADAS or cJADAS cut-offs as outcomes.
For investigators defining CID/remission not according to Wallace’s preliminary criteria
(n=25), 13 specified the absence of medication within their criteria sets. Thus, certain
investigators considered remission to only have been achieved in the absence of antirheumatic drugs. Having no signs of disease in the presence of these therapies is likely a
different disease construct to having no sign in the absence of therapies. One defines a
state where disease activity may continue to be propagated, but is controlled by
pharmaceuticals. The other defines a state where, without control through medication, the
inflammatory disease processes, even if present, are not severe enough to produce
observable clinical signs of disease. Thus, different predictors for achieving these disease
states may be expected.
In addition to differences in requirements for medications, 12 investigators created or used
non-validated definitions of remission that included the maintenance of CID for some
period of time. This ranged from ‘under two years’ 255-258, with the lowest objective period
of time specified at three months

259,260

to at least two years

255-258,261,262

. Here, the

investigators did not consider a short transient phase of CID to constitute ‘remission’.
Since JIA is a disease of remission and relapse

7

, different predictors of short periods

versus longer periods of maintaining CID may be expected.
There were also differences in the definitions regarding the inclusion or exclusion of
patient-reported variables. Of the 34 studies, only six included any patient-reported factors:
the patient/parent global assessment of wellbeing (n=1)
(n=2)

264,265

, functional ability (n=1)

259

263

, pain (n=4)

261,263-265

, fatigue

and a broad statement regarding ‘no symptoms’

(n=1) 260. Thus, the vast majority of studies assessing predictors for CID/remission in JIA
are assessing predictors of a disease state encompassing a lack of inflammation, regardless
of patient wellbeing. However, the different elements of inflammation included may
complicate the comparison of predictors across study populations.
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Table 6 Definitions of CID and remission in studies assessing risk factors for these states
Study

Validated or
Definition of CID/remission
investigator-defined Inflammatory features
definition
Svantesson, 1983 Investigator-defined No joint inflammation
262
Normal laboratory biomarkers
Pongpanich, 1988 Investigator-defined ‘No active disease on examination’
259
Normal ESR
Hertzberger-ten
Investigator-defined ‘Continuous’ versus ‘intermittent’
1992 266
disease
Gare, 1995 255
Investigator-defined No active synovitis

Savolainen, 1998 Investigator-defined
260

Guillaume, 2000

Investigator-defined

261

Minden, 2000

264

Investigator-defined

Al-Mater, 2002 267 Investigator-defined
Arguedas, 2002
Investigator-defined
256

Kotaniemi, 2002

Investigator-defined

268

Flato, 2003 265

Investigator-defined

Fantini, 2003 250

Investigator-defined

No signs of disease
Normal inflammatory biomarkers
Joint limitations may be present
No joint swelling
ESR<15mm/hr
Morning stiffness ≤15 minutes
No swelling in the joints or tendon
sheaths
ESR<20mm/hr
‘Remission’ yes/no
No active synovitis

Extra-articular
features
-

Symptoms

Medication

-

No medication other At least two years
than NSAIDs
No medication
At least three months No family history (no further
detail)
-

‘No active disease on Normal functional
examination’
ability
-

Time

Other

No extra-articular
features

-

No medication

No signs of disease

No symptoms of
disease

No medication

CID: fewer than two years
Remission: at least
two years
At least three months -

No uveitis

No painful stiffness

No medication

At least two years

-

-

No fatigue
No joint pain
No joint tenderness

-

-

Five or more of the criteria
listed to fulfil

No extra-articular
features

-

No medication

-

-

No medication

CID: Fewer than two
years
Remission: At least
two years
At least six months

No fatigue
No joint pain
No joint tenderness

-

-

Five or more of the criteria
listed to fulfil

-

CID: On medication Remission: At least
Remission: Off
six months (12
medication
months for
oligoarthritis if IA

No active joints
ESR<10mm/hr
CRP<10mg/L
Morning stiffness ≤15 minutes
No swelling in the joints or tendon
sheaths
ESR<20mm/hr
CID: No active joints
Remission: No active joints
No positive biomarkers

-
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Study

Validated or
Definition of CID/remission
investigator-defined Inflammatory features
definition

Wallace, 2005 269 Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Flato, 2006 270
Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Singh-Grewal,
Investigator-defined No active arthritis according to
2006 271
medical history, examination,
imaging or biomarkers
Fernandes, 2007 Investigator-defined No active joints
272
Normal ESR/CRP
Oen, 2009 273
Investigator-defined No active joints
PGA=0cm
Albers, 2010 274 Investigator-defined No active arthritis
PGA=0cm
Normal ESR if available
Nordal, 2011 275 Wallace’s preliminary No active joints
criteria as assessed by PGA=0cm
treating physician.
Normal ESR/CRP
Corrected by
investigator if disease
parameters
inconsistent
Berntson, 2013 276 Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Bertilsson, 2013 Investigator-defined No active synovitis
257

Huang, 2013 277
Russo, 2013 278

Albers, 2014 279

Investigator-defined No disease activity
Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Investigator-defined No active arthritis
PGA=0cm

Extra-articular
features

Symptoms

Medication

Time

CRM: On
medication CR: Off
medication
CRM: On
medication CR: Off
medication
-

steroid injection)
CRM: At least six
months
CR: At least one year
CRM: At least six
months
CR: At least one year
-

No systemic features No uveitis
No systemic features No uveitis
No systemic features -

-

-

-

-

-

-

-

-

-

No systemic features No uveitis

CRM: On
CRM: At least six
medication CR: Off months
medication
CR: At least one year

No systemic features No uveitis

CRM: On
medication CR: Off
medication
No medication

No systemic features No uveitis
No systemic features No uveitis
No systemic features -

No extra-articular
features

-

No disease activity
No systemic features No uveitis
-

-

CRM: At least six
months
CR: At least one year
CID: Fewer than two
years
Remission: At least
two years
No medication
CRM: On
CRM: At least six
medication CR: Off months
medication
CR: At least one year
Time spent in CID
used to determine

Other

-

-

-

-
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Study

Validated or
Definition of CID/remission
investigator-defined Inflammatory features
definition
ESR<20mm/hr

Berntson, 2014 280 Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Guzman, 2014 5 Investigator-defined No active joints
PGA<1cm

Selvaag, 2014 281 Wallace’s preliminary No active joints
criteria and
PGA=0cm
Investigator-defined Normal ESR/CRP
Sengler, 2015 282

Oliveira-Ramos,
2016 6

Vilaiyuk, 2016 258

Wallace’s preliminary No active joints
criteria
PGA=0cm
Normal ESR/CRP
Investigator-defined Incorporated:
and Wallace’s
Swollen joint count
preliminary criteria
ESR/CRP
Peripheral swelling
Morning stiffness
Active joint count
PGA=0cm
Investigator-defined No active synovitis

Extra-articular
features

Symptoms

No systemic features No uveitis
No systemic features in sJIA
No enthesitis in ERA
or PsA
No uveitis
No systemic features No uveitis

No systemic features No uveitis
Incorporated:
Incorporated:
No systemic features Tender joint count
No uveitis
PGE
Back pain
Peripheral pain

No extra-articular
features

-

Medication

Time

Other

‘remitting’ and
‘intermittent’ disease
CRM: On
CRM: At least six
medication CR: Off months
medication
CR: At least one year
-

CRM: On
CRM: At least six
At assessments after 15 years,
medication CR: Off months
CID defined as no flares after
medication
CR: At least one year 23 or 30 years, depending on
time of assessment
CRM: On
CRM: At least six
medication CR: Off months
medication
CR: At least one year
DAS28<2.6
DAS44<1.6
ASDAS<1.3
Wallace’s preliminary criteria
for sJIA and unclassified
arthritis
Off medication

CID: fewer than two years
Remission: at least
two years
CRM: On
CRM: At least six
medication CR: Off months
medication
CR: At least one year
-

Wallace’s preliminary No active joints
No systemic features criteria
PGA=0cm
No uveitis
283
Normal ESR/CRP
Glerup, 2017 284 Investigator-defined No active arthritis
No systemic features Normal ESR/CRP
No uveitis
CID: Clinically inactive disease, NSAIDs: Non-steroidal anti-inflammatory drugs, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, PGA: Physician’s global assessment, IA: Intra-articular, CRM:
AlberdiSaugstrup, 2017

Remission on medication, CR: Remission off medication, PGE: Patient/parent global evaluation, DAS28: Disease Activity Score in 28 joints, DAS44: DAS in 44 joints, ASDAS: Ankylosing Spondylitis
Disease Activity Score, sJIA: systemic JIA, ERA: Enthesitis-related JIA, PsA: Psoriatic JIA.
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2.5.2 Predictors of Clinically Inactive Disease and Remission in JIA
ILAR Category
By far, the strongest predictor of remission appears to be ILAR category. Differences in
prognoses between CYP with different JIA disease categories has been well documented,
with patients with oligoarticular JIA appearing to achieve remission more commonly
5,256,258,264,269,273-275,277

, particularly more than polyarthritis

5,255,258,259,273,275

, where several

studies have reported 0% achievement of these outcomes in CYP with RF-positive
polyarthritis

250,258,273

. In the epidemiology of JIA, CYP with oligoarticular JIA tend to

experience disease onset in early childhood with those with enthesitis-related arthritis and
polyarthritis, particularly RF-positive, tending to be in late childhood or adolescence at
onset 4. They also have different gender distributions and therefore, many of the other
predictors of CID or remission reported in the following sections should be considered in
light of ILAR category.
Age and Gender
Almost every study included certain demographic factors in their analyses. Gender and age
are two of the most accessible characteristics and would therefore be convenient predictors
to base treatment strategies around. However, few studies have confirmed any associations
between these factors with CID or remission.
Only a small number of analyses

238,255,270

have reported an association between gender

and remission. In more recent cohorts when analyses were adjusted for potential
confounders, gender has been consistently found to not predict CID or remission in JIA
(Table 7).
Capturing age as a predictor of remission is challenging. There are multiple time points at
which age might relate to prognosis: age at disease onset, age at initial presentation, age at
diagnosis and age at treatment initiation. If basing treatment decisions at initial
presentation on age, the former two may be the most informative. However, age at onset
may be less accurately collected, as it requires recall by the patient or their guardians back
to the date of first symptom(s). These differences in recall accuracy may have led to the
mixed associations observed between this variable and later CID or remission. A majority
of studies have not reported associations between age at JIA onset and the achievement of
CID or remission at static time points or with a remitting course of disease over follow-ups
that range to 15 years (Table 7).
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Given the lack of association between age at onset and remission, a similar non-association
might be expected between age at diagnosis and remission. However, age at diagnosis is
more accurately reported than age at onset.

In accordance, two studies have found

associations between age at diagnosis with remission but not age at onset 272,273.
As discussed, age is also associated with ILAR category. Therefore, age at diagnosis may
only be predictive in that older CYP tend to have JIA categories associated with poorer
outcomes, such as RF+ polyarthritis or psoriatic arthritis. In concordance, in studies that
have adjusted for ILAR category, age is only predictive of CID or remission in univariable
analyses, and not the adjusted analyses 6,270,273.
Disease Duration
The period of time between symptom onset and diagnosis has in itself been reported to be
predictive of remission, with longer delays associated with marginally poorer outcomes
6,250,282

. This may relate to the previously mentioned ‘window of opportunity’, whereby

there may be a finite length of time after onset of disease to most effectively treat JIA in
terms of preventing poor long-term outcomes. However, these results should be taken in
the context of small effect sizes where an association has been reported and in the context
of either months or years of disease prior to diagnosis, with the upper bound of both
confidence intervals approximating 1.0

6,282

. In addition, a similar point estimate was

gained from a large prospective inception cohort reporting a statistically significant
association before, but not after, multivariable adjustment, including adjustment for ILAR
category 273.
Sociodemographic Factors
In a large prospective inception cohort of CYP with JIA, socioeconomic status, using the
English index of multiple deprivation (IMD), has been cross-sectionally associated with
poorer functional ability, wellbeing and perceptions of the impact of JIA 285. However, the
association between socioeconomic factors and remission in JIA is a largely untouched
field. A single study of adults with JIA (mean age at last follow-up 34 years ± 13 years)
reported no association between the number of years of education or professional activity
and CID in adulthood 6. However, this may not adequately reflect the social standing of
family surrounding the CYP, and therefore their sociodemographic situation at disease
onset.
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Features of JIA Disease Activity
Factors related to the JIA-disease itself are often the fundamental basis of treatment
decisions and therefore may be assumed to be the strongest predictors of the CYP’s
disease course. These may be factors that can be directly observed in the clinic, or those
requiring further investigations using blood analyses or imaging techniques. As previously
mentioned, ILAR category appears to be a strong predictor for CID and remission and it is
likely that many of the associations observed with individual measures of disease activity
are reflective of the underlying ILAR category, although in many studies this has not been
considered.
Active and Limited Joints
Whilst there has been reported to be no association between limited joint count and
remission

273

, there is mixed evidence regarding active joint count. Few studies have

associated a larger number of active joints with lower achievement of CID and remission
257,265,273

. These studies ranged from short-term CID in contemporary cohorts 273 to longer-

term studies in cohorts likely with limited access to biologic therapies

257,265

. However, a

more recent study in a Canadian multicentre inception cohort only reported the number of
active joints predictive of CID before, but not after, multivariable adjustment. This
included adjustment for ILAR category

273

.

For the remaining studies finding an

association between active joint counts and remission, the outcome definitions did not
include the PGA, unlike several of those studies favouring no association between active
joint counts and these outcomes

261,264,271,273,281

. Therefore, active joint counts may predict

a low disease activity state in a pre-biologic era largely not judged to be remission by
treating physicians. Whilst access to contemporary therapies may play a role in the
predictive ability of joint counts and CID/remission states, there also appears to be
growing evidence that location of joint activity may predict remission; Whilst the presence
of knee arthritis does not predict remission
287

255,264,266,286

, a few studies have associated hip

and more commonly ankle arthritis with poorer achievement of these states 255,270,286.

Extra-articular Manifestations
There is little evidence for extra-articular manifestations as predictors of remission. The
evidence that does exist suggests that systemic features such as hepatomegaly, fever and
rash predict a disease course more prone to flares within systemic JIA
enthesitis is associated with a lack of remission in ERA

287

271

and that

. In addition, the presence of

uveitis has been variably associated with different disease courses including a lack of
remission

265,266,268,284

. However, these studies have rarely used remission definitions
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which included components capturing these extra-articular features, which is vital in the
continued treatment of patients experiencing these features of disease.
Physician’s Global Assessment of Disease Activity
Using current evidence, it is unclear if the PGA predicts remission. One study reported a
lack of association 274, compared with two that found some association, with higher scores
predicting lower achievement of remission

273,281

. However, only one of these studies

assessed the predictive potential of the PGA in a multivariable model and in this case,
score at 15 years was assessed as predictive of remission at 30 years

281

. It is therefore

unclear if PGA scores early in the disease course predict remission.
Parental Global Assessment of Wellbeing
In the same studies associating PGA with remission, PGE scores were also assessed as a
potential predictor. Similar associations were reported between PGE score and remission,
with an association only evident after multivariable adjustment between poorer wellbeing
and lower achievement of remission when assessed far into the disease course of JIA
273,281

. Therefore, this association also remains unclear.

Functional Ability
Four studies have assessed the potential association between functional ability and
remission

6,257,273,281

. However, these studies suffer from the same limitations as those

previously discussed. Although all four associated poorer functional ability on either the
CHAQ or HAQ with lower achievement of CID or remission in univariable analyses
6,257,273,281

, this association only remained evident in one multivariable analysis focusing on

function in adulthood as a predictor of later remission 6. This study was also the only one
to incorporate patient-reported outcomes, PGE and pain scores, into the remission criteria.
Therefore, functional ability may predict a lack of pain or good wellbeing better than a
lack of inflammatory activity.
Biomarkers
Biomarkers previously studied as predictors of remission include ESR, CRP, RF, ANA
and in fewer studies, anti-collagen II and anti-citrullinated protein antibodies (ACPA),
including anti-CCP. The greatest body of evidence available is for ANA, which in all
studies (n=12) 6,238,256,261,265,266,271,273-275,279,284 but one 282, did not predict remission in JIA.
However, this last study was a large inception cohort of multiple JIA categories, which
assessed the association between ANA and remission after controlling for potential
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confounders, including ILAR category. This association may have been driven by missing
data bias (>40% missing for ANA). Alternatively, the specific window of time for
remission, between nine and 12 months following enrolment, has not been studied
elsewhere, although studies with both shorter and longer time-frames did not find this
association. Therefore, although the weight of evidence is against ANA as a potential
predictor of remission, the association cannot be excluded.
Like ANA, ACPA and anti-collagen II also have not been shown to predict CID or
remission

6,280

, although they are rarely positive in JIA and, where positive, are more

frequently observed in the ILAR category with the poorest prognosis: RF-positive
polyarthritis 280. The majority of studies have also not associated RF-positivity with CID or
remission

6,256,257,261,280,282

, with few studies, mainly in retrospective cohorts, having

associated the presence of RF with lower odds of these outcomes

265,284

. However, the

retrospective nature of these cohorts may have introduced issues with selection bias. One
prospective inception cohort also reported an association between RF-positivity and
remission 273. However, this analysis was univariable and therefore may be explained by a
confounding factor such as age or ILAR category that was not included in the model.
Given the evidence of lower remission rates in CYP with RF-positive polyarticular disease
compared with the other categories, including RF-negative polyarticular JIA, it is likely
that ILAR category partially or wholly explains these associations where evident.
Unlike the fixed biomarkers discussed, ESR and CRP may vary from day to day. There
are almost equal numbers of publications reporting the absence of associations between
either ESR or CRP and remission
with a lack of remission

261,264,266,273,281

267,271,281,283

and that elevated levels are associated

. Whilst there is evidence for ESR not predicting

remission in a greater number of ILAR categories

261,264,266,273,281

, the evidence for CRP

includes prospective inception cohorts which reported conflicting evidence; lower CRP
predicted remission in the Nordic JIA cohort
Out cohort

273

283

, but not CID in the Canadian ReACCh-

. However, the studies had different follow-up times, used different

treatments and had different remission states as outcomes, with that in the ReACCh-Out
cohort not including acute phase reactants as part of the remission criteria. The
associations become harder to study where dynamic biomarkers such as ESR and CRP
may change over the disease course, may only be predictive at certain times in the disease
course and/or where they are included in remission criteria.
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Patient-reported factors
Patient-reported factors commonly encompass complex constructs such as pain, fatigue
and quality of life. These have complex drivers and may be associated with each other
through various pathways

137

. However, a negligible number of studies have explored

these factors as predictive of remission. The association between PGE and remission has
already been discussed. In other studies, higher pain and poorer quality of life have been
associated with lower achievement of CID or remission

266,273

, but the majority were in

univariable analyses only. Further work is needed to assess the associations between the
patient-reported variables and their disease courses. These may prove vital to the
prediction of remission outcomes that include patient/parent assessments of wellbeing,
such as the JADAS 168.
Previous Disease Activity
Finally, when observing a CYP further into their disease course, the strongest predictor of
outcome is likely their previous outcome. CYP that have previously achieved mild disease
courses or remission have been demonstrated to be more likely to achieve these states at a
later stage

257,271,274,281,288,289

. In addition, the medication which the CYP has been

previously prescribed may be a useful predictor of disease. For example, CYP not
requiring corticosteroids

271

274

, particularly via the systemic route of administration

CYP who have required and responded to only one csDMARD

258

or

may have higher odds

of CID and remission. Whilst response to medication may strongly predict outcome, and
may be useful further into the disease course, this requires time to observe. Treatment
strategies may, therefore, have to take different aspects of the CYP’s disease into account
as time progresses. However, a window of opportunity may exist for early in the JIA
disease course where more aggressive medication may be most effective at controlling
disease activity and therefore predicting remission.
Time to Initial Treatment
There appears to exist a ‘window of opportunity’ for effective treatment within early RA
in adults. This window represents the time point in which the disease activity can be
optimally controlled in terms of both short and long-term outcomes 290-293. This delay may
be as little as under one year

290

and the same window has been proposed in JIA, with

longer time to joint injections associated with muscle wastage and disability
addition, longer time to MTX has been associated with lesser treatment response
those who do not respond early having poorer subsequent outcomes 296.

294

295

. In

, with
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Table 7. Summary of predictors of CID/remission from published studies
Author (year)

Factor assessed for association with CID/remission
Age at
onset

Svantesson, 1983 262
Pongpanich, 1988 259
Hertzberger-ten 1992 266
Gare, 1995 255
Savolainen, 1998 260
Guillaume, 2000 261
Minden, 2000 264
Al-Mater, 2002 267
Arguedas, 2002 256
Kotaniemi, 2002 268
Fantini, 2003 250
Flato, 2003 265
Wallace, 2005 269
Flato, 2006 270
Singh-Grewal, 2006 271
Fernandes, 2007 272
Oen, 2009 273
274

Albers, 2010
Nordal, 2011 275
Berntson, 2013 276
Bertilsson, 2013 257
Huang, 2013 277
Russo, 2013 278
Albers, 2014 279
Berntson, 2014 280
Guzman, 2014 5
Selvaag, 2014 281
Sengler, 2015 282
Oliveira-Ramos, 2016 6
Vilaiyuk, 2016 258
Alberdi-Saugstrup, 2017 283
Glerup, 2017 284

Age at
diagnosis

=

Female
gender

Disease Oligoarthritis SES
duration

RF + ESR/CRP ANA AJC LJC Extra-articular PGA
features

=

PGE Function Pain/ poor QoL

=


=
=

=


=

=

=
=


=
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=



: Greater values or positivity predict higher odds of CID/remission, : Greater values or positivity predict lower odds of CID/remission, =: Not associated with
CID/remission. CID: Clinically inactive disease, RF: rheumatoid factor, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ANA: Antinuclear antibodies,
AJC: Active joint count, LJC: Limited joint count, PGA: physician global assessment, PGE: Parental global assessment, QoL: Quality of life, CR: Clinical remission,
CRM: Clinical remission on medication.

 and =
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2.5.2.1 Conclusion
To conclude, whilst few publications have identified predictors of remission in JIA, there
is a general lack of data in this area. Those factors that should be taken into account in
clinical decision making likely change over the course of the JIA disease pathway. There
are limitations to generalisability in the majority of studies, with retrospective, smaller
cohorts using non-validated definitions of remission forming the majority of the evidence
base. Inception cohorts that have explored predictors of remission have largely looked in
the short-term and explored limited predictors. Overall, the vast differences in outcome
definitions, length of follow-up and sparse use of multivariable analyses between studies
means that it is unclear which factors independently predict validated outcomes for CID
and remission in JIA at specified time points. This is particularly true for patient-reported
outcomes such as pain, fatigue and quality of life. There is firstly a clear need to explore
how common CID/remission are when using validated measures to assess what state is
actually being measured. In addition, to limit selection bias and be able to assess predictors
of CID/remission at the earliest time of intervention, there is a need to assess predictors
early in the disease course in a prospective inception cohort.
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Chapter 3
Aims and Objectives
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3 AIMS AND OBJECTIVES
The overall aim of this PhD thesis is to explore the achievement of, predictors of and
outcomes following fulfilment of CID and remission definitions in JIA.
Specific objectives of the thesis are:
a. Undertake a systematic literature review to describe the frequency of CID and
remission in JIA.
b. To apply and compare published validated definitions of CID within a single cohort of
CYP with JIA at a single time point.
c. To compare short and long-term outcomes between those who do and do not achieve
CID at one year following initial presentation to paediatric rheumatology with JIA. To
compare these outcomes between CYP who achieve CID according to different
definitions at one year.
d. To identify clinical factors, measured early in the JIA disease course, associated with
achieving remission states within three years of initial presentation to paediatric
rheumatology.
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Chapter 4
Methods

This chapter presents the main methods used across the analyses in this thesis. The
analyses are set within the Childhood Arthritis Prospective Study (CAPS), a longitudinal
observational inception cohort of children with inflammatory arthritis. The chapter starts
with a summary of the methods of CAPS. This is followed by a discussion of the
epidemiological and analytical issues common to the analysis of longitudinal
observational data. The ways in which the definitions of CID and remission were applied
to the CAPS dataset are described. As this PhD is presented in journal format, the
methods of each of the paper are summarised within each paper. However, this chapter
also includes a more detailed description of the methods used in each paper, as
appropriate. Finally, this thesis also includes a systematic review; however, the methods
for this are presented within the published journal article included in section 6.1 only and
are not included in this chapter.
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4 METHODS

4.1 The Childhood Arthritis Prospective Study
4.1.1

Overview

The majority of analyses used in this thesis used data from CAPS: a UK, multicentre,
prospective inception cohort study. The overall aim of CAPS has been to investigate
clinical, genetic and environmental predictors of short and long-term outcomes in CYP
with inflammatory arthritides. In order to investigate this aim comprehensively, data are
collected on many aspects of the CYP and their disease course. These include sociodemographic, clinical, psychological and biological data, including an untimed blood
sample for genetic data and other biomarkers.
The study started recruiting in January 2001 and, at the time, represented a unique study
design in JIA outcomes research. Until then, the majority of research in JIA comprised of
smaller retrospective or cross-sectional cohort studies. CAPS was the first prospective
inception cohort of JIA 297. This year (2001) also corresponded with the introduction of the
new international classification criteria for JIA (ILAR)1 and with the introduction of the
first biologic therapy approved for treatment of JIA (Enbrel in 2000)
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. Therefore, the

development of CAPS allowed a unique opportunity to investigate short and long-term
outcomes of patients with JIA treated within this new era. Initially, CAPS recruited from
only 2 centres (Alder Hey Children’s Hospital, Liverpool and the Royal Manchester
Children’s Hospital, Manchester). In 2003, CAPS expanded to include the Royal Hospital
for Children, Glasgow and the Great North Children’s Hospital, Newcastle. In 2006,
recruitment began at Great Ormond Street Hospital, London. The final 2 centres, the Royal
Hospital for Sick Children, Edinburgh and University College London (which treats
adolescents from age 12, including those transferred from Great Ormond Street Hospital)
were added in 2011 and 2013, respectively. There are therefore a total of seven UK
paediatric and/or adolescent rheumatology centres recruiting to CAPS (Figure 6).
When developing the protocol for CAPS, an initial target sample size of 1100 CYP was
chosen. The aim of recruiting a large sample size from multiple clinics was to power
subsequent analyses to investigate relatively rare exposures. For example, a sample size of
1100 is needed to detect a two-fold increase in risk for an outcome occurring in 10% of
cases. This allows for exposures to affect 10% of CYP. This target sample size was
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increased to 2000 CYP in 2015. This extension was needed to capture rarer exposures,
such as the presence of systemic features, and relative risks smaller than two, although no
specific single outcome was chosen for this calculation. To date (2018), over 1600 CYP
and young people with inflammatory arthritis have been recruited.
Until 2015, the format of data collection for CAPS was based on paper-based
questionnaires including a nurse review of medical records at set intervals (Figure 7),
nurse-led interviews with participants and their guardians and specific questionnaires for
patients/guardians to complete and mail to the study centres. In 2015, clinical data capture
was moved to a web-based data collection system although patient questionnaire data
remains on paper. In addition, changes to the study protocol in 2015 involved the removal
of nurse interviews for logistical and cost-effective reasons. Data used in this thesis were
therefore collected using a combination of medical record review and interviews by
research nurses (Table 8) or directly from participants/guardians in questionnaire form
(Table 11).

2003: The Royal Hospital
for Children, Glasgow
2001: Alder Hey Children’s
Hospital, Liverpool.

2011: The Royal Hospital
for Sick Children, Edinburgh
2003: Great North
Children’s Hospital,
Newcastle upon Tyne
2001: Royal Manchester
Children’s Hospital,
Manchester, Manchester

2013: University College
Hospital, London

2006: Great Ormond
Street Hospital, London

Figure 6 Location and year of initial recruitment of centres participating in CAPS
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Initial
presentation

One
year

6 month
follow up
(until 2010)

Three
years

Two
years

Ten
years
(from
2010)

Five
years

Four
years

Seven
Years
(from
2010)

Figure 7. Collection schedule for medical case note reviews, nurse and patient/guardian
questionnaires for patients enrolled to CAPS.
4.1.2

Inclusion Criteria

CAPS aims to recruit the following CYP and young people:
i)

Onset of inflammatory arthritis before the CYP’s 16th birthday

ii)

The presence of inflammatory arthritis in at least one joint

iii)

Inflammatory arthritis persistent for at least two weeks

iv)

First diagnosis of inflammatory arthritis at time of recruitment
4.1.3

Exclusion Criteria

i)

Septic arthritis

ii)

Haemarthrosis

iii)

Arthritis secondary to trauma or malignancy

iv)

Connective tissue disorders

These exclusion criteria aim to exclude CYP with other recognised causes of their arthritis.
4.1.4

Research Governance

CAPS was approved by the Northwest Multicentre Research Ethics Committee
(REC/02/8/104, IRAS 184042).
After hospital consultants identify CYP eligible for CAPS, parent and age-appropriate
participant information sheets are provided (Appendices). Parents can then consent their
CYP into the study with the young person able to provide assent where age-appropriate
(Appendices). There is then a time limit of six months for enrolling once the information
sheet has been read by the parent/patient. Study nurses, who are employed at all recruiting
clinics, ensure that the information sheet(s) have been understood and may answer
additional questions about the study, where required.
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Once a CYP has been recruited to the study, they are immediately assigned a unique study
identification number. This number is then assigned to every further sample and form
collected for the study. Storing and sharing of data is completed in accordance with the
Data Protection Act 1998 and the University of Manchester Information Security and Data
Protection Policies. Data collected as part of CAPS are stored in locked cabinets within
locked offices within the University of Manchester and/or within central, encrypted
networks on both NHS and University computers for paper and digital data, respectively.
These latter files are password protected. Biological samples are stored in freezers within
the Centre for Musculoskeletal Research within the University of Manchester. The pseudoanonymised data are open for use by collaborators upon application if approved by the
CAPS Data Access Committee with data sharing through encrypted University systems as
appropriate.
4.1.5 Data Collection
As part of CAPS, detailed demographic, clinical, treatment, psychological and genetic data
are collected from a number of sources.
4.1.5.1 Medical Case Notes
Data from medical case notes are transferred to CAPS data collection forms by study
nurses. The data collected from medical case notes are detailed in Table 8 and include the
source of referral, features of disease, including a 75 active and limited joint count (Figure
8). This joint count includes four additional axial joints not included in the (c)JADAS71 or
(c)JADAS27 scores

198,232

. Medical case note data collected for CAPS also include the

results of clinical/imaging/blood examinations and medications prescribed at initial
presentation to rheumatology. No aspects of clinical care were affected by a patient’s
enrolment to CAPS and no additional study visits to the hospital were required. Therefore,
these data were only available for CAPS if completed under routine care, although centres
were encouraged to record all data in the case record. Further review of medical case notes
is completed by study nurses at time points detailed in Figure 7. These medical case note
extractions, in addition to patient questionnaires, were initially completed at initial
presentation to paediatric rheumatology, at six months, at one year and then annually to
five years. However, in 2010 the requirement for six month data collection ceased and
additional extractions at seven and ten years were added to the study protocol to capture
longer-term outcomes (Figure 7).
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Figure 8. The 75 joint count used as part of the Childhood Arthritis Prospective Study

Table 8. Collection schedule for medical case note data
Information group

Variable

Collection schedule*

Patient information

NHS number

Initial presentation

Date of birth

Every follow-up

Gender

Every follow-up

Height

Every follow-up

Weight

Every follow-up

Referral

Source of referral

Initial presentation

information

Recorded date of symptom onset

Initial presentation

Results of any previous investigations

Initial presentation

Diagnosis from referring physician, if recorded

Initial presentation

Date of first visit to paediatric rheumatology

Initial presentation

ILAR category and revised diagnoses at follow-up

Every follow-up

PGA (100mm VAS)

Every follow-up

Active joint count (75-joint count)

Every follow-up

Limited joint count (75-joint count)

Every follow-up

Blood test investigation results if performed in

Every follow-up

Features of disease

standard practice (and normal range for specific
hospitals):
•

Full blood count (FBC)

•

ESR (mm/hr)
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•

CRP (mg/L)
o

Normal ranges for each hospital
described in Table 9.

•

RF (IU/mL, cut-point <1/16 negative, 1/16 to
1/80 borderline, >1/80 positive)

•

Anti-nuclear antibody (ANA)

•

Human leukocyte antigen B27 (HLA-B27)

•

Immunoglobulin (Ig)

•

Results of any imaging studies, if performed

Extra-articular features of disease including:
•

Fever

•

Rash

•

Generalised lymph node enlargement

•

Hepatomegaly/splenomegaly

•

Serositis

•

Psoriasis

•

Nail pitting

•

Dactylitis

•

Enthesitis

•

Sacroiliac tenderness

•

Radiological sacroilitis

•

Uveitis

If CYP was discharged from rheumatology and

Every follow-up
Every follow-up

Every follow-up

reason for discharge
Serum, cells, DNA and RNA

Single blood sample only
when medically indicated or
when attending for intraarticular injections,
respectively.

Medication

Drug name

Every follow-up

Date started and stopped

Every follow-up

Reason for stopping

Every follow-up

Administrative route

Every follow-up

Adverse reactions

Every follow-up

*Data were extracted from the medical record at follow-up points described only if available from standard
routine care and set to missing if not recorded. No additional clinical visits specifically to capture CAPS data
were permitted under study ethics. NHS: National Health Service, ILAR: International League of
Associations for Rheumatology, VAS: Visual analogue scale, FBC: Full blood count, ESR: Erythrocyte
sedimentation rate, CRP: C-reactive protein, RF: Rheumatoid factor, ANA: Anti-nuclear antibody, HLA:
Human leukocyte antigen, Ig: Immunoglobulin, CYP: Children or young people.
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Table 9. Ranges for normal CRP across centres recruiting to CAPS
Hospital

Range for normal CRP (mg/L)

The Royal Hospital for Children, Glasgow

0 to 10

The Royal Hospital for Sick Children, Edinburgh

0 to 5

Great North Children’s Hospital, Newcastle upon

0 to 5

Tyne
Royal Manchester Children’s Hospital,

0 to 6

Manchester
Alder Hey Children’s Hospital, Liverpool

0 to 8

Great Ormond Street Hospital, London

0 to 20

University College Hospital, London

0 to 5

*CAPS: Childhood Arthritis Prospective Study, CRP: C-reactive protein

4.1.5.2 Nurse Questionnaires
At initial presentation to paediatric rheumatology, patients and guardians met with study
nurses to collect data not necessarily captured during routine clinic appointments. These
included a detailed medical history of the participant in addition to capturing a family
history of certain chronic health conditions (Table 10). Annually, study nurses met with or
telephoned participants or their guardians to gain further information about any new
comorbidities in addition to updated treatment and rheumatology attendance data (Table
10; Figure 7). In 2015, this additional step was removed from the study protocol as it had
proved difficult to arrange and sufficient data been captured on these variables.
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Table 10. Collection schedule for nurse questionnaires
Information group

Variable

Collection schedule

Demographic data

Date of birth

Every follow-up

Gender

Every follow-up, though
rarely updated

Ethnic group

Initial presentation

Country of birth

Initial presentation

Family

List and ages (if under 18 years) and

Initial presentation

demographics

relationships to patient of co-habiting
family members
Guardian occupation(s)

Initial presentation

Guardian income

Initial presentation

Guardian age left full-time education

Initial presentation

Guardian highest level of education

Initial presentation

Family history

Family history of autoimmune diseases

Initial presentation

Birth history

Details of pregnancy with patient including

Initial presentation

duration, mode of delivery, birth weight and
complications as well as breastfeeding
history
Medical history

Congenital illnesses

Initial presentation

Childhood infections

Every follow-up

Chronic health conditions

Every follow-up

Previous hospital admissions

Initial presentation

Age at start of menstruation in both patient

For female participants

and patient’s mother

over the age of 10 at
initial presentation

History of arthritis

Immunisation History

Initial visit

Age at first recalled symptoms

Initial presentation

Symptoms experienced within the first two

Initial presentation

weeks and ever since symptom onset
Date of first GP and hospital visit with

Initial presentation

arthritis
Symptoms experienced at current
appointment/remission status
GP: General practitioner

Every follow-up
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4.1.5.3 Patient/Guardian Completed Questionnaires
In addition to data collected by nurses either from medical records or interviews with
patients and their guardians, further patient/guardian-completed measures were completed.
These assessed variable symptoms of JIA and its impact on the daily life of the CYP.
These questionnaires were completed at the same follow-up intervals as the nurse review
of medical records/telephone interviews (Figure 7).
Table 11. Collection schedule for patient-reported questionnaires
Information group

Variable

Collection schedule

Functional ability

Childhood Health Assessment

Every follow-up

Questionnaire (CHAQ)

Age ≤11 years completed by proxy
Age >11 years completed by patient

Wellbeing

Patient/guardian global assessment,

Every follow-up

100mm VAS

Age ≤11 years completed by proxy
Age >11 years completed by patient

Pain

100mm pain VAS

Every follow-up
Age ≤11 years completed by proxy
Age >11 years completed by patient

Psychosocial health

Child Health Questionnaire (CHQ)

Every follow-up
Not completed if <8 years.
Age ≥8 years proxy-completed.

VAS: Visual analogue scale, CHAQ: Childhood Health Assessment Questionnaire, CHQ: Child Health
Questionnaire

4.1.5.4 Discharge Forms
Where patients had been discharged from paediatric rheumatology at centres recruiting to
CAPS, forms were available to provide the study team with further information. These
included the date and reasons for discharge, with reasons being categorised as follows: i)
Well, ii) Repeated non-attendance and iii) Transferred to another hospital. The decision to
discharge from clinic was left to the treating physician and no specific remission or low
disease criteria had to be met to be ‘well’ for physicians to make the decision to discharge,
nor was it a requirement to record the current level of disease activity on the CAPS
discharge form. If transferred to another hospital, further options were available to specify
whether this was due to a house move, transfer to adult services or some other reason.
Following discharge, although no medical case note information would be available for
further collection by CAPS, participants could agree to be contacted by the study team for
a further two years for nurse interviews, although in practice this unfortunately did not
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often happen. In addition, participants could agree to continue completing patient-reported
questionnaires as per the study schedule (Table 11, Figure 7).
4.1.6 Applying Criteria for Minimal Disease Activity, Clinically Inactive
Disease and Remission to CAPS data
4.1.6.1 Applying Wallace’s Preliminary Criteria for Clinically Inactive
Disease and Remission to CAPS data
To be classified as having CID according to Wallace’s preliminary criteria, one needs zero
active joints, a score of 0cm on the PGA, no systemic features, normal ESR/CRP and no
active uveitis 165. The criteria are applied in the same manner regardless of ILAR category
and were applied as such to all CYP in each analysis. All variables forming the criteria set
are captured in CAPS. However, certain assumptions had to be made when applying the
criteria set to CAPS data.
Wallace’s preliminary criteria do not specify whether a full or reduced active joint count is
to be used as part of classifying a CYP as in CID. As part of CAPS, a 75 active joint count
is collected. This count had to be at zero to fulfil this criterion. The PGA was completed on
a 100mm VAS and scores of exactly 0mm were considered as the ‘best possible score’ on
this scale. For CYP with systemic JIA, the absence of systemic features was assumed if no
fever, rash, serositis, splenomegaly or generalised lymphadenopathy were recorded in the
medical case note forms corresponding with the timing of criteria application. For all CYP
in other ILAR categories, this criterion was automatically met. No range for ‘normal’ ESR
is provided with the definition of Wallace’s preliminary criteria

165

. However, subsequent

development of the criteria to the ACR provisional criteria defined normal ESR as
≤20mm/hour

185

. Therefore, a cut-point of 20mm/hour was used for the current analyses.

For CRP, due to different assays across CAPS hospitals, limits for normal CRP differed
between centres (Table 9). These centre-specific CRP ranges were used to classify
‘normal’ versus ‘raised’ CRP and were applied to CYP from each corresponding centre.
Within the CAPS questionnaires, two questions were asked at each follow-up about
uveitis: ‘chronic uveitis’ (yes/no) and ‘acute uveitis’ (yes/no). The absence of both of these
factors was considered to represent the absence of current uveitis activity for the analyses
in this thesis.
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4.1.6.2 Applying JADAS and cJADAS Criteria for Minimal Disease Activity,
Clinically Inactive Disease and Remission to CAPS data
The formulae for JADAS and cJADAS scores have been previously described, with all
joints included in the 71, 27 and 10 reduced joint counts available in the CAPS data. The
scores were calculated for all CYP and cut-offs for CID and MDA applied. Summed
scores were deemed to represent CID and/or MDA if falling below the previously defined
cut-points 168,186 (Table 4).
Unlike Wallace’s preliminary criteria, the JADAS and cJADAS apply different cut-offs for
MDA according to whether the CYP has oligoarticular or polyarticular course JIA. In
order to operationalise these criteria in CAPS data, CYP in the ILAR category (defined
using data available at one year, replaced with data at initial presentation if unavailable) of
persistent oligoarthritis were classified as ‘oligoarthritis’ and those with systemic arthritis,
extended oligoarthritis, RF-negative or RF-positive polyarthritis were classified as
‘polyarthritis’. Patients with enthesitis-related, psoriatic and undifferentiated arthritis were
classified based on having fewer (oligoarthritis) or at least (polyarthritis) five active joints
at one year following initial presentation, when ILAR categories were assigned.
4.1.6.3 Applying Magni-Manzoni Minimal Disease Activity Criteria to CAPS
data
The calculation of MDA according to Magni-Manzoni criteria has been previously
described (Table 4). All 75 joints included as part of CAPS data were used to determine
the active joint counts and the cut-offs for MDA applied to CYP with oligoarticular and
polyarticular disease course as discussed in the previous section. Although MagniManzoni et al. excluded patients with enthesitis-related arthritis from their initial
development process, CYP with this ILAR category in CAPS were also classified based on
their number of active joints at the time ILAR category was assessed.
4.1.7

Patient Selection for Inclusion in Thesis

This section outlines the criteria applied to select patients for inclusion to each of the main
analyses presented in this thesis. The CAPS cohort continued to recruit and capture followup data over the duration of this PhD and some analyses required longer periods of followup than others. It was therefore decided that, rather than use a single cohort for all papers,
the cohorts would be updated using specific inclusion criteria for each paper, based on the
underlying research question addressed. The specifics of selection criteria for each analysis
are presented below under the title of each paper.
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4.1.7.1 How Common is Clinically Inactive Disease in a Prospective Cohort
of Patients with Juvenile Idiopathic Arthritis? The Importance of
Definition
The first paper using CAPS data (Section 6.2) aimed to quantify how many CYP with JIA
achieved CID at one year following initial presentation to paediatric rheumatology. To this
end, patients were included if they had a physician’s diagnosis of JIA and were recruited
prior to December 2013, to allow for at least one year of follow-up to April 2014, the date
at which the analysis was commenced. Patients were excluded from this study if no study
forms had been returned. A further decision was made to exclude prevalent cases of JIA,
defined pragmatically as having been prescribed a biologic therapy prior to their first visit
to paediatric rheumatology at a CAPS centre. Although CAPS is an inception cohort, it
became evident that a very small number of patients did not have a new diagnosis. On
review of these cases it was clear that although new to the CAPS centre they had been
diagnosed elsewhere and had moved to a CAPS centre and as such did not have a new
diagnosis of JIA. No other restrictions were placed on patient selection.
The currently published definitions for CID and/or MDA have not been validated in
enthesitis-related, psoriatic or undifferentiated JIA. Systemic JIA-specific JADAS and
cJADAS measures have also not been developed

168,186

. However, in order to gain an

understanding of CID/MDA achievement across all categories of JIA, and compare these
estimates with published evidence, this paper included all CYP with JIA registered with
CAPS regardless of ILAR category.
4.1.7.2 Long term Outcomes Following Achievement of Clinically Inactive
Disease in Juvenile Idiopathic Arthritis: the Importance of
Definition
The second paper using CAPS data (Section 6.3) focused on the short and long-term
outcomes following achievement of CID and MDA at one-year. Long-term outcomes were
assessed to five years (four years after determination of MDA/CID) following initial
presentation to paediatric rheumatology. Therefore, to allow for at least five years of
follow-up, patients were selected from CAPS if diagnosed with JIA and recruited prior to
1st January 2011. Patients who had no outcome data at any follow-up visit relating to any
of the outcomes studied within the five year follow-up window were excluded.
As previously mentioned, with the exception of Wallace’s preliminary criteria for CID,
which includes systemic features, no other CID/MDA criteria exist for ILAR categories
which include extra-articular features as part of their classification criteria. As these extraarticular features may also influence long-term outcomes, a decision was made to limit this
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paper to only the oligoarticular and polyarticular ILAR categories. Therefore, for this
paper, the inclusion was limited to patients with oligoarticular, RF-negative or RF-positive
polyarticular JIA only.
4.1.7.3 Factors Associated with Remission in a Prospective Cohort of
Patients with Juvenile Idiopathic Arthritis: the Importance of
Definition
The final paper using CAPS data included in this thesis focused on factors associated with
remission in JIA (within the first three years). Therefore, to allow for at least three years of
follow-up, patients were selected if diagnosed with JIA and recruited prior to 1st January
2014. Again, patients with no returned study forms were excluded and the paper was
limited to those with oligoarthritis, RF-negative or RF-positive polyarthritis.

4.2 Epidemiological Considerations
Observational cohort studies, such as CAPS, face many epidemiological challenges
including selection bias, confounding as well as attrition and missing data. This is
particularly a problem when data capture continues over a number of years. This section
outlines some of the main epidemiological considerations faced within the PhD, including
ways that their impact was minimised or handled within CAPS.
4.2.1

Selection Bias

4.2.1.1 The Principles of Selection Bias
Selection bias generally refers to whether patients involved in a study are truly
generalisable to those in the general population of those patients 298. If the study population
and general population of patients are similar, the results of the study will likely have
external validity

299

. External validity, the ability to generalise associations to different

samples, settings and times
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, is vital in the comparison of results across studies and the

application of these new evidences in the target population. The sampling and follow-up
strategies for a given study determine the likely impact of selection bias, including from
where, and how, eligible patients are selected and at what point in their disease course.
4.2.1.2 Locations for Patient Selection
A pragmatic method of recruiting patients with rarer diseases requiring specialist care is
from a hospital setting. Recruiting through primary care practices or community settings
would require immense resources to recruit few patients. However, recruiting from a
single hospital may introduce selection bias. Hospitals may be located in very different
geographic and socioeconomic areas. Patients could differ in terms of ages, ethnicity,
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socioeconomic factors, and distance to their nearest healthcare professional

301

. Therefore,

results gained in a single centre may not generalise to the larger population of patients with
the condition of interest. To mitigate this selection bias, multiple hospital sites can be used.
This bias may be reduced further when implementing population-based studies, which may
include all clinics within the population of interest, rather than a selection of clinics which
may still contain a biased sample.
Since JIA is a rare disease requiring specialist care

27

, the decision was made to recruit

patients for CAPS from paediatric rheumatology centres. This allowed for a greater
concentration of patients with JIA across recruiting sites. Recruiting from multiple areas
across England and Scotland allows CAPS to select a relatively representative cohort of
patients with JIA across Great Britain, but notably excludes Northern Ireland and Wales
(with the exception of Northern Wales where patients may attend hospital in Liverpool).
Even when recruiting from all clinics within a defined area, selection bias may still occur
against ‘hard to reach’ patient types. These could include patients who are less likely to be
referred to secondary care and those less likely to be recruited into a study once referred
even if eligible. Many factors contribute to both of these forms of selection bias, for
example, isolated communities who are less able to attend clinics/studies, non-English
speakers, patients with such severe disease that they cannot participate and patients with
mental health problems including learning difficulties who would not be able to truly
provide informed consent

302-305

. In addition, patients from poorer socioeconomic

backgrounds or ethnic minorities are known to be difficult to recruit to studies and to
present to clinical appointments
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. Where hard-to-reach patients are not included in

clinical research, results produced may not be externally valid in these populations.
Therefore, studies recruiting from multiple hospital settings may not always capture or
generalise to the entire target population.
CAPS is set within the UK NHS, a universal healthcare system. Therefore presentation to
clinic appointments may be less of a barrier to patients from poorer socioeconomic
backgrounds. Whilst geographically isolated patients may attend specialist services if their
disease is severe and requires hospital treatment, those with milder disease may choose not
to be referred into secondary care. In terms of recruiting eligible patients who do attend
clinic appointments, other hard-to-reach patient groups may have been accessed
successfully in the UK e.g. non-English speakers have NHS translators provided; however
other barriers such as patients or families with mental health disorders have not been
explored. Whilst CAPS therefore aims to capture many hard-to-reach patient groups, the
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coverage is partially limited. However, the sampling methods once patients present to
clinic appointments minimises the risk of selection bias.
4.2.1.3 Sampling Methods
After selecting recruiting centres, multiple methods are available to select patients. The
simplest but most biased sampling technique is convenience sampling. In convenience
sampling, a group of patients undergoing a specific intervention is selected, e.g. a study in
synovial fluid biomarkers from patients undergoing steroid injection to the knee

307

.

Selection bias is introduced where patients with the disease of interest do not have an equal
chance of recruitment. Greater external validity is gained in consecutive or random
sampling techniques

308

. For the former, every eligible patient passing through the clinic

within a given time frame is selected for the study

308

. For the latter, a random sample of

these patients is selected 309. However, in a rarer disease or when studying a rare outcome,
every eligible patient may be of interest.
Patients participating in CAPS have been recruited consecutively. Every patient that meets
the inclusion criteria are approached at the point of initial presentation to paediatric
rheumatology. This allows all eligible patients to be approached within the recruitment
time frame.
When recruiting patients using any of the previously discussed methods, a decision is
made regarding whether patients with new or recently-diagnosed disease versus prevalent
disease should be eligible for inclusion. CAPS uses an incident case design. Inception
cohorts recruit patients from the initial presentation of the patient with their disease of
interest

310

. In contrast, prevalent sampling excludes eligible patients who have been

previously followed and dropped-out at recruiting centres (also referred to as left
censorship). This left censorship is therefore minimised in the CAPS study design.
4.2.2

Confounding Bias
4.2.2.1

The Principles of Confounding

In clinical trials, patients are randomised to various exposure and/or control arms. It is
therefore likely that patient characteristics are balanced between different arms of the trial
311

. Associations between exposures and outcomes will, therefore, not be distorted by these

characteristics. In observational research, comparing the effect of an exposure (e.g. CID),
with an outcome (e.g. functional ability), may be biased by ‘confounders’. Confounding is
illustrated in Figure 9.a. A confounder is associated with both an exposure and the
outcome of interest, without lying on the causal pathway

312

. Where the variable does lie
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on the causal pathway, it is called a mediator (Figure 9.b)

312

and where an interaction

exists with a variable affecting the strength of the association, it is moderator (Figure 9.c).
Measured or unmeasured confounders that are not appropriately accounted for when
assessing associations can dramatically affect the direction or size of the association
observed. An example of confounding could be an association between gender and disease
activity in JIA, which is confounded by ILAR subtype. The male: female ratio is highest
for systemic and enthesitis-related JIA, two of the most severe forms of the disease

4,31

.

Without controlling for ILAR subtype, a result that males have higher disease activity than
females could be found and may be misleading. However, there are multiple analyses that
can take this association into account. Each requires the confounder to have been measured
as part of the study; other than randomisation in a trial setting, there is no widely accepted
method to address unmeasured confounding. Approaches to account for confounders
include restriction, stratification and adjustment in regression models.
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a)

b)

c)

Figure 9. a) Association with a confounder, b) Association with a mediator, c) Association
with a moderator
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4.2.2.2 Restriction
If only a specific subset of CYP, based on a value of the confounder, are of interest, the
dataset can be restricted to this subset

312

. For example, if an association between a

particular exposure and remission is only relevant to certain ILAR categories, the analysis
can be restricted to only CYP with these categories. Whilst this analysis effectively
controls for confounding, power may be limited and results will not be generalisable

312

outside of the restricted population, e.g. selected ILAR category. Since remission criteria
for the final two analyses in this thesis are not strictly applicable to ILAR categories other
than oligoarticular and both polyarticular JIA categories, these analyses were restricted to
these three categories.
4.2.2.3 Stratification
Stratification to mitigate confounding is only possible for categorical confounders of
interest, or where continuous confounders can be split into categories. After stratification,
results are compared within or across groups

311

. For example, the association between

exposure and remission could be compared between individual ILAR categories.
Stratification allows the investigation of associations between exposures and outcomes for
different strata. This could be reasonable in a dataset including CYP with three
autoimmune conditions: JIA, lupus and asthma, stratifying these models based on distinct
conditions may be preferable due to i) Different relationships between the condition with
other variables of interest (i.e. potential interactions), ii) Different clinicians treating the
conditions who would want to know the effect in a specific condition.
Although stratification may produce clinically meaningful results for the groups in
question, there are limitations in terms of study power. Study power relates to the
probability of detecting an effect when there is a true effect to be detected i.e. the
probability of not having false negative results. This power increases with increasing
sample size, with greater variability associated with fewer participants

313

. The process of

stratification splits patients into smaller groups and, thus, when the number of confounder
categories increase, statistical power can be severely limited

311

. Finally, the resulting

associations are only applicable to individual subsets of CYP analysed and cannot be
generalised to entire study populations. Thus, clinical applicability to heterogeneous study
populations is decreased. For the current thesis, analyses were stratified by ILAR category
where assessing risk factors for remission, where it was likely that different predictors of
remission existed between these disease categories.
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4.2.2.4 Adjustment
The most widely used method to control for confounding bias in health epidemiology is
adjustment within a regression model

312

. Rather than running individual models for each

confounder category, all subjects are analysed in the same model. The equation for a basic
linear model with a single confounder is illustrated in Equation 5 where X1 is the variable
of interest and X2 the potential confounder. Betas (β) reflect the size of the associations
between their respective X and the outcome Y.
𝒀 = ɑ + 𝜷 𝟏 𝒙𝟏 + 𝜷𝟐 𝒙𝟐 + 𝒄

(5)

The value of the potential confounder(s) is held at a constant level, thus the independent
association between the variable of interest and the outcome can be assessed. Unlike
stratification, where the confounding variable is split into multiple categories, with no
regard to how the strata are related, adjusting assumes a linear relationship between the
outcome and confounder

314

.

Adjustment has the benefits of estimating associations

independently of a confounder in an entire study population and can be expanded to
include multiple confounders in a multivariable model, e.g. Equation 6, where X2 to Xn are
potential confounders. This analysis not only allows the gain of point estimates for
association between the explanatory variable of interest and the outcome, but also the
confounding variable(s) and the outcome; however, the number of confounders that can be
added to the model is limited.
𝒀 = ɑ + 𝜷𝟏 𝒙𝟏 + 𝜷𝟐 𝒙𝟐 + ⋯ 𝜷𝒏 𝒙𝒏 + 𝒄

(6)

The number of potential confounders to include in a regression model is limited by the
number of observed outcome events. A general rule of thumb is that around 10 events per
additional variable are sufficient for binary outcomes

315,316

, with at least two participants

per variable required for accurate estimation of coefficients and confidence intervals for
continuous outcomes

317

. In large observational datasets, there may be many items that

may be considered as potential confounders in a regression model. Methods therefore need
to be undertaken to limit the number of variables.
Limiting the Number of Covariates for a Regression Model
At the initial stage of regression model development, variables that have any of the
following characteristics may be excluded from consideration in the model i) There is no
plausible clinical association with the outcome, ii) They are unfeasible to collect in the
target population iii) There are high quality studies showing no association with the
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outcome

318

. Once variables that are unfeasible to collect or unlikely to add to the model

have been excluded, there may remain a large pool of potential variables for inclusion.
The next stage of variable selection does not take the outcome of interest into account.
Considering the resulting pool of potential covariates, those that are highly correlated or
associated with another potential variable may be excluded from consideration

319

. Those

that have greater missing data or are less feasible to collect could be excluded 320. Once the
pool of potential variables has been reduced to those that are clinically relevant, feasible to
collect in the target population and not collinear with other variables, there may be few
enough to force into a multivariable model with no further selection methods. This is the
simultaneous entry method 319.
Simultaneous entry methods are favourable in terms of clinical relevance

319

. However,

because no statistical techniques were used to select the variables, there may be covariates
in the model that do not explain variation in the outcome and thus model fit may not be
optimal. Alternative, purely statistical methods for variable selection include univariable
screening and stepwise methods

318 319

. However, these methods are more appropriate

when developing prediction models rather than assessing risk factors for particular
outcomes. Thus, neither technique was employed in this thesis.
4.2.3 Missing Data
4.2.3.1

Types of Missing Data

When studying cohorts of patients, there is invariably a high risk of missing data. These
missing data could relate to exposure, outcome or confounder data. This is particularly
evident in observational data 321, where patients are receiving standard care. These patients
may not present to clinical appointments for a number of reasons, such as inconvenience,
accidental omission, but also in relation to their current symptoms, whereby patients who
are well may choose not to attend. In JIA, CYP in remission off medication are often
discharged from continued rheumatology care. Alternatively, patients may attend clinical
appointments but may not have all outcome measures completed and/or recorded in their
medical record as part of their clinical assessment. This reflects clinical practice, whereby
a physician may tailor their examination or assessments based on the symptoms of the
patient. In busy outpatient clinics, there may not be the opportunity to record all variables
due to time pressures. For JIA, assessments that may not be completed in every
appointment include those requiring a blood sample. These samples are usually only taken
when clinically indicated due to the stress of the procedure, particularly in younger CYP
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157

. Although missing data can therefore take on multiple different forms, it is important

that the pattern of missing data is identified and the impact on the study assessed. Three
different patterns of missing data may be observed.
Missing Completely at Random
Missing data are missing completely at random (MCAR) if the probability of missingness
does not depend on any measured or unmeasured data collected in a given study

322

. For

example, if a batch of patient reports were lost in the post on the way to the study centre,
these data are MCAR.
Missing at Random
Data are missing at random (MAR) if the probability of missingness depends on observed
data i.e. that has been measured in the study

322

. For example, certain clinicians may be

more fastidious when completing the PGA during assessment of their patients with JIA
and some may be less so. The values of missing PGA scores may be similar to available
scores, with missingness purely depending on which clinician assessed their disease
activity.
Missing Not at Random
Data are missing not at random (MNAR) if the probability of missingness is dependent of
the values of the missing data 322. For example, CYP who are in no pain may not present to
clinical appointments. Therefore, data available for pain would represent a group of CYP
with higher pain than the entire cohort. It is possible for data to be both MAR and MNAR,
for example where missing values of pain may be higher, but other measures of outcome
which correlate with pain have actually been recorded.
4.2.3.2

Testing for Missing Data Types

Whilst it is impossible to definitively confirm missing data types, it is possible to infer the
most likely type through a combination of statistical tests and biological plausibility.
The difference between data MCAR and MAR is an association between missingness and
observed data. This association can be tested in an existing dataset through logistic
regression analyses with observed variables as explanatory variables and a binary
missingness variable (0: present, 1: missing) used as the outcome for the variable of
interest. If associations between any of the potential explanatory variables and the
missingness variable are present, then data are not MCAR.
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Statistical testing for data MNAR is more challenging without sampling a subset of
patients with missing data to gain more information about why their values are absent.
Previous data may be used if they are lost-to-follow-up, for example where CYP with JIA
who have lower disease activity are more likely to be lost-to-follow-up

250

. In existing

data, the only option to test for data MNAR is to construct a similar model to that
described previously, however using a proxy, potentially collinear, variable as the
explanatory variable. For example, ESR and CRP are both acute phase reactants and
therefore both measure inflammation

157

. If a CYP had a value for ESR and not CRP, a

logistic model could be constructed with missing CRP (yes/no) as the outcome and
continuous ESR value as the explanatory variable. If an association was observed, for
example lower ESR is associated with missing CRP, CRP data may be considered MNAR;
Lower CRP values are more likely to be missing. However, in this example, data are also
MAR as associated with ESR: As previously stated, the latter two missing data categories
are not mutually exclusive. Although analysing these data would therefore be possible, in
the presence of a more complete collinear variable, the most reasonable analysis plan
would involve the use of the more complete variable. In some cases, incomplete data may
introduce bias in associations between available exposures and outcomes. In these cases,
methods to mitigate this bias may be required.
4.2.3.3

Missing Data Bias

As previously discussed, not including a representative sample of patients in a study can
result in a lack of external validity

299

. However, if a representative sample is included in

the study, but only those with complete data are included in the analysis, internal validity
may additionally be affected. Internal validity relates to whether the results of the study are
true for the study population 300. The effect missing data may have on this internal validity
can be judged based on the type of missing data 323.
Missing Completely at Random
MCAR data do not bias association point estimates in analyses.
Missing at Random
Conversely to data MCAR, MAR data can bias associations. The direction of bias depends
on whether subjects with available data are more or less likely to achieve the outcome of
interest. Using an earlier example, if the fastidious clinician worked in a hospital that was
generally referred more severe cases than other hospitals, CYP with available PGA scores
may be less likely to achieve remission than those with missing PGA values. Therefore,
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the association between PGA score and remission may appear to attenuate compared with
an analysis with complete data.
Missing Not at Random
Data which are MNAR invariably bias point estimates if not accounted for and similar to
data MAR, this bias could be in either direction. Using the previous example of CYP with
lesser pain not presenting to clinical appointments, the use of this dataset to study
associations between pain and remission would result in biased estimates. The association
between pain and remission would be attenuated if the missing data were not accounted
for, since those with low pain, and therefore likely higher remission rates, would be
missing. In the latter two types of missing data, methods are therefore needed to mitigate
potential missing data biases.
4.2.3.4

Statistical Methods to Mitigate Missing Data Bias

For all data types, excluding patients from analyses will reduce the study power to detect
differences between subgroups of patients. This reduction in power occurs through a
reduction in sample size with a resultant decrease in the precision of estimates (observed
through wider intervals of variance e.g. 95% CI around any point estimate)

324

. However,

to limit bias of point estimates, a number of techniques can be employed which are
increasingly complex when considering MCAR to MNAR data.
Before any methods are implemented to infer or exclude missing data from analyses, their
impact on the study question should be tested. If techniques to infer missing values would
make no clinically meaningful difference to the results, there is no value in inferring them.
Complete Case Analyses
Complete case analyses involve analysing only the data that are present in a given dataset.
This means that any patients who are lost-to-follow-up will be excluded from the analysis
if data following their loss from the study are required. However, those that attended but
have incomplete data in the variables of interest are also excluded 325.
If the only data missing are MCAR, or they are MAR but do not relate to the outcome of
interest, unbiased associations will be produced

326

; in these cases, only estimates of

variability i.e. width of confidence intervals are affected. However, if missing data are
MAR and relate to the outcome or data are MNAR, complete case analyses will result in
biased point estimates in either direction.
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Since complete case analyses are used widely in the literature, these analyses are often
necessary to compare across publications, despite the variability in both internal and
external validity for different data types. In addition, comparison of results following
complete case versus analyses accounting for missing data allows an assessment of bias in
this preliminary analysis.
Most Extreme Scenarios
To test the potential impact of missing data, a minimum/maximum analysis can be
undertaken 325. In this analysis, all missing data are initially set to their minimum possible
value and the planned analysis is completed. Following this, all previously missing values
are set to their maximum possible value and the analysis undertaken for a second time.
Results from these two analyses can then be compared with those from a complete case
analysis. If there are no clinically important differences, decided based on published
minimal clinically important differences (MCID) in outcomes or clinical expertise, a
complete case analysis should suffice. This analysis is the most straightforward for binary
or ordinal missing variables where minimum and maximum values may be clinically
plausible 325. For continuous variables, setting minimum and maximum values may not be
plausible

325

e.g. despite the minimum score of zero being common on the CHAQ, it is

very rare for CYP with JIA to achieve a maximal score of 3

212

. In these cases,

minimum/maximum analyses may not prove valuable 325. For binary or ordinal outcomes,
however, where a clinically important difference is observed between the minimum and
maximum scenarios, imputation methods may be implemented.
Single Imputation
Single imputation involves inferring the value of a missing value from observed data in a
given dataset. There are various imputation methods that can be used to infer these values,
with the common theme that a single value is inferred. Common examples of single
imputation include replacing missing values with the mean, or median, of observed values,
or bringing forward the last observable value to replace the missing data point

327

. There is

a potential limitation of too precise estimates in all single imputation methods: the
potential value for a given missing data point falls within a distribution of likely values.
Imputing a single value and assuming it has the same accuracy as observed values
therefore leads to underestimations in measures of variability, where different estimates
may have been produced if the analyses had been repeated 328.
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Last Observation Carried Forward
Last observation carried forward (LOCF) analyses are often used in longitudinal studies. If
missing data arise over time, LOCF analysis would replace missing values with the most
recent non-missing values from earlier in follow-up

325

. This has the benefit of being

simple to complete and the ability to use all patients in the analyses, regardless of whether
they have incomplete data.
LOCF analyses are commonplace 329 but assume that patient outcomes remain stable over
time and do not improve or decline

330

despite potential changes in treatments, their

reasons for having missing data and the natural life-course of the disease. This analysis can
therefore result in biased point estimates for associations across all three missing data
types, with too precise measures of variation.
Multiple Imputation
Multiple imputation involves the use of available data to infer the values of missing
observations, generating multiple potential values for the missing variable. In this way,
estimates are not biased for data MAR as they are based on other available data. In
addition, variance estimates are not underestimated since multiple values are generated per
missing data point 331.
There are various methods for multiple imputation, with the initial decision based on the
missingness pattern in the dataset to be analysed. There are broadly two patterns of
missingness: monotone or non-monotone

332

. A monotone missingness pattern assumes

that once a missing value has arisen, all further values will also be missing. Similarly, if a
value is present, it is assumed that all previous values are also present

332

. Therefore, in a

longitudinal cohort like CAPS, the only CYP who may have monotone missingness are
those lost-to-follow-up who do not return to the study. However, if they previously had
incomplete data during their follow-up, their missingness pattern is no longer monotone.
Conversely, CYP with non-monotone missingness may have different incomplete
variables at various follow-ups with no particular pattern.
Multiple imputation methods differ for monotone or arbitrary datasets (those that contain
both monotone and non-monotone data). Since the former data structure is not feasible for
longitudinal cohorts, only multiple imputation methods that were applicable for arbitrary
missingness-patterned datasets were considered for this thesis.
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Multiple Imputation: a General Approach
Regardless of imputation approach, the broad structure of multiple imputation remains the
same. The first step is to use existing data built into an imputation model to estimate
missing values. This is completed ‘n’ number times, or over multiple iterations, until ‘n’
datasets are filled with complete data. The analyses are then run in each of these datasets
and results pooled using Rubin’s Rules, whereby a coefficient of interest βMI is the mean of
observed coefficients 𝛽̂ over imputed datasets m (Equation 7).
𝟏

𝜷𝑴𝑰 =

𝒎

̂
∑𝒎
𝒊=𝟏 𝜷𝒊

(7)

To calculate a measure of variability, Rubin’s Rules calculate total variance for the
estimate T (Equation 8), accounting for both within, (Equation 9) and between (Equation
10) imputation variability, W and B, respectively 332,333.
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(9)
(10)

No current rules exist for how many datasets to impute for the most accurate and unbiased
estimates following the pooling of results. Published recommendations suggest as few as
three to five imputed datasets are sufficient once the model has reached convergence

334

.

Alternative methods have been suggested based on the fraction of missing data

335

.

However, these latter approaches also suggest that after a small number of datasets have
been generated, the gains of imputing further estimates drastically diminish 335. There were
unbiased estimates of regression coefficient values produced over different numbers of
imputed datasets, ranging from n=3 to n=100, regardless of the proportion of missing data
336

. The multiple imputation technique employed in this thesis used an empirical 20

imputed datasets and allowed different outcome variable types to be imputed at the same
time using different types of regression model: multiple imputation using chained
equations.
Multiple Imputation using Chained Equations
One of the more flexible approaches to multiple imputation is that using chained equations
331

. This method does not assume that all variables included form a joint normal

distribution, an assumption which may be unlikely in large observational cohorts.
Uniquely, the entire set of variables due to receive/inform imputed data do not have to
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form part of one, large model. Instead, each variable is modelled separately using its
distribution, for example a continuous variable such as ESR could be modelled according
to a linear regression and binary variables such as remission modelled using logistic
regression models. For each of these models, the entire list, or a subset of, variables may
inform these missing values. The steps of multiple imputation using chained equations can
be summarised as follows 331:
1. Every missing value in the initial dataset is inferred using a single imputation
technique (e.g. taking the mean of available data for that variable).
2. For the first variable, its single imputation values are returned to ‘missing’. Missing
values are then inferred using their specific regression imputation model that may
or may not include all variables in the dataset.
3. Single imputation values for the second variable are then returned to ‘missing’.
Missing values are inferred using other variables including newly imputed values
for the first variable.
4. Steps two and three are repeated until all variables with missing data have imputed
values based on other variables that were not completed using single imputation
methods. This marks the end of the first iteration.
5. Steps two and three are then repeated over multiple iterations until stable estimates
are produced.
6. Analyses are then completed in each separate iteration and results pooled for a final
result, complete with measures of variation i.e. standard errors.
Although a more flexible approach to multiple imputation, multiple imputation using
chained equations still holds various assumptions, which if violated could bias the
estimates gained.
Assumptions of Multiple Imputation using Chained Equations
The first assumption of multiple imputation using chained equations is that any variable to
be analysed for the research question must be included in the imputation model. If
important variables, for example predictors to be tested against a given outcome, are
excluded from these models, an assumption is placed that these variables are not
associated with the outcome of interest. After imputing missing data, the predictor that was
excluded from the imputation model may therefore appear to have no relationship with the
outcome. Care must therefore be taken to include all relevant variables to the missing
values of interest into the imputation model, including the outcome
variables that may not relate directly to the study question.

331

. This may include
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An additional benefit to multiple imputation

using chained equations is that the

imputation model is not assumed to be exactly reflective of the analysis model in terms of
the variables included 331. Auxiliary variables, those that may not be related to the research
question but may be informative for the probability of missingness or imputing missing
values for other variables in the model, may also be included in the imputation models

337

.

The limitation to this is that only a certain number of variables may be included for the
purposes of statistical power. The benefit of multiple imputation using chained equations is
that certain auxiliary variables may only inform a select number of variables needed to
impute. In this case, these auxiliary variables may be included only in the imputation
equations with related variables as the outcome. Each variable, auxiliary or otherwise, may
take a different form and may therefore require different types of regression model to be
imputed.
As previously mentioned, imputation equations under multiple imputation using chained
equations make take various forms. Whilst this is a highly flexible approach, assumptions
of the individual regression models apply. These assumptions are detailed in a later
section.
A final assumption of multiple imputation using chained equations is that missing data are
MAR

325,331

. This method infers missing values from measured data and does not account

for data missing according to other mechanisms. This is problematic where data are likely
MNAR.
Multiple Imputation Sensitivity Analyses for Data Missing Not at Random
Since multiple imputation using chained equations assumes data are MAR, alternative
methods need to be undertaken to account for the potential MNAR pattern. Sensitivity
analyses can therefore be completed under different clinically plausible assumptions about
the values of missing data. This may take the form of raising or lowering imputed values
by a fixed value or measure of variation e.g. one standard deviation higher

338

. To inform

this, one might seek clinical advice on the likely values in patients with missing data.
However, these values may also be biased based on the anecdotal evidence within this
expert opinion.
Following sensitivity analyses, the results can then be compared to those from the MAR
analysis. The benefit of these sensitivity analyses is in accounting for clinically plausible
missingness mechanisms not possible under standard imputation methods. However,
distinctly different results may be gained depending on which clinical assumption is placed
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on the models. In addition, altering imputed values by a measure of variation may not truly
take clinical judgement into account. However, imputing a single value based purely on
clinical judgement leads to overestimates of precision, similar to other single imputation
techniques.

4.3 Statistical methods
This section outlines some of the overarching statistical principles that were applied in this
thesis, common to all analyses, followed by a more in depth discussion of the statistical
methods applied to each CAPS results paper.
4.3.1

Descriptive Statistics

Descriptive statistics are useful for a broad understanding of a particular study population
or subgroup before any analyses are undertaken

339

. For normally distributed continuous

variables, the mean can be described alongside the standard deviation as a measure of
variation. For non-normally distributed continuous variables, the median is a measure of
central tendency less affected by outliers, with interquartile ranges (IQR) describing
bounds for the central 50% of the data

339.

Categorical variables can be described using

frequencies or proportions 340.
4.3.2

Regression Modelling

Regression analyses allow for the quantification of both point estimates for associations,
but also a measure of confidence around these estimates: confidence intervals (Equation
11). These are defined by a particular percentage based on a number of standard deviations
from the mean point estimate within a sampling distribution. For example, 95% of data in
a normally distributed sample is captured within 1.96 times the standard deviation either
side of the mean. If this sampling distribution were sampled repeatedly with replacement
(i.e. whereby sampled values are placed back into the dataset before taking the next
sample), the point estimate gained from the regression analysis would be expected to fall
within these upper and lower bounds 95% of the time.
̅ ± 𝟏. 𝟗𝟔
𝑿

𝝈
√𝒏

(11)

There are various types of regression model available which differ based on types of
covariates, outcomes and relationships assumed. The models used in this thesis include
generalised linear models: linear, logistic and negative-binomial models with
modifications when assumptions of these models are not met.
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Linear Regression
A basic linear model can be used to detect and quantify associations between a continuous
341

. They follow the basic equation

𝒚𝒊 = 𝜶 + 𝜷𝒙𝒊 + 𝒄𝒊

(12)

or categorical exposure and a continuous outcome
presented in Equation 12.

In the above linear model, for person i, Y is the outcome and is based on a magnitude β of
exposure X plus an intercept value ɑ and error c. For continuous variables with continuous
outcomes, β is described according to one increasing unit of the independent variable. As
the intercept value, ɑ represents the value of Y when there is no association between the
exposure and outcome (i.e. β = 0). The model can be adjusted to include multiple potential
confounders.
Logistic Regression
Binary logistic regression models (Equation 13) are appropriate when the outcome is
binary e.g. remission or no remission 342.
𝒑(𝒆𝒗𝒆𝒏𝒕)

𝒍𝒐𝒈 (𝟏−𝒑(𝒆𝒗𝒆𝒏𝒕)) = 𝜶 + 𝜷𝒙𝒊 + 𝒄𝒊

(13)

For binary logistic models, β is interpreted as the log of an odds ratio, which can be
exponentiated to give the value of the ratio itself. A basic example of calculating an odds
ratio can be observed through comparing the odds given in Table 12 using Equation 14. In
place of the value of the outcome increasing by one independent variable unit, odds ratios
from logistic models are interpreted as the increase in odds of the outcome associated with
one unit of this increase, or against a referent category 342.
Table 12. A 2x2 Contingency table
Experienced

Did not experience Odds of outcome for

outcome

outcome

each exposure group

Exposed

a

b

a/b

Not

c

d

c/d

exposed

𝑶𝒅𝒅𝒔 𝒐𝒇 𝒐𝒖𝒕𝒄𝒐𝒎𝒆 𝒊𝒇 𝒆𝒙𝒑𝒐𝒔𝒆𝒅
𝑶𝑹 = 𝑶𝒅𝒅𝒔 𝒐𝒇 𝒐𝒖𝒕𝒄𝒐𝒎𝒆 𝒊𝒇 𝒏𝒐𝒕 𝒆𝒙𝒑𝒐𝒔𝒆𝒅

(14)
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Regression Models for Count Data
The final types of regression models used in this thesis model count outcomes. The basic
model for count data is a negative binomial regression model (Equation 15) 343. The value
of β for these models is interpreted as the increase in log count for every unit of the
explanatory variable. For example, for each increased year of age, the log count for the
number of active joints increases by the coefficient value. Alternatively, incident rate
ratios can be produced, which are interpreted as the percent change in the outcome for
every increased unit of the explanatory variable. These models can also incorporate
categorical predictors, the associations for which are interpreted as the increase in log
count (coefficient) or percent (incident rate ratio) compared with the reference category. A
specific form of negative binomial model is the Poisson model. However, these models are
only appropriate when the variance of the data is equal to the mean, i.e. there is no overdispersion

343

. If data are over-dispersed, Poisson models can produce standard errors that

are too small, compared with negative-binomial models which incorporate an overdispersion parameter 344.
𝒍𝒐𝒈(𝒚) = 𝜶 + 𝜷𝒙 + 𝒄

(15)

Although negative binomial regression models can incorporate data which are overdispersed

343

, they do not address the cause of the over-dispersion. One common cause is

the presence of excess zeros 345. For count data with excess zeros, the zero values are often
generated by a separate process to increases in non-zero values

345

. A zero-inflated

negative binomial model splits data based on the outcome count value. Initially, it models
a binary logistic regression, producing odds ratios for having an outcome count of zero or
non-zero. Secondly, it models a negative-binomial regression model against the non-zero
counts, producing coefficients or incident rate ratios as previously discussed.
Assumptions of Regression Models used in this Thesis
All regression models hold certain assumptions regarding, for example, the distributions or
independence of the data modelled. The assumptions tested for regression models used in
this thesis differed between the linear, logistic and negative-binomial models. These
models share some assumptions: independently distributed data, no interactions and no
collinearity (Table 13).
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Assumption 1: The data are independently distributed
The first assumption of linear, logistic and negative-binomial regression modelling is that
the data are independently distributed (Table 13). Regressions models require that each
variable comes from a single, independent participant and therefore data are not clustered
in any way. However, in clinical settings, patient data are often clustered. A cluster is
defined by a group with a common factor. Patient data, for example, cluster within
individual patients. In a longitudinal study, data from one patient are more likely to be
similar to each other than other data from across the cohort. On a higher level, patients
cluster within clinicians, who themselves cluster within hospitals. For example, treatment
strategies may be more similar across clinicians from a single hospital than if compared
with other clinicians nationwide.
Clustering of patient data may be reflected in the correlation of the residuals. A residual in
a linear regression is the difference between the observed and modelled value for a
particular data point

346

, represented by c in Equation 16. To be independent, residuals

must not be autocorrelated 346. That is, adjacent residuals must not be correlated with each
other. To test for this, a scatterplot can be constructed with residuals on one axis and
residual-1 on the other. A linear relationship indicates autocorrelation. This may be
corrected by adding in a key omitted co-variate or transforming the variables

346

. Where

data from the same patient may be autocorrelated in longitudinal modelling, covariate
adjustment and random effects modelling may be undertaken.
Random effects modelling may be undertaken for linear, logistic or negative-binomial
regression

models.

Adding

a

random

effect

introduces

the

assumption

of

‘exchangeability’. This means that each cluster should represent a random draw from a
larger population of these clusters. For example, if patients were the cluster level, they
could be randomly assigned cluster numbers and this would not result in a loss of
information. However, if the clusters have a specific meaning, for example, ethnicities, or
specific hospitals which may see more or less severe patients, cluster numbers could not be
exchanged without losing some information. They are not ‘exchangeable’. Therefore, the
smaller the number of clusters, the less likely they are to be exchangeable. For small
numbers of clusters, adjusting for the cluster as if it were a confounder is appropriate

347

.

This introduces a ‘fixed effect’ into the model.
For each cluster in random effects modelling, the intercept alone or the intercept plus the
slope of the group lines can be allowed to vary

348

. If varying the intercept only, the

assumption is made that CYP may have different starting points, but that the gradient of
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the association between the risk factor(s) and outcome of interest is the same

348

. Equation

16 describes this scenario whereby for person i in cluster j, Y is their outcome based on a
magnitude β of exposure X plus the intercept ɑ, error for first level which can vary
(individual within cluster) c and error for the cluster level d which can also vary. This
means that both ɑ and β are the fixed terms, and both error terms c and d are the random
terms. Since β is a fixed term, it can be interpreted the same as for the basic linear model.
In the paper exploring long-term outcomes following CID and MDA, CYP had multiple
outcome measurements over time. To account for clustering by CYP, random effects were
afforded by allowing random intercepts for data within each CYP.
𝒚𝒊𝒋 = 𝜶 + 𝜷𝒙𝒊𝒋 + 𝒄𝒊𝒋 + 𝒅𝒋

(16)

An alternative to adding random effects is to model the clustered data using cluster-robust
models. These differ from multilevel modelling by correcting standard errors for clustering
after implementing a regression model. These models assume a constant regression
association across the specified clusters and therefore do not produce equivalent results to
‘random slopes’ multilevel modelling 348.
Assumption 2: There are no interactions between explanatory variables regarding
the outcome
Interactions describe variables that, when considered together, associate with an outcome
in a non-additive manner 349. For example, in a given scenario, having an extra active joint
may be associated with 0.50 points higher on the CHAQ. In addition, males may have 0.25
higher CHAQ scores than females. In this scenario we would expect a male with two
active joints to have approximately 0.75 points higher on the CHAQ than a female with
one active joint (Equation 17).
𝑪𝑯𝑨𝑸 = 𝜶 + 𝟎. 𝟓 ∙ 𝑨𝒄𝒕𝒊𝒗𝒆 𝒋𝒐𝒊𝒏𝒕𝒔 + 𝟎. 𝟐𝟓 ∙ 𝑮𝒆𝒏𝒅𝒆𝒓 + 𝒄

(17)

However, if the difference was 0.25 or 1.0, then gender may be modifying the effect of
active joints on CHAQ score. This interaction can be incorporated into the regression
equation (Equation 18).
𝑪𝑯𝑨𝑸 = 𝜶 + 𝜷𝟏 ∙ 𝑨𝒄𝒕𝒊𝒗𝒆 𝒋𝒐𝒊𝒏𝒕𝒔 + 𝜷𝟐 ∙ 𝑮𝒆𝒏𝒅𝒆𝒓 + 𝜷𝟑 ∙ 𝑨𝒄𝒕𝒊𝒗𝒆 𝒋𝒐𝒊𝒏𝒕𝒔 ∙ 𝑮𝒆𝒏𝒅𝒆𝒓 + 𝒄

(18)

Interactions can be tested between any covariates in a given model (Table 13). However,
only those that are clinically plausible and relevant to the research question should be
tested to avoid spurious results.
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Assumption 3: There is no collinearity between explanatory variables
A third assumption of linear, logistic and negative-binomial regression models is that no
pairs of variable in the model are collinear. Multicollinearity describes when two
continuous variables are highly correlated. If both are included in a multivariable
regression model, the effects of the variables are mixed, leading to increased estimates of
the standard errors in addition to imprecise regression coefficient estimates 350.
Collinearity can be tested before constructing models through Pearson’s correlations for
normally distributed variables and Spearman’s rank correlations for those that do not
follow normal distributions (Table 13). Unlike Pearson’s correlation, Spearman’s rank
correlation tests for the direction and strength of a monotonic (mutual increase or mutual
decrease), rather than linear, relationship between two ranked variables. This test can
incorporate non-normally distributed variables with outliers, which Pearson’s correlation
cannot 182. For both correlation coefficients, a score of zero indicates no correlation with -1
and +1 equating to perfect negative and positive correlations (linear or monotonic
relationships), respectively

182

. Specifically, correlation coefficient can be squared to give

the percentage variation of x among y that is explained by both x and y. For example, a
correlation coefficient of 0.9 between active and limited joint counts would give an r2
value of 0.81. Thus, 81% of the variation in active joint count can be explained by the
linear/monotonic relationship between active and limited joint counts.
If collinearity is indicated by a moderate or strong correlation coefficient, it may be
appropriate to only include one of the collinear variables in the final regression model.
This decision can be based on clinical relevance or statistically on the percent available
data for each variable.
Assumption 4: Linear associations between dependent and independent variables
The fourth assumption of regression modelling applied differently to linear and negativebinomial versus logistic models. For continuous risk factors in linear regression models,
the values of coefficients represent the increase in the outcome for every unit of the risk
factor. For logistic and negative-binomial models, these represent an increase in the
log(outcome) per unit of risk factor. Both of these types of associations require there to be
a linear relationship between risk factors and some form of the outcome so that this
coefficient remains constant for all values of the risk factor. This assumption can be tested
graphically 341 (Table 13).
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Assumptions 5 and 6: Model residuals are normally distributed and homoscedastic
The final two assumptions of regression models apply only to linear models and regard
model residuals. These assumptions are that the residuals in linear models are normally
distributed and homoscedastic. If residuals are not normally distributed, point estimates
may still be unbiased

346

. However, tests of variance may be biased which may affect

hypothesis testing and confidence in the point estimate. Normal distributions of variables
and residuals can be tested graphically using histograms or quantile-quantile plots. In
contrast, ‘homoscedasticity’ describes the constant variance of residuals across values of
the regression line. If residuals are more deviant from the line for certain values, these are
said to be ‘heteroscedastic’. If this assumption is violated, point estimates should be
unbiased

346

. However, coverage of 95% CIs may be biased and may therefore affect

confidence and hypothesis testing. Homoscedasticity can be tested graphically by plotting
the residuals against fitted values.
Table 13. Assumptions of linear, logistic and negative binomial regression models
Model

Assumption

Testing the assumption

Linear

The data are independently

Scatterplot of residuals against

Logistic

distributed

residuals minus one.

Negative-binomial

Clinically plausible associations

Linear

There are no interactions

Addition of an interaction term

Logistic

between explanatory variables

into the model

Negative-binomial

regarding the outcome

Linear

No pairs of variables are

Pearson’s or Spearman’s

Logistic

collinear

correlation

Continuous risk factors and

Scatterplot of individual risk

outcomes are linearly related

factors against outcomes

Logistic

Continuous risk factors and

Scatterplot of individual risk

Negative binomial

log(outcomes) are linearly

factors against log(outcomes)

Negative-binomial
Linear

related
Linear

Linear

Residuals are normally

Histogram or quantile-quantile

distributed

plots

Residuals are homoscedastic

Scatterplot of residuals against
fitted values
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4.3.3 Statistical Methods: How Common is Clinically Inactive Disease in a
Prospective Cohort in a Prospective Cohort of Patients with Juvenile
Idiopathic Arthritis? The Importance of Definition.
The aim of this paper was to quantify the achievement of CID and MDA at one year
following initial presentation to paediatric rheumatology in the CAPS cohort. The
proportions of CYP who had achieved CID according to Wallace’s preliminary criteria, the
JADAS and cJADAS were compared, as were the proportions of those having achieved
MDA according to the JADAS, cJADAS or Magni-Manzoni criteria. The cohort was
analysed as a whole and also within individual ILAR categories. If differences in the
proportion defined as having achieved CID or MDA occurred between definitions, the
reasons for this in terms of individual components were explored.
4.3.3.1 Handling Missing Data
It was evident at an early stage in the analysis that the proportions of missing data in
variables contributing to CID/MDA classification criteria were high. Therefore, a series of
methods to handle these missing data were employed.
Complete Case Analysis
Unfortunately, due to the large volume of missing data within the components of
particularly the JADAS and Wallace’s preliminary criteria for CID, traditional complete
case analysis would have only been possible in <5% of the cohort. As this traditional
approach to complete case analyses would likely result in highly biased estimates in the
few patients with complete data, a modified complete case analysis was performed. This
approach was taken in order to more accurately estimate the proportion of patients in each
CID/MDA state.
Patients with incomplete data that, based on values of recorded variables, could not have
achieved CID, were classified as not in CID at one year. For example, those missing a
PGA score but were known to have two active joints could not be in CID on any criteria,
regardless of the value of missing data. This allowed the classification of a greater number
of participants, but was expected to underestimate the proportion of patients in CID, since
only those with incomplete data who could not have achieved the outcome could be
classified.
Extreme Scenario Analysis
Before imputation methods were implemented, extreme scenario analyses were
undertaken. This involved the classification of CYP with missing outcome data, which
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hadn’t been able to be classified under the modified complete case analysis, into
CID/MDA according to each definition. The proportions of CYP fulfilling each CID/MDA
definition were then estimated for the entire cohort. Following this ‘best case’ scenario,
CYP with missing outcome data were then classified as not having fulfilled each
CID/MDA criteria. A further ‘worst case’ estimation of the proportion of CYP having
fulfilled each CID/MDA definition in the entire cohort was completed. These analyses
determined whether there was any clinically meaningful difference in outcome
achievement if missing outcome data were classified as ‘not in CID/MDA’ versus ‘in
CID/MDA’.
Multiple Imputation under MNAR Assumptions
At one year, where data to classify CYP in CID/MDA were missing, either all components
were missing, for example where CYP had dropped out of the study, or a selection of
components were missing with a selection available for analysis. Information regarding
reasons for study attrition was available in most cases.
In total, eight reasons for missing data were defined (Table 14). In the majority of cases, it
was clear that a MAR mechanism for the missing values was a clinically implausible
assumption. This was due to a combination of exploration in CAPS data of previous
disease activity in those with missing values and published evidence regarding disease
activity in patients lost to follow-up compared to those retained in study populations 250,351.
These sources suggested that, in certain circumstances, patients with incomplete data or
those lost to follow-up were more likely to be in CID than patients with available data
250,351

. Expert opinions from both paediatric rheumatology as well as adolescent/adult

rheumatology specialists were then sought on the likely disease activity of patients in each
of the eight missing data categories.
Different assumptions regarding each participant’s disease activity were placed depending
on which missing data group they belonged. The following groups of patients were
presumed to have no active disease: those discharged ‘well’, those who repeatedly did not
present to clinical appointments (presumed well) and those discharged to adult clinics
(well at the point of transfer of care).
In some cases, where patients had been transferred to another clinic, it was unclear
whether a CYP had been transferred to another paediatric clinic or to adult rheumatology.
It was more likely that adolescents were transferred to adult rheumatology than younger
patients. Using information from those known to have transitioned to adult care, it was
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evident that in some cases, transition occurred years after a CYP’s 16th birthday and in
others, they were transferred as early as age 14, this indicating no consistent pattern of
transition across the CAPS centres. Therefore, to maximise sensitivity for the assumptions,
where the type of receiving clinic was unclear, patients were assumed to have transferred
to adult rheumatology if over the age of 14.5 years old (Table 14). For those that had been
discharged for other reasons, including moving house, missing data were assumed MAR,
similar to those under the age of 14.5 years of age transferred to other clinics.
A seventh category of “lost-to-CAPS-follow-up” was defined. No data were available and
it was unknown if the CYP had been formally discharged from the clinic. In these cases,
the assumption was made that CYP had failed to attend clinical appointments and were
treated in the same way as those discharged after failure to attend.
The assumptions placed on these first seven groups of patients were expected to
marginally overestimate the proportion of CYP achieving CID/MDA. In addition, certain
outcome definitions shared components, such as active joint counts which are a feature of
every outcome definition. Assuming a similar lack of disease activity in these components
would also, therefore, likely overestimate the overlap in groups of patients identified by
the definitions. However, these assumptions were deemed more clinically appropriate than
assuming missing data were MAR.
The final category of missing data corresponded to CYP who did attend clinical
appointments but had partial data on the outcomes recorded. In these cases, as partial
information was available, the majority of the data were inferred using multiple imputation
assuming data were MAR. Multiple imputation comprised the creation and pooling of
results in 20 imputed datasets. For all variables, imputation models included each
component criteria at both initial presentation and one year, in addition to the age, gender
and disease duration at initial presentation, ILAR subtype, hospital and the prescription of
NSAIDs, steroids or csDMARDs within six months following initial presentation (yes/no
for each class of drug). Continuous variables were transformed to normally distributed
variables before imputation and then transformed back to their original distributions
following imputation for further analyses. An exception was for acute phase reactant
values, which were presumed to be missing as not clinically indicated for collection, and
therefore normal (Table 14).
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Table 14. Assumptions made regarding missing remission criteria
Reason for missing data

Assumed missing data Analytical decision
type

with

regard

to

remission status
Discharged ‘well’

MNAR

CYP achieved CID/MDA

Repeat non-attendance

MNAR

CYP achieved CID/MDA

adult MNAR

CYP achieved CID/MDA

Transferred

to

rheumatology
Transferred

to

another MAR

Missing values imputed assuming

clinic and aged <14.5 years

data MAR.

Transferred

CYP achieved CID/MDA

to

another MNAR

clinic and aged ≥14.5 years
Other reason for discharge, MAR

Missing values imputed assuming

including moving house

data MAR.

Lost to follow-up
Presented

to

MNAR

CYP achieved CID/MDA

clinical MNAR if acute-phase Acute-phase reactants assumed

appointment

but reactants

incomplete data

MAR otherwise

normal.
All other missing values imputed
assuming data MAR.

CYP: Child or young person, MAR: Missing at random, MNAR: Missing not at random

4.3.3.2

Data Analysis

The cohort was initially described using descriptive statistics. Since continuous variables
were not normally distributed, these patient and disease characteristics were described
using medians and IQRs.
As binary outcomes, the proportions of participants achieving each outcome state were
reported. In addition, the percentage overlap between CYP identified by multiple
CID/MDA definitions was reported.
Finally, the median (IQR) differences in continuous variables and percentage difference in
binary variables between CYP who did not belong to the overlap groups were reported.
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4.3.4 Statistical Methods: Long-term Outcomes Following Achievement
of Clinically Inactive Disease in Juvenile Idiopathic Arthritis: the
Importance of Definition
The aim of this paper was to compare disease outcomes cross-sectionally at one year and
in the long-term (1-5 years) between those who did and did not fulfil the various low
disease activity definitions at one year. The outcomes studied were limited joint count,
functional ability, HRQoL and pain.
4.3.4.1

Applying Criteria for Clinically Inactive Disease and Minimal
Disease Activity to CAPS data

This paper was broken down into two distinct analyses. Initially, outcomes were compared
following the fulfilment or non-fulfilment of different CID definitions. Secondly,
outcomes were compared after the achievement of CID, MDA or neither of these states.
All CYP were therefore classified as to whether they had achieved CID at one year
according to Wallace’s preliminary criteria and/or the cJADAS. For the first analysis, CYP
were then further grouped into four groups: i) CID according to both Wallace’s
preliminary criteria and cJADAS10, ii) CID with cJADAS10 but not Wallace’s
preliminary criteria, iii) CID with Wallace’s preliminary criteria but not cJADAS and iv)
No CID with either criteria.
For the second analysis, all CYP were classified as to whether they achieved MDA
according to cJADAS score and then further divided into three groups: i) CID according to
cJADAS , ii) MDA but not CID according to cJADAS and iii) active disease (i.e. not
MDA or CID).
4.3.4.2 Outcome Selection
For the first analysis, the following outcomes were selected: absence of limited joints
(yes/no) (to represent joint damage), CHAQ score (to represent functional ability) and the
CHQ psychosocial scale (to represent HRQoL). This last measure was treated as both a
continuous variable and also a binary outcome (score ≤ or >30, representing scores within
two standard deviations of population averages), to reflect a cut-off for poor HRQoL
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.

To avoid circular reasoning, outcomes which were included in one CID/MDA criteria set
but not another in the same analysis were not selected. This was due to a potential bias
favouring the definition including the outcome as a criterion. For example, the PGE (and
the closely related pain score)

213,234,353

were not selected as outcomes in the analysis of

CID, as PGE is a component of the cJADAS criteria but not Wallace’s preliminary criteria.
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It was therefore possible that CYP fulfilling the cJADAS CID criteria would have superior
PGE scores in the long-term than those fulfilling Wallace’s preliminary criteria for CID.
For the second analysis which compared CID versus MDA, in addition to the outcomes
listed above, a fourth outcome, pain, was also included. For this comparison, circular
reasoning was avoided as PGE (potentially driven by pain) is a component of both the CID
and MDA definitions according to cJADAS.
4.3.4.3 Handling Missing Outcome Data
Missing CID and MDA criteria data were imputed as previously described. However,
these imputation models were constructed separately for each outcome, with annual
outcome data from baseline to five years included in each model. In addition, pain at initial
presentation and one year was used to inform CHAQ. Limited joint counts and CHAQ
scores also informed pain outcomes. CHQ scores were not imputed and only a complete
case analysis was undertaken as there were likely factors that drive these HRQoL scores
not captured as part of CAPS. This excluded CYP with no CHQ scores at one year for the
cross-sectional analysis. However, the longitudinal models incorporated CYP with CHQ
scores at any time point between one and five years.
4.3.4.4

Associations with Outcomes at One Year

The cross-sectional associations between CID/MDA state at one year and the outcomes at
one year were assessed using multivariable regression models. The choice of model
differed according to the outcome measure. Logistic regression was used for the two
binary outcomes (absence of limited joints, CHQ psychosocial scores ≤30), linear
regression was used for the CHQ psychosocial and pain scores and zero-inflated negative
binomial regression was used for CHAQ, which is known to have a flooring effect where
scores cluster around the lower (better) end of the scale
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. Each model was also adjusted

for the following additional potential confounders, selected based on clinical relevance:
hospital, gender, ILAR category, age and symptom duration at initial presentation in
addition to the value of the respective outcome at initial presentation. Assumptions of the
models were tested.
4.3.4.5 Associations with Longitudinal Outcomes
Longitudinal analyses assessed whether CID/MDA disease states at one year were
associated with the selected outcomes over the longer-term, in this case out to 5 years.
Similar regression models were used as described in the cross-sectional analyses. It was
also necessary to account for within-person repeated measures. CAPS patients are
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clustered within seven hospitals distributed across the country. Since there are few
hospitals, this variable was adjusted for in multivariable analyses. The assumption of
exchangeability, however, is more likely to be met for a large number of patients within
the study population. Therefore, each patient was used as an individual cluster in
multilevel longitudinal models. However, when modelling long-term functional ability as a
function of CID/MDA state, robust clusters were used as an alternative to multilevel
modelling and associations were assumed to remain constant across clusters. Random
intercept models have not yet been developed in STATA with zero-inflated models in
imputed data. Therefore, this approach was not taken in this case.
4.3.5 Statistical Analysis: Factors Associated with Remission in a
Prospective Cohort of Patients with Juvenile Idiopathic Arthritis: the
Importance of Definition
The final paper in this thesis looked to identify independent factors associated with
remission between one and three years.
4.3.5.1

Applying Criteria for Remission to CAPS data

For each time point from one to three years, CYP were classified as to whether they had
fulfilled the CID for Wallace’s preliminary criteria (yes/no) and for the cJADAS10
(yes/no). A period of remission requires the maintenance of CID over a period of time.
Under Wallace’s preliminary criteria, this is six months for CRM and one year for CR. The
shortest time windows available in CAPS data are annual. Therefore, two consecutive
annual follow-up points in CID were considered for remission for each definition. Since
medication may not have coincided with the annual follow-up points, this factor was not
considered as part of the remission criteria.
4.3.5.2 Handling Missing Data
Components of the CID definitions at each annual follow-up out to year three were
imputed over 20 datasets under the MNAR and MAR assumptions as previously detailed.
Imputation models included all potential predictors, except for IMD, which was only
available for participants living in England. Missing data for this variable were not
imputed due to the likely unmeasured factors that would inform their values. Therefore a
separate imputation model was constructed in a subset of patients with complete IMD
scores.
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4.3.5.3 Investigating Independent Associations with Remission
Selection of Variables for Inclusion in Multivariable Models
The variable pool was selected through i) Clinical plausibility, ii) Collinearity with other
variables and iii) The volume and type of missing data within each variable.
Clinical plausibility was based on existing evidence on this topic in addition to discussions
with rheumatologists. Collinearity between variables was assessed via Spearman’s
correlations. In addition, where missing data existed which could not be reasonably
imputed due to unknown or unmeasured drivers of these data, variables were excluded
from the pool.
Demographic factors selected for the pool included age and disease duration at initial
presentation to paediatric rheumatology, gender, ethnicity and socioeconomic status
measured using the English IMD. Disease-related factors included active and limited joint
counts, PGA and ESR at both initial presentation and their change over the first year.
Patient-reported factors included CHAQ score, PGE and pain score.
Initially, the associations between each potential predictor and the outcome were tested
using univariable models. Subsequently, multivariable models were constructed. All
models were built using simultaneous entry selection procedures based on clinical
plausibility, with no further variable selection procedure applied. Collinearity of included
variables was assessed. No interaction terms were tested due to a lack of clinically
plausibility.
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Chapter 5
The CAPS Cohort

This chapter describes the CAPS cohort. Each paper included in this thesis used different
inclusion dates based on the requirement of individual analyses. Therefore, for the
purpose of illustration, this chapter will present the details of CYP recruited to CAPS up to
31st December 2013, the cut-point of the second results chapter. It includes information
regarding missing data as well as attrition over the study follow-up period. These data
give an overview of the population of CYP within CAPS and will inform the analyses
presented in the subsequent results papers.
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5 THE CAPS COHORT
5.1 Introduction
This chapter summarises the characteristics of the CAPS cohort recruited up to 31st
December 2013, including demographic features, disease features and patient reported
factors in addition to broad medications prescribed. Further, quantities and reasons for
various missing data within the cohort are summarised, with participant characteristics
compared across different reasons for missingness. Across the majority of data presented
in this chapter, the results are presented for the entire cohort and then limited to those with
(a) ILAR oligoarthritis and (b) ILAR polyarthritis RF-negative and positive combined.

5.2 Patient Recruitment
Between January 2001 and December 2013, 1510 participants had ever been recruited to
CAPS from seven rheumatology centres. Thirty two had been ‘recruited’ but no study
forms were ever returned. As such, no further information regarding these participants was
available and they were therefore excluded from all analyses. Of the remaining
participants, the overwhelming majority had a physician’s diagnosis of JIA. However, 60
had a diagnosis other than JIA and were excluded from all analyses.
All but three CYP were incident cases of JIA. Three CYP had been prescribed a biologic
therapy prior to initial presentation at another paediatric rheumatology centre not
participating in CAPS. Therefore, for the purpose of this thesis, these CYP were defined as
prevalent cases and excluded from all further analyses. This left 1415 CYP with JIA
recruited to December 2013.

5.3 Demographic Features
The majority of participants were female (65%) and of white ethnicity (90%). Although
the median age at symptom onset was 7 years (IQR 3 to 11), the distribution was bimodal,
with approximate peaks at two and 12 years. These peaks differed between ILAR
categories, with later ages at both onset and presentation to paediatric rheumatology for
patients with polyarthritis, particularly where RF-positive (Table 15, Figure 10).

139

Table 15. Demographic features of the CAPS cohort, shown for the entire cohort and
within subsets limited to oligoarthritis (ILAR oligoarthritis persistent and extended only)
and polyarthritis (ILAR RF- polyarthritis and RF+ polyarthritis only)
Demographic factor

%
Entire cohort Oligoarthritis
Polyarthritis
available
only
only
Median (IQR) or N (%)
n
1415
707
341
Age at onset (years)
99
6.6 (2.7, 10.9) 5.3 (2.3, 9.8)
6.7 (2.7, 10.6)
Age at initial presentation 100
7.7 (3.5, 12.0) 6.5 (3.0, 11.0)
8.2 (3.6, 11.6)
to paediatric rheumatology
(years)
Symptom duration to initial 98
5.4 (2.8, 11.5) 5.5 (2.9, 11.5)
5.7 (3.3, 12.0)
presentation (months)
Female
100
917 (65)
469 (66)
266 (78)
White ethnicity
98
1238 (90)
622 (90)
304 (91)
Enrolling centre
100
(Year joined study):
Alder
Hey Children’s
559 (40)
293 (41)
119 (35)
Hospital, Liverpool
(2001)
Royal
Manchester
278 (20)
151 (21)
56 (16)
Children’s
Hospital,
Manchester
(2001)
Great North Children’s
122 (9)
70 (10)
31 (9)
Hospital, Newcastle
(2003)
The Royal Hospital for
170 (12)
70 (10)
54 (16)
Children, Glasgow
(2003)
Great
Ormond
Street
235 (17)
105 (15)
71 (21)
Hospital, London
(2006)
The Royal Hospital for
45 (3)
16 (2)
9 (3)
Sick Children, Edinburgh
(2011)
University
College
6 (<1)
2 (<1)
1 (<1)
Hospital, London
(2013)
IQR: Interquartile range
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Figure 10. The distribution of ages at initial presentation to paediatric rheumatology in patients recruited to CAPS in a) the entire cohort, b) oligoarthritis
only, c) RF-negative polyarthritis only and d) RF-positive polyarthritis only
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5.4 Disease Characteristics
The most common ILAR category classified within the first year of disease in the CAPS
cohort was oligoarthritis (50%), followed by RF-negative polyarthritis (21%). The least
common category was RF-positive polyarthritis (4%). CYP with polyarticular JIA
experienced consistently higher levels of disease activity than those with oligoarthritis.
Distributions of disease activity parameters at initial presentation were heavily right
skewed with greater levels of lower disease activity (Figure 11 a & b, Table 16).
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Table 16. Disease characteristics of the CAPS cohort

Disease factor
ILAR category:
Systemic
Oligoarthritis
RF-negative
polyarthritis
RF-positive
polyarthritis
Enthesitis-related

% available at
initial
presentation

Initial presentation
Entire
Oligoarthritis
Polyarthritis % available
cohort
at one year
Median (IQR) or N (%)

One year
Entire
Oligoarthritis Polyarthritis
cohort
Median (IQR) or N (%)

96 (7)
707 (50)
292 (21)
100

49 (4)
77 (5)

Psoriatic
97 (7)
Undifferentiated
97 (7)
Active joint count
90
2 (1, 5)
Limited joint
90
1 (1, 3)
count
PGA (10cm VAS)
66
2.9 (1.5, 5.0)
ESR (mm/hr)
63
21 (7, 49)
CRP (mg/L)
60
7 (4, 27)
Uveitis (acute or
56*
31 (4)
chronic)
Systemic features 98 (of systemic
89 (95)
in systemic JIA
JIA)

1 (1, 2)

7 (4, 14)

71

0 (0, 1)

0 (0, 1)

0 (0, 2)

1 (1, 2)

5 (2, 10)

71

0 (0, 1)

0 (0, 1)

1 (0, 2)

2.2 (1.2, 3.8)
14 (5, 28)
5 (4, 9)

4.4 (2.8, 6.4)
30 (10, 60)
14 (5, 44)

58
19
17

16 (5)

5 (3)

53

57 (8)

73

39 (56)

0.5 (0.0, 1.8) 0.3 (0.0, 1.5) 0.7 (0.0, 1.9)
8 (4, 19)
8 (5, 20)
8 (3, 16)
4 (3, 7)
4 (3, 7)
4 (4, 7)
34 (10)

10 (5)

Total n=1415. *Further data upload following the publication of the initial study in this thesis meant that a greater volume of data regarding uveitis was available at the time of preparation
of this chapter. CAPS: Childhood Arthritis Prospective Study ILAR: International League of Associations for Rheumatology, IQR: Interquartile range, RF: Rheumatoid factor, PGA:
Physician global assessment, VAS: Visual analogue score, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, JIA: Juvenile idiopathic arthritis
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Figure 11. Distributions of active joint counts, PGA scores, PGE scores and CHAQ scores
at initial presentation to paediatric rheumatology in the entire cohort

5.5 Patient-reported Outcomes
The median PGE score was 2.7cm (IQR 0.7cm to 5.6cm) and the median CHAQ score was
0.75 (IQR 0.13 to 1.38). PGE, CHAQ and pain were heavily right-skewed (Figure 11 c &
d), with CYP with polyarthritis recording higher scores than those with oligoarthritis. In
contrast, there were clinically similar CHQ psychosocial scores between the ILAR
categories (Table 17).
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Table 17. Patient-reported factors at initial presentation to paediatric rheumatology and one year in the CAPS cohort
Patient-reported
factor

Initial presentation
% available at Entire
cohort
initial
presentation

PGE (10cm
VAS)
CHAQ score
(range 0-3)
Pain (10cm
VAS)

One year

Oligoarthritis Polyarthritis

Median (IQR)

%
Entire
Oligoarthritis Polyarthritis
available cohort
at
one
year
Median (IQR)

66

2.3 (0.5, 5.0) 1.7 (0.3, 4.9)

3.5 (1.1, 5.7)

66

0.6 (0.1, 2.9) 0.4 (0.0, 2.2) 1.1 (0.2, 3.6)

69

0.8 (0.1, 1.4) 0.6 (0.1, 1.1)

1.3 (0.6, 1.8)

66

0.3 (0.0, 0.9) 0.1 (0.0, 0.8) 0.4 (0.0, 1.1)

66

3.0 (0.9, 5.8) 2.3 (0.7, 5.0)

4.6 (1.3, 7.0)

66

1.0 (0.1, 3.6) 0.7 (0.0, 3.2) 1.2 (0.2, 4.0)

47 (35, 54)

54

CHQ

67% of those

Psychosocial

≥8 years

score (range 0-

minimum age

100)

32% of entire

50 (39, 56)

51 (42, 57)

52 (43, 58)

53 (45, 59)

51 (40, 57)

cohort
For PGE, CHAQ and pain scores, higher scores indicate worsening wellbeing, function and pain, respectively. Higher scores on the CHQ indicate higher health-related quality of life.
CAPS: Childhood Arthritis Prospective Study, IQR: Interquartile range, VAS: Visual analogue score, CHAQ: Childhood Health Assessment Questionnaire, CHQ: Child Health
Questionnaire
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5.6 Exposure to Anti-rheumatic Therapies
Within the six months following initial presentation to paediatric rheumatology, 66% of
the cohort had been prescribed steroids, 38% csDMARDs and 5% a biologic therapy. Of
those prescribed steroids (n=940), 97% had data on the route of administration (n=915). Of
these, in the first instance, 23% were administered orally, 6% intravenously and 70% via
intraarticular injection, with a greater proportion of patients with oligoarthritis (84%)
having had intraarticular injections compared with polyarthritis (60%). There were a
higher number of csDMARD and biologic therapy prescriptions in patients with
polyarthritis (csDMARD 70%, biologic 9%) compared with oligoarthritis (csDMARD
14%, biologic 1%) (Table 18).
Table 18. Medications prescribed within the first six months following initial presentation
to paediatric rheumatology in the CAPS cohort
Medication prescribed within six Entire cohort Oligoarthritis
months following initial appointment
Steroids - any overall

Polyarthritis

N(%)
940 (66)

481 (68)

237 (70)

Oral administration

213 (23)

63 (13)

63 (28)

Intraarticular administration

640 (70)

398 (84)

134 (60)

Intravenous administration

54 (6)

15 (3)

24 (11)

csDMARD

544 (38)

98 (14)

240 (70)

Biologic

69 (5)

5 (1)

30 (9)

Routes of administration describe the first instance for drug class.

5.7 Missing Baseline and One Year Data
At initial presentation to paediatric rheumatology, missing data were evident for nearly all
variables collected. Similar proportions of available data were evident across the majority
of physician and patient-reported data items, at between 60 and 70%, respectively.
However, greater availability was evident for joint counts and ILAR category. The largest
volume of missing data were for acute phase reactants ESR (37% missing) and CRP (40%
missing). In addition, a large proportion of data regarding uveitis activity was missing
(44% at initial presentation) (Table 16 & Table 17). The reason for missing uveitis data is
not known but may relate to the fact that the child may not yet have attended for
ophthalmology screening and therefore the missing values indicate unknown.
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At one year, completion of patient-reported questionnaires remained similar. However,
lower availability of clinical items including both physician assessments and measures of
inflammation, such as joint counts and acute-phase reactants, was evident. The greatest
volume of missing data continued to be for acute-phase reactants, with 81% of ESR data
and 83% of CRP data missing at on year.

5.8 Loss to Follow-up
5.8.1

Types of Loss to Follow-up

The attrition and missing data rates are presented for the first five years following initial
presentation from December 2013 (Figure 12). At the time of analysis (2018), all CYP
recruited to 2013 had been in the study for at least four years.
Flow and retention rates throughout the first 5 years of follow-up in CAPS are detailed in
Figure 12, with missing data over key outcomes detailed in Figure 13. The most frequent
reason for not attending clinical visits included in CAPS was discharge from paediatric
rheumatology. The reasons for discharge were available in a majority of CYP who left the
study (90%), with the most common reasons for discharge being a move to a different
clinic (40% of all discharges over the first five years), ‘well’ (31% over the first five
years), or recurrent failure to present to clinical appointments (22% over the first five
years). Few patients were discharged for “other” reasons. However, no free-text was
provided for additional clarification when patients were discharged for this reason. One
CYP died over the course of study. Finally, a small number of CYP were lost-to-follow-up
in CAPS (n=43). The reasons for these losses may be gained upon further contact with
recruiting centres. However, these forms have not currently been returned.
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Total JA recruited to CAPS by
December 2013: 1510

•
•
•

Lost to follow-up:
-76 discharged:
24 well
30 repeat DNA
22 moved clinic
- 9 lost to follow-up

•

Removed:
-60 not JIA
-32 no medical case notes
-3 not incident cases
(biologics<baseline)

Total JIA recruited to CAPS
by December 2013: 1415

Baseline
•
•

Lost to follow-up:
- 1 skipped this follow-up
93 discharged:
25 well
45 moved clinic
17 repeat DNA
6 other
- 2 lost to follow-up

Total at follow-up: 1143

•
•

Lost to follow-up:
-1 skipped this follow-up
-86 discharged:
31 well
14 repeat DNA
32 moved clinic
1 died
8 other
- 4 lost to follow-up

•
•

Total at follow-up: 1330

Total at follow-up: 1239

Year 1

Year 2

Lost to follow-up:
-12 skipped this follow-up
-86 discharged:
19 well
17 repeat DNA
40 moved clinic
10 other
- 28 lost to follow-up

Total at follow-up: 1017

•
•

Lost to follow-up:
-108 not yet followed to five years
-60 discharged:
26 well
10 repeat DNA
23 moved clinic
1 other

Total at follow-up: 849

Year 3
Year 4
Figure 12. Patient flow through CAPS for cohort recruited before December 2013, as used in section 6.2.

Year 5
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Figure 13. Number of forms returned at each follow-up for JIA core outcome variables. Pairs of variables that are completed on the same forms (active and
limited joint counts, CHAQ and PGE) have been combined.
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5.8.2 Differences in Baseline Characteristics Between Patients with
Different Types of Loss to Follow-up
There were differences at initial presentation to paediatric rheumatology between patients
who had remained in the study and those that had been ever discharged or lost to follow-up
(Table 19). Those that had been discharged ‘well’ had the lowest baseline disease activity
and patient-reported symptoms of all groups of patients analysed. These patients also had
the lowest disease duration to initial presentation (median 4.1 months, IQR 1.9, 7.7), had
greater representation of oligoarthritis (67%), lived in lesser deprived areas (24% in the
20% least deprived quintile) and were prescribed csDMARDs (17%) and biologic
therapies (0%) infrequently. Similarly, CYP who repeatedly failed to present to clinical
appointments had lower levels of disease activity, a higher proportion of oligoarthritis
diagnoses (67%) and were less often prescribed steroids (50%), csDMARDs (13%) and
biologics (0%) than those who remained in the study, similar to those who had been
discharged ‘well’. However, a greater proportion of patients who repeatedly failed to
attend lived in areas of high deprivation (56% in the 20% most deprived areas) and patientreported features were marginally higher than those who remained in the study, with
median 3.4cm PGE scores (IQR 1.1, 5.0) compared with 2.9cm (IQR 0.7, 6.0) and 4.6cm
pain scores (IQR 1.9, 5.5) compared with and 2.7cm (IQR 0.8, 5.5) at initial presentation,
respectively (Table 19).
CYP who had moved to different clinics under the age of 14.5 years represented a similar
cohort to those who remained in the study in terms of demographic features, except for a
greater proportion being from more socioeconomically deprived areas (39% in the 20%
most deprived areas compared with 25%, respectively). However, this group had a higher
proportion of patients with oligoarthritis than those who remained in CAPS (68% versus
49%), a lower proportion of patients with RF-negative polyarthritis (12% versus 26%) and
although they had similar disease activity parameters, function and pain, they had better
wellbeing (PGE score 0.5cm (IQR 0.2, 3.8) versus 2.9cm (IQR 0.7, 6.0)) with fewer
prescriptions for csDMARDs (18% versus 46%). In contrast, those who transferred to
adult services or who transferred to an unknown clinic over the age of 14.5 years had
different demographic, disease and patient-reported outcomes than those who remained in
the study. These patients had an older age at initial presentation (median 14 years (IQR 13,
15) versus 6 years (IQR 3, 11)) and longer symptom durations to this time point (median 7
months (IQR 3, 15) versus 5 months (IQR 2, 9)). In addition, patients likely transferring to
adult clinics had lower diagnoses of oligoarthritis than those who remained in the study
(27% versus 49%), with greater diagnoses of all rarer ILAR categories. Although these
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two groups of patients had similar disease activity, function and wellbeing, those that
likely transferred to adult clinics experienced poorer pain scores (median 4.8cm (IQR 2.0,
7.2) versus 2.7cm (IQR 0.8, 5.5) and had higher prescription of biologic therapies (10%
versus 6%) (Table 19).
Finally, those patients that were lost-to-follow-up in CAPS (n=43) were similar to those
who repeatedly failed to attend clinical appointments in terms of the majority of
demographic, disease and patient-reported features. However, this groups of CYP had
lower representation of white ethnicity (67%), a higher proportion of patients with
undifferentiated JIA (29%) and fewer prescriptions with steroids (43% lost to follow-up,
50% repeat non-attendance, 69% remained in CAPS (Table 19) than those who repeatedly
failed to present to clinic appointments.
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Table 19. Differences in demographic features, disease and patient-reported features between patients who remained and were lost-to-follow-up over the
first 5 years from study registration
Characteristic at initial
presentation to paediatric
rheumatology

Discharge reason within the first five years of follow-up

Duration in CAPS before
discharge (years)
Demographic features
Age at initial presentation (years,
median, IQR)
Disease duration to initial
presentation (months, median,
IQR)
Female (%)
White ethnicity (%)
IMD (England only) (%):
In 20% most deprived areas
In 60% middle IMD areas
In 20% least deprived areas
Features of disease activity
ILAR category (%):
Systemic
Oligoarthritis
RF-negative polyarthritis
RF-positive polyarthritis
Enthesitis-related

-

Remained in Discharged ‘well’
CAPS
(n=125)
(n=849)

Moved clinic age Moved clinic age
Repeat non<14.5 years (n=40) ≥14.5 years or note attendance (n=88)
transferred to adult
care
(n=122)
2.0 (1.1, 2.7)
3.3 (2.2, 4.1)
2.9 (2.0, 4.1)

Lost to follow-up
(n=43)

6.2 (3.0, 10.5) 7.8 (3.8, 11.7)

7.6 (4.7, 10.2)

13.9 (13.0, 14.9)

10.6 (6.4, 12.5)

9.6 (4.4, 12.8)

4.5 (2.2, 8.8) 4.1 (1.9, 7.7)

5.9 (3.4, 9.9)

6.8 (3.4, 14.5)

4.8 (2.4, 10.9)

4.3 (1.3, 8.5)

66
89

59
93

59
93

68
93

56
84

53
67

25
54
21

21
56
24

39
43
17

35
59
7

56
30
14

40
40
20

7
49
26
3
3

6
67
2
10
4

10
68
12
0
7

9
27
16
13
17

3
67
14
0
6

6
45
3
10
0

2.8 (1.8, 4.1)

-
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Characteristic at initial
presentation to paediatric
rheumatology

Discharge reason within the first five years of follow-up
Remained in Discharged ‘well’
CAPS
(n=125)
(n=849)

Moved clinic age Moved clinic age
<14.5 years (n=40) ≥14.5 years or note
transferred to adult
care
(n=122)
0
15
2
4
1 (1, 3)
3 (1, 8)
1 (1, 3)
2 (1, 6)
2.5 (1.6, 6.0)
3.2 (1.8, 5.8)
15 (6, 46)
20 (8, 58)

Repeat nonattendance (n=88)

Lost to follow-up
(n=43)

Psoriatic
7
7
6
10
Undifferentiated
5
4
4
29
Active joint count (median, IQR) 2 (1, 6)
1 (1, 2)
1 (1, 3)
2 (1, 4)
Limited joint count (median, IQR) 1 (1, 4)
1 (0, 2)
1 (0, 2)
1 (1, 3)
PGA (cm, median, IQR)
3.2 (1.9, 6.1) 2.5 (1.5, 4.2)
2.0 (1.0, 3.7)
2.4 (0.8, 4.5)
ESR (mm/hr, median IQR)
21 (8, 50)
16 (5, 43)
10 (4, 32)
11 (3, 56)
Patient-reported features
CHAQ (median, IQR)
0.8 (0.3, 1.4) 0.3 (0.0, 1.1)
0.4 (0.1, 1.4)
0.9 (0.3, 1.5)
0.9 (0.4, 1.4)
0.4 (0.1, 1.4)
PGE (cm, median, IQR)
2.9 (0.7, 6.0) 1.6 (0.3, 4.5)
0.5 (0.2, 3.8)
3.2 (1.3, 5.0)
3.4 (1.1, 5.0)
3.2 (0.2, 7.0)
Pain (cm, median, IQR)
2.7 (0.8, 5.5) 1.7 (0.2, 4.8)
2.0 (0.6, 4.1)
4.8 (2.0, 7.2)
4.6 (1.9, 5.5)
3.0 (0.0, 6.2)
Treatment in the first six months
Steroid (any route) (%)
69
68
63
66
50
43
csDMARD (%)
46
17
18
48
13
30
Biologic (%)
6
0
0
10
0
0
CAPS: Childhood Arthritis Prospective Study, IMD: Index of Multiple deprivation, IQR: Interquartile range, ILAR: International League of Associations for Rheumatology, RF:
Rheumatoid factor, PGA: Physician’s global assessment, ESR: Erythrocyte sedimentation rate, CHAQ: Childhood Health Assessment Questionnaire, PGE: Parental global assessment,
csDMARD: Conventional synthetic disease-modifying anti-rheumatic drug.
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Chapter 6
Results

This results chapter combines four manuscripts which contribute to the journal format
PhD. The first is a systematic review on the frequency of CID and remission in JIA. The
second paper looks to see how well different definitions of CID capture the same group of
children. The third looks at outcomes following achievement (or not) of CID at one year.
The final paper looks at factors associated with remission.
The first three papers have been published and the citation included at the start of each
paper. They are presented in their final published form, but to maintain the thesis style,
are in formatted as a Word document rather than the journal print version, with section
numbering added and references updated to sit consecutively with others in the thesis. The
final paper is prepared for submission and formatted for The Annals of the Rheumatic
Diseases.
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6 RESULTS

6.1 How Common is Remission in Juvenile Idiopathic Arthritis: A
Systematic Review

Published in Seminars in Arthritis and Rheumatism
Shoop-Worrall SJW, L Kearsley-Fleet, W Thomson, SMM Verstappen and KL Hyrich
(2017). How Common is Remission in Juvenile Idiopathic Arthritis: A Systematic Review.
Seminars in Arthritis and Rheumatism, 47(3): 331-337.
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6.1.2

Abstract

Objectives: The ideal goal of treatment for juvenile idiopathic arthritis (JIA) is disease
remission. However, many sets of remission criteria have been developed and no
systematic review of remission in JIA exists.
The current systematic review investigated (1) how remission has been defined across JIA
clinical cohorts, (2) the frequency of remission overall and within disease categories.
Methods: Studies using prospective inception cohorts published after 1972 were selected
if they estimated remission in cohorts of ≥50 patients. Articles focusing on specific
medical interventions, not defining remission clearly or not reporting disease duration at
remission assessment were excluded. Studies were selected from Medline, Embase,
PubMed and bibliographies of selected articles. Risks of selection, missing outcome data
and outcome reporting biases were assessed.
Results: Within 17 studies reviewed, 88% had majority female participants and patient
disease duration ranged from 0.5 to 17 years. Thirteen sets of criteria for clinically inactive
disease and remission were identified. Uptake of Wallace’s preliminary criteria was good
in studies recruiting or following patients after their publication (78%).
Remission frequencies increased with longer disease duration from 7% within 1.5 years to
47% by 10 years following diagnosis. Patients with persistent oligoarticular and
rheumatoid-factor positive polyarticular JIA were most and least likely to achieve
remission, respectively.
Conclusions: Achievement of remission increased with longer disease duration, but many
patients remain in active disease, even in contemporary cohorts. Multiple sets of outcome
criteria limited comparability between studies.
Key words: Juvenile idiopathic arthritis, remission, clinically inactive disease, paediatric
rheumatology, systematic review
Abbreviations: PGA: Physician’s global assessment, PGE: Parental global assessment,
ESR: Erythrocyte sedimentation rate, JADAS: Juvenile Arthritis Disease Activity Score,
cJADAS: Clinical JADAS, PICO: Patient Intervention Comparison Outcome, JRA:
Juvenile rheumatoid arthritis, JCA: Juvenile chronic arthritis, QA: Quality assessment,
EULAR: European League Against Rheumatism, ACR: American College of
Rheumatology, RF: Rheumatoid factor, ERA: Enthesitis-related arthritis, PsA: Psoriatic
arthritis
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6.1.3 Introduction
Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in
childhood

354

. The presentations, treatments and outcomes are variable across this

heterogeneous disease, but the main goal for all patients is disease remission, in order to
prevent or reduce the long-term pathologies, such as pain and functional disability 4.
Various sets of remission criteria have been applied across clinical cohorts and in clinical
trials, although most aim to identify a state of minimal or absent disease activity.
Composite remission criteria often include one or more measures across the core JIA
outcome variables including active joint counts, global assessment score of disease activity
by physician’s (PGA) or parents (PGE) and erythrocyte sedimentation rate (ESR)

161

, with

additional criteria including activity of systemic features for children and young people
(CYP) with systemic JIA
morning stiffness

185

165,185

, presence of ocular inflammation in uveitis and length of

. The first validated composite criteria for assessing this disease state

were Wallace’s preliminary criteria for clinically inactive disease and remission in JIA
(2004) 165, which divides remission into three distinct states: clinically inactive disease (i.e.
no apparent disease activity at a single time point), remission on medication (i.e. clinically
inactive disease maintained for at least six months whilst taking anti-rheumatic and/or antiuveitis medication) and remission off medication (i.e. clinically inactive disease
maintained for at least 12 months without medication)

165

. Other recent sets of criteria

validated for use in JIA include cut-offs of the Juvenile Arthritis Disease Activity Score
(JADAS)

168

and clinical JADAS (cJADAS)

186

to represent states of clinically inactive

disease and remission.
The literature on the frequency of remission in JIA has never been reviewed
systematically. Knowledge of the frequency of remission across clinical cohorts would
provide an insight into the past and current disease course of JIA, both overall and within
specific disease categories. Three narrative reviews

12,253,254

were published prior to, or in

the immediate years after, the publication of Wallace’s preliminary criteria
reported the frequency of remission in JIA at between 35% and 61%
others estimating this frequency at between 33% and 56%

253

254

165

. Ravelli

, with Adib and

. In addition to pre-dating

uptake of the validated sets of remission criteria for JIA, these reviews focused on cohorts
largely recruited before the introduction of biologic therapies for JIA at the turn of the
century 118. Thus, the uptake of newer set of criteria for remission and the remission rates
in cohorts with access to biologic therapies have not been described. In 2010, Shenoi and
Wallace reviewed six studies that had utilised Wallace’s preliminary criteria

355

. However,
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studies reviewed were largely retrospective in design, therefore likely excluding a portion
of CYP with milder disease features. The only prospective study reviewed was in CYP
with systemic JIA, therefore the generalisability of the review to other recent JIA cohorts
was limited. The review also did not consider how remission frequencies are affected with
increasing disease duration.
The aims of this systematic review were therefore to: i) Investigate how remission has
been defined across JIA clinical cohorts and ii) Describe the frequency of remission in
cohorts of JIA overall and within individual disease categories.
6.1.4

Methods
6.1.4.1

Search Strategy

Medline, Embase and PubMed databases were searched from January 1972 to March 2015
by author SJWS, using Patient Intervention Comparison Outcome (PICO) methodology to
build the following strategy: P) Patients with juvenile rheumatoid arthritis (JRA) 8,
juvenile chronic arthritis (JCA)

356

or JIA 1 I) No specified intervention C) Not applicable

and dropped from search design O) Remission or clinically inactive disease. The study was
built and reported according to PRISMA guidelines

357

. Patients of all ages and disease

durations were included to summarise short and long-term remission frequencies.
Synonyms of each PICO were applied (full search terms and hits detailed in
Supplementary Table 1). Where articles were selected for inclusion, their bibliographies
were also screened for further relevant papers.
6.1.4.2

Inclusion and Exclusion Criteria

The inclusion criteria for studies included i) reported the frequency or proportion of
patients in remission ii) utilised patients from inception cohorts with at least partial
prospective data collection iii) were available in English iv) included at least 50 patients v)
did not focus on remission following a specific medical intervention vi) did not recruit a
specific group of patients based on investigations (e.g. imaging) or location of affected
joints vii) included information on disease duration at time of remission assessment.
Studies using the same patient population were included if reporting outcomes at different
follow-up intervals or used different sets of outcome criteria.
Case reports, clinical trials and non-original research articles were excluded. Article titles
and abstracts were independently reviewed by two reviewers SJWS and LKF, after which
an agreed list of full text articles were screened independently. Full texts were accessed
where abstracts suggested the study might meet the inclusion criteria or did not contain

159

enough information to assess relevance. Where studies from the same population reported
the same outcome over the same follow-up period, the publication with the most detailed
information on remission (e.g. used secondary criteria or time point) was selected and the
other(s) excluded (n=2,

358,359

). Where there was disagreement or uncertainty at any stage,

a third reviewer KLH adjudicated.
6.1.4.3

Quality Assessment

Risk of bias within selected articles was assessed using a modified version of Pasma et al.
quality assessment (QA) tool

360

(Supplementary Table 2). ‘Essential questions’ assessed

risk of bias associated with patient sampling method, disclosure of differences between
consents and refusals, missing outcome data and outcome definition reporting. Nonrelevant questions from the Pasma tool were dropped. In addition, a question on missing
data bias, adapted from the Cochrane Collaboration tool for assessing risk of bias

361

, was

added.
For each of eight bias categories, one point was scored where evidence of avoiding or
controlling for the relevant bias was evident. Articles that scored at least three out of the
four on the ‘essential’ questions and at least five out of the eight in total were considered to
be of high quality. Since studies were observational in design and did not focus on specific
medical interventions, risk of bias across, rather than within, studies was not assessed.
6.1.4.4

Description and Evidence Synthesis

Information on study location, follow-up period, outcome sets of criteria and the frequency
of remission were extracted independently. In addition, participant sampling frames were
extracted.
Sets of criteria for clinically inactive disease or remission were identified and classified as
‘validated’ or ‘investigator-defined’. If validated sets of criteria had been altered, this was
noted but classed as ‘investigator-defined’. For the purposes of the review, outcomes were
classed as ‘clinically inactive disease’, where no evidence of disease activity was apparent
at a single time point, or ‘remission’, whereby clinically inactive disease had been
maintained off medication and/or for a specific length of time at assessment.
Estimates were compared between studies that assessed ‘current-remission’ at the end of
follow-up. Additionally, estimates were compared between those assessing ‘ever
remission’ throughout follow-up. Both clinically inactive disease and remission estimates
were then compared between validated and investigator-defined sets of criteria and with
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increasing disease duration. Finally, the ranges of clinically inactive disease and remission
estimates across different ILAR categories were synthesised.
6.1.5

Results

Of 2427 unique articles identified, 17 were selected for inclusion to the systematic review
(Figure 14). Of included studies, 16 reported the frequency of remission for the cohort
overall and 11 for specific disease categories (Figure 14). Disease categories classified
under European League against Rheumatism (EULAR)
Rheumatology (ACR)

8

356

or American College of

EULAR or ACR criteria were pooled with corresponding

categories in the ILAR criteria

1

(e.g. pauciarticular juvenile arthritis and oligoarticular

JIA).
6.1.5.1

Risk of Bias in Selected Articles

Overall, study quality was moderate with only 9/17 (53%) articles fulfilling the criteria for
‘high quality’ on the QA tool (Supplementary Table 2). Of the four key components, 15/17
(88%) reduced the risk of selection bias through appropriate sampling methods but only
11/17 (65%) reduced this risk through comparisons of patients consenting and not
consenting to participate. In addition, 16/17 (94%) applied reproducible remission criteria.
However, only 3/17 (18%) reduced the risk of missing data bias through not having
missing outcome data or applying appropriate methodologies to manage these
(Supplementary Table 3).
6.1.5.2

Study Characteristics

The majority of patient populations were located in Europe (n=12, 71%) (Table 20).
Cohorts were reasonably large, with the majority recruiting patients from multiple clinics
(n=13, 76%) and only 3/17 (18%) following fewer than 100 patients. The most recent
classification system (ILAR) was used in most studies (n=10, 59%), although of the
remaining seven, four were published prior to the publication of this set of criteria (Table
20).
In the majority of patient populations, there were greater numbers of females than males
(n=15). Oligoarticular JIA was frequently the most common disease category (n=14, 82%)
and ranged from 17%

362

to 73%

268

of cohorts across all studies. Two popoulations from

Taiwan comprised greater males than females, with enthesitis-related JIA the most
common ILAR category 30,362 (Table 20).
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Figure 14. Number of articles accessed and reviewed to explore the frequency of
remission in JIA. ‘Too specific investigation’ refers to inclusion criterion 6 in the text.
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Table 20. Demographic and disease information of articles reviewed
Juvenile
arthritis
Sample size
classification

Percent
female
(%)

Percent by category (%)

Author

Country

Guzman et al., 2014 5

Canada
From the Nordic
JIA database
Scandinavia and
Finland

1104

ILAR

64

7

192

ILAR

69

5

410

ILAR

66

Taiwan

195

ILAR

Sweden

132

Systemic

Oligo

RF- Poly

RF+ Poly

Total Poly

ERA

PsA

Undiff.

38

21

4

-

14

6

10

51

21

1

-

8

1

15

4

47

18

1

-

11

3

15

45

19

23

12

5

-

37

2

3

EULAR

64

7

64

-

-

22

5

2

0

Multi-centre
Berntson et al., 2014 280
Berntson et al., 2013 276
Shen et al., 2013 30
Bertilsson et al., 2013
Shen et al., 2013

257

362

Taiwan

58

ILAR

41.4

16

17

-

-

28

40

-

-

Bertilsson et al., 2012 363

Sweden

128

EULAR

64

4.7

64

-

-

27

3.1

1.6

-

Nordal et al., 2011 275

Scandinavia and
Finland

440

ILAR

66

4

51

21

1

-

8

1

14

Oen et al., 2009 273

Canada

356

ILAR

66

7

41

20

4

-

10

7

12

Berntson et al., 2007 364

Denmark, Norway,
Sweden and
312
Finland

ILAR

72

55

25

1.9

-

3.8

2.2

12

Gäre et al., 1995 255

Sweden

124

EULAR

65

3.2

58

-

-

29

4.8

4.8

-

365

Sweden

124

EULAR

65

3.2

58

-

-

29

4.8

4.8

-

Sweden

Two groups:
G1: 121
G2: 125

EULAR

65 (G1)
64 (G2)

2 (G1)
4 (G2)

31 (G1)
46 (G2)

-

-

48 (G1)
40 (G2)

15 (G1)
5 (G2)

5 (G1)
5 (G2)

-

Gäre et al., 1995

Gäre et al., 1993 366

Single-centre
Padeh et al., 2013

367

Selvaag et al., 2006 368
Kotaniemi et al., 2002
Flatø et al., 1998 369
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Israel

75

ILAR

65

8

68

11

-

-

4

4

5

Norway

197

ACR

61

7

56

28

3

-

4

3

-

Finland

372

ILAR

66

-

73

27

-

-

-

-

-

Norway

72

ACR

54

6

44

-

-

24

17

10

-

Studies are listed first by whether cohorts are multi/single centre, by year of publication and finally according to sample size. Disease categories: Oligo: Oligoarticular, Poly: Polyarticular,
RF: Rheumatoid factor, Total Poly: Polyarticular where RF status was not determined, ERA: Enthesitis-related, PsA: Psoriatic, Undiff.: Undifferentiated JIA, ILAR: International League
of Associations for Rheumatology, EULAR: European League Against Rheumatism, ACR: American College of Rheumatology
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6.1.5.3 The Frequency of Remission in Selected Studies
Sets of criteria for clinically inactive disease and remission used
Across 17 studies, 13 different sets of criteria for remission or clinically inactive disease
were identified. The majority of these were investigator-defined. Only seven studies
applied previously validated sets of criteria for remission in JIA in full: all applied
Wallace’s Preliminary Criteria (Supplementary Table 4).
Point Prevalence Estimates using Wallace’s preliminary criteria
Of studies quantifying current clinically inactive disease and remission across the entire
cohorts, seven of nine (78%) that followed at least part of their patient cohorts after their
publication used Wallace’s preliminary criteria.
The prevalence of current clinically inactive disease using Wallace’s preliminary criteria
increased between 33% 273 at six months to 67% 280 at eight years (Figure 15.a). Similarly,
the prevalence of current remission off medication using Wallace’s preliminary criteria
increased from 7% at mean 1.5 years (±0.5 years)
to 12 years)

275

367

to 42% at median eight years (IQR 7

(Figure 15.b). Only two studies applied the criteria for remission on

medication. At 9% and 15% after approximately 8 years of disease (IQR 6 to 13 years),
these estimates were substantially lower than the estimates of remission off medication
after similar follow-up 30,275(Figure 15.b; Supplementary Table 4).
Point Prevalence Estimates using Investigator-defined Sets of Remission Criteria
Across cohorts, the prevalence of clinically inactive disease using investigator-defined sets
of criteria varied widely between 19% 257 and 60% 369. These estimates did not seem to be
associated with disease duration (Figure 15.a). However, definitions of clinically inactive
disease and remission were not always nested and many studies did not include CYP who
were in remission into the estimates of clinically inactive disease

255,257,275,363,366

. There

appeared to be a slight increase in remission achievement, using investigator-defined sets
of criteria, over time from 26% 368 to between 40% and 50% 257,369 over a period of at least
ten years of disease (Figure 15.b).
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a)

b)

Figure 15. Percentage of patients with JIA in current a) clinically inactive disease or b)
remission off medication across the literature. Point estimates are stratified based on
whether outcome definitions were validated or investigator-defined. Where studies are
listed multiple times, multiple sets of outcome criteria have been utilised (see
Supplementary Table 4).
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Point Prevalence Estimates of Current Remission across ILAR categories
Patients with persistent oligoarticular JIA appeared to achieve clinically inactive disease
and remission most frequently when compared to other categories, with remission off
medication estimates ranging from 39% at mean three years (±0.4 years)
median nine years (IQR 6 to 13 years)

30

368

to 66% at

. In contrast, patients with RF-positive

polyarticular disease and enthesitis-related JIA appeared to achieve these states the least
often, with 2/5 studies on the former and 3/8 studies on the latter reporting that none of
these patients achieved remission at follow-up

257,275,363,368

. Estimates from patients with

systemic disease exhibited the largest variation, ranging from 0%

369

to 100%

255

in some

form of clinically inactive disease or remission (Supplementary Table 4).
Estimates of Ever Having Achieved Clinically Inactive Disease and Remission
Only three studies investigated the cumulative percent of ever achieving clinically inactive
disease or ever achieving remission over time

5,30,369

. Guzman et al estimated the ever

achievement of clinically inactive disease to range from 45% within one year to 95%
within five years. The estimates for ever remission off medication from this paper ranged
from 4% within two years to 41% within five years following diagnosis with other
estimates from longer follow-ups at 45% within median nine years (IQR 6 to 13 years)
and 81% within mean 10 years (±2 years)

369

30

. Guzman et al reported that patients with

oligoarticular JIA achieved highest achievement and RF-positive polyarticular JIA the
lowest achievement of remission, with 0% of this latter category ever achieving remission
off medication within the first five years of disease 5.
6.1.6 Discussion
This systematic review aimed to quantify the frequency of clinically inactive disease and
remission in patients with juvenile-onset arthritis. Patient populations spanned four
continents, although the majority of the included studies originated in Scandinavia. The
achievement of remission increased with increasing disease duration, although after over a
decade of disease, fewer than half of patients have achieved this state. Large variations
were identified in outcome criteria and resulting outcome frequencies.
With 13 sets of criteria for either clinically inactive disease or remission applied in 17
studies, comparability between estimates was compromised. Seven studies used a
published set of criteria: Wallace’s preliminary criteria, which have undergone internal
validation

370

. It is likely that, particularly for earlier cohorts, all necessary measures were

not collected from cohort inception to enable the use of published sets of criteria such as
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Wallace’s preliminary criteria. In addition, since blood tests are not mandatory for all
patients in real-world observational cohorts, investigators frequently did not have all
outcome data, such as ESR, to apply the full validated set of criteria. This is illustrated in
that a maximum of three components of Wallace’s preliminary criteria were used in any of
the investigator-defined outcomes. However, the frequent altering of validated sets of
criteria in a non-uniform manner means both that validated sets of criteria are no longer
being used and that remission rates cannot be directly compared or pooled to attain an
average. A consensus on how to apply published sets of criteria should be reached in order
to standardise outcome assessment across clinical cohorts.
Whilst clinically inactive disease estimates were extremely variable in studies using
investigator-defined sets of outcome criteria, a clearer trend was evident in cohorts using
Wallace’s preliminary criteria ranging from 33% at six months
280

273

to 67% at eight years

. The variation in estimates from studies using investigator-defined criteria sets likely

stems from a combination of different outcome definitions and the non-inclusion of
patients in remission into clinically inactive disease estimates in many of the studies
255,257,275,363,366

. By not combining CYP who have achieved clinically inactive disease and

remission in the former estimates, these studies underestimate the achievement of
clinically inactive disease. Across all cohorts, a greater number of patients achieved
remission with increasing disease duration. This trend likely reflects initial disease control
for patients responsive to first-line therapies and differential delays to effective therapies in
patients with refractory disease. These remission estimates ranged from under 7%

367

early

in the disease course to between 40 and 50% after 10-20 years of disease 257,369. However,
these latter reports likely underestimate remission due to the lack of biologic therapies for
these older cohorts and likely attrition of patients due to low disease activity earlier in the
disease course.
The clearer trend in remission estimates compared with those for clinically inactive disease
likely stems from more similar sets of outcome criteria and the relative ease of capturing
data on the former, since clinically inactive disease is a transient state and may last for
only a short period before relapse occurs

370

. Thus, short periods of clinically inactive

disease may not coincide with a study visit. Indeed, in three of the studies reviewed by
Shenoi and Wallace, patients achieved clinically inactive disease multiple times over the
study periods 355, but may not have retained this disease state long enough to be classified
as in remission. Future studies should therefore attempt to measure ‘ever’ clinically
inactive disease and remission to capture the changing disease processes of JIA.

167

Estimates of remission on and off medication differed substantially, particularly when
Wallace’s preliminary criteria had been used. Whilst remission on medication is intended
as an intermediate between clinically inactive disease and remission off medication

165

,

these estimates fell below those of remission off medication in the current review. Since
there are currently no published guidelines on when and how to discontinue treatment in
JIA once clinically inactive disease has been achieved 371, it is likely that different tapering
strategies existed across patient populations. Remission on medication cannot be measured
if medication is discontinued at, or shortly after, achievement of clinically inactive disease.
It is likely, therefore, that remission on medication can be captured in CYP with more
severe disease, who may receive longer-term medication, potentially to avoid relapse

372

.

In accordance, Shen and others reported rates of remission on medication that exceeded
that off medication only in the more severe RF+ polyarticular category
definition strategy was demonstrated by Flatø and others
medication on Wallace’s preliminary criteria

165

373

30

. An alternative

, who altered remission on

to allow the maintenance of ID on or off

medications for six months. By removing the requirement to be off medication, their
estimate of remission on medication exceeded that of remission off medication and likely
was a more representative intermediate between the two states.
Similar to all three previous reviews

253,254,355

, this review corroborated that patients with

persistent oligoarticular disease seem to have the most favourable disease course.
However, patients with enthesitis-related JIA appear to have relatively poor prognosis
together with, in accordance with previous accounts

253,254,355

, patients with RF+

polyarthritis. Those with systemic JIA were reported to have the largest variation in
achievement of clinically inactive disease and remission, ranging from 0% 369 to 100% 255,
irrespective of time followed. This large variation likely stems from the different outcome
definitions that capture variable elements of systemic disease, rather than any particularly
diverse outcomes experienced by patients with systemic JIA within different studies.
6.1.6.1

Strengths and Limitations

This was the first review of remission in JIA conducted systematically. That all published
estimates from relevant inception cohorts were included lends these estimates far more
generalisable to the general population of patients with JIA than any from previous
reviews. Twelve years have passed since the introduction of Wallace’s preliminary criteria
165

and five since the introduction of the ACR 2011 criteria 185 which allows assessment of

definition uptake within clinical studies. No study has so far published outcomes described
using the recently proposed JADAS clinically inactive disease cut-offs 168,186. Future work
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should encourage the uptake of these more novel sets of criteria to assess their
performance in real-world datasets.
Limitations of the current review related to study quality with regards to selection and
missing data biases. This review highlights that few inception cohorts have reported on the
outcome of disease remission or clinically inactive disease. This may reflect a paucity of
studies, or that existing studies either do not have the available data or have not been
recruiting CYP long enough to report these outcomes. Heterogeneity between studies
which have been published hindered the comparability of data extracted. It is noted that
many studies were from Scandinavia, and therefore the results may not be directly
applicable to countries with significantly different health care systems or access to
treatments. Further research needs to assess the outcomes in other populations not included
in this review. In addition, the vast majority of studies did not deal with missing outcome
data appropriately and as evidenced by Fantini et al, patients lost to follow-up are more
likely to be in remission than those who continue presenting to clinic

250

. By excluding

patients with incomplete data at baseline or not imputing their outcome data using
appropriate methods, the frequencies of remission are likely to be underestimated in these
studies. In addition, approximately a third of studies either did not have at least 80%
participation or did not compare patients that consented and those that refused to
participate. However, these selection biases were minimised by only including inception
cohorts in the current review.
Few studies reported the cumulative achievement of clinically inactive disease or
remission. Since the disease course in JIA is one of remitting and relapse

269

, estimates of

‘ever’ rather than ‘current’ remission may give a better overall picture of disease activity
in affected CYP. In addition, the number of repeated periods in remission or length of
sustained remission over study follow-up would ideally be captured. In order to explore if
the current estimates are accurate and to increase the knowledge of the patterns of
remission in JIA, further work should explore these outcomes. In addition, the changes in
achievement of these states could not be assessed between pre- and post-biologics eras.
Recruitment to many of the studies spanned the introduction of biologic therapies and the
uptake of more aggressive treatment strategies. It was therefore unclear which patients in
each study had been exposed to these new strategies and which had not been. This review
could therefore not associate specific therapies with achievement of clinically inactive
disease or remission, particularly since wider and earlier use of methotrexate in the same
period as the introduction of biologic therapies 374 may also have influenced results.
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The largest limitation of the review was the inability to pool or directly compare results.
This stemmed from the vast number of sets of clinically inactive disease and remission
criteria. The number of criteria sets continues to increase and it is not yet clear which
should be designated, if any, as main set of outcome criteria for use in observational
research in JIA. Since there is no ‘gold-standard’ for remission in JIA, current published
criteria sets have been validated against different surrogate measures. It is therefore
unclear if the same construct is being assessed across sets of criteria. Further work should
assess the degree of overlap between these sets of criteria through comparisons in a single
population at a common time point.
6.1.7 Conclusions
In this first systematic review of remission in JIA, the frequency of current remission
increased with increasing disease duration from 7% at 18 months to around 40% after at
least 10 years. Large variation in estimates existed, largely driven by differences in the 13
sets of outcome criteria utilised. Patients with persistent oligoarticular disease had high
achievement of remission with those in RF+ polyarticular category the lowest.
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Supplementary Table 1. Search strategy and results for each database
#

Search History

Results

1

exp ARTHRITIS, JUVENILE/ cl, di, dt, ep, ge, im, pc, su, th.

5894

2

JIA

1880

3

CHILD* or ADOLESCENT

2712565

4

ARTHRITIS/ cl, di, dt, ep, ge, pc, rh, su, th

12146

5

3 and 4

1790

6

1 or 2 or 5

8235

7

exp REMISSION, INDUCTION

32934

8

exp REMISSION, SPONTANEOUS/ bl, ci, di, dt, ep, im, pp, rt, th

232

9

REMISSION

110391

10

DISEASE ACTIVITY

25038

11

LOW or MINIMAL or ABSEN* or QUIESCE*

2139027

12

10 adj3 11

753

13

DISEASE OUTCOME*

5655

14

INACTIVE DISEASE

1173

15

ACCEPTABLE SYMPTOM STATE

47

16

7 or 8 or 9 or 12 or 13 or 14 or 15

118118

17

6 and 16

546

18

Limit 17 to (CLINICAL TRIAL, ALL or RANDOMIZED CONTROLLED TRIAL)

74

19

Limit 17 to CASE REPORTS

76

20

Limit 17 to (CLINICAL CONFERENCE or CONGRESSES)

1

21

Limit 17 to (META ANALYSIS or REVIEW or SCIENTIFIC INTEGRITY REVIEW or

90

Medline

SYSTEMATIC REVIEWS)
22

17 not (18 or 19 or 20 or 21)

318

23

Limit 22 to English language

287

1

exp JUVENILE RHEUMATOID ARTHRITIS/ di, dm, dr, dt, ep, rh, su, th

6697

2

JIA

4807

3

CHILD* or ADOLESCENT

2630948

4

ARTHRITIS/ di, dm, dr, dt, ep, rh, su, th

16033

5

3 and 4

1546

6

1 or 2 or 5

11574

7

exp REMISSION

88438

8

DISEASE ACTIVITY

53363

9

LOW or MINIMAL or ABSEN* or QUIESCE*

2908940

10

8 and 9

11304

11

DISEASE OUTCOME*

8630

12

INACTIVE DISEASE

1910

13

ACCEPTABLE SYMPTOM STATE

115

14

7 or 10 or 11 or 12 or 13

107149

15

6 and 15

1259

16

Limit 15 to (CLINICAL TRIAL or RANDOMIZED CONTOLLED TRIAL or

154

Embase

CONTROLLED CLINICAL TRIAL or PHASE 1 CLINICAL TRIAL or PHASE 2
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CLINICAL TRIAL or PHASE 3 CLINICAL TRIAL or PHASE 4 CLINICAL TRIAL)
17

Limit 15 to (CONFERENCE ABSTRACT or CONFERENCE PAPER or CONFERENCE

554

PROCEEDING or CONFERENCE REVIEW)
18

Limit 15 to (META ANALYSIS or SYSTEMATIC REVIEW)

13

19

15 not (16 or 17 or 18)

578

20

Limit 19 to English language

531

1

JUVENILE or CHILD* or ADOLESCENT

3025294

2

ARTHRITIS or POLYARTHRIT* or OLIGOARTHRIT* OR STILL’S

263312

3

1 AND 2

11365

4

REMISSION

117611

5

INACTIVE DISEASE

10333

6

DISEASE ACTIVITY and (LOW or MINIMAL or ABSEN* or QUIESCE*)

55572

7

DISEASE OUTCOME*

6623

8

ACCEPTABLE SYMPTOM STATE

128

9

4 or 5 or 6 or 7 or 8

186094

10

3 and 9

1637

11

Limit 10 to Journal Article

1602

12

Limit 11 to publication after 01/01/2013

272

13

Limit 12 to English Language

262

14

Limit 13 to not medline[sb]

74

Pubmed

172

Supplementary Table 2. The Quality Assessment (QA) Tool adapted from Pasma and
others 360 and the Cochrane Collaboration tool for assessing risk of bias 361 to assess bias in
selected articles
Measure of quality assessed

Coding framework

Appropriate methods to select participants
1. Sampling frame, age and sex of
sample described

Yes

No

Don’t know

2. >80% participation or comparison
of consents and refusals

Yes

No

Don’t know

Appropriate methods to measure remission
3.

Measure of remission reproducible

Yes

No

Don’t know

4.

Remission measure

Validated
objective

Nonvalidated
objective

Nonvalidated
subjective

Yes

No

Don’t know

6. Proportion of patients in remission
was a primary outcome

Yes

No

Don’t know

7. Serious bias arising from missing
data reduced by adhering to at least
one of the following:
- No missing remission data
- Reason for missing data likely
unrelated to outcome
- The proportion of missing remission
data not enough to have a clinically
relevant impact on results
- Missing data imputed using
appropriate methods
Criteria for ‘don’t know’:
- Numbers censored or with incomplete
remission data not reported

Yes

No

Don’t know

Yes

No

Don’t know

Appropriate methods to reduce bias in design
or analysis
5.

Serious selection bias reduced by
consecutive or stratified sampling

Conflict of interest
8. Conflict of interest declaration
Questions in bold refer to ‘essential’ items.
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Supplementary Table 3. Full results from the quality assessment tool for all selected articles
1

2 (E)

3 (E)

4

5 (E)

6

7 (E)

8

Total:

Total
essentials

Overall article
quality

Guzman et al., 2014 5

Yes

Yes

Yes

Non-validated objective

Yes

Yes

Yes

Yes

7

4

High

Berntson et al., 2014 280

Yes

Yes

Yes

Validated objective

No

No

Yes

Yes

6

3

High

Berntson et al., 2013 276

Yes

Don’t know

Yes

Validated objective

Yes

Yes

No

Yes

6

2

Low

Shen et al., 2013 30

Yes

Yes

Yes

Validated objective

Yes

No

Yes

Yes

7

4

High

Shen et al., 2013 362

Yes

Don’t know

Yes

Validated objective

Yes

Yes

No

Yes

6

2

Low

Nordal et al., 2011 275

Yes

Don’t know

Yes

Validated objective

Yes

Yes

No

Yes

6

2

Low

Oen et al., 2009 273

Yes

Yes

Yes

Non-validated objective

Yes

Yes

No

Yes

6

3

High

Berntson et al., 2007364

Yes

Don’t know

Yes

Non-validated objective

Don’t know

No

No

No

2

1

Low

Gäre et al., 1993 366

Yes

Don’t know

Yes

Non-validated objective

Yes

Don’t know

No

No

3

2

Low

Bertilsson et al., 2013 257

Yes

Yes

Yes

Non-validated objective

Yes

Yes

No

Yes

6

3

High

Bertilsson et al., 2012 363

Yes

Yes

No

Non-validated subjective Yes

Yes

No

Yes

5

2

Low

Flatø et al., 1998 369

Yes

Yes

Yes

Non-validated objective

Yes

Yes

No

Yes

6

3

High

Gäre et al., 1995 255

Yes

Yes

Yes

Non-validated objective

Yes

No

No

Yes

5

3

High

Gäre et al., 1995 365

Yes

Yes

Yes

Non-validated objective

Yes

No

No

No

4

3

Low

Padeh et al., 2013 367

Yes

Don’t know

Yes

Validated objective

Yes

Yes

No

No

5

2

Low

Selvaag et al., 2006 368

Yes

Yes

Yes

Non-validated objective

Yes

Yes

No

Yes

6

3

High

Kotaniemi et al., 2002 268

Yes

Yes

Yes

Non-validated objective

Yes

Yes

No

No

5

3

High

E: Essential items. For column 4, one point is awarded where validated objective criteria was implemented. For all other columns, only an answer of ‘Yes’ scores one point. A high quality
article was defined as scoring ‘yes’ on at least three of the four essential questions or scoring at least five points overall.
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Supplementary Table 4. The frequencies of remission across ILAR subtypes in selected articles
Author

Remission criteria

Berntson et al., 2014 Wallace’s preliminary 8 years
280
criteria

Entire cohort
Percent ever Percent
Systemic
remission
current
(%)
remission
(%)
Multi-centre
Throughout
1 year:
1yr:
follow-up
45 (ID)
45 (ID)
2 yrs:
2yrs:
78 (ID)
71 (ID)
4 (CR)
4.8 (CR)
3 yrs:
3yrs:
85 (ID)
73 (ID)
13 (CR)
11 (CR)
4 yrs:
4yrs:
92 (ID)
85 (ID)
28 (CR)
29 (CR)
5 yrs:
5yrs:
95 (ID)
85 (ID)
41 (CR)
47 (CR)
End of follow- 67 (ID)
up

Berntson et al., 2013 Wallace’s preliminary 8 years
276
criteria

End of follow- up

Guzman et al., 2014 5 Investigator
ID and CR

Shen et al., 2013 30

Disease
When
duration at remission
assessment assessed

defined 5 years

Wallace’s preliminary Median 8.7 Throughout and 52 (CR)
criteria
years
end of follow-up
(IQR 6.0 to
12.5)

Oligo

Percent in remission within disease subtypes
RF- Poly RF+ Poly Poly in ERA
PsA
general

U.

1yr:
61 (ID)
2yrs:
86 (ID)
7.6 (CR)
3yrs:
92 (ID)
21 (CR)
4ys:
96 (ID)
41 (CR)
5yrs:
96 (ID)
58 (CR)
-

1yr:
34 (ID)
2yrs:
71 (ID)
1.1 (CR)
3yrs:
78 (ID)
3.2 (CR)
4yrs:
88 (ID)
7.7 (CR)
5yrs:
97 (ID)
14 (CR)
-

1yr:
22 (ID)
2yrs:
48 (ID)
0 (CR)
3yrs:
67 (ID)
0 (CR)
4yrs:
79 (ID)
0 (CR)
5yrs:
93 (ID)
0 (CR)
-

-

-

-

-

41 (CR)

-

15 (CRM)
45 (CR)

End
of End of followfollow-up: up:
14 (CRM) Pers:
19
54 (CR) (CRM)
Througho 66 (CR)
ut:
Ext:
23
50 (CRM) (CRM)
39 (CR)
Throughout:
Pers:
69 (CR)
Ext:

-

1yr:
34 (ID)
2yrs:
72 (ID)
1.9 (CR)
3yrs:
87 (ID)
5.8 (CR)
4yrs:
92 (ID)
28 (CR)
5yrs:
93 (ID)
47 (CR)
-

1yr:
46 (ID)
2yrs:
91 (ID)
7.2 (CR)
3yrs:
93 (ID)
21 (CR)
4yrs:
92 (ID)
47 (CR)
5yrs:
100 (ID)
47 (CR)
-

1yr:
33 (ID)
2yrs:
78 (ID)
1.2 (CR)
3yrs:
84 (ID)
11 (CR)
4yrs:
89 (ID)
30 (CR)
5yrs:
100 (ID)
46 (CR)
-

-

-

-

-

End
of End
of follow-up: follow-up:
13 (CRM) 33 (CRM)
48 (CR) 11 (CR)

End
of End
of
follow-up: follow-up:
11 (CRM) 33 (CRM)
33 (CR)
67 (CR)

End of followup:
15 (CRM)
45 (CR)

Througho Througho
ut:
ut:
48 (CR) 11 (CR)

Throughout: Througho Throughout:
41 (CR)
ut:
28 (CR)
67 (CR)
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Author

Bertilsson
2013 257

Remission criteria

et

al., Investigator
ID and CR

Disease
When
duration at remission
assessment assessed

defined 5 years
17 years

Wallace’s preliminary 1.5 years
criteria
al., Investigator defined 5 years
ID and CR

Shen et al., 2013 362

Entire cohort
Percent ever Percent
remission
current
(%)
remission
(%)

At 5 and 17 year follow-up

17 years:
19 (ID)
40 (CR)
53 (ID)

33 (ID)
50 (CR)

62 (CR)
5yrs:
18 (ID)
44 (CR)
17yrs:
31 (ID)
43 (CR)

Percent in remission within disease subtypes
RF- Poly RF+ Poly Poly in ERA
PsA
general

U.

-

-

5yrs:
24 (ID)
24 (CR)
17yrs:
6 (ID)
39 (CR)

5yrs:
0 (ID)
25 (CR)
17yrs:
25 (ID)
25 (CR)

-

23 (MDA)
47 (CR)
-

5yrs:
0 (ID)
0 (CR)
17yrs:
0 (ID)
17 (CR)

67 (ID)

90 (ID)

-

-

44 (ID) 39 (ID)

-

25 (ID)
34 (CR)

-

28 (ID)
39 (CR)

-

-

21 (ID) 0 (ID)
24 (CR) 0 (CR)

0 (ID)
50 (CR)

Nordal et al., 2011 Wallace’s preliminary Median 8.2 End of follow- 275
criteria
years (IQR up
PGA=0
7.0 to 12.3)
PGE=0

54 (PGA=0)
50 (PGE=0)
9 (CRM)
42 (CR)

75
(PGA=0)
77
(PGE=0)
0 (CRM)
83 (CR)

46
(PGA=0)
39
(PGE=0)
14 (CRM)
28 (CR)

33
(PGA=0)
33
(PGE=0)
0 (CRM)
33 (CR)

-

42 (PGA=0)
39 (PGE=0)
8.2 (CRM)
31 (CR)

58
(PGA=0)
62
(PGE=0)
23 (CRM)
23 (CR)

49 (PGA=0)
37 (PGE=0)
6.3 (CRM)
41 (CR)

Wallace’s preliminary Mean
criteria
months
No active joints
8 years
Berntson et al., 2007 PGA=0
364
PGE=0

33 (ID)

27 (ID)

Pers:
73 (PGA=0)
74 (PGE=0)
3.2 (CRM)
66 (CR)
Ext:
41 (PGA=0)
33 (PGE=0)
16 (CRM)
21 (CR)
46 (ID)

19 (ID)

8 (ID)

-

19 (ID)

35 (ID)

32 (ID)

-

-

-

-

-

-

-

52 (Pers; CR) -

-

48 (ID) 40 (ID)

0 (ID)

-

Bertilsson
2012 363

et

Oen et al., 2009 273

Gäre et al., 1995 255

Investigator
ID and CR

End of follow- up
End of follow- up

5 years:
20 (ID)
38 (CR)

Systemic Oligo

6 End of follow- up
A random point throughout
follow-up

defined Median
7 End of follow- years (range up
1.5 to 21.9)

45 (No active joints)
20 (PGA=0)
35 (PGE=0)
20 (ID)
5yrs:
31 (CR)
25 (ID)
75 (CR)
17yrs:
25 (ID)
75 (CR)
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Author

Remission criteria

Disease
When
duration at remission
assessment assessed

Entire cohort
Percent in remission within disease subtypes
Percent ever Percent
Systemic Oligo
RF- Poly RF+ Poly Poly in ERA
PsA
remission
current
general
(%)
remission
(%)
No active joints
Median
7 End of follow- 37
years
up
Gäre et al., 1995 365
(range 1.5 to
21.9)
Investigator defined Group
1: End of follow- Group 1:
ID and CR
mean
8.1 up
25 (ID)
years (SD:
37 (CR)
4.4)
Group 2:
366
Gäre et al., 1993
Group
2:
31 (ID)
Mean
5
43 (CR)
years (SD:
0.5)
Single centre
Padeh et al., 2013 367 Wallace’s preliminary Mean
1.5 End of follow- 7 (CR)
criteria
years (SD: up
0.5)
Selvaag et al., 2006 Investigator defined Mean
3.2 End of follow- 26
29
39 (Pers)
16
0
0
20
368
CR
years (SD: up
6 (Ext)
0.4)
Kotaniemi et al., Investigator defined Mean
4.5 End of follow- 37
2002 268
CR
years
up
Flatø et al., 1998 369 ACR
1981
RA Mean
9.7 End of follow- 60 (ID)
0
84 (Pers)
65
33
71
remission criteria (ID) years (SD: up
47 (CR)
28 (Ext)
sustained
for
≥6 2.1)
months (CR)
Oligo: Oligoarticular JIA; RF- Poly: Rheumatoid factor negative polyarticular JIA; RF+ Poly: Rheumatoid factor positive polyarticular JIA; ERA: Enthesitis-related JIA; PsA: Psoriatic JIA, U:

U.

-

-

-

-

-

Undifferentiated JIA; PGA: Physician’s global assessment of disease activity; PGE: Parental global assessment of disease activity; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; ACR:
American College of Rheumatology; RA: Rheumatoid arthritis; CR: Clinical remission off medication; CRM: Clinical remission on medication, SD: Standard deviation, IQR: Interquartile range.
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6.2 How Common is Clinically Inactive Disease in a Prospective Cohort of
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6.2.2 Abstract
Objectives: Many criteria for clinically inactive disease (CID) and minimal disease
activity (MDA) have been proposed for juvenile idiopathic arthritis (JIA). It is not known
to what degree each of these criteria overlap within a single patient cohort. This study
aimed to compare the frequency of MDA and CID across different criteria in a cohort of
children and young people (CYP) with JIA at one year following presentation.
Methods: The Childhood Arthritis Prospective Study recruits CYP at initial presentation
to paediatric or adolescent rheumatology in seven UK centres. CYP recruited between
October 2001 and December 2013 were included. The proportions of CYP with CID and
MDA at one year were calculated using four investigator-defined and eight published
composite criteria. Missing data were accounted for using multiple imputation under
different assumptions.
Results: In a cohort of 1415 CYP, 67% patients had no active joints at one year. Between
48% and 61% achieved MDA and between 25% and 38% achieved CID using published
criteria. Overlap between criteria varied. Of 922 patients in MDA by either the original
composite criteria, Juvenile Arthritis Disease Activity Score (JADAS) or clinical JADAS
cut-offs, 68% were classified as in MDA by all 3 criteria. Similarly, 44% of 633 CYP with
CID defined by either Wallace criteria or the JADAS cut-off were in CID according to
both criteria.
Conclusion: In a large JIA prospective inception cohort, a majority of patients have
evidence of persistent disease activity after one year. Published criteria to capture MDA
and CID do not always identify the same groups of patients. This has significant
implications when defining and applying treat-to-target strategies.
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6.2.3

Introduction

Juvenile idiopathic arthritis (JIA) represents the most common inflammatory rheumatic
disease of childhood 16. To minimise pain and disability associated with active disease, one
goal for all children and young people (CYP) with JIA is clinically inactive disease (CID),
meaning absence of active inflammation 165. However, CID is not always achievable and a
more realistic target may be minimal disease activity (MDA), meaning limited evidence of
active inflammation

187

. Defining either of these states in such a heterogeneous disease is

challenging; there is no single diagnostic test for either state and as such multiple criteria
have been proposed.
Simple clinical criteria for CID include no active joints or a score of zero on the physician
(PGA) or parental (PGE) global evaluation. These single targets are easy to apply in
clinical practice as part of the core outcome criteria for JIA

161

. However, each alone may

not capture the full spectrum of disease. Composite disease activity scores are more
precise than their individual components, capturing multiple domains of disease activity
and potentially increasing the statistical power of clinical trials 375. Over the past 15 years,
a number of composite criteria have been proposed and variably validated in JIA patient
populations. These include Wallace’s preliminary criteria for CID and remission on and
off medication

165

, the Juvenile Arthritis Disease Activity Score (JADAS) and clinical

JADAS (cJADAS) cut-offs for MDA, CID and remission 168,186 and the American College
of Rheumatology (ACR) preliminary criteria for CID 185 (Table 21).
The aim of developing criteria for CID and MDA has been to better define the states of
low disease activity as well as standardise outcome criteria across clinical trials and
observational research

165

. However, differences in patients identified by each set of

criteria may contribute to the large variation in CID achievement described between
cohorts observed in the literature 254. One study compared the frequency of CID according
to a modified ACR preliminary criteria 185 against achieving no active joints or zero on the
PGA, PGE or child global assessments of disease activity. Within this single population,
achievement of CID according to each set of criteria ranged from 19 to 68%

376

. None of

these single or modified composite criteria used in the study described have been validated
in JIA and to date, no studies have directly compared published criteria within a single
population to understand if they define similar groups of CYP.
Multiple high quality studies support the efficacy of accelerated or targeted early treatment
pathways in adult inflammatory arthritis (particularly RA)

377-380

. Treating to target should
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lead to similar improvements in clinical outcomes for patients with JIA, but requires valid,
feasible and consistent treatment targets across different studies.
This study aims to apply single and published composite criteria for CID and MDA in a
single patient population at a common time point: one year following initial presentation to
rheumatology. The proportions of CYP reaching these states could then be compared
between criteria of CID and MDA. Specifically, the study objectives are to (1) estimate the
frequency of CID and MDA at one year following initial presentation; (2) investigate the
differences in achievement of these disease states across International League of
Associations for Rheumatology (ILAR) subtypes and; (3) investigate if similar groups of
CYP are captured by the different CID/MDA criteria.
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Table 21. Published clinically inactive disease and minimal disease activity criteria for JIA
Components included
Criteria

PGE

Systemic
ESR/CRP
features

Requirement for classification of CID or
Morning
MDA
Uveitis
stiffness

AJC

PGA

Wallace’s preliminary criteria 165









1

ACR preliminary criteria 185









2

JADAS 168
cJADAS 186
Composite MDA criteria










MDA (Magni-Manzoni) 187





3

JADAS 168







cJADAS 186







Composite CID criteria



Normal ESR/CRP, morning stiffness≤15mins
and all other values at zero or not present
JADAS≤1
cJADAS≤1



Persistent oligoarticular: AJC=0, PGA≤2.5
Extended oligoarticular, polyarticular and
systemic JIA: ACJ≤1, PGA≤3.4, PGE≤2.1
Oligoarticular course: JADAS≤2.0
Polyarticular course: JADAS≤3.8
Oligoarticular course: cJADAS≤1.5
Polyarticular course: cJADAS≤2.5



1. Inactive uveitis was not defined 2. Inactive uveitis as defined by the SUN working group

Normal ESR/CRP and all other values at zero
or not present

381

3. Not required for persistent oligoarticular JIA. PGA: CID: Clinically inactive disease,

MDA: Minimal disease activity, AJC: Active joint count, PGA: Physician’s global assessment of disease activity, PGE: Parental/child global evaluation of disease activity, ESR:
Erythrocyte sedimentation rate, CRP: C-reactive protein, JADAS: Juvenile Arthritis Disease Activity Score, cJADAS: clinical JADAS, ACR: American College of Rheumatology.
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6.2.4 Methods
6.2.4.1 Study Population
CYP were participants in the Childhood Arthritis Prospective Study (CAPS), a UK multicentre inception cohort established in 2001. Details of this cohort have been described
previously

382

. To date, the cohort exceeds 1500 patients with childhood-onset

inflammatory arthritis. CAPS was approved by the Northwest Multicentre Research Ethics
Committee and written consent from parents/guardians was attained for all participants.
Where able, CYP also provided assent.
Patients were included in the current study if they had a physician diagnosis of JIA and
had been recruited to the cohort before December 2013, to allow at least one year of
follow-up. Prevalent cases and CYP with no returned study report forms were excluded.
6.2.4.2 Data Collection
The baseline date was that of first presentation to paediatric or adolescent rheumatology in
one of seven centres in the UK. Baseline and one year follow-up data were collected from
medical case notes, nurse and parent/patient questionnaires. Age and gender were recorded
at baseline. Data from medical case notes included rheumatologic diagnosis and ILAR
category. ILAR category was defined using study data available at one year to allow CYP
to “settle” into a category. If ILAR category was missing at one year, the most recent
previously collected ILAR category was used. Data from case notes also included numbers
of active and limited joints (maximum 71), a 10cm visual analogue scale (VAS) assessing
physician’s global assessment of disease activity, extra-articular disease features, results of
laboratory investigations including erythrocyte sedimentation rate (ESR)(mm/hr) and Creactive protein (CRP) (mg/L) and medication details including both anti-rheumatic and
other therapeutics. Parent questionnaires included a Childhood Health Assessment
Questionnaire (CHAQ), and two 10cm VAS measures for pain and wellbeing,
respectively. Young people over the age of 11 have the option to self-report.
6.2.4.3 Outcomes of CID and MDA
Outcomes comprising a single criterion included no active joints and zero on the PGA or
PGE. Published composite outcomes for the current analysis included CID according to
the Wallace’s preliminary criteria
the JADAS

168

, cJADAS

186

165

, JADAS

168

and cJADAS

186

and MDA according to

and the original Magni-Manzoni criteria

187

(Table 21). The

sets of criteria were applied in full across all ILAR subtypes. As CAPS did not capture
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daily morning stiffness over most of the period of recruitment to this study, the ACR
preliminary criteria for CID 185 were not applied.
6.2.4.4 Statistical Analyses
All outcomes were calculated from extracted data items at the one year follow-up visit.
The frequency and proportion of outcomes in all patients and within ILAR subtypes were
reported. In addition, the overlap between patient groups identified by multiple outcomes
was explored.
The primary analysis assumed that some data were missing (Table 23) in a ‘missing-notat-random’ (MNAR) mechanism. CYP with missing data were split into six groups: Those
1) discharged ‘well’, 2) discharged following repeat non-attendance, 3) transferred to other
clinics, 4) moved home address or unknown reason for discharge, 5) lost to follow-up in
CAPS and 6) follow-up form completed but with incomplete data. The following
assumptions were made regarding these groups: Patients were in CID according to all
outcome criteria (groups one, two, five and three if transferred to adult services) or patients
had normal laboratory criteria with other missing data missing at random (MAR) (group
six). Unless assumed ‘well’, all other missing data were imputed via multiple imputation
over 20 iterations assuming data MAR.
Secondary analyses included a complete case analysis as well as a most extreme scenarios
analysis, which assumed all CYP with missing data or forms were either entirely in active
disease or entirely in CID/MDA for each set of criteria.
6.2.5

Results

6.2.5.1 Patient Cohort
Up to December 2013, 1510 patients had been recruited to CAPS. Of these, 95 were
excluded (60 were not diagnosed with JIA, three were prevalent cases and 32 had no
available data), leaving 1415 CYP for analysis.
Sixty-five percent of CYP were female and median age at first presentation was 8 years
(interquartile range (IQR) 3.5 to 12 years). The most common ILAR subtypes were
oligoarticular (50%) and RF-negative polyarticular JIA (21%) (Table 22). Median baseline
active joint count was two (IQR 1 to 6) with median physician global assessment at 2.9cm
(IQR 1.5 to 5.0) (Table 22).
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Table 22. Baseline and one year characteristics of the cohort
Characteristic
Female
White or Caucasian
Age at onset (years)
Age at first presentation
(years)
Symptom duration at
diagnosis (months)
ILAR subtype:
Systemic
Oligoarticular
RF- Polyarticular
RF+ Polyarticular
Enthesitis-related
Psoriatic
Undifferentiated
Score components:
Active joint count
Limited joint count
CHAQ score
PGA score (cm)
PGE score (cm)
ESR (mm/hr)
Normal ESR (<20mm/hr)
CRP (mg/L)
Normal CRP (dependent
on hospital assay)
Diagnosis of uveitis
Systemic features present
(systemic JIA only)
Treatments in the first
year
NSAID
Steroid*
DMARD
Biologic

No. patients with
No. patients N(%) or
N(%) or median
available baseline
with available median (IQR)
(IQR) at baseline
data (%)
1yr data (%) at one year
1415 (100)
1380 (98)
1396 (99)

917 (65)
1238 (90)
6.6 (2.7 to 11)

1409 (100)

7.7 (3.5 to 12)

1391 (98)

5.4 (2.8 to 12)

1415 (100)

96 (6.7)
707 (50)
292 (21)
49 (3.5)
77 (5.4)
97 (6.9)
97 (6.9)

1269 (90)
1269 (90)
972 (69)
939 (66)
936 (66)
889 (63)
889 (63)
844 (60)

2 (1 to 5)
1 (1 to 3)
0.8 (0.1 to 1.4)
2.9 (1.5 to 5.0)
2.3 (0.5 to 5.0)
21 (7 to 49)
441 (50)
7 (4 to 27)

1000 (71)
1000 (71)
936 (66)
819 (58)
928 (66)
269 (19)
269 (19)
238 (17)

0 (0 to 1)
0 (0 to 1)
0.3 (0.0 to 0.9)
0.5 (0.0 to 1.8)
0.6 (0.1 to 2.9)
8 (4 to 19)
212 (79)
4 (3 to 7)

844 (63)

482 (57)

238 (19)

202 (85)

294 (21)

11 (3.7)

252 (18)

20 (7.9)

94 (98)

89 (95)

70 (73)

39 (56)

1415 (100)

1040 (73)
1050 (74)
670 (47)
115 (8)

Data are presented as n (%) or median (IQR) where appropriate. *Steroids administered orally/IV/intraarticular. CHAQ: Childhood Health Assessment Questionnaire; PGA: Physician global assessment of disease
activity; PGE: Parental global evaluation of disease activity; ESR: Erythrocyte sedimentation rate; CRP: Creactive protein; ILAR: International League of Associations for Rheumatology; RF: Rheumatoid factor;
NSAID: Non-steroidal anti-inflammatory drug; DMARD: Disease-modifying anti-rheumatic drug
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6.2.5.2 Achievement of C ID or MDA
The one-year follow-up form was not completed in 85 CYP. Fifty-nine had been
discharged from rheumatology within the first year, including 24 who had been discharged
‘well’. Others had moved to another paediatric or adolescent clinic (n=11), moved to adult
services (n=11) failed to attend (n=30) or were lost to follow-up (n=9). These patients did
not differ significantly at baseline from those with one year data available, except for PGA
score (available median PGA 2.9cm, IQR 1.6 to 5.1, missing median PGA 2.0cm, IQR 1.1
to 3.1, p=0.004).
Overall, 72% (95% confidence interval (CI): 68 to 74) of patients achieved CID or MDA
according to at least one set of criteria, with estimates ranging from 25% using Wallace’s
preliminary criteria to 67% if only an active joint count was used. Using composite
criteria, fewer CYP achieved CID (range 25-38%) compared with MDA (range 48-61%)
(Table 23). Imputed estimates consistently exceeded those from complete case analysis
(Table 23).
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Table 23. The frequency of CID and MDA using Complete Case and Multiple Imputation analyses
Primary outcome:
Outcome criteria

Percent in CID/MDA using Percent in CID/MDA using most
complete case analysis
extreme scenarios (n=1415)

Percent in CID/MDA following
imputations assuming data
Percent (%)
MNAR
(%; 95%CI) (n=1415)

Single criteria for CID
Discharge from rheumatology as ‘well’ within the first
NA
year following presentation
Active joint count = 0
67 (64, 69)
Physician global assessment = 0
36 (33, 39)
Parental global evaluation = 0
28 (25, 31)
Composite criteria for CID
Wallace’s preliminary criteria for CID
25 (22, 28)
CID using JADAS10
38 (35, 41)
CID using JADAS71
38 (35, 41)
CID using cJADAS10
38 (35, 42)
Composite criteria for MDA
MDA using JADAS10
53 (49, 56)
MDA using JADAS71
53 (49, 56)
MDA using cJADAS10
48 (45, 51)
MDA criteria (Magni-Manzoni)
61 (58, 64)
Cumulative achievement
Any single/composite CID or MDA*
72 (68, 74)
Any composite CID
42 (38, 45)
Any composite MDA
65 (62, 68)

How
many
CYP could be Minimum
categorised

Maximum

1.7

1366

NA

NA

48
32
23

1000
819
928

46
19
15

75
61
50

4.5
5.1
5.1
26

810
688
688
880

1.2
2.5
2.5
15

45
54
54
54

13
13
35
47

522
522
807
740

5.0
5.0
20
25

68
68
63
73

56
25
45

1212
1020
859

48
18
27

89
76
78

*Not including discharged ‘well’; CID: Clinically inactive disease, MDA: Minimal disease activity, JADAS: Juvenile Arthritis Disease Activity Score, cJADAS: JADAS
excluding erythrocyte sedimentation rate, CI: Confidence Interval, MNAR: Missing not at random, CYP: Children and young people
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Estimates of CID across Criteria
At one year following initial presentation to rheumatology, 42% (95% CI: 38 to 45) of
patients satisfied at least one of the composite criteria for CID. This is in contrast with
67% (95% CI 64 to 69) that had achieved an active joint count of zero. A third of CYP had
no active joints, but did not achieve a score of zero on the PGA (33%). Rarely a child with
active joints was scored at zero on the PGA (4%). In these few cases, CYP had only one
active joint and appeared well on other disease variables (Table 24). Physicians and
parents appeared to score differently with only 35% overlap in patients scoring zero on
both the PGA and PGE (Figure 16.a). The JADAS and cJADAS criteria, which include a
mixture of physician and parent-assessed measures, had a high degree of overlap (almost
100%) and both identified 38% of CYP as in CID at one year (Table 23, Figure 16.b.).
Discrepancies between these two groups was driven by ESR, with patients (n=3) in CID
only on the cJADAS with median 42mm/h ESR (IQR 34 to 65 mm/hr), compared with
6mm/h (IQR 2 to 11 mm/hr) for those in CID on both criteria (Table 24).
Fewer patients achieved CID on Wallace’s preliminary criteria (25%, contains only
physician-assessed components) compared with the JADAS criteria (38%, contains both
physician and parent-assessed components). In accordance, there was only a 44% overlap
in the patients identified in CID by these criteria (Figure 16.c). Where discordances existed
between patients defined as in CID on the Wallace’s preliminary criteria only or the
JADAS10 only, large differences in the PGE (median 2.7cm and 0.0cm, respectively) were
evident. However, patients in CID on the cJADAS had median PGA of 0.2cm,
highlighting the requirement of an absolute cut-off of 0cm required for the Wallace’s
preliminary criteria. In addition, 4% of patients with systemic JIA in CID on the JADAS10
were recorded as having had active systemic features (Table 24). There were no
differences in active joint count or ESR between these groups.
Estimates of MDA across Criteria
At one year following presentation, 65% (95% CI: 62 to 68) of patients satisfied at least
one of the three MDA criteria. The range in proportion of CYP achieving this state was
smaller than using CID criteria, ranging from 48% on the cJADAS to 61% using the
Magni-Manzoni criteria (Table 23). There was also greater overlap between MDA criteria
than CID with 68% of CYP classified in MDA by all three criteria. The largest
discrepancy was for the Magni-Manzoni criteria, which does not require use of the PGE
score in oligoarticular JIA (Figure 16.d). In accordance, median PGE scores were higher in
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patients in MDA only on the Magni-Manzoni criteria compared with the JADAS10
(2.9cm, IQR 2.0cm to 5.0cm vs. 0.2cm, IQR 0.0, 0.8) (Table 24).

a)

b)

c)
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d)

Figure 16. Percent patient overlap between outcome criteria: a) Zero on the PGA vs.
PGE, b) CID JADAS10 vs. cJADAS10, c) CID Wallace’s preliminary criteria vs.
JADAS10 and d) MDA Magni-Manzoni, JADAS10 and cJADAS10. For each figure,
percentages are out of all CYP who satisfied at least one of the criteria displayed.
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Table 24. Comparison of disease activity where CID/MDA criteria were discordant
Discordant criteria

N

Component
Active joint count
(median, IQR)
Zero active joints vs. zero on physician global
Zero active joints only
465
0 (0, 0)
Zero on physician global only
54
1 (1, 1)
Zero on both
474
0 (0, 0)
Zero on physician vs. parental global
Zero on physician global only
274
0 (0, 0)
Zero on parental global only
234
0 (0, 1)
Zero on both
161
0 (0, 0)
CID Wallace’s preliminary criteria vs. JADAS10
CID only Wallace’s preliminary 93
0 (0, 0)
criteria
CID only JADAS10
327
0 (0, 0)
CID on both
213
0 (0, 0)
CID JADAS10 vs. cJADAS10
CID only on JADAS
0
CID only on cJADAS
3
0 (0, 0)
CID on both
541
MDA Magni-Manzoni vs. JADAS10
MDA Magni-Manzoni only
149
0 (0, 0)
MDA JADAS10 only
69
1 (1, 1)
MDA on both
704
0 (0, 0)

Physician global (cm)
(median, IQR)

Parental global (cm)
(median, IQR)

Percent with systemic
features (%)

ESR
(median, IQR)

0.5 (0.2, 1.2)
0.0 (0.0, 0.0)
0.0 (0.0, 0.0)

0.6 (0.1, 2.5)
0.5 (0.0, 2.1)
0.1 (0.0, 0.8)

4
1
2

8 (3, 18)
7 (3, 16)
7 (3, 16)

0.0 (0.0, 0.0)
0.5 (0.2, 1.5)
0.0 (0.0, 0.0)

0.8 (0.2, 2.2)
0.0 (0.0, 0.0)
0.0 (0.0, 0.0)

2
4
2

3 (1, 7)
8 (4, 20)
7 (3, 17)

0.0 (0.0, 0.0)

2.2 (1.4, 4.4)

0

7 (3, 20)

0.2 (0.1, 0.4)
0.0 (0.0, 0.0)

0.0 (0.0, 0.3)
0.1 (0.0, 0.3)

4
0

6 (3, 12)
6 (2, 11)

0.1 (0.0, 0.1)

0.1 (0.0, 0.3)

2
2

42 (34, 65)
6 (2, 11)

0.4 (0.0, 1.5)
0.3 (0.0, 0.6)
0.0 (0.0, 0.3)

2.9 (2.0, 5.0)
0.2 (0.0, 0.8)
0.1 (0.0, 0.5)

4
5
2

12 (5, 35)
6 (3, 12)
7 (3, 12)

IQR: Interquartile range, ESR: Erythrocyte sedimentation rate, CID: Clinically inactive disease, MDA: Minimal disease activity, JADAS10: Juvenile Arthritis Disease
Activity Score using 10 joints.
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6.2.5.3 The Frequency of CID and MDA in each ILAR Subtype
A similar pattern across outcome criteria was seen across all ILAR categories, with
patients achieving no active joints more frequently than MDA, CID on JADAS and CID
on Wallace’s preliminary criteria, respectively (Figure 17). However, achievement of the
most stringent composite criteria was achieved most frequently in the oligoarticular
subtype (CID Wallace’s preliminary criteria: 29%, CID JADAS10 43%). Patients with
systemic JIA experienced large variation in their outcomes, achieving fewer of the criteria
sets when more information on systemic features was taken into account. These CYP had
high achievement of no active joints (78%), but only 14% achieved CID on Wallace’s
preliminary criteria (Figure 17; Supplementary Table 5).

Figure 17. Percent of patients with JIA who had achieved CID and MDA states at one
year following presentation.

6.2.6

Discussion

Since the success of treat-to-target approaches in RA

383,384

, similar strategies in JIA have

been considered 157,385-387. However, many published and investigator-defined targets have
been used across research

254,388,389

. The current study highlights that even published

targets intended to capture the same construct identify different groups of CYP. Results
from studies using different outcome criteria therefore cannot be compared directly. In
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addition, if used as targets in clinical practice, utilising different targets may result in overor under-treatment.
Achievement of CID and MDA varied greatly between criteria in this cohort. Broad
achievement of CID was around 30% and MDA around 50%. This indicates a significant
level of on-going disease symptoms at one year following initial presentation. Using
Wallace’s preliminary criteria, only 25% of CYP achieved CID. Higher estimates have
been gained from other inception cohorts within similar time-frames in the literature, with
estimates of 45% within one year

5

and 53% at 18 months

362

. These higher estimates are

likely artefacts of measuring ever achievement in the former study and not including CYP
with polyarticular JIA in the latter.

Estimates of CID from the literature not using

Wallace’s preliminary criteria vary widely from 19% 257 to 60% 369.
Estimates of CID using newer criteria, including cut-offs on the JADAS 168 or cJADAS 186
have not yet been published from other inception cohorts. The current study found that the
JADAS and cJADAS CID cut-offs have high overlap, capturing almost identical groups of
CYP. Where discordant, CYP only in CID on the cJADAS had substantially higher ESR
(42 mm/hr vs. 0 mm/hr). That so few CYP presented with low symptomatology but high
inflammatory markers suggests a non-rheumatological cause of high ESR, such as recent
infection. The cJADAS was designed to be more feasible in clinical practice compared
with JADAS, since ESR is not required
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. Since overlap between these criteria was

excellent and complete data was available in 20% more patients in the three variable
cJADAS, the current data supports the use of cJADAS in preference to JADAS when
assessing CID. However, overlap between the JADAS and Wallace’s preliminary criteria
was poorer.
Lower overlap between the physician and parent global assessments, and between
Wallace’s preliminary criteria and the JADAS criteria, may reflect the different
components included within each criteria and challenges the concept of what constitutes
inactive or minimal disease in JIA. Unlike Wallace’s preliminary criteria, the JADAS and
cJADAS include a subjective parent (child)-assessed component (Table 21). Overlap
between this and either JADAS set of criteria was only 44% (Figure 16). The minimally
different median scores on the PGA for CYP in CID only on Wallace’s preliminary criteria
(0.0cm) versus only the JADAS10 (0.2cm) suggest that clinicians may not mark CYP at
exactly zero, even on resolution of active disease. In this study, scores were recorded on
paper and transcribed into the study database. With a move to online data capture and
electronic medical records, this issue may resolve if relating to transcription errors, but
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equally it may be that clinicians did not feel they could mark at exactly zero. These issues
are resolved when using criteria such as the JADAS or cJADAS. Since CID on these
numeric rating scales is defined as any score lower or equal to one, minimal scores above
zero will be captured as part of the spectrum of CID. However, the substantial difference
in the PGE (medians 2.2cm and 0.0cm, respectively) suggest a marked difference in global
wellbeing for CYP identified as CID on the different criteria.

The patient global

assessment has been shown to be driven in large part by on-going pain 195,390. A feature of
JIA for a subset of CYP is the resolution of inflammation with persistent pain symptoms,
which patients themselves have considered as active disease 391. Whilst it is not possible to
disentangle pain, related to inflammation or not, from other active disease symptoms using
patient and parent global assessments, any symptom that patients themselves feel relate to
their disease and require treatment via rheumatology should be treated as such. In
concordance, applying criteria such as the JADAS and cJADAS which assess both
inflammation and a patient’s assessment of their disease may identify CYP with persistent
chronic pain independent of joint inflammation, particularly in cases where scores are high
despite the absence of active joints. These CYP could then be targeted for alternative pain
management strategies, for example psychological support.
ILAR subtype-specific estimates provided some evidence that patients with the less
common subtypes are less likely to achieve CID. This may be a result of higher PGA
ratings for patients with extra-articular features, including exanthema and macrophage
activation syndrome for systemic JIA. For the majority of criteria, oligoarticular JIA was
the most favourable disease course with RF-positive polyarticular the least favourable,
corroborating existing evidence

5,250,281,392

. Patients with systemic disease had the largest

variation in outcome estimates (14% to 78%), which was largely driven by components of
the individual composite criteria; when more information on systemic features was
included, fewer CYP in this subtype achieved the outcome. This trend indicates that
systemic features should be included when assessing CID or MDA in CYP with systemic
JIA and highlights the importance of both physician and patient/parent reported global
scores. Since no sets of criteria included in this analysis explicitly captured enthesitis or
psoriasis, it remains to be seen whether the inclusion of criteria based on these features
improves the measurement of CID in affected CYP.
The current study benefits from studying a large inception cohort of patients across all
ILAR subtypes of JIA. It highlights the difference in disease states being targeted by
clinicians and used as outcomes in research. Going forward, the introduction of composite
measures and treatment targets into the clinical setting have the potential to streamline the
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collection of clinical data, enabling comparisons from one visit to the next and between
different centres. Further work is indicated to establish the feasibility, acceptability and
utility of composite scores and treatment targets in clinical practice as well as in the
context of clinical trials to improve future data capture and completeness. This study also
provides an update on the frequency of CID and remission in a contemporary JIA cohort.
This information is very important in the clinical setting, helping clinicians to realistically
manage patient expectations at presentation. As the primary outcome was overlap between
the published definitions which is unlikely to change over time, multiple time points were
not assessed. A previous study in this cohort, however, assessed achievement of CID on
the cJADAS71 across CYP with JIA who initially presented to paediatric rheumatology
between 2001 and 2011. They reported no significant increase in CID achievement for
CYP presenting in later years, despite a wider variety of biologic availability and a culture
of more aggressive treatment strategies 387,393.
Limitations of the current study include that CID criteria were applied to ILAR categories
in which they are not validated: namely systemic, enthesitis-related and psoriatic JIA.
However, the majority of previous studies have applied CID criteria in their entire cohort
including all categories 30,273,275,276,394. To therefore assess the same disease state as applied
in existing literature and allow comparisons across all outcomes, the criteria were applied
to all JIA subtypes. As a consequence, current estimates may overestimate the frequency
of CID in CYP with persistent systemic manifestations, enthesitis or psoriasis but no active
joint inflammation. Since these features are relatively rare, estimates across the entire
cohort were likely only marginally affected by their inclusion and these features are at
least partially reflected in physician and parental global scores. ILAR subtype specific
definitions of CID may be of value in the future.
In this study, all items were captured as part of routine care and not specifically within the
setting of a clinical trial or study, and many of the criteria included were not designed for a
busy clinical setting
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. The capture of these items in routine clinical care of JIA vary

greatly between clinical settings and composite measures of disease activity were not
routinely collected in UK practice during the time of data capture in this study. This is
reflected in part by the amounts of missing data, a common observation in “real-world”
research studies. The volume of missing data was particularly high for composite
measures, where multiple elements were often not collected routinely. We account for
these missing data using a number of assumptions and multiple imputation. Estimates
using complete case analyses were substantially lower than after imputation, partly due to
CYP with active disease being easier to classify in the complete case analysis (see online
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supplementary text). The majority of data missing were for laboratory measures, with only
20% of CYP having ESR recorded at one year, reflecting that CYP who are well may not
have blood tests. Fantini and others reported also that patients lost to follow-up had greater
remission rates than those present at follow-up

250

. These trends likely biased complete

case estimates towards a greater proportion of CYP with on-going disease activity.
The frequency of remission according to the 2011 ACR preliminary criteria
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could not

be calculated in the current study. This set of criteria requires information on morning
stiffness, which is notoriously difficult to determine in young CYP and which was not
collected as part of CAPS. International consensus should be reached about a minimal core
data set for both observational and interventional research. This would not only aid
monitoring of the JIA disease course and response to therapies, but also aid comparability
between clinical research studies. Where feasible, future work should compare the
frequency of achieving the CID on the ACR 2011 preliminary criteria with the states
highlighted in the current study.
Finally, this study highlights that published definitions of CID and MDA identify
distinctly different groups of CYP. Whilst the cJADAS10 cut-offs are more feasible to
apply in clinical practice and appear to capture a greater picture of active JIA compared
with Wallace’s preliminary criteria, this study does not provide data to support which
measure is optimal in terms of long-term outcomes. Future studies should compare longterm outcomes following early achievement of these measures to provide evidence for a
potential aim for treat-to-target approaches. Currently, there are no recommendations for
optimal treat-to-target strategies and as such, these strategies are not common practice.
6.2.7

Conclusion

In a large inception cohort, a large proportion of patients with JIA had evidence of
persistent disease activity one year following first presentation to paediatric or adolescent
rheumatology. However, the estimates of these disease states differed widely based on
which set of criteria was applied, many of which were not disease subtype-specific. These
differences highlight that the same child could be classified as ‘in CID’ or having active
disease at the same time point between clinicians or hospitals. Future work needs to
explore which treatment target predicts better long-term prognoses in JIA.
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6.2.10 Supplementary Materials
6.2.10.1

Methods for Handling Missing Data

Outcome frequencies were assessed using complete case analysis in a secondary analysis.
This included CYP for whom a complete dataset was not available but the child could still
be classified as ‘not in CID/MDA’ if one available component excluded that possibility.
For example, a child scoring 2cm on the PGA could not be in CID on any set of criteria.
This child was classified as ‘not in CID’, even if other missing data existed.
All imputation models were completed under the same random number seed (5879).
Variables entered into the imputation models included hospital, gender, age, disease
duration at presentation, active joint count, PGA, PGE, ESR, CRP, CHAQ, ILAR subtype
and non-steroid anti-inflammatory drug, steroids or disease-modifying anti-rheumatic drug
prescription (yes/no). Continuous variables were transformed to normal distributions
before imputation

325

, after which they were converted back to their original forms.

Composite criteria estimates were calculated using individual components following
imputations.
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Supplementary Table 5. The frequency of CID/MDA in each ILAR category of all patients using multiple imputation assuming data MNAR
Percent of patients in CID/MDA at year one of follow-up using Multiple Imputation assuming data MNAR (%)
(95% CI)
ID criteria
Poly RF+
(n=49)

Poly ERA
(n=77)

PsA

Systemic (n=96) Oligo (n=707)

RF(n=292)

Active joint count = 0

78 (67, 89)

69 (65, 73)

64 (58, 70)

53 (37, 69)

59 (46, 71)

62 (51, 74)

64, 51, 76)

Physician global assessment = 0

32 (21, 43)

40 (35, 45)

30 (24, 36)

18 (5.6, 31)

36 (24, 47)

39 (28, 51)

36 (21, 51)

Parental global evaluation= 0

29 (19, 40)

32 (28, 36)

19 (14, 25)

14 (2.7, 26)

25 (14, 36)

25 (14, 37)

30 (19, 42)

Wallace’s preliminary criteria for CID

19 (8.8, 28)

34 (30, 38)

25 (19, 30)

17 (5.1, 29)

31 (19, 43)

32 (21, 43)

27 (15, 40)

CID using JADAS10

37 (26, 49)

43, 39, 47)

31 (25, 38)

18 (4.6, 32)

34 (22, 46)

40 (29, 51)

36 (24, 49)

CID using JADAS71

37 (26, 49)

43 (39, 47)

31 (25, 38)

18 (4.6, 32)

34 (22, 46)

40 (29, 51)

36 (24, 49)

CID using cJADAS10

38 (26, 49)

43 (39, 48)

32 (26, 38)

18 (4.6, 32)

34 (22, 46)

40 (29, 51)

36 (24, 49)

MDA using JADAS10

53 (42, 64)

52 (48, 57)

57 (50, 63)

44 (28, 61)

46 (32, 60)

51 (40, 63)

53 (40, 66)

MDA using JADAS71

53 (42, 64)

52 (48, 57)

57 (50, 63)

44 (28, 61)

46 (32, 60)

51 (40, 63)

53 (40, 66)

MDA using cJADAS10

54 (42, 66)

51 (46, 55)

46 (40, 53)

32 (17, 49)

41 (29, 54)

48 (36, 59)

47 (34, 59)

MDA (Magni-Manzoni)

59 (49, 70)

69 (65, 73)

52 (46, 59)

38 (22, 53)

53 (40, 66)

59 (47, 71)

59 (46, 71)

(n=97)

Undiff. (n=97)

Single criteria for CID

Composite criteria for CID

Composite criteria for MDA

MNAR: missing not at random; Oligo: oligoarticular JIA; RF- Poly: RF negative polyarticular JIA, RF+ poly: RF positive polyarticular JIA, ERA: Enthesitis-related JIA, PsA:
Psoriatic JIA, Undiff. Undifferentiated JIA. Pers: Persistent; Ext: Extended; CID: Clinically inactive disease; MDA: Minimal disease activity; JADAS: Juvenile arthritis disease
activity score in 10 (JADAS10) and 71 (JADAS71) joints and excluding ESR (cJADAS10).
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Supplementary Table 6. The frequency of CID/MDA in each ILAR category using multiple imputation assuming data MNAR for cohort 1*
Percent of patients in CID/MDA at year one of follow-up using Multiple Imputation assuming data MNAR (%)
(95% CI)
ID criteria
Poly RF+
(n=20)

Poly ERA
(n=36)

PsA

Systemic
(n=31)

Oligo (n=265)

RF(n=109)

Active joint count = 0

80 (64, 95)

64 (58, 70)

62 (52, 71)

40 (16, 64)

57 (40, 75)

61 (44, 78)

61, (39, 84)

Physician global assessment = 0

13 (0, 27)

36 (30, 42)

25 (16, 34)

17 (0, 35)

30 (14, 46)

37 (20, 54)

31 (9, 52)

Parental global evaluation= 0

18 (0, 37)

30 (24, 35)

15 (7, 23)

17 (0, 39)

31 (13, 48)

25 (9, 42)

41 (18, 63)

Wallace’s preliminary criteria for CID

7.4 (0, 18)

30 (24, 36)

21 (12, 29)

15 (0, 32)

27 (11, 44)

34 (17, 50)

27 (7, 46)

CID using JADAS10

25 (8, 42)

43 (37, 50)

31 (21, 40)

13 (0, 32)

33 (16, 50)

41 (23, 59)

43 (20, 66)

CID using JADAS71

25 (8, 42)

43 (37, 50)

31 (21, 40)

13 (0, 32)

33 (16, 50)

41 (23, 59)

43 (20, 66)

CID using cJADAS10

25 (8, 42)

43 (37, 50)

31 (21, 40)

13 (0, 32)

33 (16, 50)

41 (23, 59)

43 (20, 66)

MDA using JADAS10

43 (23, 63)

47 (42, 53)

56 (46, 66)

33 (6, 60)

45 (26, 63)

48 (29, 67)

61 (38, 83)

MDA using JADAS71

43 (23, 63)

47 (42, 53)

56 (46, 66)

33 (6, 60)

45 (26, 63)

48 (29, 67)

61 (38, 83)

MDA using cJADAS10

49 (29, 68)

52 (45, 58)

46 (36, 56)

17 (0, 39)

40 (22, 57)

48 (28, 67)

56 (33, 79)

MDA (Magni-Manzoni)

53 (33, 73)

66 (60, 72)

54 (44, 63)

31 (5, 56)

49 (32, 66)

61 (43, 79)

61 (38, 84)

(n=38)

Undiff. (n=28)

Single criteria for CID

Composite criteria for CID

Composite criteria for MDA

*Cohort 1: First presentation to paediatric rheumatology between 2001 and 2006. MNAR: missing not at random; Oligo: oligoarticular JIA; RF- Poly: RF negative polyarticular
JIA, RF+ poly: RF positive polyarticular JIA, ERA: Enthesitis-related JIA, PsA: Psoriatic JIA, Undiff. Undifferentiated JIA. Pers: Persistent; Ext: Extended; CID: Clinically
inactive disease; MDA: Minimal disease activity; JADAS: Juvenile arthritis disease activity score in 10 (JADAS10) and 71 (JADAS71) joints and excluding ESR (cJADAS10).
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Supplementary Table 7. The frequency of CID/MDA in each ILAR category using multiple imputation assuming data MNAR for cohort 2*

Percent of patients in CID/MDA at year one of follow-up using Multiple Imputation assuming data MNAR (%)
(95% CI)
ID criteria
PsA
(n=59)

Undiff. (n=69)

60 (42, 79)
42 (23, 61)
16 (0, 33)

61 (47, 75)
43 (27, 59)
24 (11, 38)

62 (44, 81)
42 (24, 61)
24 (12, 37)

19 (0, 37)
24 (5, 43)
24 (5, 43)
42 (5, 43)

34 (16, 53)
37 (18, 55)
37 (18, 55)
37 (18, 55)

31 (16, 47)
40 (24, 56)
40 (24, 56)
40 (24, 56)

28 (12, 44)
34 (17, 51)
34 (17, 51)
34 (17, 51)

56 (35, 77)
56 (35, 77)
45 (24, 66)
46 (24, 69)

50 (30, 70)
50 (30, 70)
46 (27, 65)
57 (40, 75)

55 (40, 70)
55 (40, 70)
50 (34, 65)
59 (45, 73)

53 (36, 71)
53 (36, 71)
45 (28, 63)
57 (38, 76)

Systemic (n=65) Oligo (n=442)

RF(n=183)

Poly RF+
(n=29)

77 (64, 90)
44 (29, 59)
37 (21, 52)

70 (65, 75)
42 (37, 47)
34 (29, 40)

64 (57, 72)
34 (26, 42)
22 (14, 30)

64 (42, 85)
24 (1, 47)
16 (0, 33)

24 (11, 37)
45 (31, 60)
45 (31, 60)
47 (31, 62)

34 (28, 39)
44 (39, 50)
44 (39, 50)
45 (39, 50)

27 (20, 34)
34 (26, 42)
34 (26, 42)
34 (26, 42)

60 (43, 76)
60 (43, 76)
59 (44, 74)
64 (50, 79)

52 (47, 57)
52 (47, 57)
54 (48, 59)
72 (66, 80)

62 (54, 69)
62 (54, 69)
49 (40, 57)
55 (47, 63)

Poly ERA
(n=41)

Single criteria for CID
Active joint count = 0
Physician global assessment = 0
Parental global evaluation= 0
Composite criteria for CID
Wallace’s preliminary criteria for CID
CID using JADAS10
CID using JADAS71
CID using cJADAS10
Composite criteria for MDA
MDA using JADAS10
MDA using JADAS71
MDA using cJADAS10
MDA (Magni-Manzoni)

*Cohort 2: First presentation to paediatric rheumatology between 2007 and 2013. MNAR: missing not at random; Oligo: Oligoarthritis; RF- Poly: RF-negative polyarthritis, RF+
poly: RF positive polyarthritis, ERA: Enthesitis-related JIA, PsA: Psoriatic JIA, Undiff. Undifferentiated JIA. Pers: Persistent; Ext: Extended; CID: Clinically inactive disease;
MDA: Minimal disease activity; JADAS: Juvenile arthritis disease activity score in 10 (JADAS10) and 71 (JADAS71) joints and excluding ESR (cJADAS10).
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Supplementary Table 8. The frequency of CID/MDA in each ILAR category using Complete Case analysis
Percent of patients in CID/MDA at year one of follow-up using Complete Case analysis (%)
Outcome
Single criteria for CID
Discharge from rheumatology
due to low disease activity
Active joint count = 0
Physician global assessment =
0
Parental global evaluation = 0
Composite criteria for CID
Wallace’s preliminary criteria
for CID
CID using JADAS10
CID using JADAS71
ID using cJADAS10
Composite criteria for MDA
MDA using JADAS10
MDA using JADAS71
MDA using cJADAS10
MDA
criteria
(MagniManzoni)

No.
(%)

missing Systemic
(max n=90)

Oligo
(max* n=663)

RF- Poly
(max n=282)

RF+ Poly (max ERA
n=47)
(max n=72)

PsA
(max n=94)

Undiff. (max
n=76)

66 (4.7)

1 (1.1)

9 (1.4)

2 (0.7)

0 (0.0)

1 (1.4)

1 (1.1)

2 (2.6)

415 (29)

50 (55)

253 (38)

102 (36)

11 (22)

22 (30)

32 (34)

10 (13)

596 (42)

15 (28)

145 (35)

57 (30)

5 (15)

17 (33)

21 (36)

5 (25)

491 (35)

16 (26)

134 (29)

31 (15)

4 (12)

8 (16)

11 (17)

11 (24)

514 (39)

2 (3.2)

11 (3.0)

16 (7.8)

4 (9.8)

2 (4.2)

1 (1.6)

0 (0.0)

638 (48)
638 (48)
708 (53)

5 (9.8)
5 (9.8)
16 (39)

13 (4.3)
13 (4.3)
130 (42)

10 (5.8)
10 (5.8)
46 (32)

0 (0.0)
0 (0.0)
3 (13)

1 (2.4)
1 (2.4)
12 (30)

5 (9.4)
5 (9.4)
19 (45)

1 (3.2)
1 (3.2)
6 (40)

887
887
602

7 (18)
7 (18)
3 (13)

23 (9.7)
23 (9.7)
7 (18)

25 (20)
25 (20)
23 (9.7)

3 (13)
3 (13)
25 (20)

3 (8.6)
3 (8.6)
3 (8.6)

7 (16)
7 (16)
7 (16)

2 (10)
2 (10)
2 (10)

545

25 (46)

271 (62)

82 (42)

7 (22)

24 (44)

34 (52)

12 (41)

*The sample sizes represent the total number of CYP with these subtypes. However, missing data may have been evident so that the total number will not have been categorised
by each set of CID criteria. Oligo: oligoarthritis; RF- poly: Rheumatoid factor negative polyarthritis; RF+ poly: Rheumatoid factor positive polyarthritis; ERA: Enthesitis-related
arthritis; PsA: Psoriatic arthritis; Undiff: Undifferentiated arthritis; CID: Clinically inactive disease; MDA: Minimal disease activity; JADAS: Juvenile arthritis disease activity
score using 10 (JADAS10) and 71 (JADAS71) joints and excluding ESR (cJADAS10).
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Abstract

Background: Potential targets for treat-to-target strategies in JIA are minimal disease
activity (MDA) and clinically inactive disease (CID). Short and long-term outcomes
following achievement of MDA and CID on the cJADAS10 and CID on Wallace’s
preliminary criteria were compared.
Methods: Children and young people (CYP) recruited to the Childhood Arthritis
Prospective Study, a UK multicentre inception cohort, were selected if recruited prior to
January 2011 and diagnosed with oligoarthritis or rheumatoid factor negative or positive
polyarthritis.
At one year following diagnosis, CYP were assessed for MDA on the cJADAS10 and CID
on both Wallace’s preliminary criteria and the cJADAS10. Associations were tested
between these disease states and i) functional ability, ii) absence of limited joints, iii)
psychosocial health and iv) pain at one year and annually to five years.
Results: Of 832 CYP, 70% were female and the majority had oligoarthritis (68%). At one
year, 21% had achieved CID according to both definitions, 7% on Wallace’s preliminary
criteria only, 16% on cJADAS10 only and 56% on neither. Only 10% of CYP in the entire
cohort achieved MDA without also having CID.
Achieving either early CID state was associated with greater absence of limited joints.
However, only CID on cJADAS10 was associated with improved functional ability and
psychosocial health. Achieving CID was superior to MDA in terms of short and long-term
pain and the absence of limited joints.
Conclusion: CID on the cJADAS10 may be a preferable treatment target to CID on
Wallace’s preliminary criteria in terms of both feasibility of application and long-term
outcomes.
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6.3.4 Introduction
Despite the licencing of biologic therapies for juvenile idiopathic arthritis (JIA)
increasingly aggressive treatment strategies

396

118

, and

, a recent systematic review estimates that

the burden of disease in JIA remains high, with fewer than 50% of patients achieving
remission after a decade of disease 397. Following the success of treat-to-target approaches
in adult rheumatology 383,384, a similar approach in JIA may yield better disease outcomes
152

. However, it is less clear what the target should be. One target for children and young

people (CYP) with JIA is clinically inactive disease (CID), a state where no evidence of
disease activity is apparent

237

. Whilst a state of CID, and ultimately disease remission,

would be ideal, it may not be feasible in all CYP due to the nature of their JIA disease
activity. In addition, the acceptability of treatment required for such a state may not be
acceptable when weighted against additional risks of adverse events and the cost of
additional therapies. An alternative target could therefore be minimal disease activity
(MDA), a state which would include CYP with CID but also those with low but persistent
disease activity 252.
Defining disease states such as CID in clinical practice can be challenging and currently
rely on composite criteria

397,398

. Multiple such definitions have been proposed, including

CID using Wallace’s preliminary criteria

237

, the ACR 2011 CID criteria

185

and scoring

below certain cut-offs on the Juvenile Arthritis Disease Activity Score (JADAS)
clinical (c)JADAS

186

240

or

. Wallace’s preliminary criteria includes five components, observed

or measured by a physician, which must all be absent or in the normal range, but do not
include an assessment by the patient or their proxy

237

. In contrast, the JADAS and

cJADAS include fewer overall components, meaning they may be easier to complete in a
routine clinical setting, but do include a patient or proxy subjective assessment of patient
wellbeing

186,240

. Although Wallace’s preliminary criteria and low score cut-offs on the

JADAS or cJADAS are intended to identify similar disease constructs, a recent analysis
has shown that these definitions will classify different groups of CYP as having CID,
which may be driven by their different components

398

. It is currently unclear which

definition, if any, should be applied in the clinical setting as a treatment target but the
choice may be influenced by how achievement of CID according to each definition relates
to later disease outcomes. It is also unclear whether applying increasingly aggressive
treatment strategies to achieve CID beyond MDA is favourable in terms of long-term
outcomes.
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The aims of this study were therefore to (1) describe the impact of early achievement of
CID on functional ability, joint limitations and psychosocial health over the first five years
following initial presentation to paediatric rheumatology, (2) assess whether the applied
definition of CID at one year is associated with different long term outcomes and (3)
assess whether achieving CID is beneficial beyond MDA in terms of pain in addition to
these outcomes according to the cJADAS10.
6.3.5

Patients and Methods

6.3.5.1 Study Population
This analysis included CYP recruited to the Childhood Arthritis Prospective Study
(CAPS), a prospective inception cohort recruiting from eight UK paediatric and adolescent
rheumatology centres since 2001. Details of this cohort have been described previously 382.
CAPS was approved by the Northwest Multicentre Research Ethics Committee and written
informed consent from guardians (and where appropriate, assent or consent from
participants) was obtained.
For this study, CYP were included if they had a physician’s diagnosis of JIA
(oligoarticular and either rheumatoid factor (RF) negative or positive polyarticular
categories) and had been recruited to CAPS prior to 1st January 2011, to allow for at least
five years of follow-up. CYP were included in each analysis if outcome data were
available for at least one of the time points studied. Those with no returned study forms
after initial presentation were excluded.
6.3.5.2

Data Collection

CAPS data were collected from the medical case notes at first presentation to paediatric
rheumatology (baseline date) and annually thereafter for 5 years using a pre-defined study
proforma. These include demographic and disease features, ILAR category as recorded by
the treating physician in the case notes, and any anti-rheumatic treatments. Collection of
components of the CID/MDA criteria has been described previously 398.
At each follow-up visit, proxies (or the CYP themselves where possible if >11 years) were
asked to complete a series of patient reported outcome measures, including the Childhood
Health Assessment questionnaire (CHAQ) and the Child Health Questionnaire (CHQ)

188

.

The CHAQ score totals 24 and is divided so that final scores range from zero to three, with
higher scores denoting poorer functional ability. It is known to have a flooring effect,
whereby scores tend to cluster at the ‘good functional ability’ section of the scale 188. The
CHQ is a generic health-related quality of life (HRQoL) measure designed for proxy
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completion for paediatric patients over the age of five. It is comprised of 15 subscales, 10
of which can be aggregated to gain a psychosocial summary score. This summary score
ranges from 0 to 100, with higher scores denoting better HRQoL

399

. Scores below 30 are

considered at least two standard deviations below population averages 400. Patients/proxies
also completed a 100mm pain VAS.
6.3.5.3 States of CID and MDA
Using data from one year following initial presentation, CYP were categorised regarding
their CID status on Wallace’s preliminary criteria

237

and the cJADAS10

186

. CYP were

therefore classed into the following states: i) CID on both criteria sets, ii) CID Wallace’s
preliminary criteria only, iii) CID cJADAS10 only, iv) No CID. CYP were also classified
as to whether they fulfilled: i) CID on the cJADAS10 ii) MDA but not CID on the
cJADAS10 (Table 25).
Table 25. Definitions of CID and MDA applied to the CAPS cohort
Components
Definition
AJC

PGA

CID
Wallace’s
preliminary
criteria 237





CID
cJADAS10





PGE



ESR/CRP

Uveitis





Systemic How to
features calculate
in sJIA


Zero or normal
across all
components
Total score ≤1

186

MDA
cJADAS10

Oligoarticular
course JIA
score ≤1.5






186

Polyarticular
course JIA
score ≤2.5
CID: Clinically inactive disease, MDA: Minimal disease activity, cJADAS10: clinical Juvenile Arthritis
Disease Activity Score in 10 joints, AJC: Active joint count, PGA: Physician’s global assessment, PGE:
Parental global evaluation, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, sJIA: systemic
JIA.
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6.3.5.4 Outcome Assessment
The following outcomes were selected: functional ability on the CHAQ, no limited joints,
psychosocial health on the CHQ and pain. These outcomes were selected to avoid circular
reasoning. For example, the cJADAS10 includes the PGE and Wallace’s preliminary
criteria do not. It would therefore be expected that CID on the cJADAS10 would be more
strongly associated with better longitudinal PGE than CID on Wallace’s preliminary
criteria. To avoid this circular reasoning, all outcomes selected for the current study must
not have formed one of the components of either CID/MDA criteria set. All outcomes
were assessed annually from baseline to five years following initial presentation to
paediatric rheumatology.
6.3.5.5 Statistical Analysis
Associations between CID/MDA and Short and Long-term Outcomes
Firstly, associations were tested between one year CID/MDA states cross-sectionally with
the outcomes at one year. Secondly, associations between these one year states and
outcomes annually from one to five years following initial presentation were analysed via
multilevel, multivariable regression analyses. All CYP with outcomes available on at least
one time point were included. Depending on the outcome, the following regression
analyses were applied: logistic (no limited joints versus any limited joints, CHQ
psychosocial<30 versus CHQ psychosocial ≥30) and linear (CHQ psychosocial, pain)
regressions. The known flooring effect of the CHAQ, whereby scores cluster at the ‘high
functional ability’ end of the scale

188

prompted its analysis using zero-inflated negative

binomial regression models. These models incorporate the excessive zero counts by firstly
generating odds ratios for having a score of zero versus not. Secondly, they produce risk
ratios for increasing counts along the CHAQ scale among those subjects who have not
scored 0. To analyse the CHAQ in this way, each value must be an integer. CHAQ scores
were therefore multiplied by eight to yield their original score out of 24 points to allow its
analysis as a count variable. Because one component of the cJADAS10 criteria set, the
parental global assessment of wellbeing, has been reported to be driven by pain

195,390,401

,

pain was only used as an outcome when analysing associations between early CID versus
MDA on the cJADAS10.
Data were analysed following multiple imputation under assumptions detailed in previous
work

398

for CID/MDA states and under the assumption of data ‘missing at random’ for

outcome data except CHQ psychosocial scores. Twenty imputed datasets were generated

209

in STATA14 and estimates from individual models pooled using Rubin’s Rules, where
both within and across-imputation variances are accounted for

333

. CHQ psychosocial

scores were not imputed due to the likely unmeasured confounders that would inform these
data.
Random effects were afforded at the patient level for longitudinal models. The zeroinflated longitudinal models instead incorporated robust clusters at the patient level.
Multivariable models adjusted for hospital, age, symptom duration and year of
presentation, gender and ILAR category with models at one year also adjusting for
respective outcome at baseline. Covariate multicollinearity was assessed via Spearman’s
correlations and zero-inflated negative binomial models were deemed preferable to
Poisson models if dispersion parameter 95% confidence intervals did not contain zero. All
analyses were completed in STATA14 (Stata Corp, College Station, TX, USA).
6.3.6 Results
6.3.6.1 Patient Cohort
A total of 1106 patients had been recruited to CAPS by the 1st January 2011. Of these, 274
were excluded (60 diagnosed with a non-JIA condition, 209 did not have oligoarticular or
polyarticular JIA and five had no returned study forms). This left 832 patients for the
current analyses, including 649 with available data on the CHQ psychosocial score at any
time point (n=601 from one year onwards). By the end of the five year follow-up, 510
(61%) CYP remained under paediatric rheumatology care and had not been lost-to-followup or discharged (Supplementary Figure 1). The numbers of CYP with available data for
each outcome across time points are described in Supplementary Table 9.
Within the cohort, median age at initial presentation to paediatric rheumatology was seven
years (IQR 3 to 11) and median symptom duration at presentation was six months (IQR 3
to 11). Seventy percent of the cohort were female with 68%, 27% and 5% diagnosed with
oligoarticular, RF-negative polyarticular and RF-positive polyarticular JIA, respectively
(Table 26).
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Table 26. Baseline characteristics of the patient cohort

Characteristic

No. (%)
patients with
available
baseline data

Female
832 (100)
White or Caucasian
832 (100)
Age at onset (years)
827 (99)
Age at first presentation (years) 832 (100)
Symptom duration at diagnosis
827 (99)
(months)
ILAR category:
Oligoarticular
832 (100)
RF- Polyarticular
RF+ Polyarticular
Disease characteristics:
Active joint count (/78)
784 (94)
Limited joint count (/78)
784 (94)
No limited joints
784 (94)
PGA (cm)
630 (76)
PGE (cm)
546 (66)
ESR (mm/hr)
517 (62)
CRP (mg/L)
474 (57)
Uveitis
644 (77)
CHAQ
557 (67)
Pain (mm)
552 (66)
CHQ
281 (34)
CHQ≤30
281 (34)

Median (IQR) No. (%)
Median
or N (%)
patients
(IQR) or N
with
(%)
available
data at one
year
586 (70)
752 (90)
5.9 (2.4, 9.9)
6.9 (3.1, 11)
5.5 (2.9, 11)

563 (68)
231 (27)
38 (5)
2 (1, 5)
1 (1, 3)
161 (21)
2.8 (1.5, 5.0)
2.1 (0.5, 5.0)
16 (6, 40)
7 (4, 19)
27 (4.2)
0.8 (0.1, 1.4)
30 (8, 58)
50 (39, 55)
32 (11)

689 (83)
677 (81)
677 (81)
576 (69)
587 (71)
194 (32)
173 (21)
673 (81)
573 (69)
572 (69)
343 (41)
343 (41)

0 (0, 1)
0 (0, 1)
391 (58)
0.4 (0.0, 1.8)
0.6 (0.0, 2.5)
8 (4, 17)
4 (3, 7)
30 (4.5)
0.3 (0, 0.9)
8 (1, 33)
52 (43, 58)
23 (6.7)

ILAR: International League of Associations for Rheumatology, RF: Rheumatoid factor, PGA: Physician’s
global assessment of disease activity, PGE: Proxy global assessment of wellbeing, ESR: Erythrocyte
sedimentation rate, CRP: C-reactive protein, CHAQ: Childhood Health Assessment Questionnaire, CHQ:
Child Health Questionnaire, IQR: Interquartile range, CI: Confidence interval.

6.3.6.2 Frequency of Patients in CID and MDA at One Year
At one year following initial presentation, the majority of patients had not achieved CID
(56%). Twenty one percent had achieved both CID states, with an additional 23% having
only achieved one state of CID: 16% only on the cJADAS and 7% only on Wallace’s
preliminary criteria. On the cJADAS10, 48% of patients had achieved MDA. Of these
patients, 79% had also achieved CID (38% of the entire cohort).
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6.3.6.3 Association between Early Achievement of CID and Outcomes
Measured at One Year
All estimates from complete case analyses were similar to those following multiple
imputation (Supplementary Table 10 & Supplementary Table 11). The following results
relate to imputed data, except for CHQ psychosocial scores. All models met the tested
assumptions.
At one year, achievement of any state of CID was associated with significantly increased
odds of no limited joints at one year (Wallace only: OR 7.5 (95% CI 2.9 to 19.2), cJADAS
only: OR 3.9 (95% CI 2.5 to 6.3), both CID states: OR 9.3 (95% CI 4.9 to 17.7)).
However, CYP who had achieved CID only on Wallace’s preliminary criteria but not
cJADAS had no better CHQ psychosocial scores or CHAQ scores than those with active
disease at one year. In contrast, those who had achieved CID on at least the cJADAS10
scored at least five points better on the CHQ psychosocial (cJADAS10 only: coefficient
5.3 (95% CI 0.5 to 10.1), both CID: coefficient 5.5 (95% CI 1.5 to 9.4)) than CYP with
active disease. These CYP also had at least four times the odds of having no disability
recorded using the CHAQ (cJADAS10 only: OR 4.5 (95% CI 2.2 to 9.5), both CID: OR
5.2 (95% CI 2.7 to 9.9)) than those with active disease. When assessing non-zero CHAQ
scores, CYP who had achieved CID on the cJADAS10 had 50% lower scores (cJADAS10
only: 95% CI 20% to 60%, both CID 95% CI 30% to 70%). Too few CYP in any CID
state scored CHQ psychosocial<30, so associations with this outcome could not be tested.
6.3.6.4 Association between Early MDA vs. CID on cJADAS10 and
Outcomes Measured at One Year
Compared with CYP who met the threshold for MDA on the cJADAS but did not also
achieve CID, those that did achieve CID had greater odds of no limited joints (OR 2.4
(95% CI 1.3 to 4.5)) and lower pain VAS scores (coefficient 6.5mm (95% CI 0.9mm to
12.1mm) at one year. However, there were no significant differences in any of the CHAQ
or CHQ psychosocial outcomes between these two groups of CYP (Table 27).
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Table 27. Multivariable associations between disease activity and outcomes at one year following initial presentation to rheumatology
OR of
Disease state at one year
CHAQ=0
following presentation
(95% CI)

IRR of
higher
P-value CHAQ if P-value
CHAQ >0
(95% CI)

OR for no
limited
P-value
joints
(95% CI)

Coefficient
higher CHQ
P-value
psychosocial
(95% CI)

Coefficient
greater
P-value
pain (mm)
(95% CI)

-

Reference -

Reference -

Reference

-

-

-

1.1
(0.8, 1.5)
0.5
(0.4, 0.8)

7.5
<0.001
(2.9, 19.2)
3.9
<0.001
(2.5, 6.3)

3.1
(-3.3, 9.5)
5.3
(0.5, 10.1)

0.335

-

-

0.029

-

-

9.3
<0.001
(4.9, 17.7)

5.5
(1.5, 9.4)

0.007

-

-

Reference
2.4
0.006
(1.3, 4.5)

Reference
-0.3
(-5.3, 4.8)

CID states
Not in CID on either tool

Reference

CID Wallace’s
preliminary criteria only

0.8
(0.3, 3.2)
4.5
(2.2, 9.5)

CID cJADAS10 only

CID on both Wallace’s
5.2
preliminary criteria and
(2.7, 9.9)
cJADAS10
CID vs. MDA on the cJADAS10
MDA only
Reference
2.6
CID
(1.0, 7.2)

0.975
<0.001
<0.001

0.063

0.5
(0.3, 0.7)

0.503
0.002
<0.001

Reference
0.8
0.265
(0.5, 1.2)

0.914

Reference
-6.5
0.023
(-12.1, -0.9)

Bold=p<0.05. Multivariable models adjusted for age (yrs) and disease duration (months) at presentation, gender, hospital and ILAR category (persistent oligo, extended oligo, RF- poly, RF+ poly). CID/MDA
states were imputed under various outcomes (see methods) and outcomes were imputed under ‘missing at random’ assumptions except for CHQ scores, which were analysed under complete case analyses
(n=343). OR: Odds ratio, CHAQ: Childhood Health Assessment Questionnaire, IRR: Incidence Rate Ratio, CHQ: Child Health Questionnaire, CID: Clinically inactive disease, MDA: Minimal disease activity,
cJADAS10: Clinical Juvenile Arthritis Disease Activity Score using 10 joints
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6.3.6.5 Associations between Disease Activity State at One Year and Longterm Outcomes
Early achievement of any state of CID was associated with between 2.0 (cJADAS only,
95% CI 1.5 to 2.9) and 3.0 (Wallace only: 95% CI 1.4 to 4.5, both CID: 95% CI 2.0 to 4.5)
times the odds of no limited joints for each additional year to five years compared with
CYP who had active disease at one year. Achievement of CID on the cJADAS10 was
associated with better scores on the CHQ psychosocial score (cJADAS only: β=4.1, 95%
CI 1.8 to 6.4, both CID: β=3.9, 95% CI 1.6 to 6.2) and higher probability of both no
disability and lower disability among those with non-zero CHAQ scores compared to those
with active disease. There was no difference in long-term CHAQ or CHQ scores between
CYP who had active disease at one year and those in CID according to Wallace’s
preliminary criteria but not the cJADAS10.

There was no difference in the proportion of

CYP with CHQ scores <30 across all groups. (Table 28, Figure 18).

Figure 18. Median/percent in outcomes over the five years following initial presentation to
paediatric rheumatology, split according to CID state at one year: a) CHAQ scores, b) No
limited joints, c) CHQ psychosocial scores. In a), CID on both and cJADAS10 only follow
the same median CHAQ scores over five years.
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6.3.6.6 Associations between Early MDA vs. CID and Long-term Outcomes
Compared with CYP who had achieved MDA but not CID on the cJADAS10, those who
had achieved CID at one year had, on average with each increasing year, 1.7 times the
odds of no limited joints (95% CI 1.0 to 2.7) and 5.5mm better pain scores (95% CI
0.9mm to 10.1mm) to five years. There was no difference in CHAQ or CHQ scores
between these patient groups (Table 28, Figure 19).

Figure 19. Median/percent in outcomes over the first five years following initial
presentation to paediatric rheumatology split according disease state on the cJADAS10: a)
CHAQ scores, b) No limited joints, c) CHQ scores, d) Pain.
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Table 28. Multivariable associations between one year disease states and outcomes over the first five years following initial presentation
Outcome
definition at 1 OR of
year
CHAQ=0 P-value
following
(95% CI)
presentation
CID states
Not in CID on
Reference either tool
CID
Wallace’s
0.8
0.364
preliminary
(0.4, 1.4)
criteria only
CID
2.5
cJADAS10
<0.001
(1.8, 3.6)
only
CID on both
Wallace’s
2.5
preliminary
<0.001
(1.8, 3.5)
criteria and
cJADAS10
CID vs. MDA on the cJADAS10
MDA only
Reference 1.5
CID
0.113
(0.9, 2.6)

IRR of
higher
CHAQ if
CHAQ>0
(95% CI)

OR for no
Coefficient
limited
higher CHQ
P-value
P-value
joints
psychosocial
(95% CI)
(95% CI)

P-value

OR CHQ
Coefficient
psychosocial
greater pain
P-value
P-value
<30
(mm) (95%
(95% CI)
CI)

Reference

-

Reference -

Reference

-

Reference

-

-

-

1.1
(0.9, 1.3)

0.389

2.5
(1.4, 4.5)

0.002

-0.1
(-3.8, 3.5)

0.944

1.8
(0.4, 8.6)

0.469

-

-

0.7
(0.6, 0.9)

0.001

2.0
(1.5, 2.9)

<0.001

4.1
(1.8, 6.4)

0.001

0.3
(0.1, 1.2)

0.086

-

-

0.8
(0.7, 0.9)

0.002

<0.001

3.9
(1.6, 6.2)

0.001

0.3
(0.1, 1.2)

0.085

-

-

-

Reference -5.5
0.020
(-10.1, -0.9)

Reference
0.9
(0.8, 1.2)

0.540

3.0
(2.0, 4.5)

Reference 1.7
0.045
(1.0, 2.7)

Reference
0.6
(-2.6, 3.9)

0.712

Reference
1.3
(0.1, 12.6)

0.844

Bold=p<0.05. Multivariable models adjust for age (yrs) and disease duration (months) at presentation, gender and ILAR category (persistent oligo, extended oligo, RFpoly, RF+ poly). Missing CID/MDA data were imputed under various assumptions (see methods) and outcome data were imputed under the assumption of data ‘missing
at random’, except for CHQ scores, which were analysed using complete case analysis (n=601)., OR: Odds ratio, CHAQ: Childhood Health Assessment Questionnaire,
IRR: Incidence rate ratio, CHQ: Child Health Questionnaire, CI: confidence interval, CID: Clinically inactive disease, MDA: Minimal disease activity, cJADAS10:
Clinical Juvenile Arthritis Disease Activity Score in 10 joints
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6.3.7

Discussion

The success of treat-to-target strategies in adult rheumatology, such as aiming for a low
28-joint count disease activity score (DAS28)
similar strategies in paediatric practice

383,384

152,157,385-387

, has prompted the consideration of

. One central barrier to implementing

treat-to-target approaches in JIA is the lack of a single ‘best’ target. Although most would
agree that CID is the ultimate target, there are multiple ways in which this disease state can
be assessed in the clinical setting. Also important in selecting a “best” outcome measure
for clinical practice is understanding how it relates to longer term outcomes. Two such
definitions were assessed in this analysis: CID according to Wallace or cJADAS10. These
two scores differ by their components. The former is limited to assessments by a physician
or laboratory measures of inflammation. It also includes an assessment of uveitis activity
237

. CID on the cJADAS10 captures both a lack of inflammation, as assessed by the

physician albeit with fewer components but also includes an assessment by the
patient/parent 186. It does not include uveitis activity. The results of this analysis show that
CYP who achieve CID at 1 year according to either measure have lower limited joint
counts both at 1 year and over the next 4 years of follow-up. However, CYP who achieved
CID according to Wallace’s preliminary criteria but not cJADAS10 were consistently
found to have high levels of disability and poorer psychosocial function. Previous analysis
has shown that this difference is driven by lower levels of patient wellbeing, despite the
absence of active joints or other inflammatory manifestations of disease 398.
This study benefitted from a large sample of patients with JIA in all three ILAR categories
assessed, all treated within a single health care service. The scale of the data collected
meant that five year outcomes could be assessed following early achievement of different
CID states. In addition, robust methods, including imputation methods under clinically
plausible assumptions, were implemented to deal with the inevitable missing data
associated with observational cohorts. In particular, a large proportion of patients were
lost-to-follow-up. Informative drop-out in the majority of cases informed the imputation
methods for CID/MDA states. In turn, this information was used to impute missing
outcome values. Thus, although precision of model estimates are affected by missing data,
the point estimates should be relatively unbiased.
A challenge is in understanding how best to apply these results in the clinical setting. As
achievement of CID according to cJADAS10 was associated with equivalent or superior
outcomes to Wallace’s preliminary criteria and it is more feasible to complete in clinical
practice, due to containing only three routinely collected components

198

, one could argue
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that this is likely to be a superior treatment target for application in clinical practice.
However, a number of limitations of both the outcome measure and the analysis should be
considered.
As the two scores differ in their components one could argue that they are not capturing
the same construct. Wallace’s preliminary criteria capture more objective measures of
inflammation whilst the cJADAS10, through inclusion of a patient wellbeing measure,
may also capture other non-inflammatory components of the disease, such as chronic pain
and fatigue not captured by Wallace’s preliminary criteria. However, in addition to a single
score/cut-off, the value of the individual components of the cJADAS10 would be required
to guide individual treatment decisions. Although it is well recognised that functional
ability, HRQoL and pain do improve following treatment with both methotrexate and
biologic therapies

402-407

, treating to a cJADAS target may also require a multifactorial

treatment strategy, potentially including interventions such as physiotherapy and
psychological services for CYP with chronic pain in the absence of active joints.
Otherwise there is the risk of intensifying or changing immunosuppressive therapy in the
absence of inflammation. Equally, relying solely on Wallace’s preliminary criteria may
guide immunosuppressive therapy very well, but may ignore other symptoms relevant to
the patient.
At the outset of this analysis, it was also unknown whether achievement of CID is
associated with better outcomes compared to those who achieve MDA but not CID. This
study found that that achieving CID on the cJADAS10 is associated with a greater absence
of limited joints compared with MDA. However, achieving CID above MDA was not
associated with greater improvements in CHAQ or CHQ scores either between baseline
and one year, or from one to five years. Therefore, MDA on the cJADAS10 may be an
appropriate target when disease activity parameters are low but patient wellbeing is poor.
The risk of adverse effects with treatment intensification should be considered, particularly
if the attainment of CID is deemed unlikely 408 or patient wellbeing is high.
A limitation of this study was that, to avoid circular reasoning, important disease activity
variables such as active joint counts could not be used as outcomes. Since the variables
differentially form the CID states, any state including said variable would be intrinsically
more likely to associate with the outcome. The outcomes selected for the study did,
however, comprise multiple physician and patient-important outcomes. However, these
conclusions can only relate to oligoarticular and polyarticular JIA. The CID definitions
have only been validated in these categories and it is likely that additional components will
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need to be added to these criteria sets in order to fully capture low and inactive disease in
less common JIA categories. In addition, due to a lack of data on morning stiffness, we
were not able to compare outcomes following the achievement of the 2011 ACR CID
criteria with the other CID states. Finally, although it has been suggested that treat-totarget strategies will result in better long term outcomes, during the period of data
collection for this study, there was no formal treat-to-target strategy in place in the UK.
Therefore although the findings support that early achievement of CID is associated with
better outcomes, the data cannot be used to show that active treatment towards these
targets currently results in better long term outcomes. Further work will need to assess
long-term outcomes following the implementation of these guidelines.
6.3.8

Conclusion

Early achievement of cJADAS10 CID is associated with equivalent or superior long-term
outcomes compared with CID on Wallace’s preliminary criteria. Differences in the
components of these two definitions and the implications for clinical practice through
implementation of a single score suggest that the optimal definition for CID for application
in a clinical setting remains unclear. Further work, ideally involving consumers, clinicians
and researchers, is needed to best define treatment targets and treatment strategies, for use
in JIA. The results do, however, highlight the importance of addressing all aspects of JIA
and not just the underlying inflammation, in terms of best outcomes for the child.
6.3.9
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6.3.10 Supplementary Materials
Supplementary Table 9. Proportion of available of data across outcomes and time points
in the study cohort
Outcome

Total
number in
analysis

Data available at each time point (N, %)*1
Baseline Year 1

Year 2

Year 3 Year 4

Year 5

768

554 (72) 573 (75)

514 (67) 465 (61) 414 (54)

351 (46)

Limited joint 827
count

785 (95) 677 (82)

568 (69) 459 (56) 330 (40)

224 (27)

CHQ
643*2
psychosocial

281 (44) 343 (53)

342 (53) 356 (55) 347(54)

290 (45)

Pain

553 (72) 572 (74)

512 (66) 461 (60) 414 (54)

353 (46)

(max n=832)
CHAQ

770

*1Percent out of CYP included in the analysis for the corresponding outcome *2 601 CYP available for
longitudinal analysis, 343 used in the analysis at one year. CHAQ: Childhood Health Assessment
Questionnaire, CHQ: Child Health Questionnaire
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Supplementary Table 10. Multivariable associations between disease activity and outcomes at one year following initial presentation to rheumatology
under complete case analyses
IRR of
OR for no
OR of
Coefficient
Coefficient
higher
limited
Disease state at one year CHAQ=0
higher CHQ
greater
P-value CHAQ if P-value
joints
P-value
P-value
P-value
following presentation
(95% CI)
psychosocial
pain (mm)
CHAQ >0
(95% CI)
(95% CI)
(95% CI)
(95% CI)
CID definitions
Not in CID on either tool

Reference

CID Wallace’s
preliminary criteria only

0.7
(0.1, 5.1)
4.8
(1.3, 16.9)

CID cJADAS10 only

CID on both Wallace’s
5.5
preliminary criteria and
(2.1, 14.4)
cJADAS10
CID vs. MDA on the cJADAS10
MDA only
Reference
3.4
CID
(0.8, 14.2)

0.710
<0.015
0.001

0.088

Reference -

Reference -

Reference

1.1
(0.7, 1.5)
0.5
(0.3, 0.9)

7.1
<0.001
(2.7, 18.6)
4.2
<0.001
(2.6, 6.8)

3.1
(-3.3, 9.5)
5.3
(0.5, 10.1)

8.6
<0.001
(4.8, 15.5)

5.5
(1.5, 9.4)

Reference
2.3
0.015
(1.2, 4.4)

Reference
-0.3
(-5.3, 4.8)

0.5
(0.3, 0.7)

0.751
0.025
<0.001

Reference
0.7
0.088
(0.4, 1.1)

-

-

-

0.335

-

-

0.029

-

-

0.007

-

-

0.914

Reference
-6.7
(-15.0, 1.6)

0.113

Bold=p<0.05. Multivariable models adjust for age (yrs), disease duration (months) and calendar year at presentation, gender and ILAR subtype (persistent oligo, extended oligo, RF- poly,
RF+ poly). Missing CID/MDA states were imputed using a combination of assumptions (see methods) and all outcomes were analysed using complete case analyses. CID: Clinically
inactive disease; MDA: Minimal disease activity; cJADAS10: Clinical Juvenile Arthritis Disease Activity Score using a 10 joint count; CHAQ: Childhood Health Assessment
Questionnaire; CHQ: Child Health Questionnaire; CI: Confidence interval; IRR: Incidence risk ratio; OR: Odds ratio
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Supplementary Table 11. Multivariable associations between one year disease states and outcomes over the first five years using complete case analyses
Outcome
definition at 1 IRR of
year
CHAQ=0 P-value
following
(95% CI)
presentation
CID states
Not in CID on
Reference either tool
CID Wallace’s
0.7
preliminary
0.301
(0.4, 1.4)
criteria only
CID
3.0
cJADAS10
<0.001
(1.9, 4.6)
only
CID on both
Wallace’s
3.0
preliminary
<0.001
(2.0, 4.5)
criteria and
cJADAS10
CID vs. MDA on the cJADAS10
MDA only
Reference 1.6
CID
0.130
(0.9, 3.1)

IRR of
higher
CHAQ if
CHAQ>0
(95% CI)

OR for no
limited
P-value joints
(95% CI)

Reference

-

1.1
(0.9, 1.5)

Coefficient
higher CHQ
P-value
psychosocial
(95% CI)

Reference

-

0.350

3.7
(1.9, 7.2)

0.6
(0.4, 0.8)

0.002

2.4
(1.7, 3.5)

0.7
(0.5, 0.9)

0.003

Reference
0.8
(0.6, 1.1)

0.188

4.5
(2.8, 7.1)

Reference
2.2
(1.3, 3.7)

P-value

OR CHQ
psychosocial
<30
(95% CI)

Coefficient
greater pain
P-value
P-value
(mm) (95%
CI)

Reference

-

Reference

-

-

-

<0.001

-0.1
(-3.8, 3.5)

0.944

1.8
(0.4, 8.6)

0.469

-

-

<0.001

4.1
(1.8, 6.4)

0.001

0.3
(0.1, 1.2)

0.086

-

-

<0.001

3.9
(1.6, 6.2)

0.001

0.3
(0.1, 1.2)

0.085

-

-

-

Reference
-6.4
(-11.4, -1.4)

-

0.003

Reference
0.6
(-2.6, 3.9)

0.712

Reference
1.3
(0.1, 12.6)

0.844

0.012

Bold=p<0.05. Multivariable models adjust for age (yrs), disease duration (months) and calendar year at presentation, gender and ILAR subtype (persistent oligo, extended oligo, RF- poly, RF+ poly). Missing
CID/MDA states were imputed using a combination of assumptions (see methods) and all outcomes were analysed using complete case analyses. CID: Clinically inactive disease; MDA: Minimal disease
activity; cJADAS10: Clinical Juvenile Arthritis Disease Activity Score using a 10 joint count; CHAQ: Childhood Health Assessment Questionnaire; CHQ: Child Health Questionnaire; CI: Confidence interval;
IRR: Incidence risk ratio; OR: Odds ratio
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Total JIA recruited to CAPS
before Jan 2011: 1106

•

Removed:
•
•
•

-60 not JIA
-5 no medical case notes
- 209 Not oligo or
polyarticular subtypes

Total patients with JIA in this
analysis: 832

Year 1
Lost to follow-up:

Lost to follow-up:

•

-23 discharged:
9 well
4 repeat nonattendance
8 moved clinic
1 other

Total at follow-up: 809

Baseline
•
•
•

-12 skipped follow-up

•

-49 discharged:
24 well
9 repeat nonattendance
16 moved clinic

-35 discharged:
19 well
1 repeat nonattendance
15 moved clinic

•

-81 lost to follow-up or
skipped follow-up but
remained in CAPS

-28 lost to follow-up

Lost to follow-up:

Lost to follow-up:

•

•

Total at follow-up: 626

Total at follow-up: 510

Year 4
Year 5
Supplementary Figure 1. Patient flow through the study

•
•
•

-1 skipped follow-up

•

-4 lost to follow-up

-37 discharged:
17 well
6 repeat nonattendance
13 moved clinic
1 other

Lost to follow-up:
•
•
•

-1 skipped follow-up

•

-2 lost to follow-up

-49 discharged:
18 well
23 moved clinic
8 repeat nonattendance

•

Total at follow-up: 767

Total at follow-up: 715

Year 2

Year 3
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6.4 Factors Associated with Remission in a Prospective Cohort of Patients
with Juvenile Idiopathic Arthritis: the Importance of Definition

Currently prepared for planned submission to Annals of the Rheumatic Diseases
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6.4.2 Abstract
Background: Certain characteristics may predispose a patient with JIA to the achievement
or non-achievement of remission. It is not currently known if factors associated with
remission in JIA differ based on how remission is defined.
Methods: Children and young people (CYP) enrolled in the Childhood Arthritis
Prospective Study, a UK multicentre inception cohort, were selected if diagnosed with
persistent or extended oligoarthritis, RF-negative or RF-positive polyarticular JIA before
January 2014.
Remission was defined as two consecutive annual time points in CID according to i)
Wallace’s preliminary criteria or ii) CID on clinical Juvenile Arthritis Disease Activity
Score using 10 joints (JADAS10). Demographic features, JIA core outcome variables at
initial presentation and changes in disease-related variables over the first year were tested
for associations with remission using multivariable logistic regression models. Multiple
imputation accounted for missing factor and outcome data.
Results: Of 1045 CYP, the majority were female (70%) and had oligoarthritis (67%).
Within three years, 25% had achieved remission using Wallace’s preliminary criteria and
39% using the cJADAS10.
Older age at initial presentation was associated with remission using Wallace’s preliminary
criteria whilst multiple patient-reported factors and living in a lesser deprived area were
associated with remission using the cJADAS10. Greater improvements in both signs and
symptoms of JIA over the first year were associated with remission, although improvement
in a greater number of factors was associated with remission using the cJADAS10.
Conclusions: Greater improvements in disease over the first year following diagnosis
were associated with future remission. Different factors were associated with remission
depending on how it was defined.
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6.4.3

Introduction

In current practice, only approximately half of patients with JIA achieve remission after as
many as ten to twenty years of disease

409

. The reasons some patients do not achieve

remission are not known, but may relate to sociodemographic factors, features of their
disease or the effectiveness of different treatments or treatment strategies. Those with
lower chances of achieving remission may benefit from earlier, more aggressive or
alternative therapeutic strategies. This treatment stratification would maximise patient
benefit and minimise the risk of adverse effects from unnecessary treatments.
A challenge within paediatric rheumatology is the lack of a single definition of remission
152,409

. Previous studies have identified that different validated definitions for clinically

inactive disease (CID) and remission identify different groups of children and young
people (CYP)

410

. It has also been shown that longer term outcomes, among CYP who

achieve CID at one year according to different definitions, vary 411. Thus, when aiming for
stratified approaches to treatment in JIA, it is unclear whether different factors may
associate with remission depending on how it is defined.
Predicting remission in JIA would be ideal at the point of presentation, where a child or
young person (CYP) with JIA has experienced relatively little therapy and may stand to
benefit the most from a stratified treatment approach 291,412. In addition, changes in disease
characteristics in the short-term following this time-point may add additional information
regarding associations between response to therapies and future remission. However, very
few patient or disease characteristics at initial presentation have consistently been
associated with later remission

413

. Age at diagnosis

272,273

, physician

273,281

and parental

global assessments 273,281 and CHAQ scores 6,257,273,281 have been associated with remission
inconsistently across studies. One consistent predictor of remission in JIA across cohorts,
however, is ILAR category. Patients with oligoarticular disease consistently have better
outcomes than those with other ILAR categories
of disease 1 and treatment strategies

24,414

413

. Given the differences in the features

for the different ILAR categories, it is plausible

that different predictors of remission may exist within these disease subtypes.
Factors associated with remission have rarely been explored further than univariable
models, not at first presentation to rheumatology or using published definitions of
remission, such as those according to Wallace’s preliminary criteria
186

237

or JADAS scores

. None have explored whether the definition of remission matters.

The aims of the current analysis were therefore to identify independent factors associated
with remission in JIA, incorporating patient and disease characteristics at, and changes

227

over the first year following, initial presentation to paediatric rheumatology. To explore
the impact of the definitions of remission, analyses were carried out separately for
remission according to (a) Wallace Preliminary Criteria

237

and (b) clinical Juvenile

Arthritis Disease Activity Score using a 10 joint count (cJADAS10)

186

. These analyses

were limited to CYP with oligoarthritis (persistent and extended) and polyarthritis (RFnegative and positive) JIA only.
6.4.4 Methods
6.4.4.1

Study Population

The study population was selected from the Childhood Arthritis Prospective Study
(CAPS), a UK, multicentre inception cohort of childhood-onset inflammatory arthritis. The
study began recruitment in 2001 and is the largest inception cohort of JIA globally, with
over 1600 participants recruited to date

297

. Ethical approval for CAPS was gained from

the Northwest Multicentre Ethics Committee and written informed consent was gained
from families of participants, with assent from participants where appropriate.
Patients from CAPS were selected for the current study if they had persistent or extended
oligoarthritis, RF-negative or RF-positive polyarticular categories of JIA and had been
recruited to CAPS prior to January 2014, to allow for at least three years of follow-up.
Participants with no returned study forms after initial recruitment were excluded.
6.4.4.2

Data Collection

The CAPS baseline date was initial presentation to paediatric rheumatology and data were
collected from the medical record at this time point and at one year following this date
using a pre-defined study proforma. Demographic data, features of disease activity, ILAR
category and anti-rheumatic medications were captured. At baseline and then annually,
patients and their guardians were asked to complete a series of questionnaires including the
Childhood Health Assessment Questionnaire (CHAQ)
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, a measure of functional ability

(scores range from 0 to 3), 100mm pain and 100mm wellbeing (PGE) visual analogue
scores (VAS) (all completed by patient if ≥11 years, otherwise proxy-completion).
Collection of CID criteria has been previously described 410.
6.4.4.3 Outcome Definitions
At each annual follow-up to three years, CYP were classified as to whether they had
fulfilled i) CID on Wallace’s preliminary criteria

165

and ii) CID on the cJADAS10

186

.

CID on Wallace’s preliminary criteria was defined as no active joints, 0cm on the PGA,
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normal ESR/CRP, no uveitis and no systemic features in systemic JIA

165

. CID on the

cJADAS10 was defined as a summed score ≤1 using active joints in a maximum of ten
joints, PGA and PGE scores

186

. Modified remission criteria for each definition were

defined as two consecutive time points in CID at any point from one to three years of
follow-up. Medication was not considered as part of either definition.
6.4.4.4

Selection of Potential Factors Associated with Remission

Variables assessed at baseline and one year for associations with remission included
demographic features: age at initial presentation, gender, ethnicity, and socioeconomic
status using the English index of multiple deprivation (IMD)

72

. The English IMD is a

national measure based on multiple indices of economic deprivation, such as employment
and income, and social deprivation, such as access to housing and crime, relative across
locations of residence. Scores were only assigned to CYP residing in England (81%), as
similar scores in the remainder of the UK are not directly comparable. IMD scores were
split into population quintiles based on the English 2015 indices

72

and analysed between

the 20% most deprived, 60% central scores and 20% least deprived areas. Clinical features
included disease duration at initial presentation, active and limited joint counts, PGA,
ESR, PGE, CHAQ and pain.
6.4.4.5

Statistical Analyses

The Achievement of CID and Remission
The frequency and proportion of CYP that achieved CID at one year and remission within
three years were explored descriptively for the entire cohort and within oligoarthritis and
polyarthritis groups separately. ILAR category was assigned using data collected at one
year to allow ‘settling’ into a category. If that was not recorded, the nearest ILAR category
recoded closest in time was used, with an earlier recorded ILAR category preferred.
Predictors at initial presentation of remission within three years
Initially, univariable logistic regression analyses assessed associations between baseline
variables and the remission states. Multivariable models included patient characteristics
(gender, age at initial presentation and ethnicity (white versus non-white)) in addition to
the JIA core outcome variables and symptom duration at initial presentation. Due to
collinearity between the patient/parent global assessment and pain (Spearman’s r=0.8),
pain was excluded from consideration, as it does not form part of the JIA core outcome
variables

161

. Models were developed for each remission definition for patients with
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oligoarthritis and polyarthritis separately. An additional restricted analysis was performed
to test IMD as a predictor in CYP among CYP resident in England only.
Associations between Factors at One year and Remission within Three Years
Changes in physician or patient-reported measures over the first year were calculated.
Univariable logistic regression analyses assessed associations between these factors and
the achievement of remission according to the two definitions. In addition, multivariable
models assessed these associations adjusting for gender, age at initial presentation,
ethnicity, the respective variable at baseline, glucocorticoid (yes/no) therapy within the
first year in oligoarthritis and conventional synthetic disease-modifying anti-rheumatic
drug (csDMARD) therapy within the first year in polyarthritis.
Missing variable data were imputed using multiple imputation using chained equations
over 20 iterations under the assumption of data missing at random (MAR). Missing
outcome data were imputed under assumptions previously defined (Supplementary
Materials) 398, with CYP that skipped follow-up appointments assumed to have CID at the
time point skipped according to both definitions. An additional imputation model was
constructed for predictor and outcome data for CYP with complete English IMD scores.
Sensitivity analyses assumed all missing data were MAR. Analyses were undertaken in
STATA 14 (Stata Corp, College Station, TX, USA).
6.4.5 Results
6.4.5.1 Patient Cohort
To 1st January 2014, a total of 1510 CYP had been recruited to CAPS. Of these, 60 did not
have JIA and 369 had been diagnosed with an ILAR category not included in this analysis.
Thirty two CYP had no returned study forms, three were prevalent cases at enrollment and
one CYP died prior to year three (and was thus excluded), leaving 1045 participants in the
analysis. Seventy percent were female, the median age at initial presentation to paediatric
rheumatology was seven years (IQR 3 to 11), the majority had oligoarthritis (67%; 93% of
these had persistent oligoarthritis). As expected, CYP with polyarthritis had higher levels
of disease activity and higher use of csDMARDs (72% in polyarthritis, 21% in
oligoarthritis) and biologic therapies (22% in polyarthritis, 2% in oligoarthritis) compared
with those with oligoarthritis within the first year following initial presentation (Table 29).
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6.4.5.2 Achievement of CID and Remission
At three years, 851 CYP remained in the study (Supplementary Figure 2). At one year
following initial presentation, 34% of patients with oligoarthritis and 27% of those with
polyarthritis had achieved CID according to Wallace’s preliminary criteria. In contrast,
50% and 34% had achieved CID according to the cJADAS10, respectively. Fewer had
achieved remission with 27% of patients with oligoarthritis and 20% of those with
polyarthritis having achieved remission according to Wallace’s preliminary criteria and
45% of CYP with oligoarthritis and 28% of those with polyarthritis ever having achieved
remission according to the cJADAS10 (Figure 20).
Table 29. Baseline characteristics of the cohort
Baseline characteristic

Demographic factors
Female
White or Caucasian
Index
of
multiple
deprivation
In 20% most deprived areas
In 60% middle IMD areas
In 20% least deprived areas
Age at onset (years)
Age at initial presentation
(years)
Symptom duration at initial
presentation (months)
Disease activity
Active joint count
Limited joint count
Physician’s
global
assessment (cm)
ESR (mm/hr)
CRP (mg/L)
ILAR category at one year
Patient-reported factors
Parent/patient
global
evaluation (cm)
Pain (cm)
Function: CHAQ
Treatments in the first year
Steroid*
csDMARD
Biologic

%
data Oligoarthritis (n=704)
Polyarthritis (n=341)
available
Median (IQR) or N (%)
100
469 (66)
98
622 (90)
>99%
for
England
(n=821/824) 166 (29)
303 (53)
105 (18)
99
5.3 (2.3, 9.7)
100
6.5 (3.0, 11.0)

266 (78)
304 (91)

99

5.5 (2.9, 11.5)

5.7 (3.3, 12.0)

91
91
69

1 (1, 2)
1 (1, 2)
2.2 (1.2, 3.8)

7 (4, 14)
5 (2, 10)
4.4 (2.8, 6.4)

62
58
100

14 (5, 28)
5 (4, 9)
Persistent: 635 (90%)
Extended: 69 (10%)

30 (10, 60)
14 (5, 44)
RF negative: 293 (86%)
RF positive: 48 (14%)

67

1.7 (0.3, 4.9)

3.5 (1.1, 5.7)

68
69

2.3 (0.7, 5.0)
0.6 (0.1, 1.1)

4.6 (1.3, 7.0)
1.3 (0.6, 1.8)

100
100
100

481 (68)
151 (21)
15 (2)

237 (70)
245 (72)
75 (22)

76 (30)
129 (52)
45 (18)
6.7 (2.7, 10.6)
8.2 (3.6, 11.6)

*Steroids administered any route. IQR: Interquartile range, IMD: Index of multiple deprivation, ESR: erythrocyte
sedimentation rate, CRP: C-reactive protein, CHAQ: Childhood Health Assessment Questionnaire, CHQ: Child Health
Questionnaire, GHQ: General Health Questionnaire, csDMARD: Conventional synthetic disease-modifying antirheumatic drug.

a)
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b)

Figure 20. Achievement of CID at annual follow-ups to three years and cumulative achievement of CID and remission over the first three years following
initial presentation to paediatric rheumatology in a) oligoarthritis b) polyarthritis.
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6.4.5.3

Factors at Initial Presentation Associated with Remission
within Three Years

For remission defined according to Wallace’s preliminary criteria, increased age at initial
presentation to paediatric rheumatology was associated with 7% higher odds of remission
in oligoarthritis (95% CI 1% to 12%) and 10% higher odds in polyarthritis (95% CI 2% to
18%) in univariable analyses. These associations remained after adjusting for other factors
in the multivariable model (Table 30).
For remission defined according to the cJADAS10, age at initial presentation was not an
associated factor. Instead, increased CHAQ and PGE scores at initial presentation were
associated with 35% (95% CI 9% to 53%) and 11% (95% CI 3% to 19%) lower odds of
remission in univariable analyses in CYP with oligoarthritis, respectively. In polyarthritis,
increased CHAQ but not PGE scores at this time were associated with 35% (95% CI 5% to
56%) lower odds of remission in univariable analyses. However, these factors were not
significantly associated with remission in multivariable analyses (Table 30).
In the analysis restricted to CYP residing in England, living in the least deprived areas was
associated with higher odds of remission. Compared with those living in the 20% most
deprived areas, those living in the central 60% and 20% least deprived areas had 1.8 (95%
CI 1.0, 3.1) and 2.3 (95% CI 1.1, 4.6) times the odds of remission, respectively. Whilst
point estimates were similar across CYP with oligoarthritis and polyarthritis, this
association was only statistically significant in those with oligoarthritis.
6.4.5.4

Associations between Changes over the First Year and
Remission within the First Three Years

Improvements in many physician and patient-reported factors over the first year following
initial presentation were associated with remission within three years (Table 31). In
oligoarthritis, greater improvements in active joint count, ESR, PGA and PGE scores were
associated with remission on Wallace’s preliminary criteria. These associations remained
independent in multivariable analysis. In polyarthritis, greater improvements in the number
of limited joints, PGA and PGE scores and, when adjusted for csDMARD therapy
(yes/no), CHAQ scores over the first year were associated with remission using Wallace’s
preliminary criteria. For remission using the cJADAS10, in both oligoarthritis and
polyarthritis, greater improvements in active and limited joint counts, CHAQ, PGA and
PGE scores were associated with remission (Table 31).
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Table 30. Factors associated with remission within three years using Wallace’s preliminary criteria and the cJADAS10
Factor at initial presentation to paediatric
rheumatology
Oligoarthritis
Female
White or Caucasian
Age at initial presentation (years)
Symptom duration at initial presentation (months)
Active joint count
Limited joint count
CHAQ
ESR (per 10mm/hr)
PGA (cm)
PGE (cm)
Polyarthritis
Female
White or Caucasian
Age at initial presentation (years)
Symptom duration at initial presentation (months)
Active joint count
Limited joint count
CHAQ
ESR (per 10mm/hr)
PGA (cm)
PGE (cm)

Wallace’s preliminary criteria
Univariable
Multivariable
OR (95% CI) P-value OR (95% CI) P-value

cJADAS10
Univariable
OR (95% CI)

P-value

Multivariable
OR (95% CI) P-value

1.2 (0.7, 2.3)
2.5 (0.8, 7.9)
1.1 (1.0, 1.1)
1.0 (1.0, 1.0)
1.0 (0.9, 1.1)
1.0 (0.9, 1.1)
0.7 (0.5, 1.0)
0.9 (0.8, 1.1)
0.9 (0.8, 1.1)
1.0 (0.9, 1.1)

0.535
0.125
0.010
0.970
0.704
0.752
0.045
0.275
0.358
0.418

1.1 (0.7, 2.0)
1.2 (0.6, 2.4)
1.1 (1.0, 1.1)
1.0 (1.0, 1.0)
1.0 (0.9, 1.1)
1.0 (0.9, 1.2)
0.8 (0.9, 1.1)
1.0 (1.0, 1.0)
1.0 (0.8, 1.1)
1.0 (0.9, 1.1)

0.621
0.689
0.038
0.391
0.925
0.890
0.203
0.608
0.509
0.979

1.1 (0.7, 1.6)
1.3 (0.6, 2.6)
1.0 (1.0, 10)
1.0 (1.0, 1.0)
1.0 (0.9, 1.1)
1.0 (0.9, 1.1)
0.7 (0.5, 1.0)
1.0 (0.9, 1.1)
0.9 (0.9, 1.0)
0.9 (0.8, 1.0)

0.668
0.485
0.946
0.316
0.442
0.885
0.012
0.401
0.224
0.009

1.1 (0.8, 1.7)
1.2 (0.6, 2.7)
1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
1.0 (0.9, 1.1)
1.0 (0.9, 1.2)
0.8 (0.5, 1.1)
1.0 (1.0, 1.0)
1.0 (0.9, 1.1)
0.9 (0.8, 1.0)

0.510
0.615
0.925
0.302
0.587
0.505
0.158
0.674
0.557
0.161

1.4 (0.7, 2.8)
2.2 (0.5, 10.1)
1.1 (1.0, 1.2)
1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
0.8 (0.5, 1.2)
1.0 (0.9, 1.1)
1.0 (0.9, 1.2)
1.0 (0.9, 1.2)

0.331
0.316
0.007
0.739
0.287
0.875
0.225
0.593
0.859
0.630

1.3 (0.6, 2.8)
2.1 (0.4, 11.8)
1.1 (1.0, 1.2)
1.0 (1.0, 1.0)
1.0 (1.0, 1.1)
1.0 (0.9, 1.0)
0.6 (0.3, 1.2)
1.0 (1.0, 1.0)
1.0 (0.8, 1.2)
1.1 (0.9, 1.3)

0.498
0.387
0.006
0.304
0.161
0.271
0.133
0.651
0.997
0.191

1.6 (0.9, 1.9)
2.1 (0.7, 7.0)
1.0 (1.0, 1.1)
1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
0.7 (0.4, 1.0)
1.0 (0.9, 1.1)
1.0 (0.9, 1.1)
1.0 (0.9, 1.1)

0.111
0.209
0.133
0.645
0.997
0.305
0.026
0.878
0.939
0.366

1.6 (0.9, 3.0)
2.1 (0.6, 7.4)
1.1 (1.0, 1.1)
1.0 (1.0, 1.0)
1.0 (1.0, 1.1)
1.0 (0.9, 1.0)
0.6 (0.4, 1.0)
1.0 (1.0, 1.0)
1.0 (0.9, 1.2)
1.0 (0.9, 1.2)

0.143
0.248
0.107
0.459
0.403
0.288
0.070
0.939
0.718
0.752

Multivariable models include all variables listed. *Bold=p≤0.05, CID: Clinically inactive disease, cJADAS10: Clinical Juvenile Arthritis Disease Activity Score using 10 joints, CI:
Confidence interval, IMD: Index of multiple deprivation, CHAQ: Childhood Health Assessment Questionnaire, ESR: Erythrocyte sedimentation rate, PGA: Physician’s global assessment,
PGE: Parental global evaluation
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Table 31. Changes in factors over the first year and remission within three years using Wallace’s preliminary criteria and the cJADAS10
Factor potentially associated with
remission
Oligoarthritis
Change in active joint count
Change in limited joint count
Change in CHAQ
Change in ESR (per 10mm/hr)
Change in PGA (cm)
Change in PGE (cm)
Polyarthritis
Change in active joint count
Change in limited joint count
Change in CHAQ
Change in ESR (per 10mm/hr)
Change in PGA (cm)
Change in PGE (cm)

Wallace’s preliminary criteria
Univariable
Multivariable
OR (95% CI) P-value OR (95% CI) P-value

cJADAS10
Univariable
OR (95% CI)

0.9 (0.9, 1.0)
0.9 (0.8, 1.1)
1.1 (0.8, 1.4)
1.0 (1.0, 1.0)
0.9 (0.8, 1.0)
0.9 (0.8, 1.0)

0.158
0.364
0.637
0.032
0.047
0.025

0.6 (0.4, 1.0)
0.8 (0.6, 1.1)
0.8 (0.5, 1.2)
0.9 (0.9, 1.0)
0.3 (0.2, 0.5)
0.7 (0.6, 0.8)

0.040
0.137
0.279
0.021
<0.001
<0.001

1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
0.9 (0.6, 1.3)
1.0 (1.0, 1.0)
0.8 (0.7, 1.0)
0.9 (0.8, 1.0)

0.073
0.444
0.495
0.266
0.013
0.011

0.7 (0.5, 1.1)
0.8 (0.7, 1.0)
0.5 (0.3, 1.0)
0.9 (0.8, 1.0)
0.2 (0.1, 0.7)
0.7 (0.5, 0.9)

0.104
0.049
0.044
0.105
0.013
0.003

P-value

Multivariable
OR (95% CI)

P-value

0.9 (0.9, 1.0)
0.9 (0.8, 1.0)
0.9 (0.6, 1.1)
1.0 (1.0, 1.0)
0.9 (0.8, 1.0)
0.9 (0.8, 1.0)

0.132
0.108
0.281
0.233
0.006
0.005

0.6 (0.5, 0.9)
0.7 (0.5, 0.9)
0.4 (0.3, 0.7)
1.0 (1.0, 1.0)
0.5 (0.4, 0.6)
0.5 (0.4, 0.7)

0.010
0.047
<0.001
0.132
<0.001
<0.001

1.0 (1.0, 1.0)
1.0 (1.0, 1.0)
0.8 (0.6, 1.1)
1.0 (1.0, 1.0)
0.9 (0.8, 1.0)
0.9 (0.8, 1.0)

0.360
0.925
0.140
0.271
0.010
0.004

0.8 (0.6, 1.0)
0.9 (0.8, 1.0)
0.4 (0.2, 0.7)
1.0 (0.9, 1.0)
0.4 (0.3, 0.7)
0.5 (0.3, 0.8)

0.052
0.045
0.001
0.090
<0.001
0.002

Multivariable models adjusted for ethnicity (white/not white), gender, age at initial presentation, symptom duration at initial presentation, risk factor at initial presentation and steroids over
the first year (yes/no) for oligoarthritis and sDMARDs (yes/no) for polyarthritis. *Bold=p≤0.05, CID: Clinically inactive disease, cJADAS10: Clinical Juvenile Arthritis Disease Activity
Score using 10 joints, CI: Confidence interval, IMD: Index of multiple deprivation, CHAQ: Childhood Health Assessment Questionnaire, ESR: Erythrocyte sedimentation rate, PGA:
Physician’s global assessment, PGE: Parental global evaluation, sDMARD: synthetic disease-modifying anti-rheumatic drug.
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6.4.6 Discussion
The burden of disease in JIA remains high. Although the majority of CYP will achieve a
single instance of CID within the first three years (up to 80% in oligoarthritis), fewer than
50% will achieve remission within this time frame. Therefore, the disease course in JIA
can be expected to exhibit periods of CID and relapse in the majority of cases.
Moving toward precision medicine would allow each patient to receive more personalised
treatment, tailored to their own characteristics and prognosis. In order to personalise or
stratify care, factors associated with this target state are required. In JIA, a potential target
is remission 152. However, it has been shown that depending on how it is defined, different
groups of CYP, with different long-term outcomes, will be classified as having achieved
remission

398,411

. The current study reported few clinical or demographic predictors of

remission, regardless of definition, based on the assessment at the first presentation to
paediatric rheumatology. However, there were stronger associations between changes in
disease over the first year and later achievement of remission within the first three years
following diagnosis.
At initial presentation to paediatric rheumatology, different treatments are suggested for
JIA based on the guidelines available 108,414. In the UK, the NHS treatment pathway (2015)
bases main therapeutic decisions, such as starting MTX, on ILAR category only in the first
instance, with further recommendations only after initial therapies have failed

108

. For

CYP, excluding those with systemic or active sacroiliac disease, the American College of
Rheumatology (ACR) guidelines (2011) also base similar treatment decisions on whether
the CYP has oligoarthritis or polyarthritis; however, an additional level of poor prognostic
factors has also been built in to help guide the timing of MTX introduction

107

. It has been

well-established that CYP with oligoarthritis are more likely to achieve remission than
those with polyarthritis

409,413,415

corroborated in the current study. Thus, disease category

is a clear marker of prognosis, as taken into account in both ACR and UK NHS treatment
strategies

107,108

. However, the additional markers of disease activity and prognosis taken

into account in the ACR guidelines have not been consistently associated with remission in
JIA

413

and were consistently not associated with remission in the current study and

therefore, it is unclear to what extent these additional decision aids will make on patient
outcomes.
In addition to ILAR category, the current study found only one consistent factor associated
with remission using Wallace’s preliminary criteria: older age at initial presentation.
Although this finding corroborates a study by Oliveira-Ramos et al. in a population of 426
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adults with JIA for at least five years
inception cohort

273

263

, these results conflict with results from a large

and a smaller retrospective study

272

. However, both of the latter

studies used a modified version of the Wallace’s preliminary criteria which excluded acute
phase reactants and the retrospective study additionally excluded the PGA, making these
studies difficult to compare. Age was not associated with remission if defined using
cJADAS10, which may indicate that age may be associated with a remission definition
which does not include a patient subjective assessment.
Several patient-reported outcomes at initial presentation were associated with remission
using the cJADAS10 in univariable models. However, once adjusting for other factors,
these were no longer significant. However, socioeconomic deprivation level remained
associated with remission, with those from more deprived areas less likely to achieve
remission. This may reflect any number of factors not directly measured in the current
study, including diet, exercise or smoking exposure 75,416 or factors directly related to their
health or condition, such as health literacy or adherence to medications

285,417

. A previous

study in this cohort has reported lower levels of functional ability, wellbeing and
psychosocial health and higher levels of pain in those with lower socioeconomic statuses
285

. The finding of an association between socioeconomic deprivation and remission using

the cJADAS10, but not Wallace’s preliminary criteria, is therefore likely associated with
the wellbeing rather than inflammatory components of the cJADAS10. However, no study
external to the CAPS population has assessed the association between any indices of
deprivation and remission in JIA, thus corroborative evidence is needed.
Few previous studies have associated factors following initial presentation with future
remission achievement. Those that have, generally associated static disease activity
variables, such as active joint counts, PGA scores, CHAQ or previous episodes of CID or
remission, with longer-term remission

257,281,288

. The current study explored the degree of

improvement over the first year of disease. Greater improvements in the signs and
symptoms of JIA were associated with later remission using both definitions. This
reinforces the concept of a ‘window of opportunity’ for the treatment of JIA

290,291

.

However, symptom duration to initial presentation was not associated with remission
across all models. With the introduction of biologic therapies for JIA and the concept of
early aggressive treatment strategies, patients can be targeted with csDMARD and
biologics early following initial presentation to paediatric rheumatology. The median
symptom duration at baseline for patients in the study was six months and within the year
following initial presentation, the majority of patients had accessed steroid therapy, with a
majority of patients with polyarthritis having been prescribed a csDMARD and 22% a
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biologic therapy. These early treatments may therefore have lessened any association
between delay to care and remission.
Depending on ILAR category, greater improvements in certain factors were associated
with remission using Wallace’s preliminary criteria. In both categories studied, greater
improvements in PGA and PGE scores were associated with remission. However, greater
improvements in active joint counts and ESR were associated with remission only in
oligoarthritis, with greater improvements in limited joints counts associated with remission
only in polyarthritis. The discordance associated with active joint counts may stem from a
difference in remission achievement between patients with extended and persistent
oligoarthritis. In a sensitivity analysis, when patients with extended oligoarthritis were
excluded from the oligoarticular group, greater improvements in active joints counts
remained associated with remission using the cJADAS10 (OR: 0.6, 95% CI 0.4, 1.0,
p=0.041) but not Wallace’s preliminary criteria (p=0.102, data not shown). However, the
differences between ESR and limited joint counts between ILAR categories may reflect
the need for monitoring different factors when treating oligoarthritis versus polyarthritis.
The current study benefitted from a large, multicentre inception cohort of patients with
JIA. Longitudinal data collection allowed the inclusion of multiple time points within
which to assess the achievement of remission. Results gained are therefore likely
generalisable to the general population of patients with the JIA categories investigated.
The CAPS cohort collected a variety of clinical and non-clinical factors, including
socioeconomic status that had previously been overlooked for associations with remission.
Although there were missing data, as would be expected in a study of this nature, multiple
imputation was utilised to account for missing covariate data and incorporated clinically
relevant assumptions for missing outcome data.
Unfortunately, too few patients with extended oligoarthritis or RF-positive polyarthritis
were present to be able to stratify or control further for these two factors. In addition,
certain factors that may be associated with remission were not investigated, such as ANA
positivity. Limitations in the number of CYP achieving remission limited the number of
exploratory variables incorporated in the analyses. Since ANA has frequently been
reported to not associate with remission

6,269,284

and was missing in over 60% of CYP in

this cohort, this factor was not explored. It was also not possible to explore the impact of
individual joint patterns do to the high number of possible combinations in relation to the
number of outcomes observed. Similarly, the ACR 2011 provisional criteria for CID in
JIA

185

could not be assessed to a lack of data on morning stiffness. The similarity of this
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measure to Wallace’s preliminary criteria would likely produce similar results. Finally,
data were collected annually and remission assumed where two consecutive annual timepoints showed CID. It is possible that disease may have flared between follow-ups and
thus a proportion of CYP may have been misclassified as ‘in remission’. However, this
would have resulted in an attenuation of point estimates and thus the true values may be at
least as large as those presented.
6.4.7

Conclusion

In an inception cohort of patients with JIA, there are few clinical or patient-reported
factors measured at initial presentation which are associated with later achievement of
remission. Greater remission achievement was seen among those who improved the most
over the first year following initial presentation, reinforcing the importance of early
disease control. Based on how remission was defined, however, improvements in different
factors associated with remission. Therefore, the definition of the treatment target is
important for further research intro stratified treatment approaches.
6.4.8
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6.4.10 Supplementary Materials
Missing outcome data were managed in this analysis as under previously constructed
assumptions for data regarded missing not at random

398

. The previous assumptions were

based on the following reasons for drop-out from the CAPS study: i) discharged ‘well’, ii)
discharged due to repeat non-attendance, iii) discharged due to moving clinic iv) discharge
for other reason. In addition, further missing data were evident where patients were v) lost
to follow-up and vi) presented to clinical appointments but had incomplete outcome data.
Following baseline analyses of disease and patient-reported factors across groups with
different missingness types in addition to consultations with paediatric and adolescent
rheumatologists, the following assumptions were made: For groups i), ii), v) and iii) if
definitively transferred to adult practice or aged ≥14.5 years at discharge, CYP were
assumed to be in CID according to both Wallace’s preliminary criteria and the cJADAS10.
In addition, if patients presented to clinical appointments but had missing acute-phase
reactants (ESR or CRP), these values were assumed to be normal. For group iii) if aged
<14.5 at discharge, iv) and vi) if missing data other than acute phase reactants, missing
data were assumed to be missing at random. A further assumption was placed regarding
CYP that skipped clinical appointments and returned prior to the three year follow-up.
These CYP were assumed to be similar to those who had repeatedly failed to present or
those lost-to-follow-up: for the appointments that they had skipped, they were assumed to
have fulfilled the CID criteria for both Wallace’s preliminary criteria and the cJADAS10.
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Total JIA recruited to CAPS
before Jan 2014: 1510

Lost to follow-up:
•

-48 discharged:
17 well
9 repeat DNA
16 moved clinic
6 other

Removed:

•
•
•

- 60 not JIA
- 369 not oligo or
polyarticular subtypes
- 1 died early in the
disease course
- 3 prevalent cases
-32 no medical case notes

Total patients with JIA in this
analysis: 1045

•
•
•

•

- 9 lost to follow-up

Total at follow-up: 988

Baseline

Year 1

Lost to follow-up:

Lost to follow-up:

-1 skipped follow-up

•

-56 discharged:
21 well
10 repeat DNA
18 moved clinic
7 other

- 73 discharged:
22 well
15 repeat DNA
32 moved clinic
4 other

•

- 3 lost to follow-up

•

- 4 lost to follow-up

Total at follow-up: 927

Total at follow-up: 851

Year 2
Year 3
Supplementary Figure 2. Patient flow through the study
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Chapter 7
Discussion

This thesis primarily focuses around the achievement of remission in patients with JIA.
The frequency, long-term outcomes following and factors associated with remission have
been reported, often differing by remission definition. This final discussion chapter will
expand on the clinical and research implications of the findings presented in this thesis.
This will include further discussion of the limitations and biases inherent in observational
data and how these may have affected the results observed. Clinical implications and
potential future research in this area are discussed.
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7 DISCUSSION
In an ideal world, the aim of treating JIA would be a cure, but until that becomes a feasible
and realistic outcome, the current aim of treating JIA is remission 152. This thesis set out to
understand remission in JIA: its frequency, outcomes following its achievement and
factors associated with its achievement. This would allow the understanding of i) how
commonly it is achieved ii) whether it leads to better physician and/or patient-reported
outcomes compared with active disease and iii) which CYP might be more or less likely to
achieve remission. The answers to these research questions could both facilitate
communication with patients/families and inform treatment decisions. Whilst, at first,
these seemed like straightforward objectives, it quickly became clear that the ability to
classify CYP with JIA into remission and active disease states was challenged by the
presence of multiple recently proposed composite outcome definitions. Each had different
components, including the number of measures of disease activity included in the
assessment as well as whether or not a patient/parent’s assessment of the disease was taken
into account. These differences challenged the concept of what is meant by ‘disease
remission’.
This thesis, broadly, has found that despite advances in treatment, the disease burden in
JIA is high, with a majority of children not achieving remission over the first 3 years of
disease (Papers 1 to 4). As suspected, the different proposed definitions for CID and
remission did not identify the same groups of children (Paper 2) and these children then
had different longer term outcomes (Paper 3). Unfortunately, few factors at initial
presentation were associated with remission but improvements in the first year following
diagnosis do lead to greater odds of future remission (Paper 4). Additionally, if
inflammation is controlled but CYP do not feel better, as evidenced by persistently high
scores on the PGE, their long term outcomes, especially in terms of functional ability and
HRQoL, are no different from those who do not achieve early remission, although their
joint damage is stopped (Paper 3).

7.1 What is Remission?
The research in this thesis has challenged fundamentally what is meant by remission in
JIA. It is commonly discussed as the optimal target or outcome of treatment, but the
findings in this thesis suggest it may mean different things to different people. Does it
mean a complete absence of inflammation or evidence of the underlying disease process in
JIA, a complete absence of symptoms or outward signs of the disease, or both?
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Importantly, to facilitate clinical care and research, this must be a state which one can
measure consistently between CYP and research studies.
7.1.1 Which Measures Could be Included in Remission Criteria?
To define remission, there are multiple physician and patient-reported outcome measures,
including clinical examinations, results of blood tests or patient reported factors, which
could be assessed. There are further measures not commonly used in clinical practice such
as imaging studies or other biomarkers. As a single test for remission in JIA does not
exist, we must rely on these measures, either on their own or as part of composite
measures, to make assessments about remission. Since composite measures cannot feasibly
include all possible measures of disease activity and its impact, subsets have been devised
with an aim of capturing multiple key elements of this construct

232

. An important

question regards which measures should be included in such a subset to best capture
remission.
The current thesis suggested that the main factor driving disagreement between existing
remission criteria was the inclusion or exclusion of patient-reported items. When
developing Wallace’s preliminary criteria, the defined states included ‘clinically inactive
disease’ and ‘clinical remission’. As suggested in the names, these criteria focused only on
disease activity measured in a clinical setting, with the investigators explicitly allowing for
pain on motion or joint tenderness in CYP achieving their remission definition. The
concept of pain in the absence of inflammation is suggested to constitute remission if
“attributable to arthritis that is now considered inactive”. Therefore these investigators
allowed children to have persistent symptoms of disease as long as the inflammation was
not detectable. In direct opposition, the JADAS cut-off developers specifically aimed to
capture a disease state including good wellbeing, and therefore a lack of pain, to include
the view of the patient as to the effects of their disease.
The discordance between physician global scores of disease and parental scores of
wellbeing has been well documented. The former tend to correlate better with measures of
inflammation, such as joint counts and CRP, with parental scores of wellbeing tending to
correlate better with pain and function

160,195,418

. These findings are to be expected given

that one can only comment on what one observes or experiences. Drivers of discordance
again include pain and poor function in CYP considered in ‘non-active disease’ by
physicians and not by parents

391

. These suggest that the impact of disease is considered

fundamental to ‘disease remission’ for parents but not physicians, whose main aim may be
to target inflammation using pharmaceutical interventions. To target patient wellbeing,
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several complementary interventions, such as physiotherapy, occupational therapy and
psychological services, may also be needed.
7.1.2

Are Composite Measures of Remission Helpful?

An alternative to using composite criteria for remission would be to assess individual key
features of disease and its impact. This would allow the quantification of the absence of
signs versus symptoms of disease and may facilitate referrals to allied healthcare
professionals where symptoms are independent of current inflammation. However, the use
of single outcome measures does not give an overall picture of disease in a heterogeneous
condition such as JIA 232, with the current thesis demonstrating 85% discordance in groups
of CYP identified by single measures: active joint counts, physician and parent global
assessments. It would be challenging to communicate the resolution of the disease to
patients and to compare this resolution across research studies in larger cohorts of patients.
In addition, having multiple primary end-points in clinical trials is methodologically
challenging and so may be unfeasible in a research setting 232.
There is also a risk that splitting signs and symptoms of disease may facilitate further the
focus of rheumatologists on inflammation. There is a growing movement to place the
patient at the centre of their own treatment

419,420

with shared decision making between

physicians and patients key in both target and treatment selection in T2T strategies

152

.

Treating toward a state which is not acceptable to patients as a primary goal does not fall
within this paradigm. However, targeting disease states including high wellbeing likely
requires the piloting and trialling of complementary strategies with regard to how to
incorporate escalating anti-rheumatic therapies with increasing access to, and interventions
from, other allied health services.
Whilst using single outcome measures comes with the challenges described, it is likely
paramount that both single and composite scores are accounted for in clinical practice.
T2T strategies are beginning to be considered for CYP with JIA

152

. If a composite

measure of disease activity, such as the JADAS, were used in isolation as a basis for antirheumatic medication escalation, many patients may be over-treated based on the
persistence of non-inflammatory symptoms. These patients would include those in
remission according to Wallace’s preliminary criteria but not the cJADAS, as identified in
this thesis. Therefore, a single score should not be implemented without context when
treating JIA to target. Rather, a single score such as the JADAS would facilitate the
agreement of physicians and parents that both signs and symptoms of JIA have, or have
not been, resolved. If remission has not been reached, further information regarding the
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specific persistent signs or symptoms should be explored before treatment decisions are
made.
7.1.3 Are Current Definitions of Remission Fit for Purpose?
Until more is understood about JIA, and the ways in which disease can be measured, it is
likely that both the Wallace Preliminary Criteria and the JADAS cut-offs will continue to
be used. Therefore, the current strengths and limitations of these criteria should be
considered. Wallace’s preliminary criteria necessitate all components to have the best
score possible or be within normal range in order to be classified in CID to confirm the
absence of disease activity; however, it may not be feasible to achieve a score of zero or
have ‘normal’ results in every aspect of the remission criteria. In particular, it may be
difficult for physicians to score zero on the PGA. Part of this is technical. On paper-based
forms, even if a score of zero is desired, a mark may be misplaced at two or three
millimetres from the end of the scale 421. But there is also evidence that clinicians may not
mark at exactly zero even when they feel there are no current signs of inflammatory
disease 201. Drivers of PGA score variability in patients who had achieved CID on all ACR
preliminary criteria components, excluding the PGA, included the presence of pain,
“questionable” temporomandibular involvement, limited range of motion in joints, the
presence of any morning stiffness and previous episodes of uveitis activity 201. One option
would be to allow a score <0.5cm or <1cm to indicate remission. There has been no MCID
defined for the 10cm VAS PGA, however, MCID on a 21-numbered VAS (range 0-10cm)
has been reported at between 1.3cm and 1.4cm, depending on whether the CYP had
improved or worsened

421

. Thus, the two or three millimetre scores seen in this thesis

among children who otherwise scored zero across all components likely do not represent a
clinically important difference from zero. Thus, through error and/or end-point aversion, a
CYP may never be observed to reach remission according to Wallace’s preliminary
criteria, regardless of current disease status. In addition, certain items within the criteria set
are not currently routinely collected, such as ESR

198

. The misclassification of, and non-

applicability to all, CYP with JIA likely means that, in its current form, Wallace’s
preliminary criteria may not be the best choice as a marker of remission or for use as a
treatment target.
An alternative to the strict ‘best score only’ method of Wallace’s preliminary criteria, the
JADAS scores allow CYP to have achieved remission if scoring below a certain cut-point.
This has the advantages of avoiding errors and limiting end-point aversion previously
discussed. No great differences in disease activity were observed in this thesis for patients
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fulfilling JADAS but not Wallace’s preliminary criteria and those who fulfilled both.
Therefore, using a cut-point rather than an absolute absence of disease does not
overestimate remission. This was further demonstrated in the equivalent lack of limited
joints as a measure of joint damage over five years following the achievement of remission
according to the cJADAS or Wallace’s preliminary criteria. In addition, fewer elements,
which can all be collected routinely in all patients with JIA, aid the feasibility of the
cJADAS for implementation into clinical practice. When the remission definitions were
applied to CAPS, the greatest number of CYP that could be classified and the narrowest
limits for extreme scenarios without having to impute data was evident for the cJADAS.
In addition, the capture by remission criteria of two different features of JIA, inflammation
and its impact, has been demonstrated in this thesis to identify different groups of CYP
with different long-term outcomes. Those with high wellbeing in addition to no
inflammation had the best outcomes in terms of function, quality of life and joint
limitation. These findings favour the incorporation of both physician and parent-reported
factors into composite remission criteria. However, this applicability is limited to patients
with oligoarticular or RF-negative/positive polyarticular disease who do not experience
uveitis. Further development of criteria will be needed for those CYP within other ILAR
criteria or those with other extra-articular features of disease not explicitly captured by the
cJADAS.

7.2 Thesis Strengths
The largest strength of this thesis was the study population: CAPS. CAPS recruits from
multiple hospital locations, the seven selected being across England and Scotland, with
one hospital nearing the Welsh border. Coverage of the UK is therefore wide, with the
exception of Northern Ireland. For a rare disease, CAPS has also recruited in relatively
large numbers; it is the largest inception cohort of JIA globally, having recruited over 1600
patients 297. This allows greater statistical power when analysing CAPS data, even for rarer
outcomes such as remission. By recruiting many patients from multiple hospitals, CAPS
patients therefore reflect a collection of CYP whose exposures and disease features
generalise well to other CYP with JIA who were not recruited to the study. In addition,
since all patients had access to contemporary treatments, CAPS is well-placed to study the
current achievement and outcomes following remission in contemporary CYP with JIA.
Whilst many of the analyses presented in this thesis were limited to CYP with
oligoarthritis or polyarthritis ILAR categories, the collection of data by CAPS from
patients with the rarer ILAR categories allowed this thesis to also explore their frequencies
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of remission. Although certain features of their disease were not included in the remission
definitions, the second paper could estimate the frequency of a range of single and
composite outcomes.
All patients recruited to CAPS were followed from their first appointment with paediatric
rheumatology. This inception cohort design minimised selection bias compared with
prevalence cohorts, where left censorship may limit the inclusion of certain CYP,
particularly those with less severe disease or who achieve remission early in disease and
are discharged from rheumatology clinics. By including all patients, and having
information regarding reasons for study attrition, this thesis was able to infer clinically
plausible disease statuses for these CYP. Their exclusion from prevalence studies may
have underestimated the achievement of remission in previous reports. Having recruited
CYP from initial presentation also allowed changes to disease activity in the early stages
of treatment to be analysed, when the greatest change in disease is often observed.
CAPS collected a vast array of data both from clinical records and through patient
questionnaires. Since no additional data are requested and additional pressure is not put
upon physicians assessing patients in CAPS-recruiting hospitals, the incomplete data
observed therefore represents real-world availability of data. This allowed the broad
assessment of feasibility of the various composite outcome criteria in clinical settings and
directed the analyses presented in this thesis to only routinely collected variables. This
routine data collection incorporated all items of Wallace’s preliminary criteria, the JADAS
and cJADAS and therefore this thesis was able to assess remission across multiple
definitions. In addition, the variety of data collected allowed the analysis of multiple
physician and patient-reported items for use as outcomes following the achievement of
remission. Further, the number of items explored as potential predictors of remission was
not limited by the number of variables collected in CAPS. Variables were selected based
on clinical relevance and the amounts of available data.
The long-term follow-up in CAPS allowed longitudinal data analysis. Previous studies had
not explored long-term outcomes following the fulfilment of remission or MDA according
to those studied in this thesis. Having data available to five years allowed both short and
long-term outcomes to be explored.
Although these strengths of CAPS allowed the research questions in this thesis to be
addressed, certain limitations were evident, with the largest being missing data. In
addition, the definitions of remission themselves limited the amount of CAPS data that
could be used for study.
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7.3 Thesis Limitations
7.3.1

Data Quality within CAPS

Defining Remission using CAPS Data
Although the CAPS cohort was designed to assess and predict outcomes in CYP with JIA,
it was not specifically designed to study remission using the criteria studied in this thesis,
which did not exist at the outset of the cohort in 2001 and a simple question “Is this patient
in remission?” was not included. Since the JADAS and cJADAS are formed from subsets
of the JIA COVs, these were calculable. However, certain components of the other
remission criteria, such as morning stiffness for the ACR provisional criteria

185

, have not

been collected and the achievement of others, such as absent systemic symptoms or uveitis
had to be inferred from other questions within CAPS. Since paediatric rheumatologists do
not directly assess uveitis, it is understood that CAPS research nurses gained this
information from ophthalmology records in the CYP’s medical notes. Using this
information, research nurses then had to determine the presence or absence of either acute
or chronic uveitis for each follow-up. Therefore there may have been some
misclassification of uveitis activity in either direction. These challenges highlight the
difficulty in managing and recording outcomes in a complex disease which is not
completely assessable at the point of contact with a single paediatric rheumatologist.
Defining Long Term Outcomes
The long-term outcomes assessed following the achievement of CID and MDA were
intended to capture joint damage, pain, functional ability and HRQoL.
A lack of joints with limited range of motion was used as a proxy for joint damage in the
CAPS cohort. Although a selection of patients would have undergone imaging analyses to
assess joint damage, perhaps as a more objective measure of joint damage, these data were
limited. Joint limitation also may be due to factors other than bony erosion in JIA, such as
muscle contracture in chronically inflamed joints. In the future, linkage of CAPS to the
England Hospital Episode Statistics or the National Joint Register may provide further
information on these outcomes, such as joint surgery.
Limitations in the current understanding of the multifactorial nature of pain challenged
which outcome was assessed following the achievement of MDA versus CID. Chronic
pain appears to persist in some patients only when inflammation is active. However, in
other patients, this pain persists in the absence of inflammation

422,423

. In young people

with JIA, it is not currently possible to distinguish between pain related to, or not related
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to, inflammation. When assessing long-term outcomes following the achievement of CID,
ideally inflammatory and non-inflammatory pain would have been modelled as separate
outcomes. However, it currently remains unclear what are the drivers of pain in children
with no apparent inflammation.
The Use of Proxies in Paediatric Research
A further possible limitation of the study is that many outcome measures, such as the
CHAQ, CHQ and PGE, are usually completed by a guardian or parent for young children
and reflect their opinion on how the disease affects their child. For older children and
young adults, many will then switch to completing the measure themselves. For example,
the CHAQ is completed by the child’s guardian early in life (before age 11) and then, in
most but not all cases, by the young person themselves after that. Therefore, over time, the
CHAQ could be represented by two different parties if the CYP turned 11 over the course
of follow-up. However, a previous study in the CAPS cohort has demonstrated high
agreement between proxy-reported and CYP-reported CHAQ scores where 85% scores
were similarly classified within 0.25 points

203

. A second study of UK adolescents with

JIA reported proxies to significantly overestimate functional disability compared with
patients by a mean of 0.1 points (SD 0.5)

424

; however, given that the MCID between

CHAQ scores is estimated to lie between 0.13 and 0.19

425

, this may not be a clinically

relevant difference. Therefore, whilst patient and proxy scores were used interchangeably
in this thesis, this likely did not impact the results in a clinically meaningful manner.
Interval versus Continuous Data Collection
As part of CAPS, data were extracted on an annual basis with temporally closest data
items recorded in the medical record related to each annual follow-up. It is known that JIA
is a disease of remission and relapse 181,238, with many clinical studies relying on annual or
bi-annual data as a basis for plotting disease trajectories

297

. This lack of granularity, both

in the frequency of appointments in standard clinical practice and the collection of data by
research studies, limits the observation of the full spectrum of the signs and symptoms of
JIA over time.
To implement the truest form of remission according to the criteria used in this thesis,
which do require a period of observation without disease activity, disease activity must be
monitored more frequently, if not daily, to determine if CID has indeed been maintained.
This is clearly an unfeasible undertaking if requiring continuous physician’s assessments
and certain assumptions must be placed about the length of time a CYP can be assumed to
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have maintained CID. For research, the most pragmatic approach to classifying remission
could be the maintenance of CID for a year given the most frequent windows of data
extraction, that may be more or less frequent than this window in practice. As part of
CAPS, the most frequent data extraction time points were annual, designed to capture key
changes in disease over time but minimise the burden of data collection. Therefore, to be
assumed to have reached remission, CYP had to have been in CID for at least two
consecutive follow-up points. Under this assumption, some CYP will have been
misclassified as ‘in remission’ when, in reality, their disease flared in intermediate nonobserved time. Conversely, a proportion of CYP will have experienced CID for a year that
did not coincide with two annual follow-ups. This misclassification may have over or
underestimated the number of children attaining remission and may have attenuated the
associations between potential factors and remission in the final paper. Thus, associations
can be assumed at least as large as those reported.
7.3.2

Missing Data within CAPS

A substantial amount of missing data was found in the CAPS database. This occurred both
in terms of missing data items at otherwise completed follow-ups and attrition from the
study.
Missing Data Items
When attending clinic appointments, all patient data required for research may not be
measured or recorded. There may be a general pattern as to why these data are incomplete.
If so, certain assumptions about the values of these missing data can be made. In the
analyses of CAPS data, assumptions were placed regarding the disease activity states of
CYP who had presented to clinic appointments but had incomplete data.
For CYP who presented to clinic but had incomplete data, the probability that some of
these data were missing likely depended on other captured factors. These data could
therefore be imputed under standard methods of multiple imputation assuming data were
MAR. However, for a subset of variables, the probability of their being missing was likely
related to their values. This was the case for acute phase reactants, where collection is only
indicated in a subset of CYP with more severe disease

198

. The absence of these values

when a clinic appointment had been attended was, therefore, indicative of mild or
remission-like disease. For additional variables such as AJC or PGA scores, missing
values when clinic appointments had been attended was unlikely to associate with disease
activity.
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The approach taken, setting certain missing values to values consistent with remission, was
undertaken based on a combination of published evidence, previous data in CAPS and
expert opinion. Although more clinically plausible than imputing data based on a MAR
mechanism, the imputation of a single value likely resulted in narrower confidence
intervals, an overestimation of remission and attenuation of associations with remission.
Missing Participants Following Study Attrition
Patients may not have presented to clinic appointments for various reasons, including
having been discharged or lost to follow-up in CAPS. Reasons for leaving the study, or
informative drop-out, were available in the majority of cases, with only approximately 3%
of patients lost-to-follow-up for unknown reasons within the first five years following
recruitment. Where patients had been discharged, the reasons for discharge included those
1) Discharged ‘well’, 2) Discharged due to repeat non-attendance, 3) Transferred to
another paediatric rheumatology clinic 4) Transferred to adult care and 5) Moved house or
unknown reason for discharge.
There are likely no consistent associations between moving house, most likely due to
reasons associated with the wider family, and the values of missing disease variables.
Missing data from CYP discharged for this reason were therefore imputed assuming data
MAR. However, where CYP had been discharged ‘well’, this is a clear indication that
these CYP were highly likely to have achieved remission. These CYPs were assumed to be
in remission and symptom free according to both Wallace’s preliminary criteria and
JADAS/cJADAS scores although it is unclear whether they would have been formally
classified as such by the validated remission criteria.
Through discussions with paediatric and adolescent rheumatologists, it was discussed that
adolescents are unlikely to be transferred from paediatric to adult practice until their
disease activity has been controlled, with much experience from post-transfer practices
focusing on daily living, such as occupational and sexual health. It was therefore deemed
likely that these young people had achieved a state of disease remission upon transfer.
Disease parameters in these young people were therefore assumed to fulfil the various
remission criteria. However, pragmatically, a young person with active disease cannot be
retained by paediatric rheumatology services indefinitely. The potential misclassification
of disease activity in these young people may have resulted in an overestimation of the
frequency of remission. However, these patients comprised fewer than 1% of the cohort at
one year. Therefore, any overestimation was likely minimal.
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Finally, there is published evidence to suggest that CYP who do not present to clinical
appointments were more likely to have low or no disease activity than those who do attend
their appointments 250,351. One study reported better function in participants lost to followup than those remaining in the study (78% HAQ=0 in those lost-to-follow-up versus 53%
HAQ=0 in those presenting to clinical appointments). Of course, the opposite may be true
in some children, where the reasons they do not attend clinics may correlate with other
factors, such as non-adherence to medication and therefore this assumption may not have
rang true in all children. Again, low levels of disease which would not fulfil remission
criteria also cannot be ruled out. However, multiple imputation of complete missing
datasets in children with known reasons for leaving the study may also have overestimated
the rates of CID, especially if individual components were imputed rather than the entire
disease state.
7.3.3

External Validity of Results

The JIA population recruited to CAPS is highly representative of other international
cohorts of JIA in terms of demographics, ILAR category distributions and other features of
disease

5,27,275

. Therefore, the results may be generalisable at least to the types of patients

that enrolled in other observational studies.
Within the UK, CAPS recruitment centres have good geographic coverage over England
and Scotland from paediatric and adolescent rheumatology centres. It is unknown how
well these results generalise to patients who initially present to adult rheumatology in late
adolescence or early adulthood. Further work is needed to assess outcomes following, and
factors associated with, remission in these older patients with JIA. However, within those
who initially present to paediatric rheumatology with JIA, it was not possible to collect
data regarding differences between those who did and did not enrol in the study. The exact
incidence of JIA in the participating centres is unknown and therefore it is not known how
many children were not approached to participate or who was approached and declined to
participate. It is therefore unclear exactly how representative CYP enrolled to CAPS are of
the general UK JIA population. There are differences in socioeconomic status and
representation of ethnic minorities between the CAPS population and the general UK
population. These may be driven by higher susceptibility to disease for those with lower
socioeconomic status and white ethnicities, or by the inclusion criteria for enrolment to the
study. It is also known that over the period of CAPS recruitment, there were periods where
no recruiting nurse was available in some centres due to logistical reasons and therefore,
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some of the children missing in CAPS would be MCAR, and therefore no bias would have
been introduced.
Barriers in Presenting to Paediatric Rheumatology Tertiary Care Centres
Patients that live in remote areas may not have ready access to a local hospital, let alone
specialists in paediatric rheumatology. All centres in CAPS were based in large teaching
hospitals in major UK cities. Travelling to specialist hospitals from remote areas may only
be feasible in certain circumstances and has been previously identified as a barrier to
recruitment for research across both developing and developed countries including the UK
302,303,305,426

. CYP whose guardians, for example, have no, or little, access to transport, who

cannot afford transport or who do not have the time to travel to distant hospitals may have
lesser access to specialist paediatric rheumatology care. For CYP who reside closer to
specialist hospitals, additional barriers to presenting to clinical appointments may still
exist. In addition to the reasons previously stated, CYP with families who are more healthliterate likely present to clinical appointments more readily that those from families where
health literacy is lower

302,303,427

, even when their signs and symptoms of disease may be

comparable. Although IMD was explored in the CAPS subgroups selected for analyses, no
direct comparison could be made regarding locations of or socioeconomic standing of
participants compared with other families with JIA not enrolled to CAPS. Overall,
compared with the general UK population, greater socioeconomic deprivation was
overrepresented in the CAPS population. This may reflect that for CYP with JIA,
socioeconomic status may not represent a great barrier to care, particularly in light of the
universal healthcare system in the UK. However, this may alternatively represent a greater
susceptibility to JIA, or, as has been previously reported from this cohort, worse symptoms
in CYP with lower SES 285, potentially facilitating greater seeking of care in families from
more deprived areas.
Barriers to Enrolling Eligible Patients Presenting to Clinical Appointments
The percentage of CYP (0-15 years) with ethnic minority backgrounds is marginally
smaller in CAPS (10% non-white) than in the general population in England and Wales
(16% non-white in the 2009 UK census, no paediatric-specific ethnicity data available
after this point)

428

and Scotland (CAPS: 6%, Scottish Census 2011: 9%

429

). This could

potentially be attributed to the local ethnic diversities of populations surrounding CAPS
hospitals or differences in susceptibility to JIA among different ethnicities 60,80,81. Alternate
explanations could include the non-recruitment of families who do not understand English
language with enough fluency to enable informed consent, or who do not understand the
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explanation of the study provided

303,304

. Although translators can be provided, if there is

doubt that the patient or family does not fully understand explanations provided, informed
consent cannot be assumed. In some cases, families may have learning difficulties that
preclude the process of informed consent to proceed ethically. There may also be a
presence of ‘gatekeepers’ in healthcare professionals recruiting to the study, who do not
approach minority patients

303

. In these cases, potential participants are not afforded an

opportunity to understand and consent to the study. Finally, certain groups of patients may
not want to participate in research, for either cultural or personal reasons

302,303,305

. The

clinical implication of not including potentially eligible patients is a decrease in the
generalisability of the results gained. These results may be particularly important for these
‘hard to reach’ patient groups, with whom limited research is able to be conducted, who
303

therefore experience reduced benefit from research outputs

. Limitations in

generalisability are an inevitable consequence of not recruiting every single person with
the disease of interest and as a large, multicentre inception cohort, CAPS is near to
optimal.
7.3.4

Applicability of CID and Remission Definitions across the Spectrum of
JIA Categories

The first and second paper in this thesis focused on quantifying CID and remission across
all ILAR categories of JIA. However, the definitions employed were not designed for use
in all categories and do not capture key extra-articular disease features, particularly of the
less common forms of JIA

165,168,186

. In adult-onset arthritis, similar disease constructs to

the rarer ILAR categories are classified as distinctly different diseases to RA: adult-onset
Still’s disease (similar to systemic JIA), ankylosing spondylitis (similar to enthesitisrelated JIA) and psoriatic arthritis (similar to psoriatic JIA)

430

. These are not only

characterised by different clinical manifestations, but also different underlying
susceptibility and disease pathways, including different responses to therapies

430

.

Although remission is often assessed in entire cohorts including all JIA categories, they
represent groups of CYP with distinct genetic features accompanied by specific extraarticular features of disease

1,431,432

. One question is the importance of including or

excluding activity in disease features that are not common to all children.
Uveitis and Systemic Features across ILAR Categories
Uveitis and systemic features both form part of the remission criteria according to
Wallace’s preliminary criteria but not the JADAS scores

186,237,240

. Although systemic

features are not explicitly included in many definitions of remission, it is possible that
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these features are taken into account when scoring the PGA and PGE although this is
currently unknown, with no specific research into this area. However, when multiple
definitions of remission, variably including PGA, PGE scores and systemic features, were
applied to the CAPS cohort, fewer CYP with systemic JIA were observed to be in
remission when systemic features were included in the remission criteria more explicitly.
This lead to approximately double the proportion of patients with systemic JIA being
classified in remission according to the JADAS (37%) and cJADAS (38%) criteria
compared with Wallace’s preliminary criteria (19%). Therefore, the JADAS and cJADAS
overestimate the number of CYP with systemic JIA in remission, or suggest that systemic
features are not taken into account when assessing the PGE and PGA. Similarly, the
JADAS scores will overestimate remission in CYP with uveitis. Given the asymptomatic
nature of uveitis in JIA151, associations with long-term outcomes such as joint limitations,
function and pain were likely unaffected. However, given the short-term severe
consequences of uveitis activity

22

, any T2T strategy targeting JADAS remission would

require the incorporation of uveitis.
Enthesitis-related and Psoriatic JIA
Enthesitis and psoriasis are not explicitly addressed in any of the remission criteria
described in this thesis. As previously stated for systemic JIA and uveitis, the disease
features may be captured to some extent by the PGA and PGE, with psoriasis activity
being a driver of discordant PGA scores in patients with low disease activity 201. However,
to truly capture a resolution of enthesitis and psoriatic signs and symptoms of JIA, these
features must be explicitly incorporated into remission criteria. The estimates of CID and
remission in both the systematic review and those estimated in the CAPS cohort may
therefore overestimate the frequency of these states both in the entire cohort and for these
ILAR categories specifically.
Whilst CYP with enthesitis-related JIA and psoriatic JIA may have similar long-term joint
limitations to those with oligo/polyarthritis, these categories were excluded from the
analyses in Paper 3. CYP with enthesitis-related or psoriatic JIA may experience distinct
types of pain additional to that associated purely with joint involvement, such as
inflammatory spinal pain

433

. This may impact the scoring of functional ability, such as

items requiring turning one’s head or bending down. Therefore, modelling long-term
outcomes for CYP across all ILAR categories could have resulted in modelling distinctly
different disease processes within the same models, confusing the clinical message
regarding which remission state is optimal in terms of long-term outcome. For assessing
factors

associated

with

remission,

CYP

with

enthesitis-related,

psoriatic

and
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undifferentiated arthritis were again excluded from the analysis. Whilst the results might
generalise to predictors of their joint activity, the variables identified may not associate
with the resolution of extra-articular manifestations of JIA. Further work will need to
identify predictors of the resolution of these disease features, potentially within revised
definitions of remission.
Oligoarticular, RF-negative Polyarticular and RF-positive Polyarticular JIA
The final two analyses in this thesis only included CYP with oligoarthritis, RF-negative
polyarthritis and RF-positive polyarthritis. Although many other features of disease can be
evident for CYP with these disease categories, the primary feature is joint inflammation 1.
By including active joint counts in addition to global assessments of disease, Wallace’s
preliminary criteria and the JADAS may therefore accurately capture a lack of
inflammation and good wellbeing in addition to a lack of inflammation in these categories,
respectively. Since different remission achievement and different levels of functional
ability were evident between oligoarticular and polyarticular JIA, the associations between
remission states and long-term outcomes were analysed whilst adjusting for the
confounding effect of ILAR category (measured at one year following initial presentation).
However, the differences in oligoarticular versus polyarticular JIA in terms of their
presentation and how they are treated led to the decision to undertake a stratified analysis
when exploring factors associated with remission. In this stratified analysis, however, there
may have been similarities in both the presentation and treatment of young people with
extended oligoarthritis and those with polyarthritis. By one year following JIA diagnosis,
patients with extended oligoarthritis and those with polyarthritis have both experienced
inflammation in at least five joints 1. Since disease onset may pre-date initial presentation
to paediatric rheumatology by more than six months, CAPS recruits a limited number of
CYP who were diagnosed with extended oligoarthritis at this first appointment
(approximately 4% of patients with oligoarthritis at initial presentation). Similar treatment
strategies may therefore have been undertaken in CYP with these high numbers of
inflamed joints, particularly if not associated with RF-positivity. These similarities in
disease may partially explain the similarities in predictors of remission across oligoarthritis
and polyarthritis, particularly using the cJADAS10.
In these analyses, both RF-negative and RF-positive polyarticular JIA were combined into
a single polyarthritis model when exploring risk factors for remission. Although the
primary disease feature in both polyarticular JIA subtypes is the presence of five or greater
inflamed joints, these categories are different in terms of both their genetic susceptibility
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and long-term outcomes; CYP with RF-positive polyarticular JIA consistently had the

poorest outcome in terms of CID and remission of all of the subtypes in the systematic
review. However, it was not possible to further adjust the models for ILAR category due to
the small numbers of CYP with RF-positive polyarthritis and resulting perfect prediction
of outcome with other variables in the imputation models. These low numbers of CYP also
precluded a separate model entirely for RF-positive polyarthritis. These factors associated
with remission may therefore generalise better to CYP with RF-negative polyarthritis than
RF-positive polyarthritis. Further work should explore predictors of remission in RFpositive polyarthritis in larger sample sizes.

7.4 Clinical Implications
This PhD has confirmed that the burden of disease activity over the first three to five years
of JIA remains high. Thus, expectations that JIA disease activity might ‘run its course’ or
be ‘self-limiting’

7

may be unfounded in most CYP. With increasing use of biologic

therapies for JIA, this clinical picture of disease may be improving. However, this thesis
was not able to disentangle whether changes in therapeutic strategies has resulted in
increased CID or remission rates. Since the burden of disease remained high even in this
contemporary cohort with access to biologic therapies 5, expectations should be set when
managing patients with JIA that remission is unlikely within early years of disease,
although improvements in disease are very possible.
Despite a high burden of disease activity for the entire cohort of JIA, there are different
prognoses for CYP with different ILAR categories. This burden is particularly high for
CYP with RF-positive polyarthritis (<20% CID), with intermediate achievement of CID
for those with RF-negative polyarthritis (25% to 31%) and those with oligoarthritis having
the most favourable achievement of CID (34% to 43%) at one year. Therefore,
expectations of disease outcomes should be set lower for CYP with five or greater active
joints at initial presentation and these patients may require targeting with more aggressive
treatment strategies.
Although patients with greater numbers of active joints may have poorer prognoses, the
absence of active joints did not always coincide with the absence of other disease features.
Further features in addition to active joint count therefore drive the assessment of CID. In
addition, poor wellbeing can be evident despite a lack of objective measures of
inflammation and vice versa. To capture both the inflammatory pathways and the impact
of JIA on CYP, both physician and patient/parent input are therefore vital.
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Despite discordance between CID definitions, controlling inflammation, regardless of
wellbeing, predicts the absence of joint limitations. However, wellbeing is an important
predictor of function and HRQoL. Given that inflammation seems to not associate with
these outcomes, targeting inflammation may therefore not aid in long-term function if
wellbeing isn’t also taken into consideration.
Taking a stratified approach to treating JIA, predictors of remission would be most useful
at initial presentation to paediatric rheumatology or very early within the treatment
pathway, likely before the initiation of anti-rheumatic drugs. Correctly identifying
effective treatment pathways would maximise patient benefit in controlling disease at the
earliest time point. In addition, the side-effect profiles of many csDMARDs and biologic
therapies, such as medically significant infections or anticipatory nausea, can be severe
and greatly influence quality of life when experienced

111,435

. All patients receiving these

therapies are at risk of adverse events, whether or not they produce a clinically beneficial
response to treatment

111,436

. Stratified medicine based on both the probabilities of

treatment response in addition to risk of adverse events may therefore be necessary to
balance these potential outcomes. However, correctly identifying patients who may not
clinically respond to specific therapeutic approaches is a certain step toward minimising
the accumulation of these adverse events, including drug toxicity, from unnecessary
therapies.
There are also great economic benefits to early effective and safe therapeutic strategies.
Biological therapies are the most expensive pharmaceuticals available on the UK NHS

437

,

with the most commonly prescribed first-line biologics for JIA being etanercept,
tocilizumab and adalimumab

122

. These drugs are available for multiple conditions and in

2015/16, NHS spending on these therapies approximated £550 million

438

. Several

analyses have attempted to estimate the cost of improvement or quality-adjusted life year
(QALY) associated with biologic therapies for CYP with JIA. In cohorts assessed between
2002 and 2008, the cost of an additional ACR-Pedi 30 response compared with MTX was
estimated at between £8k and £24k depending on biologic choice
additional QALY against MTX
increases for CYP with JIA

441

439

and against placebo

440

123

and £16k for both an

. As the uptake of biosimilars

, these costs may reduce by 20 to 40%

442

but even more

important will be to reduce the non-response rate to therapies, reducing the cost per QALY
further. Therefore, there remains a great financial incentive to further research towards an
era of precision medicine.
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Although the stratification of patients with JIA to different therapeutic strategies would be
most beneficial at diagnosis, this thesis demonstrated few factors, measured at this time,
which associated with later remission. If targeting remission using Wallace’s preliminary
criteria, it appears that older age may associate with higher achievement. However, many
patient-reported outcomes associated with remission using the cJADAS10. This again
corroborates the incorporation of patient-reported outcomes into clinical decision making.
CYP with higher pain and poorer function and HRQoL could be targeted for early
intervention by psychology, physiotherapy and/or occupational health. In addition, those
from more socioeconomically deprived areas may be less likely to achieve remission
according to the cJADAS10. These patients could additionally be targeted for these
additional interventions.
Whilst specific predictors of different CID states may facilitate T2T strategies, there are
barriers to implementing either CID according to Wallace’s preliminary criteria or the
cJADAS10 as treatment targets in clinic. The clinical implications of treating toward these
specific targets may be the systematic under- or over-treating of patients depending on
which definition of CID is targeted. High wellbeing as measured on the PGE could, in
itself, capture any number of features with the greatest associations previously reported
with pain and, to a lesser extent, function

160,213,353

. Targeting CID on Wallace’s

preliminary criteria in a CYP with high persistent pain or disability in the absence of
inflammation may result in delayed or restricted access to relevant services such as
psychology, physiotherapy and occupational health. Conversely, targeting CID on the
JADAS in the same CYP with anti-rheumatic therapies may lead to unnecessarily
pharmaceutical escalation to control symptoms not associated with inflammation. Thus,
the nature of the therapeutic intervention(s) governs which treatment target may be optimal
for use in a T2T strategy for use in clinical settings.
A second consideration for T2T strategies is whether to target CID in all CYP, or whether,
in some cases, a target of MDA may be sufficient. For a selection of CYP, continuing to
escalate interventions may not be in their best interests. This is reflected in T2T guidelines
for RA, where low disease is targeted in patients where remission may not be a realistic
aim

443

. This preliminary evidence in a cohort not treated according to any specific T2T

strategy suggests that targeting CID may be beneficial if inflammation drives current poor
disease status. However, CYP with CID had no greater function or HRQoL than those with
MDA. Therefore, continuing to escalate therapies when these factors drive poor wellbeing
may not be productive.
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Feasibility of implementing these targets must also be considered. In terms of consistent
capture of patients in CID or remission, the cJADAS10 is superior to Wallace’s
preliminary criteria. The requirement to have normal or zero scores on all criteria runs the
risk of CYP not being classified in CID due to small variability around the zero end of the
PGA whereas the cJADAS10 allows for this.

The cJADAS10 also requires fewer

components to be assessed and can be performed immediately with the patient, without the
need to acquire additional information from ophthalmology or the laboratory.
Finally, the near 100% overlap in groups of CYP identified by the JADAS and cJADAS
suggests that ESR does not need to be collected routinely in JIA clinical practice for the
sole purpose of monitoring CID status. However, further work is needed to identify
optimal targets for therapies using data where T2T strategies are consistently undertaken.

7.5 Future research
The work in this thesis has covered the quantification of remission in JIA globally, the
comparison of achievement across definitions in a large inception cohort, the comparison
of long-term outcomes following the achievement of these states and the assessment of
factors associated with remission states. However, further research is needed in this area to
be able to understand and target a clinically optimal definition of remission across JIA
populations.
7.5.1

Future Qualitative Analyses: Understanding Remission

The main driver of discordance between current definitions of remission in JIA has been
the inclusion or exclusion of patient-reported outcomes. The PGA and PGE have been
previously demonstrated to correlate with different features of disease, PGA with
inflammatory factors and PGE with pain and quality of life

160,195,418

. However, further

qualitative work is needed to understand which factors are consistently being considered
when physicians and families score across the full ranges of the PGA and PGE. Only then
can we fully understand the construct of ‘remission’ being captured by current definitions
to inform treatment strategies that may target these constructs. If different features of
disease are considered within each scoring group, guidelines will need to be developed to
standardise which features to consider when scoring the PGA and PGE. In addition, exact
scoring of these measures requires standardisation. In a separate analysis to the creation of
the CID cut-points using the JADAS, Consolaro et al. additionally developed JADAS cutpoints for remission corresponding to a single subjective assessment of ‘remission’ versus
‘no remission’ by physicians, parents and children. All remission cut-points exceeded that
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for CID

165,168

. Therefore, key features of disease activity are not weighted as highly by

these groups as when developed against a more objective standard for CID.
Whilst understanding the drivers of individual outcome measures helps to discern which
constructs they are capturing, further work is needed to understand the face and content
validity of the full composite scores for remission in JIA, which have largely been
overlooked for the published definitions. These analyses would involve qualitative work
with families, patients and healthcare professionals to determine the acceptability of the
composite outcome measures. If not acceptable to these groups, further changes may be
needed to existing remission definitions.
7.5.2 Standardising Data Collection for JIA Research
The use of non-standardised remission criteria hinders both the evaluation of longer term
outcomes and treatment effectiveness within JIA research studies. The use of noncomparable outcomes therefore slows down progress to build optimal treatment strategies
for JIA and promotes the providing of less accurate information to patients and their
families regarding the likely course of a CYP’s disease. Standardised outcome measures
are therefore a requirement. However, a limitation of adapting currently available
remission criteria is the lack of easy available data for all component criteria. This could
indicate the need for one or both of the following: a) the development of more clinically
feasible remission criteria which are easier to capture in clinical practice and thus will be
more complete in clinical research studies or b) the implementation of an international core
item collection schedule. The latter is currently being developed in the UK 444 although the
actual feasibility of such an approach is not known.
The strengths and limitations to developing more clinically feasible remission criteria have
been previously discussed. However, if all component criteria were routinely collected, the
development of new remission criteria may be unnecessary. At present, certain items are
not clinically indicated for all patients e.g. the measurement of acute-phase reactants. In
addition, certain items are intended for routine collection, but were incomplete in many
patients in the CAPS cohort, e.g. PGA scores, pain measurements. If shown to be vital for
treatment strategies, motivation for collecting such items may be impacted. However, if
unfeasible, the guidelines on which measures are clinically indicated to collect would need
revision. Therefore, the development of a clinically useful and feasible core item collection
schedule for JIA may aid in the measuring and comparing of target state achievement
within and across patient populations.
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7.5.3

Novel Methods to Capture Data on Disease Activity in JIA

Alternative data sources to gain information regarding outcomes and predictors of
outcomes in JIA include population health records and more novel electronic data capture
methods. Large prospective inception cohorts such as CAPS are expensive and labour
intensive. Therefore, looking for easier, cheaper and quicker ways to capture similar data
to address these questions should be explored. Much of this burden is reduced when
studying anonymised patient records, such as the Clinical Practice Research Datalink
(CPRD) in the UK 445. No formal consent is required and data from large populations, 7%
of the UK population in CPRD

445

, can be gained. However, datasets like CPRD are

restricted to primary care settings and are limited in terms of which data they currently
capture. Specifically, they do not currently capture disease specific measures for most
conditions and do not even capture more generic outcomes such as a measure of function
or HRQoL. Secondary care databases such as the England Hospital Episode Statistics
(HES) database capture limited data on inpatients or day cases

446

. These are therefore a

rich data source for certain outcomes in JIA, such as joint replacement surgeries, but like
CPRD, do not capture more disease specific outcome measures. To capture alternative
long-term outcomes such as vocational attainments, social factors and chronic pain,
linkage to patient-reported data, which currently does not exist, would be needed. This
could potentially be completed through novel data capture techniques, such as through the
use of portable electronic devices. These devices may capture information automatically,
such as step counts or sleep patterns

447

or may require active input from users

448

.

Automatic data capture has the potential to monitor the impact of disease and may be
captured on a daily basis with little missing data, provided the user keeps the electronic
device on their person 447. This would allow more granular data collection than the annual
or bi-annual follow-ups in traditional observational JIA cohorts

297

and allow continuous

follow-up following transfer to adult services. In addition, GPS data incorporated into
many smart technologies would allow the assessment of certain environmental exposures,
such as weather or pollutant levels

447

. These technologies often feature continuous

wireless communication. Therefore, data collected could be automatically transferred into
the electronic patient record

449

or to secure study centres

450,451

, with the appropriate data

governance and ethical approvals in place. The scope of data captured automatically
through current means is limited in terms of medical outcomes, with patient-reported
outcomes such as pain, fatigue and wellbeing not able to be fully captured. Incorporating
patient-reported outcomes into electronic devices is, therefore, often vital 447,450. However,
this increases the likelihood of missing data through differing engagement patterns with
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the electronic software

447,452

. This is particularly relevant given the long time-period

needed to continuously capture changes in these outcomes, which may coincide with
changes or updates to capture technologies. Engagement in the software or even the device
holding the software may be prone to certain selection biases, with older generations less
likely to own smart technology but more likely to engage with e-health applications for
longer periods

447

but may be a preferred option for young people. However, for the

youngest children with JIA, smart technologies are unlikely a feasible approach to
capturing patient-reported outcomes. All options would not capture physician assessment
of disease. Therefore, these technologies cannot currently be used to assess a full range of
factors associated with, or outcomes following, remission in CYP with JIA.
7.5.4 Developing or Selecting a Target for T2T Strategies in JIA
Whilst this thesis cannot confirm an optimal target for T2T strategies in JIA or even if a
T2T strategy would improve outcomes in JIA, the results have implications for their
development. Firstly, more feasible targets do not necessarily result in greater
misclassification in regards to the target state of interest. This was exemplified when
comparing the JADAS and cJADAS, which differ only according to the inclusion or
exclusion of ESR and identified almost 100% of the same CYP. In addition, the inclusion
of greater than 10 joints did not change the group of CYP identified in CID compared with
the 27 or 71 joint counts. This lesser requirement for data collection may aid in recruitment
and analysis of research studies, where lesser burden in placed on patients who enrol, and
on analysts for both trials and observational cohorts in terms of missing data.
For T2T strategies specifically, effectiveness has not yet been demonstrated in JIA.
Therefore, the first step toward using these strategies would be a clinical trial of T2T
versus current standard practice. Since Wallace’s preliminary criteria captures an absence
of inflammation, this may be a simpler initial target for the intervention arm of a trial
focusing on anti-rheumatic therapies, such as MTX and biologics. The caveat would be
that, if applied exactly and a facility to prevent end-point aversion is not explored, a group
of CYP will likely be misclassified as not having achieved the outcome due to end-point
aversion. To avoid the escalation of therapies in CYP clinically indistinguishable from
those with no inflammation, the PGA score as part of Wallace’s preliminary criteria should
be set at a higher value than 0.0cm, for example 0.5cm.
A head-to-head trial may then be warranted with one arm targeting CID using Wallace’s
preliminary criteria and the other cJADAS10 to determine whether specifically targeting
one definition of CID associates with a) faster achievement of CID and b) better outcomes.
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This trial would, however, require the use of additional therapeutic options, such as
physiotherapy, psychology and occupational health support, perhaps even with specific
guidelines as to when to engage with these services. This would need to be adequately
resourced as part of the trial. If needed, changes to resource allocation may then be
necessary, such as greater funding for pain clinics. In addition, further trials would be
needed on methods to discontinue medication whilst preventing disease flares after the
states of CID have been achieved.
The discussed strategies, however, are only applicable to CYP with oligoarticular or
polyarticular disease. Patients with the rarer ILAR categories, systemic, enthesitis-related,
psoriatic and undifferentiated JIA, currently have few or no published criteria including the
main features of their disease. Strategies additionally targeting the extra-articular features
of these rarer categories would also, therefore, require trialling.
7.5.5

Extensions to Current Work using CAPS Data: Predictors of
Remission

Few clinical factors at initial presentation to paediatric rheumatology associated with the
achievement of CID within three years. Further work may therefore focus on genetic
predictors in addition to ‘omics data such as transcriptomic or proteomic data, which, as
previously discussed, have rarely been investigated. Care will need to be taken to minimise
the risk of ‘the risk factor paradox’ or ‘collider stratification bias’, whereby susceptibility
factors appear to not associate with, or protect against, poor outcomes

453

. Such research

should look beyond studying the effects of biomarkers already known to be associated
with disease occurrence as there may be other biomarkers which influence disease severity
after the disease has started, including factors which influence response to treatments.
Further clinical factors may also prove predictive of CID than those identified in this
thesis. Whilst a large cohort of CYP was able to be studied, the limited number of CYP
achieving the outcomes of interest limited the number of factors that could be considered
as predictors. CAPS continues to recruit and follow CYP. Thus, in time, additional
predictors may be explored, such as psychosocial health and illness perception,
inflammation in specific joints and biomarkers such as ANA and RF in addition to
imaging results. Further research, potentially using other datasets, is needed to explore the
impact of different therapeutic pathways, response to treatment as well as adherence to
treatment.
Finally, the creation and validation of a robust prediction model for remission in JIA
would allow the probability of remission for a given CYP to be gained in a clinical setting.
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The model could be used to decide if more aggressive treatment strategies are warranted
where low probabilities of achieving remission are evident. However, to be applicable in
clinical practice, the model must have high predictive ability including explaining the
majority of variance in remission achievement. It must also include items that are feasible
to collect within a short appointment window and indicated in the majority of CYP, whilst
recognising that what is feasible, particular in terms of biomarkers, may change. In
addition, the probabilities must be easily calculable and may therefore involve the use of
an online calculator or a tool built into clinical appointment interfaces.
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8 FINAL CONCLUSIONS
In an era of biologic therapies, the burden of disease activity in JIA is high with the
majority of CYP not achieving remission within the first three years of disease. Early
aggressive treatment strategies may improve this burden, with greater improvements over
the first year following diagnosis associated with achievement of remission. However,
remission definitions for JIA currently identify different groups of CYP depending on
whether an assessment of patient wellbeing is included. This thesis has demonstrated that
wellbeing is key to long-term function and quality of life, with inflammation less
associated with these outcomes. Both inflammation and wellbeing should therefore be
incorporated into the monitoring of remission. Multiple therapeutic interventions would be
needed to target this multifaceted disease state.
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10 APPENDICES

PARENT/GUARDIAN INFORMATION SHEET
VERSION 4, 5th May 2015

1.

Study title

Childhood Arthritis Prospective Study (CAPS)

2.

Invitation paragraph

Your child is being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will involve.
Please take time to read the following information carefully and discuss it with friends,
relatives and your GP if you wish. Ask us if there is anything that is not clear or if you
would like more information. Take time to decide whether or not you wish to take part.
Thank you for reading this.

3.

What is the purpose of the study?

Arthritis in children affects around one in a thousand children. In the majority of cases
the cause is unknown. It is likely that the development of arthritis is related in part to the
child's genetic make-up and in part to other factors such as infection or other illnesses.
The arthritis may go away after some months or years or may persist into adult life. At
the moment we cannot predict which children will recover and which children will have
more long-term problems. The aim of the study is to identify factors that may be
involved in the development of arthritis and to identify factors that may help in the
prediction of the long- term outcome of the illness.
Better understanding of the cause of childhood arthritis may lead to the possibility of
prevention of the illness in future. Better understanding of the course of the illness will
help in choosing the best treatment for children in the future.

4.

Why has my child been chosen?

We are asking all children who have recently developed arthritis to take part in this
study.

5.

Do we have to take part?

Your child does not have to take part in this study. It is up to you to decide whether or
not to take part. Your child's treatment will not be affected if you decide not to take part.
If you do decide to take part you will be given this information sheet to keep and be
asked to sign a consent form. If you decide to take part you are still free to withdraw at
any time and without giving a reason.

Parent/Guardian Information Sheet V4, May 2015

6.

What will happen to my child if he/she takes part?

(i)

The study will begin as part of a normal visit to the Rheumatology Clinic. The
Hospital Consultant will ask patients and parents whether they are happy to take
part in the study. If you agree then the consultant will send your child's name,
address and telephone number to the Research Nurse. The Consultant will also
provide details of your child's illness and treatment as well as the results of any
blood test or X-rays that have been done as part of the hospital visit.

(ii)

With your help the nurse will complete a form about your child's medical history..
You/your child will be asked to complete some questionnaires about how the
arthritis affects your child’s daily activities, their moods and how it affects you. You
will also be asked about any family history of arthritis and related conditions. .
Occasionally, these questions may be posed over the telephone or we may post
the questionnaires to your home. Follow-up questionnaires will be sent to you
approximately once per year, although these may become less frequent as the
study progresses. At this stage we do not know how long in total we will want to
collect this information from you/ your child but in the first instance we imagine this
will be for at least 10 years.

(iii)

Information regarding your child’s health status will also be obtained from the
medical case notes.

(iv) At some point we will ask your child to provide a small blood sample (about one
teaspoon). Blood tests are a necessary part of the management of arthritis in
children. The research blood sample will be taken at a time when blood is also
needed for routine purposes. Therefore there would be no additional discomfort
and no extra risk to the child. If your child does not require a blood sample for
routine clinical purposes he/she will be asked to provide a spit sample. The
procedure will not cause your child any discomfort. Samples will be sent to the
Centre for Musculoskeletal Research Laboratories at the University of Manchester
where genetic material (plasma/cells/DNA/RNA) will be extracted. This will be
stored under secure conditions until the study is complete. The material will only
be used for research into the genetics of childhood arthritis. The exact genes to
be studied cannot be identified now but will include ones we already know are
important in childhood arthritis and ones discovered during the time the study is
being done.
(v)

As part of routine clinical care it may be necessary for your child to have some
fluid removed from a joint and a joint injection. This is often done under general
anaesthetic. The fluid removed is usually thrown away. This fluid may be sent to
the Centre for Musculoskeletal Research laboratories for research purposes. A
small (about 1-2 teaspoons) additional blood sample will be taken at the same time
for research purposes and also sent to Centre for Musculoskeletal Research
laboratories. Both of these samples will be used to try to identify which genes are
causing the joint swelling.

(vi) The Health and Social Care Information Centre (HSCIC) collects statistics on
health outcomes across England in collaboration with the NHS. Examples of this
data include information on any resident of the UK who dies and anybody who
develops a cancer. Researchers can “flag” the names of participants involved in
their research with the HSCIC such that in the rare event one of these health
outcomes occurs, the researchers will be informed. This allows them to have
almost 100% complete information on these rare outcomes. With your permission,
your child’s name would be “flagged” with the HSCIC. This will allow us to study
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very long-term outcomes, far into adulthood, in children who have or have had
arthritis.
Data linkage, the process of linking together two or more streams of data, allows
researchers to make use of routinely collected data (e.g. when a child is admitted
to hospital) that benefits research. With your permission, we would apply to the
Health and Social Care Information Centre to link data from the CAPS study with
hospital data to provide a more detailed picture of the children’s’ health outcomes.
Any personal data used for linkage will be deleted, to avoid identification.

7.

What are the possible disadvantages and risks of taking part?

There is no risk associated with taking part in the study and the only inconvenience is
the time given to complete the questionnaires. As mentioned above, the research blood
sample would be taken at the same time as blood was required for routine testing and
so no additional risk would be involved.

8.

What are the possible benefits of taking part?

The research may not have a direct benefit for your child or the family. However, many
families find it helpful to talk about the illness and the impact that it is having on the life
of the family with someone who is independent (e.g. a Research Nurse).

9.

Will my taking part in this study be kept confidential?

The patient's notes are kept confidential as usual at the hospital. Separate research
records will be kept by the Research Nurse and only those involved in the study will
have access to them. Since this study involves a number of Centres in the United
Kingdom, information about your child will be sent to the Centre for Musculoskeletal
Research at The University of Manchester. Each participant will be given a code
number so that they cannot be identified. All data will be stored on a secure database
that can only be looked at by authorised individuals. The individual results from any
genetic studies will not be provided to the child, the family, the Consultant or any other
organisation or individual. With your permission your child’s GP will be notified of their
participation in the study.

10.

What will happen to the results of the research study?

The results of the study will be presented at scientific meeting and published in medical
journals but, again, no identifying information will be given in these publications.

11.

Who is organising and funding the research?

The research is being funded by the Arthritis Research UK and will be organised by the
Centre for Musculoskeletal Research at Manchester University.
Your child’s consultant will not receive any payment for including and looking after any
Parent/Guardian Information Sheet V4, May 2015

patients in the study.

12.

Who has reviewed the study?

This study has been reviewed by the Northwest Multi Centre Research Ethics
Committee.

13.

Contact for Further Information

If you have any questions about the study please discuss them with Prof. Wendy
Thomson or Dr. Kimme Hyrich at the Centre for Musculoskeletal Research, University of
Manchester. Telephone: 0161 275 5037/5040.
If you wish to take part in this study please complete the Consent Forms which you
have been given and hand them back to your Consultant/Research Nurse or return to
the Centre for Musculoskeletal Research Unit by post.
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Childhood Arthritis
Prospective Study (CAPS)
Information for young children (Guide Age: under 6)
Version 1, 10/02/2010

We would like to ask for your help with our project!
We know that you have arthritis

We want to learn why you have arthritis.

We want to find out how your arthritis
affects you.

We will get this information from the doctors and
nurses you see for your arthritis appointments

You may need to give a small sample of your
blood which will feel like a pin prick, but this
will be taken during your normal hospital visit
IF YOU HAVE ANY QUESTIONS YOU CAN ASK YOUR MUM, DAD OR ONE OF THE PEOPLE TAKING
CARE OF YOU AT THE HOSPITAL.
THANK YOU FOR READING THIS!

Childhood Arthritis
Prospective Study

Information for children (guide age: 6-10)

Version 2, 11/05/2015

We would like to ask you to take part in a research study. Before you
decide, it is important for you to understand what the study is about,
and what will happen to you if you take part. Please read this leaflet
carefully and ask us about anything that you do not understand.
What is the study for?
Arthritis affects about one in a thousand children. We often do not know what has
caused it. In some children arthritis may go away after some months or years or may
persist even when grown up. At the moment it is difficult to say how your arthritis
will affect you. The aim of the study is to find those things that may help predict
how you will do over the long-term. Better understanding of the course of the illness
will help in choosing the best treatment for children in the future.
Why have I been chosen?
You have been chosen because you have recently developed arthritis. You may have
noticed that the joints are swollen or that they may feel painful or stiff.
What information will we collect from you?
The study will collect information about you, your arthritis, medical treatment and
tests, how well you are and how you grow. Some of this information will
come from the team you see for your normal hospital visits and some
forms will be posted to you and your family. This type of study is called
an ‘observational study’ which means that we simply watch what happens
to you -the study does not affect the treatment that you get from your
doctor.
You will also meet a nurse who will ask you and your family some
further questions about you and your arthritis.
We will also keep a very small amount of your blood to be looked at in our
laboratories at the University of Manchester. We will get this when you have normal
tests during your hospital visits, and if you cannot do this we will take a sample of
your saliva (spit).
We may contact you through your doctor in the future as a follow-up to this study.
We may ask you about other research studies that you might be interested in
through your doctor.

Do I have to take part?
You do not have to take part if you do not want to.
If you decide not to take part it will not affect how your doctors treat you.
 If you do decide to take part, and your parents agree, you can sign a form to show
this if you would like to.
You can change your mind at any time without saying why.

The information that we would collect about you will be kept
secret and stored on a computer. We will keep your name locked in
the study office to help check information.

The results of the research will be written about in a medical journal, but not for a
few years. Your doctor will be able to tell you about how the research is going, and
nobody outside the research team will know that your information is included in the
study.
If you have any questions at all you can ask one of the people looking
after you, or contact::
Dr Wendy Thomson at The University of Manchester:
0161 275 5037
wendy.thomson@manchester.ac.uk

The research is funded by the Arthritis Research UK and is based at
The University of Manchester

Thank you for reading this information leaflet. If you do decide to take part in
the study, you will be given a copy of this leaflet to keep.
Information for children (age guide 6-10 years) Version 2, 11/05/2015 (Page 2 of 2)

Childhood Arthritis
Prospective Study (CAPS)
YOUNG PERSON INFORMATION SHEET (Guide age 11-16)
Version 2, 2015-05-11, England
Title of Project: Childhood Arthritis Prospective Study
Name of Main Researcher: Prof Wendy Thomson

 We would like you to take part in a research study.
 Please take time to read this leaflet carefully and discuss it with others if you wish.
 Ask us if anything is unclear, or if you would like more information.
 Take time to decide if you wish to take part.
Thanks for reading this!
What is the purpose of this study?

Arthritis affects about one in a thousand children. In the majority of cases we do not
know what has caused it. It could be related to your genes or to the environment. The
arthritis may go away after some months or years or may persist into adult life. At
the moment we cannot tell who will recover and who will have more long-term problems.
The aim of the study is to identify factors that may be involved in the development of
arthritis and to identify factors that may help predict how you will do over the longterm. Better understanding of the course of the illness will help in choosing the best
treatment for children in the future.
Why have you been chosen?

You have been chosen because you have recently developed an illness called arthritis.
Do I have to take part?

You do not have to take part if you do not want to.
If you decide not to take part it will not affect how your doctors treat you.
If you do decide to take part, and your parents agree, you can sign a form to show
this if you would like to.
You can change your mind at any time without saying why
What information will we collect from you?

The study will collect information about you, your arthritis, medical treatment and
tests, how well you are and how you grow. You will also meet a study nurse who will ask
you some more questions about your arthritis. They may also ask you to complete some
questionnaires. This type of study is called an ‘observational study’ which means that
we simply watch what happens to people - the study does not affect the treatment
that you get from your doctor. We will collect this data for at least the next 10 years
but maybe longer.
We will ask you to provide a small blood sample, which will be taken at a time when
blood is also needed for routine purposes during a regular hospital visit. If you do not
need a blood sample for routine clinical purposes, you will be asked to provide a saliva
sample (we will get you to spit into a small cup).

We may contact you through your doctors about other studies you may be
interested in, or regarding a later follow-up of this study.
We would want to flag you with the NHS Health and Social Care Information
Centre (or their equivalent), which will provide the study with information about
your health status.
We would want to link hospital information about you with information we collect.
Why are you taking my blood, and what will you do with the sample?
The research blood or saliva sample will be sent to the Centre for Musculoskeletal
Research laboratories at the University of Manchester, where the DNA will be extracted. The exact genes to be studied cannot be identified now but will include
ones we already know are important in childhood arthritis and ones
discovered during the time the study is being undertaken. Some of the blood and
saliva samples may be provided to other bona-fide researchers working in the field
for future research of Juvenile Idiopathic Arthritis. You can refuse permission
for this if you want and you can still take part in the study. No identifiable data
would be stored directly with the sample, and the sample will be stored under secure conditions.
What is genetics?
Genetics is the study of genes. DNA is a molecule contained within nearly all your
body’s cells and it contains genes within it. It is our genes that help determine certain
characteristics, such as hair colour and gender as well as the likelihood that we will
develop certain diseases. Genes vary between people and one of the purposes of this
study is to investigate whether variation in genes determines how your arthritis affects you.
Are there any risks to me if I take part?
The study will run alongside your routine arthritis care; it will not influence this process. Therefore, there are no foreseeable risks associated with this study. There
should be no extra risk or additional discomfort when the blood sample is taken for
the study, as this will be taken at a time when blood is also needed for routine purposes during a regular hospital visit.
What are the possible benefits of taking part?
Although there is no clinical benefit gained by participation in the research, the
information obtained from this study may result in changes in future care of patients
with JIA.
What will happen to the results of this study?
The results of the study will be presented at scientific meetings and published in medical journals but no identifying information will be used.
Will anyone know I have been involved with this research?
All information used in the study is kept under secure conditions and is strictly
confidential. Your GP will be informed that you are in the study.
The research is funded by the Arthritis Research UK and is based at the
University of Manchester. If you want to ask about anything please get in touch with Prof
Wendy Thomson at wendy.thomson@manchester.ac.uk or on 01612755037
Thanks for reading this information leaflet. If you do decide to take part in the study,
you will be given a copy of this leaflet to keep and will be asked to sign a consent form.
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Study Number:
Centre Name:

CONSENT FORM FOR PARENTS OR GUARDIANS OF
CHILDREN TAKING PART IN RESEARCH STUDIES
(Version 5 May 2015)
Title of Project: Childhood Arthritis Prospective Study (CAPS)

Name of Researcher
1. I confirm that I have read and understand the information sheet dated............
(version............) for the above study and have had the opportunity to ask
questions.
2. I understand that my child’s participation is voluntary and that I am free to
withdraw them at any time, without giving any reason, without my child’s medical
care or legal rights being affected.
3. I authorise the collection of information (data) from my child’s medical notes for the
purpose of the research study.
4. I agree that I/my child can complete questionnaires about their arthritis for the
purpose of the research study

5. I understand that personal data and sections of my child’s medical notes may be
looked at by responsible people from the research team, individuals from the
University of Manchester, from regulatory authorities or from the NHS Trust,
where it is relevant to my child’s participation in this research. I give permission
for these individuals to have access to my child’s records.

6. I agree that my child can provide the following samples. I understand that the
collected samples, which are gifted to the Centre for Musculoskeletal Research,
will be used to extract materials e.g. cells/DNA/RNA/plasma for genetic studies. I
understand that the nature of the research is to study patterns of genes in large
numbers of individuals and that no results on my child’s genes will be fed back to
me, my child’s doctor or anyone else.
a)

Blood sample

b)

Spit pot

c)

If my child has a joint injection,
any excess joint fluid removed

7. I agree that the samples can be retained at the end of the study as
coded samples.

Parent Consent Form (England) V5 (2015-05-11)

Please
initial
box

Please
initial
box
8. I agree to my child being flagged with the Health and Social Care Information
Centre (HSCIC). I understand that information held and managed by The
Health and Social Care Information Centre and other central UK NHS bodies
may be used in order to help contact me or provide information about my
child’s health status.

9. I authorise the NHS Health and Social Care Information Centre or their
equivalent to disclose to the CAPS research team routine health data
concerning my child’s hospital admissions, diagnosis and treatments. I
authorise this information to be linked to the information held about my child for
the purpose of the CAPS research study, even after incapacity or death.

10. I authorise research findings and datasets containing information about my child
to be made available to other researchers providing that they are anonymised and
that my child cannot be identified.

11. I agree that the consultant will inform my GP about my child’s participation in the
study.

12. I agree to my child taking part in the above study.

13. I agree to information, from which my child may be identified, being held by the
research team at the Manchester University Medical School together with data
collected during the study.

14. I agree that the researchers may contact me with information about other
studies.
________________
Name of Patient

________________
Date

________________
Signature

_________________________
Name of Parent/Guardian

________________
Date

________________
Signature

_________________________
Name of Person taking consent
(if different from researcher)

________________
Date

________________
Signature

________________________

________________

________________

Researcher

Date

Signature

Original copy of consent form retained by centre in site file, with 1 copy to parent/child and 1 copy to
University of Manchester CAPS co-ordinating centre
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Study Number:
Centre Name:

ASSENT FORM FOR CHILDREN TAKING PART IN THE
CAPS STUDY
Title of Project: Childhood Arthritis Prospective Study (CAPS)
Name of Researcher:
Please initial box
1.

I have read and understand the information sheet dated ............................
(version ......)

2.

I have asked all the questions that I want to ask.

3.

I understand that I do not have to take part in the study and that I can stop taking
part at any time without saying why.

4.

I agree to people doing research collecting information from my medical notes.

5.

I agree to fill out forms about my arthritis.

6.

I understand that parts of my medical notes may be looked at by people doing
research.

7.

I understand that a small amount of my blood may be used for research.

8.

I understand that a small amount of my spit may be used for research.

9.

I understand that a small amount of fluid from my joint may be used for research, but
only if being taken for another reason.

10. I agree to researchers linking information from the study with information collected
about any hospital trips, treatment and other medical information about me.

11. I agree to information about me being shared by people doing research as long as they
are not able to tell who I am from it.

12. I agree to take part in the study.

13. I agree to be contacted for future research studies.

CAPS Children’s Assent Form Version 4, 2015-05-11
Original copy to be filed in site file
1 copy for patient; 1 copy sent to co-ordinating centre;

________________________ ____
Name of Patient
Age

____________
Date

__________________________
Signature

_________________________
Name of Person taking assent
(if different from researcher)

________________
Date

__________________________
Signature

_________________________
Researcher

________________
Date

__________________________
Signature

CAPS Children’s Assent Form Version 4, 2015-05-11
Original copy to be filed in site file
1 copy for patient; 1 copy sent to co-ordinating centre;

CAPS
Childhood Arthritis Prospective Study
Baseline Medical Case Notes Form
Study ID

Baseline Date
D D

1

M M

Y Y

Y Y

Baseline Medical Case Notes V.4 March 2010

Study Number:

Section A: Demographic Details of the Child

First Name:

Centre:

Surname:

Study Number:

Gender:
Date of Birth:

Male
DD

Female
MM

Y Y

Hospital Registration Number:
Y Y

Address:

NHS/CHI Number:

Postcode:
Telephone Numbers:
Home:
Work
Mobile

2
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Study Number:
Section B: First Visit to Paediatric Rheumatologist

Date of First Visit:

DD

MM

Y Y

Y Y

Source of referral to paediatric rheumatologist

What Diagnosis did the paediatric rheumatologist make?

GP
A and E
Orthopaedic Surgeon
Paediatrician
Physiotherapist
Other
If other, please specify

ILAR Code:
DD

Date of Recorded Symptom onset:
DD

MM

Y Y

MM

Y Y

Y Y

Date of Referral:

Y Y

What diagnosis did the referring doctor make?

3

Baseline Medical Case Notes V.4 March 2010

Study Number:
Section C: Investigation Results
Please record ANA/CRP/ESR/FBC/Ferritin/HLA-B27 and RF test results from symptom onset up to and including baseline date
(where available)
Test Name

Date of tests

Results

4

Normal Ranges

Baseline Medical Case Notes V.4 March 2010

Study Number:

Please record the following classification/disease features:
Y/N/DK

Date of episode (if known)
DD

MM

Y Y

Y Y

Fever
Does this meet the definition of systemic JIA fever
(i.e. daily for > 2weeks and documented as quotidian
for > 3 days).
Rash
Did the physician record an evanescent (non-fixed)
erythematous rash or systemic rash?
Generalised lymph node enlargement
Hepatomegaly and/or splenomegaly

Serositis

Psoriasis
Family history of psoriasis in at least one 1st degree
relative

5
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Study Number:

Classification/disease features continued:

Y/N/DK

Date of episode (if known)
DD

Nail abnormalities (Pitting or onycholysis)

MM

Y Y

Y Y

Dactylitis

Enthesitis

Sacroiliac tenderness and/or inflammatory spinal pain

Radiological sacroiliitis
Family history of HLA-B27 associated disease in >1
second degree relative
Presence of anterior uveitis (acute or chronic)

History of macrophage activation syndrome

6

Baseline Medical Case Notes V.4 March 2010

Study Number:

Record of any imaging studies (X-rays, MRI, Ultrasound Scan, Bone Scan and DEXA)
(Please send copies of the test results)
Joint/Region

Image Type

Date
D

D

-

M

M

-

7

Result
Y

Y

Y

Y

Baseline Medical Case Notes V.4 March 2010

Study Number:
On the first visit, what treatment for JIA did the paediatric rheumatologist recommend?
(Please tick all that apply)
Ophthalmologist

If yes to Ophthalmology, was that in this hospital

Referral to nurse specialist

Or another hospital

Physio

Hospital name/s

Joint injection
Admission
Splinting
Orthotics
Podiatry
Surgery
Other
If OTHER, please specify

8
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Drug History

Study Number:

Prescribed/recommended DMARD/biologic medication up until date of first visit
and prescribed/recommended medication at first visit to paediatric rheumatologist
Drug

Trade
Name

Date Started

Date Stopped
Route

D

DMARD/ Biologics
Adalimumab/Humira
Anakinra/Kineret
Azathioprine
Chloroquine
Cyclophosphamide
Cyclosporine
Etanercept/Enbrel

If the patient has been prescribed MTX/Biologic or DMARD,
please consider completing the MTX form at this time.

D

-

M

M

-

Y

Y

Y

Y

D

D

-

M

M

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Y

Y

Y

Stop
Reason

Type of
Reaction

Comments

Y

Medication key/instructions
Hydroxychloroquine
Infliximab/Remicade
Leflunomide
Methotrexate (MTX)
Rituximab/Mabthera
Sulphasalazine (SSZ)
Tocilizumab/Roactmera

Code for reason for stopping
1. Adverse reaction. a) skin, b) blood, c) gut, d) renal, e) other
2. Inefficacy
3. Disease remission
4. Planned course complete
5. Lack of adherence
6. Other
7. Still taking drug
9. Serious infection

9
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Has the patient received any oral steroids since symptom onset?
Yes

No

DK

Has the patient received any intra-articular steroid injections prior to, or on
the day, of the first rheumatology visit? (Please record each injection
separately, continue on additional sheet if required)

Is the patient currently taking oral steroids?
Yes

No

Study Number:

DK

Yes
Has patient received any IV steroids since symptom onset?
Yes

No

DK

Yes

No

DD

If yes, date:

Is the patient currently receiving IV steroids?

No
MM

DK
Y Y

Y Y

If yes which joint/s?

DK

Has the patient received any NSAIDs since symptom onset?
Yes

No

DK

Is the patient currently taking NSAIDs?
Yes
Daily

Yes, as required

No

DK

Is the patient currently taking topical treatment for psoriasis?
Yes

Is the patient currently receiving any topical eye treatment?
Yes

No

No

DK

DK

If yes, what type of treatment?
Mydriatic

Steroid

Anti-inflammatory

10
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Study Number:
Height at first paediatric rheumatology visit:

.
Date:

DD

MM

cm
Y Y

Not known

Y Y

Weight at first paediatric rheumatology visit:

.
Date:

DD

MM

Kg
Y Y

Not known

Y Y

Section D: Your details
Today’s date

DD
DD

MM
MM

Y Y
Y Y

Y Y
Y Y

Nurse’s initials
Nurse’s signature
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CAPS
Childhood Arthritis Prospective Study
Nurse's Baseline Form
Study ID

Baseline Date
D D

1

M M

Y Y

Y Y

Nurse’s Baseline Form V.4 March 2010

Section A: Demographic Details of the Child

Study Number:

First Name:
Surname:
Gender:

Centre:
Male
DD

Female
MM

Y Y

Country of birth
Y Y

Date of Birth:
Home
Address:

Postcode:
Telephone Numbers

Are you happy to be contacted by telephone?

Home:

Yes

Work:
Mobile:

No

Are you happy to be contacted by e-mail?
Yes

Email Address:

2

No

Nurse’s Baseline Form V.4 March 2010

Ethnic Group
Choose ONE from sections 1 to 5, then tick the appropriate box to indicate
the child's cultural background

Study Number:

1. White
a. British
b. Irish
c. Any other White background
2. Mixed
a. White and Black Caribbean
b. White and Black African
c. Any other mixed background
3. Asian or Asian British
a. Indian
b. Pakistani
c. Bangladeshi
d. Any other Asian background
4. Black or Black British
a. Caribbean
b. African
c. Any other Black background
In the case of being "Any other ….." In categories 1 to 5,
please insert details here

5. Chinese or other ethic group
a. Chinese
b. Any other ethnic group

3
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Study Number:

Section B: History of Arthritis
Date of onset of joint symptoms

Date first time symptoms were
assessed by a physician

Where?

GP

DD

MM

Y Y

Y Y

DD

MM

Y Y

Y Y

Before being referred to paediatric rheumatology, how many
times did you have to visit …? (Give approximate numbers)
GP surgery

Hospital day unit

A&E

Out-patient clinic

Other:

In-patient ward

Accident & Emergency

Other:
What where the key concerns you had that led you
to take your child to a physician for the first time?

And how many different practitioners did you child see
before paediatric rheumatology? (Give approximate numbers)
GPs

Orthopaedic surgeons

Other:

Paediatricians

Did anyone else suggest to you that your child
might need to see a physician? (tick as appropriate)

Did your child have any of the following before the first
assessment by paediatric rheumatology?

Family member

School teacher

MRI of joint(s)

Health visitor

School nurse

Other:

Nursery nurse

4

Arthroscopy of joint

Nurse’s Baseline Form V.4 March 2010

Study Number:
Section C: Family History
Please list other people living in the same household
Name

Relationship to child

How many siblings does the child have?
Full

Half

Age (if <18)

What is the child’s position in the family?
e.g. 3 out of 7 children (including all siblings)
out of

5
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Study Number:

Section C: Family History continued

Second degree relatives
(Grandparents, uncles, aunts)

First degree relatives
(Parents, siblings)

Please give details of any:
Arthritis
Specify (osteo, inflammatory, unknown)
If inflammatory please indicate in each case if:
Rheumatoid
Arthritis

Psoriatic
Arthritis

Ankylosing
Spondylitis

Reactive
or Reiters

Juvenile

Other

Specify:
_________________

Psoriasis
Diabetes
Specify (IDDM, non-IDDM)
Over or underactive thyroid
Inflammatory Bowel Disease
(i.e. Crohn’s disease or ulcerative
colitis)
Other auto-immune disease
Uveitis (indicate if acute, chronic
or if type not known)

6

Nurse’s Baseline Form V.4 March 2010

Study Number:

Section D: Previous medical history of child
Duration of
Pregnancy

Yes

Immunisation History

37-40 weeks

No

Don’t know

Are all immunisations up to date?

Less than 37 weeks

Did your child have any immunisations in
the 2 months prior to onset of joint
symptoms?

Greater than 40 weeks
Not Known
Yes

No

If yes, what immunisations?

Pregnancy complications
Neonatal complications
If complications, please provide details

Birth weight:

Singleton pregnancy

lb

Was the child breastfed?
If breastfed, for how long?

oz
Not known

.

kg

weeks
Birth length:

Is the child:

cm

Right handed

Ambidextrous

Left handed

Don’t know

7

Not known

Nurse’s Baseline Form V.4 March 2010

Study Number:

Past medical illnesses (tick as appropriate)
Congenital problems:

Y/N/DK

Talipes/Club foot

Down’s Syndrome

Developmental or
Congenital dysplasia hip

22qll (di George)
Other

Other

Details:

Details:

Chronic health problems:
Allergies

Y/N/DK

Genetic problems:

Y/N/DK

Y/N/DK

Childhood infections

Asthma

Chicken Pox

Age

Years

Diabetes Mellitus

Measles

Age

Years

Eczema

Mumps

Age

Years

Allergic Rhinitis

Rubella

Age

Years

Crohn’s Disease/
Ulcerative Colitis
Psoriasis

For girls 10 or older: have they started to menstruate? Yes
DD

Uveitis

If yes, date of first period:

If yes to Uveitis, has this
affected the child’s vision?

Mother’s age at first menstruation?

MM

Y Y

Y Y

Years

Other
Details:

8
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No

Study Number:

Present Treatment
Y/N/DK
NSAID/Anti-Inflammatory
Steroids
DMARD

Y/N/DK
Biologic
(tick as appropriate)
Adalimumab/Humira

(tick as appropriate)

Anakinra/Kineret

Azathioprine

Etanercept/Enbrel

Chloroquine

Infliximab/Remicade

Cyclophosphamide

Rituximab/Mabthera

Cyclosporine

Tocilizumab/Roactmera

Hydroxychloroquine

Other

Leflunomide

Please specify____________________

Methotrexate
Sulphasalazine
Other

Eye drops or topical eye treatment

Please specify______________

9

Nurse’s Baseline Form V.4 March 2010

Study Number:
Section E: Family demographics
For all parents and guardians living in the house,
please
complete
following:
For
income
pleasethe
refer
to the coding beneath. Please only complete income for
those in full time employment
Name:
Occupation:
Income (at time of onset):
Age left full time education:
Completed 6th form (Y/N/DK):
Attended college/university (Y/N/DK):
Has a degree (Y/N/DK):
Income coding
Income
< £10 000
£10 000-£14 999
£15 000-£19 999
£20 000-£24 999
£25 000-£29 999
£30 000-£34 999
£35 000-£39 999
> £40 000
Missing

Code
1
2
3
4
5
6
7
8

9

10
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Study Number:
GP Details
Name
Address

Hospital
Rheumatologist
Section G: Nurse’s Details
Today’s date

DD

MM

Y Y

Y Y

I you think this family are unable to complete the
other forms (CHAQ, CHQ, MFQ, IPQ & GHQ)
due to language difficulties, please tick.

Nurse’s initials
Nurse’s signature
Who provided most of the information on this questionnaire?
What is his/her relationship to the child?

11
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Version 3 – August 2008

Centre:

Study No:

Visit No:

Completed by (please tick):
Mother/Father/Other – If other please give details
including gender:

CHILDHOOD HEALTH ASSESSMENT QUESTIONNAIRE
1990 © Original version Singh G et al. 1998 © Cross-cultural version Woo P, Murray P, Nugent J

THIS FORM IS FOR PARENTS TO COMPLETE
We are interested in learning how your child’s illness affects his/her ability to function in daily life.
Please feel free to add any comments on the back of this page. In the following questions, please
tick the one response which best describes his/her usual activities OVER THE PAST WEEK. ONLY
NOTE THOSE DIFFICULTIES OR LIMITATIONS WHICH ARE DUE TO ILLNESS. If most children at
your child’s age are not expected to do a certain activity, please mark it as ‘not applicable’. For
example, if your child has difficulty in doing a certain activity or is unable to do it because he/she is
too young, but not because he/she is RESTRICTED BY ILLNESS, please mark it as ‘not applicable’.

At the end, please go back and check once again that every item has been answered.
Without
ANY
Difficulty

With
SOME
difficulty

With
MUCH
difficulty

UNABLE
to do































GETTING UP
Is your child able to:
- stand up from a low chair or floor?
- Get in and out of bed ?
















EATING
Is your child able to:
- Cut his/her own meat?
- Lift a cup or glass to mouth?
- Open a new cereal box?





















WALKING
Is your child able to
- Walk outside on flat ground?
- Climb up five steps?
















DRESSING & PERSONAL CARE
Is your child able to:
- Dress, including tying shoelaces and doing
buttons?
- Shampoo his/her hair?
- Remove socks?
- Cut fingernails?

Not
applicable

* Please tick any AIDS or DEVICES that your child usually uses for any of the above activities:
Devices used for dressing

(button hook, zip pull, long-handled shoe horn, etc.)
Walking stick

Walking frame

Built up pencil or special utensils
Crutches

Special or built up chair
Wheelchair

Other ________________________






* Please tick any categories for which your child usually needs help from another person BECAUSE OF PAIN
OR ILLNESS:
Dressing and personal care
Getting up




Eating
Walking




Version 3 – August 2008
Without
ANY
Difficulty

With
SOME
Difficulty

With
MUCH
Difficulty

UNABLE
To do



































































































































HYGIENE
Is your child able to
- Wash and dry your entire body?
- Take a bath (get in and get out)?
- Get on and off the toilet or potty?
- Brush teeth?
- Comb/brush hair?
REACH
Is your child able to:
- Reach and get down a heavy object such
as a large game or books from just above
his/her head?
- Bend down to pick up clothing or a piece
of paper from the floor?
- Pull on a jumper over his/her head?
- Turn neck to look back over shoulder?
GRIP
Is your child able to:
- Write or scribble with pen or pencil?
- Open car doors?
- Open jars, which have been
- previously opened?
Turn taps on and off?
- Push open a door when you have to turn a
door knob?
ACTIVITIES
Is your child able to:
- Run errands and shop?
- Get in and out of a car, toy car or school bus?
- Ride bike or tricycle?
- Do household chores
(eg. Wash dishes, take out rubbish, hoovering)
- Run?

Not
Applicable

* Please tick any AIDS or DEVICES that your child usually uses for any of the above activities:
Raised toilet seat

Bath rail

Bath seat

Long-handled appliances for reach

Jar opener (for jars previously opened)

Long-handled appliances in bathroom

* Please tick any categories for which your child usually needs help from another person BECAUSE
OF ILLNESS:



Hygiene
Reach




Gripping and opening things
Errands and chores

PAIN : We are also interested in learning whether or not your child has been affected by pain
because of his or her illness. How much pain do you think your child has had IN THE PAST WEEK?
Place a mark on the line below, to indicate the severity of the pain
No pain

0

100

Very severe pain

GENERAL EVALUATION: Considering all the ways that arthritis affects your child, rate how he/she is doing
doing by placing a single mark on the line below.

Very well

0

Please tell us the date on which you completed this form

100 Very poor

Date: ……………………………………………………….

Child Health Questionnaire CHQ-PF50
Centre:
Study No:
Visit No:

Completed by (please tick):
Mother/Father/Other – If other please give details
including gender:

Version 3 – August 2008
CHILD HEALTH QUESTIONNAIRE (For children five years or older)
Parent report
CHQ-PF50

This booklet asks about your child’s health and well-being. Your individual answers
will not be shared with anyone. If you choose not to participate it will not affect
the care your child receives.

Answer the questions by marking one of the appropriate boxes. Certain questions
may look alike, but each one is different. Some questions ask about problems your
child may not have, but it’s important for us to know that too. Please answer every
question. There are no right or wrong answers, just choose the response that you
think fits your situation best.

If you are unsure how to answer a question, please give the best answer you can and
make a comment in the margin. All comments will be read, so please feel free to
make as many as you wish.

At the end, please go back and check once again that every item has been
answered.
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Child Health Questionnaire CHQ-PF50

Please tell us the date on which you completed this form

Date:

SECTION 1: YOUR CHILD’S GENERAL HEALTH
1.1 In general, would you say your child’s health is:

Excellent


Very good


Good


Fair


Poor

SECTION 2: YOUR CHILD’S PHYSICAL ACTIVITIES
The following questions ask about physical activities your child might do during a day.
2.1 During the past 4 weeks has your child been limited in any of the following activities due to health problems?
Yes,
Yes, limited
Yes, limited
limited a
somewhat
a little
lot
a. Doing things that take a lot of energy, such as playing football or



netball, running?
b. Doing things that take some energy such as riding a bike or roller



skating?
c. Ability (physically) to get around the neighbourhood, playground or



school?
d. Walking 100 metres or climbing one flight of stairs?



e. Bending, lifting or stooping?



f. Taking care of him/herself, that is, eating, drinking, dressing, bathing,



or going to the toilet?

No, not
limited







SECTION 3: YOUR CHILD’S EVERYDAY ACTIVITIES
3.1 During the past 4 weeks, has your child’s schoolwork or activities with friends been limited in any of the following ways due to
EMOTIONAL difficulties, or problems with his/her behaviour?
Yes,
Yes, limited
Yes, limited
No, not
limited a
somewhat
a little
limited
lot
a. Limited in the KIND of schoolwork or activities with friends he/she




could do
b. Limited in the AMOUNT of time he/she could spend on schoolwork




or activities with friends
c. Limited in PERFORMING schoolwork or activities with friends (it




took extra effort)
3.2 During the past 4 weeks, has your child’s schoolwork or activities with friends been limited in any of the following ways due to problems
with his/her PHYSICAL health?

a. Limited in the KIND of schoolwork or activities with friends he/she
could do
f. Limited in the AMOUNT of time he/she could spend on schoolwork
or activities with friends

Yes,
limited a
lot

Yes, limited
somewhat

Yes, limited
a little

No, not
limited

















SECTION 4: PAIN
4.1 During the past 4 weeks how much bodily pain or discomfort has your child had?




None
Very mild
Mild
Moderate
4.2 During the past 4 weeks, how often has your child had bodily pain or discomfort?

None of the time


Once or twice


A few times


Fairly often
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Severe


Very severe


Very often


Every/almost
every day

Page 2 of 4

Child Health Questionnaire CHQ-PF50
SECTION 5: BEHAVIOUR
Below is a list of items that describe children’s behaviour or problems they sometimes have.
5.1 How often during the past 4 weeks did each of the following statements describe your child?

a. Argued a lot?

Very
often

Fairly
often

Some-times

Almost
never

Never



















































b. Had difficulty in concentrating or paying attention?
c. Not told the truth?
d. Taken things which didn’t belong to them?
e. Had tantrums or a hot temper?
5.2 Compared to other children your child’s age, in general would you say his/her behaviour is:

Excellent


Very good


Good


Fair


Poor

SECTION 6: WELL-BEING
The following are about children’s moods.
6.1 During the past 4 weeks how much of the time do you think your child:

a. Felt like crying?

All of
the time

Most of
the time

Some of
the time

A little
of the
time

None
of the
time



















































b. Felt lonely?
c. Acted nervous?
d. Acted bothered or upset?
e. Acted cheerful?
SECTION 7: SELF ESTEEM
The following ask about your child’s satisfaction with self, school and others. It may be helpful if you keep in mind how other children your
child’s age might feel about these areas.
7.1 During the past 4 weeks how satisfied do you think your child has felt about:
Very
satisfied

Somewhat
satisfied

Neither
satisfied nor
dissatisfied

Somewhat
dissatisfied

Very
dissatified





























































a. His/her school ability?
b. His/her athletic ability?
c. His/her friendships?
d. His/her looks/appearance?
e. His/her family relationships?
f. His/her life overall?
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SECTION 8: YOUR CHILD’S HEALTH
The following statements are about health in general.
8.1 How true or false is each of these statements for your child?
Definitely
true
a. My child seems to be less healthy than other

children I know
b. My child has never been seriously ill

c. When there is something going around my child

usually catches
d. I expect my child will have a very healthy life

e. I worry more about my child’s health than other
people worry about their children’s health

Mostly true

Don’t know

Mostly false

Definitely
false











































8.2 Compared to one year ago, how would you rate your child’s health now?

Much better now than
one year ago


Somewhat better now
than one year ago


About the same now as
one year ago


Somewhat worst now than
one year ago


Much worse now
than one year ago

SECTION 9: YOU AND YOUR FAMILY
9.1 During the past 4 weeks how MUCH emotional worry or concern did each of the following cause YOU?
None at
A little
Someall
bit
what
a. Your child’s physical health?



b. Your child’s emotional well-being or behaviour



c. Your child’s attention or learning difficulties?




A lot

A great
deal













9.2 During the past 4 weeks were you LIMITED in the amount of time YOU had for your own needs because of:
Yes,
Yes,
Yes,
No, not
limited
limited
limited a
limited
a lot
somewhat
little
a. Your child’s physical health?




b. Your child’s emotional well-being or behaviour

















Very
often

Fairly
often

Sometimes

Almost
never

Never





























































c. Your child’s attention or learning difficulties?
9.3 During the past 4 weeks how often has your child’s health or behaviour:
a. Limited the types of activities you could do as a family?
b. Limited various everyday family activities (eating meals, watching
TV)?
c. Limited your ability as a family to ‘get up and go’ on a moment’s
notice?
d. Caused tension or conflict in your home?
e. Been a source of disagreements or arguments in your family?
f. Caused you to cancel or change plans (personal or work) at the last
minute?

9.4 Sometimes families may have difficulty in getting along with one another. They do not always agree and they may get angry. In general,
how would you rate your family’s ability to get along with one another?

Excellent


Very good


Good
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Fair


Poor
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