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Chasing crystals out of the body:
will treat to serum urate target
for gout help us get there?
Jasvinder A Singh,1,2,3 Till Uhlig4,5

In this issue of the journal, Kiltz et al pub-
lished the treat-to-target (T2T) recom-
mendations for gout,1 based on a
systematic literature review (SLR) using
standard methodology based on Oxford
Center for Evidence-based Medicine
system and the AGREE criteria.2 3 The
expert group developed nine T2T recom-
mendations for gout management.

Key T2T recommendations were that
serum urate (sUA) should be lowered and
maintained at <6 mg/dL (<360 mmol/L)
in all patients with gout (high-level evi-
dence) and at <5 mg/dL (<300 mmol/L)
in those with severe gout (including tophi
or frequent attacks; expert opinion).
Inherent to achieving target sUA was the
recommendation that sUA should be mea-
sured regularly in patients with gout
(moderate-level evidence), so that urate-
lowering therapy (ULT) dose adjustment
can be guided by the sUA level.1 An
updated literature review of T2T strategies
in gout identified is a lack of randomised
trials that have tested the T2T strategy for
gout versus other approaches. The panel
also agreed that an appropriate strategic
approach to treatment of asymptomatic
hyperuricaemia needs to be developed,
but lack of evidence prevented the group
from making a recommendation regarding
a treatment target different than the one
recommended for gout.

These recommendations and gout treat-
ment guidelines4–6 already support a T2T
tactic in gout with a goal of sUA target of
<6 mg/dL (<360 mmol/L) in all patients
with gout and <5 mg/dL (<300 mmol/L)
in patients with tophaceous or severe gout.
Thus, the T2T recommendations for gout
in this article1 are consistent with the

previous recommendations/guidelines for
the treatment of gout.4–6

Although consisting primarily of
rheumatologists, the group ought to be
congratulated for putting together a multi-
stakeholder team including an internist,
nephrologist, cardiologist and a patient.
Inclusion of various stakeholders, and not
only gout researchers, allows for a richer dis-
cussion that goes beyond only one point of
view or belief. This inclusive and thoughtful
approach also improves the likelihood that
this guidance will be taken seriously by prac-
titioners other than rheumatologists.
Some differences in the perceptions

related to ULT dosing and target sUA
achievement have been noted by patient
and physician characteristics.7 8 Previous
research has suggested that use of anti-
inflammatory prophylaxis at the initiation
of ULT (to prevent acute gout flares) is
more common if the provider of gout
care is a rheumatologist versus a non-
rheumatologist.7 Studies of current prac-
tice also show that the achievement of
target sUA, a key gout outcome, occurs in
a low proportion of patients with gout,
ranging from 20%7 to 33%9 to 44%10 in
various studies. This is primarily due to
the lack of knowledge among providers
and patients regarding the importance of
ULT dosing and achievement of target
sUA.11–14 Is the patient more likely to
achieve target sUA if the provider of gout
care is a rheumatologist? This is an
important question to answer since the
majority of patients with gout in the USA
and worldwide are managed by non-
rheumatologists (primary care physicians
and other specialists). If a difference exists
by provider specialty, new programmes
and care paradigms could be designed to
improve access to specialty care, train
primary care physicians regarding the
appropriate use of ULT or have nurse- or
pharmacist-led programmes.
A recent UK study has shown that a

nurse-led programme in a rheumatology
clinic consisting of education, individua-
lised lifestyle advice and appropriate ULT
helped >90% patients with gout from
primary care practices to achieve target
sUA <6 mg/dL during a 12-month
follow-up.15 Another randomised trial in

California showed that the success rate of
target sUA at 26 weeks was significantly
higher in patients who received informa-
tion by phone through a pharmacist
versus usual care.16 Thus, care by a spe-
cialist and/or targeted programmes that
include patient education or intensive fre-
quent monitoring can improve our ability
to achieve target sUA in gout.

A T2T approach for any chronic disease
could be challenging. Despite many years
of educational efforts, clinicians continue to
manage gout suboptimally. A comprehen-
sive strategy with regular monitoring for
sUA level, adverse events, pain and quality
of life of patients may be essential for a suc-
cessful T2Tapproach in patients with gout.

THE IMPORTANCE OF SUA TARGET:
CHASING THE CRYSTALS
The target recommended for all patients
with gout is sUA <6 mg/dL (<5 mg/dL for
tophaceous gout or severe gout with fre-
quent flares), according to the current
treatment recommendations and this con-
sensus statement.1 This sUA target achieve-
ment is based on the saturation point for
monosodium urate since achievement of
target sUA <6 mg/dL has been shown to
lead to dissolution of crystals,17 as well
lower risk of gout flares, tophi and
medical care costs.18–21 A higher sUA is
associated with a higher risk of gout
flares,18–21 which present with severe pain
and reduction of health-related quality of
life (HRQoL).22 23 This makes sUA a bio-
marker that has high clinical relevance.
This is not surprising since hyperuricaemia
is the underlying biological abnormality in
gout and pathophysiological links of
hyperuricaemia with urate crystals and
crystal-associated inflammation have been
established. Thus, the T2T strategy with a
sUA target of <6 mg/dL (<360 mmol/L)
recommended in the current publication1

may help to achieve desirable short- and
long-term outcomes in gout, such as lower
gout flare rates, less emergency room visits
and better work/at-home productivity.
Challenges of implementation of this
strategy must be considered since ULT
non-adherence and non-persistence are
well documented.24 25 A T2T strategy is
unlikely to succeed in the absence of
effective interventions to lower rates of
ULT non-adherence and non-persistence.

One might argue that a simple cut-off
threshold for sUA is arbitrary, and more
research is needed to further support this
threshold. However, ample evidence
already exists that this sUA threshold is
related to improvement of several import-
ant outcomes, from patient and societal
perspectives.17–21 sUA levels differ by
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gender and age in the population. It is
possible that a different sUA cut-off/target
that is more specific for gender, race or
underlying comorbidities may emerge in
the future. One study of particular interest
in this field is the Stop Gout Flare study
funded by the US Department of Veterans
Affairs (VA), a trial that is about to start
enrolling. This 4-year randomised,
double-blinded, placebo-controlled non-
inferiority trial will assess the comparative
effectiveness of allopurinol with febuxo-
stat in patients with gout and hyper-
uricaemia (sUA >6.8 mg/dL), using
appropriately titrated doses and a T2T
approach to achieve sUA goal of
<6 mg/dL.26 While the study will not
compare a T2T approach to usual care, it
will compare the two most commonly
used ULTs and will fill an important
knowledge gap regarding the real-world
comparative effectiveness of the two most
used used ULTs in gout.

The deposition of urate crystal in joints
and tendons occurs very early during
disease course in gout27 and tophi are an
important outcome in gout. Just as we are
concerned about radiographic damage in
rheumatoid arthritis, an aim in gout
treatment is to show that urate crystal
deposits resolve by a T2T approach.28 A
Norwegian observational study is under-
way to examine the ultrasonography and
dual energy CT features of patients with
gout undergoing ULT using a T2T
approach with monthly evaluations with
adjustment of dosage if the sUA target is
not yet achieved.

Cardiovascular outcomes are more fre-
quent in several inflammatory rheumatic
conditions. Patients with gout frequently
have cardiovascular and renal comorbid-
ities.29 With an improved understanding of
multisystem effects of hyperuricaemia on
heart and kidneys, evidence is emerging
for a beneficial effect of ULT on
cardiovascular and renal outcomes,30–32

even in patients without definite gout.
Several ongoing studies will address these
questions regarding additional non-
musculoskeletal benefits of ULT.33 34 One
important knowledge gap that also needs
to be addressed is whether reaching target
sUAwill prevent gout flares and ameliorate
the cardiovascular and renal outcomes.

COULD THERE BE UNANTICIPATED
HARMS OF T2T APPROACH IN GOUT?
Even the most promising treatment
approaches need careful study. This
applies to T2T approach in gout as well.
The most obvious potential harm of a
T2Twith an aggressive ULT titration strat-
egy might be more gout flares in the first

few months of ULT initiation. Suboptimal
treatment with ULT can also lead to more
flares. How many more gout flares during
the first weeks or months would T2T
versus usual care yield? Could these add-
itional gout flares with T2T in the first
few months of ULT therapy be prevented
with the guideline-recommended con-
comitant anti-inflammatory prophylaxis
with colchicine or non-steroidal anti-
inflammatory drugs?4–6 We do not have
definitive answers to these questions,
although observational data suggest that
prophylaxis is likely effective.
Unanticipated challenges and harms might
emerge with a widespread implementation
of T2T strategy. Therefore, we need well-
designed prospective studies and trials
that can address the balance of benefits,
potential harms (flares and other unantici-
pated harms) and patient burden (cost and
frequent visits) for a T2T approach versus
usual care in gout. An assessment of pre-
ferences of patients and additional burden
versus benefits of patients associated with
this approach become key considerations
for implementation of this approach.
Potential harms would also be an issue

if we consider treating patients after their
first gout attack, as per the updated
European League Against Rheumatism
gout recommendations4 and the Swedish
drug administration.35 If we become more
aggressive in the treatment of gout at an
early stage of the disease with a goal of
preventing its future consequences, then
we need to study benefit/harms/cost
balance of an aggressive approach com-
pared with delaying the initiation of treat-
ment with ULT

RESEARCH GAPS
Despite a tremendous growth in gout
research in the recent decades, several
important questions remain. We raised
these questions throughout this editorial
as knowledge gaps that need to be
addressed with future research. Additional
key research questions are: What is the
risk-benefit-cost balance of T2T versus
usual care approach in gout? Does this
balance vary by the severity of gout,
patient characteristics, comorbidity load
and by the type of ULT (generic such as
allopurinol vs febuxostat, a non-generic
more expensive drug)? Is T2T an initial
goal or a life-long target? Should T2T
definition incorporate patient-reported
(PROs) and/or patient-relevant outcomes?
Once sUA target is achieved, how fre-
quently should sUA be monitored? Can
PROs be surrogates for sUA target once
T2Tapproach has succeeded?

THE TAKE HOME MESSAGE
This article highlights not only the recom-
mendations regarding T2T in gout, but
also the evidence and evidence gaps in
this area, and the importance of sUA mon-
itoring and ULT dosing in patients with
gout. For far too long, patients with gout
have not been treated optimally7 25

despite the availability of effective and
safe ULTs, including the traditional ULTs
such as allopurinol, uricosurics (probene-
cid, benzbromarone) and new additions
including febuxostat, pegloticase and lesi-
nurad. It is about time that we, healthcare
providers, learn to use the already avail-
able therapies for gout effectively, practice
evidence-based medicine and discard
myths and wrong perceptions related to
ULT dosing and rare associated harms.
This will give gout the respect it deserves.
It is painful to see that patients with gout
continuing to suffer due to suboptimal
management of their illness despite all the
therapeutic options we have at our dis-
posal, most of which are widely available
as generic, low-cost drugs worldwide. We,
as healthcare providers, need to treat gout
appropriately and reduce its negative
impact on quality of life of our patients. If
we do, more patients with gout will
experience disease remission and enjoy
optimal quality of life and functional
ability as their counterparts without gout.
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EXTENDED REPORT

Treat-to-target (T2T) recommendations for gout
U Kiltz,1 J Smolen,2 T Bardin,3 A Cohen Solal,4 N Dalbeth,5 M Doherty,6 B Engel,7

C Flader,1 J Kay,8 M Matsuoka,9 F Perez-Ruiz,10 G da Rocha Castelar-Pinheiro,11

K Saag,12 A So,13 J Vazquez Mellado,14 M Weisman,15 T H Westhoff,16

H Yamanaka,17 J Braun1

ABSTRACT
Objectives The treat-to-target (T2T) concept has been
applied successfully in several inflammatory rheumatic
diseases. Gout is a chronic disease with a high burden
of pain and inflammation. Because the pathogenesis of
gout is strongly related to serum urate levels, gout may
be an ideal disease in which to apply a T2T approach.
Our aim was to develop international T2T
recommendations for patients with gout.
Methods A committee of experts with experience in
gout agreed upon potential targets and outcomes,
which was the basis for the systematic literature search.
Eleven rheumatologists, one cardiologist, one
nephrologist, one general practitioner and one patient
met in October 2015 to develop T2T recommendations
based on the available scientific evidence. Levels of
evidence, strength of recommendations and levels of
agreement were derived.
Results Although no randomised trial was identified in
which a comparison with standard treatment or an
evaluation of a T2T approach had been performed in
patients with gout, indirect evidence was provided to
focus on targets such as normalisation of serum urate
levels. The expert group developed four overarching
principles and nine T2T recommendations. They
considered dissolution of crystals and prevention of flares
to be fundamental; patient education, ensuring
adherence to medications and monitoring of serum urate
levels were also considered to be of major importance.
Conclusions This is the first application of the T2T
approach developed for gout. Since no publication
reports a trial comparing treatment strategies for gout,
highly credible overarching principles and level D expert
recommendations were created and agreed upon.

INTRODUCTION
Gout is caused by deposition of monosodium urate
(MSU) crystals within joints in the setting of
chronic hyperuricaemia.1 It affects 1%–2% of
adults in developed countries and is the most
common type of inflammatory arthritis worldwide.
Epidemiological data are consistent with a rise in
the prevalence and incidence of gout.2 3 Nutrition
and genetic polymorphisms of renal transporters of
urate and other genes seem to be the main causal
factors of primary gout. Gout and hyperuricaemia
are associated with hypertension, diabetes mellitus,
metabolic syndrome and renal and cardiovascular
diseases.1 4 5 There is a strong link between gout
and increased risk of death from all causes and

cardiovascular diseases.6 The economic burden of
gout is considerable.7

Gout is a common clinical problem encountered
by both general and specialist clinicians. The key
principles of gout management include establishing
a definitive diagnosis, treating acute attacks
promptly and using urate-lowering therapies (ULTs)
appropriately to dissolve MSU crystals to eventually
prevent further attacks and joint damage. When
serum urate concentrations are lowered below the
saturation point of MSU, new crystal formation is
prevented, existing crystals dissolve and gout can
be cured. The ‘gold standard’ diagnostic test for
gout remains the identification of MSU crystals by
polarised light microscopy in synovial fluid cells or
in a tophus.8

Non-steroidal anti-inflammatory drugs (NSAIDs)
and colchicine remain the most widely recom-
mended systemic drugs to treat acute attacks.9 10 In
some patients, especially those with comorbidities
that preclude NSAID use, oral glucocorticoids
(GCs) may represent an alternative. Joint aspiration
and injection of GC is recommended where feas-
ible, as in most hospital settings.11–13 Patient educa-
tion, appropriate advice regarding lifestyle and
treatment of comorbidities are important in the
management of patients with gout.14

Many different recommendations on the man-
agement of gout have been published over the last
decades.11–13 15–18 However, major questions, as
discussed below, remain.19–22

In many areas of medicine, such as diabetes care
or cardiology, clear therapeutic targets have been
defined and the continuous effort to reach these
targets is standard practice.23–28 More recently,
treatment targets have also been advocated for
rheumatoid arthritis (RA), spondyloarthritides
(SpA) including psoriatic arthritis (PsA) and sys-
temic lupus erythematosus, namely remission or
low disease activity.29 30 These recommendations
have been based on insights gained from systematic
literature reviews (SLRs) of clinical trials.31 32 The
successful application of a treat-to-target (T2T)
strategy in a rheumatologic disease was first
reported in RA and subsequently in PsA.33 34

Much less information is currently available
regarding the value of defining therapeutic targets
for gout. Despite recently published treatment
recommendations11–13 15 17 18 and some scientific
and therapeutic advances, such as the approval of
the first selective urate transporter inhibitor, a
variety of challenges, such as preventing recurrence
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of attacks, remain when considering the current management of
patients with gout. These challenges exist, in part, because a
clear therapeutic target and strategies to reach such a target have
not yet been defined optimally. To improve the management of
gout in clinical practice, a core group was convened to discuss
and develop consensus recommendations aimed at defining a
treatment target and initiate a T2T programme for gout.

METHODS
Five rheumatologists from Europe and North America with
expertise in gout met in Athens in April 2014 and agreed on the
need to develop T2T recommendations for gout. A steering
committee was established, comprised of rheumatologists who
were identified based upon their expertise in gout, experience in
developing treatment recommendations, publication record and
participation in clinical trials of novel therapies for gout.
Through face-to-face discussions and email communications,
they agreed to use a four-step methodology:
(i) define treatment targets and outcomes
(ii) perform a systematic literature review (SLR)
(iii) evaluate the findings of the SLR within the steering

committee
(iv) develop final recommendations for T2T for gout with a

larger task force.
Definition of target and outcomes: The steering committee
determined potential targets and outcomes by email communi-
cation. There was no limitation to the number of targets and
outcomes that could be proposed. Each target and outcome was
then voted upon by email communication using a Delphi
method; those that were supported by at least 75% of the
members were accepted.
Systematic literature review: Search terms for the SLR were for-
mulated based on the PICO (participant intervention, control,
outcome) system, taking into account the targets and outcomes
(see online supplementary table S1). Authors UK and CF per-
formed the SLR using Medline, EMBASE and Cochrane, focus-
ing on strategy trials in which therapeutic adjustments were
made according to prespecified timelines and/or prespecified
endpoints. Detailed inclusion and exclusion criteria and the list
of search strings are shown in online supplementary tables
S1 and S2. All English language human studies were evaluated
based on an iterative process with screening of titles, followed
by screening of abstract and completed by a full-text review. The
results of the SLR were graded for the level of evidence pro-
vided by the Oxford Centre for Evidence-Based Medicine on a
scale of 1–5.35 We did not exclude studies based on quality.
Evaluation: The findings of the SLR were presented to the steer-
ing committee at a meeting in Herne, Germany, in June 2015.
On this basis, the steering committee formulated a provisional
set of recommendations according to European League Against
Rheumatism standardised operating procedures fulfilling the
AGREE criteria.36 37 The level of evidence and strength of each
recommendation were determined and categorised as A
(highest) to D (lowest) on the basis of the SLR. The preliminary
recommendations were distributed to the international task
force, which consisted of gout experts from North America,
South America, Europe, Oceania (New Zealand) and Asia; a
nephrologist, a cardiologist, a general practitioner and a patient
with gout.
Development of final recommendations: The international mul-
tispecialty task force met in Herne, Germany, in October 2015,
to discuss the T2T approach in detail and develop the final
recommendations. The background of the T2T approach was
discussed and the preliminary recommendations developed by

the steering committee were presented. These were reformu-
lated and reordered, until each recommendation received a
majority of at least 75% of the votes by using a nominal consen-
sus technique. After the face-to-face meeting, the final recom-
mendations were circulated by email to the entire task force for
final comments. Only suggestions intended to improve the
clarity of wording or to address redundancies were considered;
no changes to the content were allowed at this point. The task
force then voted by email on the level of agreement with each
recommendation using a numerical rating scale of 0–10, with
the highest value indicating the greatest level of agreement.

RESULTS
Definition of target and outcomes: Six possible treatment
targets and five possible outcome domains were identified by
the steering committee (table 1). The final list includes four
targets and three outcomes about which a SLR should be
performed.
Systematic literature review: Of the initial 761 papers retrieved,
55 were selected for full-text review. No randomised trial was
identified in which a T2T approach had been evaluated in com-
parison with standard treatment (flow chart in online supple-
mentary figure S1 illustrates the selection process). However,
there was indirect evidence that optimal therapeutic approaches
help to control the disease.38–42 The investigators showed that
control of serum uric acid levels (SUA) is optimised by providing
patient education, enhanced telephone access to expert advice,
upward titration of allopurinol, febuxostat or benzbromarone
and increased frequency of visits until the target SUA concentra-
tion was achieved.14 Other urate-lowering agents, such as lesi-
nurad, might also be used but strategy trials employing these
drugs were not identified in the SLR. Successful reduction of
SUA levels by upward titration of ULT, but without prescheduled
therapeutic adaptation processes, has been demonstrated in
many other trials.38–40 43 44 Patients with gout exhibited a
higher velocity of tophus size reduction when reaching a serum
urate concentration below the saturation point of MSU early
and maintaining that level.39 45 46

Table 1 Voting on treatment targets and outcomes

Agreement* (%) Accept

Treatment targets

Serum urate level 90 Yes

Time to resolution of inflammation 40 No

Amount/reduction/absence of tophi
(burden of deposition)

90 Yes

Pain reduction 90 Yes

Prevention/absence of attacks 100 Yes

Adherence to medication 60 No

Outcome

Clinical: Pain, joint count, number of attacks/year 100 Yes

Laboratory: Serum urate level, CRP, ESR, serum
creatinine

90 Yes

Functional: SF-36 (physical component score) 60 No

Imaging: Radiographs (specific signs), ultrasound
(tophi), dual energy CT (urate deposition)

60 No

PRO: QoL, SF-36, work status, productivity, work
days off, absenteeism/presenteeism

80 Yes

*10 members of the steering committee voted.
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PRO, patient-reported
outcomes; QoL, quality of life; SF-36, short-form 36.
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Significant discussion also focused on asymptomatic hyperuri-
caemia. Although intervention to treat severe asymptomatic
hyperuricaemia has been recommended in Japan,47 there is
inadequate evidence to support its appropriateness. The task
force members agreed that it could be valuable to develop an
appropriate strategic approach to the treatment of asymptomatic
hyperuricaemia. However, they concurred that there is no evi-
dence to suggest that the treatment target for asymptomatic
hyperuricaemia should be any different than that for gout.
Evaluation: Based on the SLR, preliminary recommendations
(three overarching principles and eight recommendations) were
formulated by the steering committee.
Recommendations: The preliminary recommendations were
reformulated and reordered by the task force during a meeting
in October 2015, yielding four overarching principles and nine
recommendations. The final consensus recommendations are
listed in table 2 and discussed in detail below.

Overarching principles
Since gout is a potentially curable disease, the central guiding
principles are to reduce serum urate levels and to maintain a
target serum urate level. To achieve these goals, patients must be
educated completely about the disease and should participate in
the decision-making process. The overarching principles, which
are listed in table 2, address the following aspects:
A. Gout as a chronic and serious disease that can be treated

effectively.6

B. The importance of reducing and maintaining serum urate
below a defined target.

C. The requirement for patient education about all aspects of
the disease and for shared decision-making with the
patient.14

D. The need for long-term adherence to urate-lowering therapy.

Recommendations
The main points discussed were as follows:
(i) Both providers and patients should be educated about the

disease and its treatment.

(ii) Patients and healthcare providers should make treatment
decisions together.

(iii) The primary treatment approach is to reduce and maintain
serum urate at a level sufficient to effect dissolution of MSU
crystals.

(iv) Modifying lifestyle and monitoring renal function are
important.

It was decided to not differentiate between ‘acute’ and
‘chronic’ gout, since both belong to the spectrum of a single
disease.

All recommendations are presented in table 2 together with the
level of supporting evidence, the strength of the recommendation
and the level of agreement. Of note and in line with the SLR, the
level of evidence was low (D) for most of the recommendations.
This lack of evidence supporting how best to treat gout likely is
one of the main reasons why it is often difficult to treat the disease
successfully and especially to maintain patients free of disease
activity over the long term. In the presence of comorbidities, such
as renal impairment, the aim of low disease activity is much more
complicated to reach which was the basis to recommend assess-
ment of renal function on a regular basis. It also provides the basis
for the research agenda, since much more information is needed
to develop highly valid treatment recommendations.

Interestingly and despite the low level of evidence, there was
a very high level of agreement among task force members, with
six of the nine recommendations achieving agreement levels of
9.5 or more on a 10-point scale. This suggests that the experts
from different fields and the patient with gout on the task force
were quite convinced of the validity of the statements. Only rec-
ommendation #5, which deals with prophylaxis, had a lower
level of agreement (8.3). This lower level of agreement was due
to the absence of prospectively acquired data regarding the
appropriate duration of prophylaxis.

A research agenda was also developed (table 3). It was
decided to re-evaluate the current proposals at a future meeting
attended by several stakeholders, including more patients.
Therefore, the present recommendations should be regarded as
a basis for further discussion and amendment.

Table 2 Recommendations to treat-to-target gout

LoE GoR SoR

Overarching principles

A Gout is a chronic and serious disease with impaired quality of life and reduced life expectancy that can be treated effectively. 9.5±0.9

B Reducing and maintaining serum urate below a defined target is mandatory to eliminate urate crystals and improve patient outcomes. – – 9.8±0.7

C Successful management of gout requires education about all aspects of the disease and full involvement of the patient in shared
decision-making.

– – 9.7±0.7

D Long-term adherence to urate-lowering therapy is essential for an optimal outcome. – – 9.4±0.8

Recommendations

1 Serum urate must be measured regularly and urate-lowering therapy should be adjusted to attain the therapeutic target. 2 B 9.8±0.6

2 A serum urate level <6 mg/dL (<360 mmol/L) should be targeted and maintained in all patients with gout 1 A 9.5±0.9

3 In patients with severe gout, such as those with tophi or frequent attacks, the target should be a serum urate level <5 mg/dL (<300 mmol/L)
until clinical remission is achieved

5 D 9.2±1.5

4 Acute attacks should be treated promptly with anti-inflammatory medications, taking safety issues into consideration 5 D 9.9±0.5

5 Prophylaxis against attacks should be initiated and continued for at least 6 months after starting urate-lowering therapy. 5 D 8.3±1.7

6 In all patients with gout, renal function should be assessed at the time of diagnosis and then monitored regularly. 5 D 9.6±0.7

7 Comorbidities associated with gout may influence therapy and outcomes and should be assessed regularly and managed 5 D 9.5±0.8

8 Modifiable risk factors should be addressed primarily through patient education and support. 5 D 9.2±1.5

9 Information about gout and its management should be made readily available to patients by their healthcare professionals. 5 D 9.7±0.7

SoR on a 0–10 scale with 0=no agreement at all and 10=very strong agreement.
GoR, grade of recommendation; LoE, level of evidence; SoR, strength of recommendation.
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DISCUSSION
This is the first initiative to propose overarching principles and
recommendations for the management of gout using a T2T strat-
egy. Since this approach has been applied to several other rheum-
atic diseases,29 30 we considered it important to employ this
successful concept in gout—a disease for which a major target can
be defined easily and in which outcomes depend upon

maintenance of the serum urate concentration at a low level.
However, the scope of the recommendations is focusing on tar-
geted treatment options and on a broader concept including
recommendations for prophylaxis against attacks and monitoring
of comorbidities. This rationale is based on the fact that aiming for
low serum urate concentrations must be supported by anti-
inflammatory strategies and/or prevention of comorbidities.

Table 3 Research agenda

No Research question Comment with respect to a T2T approach

1 What is the optimal target serum urate level to manage gout? SUA level of <6 mg/dL (<360 mmol/L) or <5 mg/dL (<300 mmol/L) are not data
driven, a valid and reliable cut-off will facilitate a targeted approach.

2 Is the current recommended target serum urate level a valid endpoint? This important question should be addressed by taking the scientific evidence and
the patient point of view into account. A laboratory parameter might not
adequately reflect the signs and symptoms of the patient.

3 How often should the serum urate level be measured to optimally control disease? Definition of time intervals to measure SUA is mandatory to adapt therapy based
on the treatment target.

4 How does frequency of serum urate measurement impact on the management of
patients with gout?

Frequency of measurements should be feasible and aim to avoid overassessment
and underestimation. No trial exists at all to address impact of measurement on
the management of patients with gout.

5 Are very low serum urate levels dangerous (such as by causing neuropsychiatric
disease, eg, dementia)?

The knowledge about valid upper and lower thresholds of SUA is mandatory to
follow a T2T approach.

6 What are the consequences of lowering serum urate levels? A T2T approach in patients with gout must address potential harmful consequences
(like occurrence of acute attacks while initiating ULT).

7 Is it possible to develop a composite disease activity measure that might serve as
a better target for management of gout disease activity in clinical practice?
(GDAI=gout disease activity index).

More than the SUA level influences disease activity in patients with gout.
Therefore, it seems likely that a composite instrument is addressing the patients
need more accurate.

8 Does an elevated serum urate level cause chronic kidney disease? The relationship between gout and chronic kidney disease is bidirectional and
whether it is a causal relation or an association is still a matter of debate. It still
has to be shown that lowering of SUA prevents renal function from further
deterioration (and vice versa).

9 How often should renal function be measured? Frequency of measurements should be feasible and aim to avoid overassessment
and underestimation.

10 What is the optimal management of gout in patients with multiple comorbidities? Determination of treatment target and strategy to adapt the therapy depends on
occurrence of many factors, that is comorbidities. Multidisciplinary management
should agree upon an achievable treatment target.

11 Is there any diagnostic utility to aspirating joints in patients with intercritical gout? The absence of crystals in the synovial fluid is one of the targets that are linked to
lowering SUA. Serial joint aspiration studies confirmed the disappearance of
crystals with effective ULT. The value of this laboratory finding in patients with
absent of gout attacks is questionable.

12 Should monitoring by ultrasound or CT be used in gout? Diagnostic utility of imaging procedure has been studied to diagnose but has not
been extensively studied to monitor the disease. Since deposition of MSU crystals
in the tissue is a consequence of increased levels of SUA imaging procedure might
serve as a surrogate marker in the management of gout.

13 How is the treatment of both acute and chronic manifestations of gout best
integrated into a T2T strategy?

Whether the artificial partition between acute and chronic stages is helpful in
treating patients with gout is still a matter of debate. However, research on
implementations strategies focused on setting a target and adapting the treatment
accordingly is strongly needed.

14 What is the optimal timing of initiating treatment for acute gout attacks? The start of the treatment and prescheduled adaptation process within the
treatment strategy is a crucial point that is not yet well defined in studies.
Especially, initiating ULT during an acute gout attack remains a matter of debate.

15 What is the optimal strategy to eliminate tophi? The outcome ‘size and number of tophi’ is difficult to assess. There is no consensus
about the optimal tool to assess this outcome reliable and sensitive to change.
However, assessment of tophi is crucial to assess adaptation process within the
treatment strategy.

16 Should urate lowering therapy be initiated after the first gout attack? Whether ULT therapy should be initiated after the first gout attack or after a
subsequent attack remains controversial. Studies should be conducted to address
this question, so as to optimise treatment

17 Is there any effect of treating asymptomatic hyperuricaemia? Studies are warranted to assess whether T2T approach is also applicable for
patients with asymptomatic hyperuricaemia.

18 What is the role of surgery in the treatment of tophi? Pharmacological interventions are the cornerstone in the T2T approach, but the
value of surgical procedures has not been investigated.

19 Does a T2T approach improve the adherence of patients to their treatment? Adherence to treatment is low in patients with gout. In a T2T approach, patients
do have increased visits at least in the beginning of their disease. One important
question is whether this approach is increasing the adherence of patients to their
treatment

MSU, monosodium urate; SUA, serum uric acid levels; T2T, target-to-target; ULT, using urate-lowering therapy.
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After discussion about asymptomatic hyperuricaemia, the
group decided not to make recommendations regarding treat-
ment of hyperuricaemia in the absence of musculoskeletal symp-
toms because of inadequate evidence. One major concern,
which was raised during this discussion, was that treatment
targets for asymptomatic hyperuricaemia need to be defined.
Further research on this topic is warranted and should be con-
ducted in collaboration with cardiologists and nephrologists.

A T2T approach is based on assessing disease activity or sever-
ity. Neither is defined for patients with gout. The term ‘severity’
is inexact when referring to patients with gout and reflects a
variety of parameters, such as frequency of attacks, number of
swollen joints, number and size of tophi and presence of
comorbidities. No threshold has been defined to differentiate
between severe and mild disease states. Some progress has been
made in establishing disease activity scores for gout. Recently,
the KING study group proposed a new disease activity score for
gout including flare, SUA, pain, global activity assessment, joint
count and measure of tophi.48

However, assessment of outcome domains is not yet standar-
dised in trials with gout patients. Several processes have been
implemented within OMERACT to endorse measures of
outcome. Pain, joint count and patient global assessment are the
recommended outcome measures for patients with acute gout,
whereas these three outcome measures with the addition of
activity limitation are the outcome measures recommended for
patients with chronic gout.49 50 There is sufficient evidence to
support measures of pain, joint tenderness and swelling as ful-
filling the requirements of the OMERACT filter.51 However,
almost no appreciable impact of the OMERACT-proposed
domains could be detected in our SLR.52

Initially, we discussed possible treatment targets that should
be able to reflect when patients are in remission. The final target
list includes pain and SUA levels, as well as the absence of
attacks and tophi, as potential parameters to define remission in
patients with gout. Remission as a separate variable was not
included in our list of treatment targets because no formal deci-
sion has yet been made about the set of variables proposed by
OMERACT in 2014 to define remission. The publication of pre-
liminary remission criteria for gout in 2016 supports the
OMERACT group’s recommendation of variables to define
remission.53

Because of the lack of strategy trials in gout, existing thera-
peutic recommendations are rather vague. For example, clini-
cians need guidance regarding the strategic use of
anti-inflammatory medications to balance potentially beneficially
and harmful effects in patients with acute attacks. However,
T2T recommendations are primarily generic in nature and do
not provide detailed management recommendations or focus on
specific drugs. Although some drugs are mentioned as examples,
the current recommendations do not endorse one drug over
others. With respect to the use of anti-inflammatory medica-
tions, our task force was not able to propose a specific sequence
of anti-inflammatory medications because trials to address this
question were never performed. Therefore, we propose a
research agenda to stimulate investigation into the unmet needs
in this area, including evaluation of the validity of a T2T strat-
egy in gout. This research agenda includes those questions that
were considered to be most important by the task force, but the
list obviously could be expanded in many areas, including
molecular aspects of pathophysiology and patient and physician
considerations.

This represents the first initiative to characterise gout as a
disease that should be managed by defining, achieving and

maintaining a treatment target to provide patients with the best
possible outcome. Its strengths are the inclusion of experts from
different areas of medicine and a gout patient representative on
the task force and the very high level of agreement that was
achieved for most of the recommendations. However, the
present activity was limited by the absence of published clinical
trials of strategies to treat gout. Thus, recommendations had to
be developed based solely upon expert opinion. Another limita-
tion of our approach might be our having limited our SLR to
only articles written in the English language. The prevalence of
gout and the need for a targeted therapeutic approach is also
increasing in less developed countries, such as those in Latin
America and in parts of Asia.2

Further research is needed to apply our T2T recommenda-
tions in a clinical trial, comparing target-directed therapy with
routine care. The research agenda addresses many practical
questions, such as determining the frequency with which critical
blood tests should be performed, assessing the impact of
comorbidities and developing a gout disease activity index.
Given the low adherence to medication by patients with gout,
strategy trials, in which therapeutic adjustments are made
according to a prespecified timeline and/or prespecified end-
points, should address this critical issue. Presumably, strategy
trials will be able to include an adequate approach to control
for non-adherence.54 A treatment strategy study will be import-
ant to improve the management of patients with gout and
should be initiated in the near future.
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EULAR/PReS standards and recommendations for
the transitional care of young people with
juvenile-onset rheumatic diseases
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ABSTRACT
To develop standards and recommendations for
transitional care for young people (YP) with juvenile-
onset rheumatic and musculoskeletal diseases ( jRMD).
The consensus process involved the following: (1)
establishing an international expert panel to include
patients and representatives from multidisciplinary teams
in adult and paediatric rheumatology; (2) a systematic
review of published models of transitional care in jRMDs,
potential standards and recommendations, strategies for
implementation and tools to evaluate services and
outcomes; (3) setting the framework, developing the
process map and generating a first draft of standards
and recommendations; (4) further iteration of
recommendations; (5) establishing consensus
recommendations with Delphi methodology and (6)
establishing standards and quality indicators. The final
consensus derived 12 specific recommendations for YP
with jRMD focused on transitional care. These included:
high-quality, multidisciplinary care starting in early
adolescence; the integral role of a transition co-
ordinator; transition policies and protocols; efficient
communications; transfer documentation; an open
electronic-based platform to access resources;
appropriate training for paediatric and adult healthcare
teams; secure funding to continue treatments and
services into adult rheumatology and the need for
increased evidence to inform best practice. These
consensus-based recommendations inform strategies to
reach optimal outcomes in transitional care for YP with
jRMD based on available evidence and expert opinion.
They need to be implemented in the context of
individual countries, healthcare systems and regulatory
frameworks.

INTRODUCTION
Transitional care, as defined by the Society for
Adolescent Medicine, is “the purposeful, planned
movement of adolescents and young adults with
chronic physical and medical conditions from child-
centred to adult-oriented healthcare systems”.1

Transition focuses on the administrative event of
transfer of care between paediatric and adult provi-
ders; transition encompasses the process by which
young people (YP) acquire skills and access
resources to ensure that their physical, psycho-
social, educational and vocational needs are met
during transition to adulthood.2 Adolescence and

young adulthood reflect an important and unique
developmental period for all YP who need educa-
tion, support, guidance and planning to prepare
them to be appropriately responsible and account-
able for their own health and well-being as adults.3

The same principle applies to YP with chronic ill-
nesses (including juvenile-onset rheumatic and mus-
culoskeletal diseases ( jRMDs)), who need to
acquire additional skills to independently manage
their chronic illness. The case of need for transition
is well described and transitional care aims to
provide support and guidance so that YP can
acquire the necessary skills and knowledge required
to be independent, empowered and responsible
adults.4–7

The course of jRMDs often continues into adult-
hood; according to population-based inception
cohort studies, approximately half of YP with
jRMDs enter adulthood with active disease, or
develop flares of disease as adults. Many YP require
ongoing and often long-term treatment with
complex immunosuppressive regimes.8–10 Disease-
related sequelae are still observed, although with
modern approaches to management, many YP are
transferring to adult care in clinical remission albeit
on medication.11–13 All YP with jRMDs are, in
principle, at significant risk of disability, early mor-
bidity and limitations in participation later in
life.14 15 These YP need continuous and develop-
mentally appropriate care during and beyond ado-
lescence to ensure optimal functioning in
adulthood. However, the literature informs us that
currently up to half of the YP do not make a
successful transfer to adult rheumatology and are
therefore at particular risk of unfavourable
outcomes.16–18

The importance of transitional care in YP with
jRMD has been increasingly acknowledged.19 20

There is evidence regarding ‘best practice’ for tran-
sitional care, with emphasis on a holistic ‘life
course’ approach to care.21–23 Several healthcare
institutions, specialties and disease-specific sub-
groups have developed and implemented transition
programmes.24–34 However, there is lack of clarity
regarding the impact of transition programme on
outcomes, and indeed, variance in what the out-
comes should be.35–40 A first consensus-based pro-
posal regarding outcome indicators for successful
healthcare transition was recently made by an
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international group of interdisciplinary healthcare professionals,
patients and their families.41 With rheumatology, there are sig-
nificant gaps in current delivery of transition services and these
include the unmet training needs for healthcare professionals in
adolescent health and transitional care (resulting in lack of
understanding and appreciation of the needs of YP), lack of
transition readiness of YP (and/or of their parents/carers) and
lack of robust quality indicators or cost-effective strat-
egies.2 36 42–48

Despite the limitations of the existing programmes, the gaps
in knowledge and the paucity of resources, there is nonetheless
commitment within the rheumatology communities (both adult
and paediatric), to improve existing transitional care services.
There is a strong desire for rheumatology-specific guidelines for
transition48 and for these to be implemented across paediatric,
adolescent and adult rheumatology healthcare settings.

Objectives, scope, users and overarching principles
The objective of the present initiative was to develop recom-
mendations and standards for transitional care for YP with
jRMDs, spanning ages from early adolescence (defined as
10–13 years), mid adolescence (14–16 years), late adolescence
(17–19 years) to young adulthood (20–24 years).49 50 These
recommendations and standards are to be used to guide service
development, benchmark the quality of transition services and
be used by patient organisations to enhance patient expectations
of care. We acknowledge that their implementation into clinical
practice will be challenging and likely to be facilitated by stratifi-
cation into ‘essential’ and ‘ideal’ components—essential defined
as the minimum standards below which care would be deemed
unacceptable and ideal being the standard that is regarded as
excellent ‘optimal’ care.

The purpose of these recommendations and standards is to
increase the profile of transition, optimise delivery of transi-
tional care and improve patient experience within rheumatology
across European countries. Specifically, the objectives are:
▸ to ensure youth friendly and developmentally appropriate

care,
▸ to improve physical, psychological, social, vocational and

illness-related outcomes of YP with jRMDs,
▸ to facilitate continuity of care within adult rheumatology,
▸ to promote evidence-based practice in transitional care,
▸ to facilitate clinical networks of healthcare professionals

(paediatric and adult), who are engaged, interested and
trained in the care of YP.
The scope of these recommendations and standards refers to

all persons involved in the care of YP with jRMDs that con-
tinue into adulthood including, but not restricted to, those in
box 1.

Although these recommendations and standards are related to
the specific needs of YP with jRMDs, our expert panel endorse
the American Academy of Pediatrics, the American Academy of
Family Physicians and the American College of
Physicians-American Society of Internal Medicine consensus
statement on healthcare transitions for YP with special health-
care needs,51 52 position papers of the Society for Adolescent
Medicine,1 53–55 the Canadian Paediatric Society,56 the Royal
Australasian College of Physicians57 and the WHO definition of
adolescent-friendly health services.58 59 In addition, we empha-
sise key components integral to these recommendations and
standards, namely the importance of a YP focus, multidiscipli-
nary approach with equity of access, quality of care and flexibi-
lity; the latter acknowledging both the heterogeneity of YP
development and potential impact of chronic illness.

METHODS
The consensus process underwent the following stages: (1)
establishing an international expert panel to include patients
and representatives from multidisciplinary teams (MDTs) in
adult and paediatric rheumatology; (2) a systematic literature
review; (3) setting the framework, developing the process map
and generating a first draft of standards and recommendations;
(4) further iteration of recommendations; (5) developing con-
sensus recommendations with Delphi methodology and (6)
establishing standards and quality indicators, as suggested by the
European League Against Rheumatism (EULAR) Standard
Operating Procedures.60

The project convenors (HF, KM, LC) liaised to appoint clin-
ical fellows (DC, LL) to work on the project. They then con-
vened an expert multidisciplinary panel from adult and
paediatric rheumatology across Europe (doctors and allied
health professionals with interest in transitional care) and patient
representatives (YP with jRMDs invited from existing patient
groups). The aim was for the panel to reflect the diversity of
Europe (namely geography, healthcare systems and cultures).

A systematic literature review of existing models of transi-
tional care in jRMD was performed, with emphasis on potential
recommendations, standards, strategies for implementation and
tools to evaluate services and outcomes.35

The first ‘face-to-face’ meeting of the expert panel discussed
results of the systematic review and agreed the following:
(i) purpose of the project, timelines, roles and planned

outputs;

Box 1 Individuals to whom these recommendations may
prove useful

Adult and paediatric rheumatologists
Other healthcare professionals:
▸ nurses
▸ physiotherapists
▸ occupational therapists
▸ social workers
▸ psychologists
▸ youth workers
▸ primary care and other specialists (eg, ophthalmology,

dermatology, nephrology, orthopaedics) involved in share
care and clinical networks

General practitioners and healthcare professionals working in
primary care
Young people with rheumatic and musculoskeletal disease
(RMD) and other multisystem disease, their families and peers
Professional groups or societies working with young people
with RMDs
Academics involved in adolescent and young adult health
research
In addition, these standards and recommendations are intended
to be useful to the remit of
▸ educational and vocational services
▸ employers and careers advisory services
▸ charities and support organisations
▸ funders of clinical services
▸ health policy makers
▸ research funding bodies
▸ organisers of disease and/or drug registers, and cohort

studies
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(ii) the ‘process map’ of transitional care using MindManager
software;

(iii) a draft proposal of recommendations and standards relating
to different elements of the process map; the proposed list
was circulated after the meeting by email to the expert
group and further feedback requested.

A second ‘face-to-face’ meeting further refined the recom-
mendations and standards based on feedback from the group.
Appropriate quality indicators were also suggested for each rec-
ommendation and standard.

The recommendations and standards were then listed as state-
ments. A wider audience of a total of 195 adult and paediatric
rheumatology clinicians (doctors and allied health professionals)
were then invited to take part in an e-survey and give opinion
of their level of agreement with each statement. The e-survey
was disseminated through email lists held by professional groups
(such as Paediatric Rheumatology European Society (PReS),
EULAR and rheumatology societies in different countries). All
responses were anonymised. Participants were asked for their
level of agreement with each statement (using a 10-point Likert
scale, with 0=no agreement through to 10=total agreement)
and a ranking exercise to identify ‘minimal’ and ‘optimal’ stan-
dards for each recommendation. The target number of respon-
dents for the e-survey was 100 and the level of agreement set at
80% for acceptance (lower levels were to be then discussed by
the expert panel, with further iterations of the statements pro-
posed and then a second e-survey, if needed, to be dissemi-
nated). Once agreement was reached, the methodologist (LC),
together with the clinical fellows (DC, LL), graded the level of
evidence for each recommendation based on the Oxford Levels
of Evidence, 2011 (available at http://www.cebm.net/index.aspx?
o=5653) and assigned relevant quality indicators where
appropriate.

RESULTS
The recommendations and standards
The recommendations and standards, reported as ‘minimal/
essential’ and ‘ideal/optimal’ levels of care and quality indicators
are listed below; they are also presented in table format with the
level of evidence and agreement reached (table 1).

(1) YP with jRMDs should have access to high-quality,
co-ordinated transitional care, delivered through partnership
with healthcare professionals, YP and their families, to address
their needs on an individual basis.

High-quality care means holistic care (which covers medical,
psychosocial, educational and vocational aspects; see box 2)
with a multidisciplinary approach and is based upon regular
assessments of the disease status in the context of developmental
stage, life events and personal aspirations of YP. This care needs
to be ‘future-focussed’, albeit not limited to young adulthood,
in order to ensure optimal well-being.19 23

Ideal: provision of a broad set of healthcare services led by
providers who have specialist knowledge about jRMDs and ado-
lescent health; essential: care providers who refer to other agen-
cies and services who can appropriately assist with transition
issues.

(2) The transition process should start as early as possible; in
early adolescence or directly after the diagnosis in
adolescent-onset disease.

Specifically for childhood-onset diseases, the transition
process should start by early adolescence (11 years) (ideal) or
14 years at the latest (essential) in order to allow the develop-
ment of the necessary self-care skills and optimise educational
and vocational outcomes.63 64 For YP who are diagnosed over
the age of 14 years, the transition process should start at the
time of diagnosis with the skills and support for transition
built-up over time. The transition process or joint care pro-
grammes should enclose early adulthood, because young adults
continue to have difficulties making effective linkages with adult
care. Brain development continues and risk behaviours remain
and may increase in the third decade, which have to be consi-
dered by proactive and preventive care.65

(3) There must be ‘direct’ communication between the key
participants (and as a minimum, to include the YP, parent/carer
and a member of each of the paediatric and adult rheumatolo-
gist teams) during the process of transition. Before and after the
actual transfer, there should be ‘direct’ contacts between paedi-
atric and adult rheumatologist teams.

A network of adult rheumatologists interested, engaged with
and trained in adolescent rheumatology, must be identified and
known to the paediatric rheumatology team. The network

Table 1 Recommendations, standards and proposed quality indicators on transitional care for young persons with RMD

Recommendations LOE GR MA

1. YP with RMD should have access to high-quality, co-ordinated transitional care, delivered through partnership with healthcare professionals, YP and their
families, to address needs on an individual basis

5 D 9.6

2. The transition process should start as early as possible; in early adolescence or directly after the diagnosis in adolescent-onset disease 2b B 8.3

3. There must be ‘direct’ communication between the key participants (and as a minimum, to include the YP, parent/carer, and a member each of the
paediatric and adult rheumatologist teams) during the process of transition. Before and after the actual transfer, there should be ‘direct’ contacts
between paediatric and adult rheumatologist teams

5 D 9.3

4. Individual transition processes and progress should be carefully documented in the medical records and planned with YP and their families 5 D 9.2

5. Every rheumatology service and clinical network—paediatric and adult—must have a written, agreed and regularly updated transition policy 5 D 8.9

6. There should be clear written description of the MDT involved in transitional care, locally and in the clinical network. The MDT should include a
designated transition co-ordinator

5 D 8.7

7. Transition services must be YP focused, be developmentally appropriate and address the complexity of YP development 5 D 9.4

8. There must be a transfer document 5 D 9.4

9. Healthcare teams involved in transition and adolescent-young adult care must have appropriate training in generic adolescent care and childhood-onset
RMD

5 D 9.5

10. There must be secure funding for dedicated resources to provide uninterrupted clinical care and transition services for YP entering adult care 5 D 9.4

11. There must be a freely accessible electronic-based platform to host the recommendations, standards and resources for transitional care 5 D 9.4

12. Increased evidence-based knowledge and practice is needed to improve outcomes for YP with childhood-onset RMD 5 D 8.5

GR, grade of recommendation; LOE, level of evidence; MA, mean agreement (0–10); MDT, multidisciplinary team; YP, young people.
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should work within agreed pathways to facilitate transition and
expedite early, active planning of transition. Ideally, there
should be a combined meeting between the young person and
his or her family, the paediatric and adult healthcare pro-
vider.66–68 As a minimum, there should be at least two ‘direct’
contacts by telephone or email between the paediatric and adult
rheumatology team (and documented in a written communica-
tion); one before and one after the transfer. Copies of written
communications are to be made available to YP and families.
Online supplementary table contains suggested guidelines
regarding the content and format of communications at differ-
ent stages of transitional care.

(4) Individual transition processes and progress should be
carefully documented in the medical records and planned with
YP and their families.

Documentation should support the YP engagement and self-
management skills, resilience and readiness for transfer.69–73

This documentation should be tailored to local services, shared
with the YP and contribute to the medical summary. The inclu-
sion of sensitive or confidential information (eg, abortion, mental
health problems) should be discussed with the YP. Ideally, there is
a specific written individual transition plan,26 which can be
derived from a transition plan or passport example, such as http://
www.uhs.nhs.uk/Media/Controlleddocuments/Patientinformation/
Childhealth/ReadySteadyGo/Ready-Steady-Go-Transition-plan.
pdf.21 As a minimum, the existence of a transitional care process

has to be documented in the medical records. Additional
resources are listed in Supplementary material.

(5) Every rheumatology service and clinical network—paedi-
atric and adult—must have a written, agreed and regularly
updated transition policy.

Policies and protocols should be agreed with all major stake-
holders, including YP, families and all healthcare professionals
and as equal partners;27 33 35 it is important to stress the need
to include all specialists (and not just in rheumatology) and
primary care physician(s) who are involved in the clinical care
of YP with jRMD28 Hospital or institutional managers will have
to agree to these policies to facilitate appropriate resources to
support their implementation within the clinical departments.
As a minimum, there must be a transition policy and the docu-
ments should be updated at least every 5 years. It is acknowl-
edged that there is need for flexibility of the arrangements in
transition policy and care pathways at a network level.

(6) There should be clear written description of the MDT
involved in transitional care, locally and in the clinical network.
The MDT should include a designated transition co-ordinator.

The team for transitional care should reflect the multidiscip-
linary approach, that is, doctors and other health professionals,
such as nurses, physical therapists, psychologists, occupational
therapists and youth or social workers.28 74 75 It is recognised
that certain roles within transition are likely to be addressed by
different members of the MDT.76 In addition, it is acknowl-
edged that the composition of MDTs is variable and that some
members may have more than one role. Ideally, there is personal
continuity in the health professionals within the MDT providing
care.43 This provision of roles and services may be shared with
other specialist services and not devoted solely to jRMDs. There
should be a nominated and identified member of the MDT, who
is responsible as transition co-ordinator (essential). This person
can be a nurse or other health professional and should liaise
between adult and paediatric teams to ensure the co-ordination
of care, facilitation of communication and implementation of
the transitional care plan including transfer.35

(7) Transition services must be YP focused, be developmen-
tally appropriate and address the complexity of YP
development.

Components of YP focused care need to include accessibility
to specialised healthcare, staff attitudes, communication,
medical competency, guideline-driven care, age appropriate
environments and youth involvement in healthcare.77 Ideally,
there should be a care facility that is truly adolescent-friendly
staffed by professionals with expertise in adolescent care. The
care should be organised to minimise the frequency of appoint-
ments and interruption to the daily life of YP. The aim of the
consultations with the MDT is to enable YP to take lead role
instead of the parent/carer(s), while also supporting the parent/
carer(s) in their changing roles.43 78 79

YP with jRMDs should have access to peer discussion and
support through advisory group(s) and charity networks.
Signposting to such groups and networks is the responsibility of
the clinic where the YP attends. As a minimum, transitional care
services should be led by staff with expertise and training in
adolescent and young adult healthcare.

(8) There must be a transfer document.
The format and content of transfer documents should be

agreed by paediatric and adult teams and with patient input
where possible. The transfer document should include, as a
minimum, a medical summary with the diagnosis, any
comorbidities, vaccinations, any complications of disease or
treatments, the professionals involved in care, current and

Box 2 Aspects considered as part of holistic care

Medical aspects:
▸ identification of medical needs, addressing any issues
▸ ensuring continuity of provision of high-quality care
▸ providing generic and disease-specific information
▸ health promotion, anticipatory guidance
▸ health behaviour (eg, health literacy, experimentation and

risk behaviour), negotiating most appropriate ways to ensure
adherence to treatment

▸ knowledge and skills in areas listed above
Psychosocial aspects:
▸ identifying individual needs, risk and protective factors

(eg, Home, Education, Activities, Drugs, Sex, Suicide
(HEADSS))61 62

▸ providing support or referring young people to specific
agencies

▸ ensuring a social life that is equivalent to those of peers
▸ ensuring support to cope with disease/treatment
▸ providing advice and/or additional sources of support
▸ promoting skills in assertiveness, resilience, self-care,

self-determination and self-advocacy
Educational and vocational aspects:
▸ addressing future career prospects
▸ developing skills in disclosure
▸ support in preparing for work readiness
▸ informing about where to get information (recommend:

career advisors, appropriate agencies, charity websites)
▸ addressing work experience and encouraging young people

to gain relevant experience
▸ offer appropriate information, support and advice (support

groups, volunteer services)
▸ liaisons with educational institutions
▸ informing about rights and obligations, benefits and

opportunities to adapt working (place, time)
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previous treatments (with reasons for changing treatments and
any adverse events). Ideally, it should also include: (i) psycho-
social aspects and educational/vocational status at the time of
transfer and (ii) a report on self-management skills, to include
readiness for transfer and procedural pain management strat-
egies (eg, for joint injections with or without general
anaesthesia).80

This transfer document may also include contributions from
members of the MDT as appropriate and if relevant. Any confi-
dential information or sensitive information to be included in
the transfer document should be discussed with the YP; if
needed, this should be included in a separate letter to the adult
rheumatologist and be written ahead of the first consultation
with adult rheumatology. Copies of the transfer document
should be available to YP themselves in an easy read format if
appropriate, and to all healthcare providers, including primary
care, involved in the young person’s care.81

(9) Healthcare teams involved in transition and
adolescent-young adult care must have appropriate training in
generic adolescent health and childhood-onset RMD.

All members of the clinical MDT (from adult and paediatric
rheumatology) engaged in transition are to have training on
adolescent health and the process of transition.46 48 As a
minimum, the key training components to be covered are: (1)
jRMDs (presentation in childhood, knowledge and approaches
to management), (2) adolescence health and the impact on
jRMDs, (3) skills and knowledge to address emotional, mental
health and social issues, (4) promotion of healthy lifestyle and
generic health issues, (5) promotion of self-management and
shared decision making, (6) communication skills with YP and
their parent/carer(s).

These skills and knowledge can be acquired through different
ways of learning (eg, to include clinical experience, e-learning
and practical workshops) and should be a component of con-
tinuous professional development. There are many courses and
e-learning opportunities available, such as the EULAR/PReS
On-line Course in Paediatric Rheumatology (http://www.eular.
org/edu_online_course_paediatric.cfm), the European Training
in Effective Adolescent Care and Health (http://www.unil.ch/
euteach/en/home.html) or the UK Adolescent Health Project
(http://www.e-lfh.org.uk). Reciprocal periods of training for
members of the adult and paediatric rheumatology teams are
advocated (ideal).

(10) There must be secure funding for dedicated resources to
provide uninterrupted clinical care and transition services for
YP entering adult care.
The following are regarded as essential for transitional care
programmes:
(i) The funding and supporting resources for care should be

dependent on clinical need and should not be interrupted
on sole grounds on the age of the patient. Conversely, the
presence or absence of resources should not define the
timing of transfer.

(ii) Funding of (biological and other) therapies should continue
if clinically indicated irrespective of patient age and transfer
to adult care.

(iii) Funding of the paediatric and adult MDTs involved in the
transitional care is needed.

(iv) The transition co-ordinator role and administration support
for clinical networks must be funded.

(v) The training for the MDT along with continuous profes-
sional development support must be funded.

(vi) The importance of adequate administrative support is likely
to be a determinant of successful transfer.45 48 81

(11) There must be a freely accessible electronic-based plat-
form to host the recommendations, standards and resources for
transitional care.

An open resource e-platform (essential), such as the EULAR/
PReS website, to host resources to support the transition
process, staff training and patient resources, would facilitate
setting up of new and further development of existing transition
services. All stakeholders must have access to these resources,
including YP with jRMDs, their families and healthcare profes-
sionals in hospital, primary and community care involved. The
resources must be endorsed (essential) by professional bodies
such as EULAR/PReS, consumer groups and charities in the
respective countries.

(12) Increased evidence-based knowledge and practice is
needed to improve outcomes for YP with childhood-onset RMD.

The expert group recognised the need for a greater evidence
base to inform best practice, the best metrics for measuring
‘success’ and ‘outcome’ of transitional care programmes and the
impact of such programmes on YP with jRMDs.7 37 38 The
agenda for research needs to include:
(i) the transition programme evaluation as a complex

intervention,75

(ii) the effectiveness of the transition process35 and how this
can be measured,

(iii) the timeliness of interventions and validation of readiness
tools,69–73 82

(iv) the outcome measures of transition,37–39 41 83

(v) predictors for transition outcomes,
(vi) cohort studies and registries from paediatric rheumatology

to extend into adult life,
(vii) an agreed ‘core transition dataset’ for routine practice in

paediatric and adult rheumatology centres to inform and
foster future research initiatives, facilitate a standardised
approach in transitional care and enable comparative
assessment of care across Europe.

Standards and quality indicators
The expert group concluded that there is a limited evidence
base for outcomes of transition and for YP rheumatology ser-
vices.35 The expert group proposed, before the publication of
the previous studies, key quality indicators to measure service
delivery and to inform the research agenda. Online
supplementary table shows a list of standards and the agreed
quality indicators.

In 2015, Suris and Akre80 co-ordinated an international con-
sensus on key elements and one indicator of a good transition.
In most instances, such consensus underscored items related to
co-ordination and communication as basis for good partnership
between paediatric and adult providers. Another initiative,
developed during our project, obtained a clinical practice-
benchmark tool for transition to adult care in the UK through a
process of mapping.84 There is no single outcome of ‘successful’
transition and potential indicators need to include clinical para-
meters (disease activity and status), patient (and family) experi-
ence (of care), psychosocial, educational and vocational status,
quality of life measures, participation in adult life, engagement
and attendance in adult healthcare, adherence to treatment and
achievement of young adult developmental tasks. A recent
taskforce identified, by Delphi methodology, outcomes of
importance.41 These included individual outcomes (quality of
life, understanding the characteristics of conditions and compli-
cations, knowledge of medication, self-management, adherence
to medication and understanding health insurance), health
services outcomes (attending medical appointments, having a
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medical home and avoidance of unnecessary hospitalisation)
and a social outcome (having a social network). Measures need
to be valid, reproducible and relevant.

DISCUSSION
This PReS/EULAR taskforce has developed the first international
set of recommendations and standards for transitional care of
YP with jRMDs; the aim being to facilitate high-quality models
of care for new and existing services, inform strategies for evalu-
ation and define a research agenda. These were produced before
the emergence of the 2016 National Institute for Health and
Care Excellence (NICE) guidance on Transition in the UK
(http://www.nice.org.uk/guidance/ng43) but reassuringly, are
consistent NICE recommendations. Our methodology permitted
critical appraisal of published models of care and incorporated
opinion from a diverse expert specialists group including YP.35

Our recommendations and standards set out the ‘essential/
minimal’ and ‘ideal/optimal’ components of transitional care
and we anticipate that such stratification will be helpful to
benchmark services and facilitate implementation and
evaluation.

The recommendations focus on transitional rheumatology
care, however, they comprise components of high-quality transi-
tional care derived from policy documents, guidelines relating
to transitional care and the adolescent health literature. This
underlines that, overall, most key elements of transitional care
are generic. That is also reflected in the key elements for suc-
cessful transition, which were published by Suris and Akre80

after the recommendations given here were agreed on. Six ele-
ments were regarded as being essential by more than 70% of an
international panel, of which two relate to establishing a good
partnership between paediatric and adult professionals and the
shared responsibility of transitional care. All six essential ele-
ments are included in the recommendations given here, which
highlight the need for teams to work effectively together and
engagement of different care providers within clinical networks.
Addressing the challenges of ‘joined up’ working across paediat-
ric and adult rheumatology and within clinical networks has
also been highlighted by others.85 Our recommendations, in
agreement with other recent taskforces,80 84 emphasise the
importance of identifying key individuals, the integral role of
YP and families, written communication, agreed policy, training
and clarity of roles within teams. Therewith, they focus on
process areas that are most in need of improvement according
to care providers and consumers, such as co-ordination, guide-
lines, protocols and communication.66 It is apparent that a tran-
sitional care pathway for YP with jRMDs can be implemented
with a motivated healthcare team, the reorganisation of their
existing work practice and available resources.29 31 The transi-
tional care MDT also needs specific training in adolescent medi-
cine and adequate capacity to enable the transition care
co-ordinator role to function.46 48 Transition is resource con-
suming. The expert panel stresses the fact that without sufficient
funding or reimbursement of the specific interventions, transi-
tional care services cannot become a normal part of healthcare
for YP. Funding is needed for specific service provision and to
ensure continuity of clinical care and access to medicines after
transfer to adult care based on clinical need rather than age of
the patient of the provider. There are promising examples in the
UK or Germany, where the provision of transitional care ser-
vices as part of clinical practice has been funded by the govern-
ment or statutory health insurance companies within defined
programmes.32 The funding for continuity of clinical care and
access to medicines after transfer to adult care has to be

addressed and based on clinical need rather than age of the
patient of the provider. Given the importance of transition for
the many YP who transfer to adult rheumatology, we strongly
suggest that transitional care is included in all PReS and EULAR
activities to raise awareness, promote access to training and
improve skills and knowledge among all adult rheumatology
teams.

Quality indicators and outcomes of transitional care are pro-
posed. These transitional care outcomes are similar to most of
10 prioritised outcomes identified by a task force from the
Health Care Transition Research Consortium41 and may allow
researchers to conduct focused evaluations of current processes
and more detailed evaluations of interventions.

We acknowledge differences between countries in how transi-
tion may be organised within different healthcare systems.66 86–88

Our recommendations are intended to be useful, widely applic-
able and promote transitional care. Although transitional care
has received much attention in the child health community, little
government attention has been paid to this complex health
system issue. An analysis of policy profiles of paediatric-to-adult
care transitions in six European countries revealed that four had
currently no transition policies or strategies.88 The overarching
principles seek to promote transferability to different contexts,
be compliant with national regulatory guidance and facilitate
local teams to work together with responsibility and account-
ability for services to be suitable for local needs. Our approach
is similar to that proposed by others; the Spanish consensus for
transition management in patients with jRMDs89 reported a
framework with similar recommendations albeit with more prac-
tical details suited to the Spanish healthcare system.

Transition is a time-variable process that prepares YP with
jRMDs to take responsibilities for their lives and also their
health issues. This process is critical in order to facilitate the
actual transfer to adult care. Transition is therefore a complex
process with many variables involved and the panel required
considerable dialogue and indeed compromise to agree the
aims, framework and process map to address such complexity.
However, as the project evolved and moved forward, harmon-
isation became apparent and ultimately one round of Delphi
was adequate to achieve high agreement.

It is clear that there are many unanswered questions in transi-
tional care. Our recommendations highlight the need for
improved evidence base to inform models of care, identify rele-
vant outcome measures and the cost-effectiveness of transitional
care programmes as a complex intervention. Much work is yet
to be done, but it is important to identify and ultimately deliver
‘best’ care for YP with jRMDs and their families, to facilitate
optimal physical, psychosocial and quality of life outcomes
within adulthood.
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EXTENDED REPORT

Detection of antineutrophil cytoplasmic antibodies
(ANCAs): a multicentre European Vasculitis Study
Group (EUVAS) evaluation of the value of indirect
immunofluorescence (IIF) versus antigen-specific
immunoassays
Jan Damoiseaux,1 Elena Csernok,2 Niels Rasmussen,3 Frank Moosig,4

Pieter van Paassen,5 Bo Baslund,6 Pieter Vermeersch,7,8 Daniel Blockmans,9

Jan-Willem Cohen Tervaert,10 Xavier Bossuyt11,12

ABSTRACT
Objective This multicentre study was performed to
evaluate the diagnostic accuracy of a wide spectrum of
novel technologies nowadays available for detection of
myeloperoxidase (MPO) and proteinase 3 (PR3)-
antineutrophil cytoplasmic antibodies (ANCAs).
Methods Sera (obtained at the time of diagnosis) from
251 patients with ANCA-associated vasculitis (AAV),
including granulomatosis with polyangiitis and
microscopic polyangiitis, and from 924 disease controls
were tested for the presence of cytoplasmic pattern/
perinuclear pattern and atypical ANCA (A-ANCA) by
indirect immunofluorescence (IIF) (at two sites) and for
the presence of PR3-ANCA and MPO-ANCA by eight
different immunoassays.
Results The area under the curve (AUC) of the receiver
operating characteristic curve to discriminate AAV from
controls was 0.923 (95% CI 0.902 to 0.944) and 0.843
(95% CI 0.814 to 0.871) for the two IIF methods. For
the antigen-specific immunoassays, the AUC varied
between 0.936 (95% CI 0.912 to 0.960) and 0.959
(95% CI 0.941 to 0.976), except for one immunoassay
for which the AUC was 0.919 (95% CI 0.892 to 0.945).
Conclusions Our comparison of various ANCA
detection methods showed (i) large variability between
the two IIF methods tested and (ii) a high diagnostic
performance of PR3-ANCA and MPO-ANCA by
immunoassay to discriminate AAV from disease controls.
Consequently, dual IIF/antigen-specific immunoassay
testing of each sample is not necessary for maximal
diagnostic accuracy. These results indicate that the
current international consensus on ANCA testing for AAV
needs revision.

INTRODUCTION
For several decades, antineutrophil cytoplasmic
antibodies (ANCAs) are recognised as an important
laboratory tool in the diagnosis of the small vessel
vasculitides, that is, granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA) and eosino-
philic granulomatosis with polyangiitis.1–3 The
multicentre study of Hagen et al4 has paved the way
for an international consensus on the appropriate
detection of ANCA in patients suspected of

ANCA-associated vasculitis (AAV). According to
this international consensus, current guidelines
dictate that screening for ANCA should be per-
formed by indirect immunofluorescence (IIF) on
ethanol-fixed neutrophils and positive results are to
be confirmed by ELISA specific for proteinase 3
(PR3) and myeloperoxidase (MPO).5 Indeed, a sub-
sequent meta-analysis revealed that the combination
of either the IIF cytoplasmic pattern (C-ANCA)
with PR3-ANCA or the IIF perinuclear pattern
(P-ANCA) with MPO-ANCA gives a high diagnostic
precision for these relatively rare diseases.6

Since the publication of the international consen-
sus on ANCA detection, many new developments
in the detection of PR3-ANCA and MPO-ANCA
have come to light. Next to the original ELISA,
novel solid phase technologies, like addressable laser
bead immunoassays,7 8 chemiluminescent immunoas-
says (CLIA),9 fluorescent-enzyme immunoassays
(FEIA),10 11 line or dot immunoassays 12 and even
IIF,13 14 have become available. In addition, antigen
binding to the solid phase has evolved from direct
binding towards binding via a capturing monoclonal
antibody15–17 or via a peptide linker,18–20 that is, first-
generation, second-generation and third-generation
ANCA assays, respectively. Most often these novel
assays have been clinically evaluated as an isolated
entity, and this obviously hampers comparability due
to distinct sample selection, study design and data
analysis.
Due to the consecutive technical innovation in

ANCA diagnostics, it is questioned if screening
by IIF still is the most optimal approach.21 This
discussion continued in 2009 with a debate during
the 14th Vasculitis and ANCA workshop in
Copenhagen.22 Thus far, the only study that chal-
lenged the position of IIF in the ANCA testing algo-
rithm revealed that screening by antigen-specific
ANCA is as effective as the algorithm proposed in
the international consensus.23 Nevertheless, ANCA
IIF is increasingly discarded completely in many
clinical laboratories (Damoiseaux, manuscript in
preparation).
In the current multicentre study, we evaluated

the diagnostic accuracy of a wide spectrum of novel

To cite: Damoiseaux J, 
Csernok E, Rasmussen 
N, et al. Ann Rheum Dis 
2017;76:647–653.

Handling editor Tore K Kvien

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http://dx.doi.org/10.1136/
annrheumdis-2016-209507).

For numbered affiliations see 
end of article.

Correspondence to
Dr Xavier Bossuyt, Laboratory 
Medicine, University Hospitals 
Gasthuisberg, Herestraat 49, 
Leuven 3000, Belgium;  
Xavier.Bossuyt@uzleuven.be

Received 8 March 2016
Accepted 12 July 2016
Published Online First 
1 August 2016

Clinical and epidemiological research

 ► http://dx.doi.org/10.1136/
annrheumdis-2016-209508

647Damoiseaux J, et al. Ann Rheum Dis 2017;76:647–653. doi:10.1136/annrheumdis-2016-209507

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2016-209507&domain=pdf&date_stamp=2017-02-22
http://ard.bmj.com/
http://www.eular.org/
http://ard.bmj.com/
http://group.bmj.com


technologies nowadays available for detection of MPO-ANCA
and PR3-ANCA. For this study, diagnostic samples were
included from patients with AAV, that is, GPA and MPA, as well
as from patients suspected of, but eventually not having AAV.
The results are compared with two state-of-the-art ANCA IIF
analyses, one based only on ethanol-fixed neutrophils and the
other based on the combination of ethanol-fixed neutrophils,
formalin-fixed neutrophils and HEp-2 cells.3 The data set
obtained should enable to draw a firm conclusion about the
role of ANCA IIF in the diagnostic work-up of AAV and is
intended to be the basis of a novel international consensus on
ANCA testing.

PATIENTS AND METHODS
This international study was performed in a large cohort of
patients with AAV and controls with inflammatory disease.
Serum samples were recruited at four different sites: Klinikum
Bad Bramstedt (Germany), Statens Serum Institute Copenhagen
(Denmark), University Hospitals Leuven (Belgium) and
Maastricht University Medical Center (The Netherlands).
Online supplementary data gives an overview of the number of
patients with AAV and controls recruited at each site (see online
supplementary table S1).

The study group included patients with GPA (n=186) and
MPA (n=65) and disease controls (n=924). Patients with
eosinophilic GPA were not included because this constitutes a
heterogeneous group.24 All samples included were obtained
from patients visiting a university hospital clinic and had a diag-
nosis ascribed as a consequence of that visit. All samples
included were diagnostic samples and, therefore, most patients
did not receive any immunosuppressive therapy at the time of
sampling. In a minority of patients, however, immunosuppressive
therapy was already started before the samples were obtained.
GPA patients fulfilled the American College of Rheumatology
classification criteria25 and the Chapel Hill Consensus
Definitions.26 27 The diagnosis of MPA was based on Chapel Hill
Consensus Definitions.26 27 The distribution of organ involve-
ment in patients with AAV is summarised in online supplementary
table S2. Renal involvement was present in 45% of patients with
GPA and in 60% of patients with MPA.

The disease controls recruited in Copenhagen, Leuven and
Maastricht (n=735) were consecutive patients who visited the
respective hospital and for whom the medical doctor considered
it important to request ANCA. Afterwards, a diagnosis of
ANCA-associated vasculitis was excluded. Patients in whom
inflammatory bowel disease (IBD) and/or autoimmune liver
disease was considered were excluded. In patients clinically sus-
pected of IBD, ANCA by IIF is helpful to differentiate IBD
from non-IBD and ulcerative colitis from Crohn’s disease when
combined with other serological markers such as anti-saccharo-
myces cerevisiae antibodies (ASCA).28 The disease controls in
Bad Bramstedt included cohorts of patients with systemic lupus
erythematosus (SLE) (n=59), rheumatoid arthritis (n=89), sys-
temic sclerosis (n=11) and Sjögren’s syndrome (n=30). Online
supplementary table S3 summarises the medical conditions in
the control population.

This study was carried out according to the 1997 Declaration
of Helsinki of the World Medical Association and has been
approved by the ethics committee of each participating centre.

ANCA DETECTION METHODS
Two different IIF approaches were used for ANCA detection.
The standard IIF using an ethanol-fixed mixture of neutrophils
and lymphocytes as previously described29 was performed in

the Staten Serum Institut (Copenhagen, Denmark). In Bad
Bramstedt (Germany), IIF testing was performed on ethanol-
fixed neutrophils in combination with additional tests on
formalin-fixed neutrophils and HEp-2 cells to better discrimin-
ate between P-ANCA (or atypical-ANCA) and antinuclear anti-
body (ANA), as previously described.3

Seven commercial manufacturers of antigen-specific ANCA
immunoassays agreed to participate in this study. ANCA assays
were performed by each participating company. Bio-Rad
Laboratories (Hercules, California, USA) used an automated
multiplex flow immunoassay (BioPlex 2200 Vasculitis kit) for
semiquantitative detection of IgG antibodies to MPO, PR3 and
Glomerular Basement Membrane. Euro-Diagnostica AB
(Malmö, Sweden) used a second-generation capture PR3-ANCA
and MPO-ANCA ELISA.16 Euroimmun AG (Lübeck, Germany)
detected PR3-ANCA by a third-generation anti-PR3-hn-hr-
ELISA,19 and MPO-ANCA by a first-generation anti-MPO
ELISA. Medipan/Generic Assays GmbH (Berlin, Germany) used
CytoBead ANCA assays.14 Inova Diagnostics (San Diego,
California, USA) used QuantaLite and QuantaFlash assays,
being ELISA and CLIA, respectively.9 Thermo-Fisher Scientific
(Waltham, Massachusetts, USA) used third-generation EliA PR3S

and EliA MPOS fully automated FEIA. Orgentec (Mainz,
Germany) used third-generation anti-PR3 hs ELISA and first-
generation anti-MPO ELISA.18 The tests were performed
according to the manufacturer’s instructions and results were
expressed in the individual kit units.

All serum samples were encoded and distributed to the par-
ticipating manufacturers. After receiving all the data, the code
was de-blinded at the study centre (Leuven) to reveal the clinical
information on the diagnoses.

Statistical analysis
Receiver operating characteristic (ROC) curve analysis was per-
formed using Analyse-it for Microsoft Excel V.3.90. A compari-
son of the area under the curve (AUC) was done using the
method of De Long (Analyse-it).

RESULTS
An overview of ANCA by IIF performed at two different labora-
tories and of PR3-ANCA and MPO-ANCA by eight different
commercially available immunoassays (from seven different
companies) is summarised in table 1.

Of the 924 controls, 725 (78%) and 866 (94%) tested nega-
tive by IIF in Copenhagen (C) and Bad Bramstedt (BB), respecti-
vely, whereas 872–904 (94–98%) tested negative by the distinct
antigen-specific immunoassays, reflecting a higher specificity of
the antigen-specific immunoassays compared with IIF. For all
immunoassays tested, the specificity of PR3-ANCA (98–99%)
was higher than the specificity of MPO-ANCA (96–99%). For
IIF, the specificity of C-ANCA (97–98%) was higher than the
specificity of P-ANCA (81–96%).

Of the 186 patients with GPA, IIF revealed C-ANCA in 119
(64%; C) and 144 (78%; BB) patients and P-ANCA in 27 (14%;
C) and 20 (11%; BB) patients, whereas the distinct antigen-
specific immunoassays revealed PR3-ANCA in 140–148 patients
(75–80%) and MPO-ANCA in 15–22 patients (8–12%). Double
positivity (PR3-ANCA and MPO-ANCA) was found in 0–4
patients (0–2%). In total, 20–28 patients with GPA (11–15%)
tested negative for both PR3-ANCA and MPO-ANCA.

Of the 65 patients with MPA, IIF revealed C-ANCA in 3
(5%; C) and 4 (6%; BB) patients and P-ANCA in 58 (89%; C)
and 55 (85%; BB) patients, whereas the distinct antigen-specific
immunoassays revealed PR3-ANCA in 2–4 patients (3–6%) and
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MPO-ANCA in 44–56 patients (68–86%). Double positivity
(PR3-ANCA and MPO-ANCA) was found in 0–2 patients (0–
3%). In total, 5–16 patients with MPA (8–24%) tested negative
for both PR3-ANCA and MPO-ANCA.

In summary, for IIF, clear differences were found between
the two laboratories, with one of the two laboratories perform-
ing at a higher specificity as well as at a higher sensitivity for
GPA (table 1). For the antigen-specific immunoassays, the dif-
ferences were less pronounced. In order to compare the differ-
ent antigen-specific immunoassays, we calculated the accuracy,
defined as the overall fraction of controls and patients that
tested, respectively, negative and positive. For all antigen-specific
immunoassays, except for the CytoBead assay (Medipan), the
accuracy ranged between 0.944 and 0.954 (table 1). The accur-
acy for the CytoBead assay was 0.921. This assay displayed the
lowest specificity and lowest sensitivity for MPO-ANCA. For
comparison, the accuracy of the two IIF analyses was 0.794 (C)
and 0.9270 (BB). Thus, the observed differences between the
different antigen-specific immunoassays (with the exception of
the CytoBead assay) are likely to be related to differences in the
company-specific cut-offs. For example, when compared with
the BioPlex 2200 assay from BioRad the Euro-Diagnostica
capture ELISA had a lower sensitivity for GPA but a higher spe-
cificity (table 1).

Further investigation of the diagnostic performance character-
istics of IIF and antigen-specific immunoassays was done by
ROC curve analysis. In order to perform such analysis, patients
with GPA and MPAwere clustered as AAV (n=251). Thus, ROC
curve analysis was used to evaluate the performance of IIF and
antigen-specific immunoassays to distinguish AAV from disease
controls (n=924). For IIF, the highest level of reactivity, inde-
pendent of ANCA pattern, was selected for analysis. Similarly,
for antigen-specific immunoassays the highest level of reactivity

from the PR3-ANCA and MPO-ANCA determinations was
selected for analysis. This was feasible as all manufacturers,
except for two, apply similar cut-off values for PR3-ANCA and
MPO-ANCA. For the two manufacturers that do not apply the
same cut-off for PR3-ANCA and MPO-ANCA, the differences
were minor, that is, 3 versus 5 IU/mL for FEIA and 5 versus
10 U/mL for the Orgentec ELISA. The results are shown in
figure 1 and table 2. Marked differences between the AUCs
were found for the two IIF analyses performed in different
laboratories (AUC 0.923 (95% CI 0.902 to 0.944; BB) vs 0.843
(95% CI 0.815 to 0.871; C) (p<0.0001)). The AUC for the
CytoBead assay was 0.919 (95% CI 0.892 to 0.945), whereas
the AUCs for the seven other antigen-specific immunoassays
varied between 0.936 (95% CI 0.912 to 0.960) and 0.959
(95% CI 0.941 to 0.976), which was statistically significantly
higher than the AUC for IIF-C (p<0.0001 for all assays) and
the AUC for IIF-BB, except for EliA (p=0.19). A breakdown of
the data for C-ANCA and PR3-ANCA in GPA and P-ANCA and
MPO-ANCA in MPA revealed that the CytoBead MPO-ANCA,
but not PR3-ANCA, had a lower AUC than the AUC of the
other immunoassays (see online supplementary table S4, S5 and
figure S1, S2).

In summary, ROC curve analysis revealed marked differences
between IIF results obtained in different laboratories and
showed that most of the antigen-specific immunoassays outper-
formed IIF for ANCA determination.

Next, we investigated whether IIF detected antibodies that
were missed by antigen-specific immunoassays and vice versa.
The results for comparison of the best-performing IIF (BB) ana-
lysis with the Euroimmun assays (as an example) are sum-
marised in table 3. IIF detected antibodies in three patients with
GPA (two with limited disease and one with low-disease activity)
that were negative by antigen-specific immunoassays, whereas

Table 1 Overview of the results for proteinase 3 (PR3)-antineutrophil cytoplasmic antibodies (ANCA) and myeloperoxidase (MPO)-ANCA obtained
by immunoassays from different commercial sources1–8 and for cytoplasmic pattern ANCA (C-ANCA) and perinuclear pattern ANCA (P-ANCA) by
indirect immunofluorescence (IIF) performed at two sites (Copenhagen (9) and Bad Bramstedt (10))

Enzyme immunoassay IIF

PR3 MPO 1 2 3 4 5 6 7 8 9 10

Controls
n=924

Neg Neg 904 893 895 883 906 897 894 872 Neg 725 866

Pos Neg 7 13 10 10 6 6 7 17 C-ANCA 27 19

Neg Pos 10 15 16 28 11 19 19 33 P-ANCA 172 34

Pos Pos 3 3 3 3 1 2 4 2 C-ANCA+P-ANCA 0 0

A-ANCA 5

GPA
n=186

Neg Neg 22 21 26 20 28 23 21 25 Neg 39 22

Pos Neg 148 146 140 144 140 143 145 140 C-ANCA 119 144

Neg Pos 16 15 19 22 18 19 20 18 P-ANCA 27 20

Pos Pos 0 4 1 0 0 1 0 4 C-ANCA+P-ANCA 1 0

MPA
n=65

Neg Neg 12 8 8 5 10 9 6 16 Neg 4 6

Pos Neg 4 2 3 3 3 3 3 3 C-ANCA 3 4

Neg Pos 47 53 54 56 51 52 56 44 P-ANCA 58 55

Pos Pos 2 2 0 1 1 1 0 2 C-ANCA+P-ANCA 0 0

Accuracy* 0.954 0.949 0.946 0.944 0.952 0.950 0.951 0.922 0.794 0.927

Cut-off values proposed by the manufacturer were used.
The assays included were from Inova (QuantaLite (1) and QuantaFlash (2)), Thermo-Fisher (EliA) (3), Bio-Rad (BioPlex 2200) (4), Euro-Diagnostica (5), Orgentec (6), Euroimmun (7) and
Medipan (CytoBead assay) (8).
*Accuracy was calculated as follows:

½number of controls that tested negativeþ number of GPA patients that tested positive

þ number of MPA patients that tested positive�=½number of controlsþ number of GPA þ number of MPA�
A-ANCA, atypical ANCA; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase; Neg, negative; Pos, positive.
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antigen-specific immunoassays detected antibodies in four
patients with GPA that were negative by IIF. It should be men-
tioned that the respective antibody levels were low (three weak
positive (dubious) IIF results; PR3-ANCA 23 and 76 U/mL
(cut-off 20 U/mL); MPO-ANCA 27 and 32 U/mL (cut-off 20 U/
mL)). Similarly, for MPA one patient was negative by IIF but
positive by antigen-specific immunoassays, whereas another
patient was negative by antigen-specific immunoassays and posi-
tive by IIF.

There were 12 patients with GPA and 4 patients with MPA
who were negative for PR3-ANCA and MPO-ANCA by all eight
enzyme immunoassays. All patients with GPA had limited
disease: ear, nose and throat (ENT) or locoregional involvement
(n=9), ENT and lung involvement (n=1), ENT and

polyneuropathy (n=1), and ENT and arthritis (n=1). The organ
involvement for the four seronegative patients with MPA was
lung (n=1), nervous system (n=2), and lung and kidney (n=1).
A summary of the controls in whom PR3-ANCA and/or
MPO-ANCA was found with at least seven of eight assays is
given beneath. A patient with ANCA-associated drug-induced
(propylthiouracyl) vasculitis had PR3-ANCA (positive with all
eight assays) and MPO-ANCA (positive with 7/8 assays). A
control patient with polyarteritis nodosa and a control patient
with Behcet’s disease had PR3-ANCA (detected by 7/8 assays).
In the patient with Behcet’s disease, MPO-ANCA was also posi-
tive with 4/8 assays. Five control patients had MPO-ANCA
detected by 8/8 assays. The clinical conditions of these patients
were rheumatoid arthritis (n=3), unclassified systemic small
vessel vasculitis (n=1) and SLE (n=1). The patient with SLE
also had PR3-ANCA detected by 6/8 assays. Three control

Table 2 Area under the curve (AUC) for eight antigen-specific
immunoassays1–8 and two indirect immunofluorescence (IIF) methods
performed at two sites (Copenhagen (9) and Bad Bramstedt (10)) for
antineutrophil cytoplasmic antibodies (ANCA) detection

Test AUC 95% CI

1 0.949 0.928 to 0.970

2 0.948 0.928 to 0.968

3 0.936 0.912 to 0.960

4 0.947 0.927 to 0.966

5 0.943 0.920 to 0.965

6 0.942 0.918 to 0.965

7 0.959 0.941 to 0.976

8 0.919 0.892 to 0.945

9 0.842 0.814 to 0.871

10 0.923 0.902 to 0.944

For antigen-specific immunoassays, the highest level of reactivity from the proteinase
3-ANCA and myeloperoxidase-ANCA determinations was selected for analysis. For IIF,
the highest level of reactivity, independent of pattern, was selected for analysis.
The immunoassays included were from Inova (QuantaLite (1) and QuantaFlash (2)),
Thermo-Fisher (EliA) (3), Bio-Rad (BioPlex 2200) (4), Euro-Diagnostica (5), Orgentec (6),
Euroimmun (7) and Medipan (CytoBead assay) (8).

Table 3 Concordance between indirect immunofluorescence (IIF)
(Bad Bramstedt) and enzyme immunoassay

IIF
Euroimmun
immunoassay

C-ANCA P-ANCA PR3-ANCA MPO-ANCA GPA MPA Controls

Neg Neg Neg Neg 18 5 860

Neg Neg Pos Neg 2 0 6

Neg Neg Neg Pos 2 1 5

Neg Pos Neg Neg 0 1 16

Neg Pos Pos Neg 2 0 0

Neg Pos Neg Pos 18 54 14

Neg Pos Pos Pos 0 0 4

Pos Neg Neg Neg 3 0 18

Pos Neg Pos Neg 141 3 1

Pos Neg Neg Pos 0 1 0

186 65 924

ANCA, antineutrophil cytoplasmic antibodies; C-ANCA, cytoplasmic pattern ANCA; GPA,
granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase;
Neg, negative; Pos, positive; P-ANCA, perinuclear pattern ANCA; PR3, proteinase 3.

Figure 1 Receiver operating
characteristics curve for eight
antigen-specific immunoassays and
two indirect immunofluorescence (IIF)
methods (Copenhagen and Bad
Bramstedt) for antineutrophil
cytoplasmic antibodies (ANCA)
detection. For antigen-specific
immunoassays, the highest level of
reactivity from the proteinase 3-ANCA
and myeloperoxidase-ANCA
determinations was selected for
analysis. For IIF, the highest level of
reactivity, independent of pattern, was
selected for analysis. The
immunoassays included were from
Inova (QuantaLite (1) and QuantaFlash
(2)), Thermo-Fisher (EliA) (3), Bio-Rad
(BioPlex 2200) (4), Euro-Diagnostica
(5), Orgentec (6), Euroimmun (7) and
Medipan (CytoBead assay) (8). IIF was
performed at Copenhagen (9) and Bad
Bramstedt (10).
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patients had MPO-ANCA detected by 7/8 assays. The clinical
conditions of these patients were infection, arthralgia and SLE.

Table 4 shows the concordance between all antigen-specific
immunoassays for PR3-ANCA and MPO-ANCA in controls,
GPA and MPA. The concordance for PR3-ANCA between all
assays was 94%, 89% and 91% in controls, GPA and MPA,
respectively. For MPO-ANCA, the concordance between all
assays was 94%, 93% and 77% in controls, GPA and MPA,
respectively. Because the CytoBead MPO-ANCA assay
(Medipan) had the lowest accuracy and AUC, we recalculated
the concordance after exclusion of the CytoBead assays. After
exclusion, the concordance for PR3-ANCA was almost similar
as before exclusion, that is, 96%, 89% and 91% in controls,
GPA and MPA, respectively, while the concordance for
MPO-ANCA indeed increased to 96%, 96% and 85% in con-
trols, GPA and MPA, respectively. Although the concordance
between the different antigen-specific immunoassays is high, it is
not absolute and differences between antigen-specific immu-
noassays do exist (further exemplified in online supplementary
table S6).

DISCUSSION
We evaluated IIF and various antigen-specific immunoassays
for detection of ANCA as a diagnostic marker for AAV, that
is, GPA and MPA. Overall, the diagnostic performance, as
evaluated by ROC curve analysis, of the antigen-specific
immunoassays equalled or surpassed the diagnostic perform-
ance of IIF.

For IIF, two approaches were used. The first approach was the
standard IIF method based on an ethanol-fixed mixture of gran-
ulocytes and lymphocytes as described by Wiik et al29 and per-
formed at the Staten Serum Institute (where the method was
developed). This standard IIF method was also the basis for the
multicentre study of Hagen et al4 that formed the basis for the
current international consensus on detection of ANCA.5 In our
study, the specificity of this method was 97% for C-ANCA and
81% for P-ANCA, which was comparable to the specificity in
disease controls reported by Hagen et al4 (95% for C-ANCA
and 81% for P-ANCA). The sensitivity of C-ANCA for GPA in
our study (63%) was comparable to the sensitivity reported by

Hagen et al (64%),4 whereas the sensitivity of P-ANCA for
MPA in our study (89%) was higher than the sensitivity re-
ported by Hagen et al (58%).4 The second approach, performed
at Bad Bramstedt, combined ethanol-fixed neutrophils with
formalin-fixed neutrophils and antinuclear antibody testing on
HEp-2 cells in order to increase the specificity of P-ANCA.3

Our results confirm the higher specificity of the Bad Bramstedt
approach compared with the Copenhagen approach.
Unexpectedly, we also found a higher sensitivity of the Bad
Bramstedt approach compared with the Copenhagen approach,
especially in GPA. The reason for this discrepancy is unclear
and can be related to differences in source of cells, substrate,
conjugates and fixation methods used and expertise of the
observer. Taken together, our results show significant differences
between the performance of IIF determinations executed at two
different expert laboratories, thereby underscoring the high
variability in results obtained by IIF in different laboratories. In
a parallel study, we evaluated the performance of automated
multiparameter IIF devices (Aklides and EuroPattern).14 30–32 In
that study, we also observed variability in IIF results between
automated devices.33

The antigen-specific immunoassays evaluated included first-
generation, second-generation (capture-based) (Euro-Diagnostica)
and third-generation (anchor-based) (Thermo-Fisher, Euroimmun,
Orgentec for PR3-ANCA and Thermo-Fisher for MPO-ANCA)
assays. The technology included classical ELISA (Inova
QuantaLite, Euro-Diagnostica, Euroimmun, Orgentec), auto-
mated FEIA (Thermo-Fisher), chemiluminescence assay (Inova
QuantaFlash), multiplexed flow immunoassay (BioRad) and
multiplexed microbead IIF assay (Medipan). Our results did not
reveal consistent differences between the different assay formats
or assay generations, except for the CytoBead MPO-ANCA
(Medipan) that performed less well compared with all other
tested MPO-ANCA assays. This is in contrast with the literature
that assumes a better sensitivity of second-generation and third-
generation immunoassays and a better specificity for second-
generation immunoassays (refs 34–36, reviewed in ref. 3). It
should be mentioned that our study was performed mainly with
diagnostic samples obtained from patients that did not receive
any immunosuppressive treatment. Epitope spreading and affin-
ity maturation can occur during the course of disease and could
differentially affect reactivity with the different assay formats or
assay generations in follow-up samples.

Today, mounting evidence suggests that AAV should be classi-
fied based on the ANCA serotype as PR3-ANCA and MPO-
ANCA disease. Recent studies have shown that PR3-ANCA
and MPO-ANCA diseases are strongly associated with distinguish-
able genetic risk alleles, phenotypic differences and differences in
risk of relapse.37–40 Therefore, these data suggest that perhaps a
new classification is required centred around the antigen specifi-
city of ANCA and strongly argue for the ANCA screening only
by antigen-specific assays.

ANCAs are helpful in the diagnosis of AAV, but their use as a
diagnostic biomarker is insufficient. The diagnosis is based on
clinicopathological features. Our study confirms that a fraction
of patients with AAV is ANCA negative; depending on the assay,
11–17% of patients with AAV were negative by IIF and 9–16%
by immunoassay. Therefore, a diagnosis of AAV cannot be
excluded for ANCA-negative patients. Renal and/or other biop-
sies should be performed in these patients. When the patient
tests negative for ANCA, however, the result could be a false
negative due to reactivity to epitopes that are not seen in most
ANCA assays.41 Patients with ANCA-negative GPA are likely to
have localised (limited) disease.42

Table 4 Concordance between immunoassays

Control
n=924

GPA
n=186

MPA
n=65

PR3-ANCA

Positive with all eight immunoassays 2 132 2

Negative with all eight immunoassays 871 33 57

Concordance 0.94 0.89 0.91

Positive with all assays after exclusion of CytoBead 2 133 2

Negative with all assays after exclusion of CytoBead 882 33 57

Concordance 0.96 0.89 0.91

MPO-ANCA

Positive with all eight immunoassays 5 15 43

Negative with all eight immunoassays 860 158 7

Concordance 0.94 0.93 0.77

Positive with all assays after exclusion of CytoBead 9 16 48

Negative with all assays after exclusion of CytoBead 882 162 7

Concordance 0.96 0.96 0.85

ANCA, antineutrophil cytoplasmic antibodies; GPA, granulomatosis with polyangiitis;
MPA, microscopic polyangiitis; MPO, myeloperoxidase; PR3, proteinase 3.
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The strength of this study is that a large multicentre con-
secutively recruited patient cohort with diagnostic samples was
included, as well as a large number of relevant disease con-
trols. The same cohort was analysed in a blinded fashion with
a multitude of assays, which allowed direct comparison of the
different assays. A weakness of the study is that not all com-
panies could be included due to the limited sample volume
that was available.

In conclusion, screening for ANCA with IIF is not of added
value when using high-quality antigen-specific immunoassays.
This only holds for AAV and not for IBD or autoimmune liver
diseases. Our findings warrant revision of the international con-
sensus on screening for ANCA in the diagnostic work-up of
GPA and MPA.
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EXTENDED REPORT

Relationship between exposure to tumour necrosis
factor inhibitor therapy and incidence and severity
of myocardial infarction in patients with rheumatoid
arthritis
Audrey S L Low,1 Deborah P M Symmons,1,2 Mark Lunt,1 Louise K Mercer,1 Chris
P Gale,3,4 Kath D Watson,1 William G Dixon,1 Kimme L Hyrich,1 on behalf of the
British Society for Rheumatology Biologics Register for Rheumatoid Arthritis (BSRBR-
RA) and the BSRBR Control Centre Consortium

ABSTRACT
Objectives Patients with rheumatoid arthritis (RA) are
at increased risk of myocardial infarction (MI) compared
with subjects without RA, with the increased risk driven
potentially by inflammation. Tumour necrosis factor
inhibitors (TNFi) may modulate the risk and severity of
MI. We compared the risk and severity of MI in patients
treated with TNFi with that in those receiving synthetic
disease-modifying antirheumatic drugs (sDMARDs).
Methods This analysis included patients with RA
recruited from 2001 to 2009 to the British Society for
Rheumatology Biologics Register for Rheumatoid Arthritis
starting TNFi (etanercept/infliximab/adalimumab) and a
biologic-naïve comparator cohort receiving sDMARD. All
patients were followed via physician and patient
questionnaires and national death register linkage.
Additionally, all patients were linked to the Myocardial
Ischaemia National Audit Project, a national registry of
hospitalisations for MI. Patients were censored at first
verified MI, death, 90 days following TNFi
discontinuation, last physician follow-up or 20 April
2010, whichever came first. The risk of first MI was
compared between cohorts using COX regression,
adjusted with propensity score deciles (PD). MI
phenotype and severity were compared using descriptive
statistics. 6-month mortality post MI was compared
using logistic regression.
Results 252 verified first MIs were analysed: 58 in
3058 patients receiving sDMARD and 194 in 11 200
patients receiving TNFi (median follow-up per person
3.5 years and 5.3 years, respectively). The PD-adjusted
HR of MI in TNFi referent to sDMARD was 0.61 (95% CI
0.41 to 0.89). No statistically significant differences in
MI severity or mortality were observed between
treatment groups.
Conclusions Patients with RA receiving TNFi had a
decreased risk of MI compared with patients with RA
receiving sDMARD therapy over the medium term. This
might be attributed to a direct action of TNFi on the
atherosclerotic process or better overall disease control.

INTRODUCTION
In meta-analyses, patients with rheumatoid arthritis
(RA) have a 60% increased risk of myocardial infarc-
tion (MI) and a 70% increased risk in mortality from

MI compared with the general population.1 2 As the
development of atherosclerosis in the general popula-
tion is viewed as an inflammatory process, it is pos-
sible that the chronic inflammation associated with RA
may accelerate this. Traditional cardiovascular (CV)
risk factors do not fully explain the increased risk of
MI associated with RA.3–5 Drugs inhibiting tumour
necrosis factor α (TNFi) have been shown to reduce
joint inflammation and associated inflammatory
markers; thus, they may also influence the future risk
of MI.
The association between TNFi exposure and MI

risk has been investigated previously in patients with
RA. Some studies found a reduced risk, but others a
similar risk compared with treatment with
synthetic disease-modifying antirheumatic drugs
(sDMARDs).6–15 Most of these studies only fol-
lowed patients for 1–2 years. TNFi may influence
the incidence of MI in the short term by stabilising
plaque. However, any effect on plaque formation is
likely to take much longer. Therefore, the full
influence of TNFi on future MI risk may take
many years to become apparent.16 Also, as MI is a
relatively uncommon event, large sample sizes are
required to assess this risk.
As well as influencing the occurrence of MI,

tumour necrosis factor α (TNFα) may affect the
outcome after a CV event. TNFα appears to limit
infarct size by preventing or delaying apoptosis of
cardiac myocytes and may have a homeostatic role
in limiting the amount and duration of damage
after an ischaemic insult.17 Conversely, neutralising
TNFα with antibodies has been shown to reduce
infarct size in murine models.18 The outcome of
MI in patients with RA receiving TNFi therapy has
not previously been studied.
We aimed to compare (1) the incidence of MI

over the medium term, (2) the severity of MI and
(3) the mortality post MI between patients with RA
treated with TNFi therapy and those treated with
sDMARD therapy.

METHODS
Study design and setting
The British Society for Rheumatology Biologics
Register for Rheumatoid Arthritis (BSRBR-RA) is a
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UK-wide prospective observational study, established in 2001 to
monitor the long-term safety of TNFi and other biological ther-
apies.19 UK guidelines restrict the prescription of TNFi in RA to
patients with (i) sustained active disease (28-joint disease activity
score (DAS28) >5.1 on at least two occasions a month apart)
and (ii) who have failed to respond to therapeutic doses of ≥2
sDMARDs (including methotrexate, unless contraindicated)
given for ≥6 months.20 The TNFi-treated patients included in
this analysis were recruited between 2001 and 2005 (etaner-
cept), 2001 and 2008 (infliximab) and 2004 and 2008 (adalimu-
mab). Recruitment to each TNFi drug continued from when
that TNFi was licensed in UK until the target of 4000 patients
per TNFi was reached. We recruited a comparator cohort of
biologic-naïve patients with active disease (guide DAS28>4.2)
receiving sDMARD therapies only, between 2002 and 2009. If
patients in the comparator cohort were switched to TNFi
therapy, they were given the option to re-consent to recruitment
to the TNFi cohort (if recruitment to that TNFi cohort was still
open); otherwise follow-up was discontinued. Patients could not
switch from the TNFi cohort to the sDMARD cohort.

Both cohorts were followed identically via physician and
patient questionnaires. Questionnaires were sent to the rheuma-
tology team every 6 months for the first 3 years of follow-up
and annually thereafter, regardless of changes to therapy,
requesting information on disease details, medication and
comorbidities, as well as the occurrence of adverse events. At
baseline, physicians were asked if the patient had a history of
MI or angina. Patients provided information on hospitalisations
via questionnaires every 6 months for the first 3 years of
follow-up. For all reports of MI, additional clinical data (dis-
charge summaries, ECG, cardiac enzymes, pathology reports)
were requested to aid event verification and classification. All
patients were flagged with the Health and Social Care
Information Centre for reporting of deaths. Causes of death
(COD) were coded from the death certificate using the
International Classification of Diseases 10.

In addition, the BSRBR-RA dataset was linked to the
Myocardial Ischaemia National Audit Project (MINAP).
Established in 1999, MINAP audits the care and outcome of all
patients admitted to an acute National Health Service (NHS)
hospital in England or Wales with a suspected MI against
national standards.21 MINAP collects patient-level information
including patient demographics, dates of admission, MI pheno-
type, baseline risk, comorbidities, investigations, details of reper-
fusion therapy, in-hospital drug treatment, clinical complications
and all-cause mortality.

The BSRBR-RA and MINAP datasets were linked using deter-
ministic matching based on surname, forename, gender, unique
NHS number, date of birth and postcode. The matching strategy
used a maximum of four linkage variables in any one combin-
ation. MINAP events which matched to a BSRBR-RA patient
were returned to the BSRBR-RA for analysis.

Participants
This analysis included all patients with a physician diagnosis of
RA starting etanercept, infliximab or adalimumab as their first
biologic within 6 months of registration with BSRBR-RA, or
registered into the sDMARD cohort (figure 1). The analysis was
limited to patients with at least moderate disease activity at the
start of therapy (DAS28≥3.2) and with no past history of MI or
angina. All patients had to have at least one returned rheumatol-
ogy team follow-up questionnaire to confirm treatment start.

Written consent was obtained from all patients according to the
Declaration of Helsinki. Approval for the BSRBR-RAwas given by

the North West Multicentre Research Ethics Committee (reference
no: 00/8/53). The National Institute for Cardiovascular Outcomes
Research (NICOR) which includes MINAP (Ref: NIGB: ECC
1-06 (d)/2011) has support under Section 251 of the NHS Act
2006 to use patient information for medical research without
requiring additional consent. The data linkage in this analysis was
approved by the MINAPAcademic Group.

Verification of MI
All potential MIs reported to BSRBR-RA, MINAP or both were
verified using the American Heart Association/European Society

Figure 1 Patient selection for analysis. BSRBR-RA, British Society for
Rheumatology Biologics Register for Rheumatoid Arthritis; DAS28,
disease activity in 28 joints; DMARD, disease-modifying antirheumatic
drug; MI, myocardial infarction; RA, rheumatoid arthritis; TNF, tumour
necrosis factor.
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of Cardiology (AHA/ESC) criteria for MI.22 If a reported event
could not be verified against the AHA/ESC criteria for MI, but
the patient received thrombolysis or primary angioplasty or died
with MI recorded as the underlying COD, this was also consid-
ered to be a verified MI.

Drug exposure models and statistical methods
The primary event was the first verified MI for each patient.
Crude incidence rates of first MI with 95% CIs were calculated
using a Poisson distribution. For the TNFi cohort, follow-up
started on the first day of treatment. For the sDMARD cohort,
follow-up started on the date of registration. MIs were attribu-
ted to TNFi therapy if they occurred on drug or within 90 days
of drug discontinuation. Follow-up was censored at first verified
MI, death, date of last physician follow-up or 20 April 2010,
whichever came first. The risk of first MI was compared
between TNFi-treated and sDMARD-treated patients using a
COX proportional hazards model, adjusted for deciles of pro-
pensity score (PD). This was presented using HRs with 95% CI.
Sensitivity analyses included (1) analysing the data using an ever-
exposed drug model (ie, all exposure time following first dose
of TNFi) and (2) trimming of the PD at 5%.

Baseline confounders were specified a priori and entered into
a logistic regression model to generate a PD, reflecting the likeli-
hood of receiving TNFi depending on covariates. These covari-
ates were age, gender, DAS28, disease duration, health
assessment questionnaire score, whether the patient had used
≥4 sDMARDs prior to study registration, whether the patient
was recruited to the register before 30 June 2004 (the approxi-
mate midpoint of study recruitment, chosen to account for tem-
poral changes in baseline disease severity over time),23

hypertension, diabetes, chronic lung disease, smoking (ever/
never), antiplatelet therapy, non-steroidal anti-inflammatory
drugs (NSAID)/cyclooxygenase inhibitor (COX)-2 inhibitor use,
glucocorticoid use and statin use. Missing data were imputed by
multiple imputation by chained equations (MICE).24 The imput-
ation model included whether the patient experienced an MI,
logarithm of the time to MI and the other covariates as
described25 (see online supplementary web appendix).

Severity of the MI was defined according to (1) MI pheno-
type: ST elevation versus non-ST elevation (STEMI vs
NSTEMI), (2) presence or absence of cardiac arrest during hos-
pital admission, (3) peak creatine kinase (CK), peak troponin I,
peak troponin T and (4) length of hospital stay. These para-
meters were compared between cohorts using the χ2 test for cat-
egorical variables and the Wilcoxon rank-sum test for
continuous variables. This analysis was limited to those MIs cap-
tured in the MINAP registry. For this analysis, patients were
divided into three groups based on treatment at the time of
their MI: Group 1 (sDMARD) (referent), Group 2 (receiving
TNFi therapy at the time of or within 90 days prior to the MI)
and Group 3 (exposed to TNFi but outside the 90-day lag
window prior to the MI).

Mortality post MI was defined as any death that occurred
within 6 months following the initial MI. The results are pre-
sented for (1) all MIs irrespective of reporting source and (2)
for those MIs with additional data from MINAP. Using logistic
regression, the risk of death within 6 months post MI was com-
pared between the three groups, with the sDMARD group as
the referent. For all MIs, mortality was adjusted for age and
gender. For those MIs with additional data from MINAP, the
analysis was adjusted for age, gender and the Modified Global
Registry of Acute Coronary Events (MG) score: a composite
score including age, heart rate, systolic blood pressure,

creatinine, cardiac arrest at admission, ST segment deviation,
elevated cardiac enzymes and loop diuretic use at admission.26 27

Higher scores indicate a higher probability of death (range: 0–
274). Missing data for components of MG were replaced using
multiple imputation.28 The risk of death was estimated using
logistic regression. ORs with 95% CI were presented. All ana-
lyses were performed using Stata V.13 (StataCorp, College
Station, Texas, USA).

RESULTS
Baseline characteristics
A total of 14 258 patients (sDMARD: 3058, TNFi: 11 200)
were analysed (table 1 and figure 1). At baseline, the TNFi
cohort was younger, comprised of proportionally more females,
had longer disease duration and higher disease activity and func-
tional disability compared with the sDMARD cohort. Patients in
the TNFi cohort were also more likely to receive glucocorticoids
and NSAID/COX-2 inhibitors, but were less likely to be on anti-
platelet drugs and statins. Patients in the TNFi cohort also had a
lower frequency of smoking, hypertension and diabetes com-
pared with the sDMARD cohort. Median duration of exposure
to TNFi was 4.1 years (IQR 2.0, 5.8).

Risk of MI in TNFi-treated patients compared with
sDMARD-treated patients
There were 58 verified first MIs during a median of 3.5 years
follow-up in the sDMARD cohort (total follow-up 10 337 -
person-years (pyrs)) and 194 MIs during a median of 5.3 years
follow-up in the TNFi cohort (total follow-up 55 636 pyrs)
(table 2). The crude incidence rate of first MIs per 10 000 pyrs
was 56 (95% CI 46 to 73) in the sDMARD cohort and 35
(95% CI 30 to 40) in the TNFi cohort. The median time to first
MI was 1.56 years (IQR 0.89, 3.43) in the sDMARD cohort
and 2.43 years (IQR 1.41, 3.96) in the TNFi cohort.

Table 1 Baseline characteristics of patients in sDMARD and TNFi
cohorts

sDMARD;
n=3058

TNFi;
n=11 200

Mean age, years (SD) 59.5 (12.5) 55.6 (12.3)

Female, % 75 78

Median disease duration, years (IQR) 6 (1, 15) 11 (6, 19)

Mean DAS28 (SD) 5.3 (1.1) 6.6 (1.0)

Mean HAQ score (SD) 1.5 (0.7) 2.0 (0.6)

Proportion of patients who received ≥4
sDMARDs prior to study registration, %

21 53

Proportion of patients who received
methotrexate prior to study registration, %

82 97

Recruited before 30 June 2004, % 19 51

Hypertension, % 30 28

Diabetes, % 6 5

Chronic lung disease, % 19 13

Current/previous smoker, % 62 59

Glucocorticoid, % 22 44

NSAID/COX-2 inhibitor therapy, % 56 63

Antiplatelet therapy, % 7 5

Statin therapy, % 9 5

COX, cyclooxygenase inhibitor; DAS28, disease activity in 28 joints; HAQ score, health
assessment questionnaire score; NSAID, non-steroidal anti-inflammatory drugs;
sDMARD, synthetic disease-modifying antirheumatic drug; TNFi, tumour necrosis factor
α inhibitor.
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Compared with the sDMARD cohort, the unadjusted HR of
MI in the TNFi cohort was 0.78 (95% CI 0.58 to 1.05). After
adjustment using PD, the risk of MI in the TNFi cohort was
0.61 (95% CI 0.41 to 0.89), indicating a 39% decreased risk of
MI, compared with the sDMARD cohort. There were 276
verified MIs in the group who were ever exposed to TNF (ie,
when all person-time following first dose of TNFi was
included). Adjustment using PD showed a result similar to the
primary model: HR 0.67 (95% CI 0.46 to 0.96) (table 2).
Similar results were also found when propensity scores were
trimmed at 5% (table 2).

Severity of MI
Of the 334 verified first MIs (sDMARD: 58, ever exposed to
TNFi: 276), 136 MIs were captured by BSRBR-RA only, 78
were captured by MINAP only and 120 were captured in both
datasets. There were no significant differences (data not shown)

in the age, gender or the proportion of patients receiving TNFi
therapy in those MIs with MINAP data and those without.

Of the 198 MI patients with MINAP data (59%), 35 were
biologic-naïve (Group 1), 108 were receiving TNFi therapy at
the time of or within 90 days prior to the MI (Group 2) and
55 had prior exposure to TNFi (Group 3) (table 3). Overall,
there were no statistically significant differences in markers of
severity between the three groups, although there was a trend
towards higher peak CK in patients on TNFi at the time of MI
(table 3).

Post-MI mortality
Of the 334 patients with first MIs, 77 (23%) died within
6 months of their MI: 12 (21%) in Group 1, 25 (13%) in
Group 2 and 40 (48%) in Group 3 (exposed, but had stopped
TNFi >90 days before their MI) (table 4). Compared with the
sDMARD-treated group (Group 1), the age and gender adjusted
OR of death in Group 2 was 0.68 (95% CI 0.31 to 1.47) and
that in Group 3 was 3.07 (95% CI 1.42 to 6.62). The median
time between stopping the TNFi and MI occurrence was
1.3 years (IQR 0.5, 2.5). Similar trends in mortality risk were
observed in the subset of MIs captured by MINAP, but there
were very few events, and precision was low (table 4). The
median MG scores were similar between the three groups (108
vs 100 vs 112, respectively). The MG score was a significant
univariate predictor of 6-month mortality: OR 1.05 (95% CI
1.02 to 1.07) within these subjects.

DISCUSSION
Previous reports of the association between TNFi therapy and
the risk of MI have only followed patients up to 1–2 years and
have not had consistent findings. We examined the association
between TNFi therapy and the risk of MI over the medium
term (median follow-up, 5 years) and used propensity scores to
balance differences across a wide range of measured covariates.
A 39% reduction in the risk of MI was observed in patients
treated with TNFi compared with those on sDMARD therapy.
We also report, for the first time, the relationship between seve-
rity of and mortality post MI among patients who have received
TNFi therapy.

There is a signal that duration of TNFi exposure is related to
a reduction in cardiovascular disease (CVD) risk in patients with
RA. Bili et al13 found that use of TNFi for more than the
median of 16 months was associated with lower risk of CV
events: relative risk 0.31 (95% CI 0.15 to 0.65). In a Swedish
study, 2 years follow-up on TNFi was associated with a 32%

Table 2 Risk of MI compared between sDMARD and TNFi cohorts

sDMARD;
n=3058 TNFi; n=11 200

Median duration of follow-up per patient,
years (IQR)

3.5 (1.8, 4.9) 5.3 (3.6, 6.4)

Total person-years of exposure, pyrs 10 337 55 636

Primary drug exposure model: on-TNFi+90 days

Number of verified first MIs 58 194

Crude incidence rate of verified first MI
per 10 000 pyrs (95% CI)

56 (43 to 73) 35 (30 to 40)

Unadjusted HR (95% CI) Referent 0.78 (0.58 to 1.05)

HR adjusted for age and
gender (95% CI)

1.19 (0.89 to 1.59)

HR after adjusting for PD* (95% CI) 0.61 (0.41 to 0.89)

Sensitivity analyses

In subjects ever exposed to TNFi;
PD-adjusted HR (95% CI)

0.67 (0.46 to 0.96)

Trimming the PD at 5%; PD-adjusted
HR (95% CI)

0.56 (0.34 to 0.93)

*Deciles of propensity score (PD). The PD included age, gender, DAS28, disease
duration, health assessment questionnaire score, whether the patients used four or
more sDMARDs prior to study registration (yes/no), whether the patients were recruited
to the register before or after 30 June 2004, hypertension, diabetes, chronic lung
disease, smoking (ever/never), antiplatelet therapy, NSAID/COX-2 inhibitor use,
glucocorticoid use and statin use.
COX, cyclooxygenase inhibitor; DAS28, disease activity in 28 joints; MI, myocardial
infarction; NSAID, non-steroidal anti-inflammatory drugs; sDMARD, synthetic
disease-modifying antirheumatic drug; TNFi, tumour necrosis factor α inhibitor.

Table 3 Severity of MI compared between sDMARD and TNFi cohorts

Number of verified first MIs with
additional MINAP data

Group 1 (sDMARD),
n=35

Group 2 (on TNFi at the time of or within
90 days prior to MI), n=108

Group 3 (exposure to TNFi more than
90 days prior to MI), n=55 p Value

Proportion of patients with STEMI, n
(%)

16 (46) 53 (49) 27 (49) 0.32

Cardiac arrest, n (%) 3 (9) 5 (5) 5 (9) 0.48

Median peak CK, IU/L (IQR) 290 (172, 1598) 691 (150, 1293) 286 (125, 660) 0.19

Median peak troponin I, μg/L (IQR) 5.0 (1.3, 7.2) 7.4 (1.1, 22.8) 7.6 (1.5, 29.0) 0.46

Median peak troponin T, μg/L (IQR) 0.7 (0.3, 2.3) 0.9 (0.2, 2.3) 0.8 (0.2, 2.1) 0.95

Median length of hospital stay, days
(IQR)

6 (5, 9) 6 (4, 8) 6 (4, 11) 0.46

CK, creatine kinase; MI, myocardial infarction; MINAP, Myocardial Ischaemia National Audit Project; sDMARD, synthetic disease modifying anti-rheumatic drug; STEMI, ST-elevation
myocardial infarction; TNFi, tumour necrosis factor α inhibitor.

Clinical and epidemiological research

657Low ASL, et al. Ann Rheum Dis 2017;76:654–660. doi:10.1136/annrheumdis-2016-209784

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


reduction in the risk of acute coronary syndrome: HR 0.78
(95% CI 0.61 to 1.01).29 There is a biologically plausible
explanation for our findings as TNFα plays a key role in the
pathogenesis of atherosclerosis.30 Inflammation is central in all
stages of atherosclerosis, including endothelial function, plaque
stabilisation and postinfarct remodelling, and thus inhibition of
TNFα may influence accumulation and progression of plaque
leading to fewer MIs. TNFi may also affect CVD risk via
changes in lipid profile, insulin resistance and diabetes risk.31 32

It is possible that our study findings are attributable to sup-
pression of inflammation and disease control in general rather
than a TNFα-specific effect. Solomon et al33 observed that
disease activity control was associated with fewer CV events.
Therefore, the current treat-to-target strategy to lower disease
activity in RA may improve pain and function, and also reduce
CV risk either through using sDMARDs or biologics or a com-
bination. In our study, disease activity in the comparator cohort
may have been suppressed by sDMARD therapy, but to a lesser
extent, than in the TNFi cohort, thereby ‘maintaining’ the
already increased background MI risk.

Blockade of TNFα may modify the incidence of MI and influ-
ence the severity and mortality post MI via postinfarct remodel-
ling.17 18 This relationship has not previously been explored
because the relevant data are generally not collected within drug
registries. For this study, we linked with a national MI database
to gain additional data on the MIs. Due to differences in study
design and geographical setting between MINAP and
BSRBR-RA, the overlap of events was not 100%. However,
there were no systematic differences between those with
MINAP data and those without. Overall, there were no differ-
ences in MI severity between treatment groups using indirect
measures (MI phenotype, in-hospital cardiac arrest, troponin
levels and length of hospital stay). We observed a trend towards
higher peak CK levels in patients on TNFi at the time of MI.
However, data on the precise time from MI symptom onset to
measurement of cardiac enzymes in relation to reperfusion treat-
ment were not recorded in MINAP. These parameters may influ-
ence our results; thus, this finding should be interpreted with
caution.

Mortality post MI in the general population is associated with
a number of factors (eg, age, gender, severity of MI, comorbid-
ities). We were able to use data from MINAP to calculate the
modified GRACE score and include this in the regression
model. However, small numbers of events precluded robust con-
clusions. We observed a difference in the direction of relative

risk between the group of patients receiving TNFi at the time of
MI and those with prior exposure to TNFi (50% reduction vs
fivefold increase, respectively). In the latter group, the median
time between stopping the TNFi and MI was 1.3 years. Most
patients in the latter group had discontinued their TNFi follow-
ing an adverse event (MI was not the adverse event), which may
imply higher levels of comorbidity in these patients.

This study has several strengths. The prospective design of the
BSRBR-RA, detailed data collection and the size of the study
population meant that it was possible to adjust for a large number
of potential confounders compared with previous publications.
Despite the large range of covariates, we were unable to adjust for
unmeasured confounders such as cumulative steroid dose.
Confounding by indication is an issue with observational
studies. If patients with severe active RA are at increased risk of
CVD and are also more likely to receive TNFi, one would have
expected an increased MI risk in the TNFi group, but instead a
reduced risk was observed. Employment of propensity scores to
balance confounders is an emerging technique in the field of phar-
macoepidemiology. In this analysis, the use of PD to adjust for
known confounders was associated with low levels of expected
bias (<5%, see online supplementary web appendix). Linkage
with MINAP enabled analysis of MI severity, including adjustment
by the modified GRACE score (a risk prediction score for
MI-related death). This study, which has looked at the effects of
TNFi when added to sDMARD therapy, cannot be used to
compare the risk of MI between incident TNFi use and incident
sDMARD use.

In conclusion, treatment with TNFi therapy for RA was asso-
ciated with a reduced risk of MI over the medium term com-
pared with sDMARD therapy. This might be attributed to a
direct action of TNFi on the atherosclerotic process or better
overall disease control or both. Severity of MI and mortality
post MI were not associated with TNFi therapy in our dataset,
but warrants further exploration in collaborative analyses across
other biologic registers.
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Table 4 Mortality within the 6-months following MI

Group 1 (sDMARD)
Group 2 (on TNFi+90 days
lag at time of MI)

Group 3 (exposure to TNFi more
than 90 days prior to MI)

Total number of verified first MIs identified from BSRBR-RA and/or MINAP 58 194 82

Deaths within 6 months, n (%) 12 (21) 25 (13) 40 (48)

Unadjusted OR (95% CI) Referent 0.61 (0.28 to 1.31) 2.84 (1.33 to 6.04)

OR adjusted for age and gender (95% CI) 0.68 (0.31 to 1.47) 3.07 (1.42 to 6.62)

Number of verified first MIs with MINAP data (% total verified MIs) 35 (60) 108 (56) 55 (67)

Deaths within 6 months, n (%) 2 (6) 3 (3) 11 (20)

Median MG score (IQR) 108 (81 to 131) 100 (84 to 120) 112 (93 to 129)

Unadjusted OR (95% CI) Referent 0.47 (0.08 to 2.94) 4.13 (0.86 to 19.89)

OR adjusted for age and gender (95% CI) 0.51 (0.08 to 3.21) 4.07 (0.82 to 20.07)

OR adjusted for MG score (95% CI) 0.47 (0.06 to 3.45) 5.40 (0.93 to 31.18)

BSRBR-RA, British Society for Rheumatology Biologics Register for Rheumatoid Arthritis; MG score, modified Global Registry of Acute Coronary Events score; MI, myocardial infarction;
MINAP, Myocardial Ischaemia National Audit Project; sDMARD, synthetic disease modifying anti-rheumatic drug; TNFi, tumour necrosis factor α inhibitor.
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EXTENDED REPORT

Incidence of autoimmune diseases in a nationwide
HIV/AIDS patient cohort in Taiwan, 2000–2012
Yung-Feng Yen,1,2 Pei-Hung Chuang,3,4 I-An Jen,5 Marcelo Chen,6,7 Yu-Ching Lan,8

Yen-Ling Liu,9 Yun Lee,9 Yen-Hsu Chen,10,11,12 Yi-Ming Arthur Chen9,13

ABSTRACT
Objectives It is not known if the incidences of
autoimmune diseases are higher in individuals living
with HIV infection or AIDS. Our study investigated the
incidences of autoimmune diseases among people living
with HIV/AIDS (PLWHA) in Taiwan during 2000–2012.
Methods The Taiwan National Health Insurance
Research Database was used to identify PLWHA. The
incidence densities of systemic and organ-specific
autoimmune diseases were calculated, and age-adjusted,
sex-adjusted and period-adjusted standardised incidence
rates (SIRs) were obtained by using two million people
from the general population as controls. To examine the
effects of highly active antiretroviral therapy (HAART) on
the incidence of autoimmune diseases, the incidence
densities and SIRs of autoimmune diseases were
calculated after stratifying PLWHA by HAART status.
Results Of the 20 444 PLWHA identified, the overall
mean (SD) age was 30.1 (11.0) years; 67.2% of the
subjects received HAART. As compared with the general
population, SIRs were higher for incident Sjögren
syndrome (SIR=1.64; 95% CI 1.24 to 2.13), psoriasis
(SIR=2.05; 95% CI 1.67 to 2.48), systemic lupus
erythematosus (SLE) (SIR=2.59; 95% CI 1.53 to 4.09),
autoimmune haemolytic anaemia (SIR=35.06; 95% CI
23.1 to 51.02) and uveitis (SIR=2.50; 95% CI 2.05 to
3.02), but were lower for incident ankylosing
spondyloarthritis (SIR=0.70; 95% CI 0.48 to 0.99).
When the effect of HAART on incident autoimmune
diseases was considered, PLWHA who received HAART
had higher SIRs for psoriasis, autoimmune haemolytic
anaemia and uveitis, but had lower risks of rheumatoid
arthritis (RA) and ankylosing spondyloarthritis. In
contrast, PLWHA who did not receive HAART had higher
SIRs for Sjögren syndrome, psoriasis, RA, SLE,
scleroderma, polymyositis, autoimmune haemolytic
anaemia and Hashimoto’s thyroiditis.
Conclusions PLWHA had higher risks of incident
Sjögren syndrome, psoriasis, SLE, autoimmune
haemolytic anaemia and uveitis.

INTRODUCTION
AIDS is a deadly infectious disease caused by the
HIV. As of December 2014, 36.9 million people
worldwide were living with HIV/AIDS and more
than 35 million had died of the disease.1 In 1996,
highly active antiretroviral therapy (HAART) was
introduced for people living with HIV/AIDS
(PLWHA). HAART improved patient outcomes,
and the increasing age of PLWHA has led to higher
prevalences of chronic diseases (eg, autoimmune
diseases) in this population.

When HIV infects a host, it may induce produc-
tion of autoantibodies due to the structural antigen
similarity between viral proteins and self-
antigens.2 3 The molecular mimicry between HIV
protein and self-antigens could cause antibody
cross-reactions and lead to development of auto-
immune disease.4 HIV infection also causes an
imbalance in T lymphocytes, characterised by
depletion of CD4+ T cells and a relative increase
in CD8+ T cells. This HIV-induced imbalance in T
lymphocytes has an adverse effect on the selection
of self-reactive antibody repertoires and may con-
tribute to the onset of autoimmune disease.5

Although some evidence suggests that HIV is
important in the pathogenesis of autoimmune dis-
eases, no large cohort study has investigated inci-
dences of autoimmune diseases among PLWHA.
HAART reduces mortality among PLWHA. Since

the introduction of HAART, PLWHA are living
longer and developing more comorbidities, includ-
ing autoimmune diseases. Although HAART is
important in improving outcomes for PLWHA, its
effect on the development of autoimmune diseases
is unclear.6 A previous epidemiological study
showed that the prevalence of autoimmune disease
(eg, Sjögren syndrome) significantly decreased after
the initiation of HAART among PLWHA.7

However, a case report suggested that HAART
could cause immune restoration inflammatory syn-
drome and might trigger development of auto-
immune diseases.8 Although HAART is essential
for improving outcomes among PLWHA, the asso-
ciation between HAART and the development of
autoimmune diseases is unknown. An improved
understanding of the current incidences of auto-
immune diseases among PLWHA would assist in
determining the best allocation of medical
resources. This study of Taiwanese PLWHA during
2000–2012 is the first nationwide population-based
cohort study of the incidences of autoimmune
diseases.

METHODS
Background
Taiwan launched a single-payer national health
insurance programme in 1995.9 In the present
nationwide cohort study, we analysed patient data
obtained from the National Health Insurance
Research Database (NHIRD), which contains
healthcare data from more than 99% of the popu-
lation in Taiwan.10 The NHIRD is a large-scale
computer database derived from the insurance
system by the National Health Insurance
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Administration and is provided to scientists conducting
research.11 The identification codes of NHIRD patients are
scrambled and de-identified before the data are released to
researchers.

Study subjects
In this cohort study, we selected subjects aged 15 years or older
who received a new HIV diagnosis between 1 January 2000 and
31 December 2012. Individuals who received an HIV diagnosis
between 1998 and 1999 were excluded from this analysis.
A new HIV case was defined as (1) the presence of International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code 042-044, 795.8 or V08 in an inpatient
setting or three or more outpatient visits and (2) the presence of
examination for viral load or CD4 count (test order codes:
26017A1, 14074B, 12071A, 12071B, 12073A, 12073B,
12074A, 12074B).12 All PLWHAwere followed until a diagnosis
of autoimmune disease, death or 31 December 2012, whichever
occurred first.

Control group
To calculate expected rates of autoimmune diseases, control sub-
jects were identified in a database linked by the Office of
Statistics of the Department of Health using the NHIRD and
death certificate database. The control group comprised two
million individuals randomly sampled from the Registry of
NHIRD Beneficiaries,13 which maintains registration data and all
original claims data for every beneficiary of the National Health
Insurance programme during 2000–2012. Control subjects in
this study were excluded if they had received a diagnostic code
for HIV or the presence of examination for viral load or CD4
count. There are approximately 23.72 million individuals in the
NHIRD registry. Random selection was performed with SAS
software. There was no significant difference in age or gender
distribution between the patients in the randomly selected subset
and those in the original NHIRD.13 To calculate the incidence
density (ID) of autoimmune diseases among PLWHA, control
subjects younger than 15 years were deleted from the data set.

Variables and measures
New cases of autoimmune diseases were identified by selecting
subjects with insurance claims data who had ICD-9-CM codes
for autoimmune diseases.14 15 Autoimmune diseases in this
study were categorised into two broad types: systemic and
organ-specific autoimmune diseases.16 The systemic auto-
immune diseases included Sjögren syndrome (ICD-9-CM code
710.2), psoriasis (ICD-9-CM codes 696.0 and 696.1), rheuma-
toid arthritis (RA; ICD-9-CM code 714.0), systemic lupus ery-
thematosus (SLE; ICD-9-CM code 7100), scleroderma
(ICD-9-CM code 710.1) and polymyositis (ICD-9-CM code
710.4). The organ-specific autoimmune diseases included auto-
immune haemolytic anaemia (ICD-9-CM code 283.0),
Hashimoto’s thyroiditis (ICD-9-CM code 245.2), multiple scler-
osis (ICD-9-CM code 340), myasthenia gravis (ICD-9-CM code
358.0), uveitis (ICD-9-CM codes 364.0 and 364.3) and inflam-
matory bowel disease (IBD; ICD-9-CM codes 555 and 556). A
person was considered to have a new onset of autoimmune
disease only if the condition occurred in an inpatient setting or
was noted in three or more outpatient visits.

Statistical analysis
The ID and standardised incidence rate (SIR) for each auto-
immune disease were calculated in this cohort of PLWHA. To
calculate the ID for each autoimmune disease, PLWHA were

excluded if they had received a diagnostic code for the auto-
immune disease before the diagnosis of HIV. To estimate the ID
and SIR in the PLWHA cohort, person-years analysis was per-
formed after stratification for age, sex, calendar period and
autoimmune disease. The start date for the calculation of
person-years was the date of the first HIV/AIDS clinic visit and
the end date was 31 December 2012 or the date of each new
onset of autoimmune diseases or death during follow-up. The
ID of each autoimmune disease was calculated by dividing the
number of observed cases by the total person-years at risk for
that autoimmune disease. The SIR for each autoimmune disease
was calculated by dividing the observed number of cases by the
number that would be expected if age-specific, sex-specific and
calendar period-specific rates were applied in the comparison
population. In this study, the two million controls were used for
calculation of SIRs. The 95% CI was calculated by Poisson
distribution.

To examine the effect of HAART on the incidence of auto-
immune diseases, we analysed the data after stratifying PLWHA
by HAART status. To calculate the ID for an autoimmune
disease, a person was considered to have received HAART if
HAART was started before the new onset of that autoimmune
disease. All analyses were conducted using SAS V.9.4 (SAS
Institute, Cary, North Carolina, USA). A two-tailed p value of
less than 0.05 was considered to indicate statistical significance.

RESULTS
Participant selection
We identified 22 327 individuals who had received a new diag-
nosis of HIV during the period from 1 January 2000 through 31
December 2012. After excluding those younger than 15 years
(n=317) and those with incomplete data (n=1566), 20 444
patients with HIV were included in the analysis. The overall
mean (SD) age was 30.1 (11.0) years, 91.6% of the subjects were
men and 67.2% of the subjects received HAART. To calculate
the ID for each autoimmune disease, PLWHA were excluded if
they had received a diagnostic code for the autoimmune disease
before HIV diagnosis (see online supplementary table S1).

Incidence and SIRs of autoimmune diseases among PLWHA
Table 1 shows data on the new onset, incidence and SIRs of sys-
temic and organ-specific autoimmune diseases. Psoriasis had the
highest ID among the systemic autoimmune diseases (n=103;
ID=101.77/100 000 person-years), followed by Sjögren syn-
drome (n=57; ID=56.09/100 000 person-years) and RA
(n=57; ID=56.18/100 000 person-years). Among the organ-
specific autoimmune diseases, uveitis had the highest ID
(n=106; ID=104.37/100 000 person-years), followed by IBD
(n=93; ID=92.24/100 000 person-years) and autoimmune
haemolytic anaemia (n=27; ID=26.42/100 000 person-years).

The SIRs for the autoimmune diseases were calculated using
the IDs of autoimmune diseases among PLWHA and the general
population. As compared with the general population, PLWHA
had higher SIRs for Sjögren syndrome (SIR=1.64; 95% CI 1.24
to 2.13), psoriasis (SIR=2.05; 95% CI 1.67 to 2.48), SLE
(SIR=2.59; 95% CI 1.53 to 4.09), autoimmune haemolytic
anaemia (SIR=35.06; 95% CI 23.1 to 51.02) and uveitis
(SIR=2.50; 95% CI 2.05 to 3.02), but had lower SIRs for anky-
losing spondyloarthritis (SIR=0.70; 95% CI 0.48 to 0.99).

SIRs of autoimmune diseases among PLWHA, by sex
The SIRs of autoimmune diseases were calculated in male and
female PLWHA. As compared with the general population, male
PLWHA had higher risks of psoriasis (SIR=2.09; 95% CI 1.70
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to 2.55), autoimmune haemolytic anaemia (SIR=36.07; 95%
CI 22.59 to 54.61) and uveitis (SIR=2.51; 95% CI 2.04 to
3.06) (table 1). In addition, female PLWHA had higher risks of
Sjögren syndrome (SIR=2.29; 95% CI 1.48 to 3.38), SLE
(SIR=3.50; 95% CI 1.67 to 6.43), autoimmune haemolytic
anaemia (SIR=31.25; 95% CI 10.07 to 72.93) and uveitis
(SIR=2.37; 95% CI 1.08 to 4.50).

Incidence and SIRs of autoimmune diseases among PLWHA,
by HAART status
Table 2 shows the incidence and SIRs of autoimmune diseases
among PLWHA by HAART status. Among PLWHA who
received HAART, the autoimmune disease with the highest inci-
dence was uveitis (ID=132.95/100 000 person-years), followed
by psoriasis (ID=97.32/100 000 person-years) and IBD
(ID=83.68/100 000 person-years). Among PLWHA who had
not received HAART, the autoimmune disease with the highest
incidence was Sjögren syndrome (ID=117.42/100 000 person-
years), followed by IBD (ID=113.33/100 000 person-years).

As compared with the general population, PLWHA who had
received HAART had higher risks of psoriasis (SIR=1.95; 95%
CI 1.52 to 2.47), autoimmune haemolytic anaemia (SIR=45.10;
95% CI 28.58 to 67.67) and uveitis (SIR=3.21; 95% CI 2.60
to 3.92), but had lower risks of RA (SIR=0.66; 95% CI 0.43 to
0.95) and ankylosing spondyloarthritis (SIR=0.64; 95% CI
0.40 to 0.98). In contrast, PLWHA who had not received
HAART had higher risks of Sjögren syndrome (SIR=2.91; 95%
CI 2.01 to 4.06), psoriasis (SIR=1.95; 95% CI 1.57 to 3.21),
RA (SIR=1.52; 95% CI 1.02 to 2.16), SLE (SIR=5.81; 95% CI
3.17 to 9.75), scleroderma (SIR=7.89; 95% CI 1.59 to 23.07),
polymyositis (SIR=5.15; 95% CI 1.66 to 12.03), autoimmune
haemolytic anaemia (SIR=14.81; 95% CI 3.99 to 37.93) and
Hashimoto’s thyroiditis (SIR=4.17; 95% CI 1.79 to 8.21).

DISCUSSION
This is the first longitudinal study of the association between
HIV infection and incident autoimmune diseases. As compared
with the general population, patients with HIV had higher risks
of incident Sjögren syndrome, psoriasis, SLE, autoimmune
haemolytic anaemia and uveitis, but had a lower risk of incident
ankylosing spondyloarthritis. When the effect of HAART on
incident autoimmune diseases was considered, PLWHAwho had
received HAART had higher risks of psoriasis, autoimmune
haemolytic anaemia and uveitis, but had lower risks of RA and
ankylosing spondyloarthritis. In contrast, PLWHA who had not
received HAART had higher risks of Sjögren syndrome, psoria-
sis, RA, SLE, scleroderma, polymyositis, autoimmune haemo-
lytic anaemia and Hashimoto’s thyroiditis.

We found that PLWHA had higher risks of autoimmune dis-
eases such as Sjögren syndrome, psoriasis, SLE and autoimmune
haemolytic anaemia. HIV-induced antigen-driven immune
response,17 T-cell imbalance18 and molecular mimicry between
HIV protein and self-antigens19 might explain these higher risks
of autoimmune diseases among PLWHA.

PLWHA had a higher risk of Sjögren syndrome, particular
those who did not receive HAART. This increased risk might be
caused by an HIV-induced antigen-driven immune response.17

A previous study identified HIV-encoded proteins in the macro-
phages of salivary glands,17 which could cause CD8+ T lympho-
cyte infiltration of salivary gland tissue. Such an infiltration
could damage tissue in salivary glands and lead to development
of Sjögren syndrome.17 20

The risk of Sjögren syndrome was lower among PLWHA
receiving HAART than among those not receiving HAART.Ta
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HAART could suppress viral replication and might reduce the
antigen-driven immune response among PLWHA. A previous
epidemiological study showed that the prevalence of HIV-1–
related Sjögren syndrome decreased from 8% in the
pre-HAART era to 1.5% after the introduction of HAART.7

The present and past findings7 suggest that HAART decreases
the risk of Sjögren syndrome in PLWHA.

Patients with HIV had a higher risk of incident psoriasis.
T-cell imbalance and HIV-related superantigens may explain this
increase in risk. T-cell imbalance in patients with HIV is charac-
terised by a decrease in CD4 T cells and a relative increase in
CD8 memory T cells. Depletion of CD4 suppressor T cells
results in unchecked proinflammatory pathways, leading to psor-
iasis.18 The increase in CD8 memory T cells enhances produc-
tion of interferon γ, which is important in psoriasis
development.21 22

HIV-related superantigens (eg, HIV Nef protein) may also
trigger development of psoriasis.23 Prior reports indicate that
these superantigens could induce polyclonal activation of T cells
and recognise autoantigens in skin, thereby initiating the cascade
of cellular and molecular events that causes psoriasis.23–25

SLE26 and autoimmune haemolytic anaemia27 have been
rarely reported among PLWHA. This nationwide long-term
cohort study revealed a novel association between HIV infection
and subsequent development of SLE and autoimmune haemo-
lytic anaemia. As compared with the general population, PLWHA
had higher risks of incident SLE and autoimmune haemolytic
anaemia. The molecular mimicry between HIV protein and self-
antigen may explain these higher risks of incident SLE and auto-
immune haemolytic anaemia in patients with HIV. The molecular
mimicry between HIV viral protein and self-antigens could
induce autoantibody production2 19 and might be associated
with the development of autoimmune diseases.28

This is the first large cohort study to address the association
between HIV infection and subsequent development of auto-
immune diseases. Our robust research design, which included
unbiased subject selection and strict criteria for HIV diagnosis,
enhances the validity of these findings. In addition, this

nationwide population-based study identified all PLWHA and
control subjects, and referral bias was minimised because all
medical care was covered by the Taiwan National Health
Insurance system. Moreover, the large sample size was powered
to detect even very small differences between patients with and
without HIV infection.

Some limitations should be considered when interpreting the
present findings. First, diagnoses of HIV and autoimmune dis-
eases that depend on administrative claims data recorded by phy-
sicians or hospitals may be less accurate than those made in a
prospective clinical setting. However, there is no reason to
suspect that the validity of claims data would differ with respect
to HIV status. HIV infection in this study was strictly defined by
the appropriate ICD-9 codes and confirmed by examination of
viral load or CD4 count, thus yielding better diagnostic validity.
Second, this study found that PLWHA not receiving HAART had
higher risks of incident scleroderma and polymyositis. However,
more studies are needed to confirm these findings because of the
small number of events of incident scleroderma and polymyositis
in this report. Finally, the external validity of our findings may be
limited because almost all the enrollees were Taiwanese. The gen-
eralisability of our results to non-Asian ethnic groups should
therefore be verified in future studies. Nevertheless, our findings
suggest new avenues for future research.

In conclusion, this nationwide long-term cohort study
revealed a link between HIV infection and incident autoimmune
diseases. As compared with the general population, PLWHA had
higher risks of incident Sjögren syndrome, psoriasis, SLE, auto-
immune haemolytic anaemia and uveitis, but had a lower risk of
incident ankylosing spondyloarthritis. The population of
PLWHA is growing older, and clinicians thus need to be aware
of their higher risks of autoimmune diseases.
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Table 2 Standardised incidence ratio of autoimmune diseases in Taiwanese adult patients with HIV-1/AIDS with and without HAART

PLWHA with HAART (age ≥15 years; N=13 742) PLWHA without HAART (age ≥15 years; N=6702)

Autoimmune diseases Observed Expected ID* SIR (95% CI) Observed Expected ID* SIR (95% CI)

Systemic autoimmune disease

Sjögren syndrome 23 23.05 31.65 1.01 (0.63 to 1.50) 34 11.7 117.4 2.91 (2.01 to 4.06)†

Psoriasis 70 35.87 97.32 1.95 (1.52 to 2.47)† 33 14.42 112.7 2.29 (1.57 to 3.21)†

RA 27 41.21 37.23 0.66 (0.43 to 0.95)† 30 19.8 103.7 1.52 (1.02 to 2.16)†

SLE 4 4.57 5.49 0.88 (0.24 to 2.24) 14 2.41 48.44 5.81 (3.17 to 9.75)†

Scleroderma 1 0.71 1.37 1.41 (0.02 to 7.84) 3 0.38 10.22 7.89 (1.59 to 23.07)†

Polymyositis 0 2.27 0 – 5 0.97 17.01 5.15 (1.66 to 12.03)†

Ankylosing spondyloarthritis 21 32.77 28.95 0.64 (0.40 to 0.98)† 11 12.74 37.75 0.86 (0.43 to 1.55)

Organ-specific autoimmune disease

Autoimmune haemolytic anaemia 23 0.51 31.59 45.10 (28.58 to 67.67)† 4 0.27 13.62 14.81 (3.99 to 37.93)†

Hashimoto’s thyroiditis 2 3.4 2.74 0.59 (0.07 to 2.12) 8 1.92 27.31 4.17 (1.79 to 8.21)†

Multiple sclerosis 1 0.93 1.37 1.08 (0.01 to 5.98) 2 0.42 6.8 4.76 (0.53 to 17.19)

Myasthenia gravis 1 2.69 1.37 0.37 (0.01 to 2.07) 1 1.19 3.4 0.84 (0.01 to 4.68)

Uveitis 96 29.87 132.95 3.21 (2.60 to 3.92)† 10 12.56 34.06 0.80 (0.38 to 1.46)

IBD 60 57.47 83.68 1.04 (0.80 to 1.34) 33 24.34 113.3 1.36 (0.93 to 1.90)

*Events per 100 000 person-years.
†The SIR is significant.
HAART, highly active antiretroviral therapy; IBD, inflammatory bowel disease; ID, incident density; PLWHA, people living with HIV/AIDS; RA, rheumatoid arthritis; SIR, standardised
incidence rate; SLE, systemic lupus erythematosus.
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EXTENDED REPORT

Intramuscular versus ultrasound-guided
intratenosynovial glucocorticoid injection
for tenosynovitis in patients with rheumatoid
arthritis: a randomised, double-blind, controlled study
Mads Ammitzbøll-Danielsen,1,2 Mikkel Østergaard,1,2 Viktoria Fana,1

Daniel Glinatsi,1,2 Uffe Møller Døhn,1 Lykke Midtbøll Ørnbjerg,1 Esperanza Naredo,3

Lene Terslev1

ABSTRACT
Objective The aim of this study was to compare the
efficacy of intramuscular versus ultrasound (US)-guided
intratenosynovial glucocorticoid injection in providing
disease control after 2, 4 and 12 weeks in patients with
rheumatoid arthritis(RA) with tenosynovitis.
Methods Fifty patients with RA and tenosynovitis were
randomised into two double-blind groups: (A)
‘intramuscular group’, receiving intramuscular injection
of betamethasone and US-guided intratenosynovial
isotonic saline injection and (B) ‘intratenosynovial group’
receiving saline intramuscularly and US-guided
intratenosynovial betamethasone injection. All patients
were in stable disease-modifying anti-rheumatic drug
treatment prior to and during the study. Patients were
excluded, and considered non-responders, if any
treatments were altered during the follow-up period. ‘US
tenosynovitis remission’, defined as US tenosynovitis
grey-scale score ≤1 and colour Doppler score=0, was
assessed at week 4 (primary outcome), and weeks 2
and 12, using non-responder imputation for
missing data.
Results US tenosynovitis remission at week 4 was
achieved in 25% (6/24) in the ‘intramuscular group’ versus
64% (16/25) in the ‘intratenosynovial group’, that is, a
difference of −39 percentage point (pp) (CI −65pp to
−13pp), Fisher exact test p=0.001. Corresponding values
for the ‘intramuscular group’ versus the ‘intratenosynovial
group’ at 2 and 12 weeks were 21% (5/24) versus 48%
(13/25), that is, a difference of −27pp (CI −53pp to
−2pp), p=0.072 and 8% (2/24) versus 44% (11/25), that
is, difference of −36pp (−58pp to −13pp), p=0.003.
Most US, clinical and patient-reported scores improved
more in the ‘intratenosynovial group’ at all follow-up visits.
Conclusions In this randomised double-blind clinical
trial, patients with RA and tenosynovitis responded
significantly better to US-guided intratenosynovial
glucocorticoid injection than to intramuscular
glucocorticoid injection, both at 4 and 12 weeks follow-up.
Trial registration number EudraCT nr: 2013-003486-34.

BACKGROUND
Tenosynovitis (TS) is a frequent and important
presentation of rheumatoid arthritis (RA), which
besides the associated pain has severe potential con-
sequences, as a recent study has shown that

extensor carpi ulnaris TS is a strong predictor for
erosive progression in early RA.1 However, clinic-
ally it is often difficult to distinguish TS from syno-
vitis, as TS clinically may mimic joint involvement/
swelling. Ultrasound (US) is an appropriate and
often readily available tool for diagnosing TS and
offers great capability for distinguishing between
synovitis and TS.2

The response of TS to treatment with conven-
tional synthetic disease-modifying anti-rheumatic
drug (csDMARDs) and/or biological DMARDs
(bDMARDs) is reported in one study to be similar
to synovitis.2 However, it is common that patients
have flares in joints or tendon sheaths, despite
stable and effective DMARD treatment. The
current treatment strategy to rapidly reobtain
disease control during flares is glucocorticoid treat-
ment, either orally for a limited period or as injec-
tion or optimisation of DMARD treatment. Several
studies have focused on controlling joint flares,3–6

while few studies have investigated treatment of TS
flares in RA.7 8

Intra-articular glucocorticoid injections are com-
monly used for a rapid disease control in early
RA.9 10 In a trial of patients with RA, joints injected
with glucocorticoid had a low frequency of flares
after 2 years9 suggesting a role for intra-articular
injections in a RA flare treatment strategy.
Intramuscular injections (systemic treatment) versus
US-guided local (ie, subacromial bursa) injections
have to our knowledge only been compared once11

in a study investigating rotator cuff tears. However,
no significant difference in overall shoulder pain
and disability index score (primary outcome)11 was
found after 6 weeks.
The aim of this study is to compare the efficacy

of intramuscular versus US-guided intratenosyno-
vial glucocorticoid injection to provide disease
control after 2, 4 and 12 weeks in patients with RA
and TS.

PATIENTS AND METHODS
Patients and study design
Patients with RA aged >18 years were eligible for
inclusion if they had TS in the hand or ankle
region, both on clinical examination, defined as
pain on movement localised to the affected tendon
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sheath, and on US, according to the definition by the Outcome
Measures in Rheumatology (OMERACT) US group.12 The fol-
lowing tendon sheaths were selected for possible intervention;
abductor pollicis longus, extensor pollicis brevis, extensor carpi
radialis longus, extensor carpi radialis brevis, extensor pollicis
longus, extensor indicis and digitorum communis, extensor
digiti minimi, extensor carpi ulnaris, flexor carpi radialis, flexor
pollicis longus, flexores digitorum superficialis and profundus in
the wrist/hand; tibialis anterior, extensor hallucis longus, exten-
sor digitorum longus, peroneus longus, peroneus brevis, tibialis
posterior, flexor digitorum longus and flexor hallucis longus in
the ankle/foot.

All patients were recruited from the rheumatology outpatient
clinic at Rigshospitalet, Denmark, from December 2013 to
September 2015 by study independent physicians. All recruited
patients were screened, that is, clinical and US examinations were
performed of the above-mentioned selected tendon sheaths, by
the study investigators. One or two tendon sheaths were chosen
for intervention. If more than two tendons fulfilled the predefined
definition for TS, the patients were not randomised due to ethical
considerations. Patients were excluded if they had initiated
csDMARDs and/or bDMARDs within the last 12 weeks prior to
inclusion, changed dosage of csDMARDs and/or bDMARDs and/
or glucocorticoid treatment within the last 6 weeks, or initiated
non-steroidal anti-inflammatory drug therapy within the last
10 days prior to inclusion. During the follow-up period, patients
were excluded if the DMARD treatment was changed.

Patients with RA and TS were randomised into two double-
blind groups. An ‘intramuscular group’ receiving intramuscular
injection of 14 mg (2 mL) of betamethasone dinatriumpho-
sphate (BM) (eg, glucocorticoid) in the gluteal muscles and
US-guided isotonic saline injection in up to two tendon sheaths
(maximum 1 mL for each tendon sheath) and a ‘intratenosyno-
vial group’ receiving 2 mL of intramuscular isotonic saline and
US-guided BM injection in up to two tendon sheaths (maximum
7 mg (1 mL) for each tendon sheath). The equipotent prednisol-
one dose of 1 mg of BM is 8.33 mg. Randomisation was done
in blocks of 10 by an independent ‘off-site’ person, controlled
by the Danish Good Clinical Practice (GCP) unit. Follow-up
was undertaken at 2, 4 and 12 weeks (±3 days) after injections.

Injection protocol
An independent research nurse was responsible for preparing
the syringes. The syringes were blinded with self-adhesive labels
covering the entire surface of the syringe, since BM dinatrium-
phosphat is slightly white and marked with intramuscular or
tendon sheath. The label blinding was likewise controlled by the
GCP unit. Three US-trained physicians performed the interven-
tion, and were blinded for assessment and follow-up of the
patients. The injections were performed with the needle point
visualised by US inside the tendon sheath and outside the
tendon, after disinfection and by ‘no touch technique’.9

US-guided injections were done after clinical and US assessment
of the outcome measures. Patients were recommended to rest
the injected hand/ankle for 48 hours after the injection.

US assessment
Two experts in musculoskeletal US, with a documented high
intrareader and inter-reader agreement,13 blinded to the ran-
domisation and intervention, performed the US assessment at
baseline, 2, 4 and 12 weeks. A General Electric Logiq E9
(Milwaukee, Wisconsin, USA) US unit with a high frequency
linear ML 6–15 probe was used. Colour Doppler (CD) was
used as it is the most sensitive Doppler modality on this

machine.14 The Doppler settings were made according to pub-
lished recommendations,15 applying Doppler frequency of
7.5 MHz, pulse repetition frequency of 0.4 and gain just below
the noise limit. The same Doppler settings were used for all
examinations. TS was assessed by grey scale (GS) and CD using
the semiquantitative scoring systems proposed by the
OMERACT US group.12 This scoring system includes a four-
grade semiquantitative scale for GS (ie, grade 0, normal; grade
1, minimal; grade 2, moderate; grade 3, severe) and Doppler
(ie, grade 0, no intratenosynovial Doppler signal; grade 1, focal
intratenosynovial Doppler activity; grade 2, multifocal intrateno-
synovial Doppler activity; grade 3, diffuse intratenosynovial
Doppler activity). Furthermore, a quantitative Doppler evalu-
ation was performed for each tendon sheath, using Q-analysis
software programme on the Logic E9, calculating the fraction of
colour pixels in the region of interest: pixel index (PI) 0–100.
The PI was made on a transverse 5 s video clip of the most
affected part of the tendon sheath with an average time con-
sumption of 36 s. When two tendon sheaths were assessed, the
mean US score/index was used for further analyses.

Clinical assessment
Four trained and calibrated physicians who were blinded to the
randomisation and the selection of tendon sheath(s) for inter-
vention and US assessment were chosen for clinical assessment
of TS in the involved hand(s) or ankle(s) at baseline, 2, 4 and
12 weeks. A binary score for clinical tendon sheath involvement
(absent/present) was performed in the involved hand(s) or ankle
(s). Clinical signs of TS were scored as being present if there
was pain on movement localised at the examined tendon sheath
(s) and if the pain could be reproduced by resisted active move-
ment of the affected tendons, with the forearm or lower leg sta-
bilised. Further, findings such as crepitus, tenderness or swelling
over the affected tendon sheaths supported the scoring, but
were not mandatory.16 The mean clinical score was used for
statistical analysis in case of two involved tendon sheaths.

All patients were blinded to the type of intervention and a
patient-reported visual analogue scale (0–100 mm) for TS pain
(VAS TS) was assessed at baseline, and after 2, 4 and 12 weeks.
Furthermore, patients graded the effect of the treatment after 2,
4 and 12 weeks on a five-point scale (1: marked aggravated, 2:
slightly aggravated, 3: unchanged, 4: slightly improved, 5: mark-
edly improved).

Disease Activity Score for 28 joints using C reactive protein,
patient global VAS (VAS Global) and Health Assessment
Questionnaire were evaluated at baseline.

Outcome assessment
The primary outcome was the proportion of subjects in each
group achieving US TS remission, defined as US TS GS score ≤1
and Doppler score=0, at week 4. The secondary outcome was
obtaining US TS remission at week 12, whereas changes in clin-
ical assessment, patient-reported outcomes and US parameters
at weeks 2, 4 and 12 were exploratory outcomes. In the main
statistical analysis, TS remission was only fulfilled in cases of
two injected tendons sheaths, if both tendon sheets were fulfill-
ing US remission definitions. A sensitivity analysis, in which US
remission was registered if just one of the two tendons fulfilled
the criteria, was also performed.

Ethical and legal considerations
The study was approved by the Danish National Ethical
Committee on Health Research and the Danish Medical Agency.
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The study was assigned for the EU Clinical Trials Register
(EudraCT nr: 2013-003486-34).

Statistical analysis
Statistical analyses were performed using SAS Enterprise Guide
7.1. Binary data (including the primary outcome) were analysed
by Fisher’s exact test, and relative risks were calculated between
the groups at 2, 4 and 12 weeks. The 95% CI for the difference
was computed by the Agresti-Caffo method. A non-responder
imputation (NRI) was used for missing data in these analyses.
Differences within and between groups were expressed as
means (SD) and medians (25/75 percentiles). Data were analysed
two sided using Wilcoxon’s test for paired data and Mann–
Whitney’s test for unpaired data, with a p value<0.05 consid-
ered as significant. Further, a parametric sensitivity analysis of
covariance (ANCOVA) was added. Group and baseline values
were used as covariates in the model with a two-sided p value
<0.05 considered as significant. Missing data were analysed as
last observation carried forward in these analyses. Descriptive
statistics were used to present the results of the patients’ grading
of treatment effect for weeks 2, 4 and 12.

Sample size considerations
We assumed that 40% of the intramuscular BM-treated and
80% of the intratenosynovial BM-treated patients would obtain
the primary endpoint. With a statistical power of 0.7 and a prob-
ability of type 1 error of 0.05, 23 patients were required in each
group. It was expected that approximately 10% would drop out
of the study and therefore 50 patients were included in total.

RESULTS
Study population and adverse events
Seventy-five patients with RA were screened from 18 December
2013 to 28 September 2015. Fifty patients were randomised
and 49 received treatment. One patient did not receive allocated
intervention, since a joint injection was needed as well. Last visit
of the last patient was 21 December 2015. The patient dispos-
ition is illustrated in figure 1. Demographics and baseline
characteristics of the patients are provided in table 1. No signifi-
cant baseline differences between the groups were observed,
except that patients receiving treatment for two inflamed tendon
sheaths were more often observed in the ‘intramuscular group’
(10 patients) compared with ‘intratenosynovial group’ (3).

Figure 1 Patient disposition. 1No data before new DMARD treatment was started, 2Visit out of window (before week 12). BM, betamethasone;
DMARD, disease-modifying anti-rheumatic drug; NRI, non-responder imputation; LOC, last observation carried forward.
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No serious adverse events were registered for any of the
patients during the 12 weeks follow-up period and no tendon
ruptures were registered in a safety follow-up analysis.

TS remission
US TS remission at week 4 was achieved in 25% (6/24) of the
patients in the ‘intramuscular group’ and in 64% (16/25) in the
‘intratenosynovial group’. This difference was highly statistically
significant, Fisher exact test p=0.001, that is, a difference of
−39 percentage point (pp) (CI −65pp to −13pp).

At week 12, US TS remission was achieved in 8% (2/24) of
the patients in the ‘intramuscular group’ and in 44% (11/25) of
the patients in the ‘intratenosynovial group’, that is, a difference
of −36pp (CI −58pp to −13pp), p=0.003. At 2 weeks, US TS
remission was achieved in 21% (5/24) of the patients in the
‘intramuscular group’ and in 48% (13/25) of the patients in the

‘intratenosynovial group’, that is, a difference of −27pp (CI
−53pp to −2pp), p=0.072 (figure 2).

A supplementary sensitivity analysis of TS remission, in which
US remission was registered if just one of the two tendons ful-
filled the criteria in cases where two tendons were injected, was
also performed. No changes of week 4 data were found.
However, there were minor changes for week 2 and 12. The
week 2 values for ‘intramuscular group’ and the ‘intratenosyno-
vial group’ were 29% (7/24) versus 52% (13/25), that is, a dif-
ference of −23pp (CI −50% to 4%), p=0.15 and for week 12
13% (3/24) versus 44% (11/25), that is, a difference of −31pp
(CI −55% to −8%), p=0.026.

Changes in TS scores
Baseline values and the changes in these at 2, 4 and 12 weeks
for GS, CD, PI, VAS TS and clinical assessment are presented
in table 2. Furthermore, the exact values for weeks 2, 4 and
12 are illustrated in figure 3 and online supplementary
table S1.

No baseline differences between the groups for GS score
(Mann–Whitney U test; p=0.83), CD score (p=0.52), PI
(p=0.66), VAS TS (p=0.45) and clinical assessment (p=0.07)
values were found. Clinical blinded assessment was able to
detect TS in 70% and 90% of the patients in ‘intramuscular
group’ and ‘intratenosynovial group’, respectively.

In both groups, statistically significant decreases in all assessed
US parameters (GS, CD and PI) were observed from baseline to
4 and 12 weeks, which is in contrast to VAS TS and clinical
assessment where significant changes were found only in the
‘intratenosynovial group’. Figure 4 illustrates changes in TS after
intratenosynovial BM treatment for all time points. In sensitivity
analyses, using only observed data (no data imputation) there
was a significant reduction for all assessed parameters in the
‘intratenosynovial group’, while only PI showed a significant
decrease in the ‘intramuscular group’ (data not shown).

Both CD score and PI decreased significantly within both
groups (table 2): However, PI was only able to detect a statistic-
ally significant difference between the two groups after
12 weeks, whereas CD score found a statistically significant dif-
ference at all follow-up visits (2, 4 and 12 weeks).

In an ANCOVA sensitivity analyses of TS outcome values, the
same levels of statistical significance for differences between the
groups were found, except for PI at 4 weeks (p=0.037), see
online supplementary table S2.

If change scores in the ‘intramuscular group’ and the ‘intrate-
nosynovial group’ were compared at week 4, a significantly
lower score was observed for all assessed parameters in the
‘intratenosynovial group’, while after 2 weeks a significant lower

Table 1 Demographics, clinical and laboratory characteristics of
patients in each randomised group

Baseline
Intramuscular BM
injection

US-guided intratenosynovial
BM injection

Women, n (%) 16 (66.6) 21 (84.0)

Age (years) 57±11.6 55.6±10.2

Disease duration
(months)

67.5±70.6 57.2±62.7

IgM-RM positive, n (%) 15 (62.5) 18 (72.0)

Anti-CCP, n (%) 16 (66.6) 21 (84.0)

DAS28 3.0±0.7 3.0±0.8

VAS global 41.0±27.3 39.6±24.6

CRP (mg/L) 11.3±9.4 8.0±5.6

HAQ score 0.8±0.5 0.8±0.7

US grey-scale TS, n (%) 24 (100) 25 (100)

US colour Doppler TS,
n (%)

22 (91.6) 23 (92.0)

Concomitant
csDMARDs, n (%)

19 (79.2) 21 (84.0)

Concomitant
bDMARDs, n (%)

7 (29.2) 10 (84.0)

Two tendon sheaths
treated, n (%)

10 (41.7) 3 (12.0)

Data are shown as number (percentage) or mean±SD as appropriate.
anti-CCP, anti-cyclic citrullinated peptide; bDMARDs, biological disease-modifying
anti-rheumatic drugs; BM, betamethasone; CRP, C-reactive protein; csDMARDs,
conventional synthetic disease-modifying anti-rheumatic drugs; DAS28, Disease Activity
Score for 28 joints; HAQ, health assessment questionnaire; IgM-RM, IgM rheumatoid
factor; TS, tenosynovitis; US, ultrasound; VAS global, patient global visual analogue
scale.

Figure 2 Proportions of patients
with US tenosynovitis remission at
weeks 2, 4 and 12. BM,
betamethasone; p, Fisher exact test
(p); US, ultrasound; US tenosynovitis
remission defined as US tenosynovitis
grey-scale score ≤1 and colour
Doppler score=0. The primary endpoint
was at week 4.
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score was only found for GS and CD in the ‘intramuscular
group’. Similar results were found when data were analysed
without data imputation (data not shown).

The percentages of patients grading the treatment effect as
markedly improved at weeks 2, 4 and 12 were 33%, 54%
and 29%, respectively, in the ‘intramuscular group’, while
48%, 68% and 72%, respectively, in the ‘intratenosynovial
group’.

The average dose of BM injected at baseline was 14 mg per
patient in the ‘intramuscular group’, whereas the average BM
dose in the ‘intratenosynovial group’ was 5.6 mg per patient.

DISCUSSION
To our knowledge, this is the first study to compare systemic
glucocorticoid injection with local US-guided glucocorticoid
injection for the treatment of TS. Our study clearly showed that

Table 2 Tenosynovitis outcome values: at baseline, changes within patients receiving the intramuscular BM injection and patients receiving the
US-guided intratenosynovial BM injection, and differences between groups, calculated as non-parametric statistic

Baseline Δ 0–2 weeks† p Value Δ 0–4 weeks† p Value Δ 0–12 weeks‡ p Value

Grey scale—intramuscular Median (25–75) 2 (2;2) 0 (−1;0) 0.02 −0.5 (−1;0) 0.0080 −0.5 (−1;0) 0.010

Mean±SD 2.0±0.4 −0.4±0.4 −0.6±0.7 −0.4±0.8
Grey scale—intratenosynovial Median (25–75) 2 (2;2) −1 (−1;0) −1 (−2;−1) −1 (−2;0)

Mean±SD 2±0.6 −0.8±0.6 −1.2±0.8 −1.0±0.8
Colour Doppler—intramuscular Median (25–75) 2 (1.5;2.5) −1 (−2;0) 0.02 0 (−1;0) 0.0037 0 (−1;0) 0.010

Mean±SD 1.9±0.9 −1.0±1.0 −0.7±1.0 −0.4±0.8
Colour Doppler—intratenosynovial Median (25–75) 2 (2;3) −2 (−2;−1) −2 (−2;−1) −2 (−2;−1)

Mean±SD 2.0±1.0 −1.6±1.1 −1.6±1.0 −1.6±1.1
Pixel Index—intramuscular Median (25–75) 14 (4;20) −5 (−17;0) 0.57 −3 (−12;−6) 0.18 −2 (−9;0) 0.05

Mean±SD 13.8±10.4 −8.4±9.9 −6.5±7.9 −4.0±8.1
Pixel Index—intratenosynovial Median (25–75) 9 (3;24) −8 (−16;−5) −8 (−16;−13) −8 (−14;−1)

Mean±SD 13.1±12.2 −11.0±11.0 −10.8±11.1 −10.1±10.7
VAS-patient TS—intramuscular Median (25–75) 51 (37;75) −20 (−48;−2) 0.15 −26 (−43;9) 0.02 −9 (−41;5) 0.046

Mean±SD 52±24 −26±30 −20±35 −7±55
VAS-patient TS—intratenosynovial Median (25–75) 65 (44.;71) −39 (−53;−17) −42 (−58;−34) −44 (−62;−24)

Mean±SD 57±22 −37±24 −43±19 −41±25
Clinical As—intramuscular Median (25–75) 1 (0.5;1) −1 (−1;0) 0.23 0 (−1;0) 0.04 0 (−0.5;0) 0.058

Mean±SD 0.7±0.4 −0.2±0.5 −0.2±0.6 −0.2±0.6
Clinical As—intratenosynovial Median (25–75) 1 (1;1) 0 (−1;0) −1 (−1;0) −1 (−1;0)

Mean±SD 0.9±0.3 −0.4±0.5 −0.6±0.5 −0.6±0.6

p, p value for Mann–Whitney U test of difference between changes from baseline between the intramuscular BM injection group and the US-guided intratenosynovial BM injection group.
†1 missing value calculated as last observation carried forward.
‡16 missing values calculated as last observation carried forward.
As, assessments; BM, betamethasone; TS, tenosynovitis; US, ultrasound; VAS TS, patient-reported visual analogue scale (0–100 mm) for pain tenosynovitis.

Figure 3 Tenosynovitis exact values (mean) between intramuscular BM injections and US-guided intratenosynovial BM injections at baseline, and
at weeks 2, 4 and 12. BM, betamethasone; CD, colour Doppler score; GS, grey-scale score; US, ultrasound; VAS tenosynovitis, patient-reported visual
analogue scale (0–100 mm) for pain tenosynovitis.

670 Ammitzbøll-Danielsen M, et al. Ann Rheum Dis 2017;76:666–672. doi:10.1136/annrheumdis-2016-209840

Clinical and epidemiological research

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


patients with RA with TS benefitted from local glucocorticoid
injection compared with intramuscular administered glucocortic-
oid, as assessed 4 and 12 weeks after treatment.

Our primary outcome was defined as US TS GS score ≤1 and
Doppler score=0 at week 4. This is a very strict definition for
TS remission, since US GS grade 1 findings may be seen even in
healthy individuals.17 18 There was a considerable difference
between the groups after 4 weeks, and this was consistent at
week 12. The patient-reported outcome showed similar differ-
ence between groups, illustrating that the difference in treatment
effect is also clinically relevant for the patient. Thus, our study
documents that US-guided intratenosynovial injections are
superior to intramuscular injections of BM, assessed by imaging,
and seen from the patient’s point of view.

Interestingly, GS and CD US scores were the only parameters
able to detect a significant intergroup difference after 2 weeks,
while clinical parameters did not. This indicates that early US
assessment may predict the clinical outcome and therefore is
likely to be important in the monitoring of patients with RA.
Thus, the data suggest that monitoring patients with US will
allow quicker detection of changes in inflammatory activity, and
thereby quicker intervention. This may allow a more efficient
treat-to-target strategy through rapid disease control. Further
studies are, however, needed to clarify this.

We expected that the use of PI in the present study would
add a higher sensitivity to change, since PI includes all colour
information in the grading of TS. However, the current study
demonstrated no advantages of PI compared with the semiquan-
titative OMERACT scoring system.

It is noted that the administration route of BM has a high
impact on the outcome. It is known that BM after intramuscular
injection has a plasma half-life of about 81 hours,19 while the
same values after intra-articular injections are approximately
151 hours.20 Even though the half-life within the joint or
tendon sheaths after local injections have not been studied,
these pharmacokinetic data indicate that BM is present longer
after local injection than after intramuscular injection, which
may explain the difference in treatment efficacy between
groups.

Regarding the duration of effect it should be noted, that at
week 12, only 2 of 11 patients in the ‘intramuscular group’
were in US remission, documenting a very limited long-term
effect of intramuscular BM injection, in contrast to approxi-
mately half of the patients in the ‘intratenosynovial group’.

The changes in VAS-TS were similar in the two groups from
baseline to 2 and 4 weeks, in contrast to clinical and US

assessments. We have no certain explanation for this, but it
seems likely that an expectation of improvement (placebo
effect) by the patients in both groups has contributed.

A study limitation is the relatively small sample size, increas-
ing the risk of type 2 error. Our study did however find a con-
vincing, and statistically significant, difference between groups.
Our primary analysis was done using data imputations (inten-
tion to treat; NRI or last observation carried forward), in a con-
servative way and we found similar results with and without the
use of these imputations, supporting the reliability of our
results. Overall, the randomisation provided comparable groups.

Both intramuscular and intratenosynovial injection(s) were
well tolerated and no adverse events were observed in the study
period. In the present study, we have used US-guided injections
to ensure correct placement of the BM in the tendon
sheath,21 22 but we have not evaluated whether US-guided injec-
tions are better than blinded local injections. However, a recent
study of TS has indicated better short-term effect of US-guided
intratenosynovial injections compared with blinded injection of
corticosteroid8 and therefore we find it recommendable to use
US-guided intratenosynovial injections for local treatment of TS
in patients with RA.

The overall BM dose was lower in the ‘intratenosynovial
group’ than in the ‘intramuscular group’. This further strength-
ens the advantage of intratenosynovial injections, since it may
potentially lead to less side effects over time, as the cumulative
dose of BM is likely to be lower if the patients are treated with
local injections. Thus, we believe that our findings have the
potential to improve the treatment of TS in patients with RA. In
accordance with our findings, a previous study has shown long-
lasting remission of injected joints and minimal side effects of
intra-articular BM injections9 supporting the use of local BM
injections in patients with RA. High overall disease remission
rates have also previously been reported for treatment of active
RA with local BM injections,23–25 but to our knowledge no
double-blind comparisons with intramuscular glucocorticoid
have yet been undertaken.

In conclusion, we found, in a randomised double-blind clin-
ical trial, that patients with RA and TS responded significantly
better clinically and by US when treated with US-guided intrate-
nosynovial glucocorticoid injection compared with intramuscu-
lar glucocorticoid injection, both at 4 and 12 weeks.
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EXTENDED REPORT

International patient and physician consensus on a
psoriatic arthritis core outcome set for clinical trials
Ana-Maria Orbai,1 Maarten de Wit,2 Philip Mease,3 Judy A Shea,4 Laure Gossec,5,6

Ying Ying Leung,7 William Tillett,8 Musaab Elmamoun,9 Kristina Callis Duffin,10

Willemina Campbell,11 Robin Christensen,12 Laura Coates,13 Emma Dures,14

Lihi Eder,15 Oliver FitzGerald,9 Dafna Gladman,16 Niti Goel,17,18

Suzanne Dolwick Grieb,19 Sarah Hewlett,14 Pil Hoejgaard,12 Umut Kalyoncu,1,20

Chris Lindsay,21 Neil McHugh,8 Bev Shea,22 Ingrid Steinkoenig,23 Vibeke Strand,24

Alexis Ogdie25

ABSTRACT
Objective To identify a core set of domains (outcomes)
to be measured in psoriatic arthritis (PsA) clinical trials
that represent both patients’ and physicians’ priorities.
Methods We conducted (1) a systematic literature
review (SLR) of domains assessed in PsA; (2)
international focus groups to identify domains important
to people with PsA; (3) two international surveys with
patients and physicians to prioritise domains; (4) an
international face-to-face meeting with patients and
physicians using the nominal group technique method to
agree on the most important domains; and (5)
presentation and votes at the Outcome Measures in
Rheumatology (OMERACT) conference in May 2016. All
phases were performed in collaboration with patient
research partners.
Results We identified 39 unique domains through the
SLR (24 domains) and international focus groups (34
domains). 50 patients and 75 physicians rated domain
importance. During the March 2016 consensus meeting,
12 patients and 12 physicians agreed on 10 candidate
domains. Then, 49 patients and 71 physicians rated
these domains’ importance. Five were important to
>70% of both groups: musculoskeletal disease activity,
skin disease activity, structural damage, pain and
physical function. Fatigue and participation were
important to >70% of patients. Patient global and
systemic inflammation were important to >70% of
physicians. The updated PsA core domain set endorsed
by 90% of OMERACT 2016 participants includes
musculoskeletal disease activity, skin disease activity,
pain, patient global, physical function, health-related
quality of life, fatigue and systemic inflammation.
Conclusions The updated PsA core domain set
incorporates patients’ and physicians’ priorities and
evolving PsA research. Next steps include identifying
outcome measures that adequately assess these
domains.

INTRODUCTION
Psoriatic arthritis (PsA) is a chronic inflammatory
disease with heterogeneous manifestations affecting
the skin, nails, peripheral joints, spine and entheses.
PsA can have a broad and profound impact on
quality of life.1 2 However, PsA life impact is not

fully assessed by the outcome measurement tools
used in current randomised controlled trials
(RCTs).3 Furthermore, most of these tools have
been adapted from studies in rheumatoid arthritis
and may not accurately reflect the whole experience
of patients with PsA.4

A PsA core set of domains to be measured in PsA
RCTs and longitudinal observational studies (LOS)
was originally developed by the Group for
Research and Assessment of Psoriasis and Psoriatic
Arthritis (GRAPPA) and endorsed by the Outcome
Measures in Rheumatology (OMERACT) in 2006.5

Since then, the science of outcomes research and
our knowledge of PsA have both significantly
evolved. First, the inclusion of patient research
partners (PRPs) and other relevant stakeholders is
now highly recommended in all stages of the
research process by both OMERACT6 and the
European League Against Rheumatism 7 as well as
regulatory agencies in the USA and Europe.
Additionally, OMERACT has updated its recom-
mendations for developing disease core sets and
published a core set development process map, the
OMERACT Filter 2.0,6 which was endorsed in
2014. Concurrently, along with methodological
developments, there has been much progress in PsA
treatment with three new classes of targeted thera-
peutics approved in the past three years.8 9 Recent
PsA RCTs assessed therapeutic efficacy not only by
traditional outcomes centred on peripheral arth-
ritis, but also additional measures of PsA manifesta-
tions (eg, systemic inflammation, enthesitis,
dactylitis, structural damage, nail disease and the
spine) and life impact (eg, fatigue, productivity).10

These were considered important in the 2006 PsA
core domain set but not essential to measure in all
RCTs either due to insufficient data to support
measurement or due to the absence of validated
outcome measures.5 11

The objective of the GRAPPA-OMERACT PsA
working group was to develop consensus, at an
international level, among patients and physicians
on a core set of domains to be measured in PsA
RCTs and LOS. Based on the methodological
framework of OMERACT Filter 2.0,6 we designed
research work streams to generate patient-relevant
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and physician-relevant domains and then arrive at consensus on
PsA domains reflective of stakeholder perspectives.

METHODS
We conducted a systematic literature review (SLR) of domains
assessed in PsA RCTs, LOS and registries, international qualita-
tive focus groups, two international web-based surveys with
patients and physicians, and an international face-to-face con-
sensus meeting with patients and physicians using the nominal
group technique (NGT) to agree on domains most important to
all participants. PRPs were included in all phases of the
process.12 Results were presented at the OMERACT conference
in May 2016 in British Columbia, Canada and discussed in a
plenary workshop and small groups. A diagram of the research
process is represented in figure 1.

Systematic literature review
An SLR was performed to identify all domains (or outcomes)
measured in PsA RCTs, LOS and registries from 2010 to
2015.10 A previous SLR reviewed the PsA outcomes used in the
previous 5-year interval.13

International focus groups
Focus groups were conducted to identify domains important to
patients with PsA.14 Two qualitative research studies were con-
ducted independently and in parallel with patients with PsA to
identify outcomes important to them: a focus group study
across six countries (Australia, Brazil, France, Netherlands,
Singapore, the USA); and a multicentre UK focus group study.
Participants met Classification Criteria for Psoriatic Arthritis15

and were sampled across the spectrum of PsA manifestations,
activity and demographic characteristics. After informed consent
was obtained, qualified facilitators (two per group) led a semi-
structured discussion following a focus group guide agreed upon
by the investigators in advance. Each focus group was audio-
recorded and transcribed verbatim. Transcripts were immedi-
ately translated into English and proofread with a native speaker
to assist in translation as needed.16 Investigators on both teams
included PRPs in study conception, conduct and data analysis.
Qualitative data analysis was completed independently by each
team using inductive thematic analysis17 to identify domains
and domain definitions based on focus group participants’
descriptions.

International surveys among patients and physicians
Domains from the focus group studies and the SLR were com-
bined into a single list of domains. Definitions were assembled
using focus group participants’ descriptions and reviewed by the
working group including PRPs to ensure that patient partici-
pants would easily understand domains. Web-based surveys
were then administered to patients and physicians (separate
surveys running in parallel) to rate domains for importance.
Patient participants were recruited from clinics at five sites and
PsA patient organisations. Patients were purposefully selected to
represent all phenotypes of PsA including varied levels of skin
disease, joint disease, disease manifestations, age and gender.
Physician participants were purposefully selected from GRAPPA
members to include both rheumatologists and dermatologists,
representative of different parts of the world, age and gender
groups. Patient surveys were administered in English, except to
French patient participants who received the survey translated
in French. REDCap (V.6.13.3) software18 was used for survey
administration, data collection and management. Participants
received an introduction about the project objectives and were
asked to rate each domain on an 11-point numerical rating scale
from 0, ‘not important at all’, to 10, ‘very important’. Survey
results for the patient and physician groups were separately sum-
marised as mean, median and percentage of respondents who
rated each domain in one of three categories of importance (≤3,
4–7 and ≥8). Each domain was then assigned to one of three
categories reflecting levels of agreement: (A) important for both
groups (>50% in each group voted the domain as ≥8); (B)
important for one group but not for the other group (>50%
voted the domain as ≥8 in one group and >50% voted the
domain as <8 in the other); and (C) less important for both
groups (>50% in both groups voted the domain as <8).

Face-to-face consensus meeting
In total, 12 patients, 12 physicians and 2 non-voting fellows
were invited to participate in a face-to-face consensus meeting
held on 12 March 2016 in Jersey City, New Jersey, USA. An
independent expert in consensus methods ( JAS) moderated the
meeting using the NGT. The NGT is a rigorously structured
meeting conducted to allow a group of key stakeholders to iden-
tify and rate a list of priorities while ensuring the inclusion of

Figure 1 Study diagram: research work streams that led to the
updated psoriatic arthritis (PsA) core domain set are represented: the
process started with a systematic literature review (SLR) and
international focus groups with patients with PsA to generate a large
pool of candidate domains. These were then reduced through an
iterative consensus process consisting of surveys with patients and
physicians, a consensus nominal group technique (NGT) meeting with
patients and physicians, and breakout group discussions and voting at
the Outcome Measures in Rheumatology (OMERACT) 2016.
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all participants’ opinions.19 The objective of the meeting was to
agree on a preliminary core set of the 7–10 most important
domains for both patients and physicians to be measured in PsA
RCTs and LOS. The goal number of domains was established a
priori after considering feasibility and other examples of disease
core sets.20

For patients, a separate introduction was held the evening
before the meeting to familiarise them with the objectives, and
the consensus process as well as domains and definitions. The
consensus meeting began with an introduction to OMERACT
Filter 2.0 and presentation of results from the research work
streams. Participants were informed that according to the meth-
odological framework used (OMERACT Filter 2.0) the availabil-
ity and applicability of outcome measurement instruments were
not relevant to the domain discussion and this was reinforced
throughout the meeting. The NGT process started with discus-
sion of domains that were in category C (described above) with
the purpose to discard them or move them into category
B. Next items were moved from category B into category A or
discarded. Then, the remaining items were discussed and main-
tained or merged into larger categories if agreed on by most
participants to help reduce the number of domains.
Anonymised votes on agreement with domain placement were
conducted as needed on coloured index cards to distinguish
patients and physicians and allow reporting of results by group
and not by majority alone. At the end of the meeting, a prelim-
inary core set of domains for PsA was drafted and presented to
the group.

Second international surveys with patients and physicians
Following the consensus meeting, a second round of web-based
surveys was conducted among the same patients and physicians
who were invited to participate in the first survey. Participants
were asked to rate the importance of each domain in the prelim-
inary PsA core domain set using the same 11-point numerical
rating. Results of the survey reported for patients and physicians
separately as mean, median and percentage of respondents
rating items as important (defined as score ≥8).

OMERACT endorsement
The PsA Workshop was held at the 2016 OMERACT
Conference in Whistler, British Columbia, Canada.21 The work
above was presented, breakout groups discussed the domains
proposed, and finally, OMERACT participants voted for individ-
ual domains as well as the final core domain set (Orbai AM, de
Wit M, Mease PJ, et al. Updating the psoriatic arthritic core
domain set: a report from the PsA workshop at OMERACT
2016. The J Rheumatol 2016 (submitted)).

RESULTS
Candidate domains
Twenty-four domains were obtained from the SLR of outcomes
measured in PsA RCTs, LOS and registries. Measurement of the
complete 2006 PsA core domain set increased in RCTs con-
ducted 2010–2015 compared with 2006–2010. Recent RCTs
frequently measured domains in addition to the core set; and
among RCTs, there was great heterogeneity in outcome measure
selection per domain.

The focus group study consisted of 16 focus groups with 89
participants with PsA on five continents represented by six
countries (number of focus groups in each country): the USA
(5), Brazil (3), Australia (2), France (2), the Netherlands (2) and
Singapore (2). The UK focus group study consisted of eight

focus groups with 41 participants. Thirty-five domains and cor-
responding definitions were obtained from qualitative data ana-
lysis of international PsA focus group transcripts.

Combining domains from the SLR and focus group studies
resulted in a list of 39 unique domains (table 1). The domains
and definitions were reviewed for clarity by the working
group (seven physicians, five PRPs, two fellows and one
methodologist).

International patient and physician survey results
The survey was administered to 100 patients and 124 physi-
cians. In total, 50 patients (50%) and 75 physicians (60%) com-
pleted the survey. Patient respondents were 64% female and age
groups (years) 2% (18–25), 36% (26–45), 52% (46–65) and
10% above 65. Physician respondents were 92% rheumatolo-
gists and 8% dermatologists, 61% male, and age groups (years)
33% (26–45), 60% (46–65) and 7% (above 65). Results are
summarised in table 2 for each of the 39 domains. Based on
percentage votes into each category of importance, domains
were organised into agreement categories A, B or C ((A) import-
ant for both groups (>50% in each group voted the domain as
≥8); (B) important for one group but not for the other group
(>50% voted the domain as ≥8 in one group and >50% voted
the domain as <8 in the other); and (C) less important for both
groups (>50% in both groups voted the domain as <8)).

Consensus meeting summary
During the NGT process, participants regrouped or redefined
some items from the list of 39 domains. For example, emotional
well-being captures depressive mood, anxiety, embarrassment,
self-worth, frustration and stress. Participation includes family
roles, social activities, leisure activities and employment. As part
of the discussion related to combining these elements, partici-
pants referred to the International Classification of Functioning
(ICF) distinction between activity and participation. In the ICF,
‘activities’ encapsulates the ability to perform a task or action by
an individual; ‘participation’ is the ability to be involved in life,
to perform societal tasks and responsibilities, to work, to take
part in social events, leisure and family life.22 The musculoskel-
etal (MSK) manifestations of PsA (peripheral joint activity, dac-
tylitis, enthesitis and spondylitis) were grouped under the larger
concept of MSK disease activity. Similarly, skin activity was
defined as including both skin and nail disease.

The concept of health-related quality of life (HRQoL),
present in the 2006 PsA core domain set and potentially over-
lapping with some of these domains, was brought up for discus-
sion. Participants agreed that aspects of physical, emotional and
social life are included in HRQoL. However, patients unani-
mously favoured the inclusion of specific domains in the core
set (emotional well-being, fatigue, pain, participation, physical
function) over the broad concept of HRQoL. The patient global
assessment of disease was also discussed. While there was
general agreement to not discuss instruments, little is under-
stood about what the ‘patient global assessment’ measures are.
The concept was felt to reflect disease activity but also an over-
arching global health status of the patient, specific to that
patient. As a result of this discussion, global health was renamed
patient global defined as patient global assessment of
disease-related health status and maintained as a core domain.

Structural joint damage was voted important by both groups.
However, in the meeting, there was a debate whether or not it
should be required in all RCTs and LOS or designated as
important but not required for each clinical trial. Discussions
were focused on three main points: (1) one of the main

Clinical and epidemiological research

675Orbai A-M, et al. Ann Rheum Dis 2017;76:673–680. doi:10.1136/annrheumdis-2016-210242

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


objectives of disease-modifying therapy in PsA is to ultimately
prevent structural damage and not only symptoms; (2) the use
of current imaging procedures, especially more sensitive ones
like MRI, is costly; and (3) it is difficult to demonstrate a signifi-
cant difference in structural damage in RCTs of short duration.
The final decision was to include structural damage with the
specification that evidence for inhibition of structural damage
should be required at least once during the development
programme of a new medication but not required in all RCTs
and LOS.

At the end of the consensus meeting, 10 domains were agreed
on as important and proposed for inclusion in the PsA core
domain set for clinical trials: MSK disease activity, skin disease
activity, pain, patient global, physical function, participation,
emotional well-being, fatigue, systemic inflammation and struc-
tural damage (with the specification that this is recommended
for inclusion at least once during a PsA drug development pro-
gramme). Economic cost was recommended as important but
not essential to be measured in all clinical trials. Items placed on
the PsA group research agenda due to their importance to

Table 1 Candidate psoriatic arthritis domains and definitions

Domain Definition*

1 Anxiety Being concerned, worried, fearful or anxious

2 Cognitive function Being able to concentrate and remember things (concentration and memory issues)

3 Coping Being able to deal with the social and emotional impact of the disease on oneself (includes managing stress, embarrassment)

4 Daily activities including
housework

Being able to fulfil housework tasks, shopping, other necessary daily activities

5 Dactylitis Sausage finger or toe, full thickness inflammation of a digit or toe

6 Depressive mood Feeling sad, feeling down or sorry for oneself or feeling depressed

7 Discomfort Experiencing noticeable physical issues/discomfort, which are not pleasant but not causing pain

8 Disease activity Presence of disease symptoms

9 Embarrassment Experiencing awkward self-consciousness or embarrassment in public or social situations

10 Emotional support Availability of emotional support from family members and friends

11 Emotional well-being Feeling good about oneself

12 Employment/work Being able to perform activities related to work/employment

13 Enthesitis Pain and inflammation at the site of a tendon bone interface (tendon insertions on bone)

14 Family roles Relationships with family and close friendships (includes parenthood, marriage)

15 Fatigue Experiencing fatigue, tiredness, lack of energy, feeling worn out or exhausted

16 Financial impact Experiencing financial loss due to treatment cost, work loss, early retirement, cost of assistive devices, etc

17 Frustration Being annoyed or upset about not being able to achieve what one wishes

18 Global health The overall health status of the patient

19 Independence Being able to maintain one’s independence, not being dependent on others for help

20 Intimacy and sexual relations Satisfaction with intimate relationships

21 Leisure activities Being able to engage in leisure activities

22 Medication side effects Experiencing undesired secondary effects from taking psoriatic arthritis medications

23 Nail psoriasis Having discoloured, lifting, pitted nails affected with psoriasis

24 Pain Experiencing an unpleasant physical sensation that aches, hurts in one or more joints or the spine

25 Participation in social activities Ability to participate in social activities

26 Structural joint damage Join deformity, damage, instability to one or more joints or the spine

27 Physical function Being able to perform physical activities (includes upper/lower extremity functioning, balance)

28 Psoriasis symptoms Experiencing itching, dryness, pain, plaques, thickness, cracks, bleeding, scaling of affected skin including genital areas and the scalp

29 Self-management Being able to effectively decrease or minimise the physical impact of disease on oneself (eg, choice of non-pharmacological
interventions, prevention of disease worsening, use of aids, diet, lifestyle, pacing, relaxation etc)

30 Self-worth Shame, self-esteem, feeling accepted or rejected by others (can range from feeling valued to feeling helpless, useless, ashamed, guilty or
rejected)

31 Sleep quality Being able to have a restful sleep

32 Social support Availability of family members and friends for help

33 Spine symptoms Back/spine symptoms of pain, stiffness

34 Stiffness Experiencing resistance or rigidity in one or more joints, tendons or the spine, which prevents smooth and full range of motion

35 Stress Feeling under pressure and under tension

36 Swelling Enlargement of one or more joints

37 Systemic inflammation Blood test such as the acute-phase reactants ESR and/or C reactive protein

38 Treatment burden Impact of treatment and monitoring of disease or treatment (eg, financial or time commitment)

39 Unpredictability of disease
activity

Uncertainty in the short term of being symptom free or able to engage in activities

Domains appear in alphabetical order.
*Domain definitions represent focus group participants’ descriptions of the corresponding domain and were reviewed by the working group.
ESR, erythrocyte sedimentation rate.
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patients but unclear contribution to measuring response in
RCTs and LOS were independence, sleep, stiffness and treat-
ment burden. Specific details on each domain discussion and
their movement among categories during the consensus meeting
are provided in online supplementary table S1. The preliminary

PsA domain structure at the conclusion of the consensus
meeting is represented in online supplementary figure S1.

Second international patient and physician survey
A second survey was administered to 100 patients and 124 phy-
sicians to rate the importance of each domain agreed on in the
consensus meeting. In total, 49 patients (49%) and 71 physi-
cians (57%) completed the survey. Results are summarised in
online supplementary table S2. Survey respondents agreed with
the proposed core domain set drafted at the consensus meeting,
with the exception of emotional well-being, which was rated
important by <70% of both patients and physicians in the
second survey. Figure 2 summarises results from both survey
rounds.

Endorsement of the PsA core domain set
Based on discussions and voting at the biannual OMERACT
meeting (2016), participation and structural damage in the pre-
liminary core set were moved to the middle circle (strongly
recommended but not mandatory for all RCTs and LOS). The
updated 2016 PsA domain set achieved consensus with a 90%
vote from 130 OMERACT participants. The 2016 PsA core
domain set includes the following outcomes recommended for
assessment in all RCTs and LOS (inner core): MSK disease activ-
ity, skin disease activity, pain, patient global, physical function,
HRQoL, fatigue and systemic inflammation. In addition, the fol-
lowing outcomes (middle circle) are strongly recommended but
these may not be feasible in all RCTs and LOS: economic cost,
emotional well-being, participation and structural damage.
Outcomes that need to be studied further due to their import-
ance for people with PsA include independence, sleep, stiffness
and treatment burden. The updated 2016 PsA core domain set
is represented in figure 3. All areas of the OMERACT Filter 2.0
framework (pathophysiology, life impact and resource utilisa-
tion) have been addressed by this core domain set.

The 2016 core domain set builds on the first PsA core
domain set crafted in 2006.5 Major changes include the move-
ment of fatigue to the inner core and inclusion of participation
and emotional well-being as strongly recommended but not
mandatory domains for measurement. Additionally, enthesitis
and dactylitis are now part of the inner core and are combined
with peripheral arthritis as MSK disease activity.

DISCUSSION
In this article, we report the development of the 2016
OMERACT-endorsed PsA core domain set and the steps taken
to reach consensus among patients and physicians. The patient
perspective was integrated throughout each phase of the
research. The qualitative research components and PRP involve-
ment at each step give validity to the resulting proposed
domains for PsA clinical trials.14 The sampling process was
inclusive of patients from five continents, with a broad spectrum
of PsA manifestations, varied levels of disease activity and socio-
demographic characteristics, which increases generalisability of
our findings.

Our findings confirm the previously demonstrated broad life
impact of PsA. Critical elements of life impact for patients with
PsA are fatigue, participation and emotional well-being.23

Fatigue was previously recommended for measurement in all
PsA RCTs.24 While fatigue has been measured in only approxi-
mately one-third of RCTs,12 it has been demonstrated to
improve with effective therapy.25–27 Aspects of participation and
emotional well-being also have been demonstrated to improve
to approximate matched norms with biological therapy for

Table 2 Domain ratings by patients and physicians and
corresponding agreement categories in the first survey

Ratings

Patients, N=50 Physicians, N=75

Category*≤3 4–7 ≥8 ≤3 4–7 ≥8

Domains and corresponding group % for each category of ratings

Anxiety 30 40 30 41 41 17 C

Cognitive function 30 28 42 41 47 12 C

Coping 16 42 44 28 36 36 C

Daily activities including
housework

10 18 72 1 35 64 A

Dactylitis 18 22 60 3 13 84 A

Depressive mood 16 38 44 17 51 32 C

Discomfort 12 40 48 16 52 32 C

Disease activity 4 32 64 1 16 83 A

Embarrassment 30 42 28 24 45 31 C

Emotional support 22 30 48 33 52 15 B

Emotional well-being 10 30 60 24 48 28 B

Employment/work 4 20 76 3 21 76 A

Enthesitis 8 26 66 0 16 84 A

Family roles 12 32 56 25 53 21 B

Fatigue 0 22 78 4 33 63 A

Financial impact 20 32 48 23 43 35 C

Frustration 18 36 46 33 45 21 C

Global health 8 24 68 5 24 71 A

Independence 8 10 82 20 42 37 B

Intimacy and sexual
relations

24 34 42 24 47 29 C

Leisure activities 2 38 60 11 61 28 B

Medication side effects 4 26 70 11 24 65 A

Nail psoriasis 22 34 44 8 25 67 B

Pain 4 20 76 1 11 88 A

Participation in social
activities

6 38 56 12 52 36 B

Physical function 4 24 72 0 17 83 A

Psoriasis symptoms 10 32 58 1 17 81 A

Self-management 4 38 58 17 52 31 B

Self-worth 22 40 38 32 40 28 C

Sleep quality 8 26 66 12 49 39 B

Social support 16 48 36 31 57 12 C

Spine symptoms 14 22 64 1 21 77 A

Stiffness 2 32 66 1 36 63 A

Stress 14 36 50 32 52 16 B

Structural joint damage 8 24 68 1 21 77 A

Swelling 14 22 64 4 13 83 A

Systemic inflammation 22 34 44 8 23 69 B

Treatment burden 6 48 46 19 55 27 C

Unpredictability of disease
activity

10 36 54 31 44 25 B

Light grey cells were rated by >50% of participants. Darker grey cells with bolded font
were rated as important by ≥70% of participants.
*Categories were defined as (A) important for both groups (>50% in each group voted
the domain as ≥8); (B) important for one group but not for the other group (>50%
voted the domain as ≥8 in one group and >50% voted the domain as <8 in the other);
(C) less important for both groups (>50% in both groups voted the domain as <8).
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PsA.2 Measurement of participation and emotional well-being
needs to be explored for use in PsA RCTs and might in the
future, together with fatigue, replace the generic construct of
HRQoL. In addition to life impact, the core domain set we

propose also emphasises the importance of measuring all facets
of the pathophysiology of PsA, including enthesitis, dactylitis,
spine and nail disease. These are all disabling elements of the
disease but often considered secondary to the peripheral arth-
ritis classically associated with PsA.9 Systemic inflammation is
similarly highlighted as it may lead to increased morbidity and
mortality through comorbidities such as cardiovascular disease
and diabetes.28 29

Strengths of this study include an international representation
of PsA patient participants in focus groups and international
representation of patient and physician stakeholders who parti-
cipated in the surveys and consensus meeting. We followed
rigorous research methods, had equal representation of patients
and physicians at the consensus meeting and involved PRPs in
each step of the process. However, our study also had limita-
tions. Surveys were only in English and French, and therefore,
limited selection of patients to those speaking one of these lan-
guages in the international web-based surveys. Similarly, the
consensus meeting was conducted in English and limited to
English-speaking international patients and physicians. On the
contrary, the international focus groups were conducted in the
native language and translated by linguistically and culturally
competent translators with review by native coinvestigators.
International focus group participants were sampled across PsA
manifestations, disease activity and duration and socioeconomic
status. This ensured that we captured broad content early on in
the process of data collection and obtained domains that are
generalisable to people with PsA worldwide.

This study confirms that patients’ and physicians’ priorities are
different. A core domain set with face validity should capture the
diversity of stakeholder perspectives.6 30 We demonstrated that
the inclusion of patient and physician perspectives is possible
using a data-driven process and ensuring awareness of both

Figure 2 Domains important to patients and physicians for inclusion in psoriatic arthritis (PsA) clinical trials: The first panel shows domains
selected important* by >70% of either patients or physicians in the first international survey and patient and physician percentages. The second
panel shows patient and physician percentages rating each domain as important* in the second international survey (*important was designated as
receiving a rating of ≥8 on a numerical rating scale from 0, not important at all, to 10, very important). The brackets identify the 70% level of
consensus within a group. MSK, musculoskeletal.

Figure 3 Updated 2016 psoriatic arthritis (PsA) core domain set.
Musculoskeletal (MSK) disease activity includes peripheral joints,
enthesitis, dactylitis and spine symptoms; skin activity includes skin and
nails; patient global is defined as patient-reported disease-related
health status. The inner circle (core) includes domains that should be
measured in all PsA randomised controlled trials (RCTs) and
longitudinal observational studies (LOS). The middle circle includes
domains that are important but may not be feasible to assess in all
RCTs and LOS. The outer circle or research agenda includes domains
that may be important but need further study.
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perspectives throughout the development of a core outcome set.
Next steps are examining outcome measures’ psychometric prop-
erties for measuring each core set domain and selecting a core set
of outcome measures that are adequate and not redundant.

In conclusion, patients and physicians include both disease
manifestations and aspects of life impact when identifying the
domains of importance in PsA. RCTs and observational studies
measuring and reporting these outcomes will better represent
the heterogeneity of PsA and the impact of therapy on its varied
manifestations. Such data will be the starting point to frame
treatment discussions and shared decision-making between
patients and physicians and address desired therapy selection on
an individual basis.
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EXTENDED REPORT

Thigh muscle MRI in immune-mediated necrotising
myopathy: extensive oedema, early muscle damage
and role of anti-SRP autoantibodies as a marker
of severity
Iago Pinal-Fernandez,1 Maria Casal-Dominguez,2 John A Carrino,2 Arash H Lahouti,2

Pari Basharat,2 Jemima Albayda,2 Julie J Paik,2 Shivani Ahlawat,2 Sonye K Danoff,2

Thomas E Lloyd,2 Andrew L Mammen,1,2 Lisa Christopher-Stine2

ABSTRACT
Objectives The aims of this study were to define the
pattern of muscle involvement in patients with immune-
mediated necrotising myopathy (IMNM) relative to those
with other inflammatory myopathies and to compare
patients with IMNM with different autoantibodies.
Methods All Johns Hopkins Myositis Longitudinal
Cohort subjects with a thigh MRI (tMRI) who fulfilled
criteria for IMNM, dermatomyositis (DM), polymyositis
(PM), inclusion body myositis (IBM) or clinically
amyopathic DM (CADM) were included in the study.
Muscles were assessed for intramuscular and fascial
oedema, atrophy and fatty replacement. Disease
subgroups were compared using univariate and
multivariate analyses. Patients with IMNM with
anti-signal recognition particle (SRP) autoantibodies were
compared with those with IMNM with anti-HMG-CoA
reductase (HMGCR) autoantibodies.
Results The study included 666 subjects (101 IMNM,
176 PM, 219 DM, 17 CADM and 153 IBM). Compared
with DM or PM, IMNM was characterised by a higher
proportion of thigh muscles with oedema, atrophy and
fatty replacement (p<0.01). Patients with IMNM with
anti-SRP had more atrophy (19%, p=0.003) and fatty
replacement (18%, p=0.04) than those with anti-
HMGCR. In IMNM, muscle abnormalities were especially
common in the lateral rotator and gluteal groups. Fascial
involvement was most widespread in DM. Fatty
replacement of muscle tissue began early during the
course of disease in IMNM and the other groups. An
optimal combination of tMRI features had only a 55%
positive predictive value for diagnosing IMNM.
Conclusions Compared with patients with DM or PM,
IMNM is characterised by more widespread muscle
involvement. Anti-SRP-positive patients have more severe
muscle involvement than anti-HMGCR-positive patients.

INTRODUCTION
The idiopathic inflammatory myopathies, including
polymyositis (PM), dermatomyositis (DM) and
inclusion body myositis (IBM), are a heterogeneous
family of diseases characterised by muscle weak-
ness, high muscle enzyme levels, autoantibodies
and muscle biopsies with prominent lymphocytic
infiltrates.1 As the best imaging technique to investi-
gate soft tissue abnormalities, MRI has been used

to detect unique patterns of muscle oedema,
muscle atrophy, fatty replacement and fascial
oedema in different types of patients with myo-
sitis.2 For example, previous studies have noted
that fascial oedema seems to be more common in
DM than PM or IBM.3 4 Other studies have
revealed that patients with IBM have a unique
pattern characterised by severe involvement of the
anterior thigh compartment with selective sparing
of the rectus femoris muscle;5 these patients also
tend to have asymmetric muscle involvement on
MRI.6 A more recent study has described a pattern
of MRI findings that may be useful for diagnosing
IBM and excluding other myopathies, such as PM
and DM.7

In recent years, it has become widely accepted
that some patients with autoimmune myopathy have
muscle biopsies with prominent muscle cell necrosis
and only minimal lymphocytic infiltration. This
form of myositis has been termed immune-mediated
necrotising myopathy (IMNM) or necrotising auto-
immune myopathy and is now recognised to be
distinct from PM, DM or IBM.1 Patients with
IMNM typically have very high serum creatine
kinase (CK) levels, a relative lack of skin or other
organ system involvement and, often, autoanti-
bodies recognising either the signal recognition par-
ticle (SRP) or HMG-CoA reductase (HMGCR).1

Some of these patients, especially those with
anti-SRP, may have especially severe disease that
responds poorly to immunosuppressive therapy.1

To date, no studies have used thigh MRI (tMRI)
to analyse the pattern of muscle involvement in
patients with IMNM. In this study, we analysed the
tMRI features in a large cohort of patients with
myositis, comparing IMNM with other disease cat-
egories. We also compared the tMRI features of
anti-SRP-positive IMNM subject with those who
had autoantibodies recognising HMGCR.

MATERIAL AND METHODS
Study population
All patients enrolled in the Johns Hopkins Myositis
Center longitudinal cohort from May 2008 to
April 2015 with an available tMRI, routinely per-
formed at the first visit, were sequentially included
in the study.
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Standard protocol approvals and patient consents
This study was approved by the Johns Hopkins Institutional
Review Board, and written informed consent was obtained from
each participant.

Demographic and clinical features
The date of the tMRI and demographic features, including the
sex, race and date of symptom onset, were collected through
retrospective chart review. Also, patients were classified in one
of five mutually exclusive clinical subgroups by retrospective
chart review. Thus, patients were classified as having IMNM if
they met the 2003 European Neuromuscular Centre (ENMC)
criteria,8 IBM if they fulfilled Griggs’ criteria9 or clinically
amyopathic DM (CADM) if they met Sontheimer’s criteria.10 If
none of these three criteria were met, patients were evaluated
for Bohan and Peter criteria and classified accordingly as pos-
sible, probable or definite DM or PM.11

Autoantibody analysis of patients with necrotising myositis
Testing of sera for anti-HMGCR autoantibodies was performed
by ELISA and confirmed by immunoprecipitation in
vitro-transcribed and translated (IVTT) HMGCR protein as
previously described.12 Anti-SRP testing was performed by immu-
noprecipitation of IVTT-generated SRP subunits at the Johns
Hopkins Rheumatic Disease Research Core Center as previously
described,13 by testing at the Oklahoma Medical Research
Foundation using immunoprecipitation, and/or by using Quest
Diagnostics myositis panels. Other myositis-specific autoanti-
bodies, including the antisynthetase autoantibodies, anti-MDA5,
anti-Mi2 and anti-NXP2 were also tested using these methods.

Image acquisition
MRI was performed on a 1.5T (Avanto, Siemens Medical
Solutions, Erlangen, Germany) or 3T (Verio, Siemens Medical
Solutions, Erlangen, Germany) depending on scanner availability
with standardised protocol of coronal and axial T1-weighted and
short-tau inversion recovery (STIR) images.14 The type of image
‘weighting’ employed during image acquisition determines the
MRI contrast, with T1 being fat sensitive and STIR being fluid
sensitive. The imaging sequences were performed with para-
meters to optimise image quality and yield with similar contrast
resolution irrespective of field strength.2 The field of view was
from the hips to knees. Axial images were contiguously acquired
throughout the thigh to allow for evaluation of the full extent of
each muscle (see online supplementary appendix 1).

Image evaluation
Image analysis was performed by two experienced musculoskel-
etal radiologists at the Johns Hopkins Radiology Department as
part of routine clinical care. One of the musculoskeletal radiolo-
gists ( JAC) had more than 10 years of experience reading MRI
(and interpreted the majority of cases ∼75%), and the other
musculoskeletal radiologist (SA) had 3 years of experience
reading MRI (in addition to a musculoskeletal fellowship).

The radiologists interpreting the scans were masked to disease
activity and subgroup of inflammatory myopathy. The presence
of oedema, fatty replacement, atrophy and fascial oedema was
evaluated in 15 muscles of both thighs (figure 1). Muscles were
grouped according to online supplementary table S1.

The readings were standardised using predefined MRI defini-
tions and pulse sequences. Consensus training was arranged by
using the MRI definitions document (see online supplementary
appendix 1).

Statistical analysis
Dichotomous variables were expressed as percentages and abso-
lute frequencies, and continuous features were reported as
means and SDs.

Pairwise comparisons for categorical variables between groups
were made using χ2 test or Fisher’s exact test, as appropriate.
Student’s t-test was used to compare continuous variables
among groups and correlation was studied using Pearson’s
coefficient.

The asymmetry of each tMRI feature in each patient was
quantified by calculating the percentage of muscles that showed
that feature in one side but not in the other.

We defined the extent of a tMRI feature as the percentage of
muscles showing each feature. We determined whether certain
muscle groups were more likely to be affected by MRI abnor-
malities depending on the disease category.

The influence of non-modifiable risk factors (sex, race, length of
illness and age at the onset of the first symptoms) on the percent-
age of muscles showing each of the tMRI features were assessed
using fractional probit models, reporting the marginal effects
(dy/dx) of each of the predictor variables (equivalent to the pre-
dicted per cent change in the dependent variable per unit of the
predictor variable).15 The administration of corticosteroid, intra-
venous immunoglobulins, rituximab, methotrexate, azathioprine
and mycophenolate were used as adjusting covariates in the models
comparing anti-HMGCR with anti-SRP-associated myositis.

Also, forward multiple logistic regression was used to select
which muscles and tMRI features were most informative for
each clinical group. A likelihood ratio test significance of 0.01
was selected to include variables in the model to maintain a
manageable number of items in each formula. The area under
the receiver operating characteristic (ROC) curve of the resulting
models was internally validated using 100 bootstrap samples,
obtaining the optimism-corrected area under the curve (AUC).16

All statistical analyses were performed using Stata/MP V.14.0.
To account for the number of statistical tests performed, a
two-sided p value of 0.001 or less was considered statistically
significant for the univariate analysis while 0.05 was considered
significant for the multivariate analysis.

RESULTS
Patients
Eight hundred and ninety-one patients underwent tMRI and
666 of these fulfilled the criteria for one of the defined myositis
groups. Among these, 101 had IMNM, 219 had DM, 176 had
PM, 17 had CADM and 153 had IBM. From the 101 patients
with IMNM, 50 were positive for anti-HMGCR (50%) and 22
for anti-SRP autoantibodies (22%) (figure 2). Other myositis-
specific autoantibodies were detected in <3% of the patients
with IMNM. As expected, there were marked differences in the
age at onset, duration of disease and demographic factors
among the different groups of patients. Patients with anti-SRP
were younger and were more commonly under immunosuppres-
sant treatment at the time of the tMRI (68% vs 40%, p=0.03)
than those with anti-HMGCR (38.4 vs 53.3 years old,
p<0.001); there were no differences between these two groups
of patients with IMNM with regard to the duration of disease
at the time of tMRI, race or gender (table 1).

Extent and laterality of tMRI features by univariate analysis
MRI revealed that patients with IMNM had more extensive
oedema (56%) than those with either PM (29%) or DM (30%)
(all p<0.0001). Moreover, patients with IMNM showed a trend
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Figure 2 Patient flow chart. B&P,
Bohan and Peter criteria; CADM,
clinically amyopathic dermatomyositis;
DM, dermatomyositis; IBM, inclusion
body myositis; IMNM,
immune-mediated necrotising
myopathy; PM, polymyositis; SRP,
signal recognition particle; tMRI: thigh
MRI.

Figure 1 Examples of T1-weighted
(T1W) turbo spin echo (TSE) and
short-tau inversion recovery (STIR)
sequences showing oedema (red
arrows), atrophy (red arrow heads),
fatty replacement (blue arrows) and
fascial oedema (blue arrow heads) in
patients with immune-mediated
necrotising myopathy (IMNM),
inclusion body myositis (IBM),
polymyositis (PM) and dermatomyositis
(DM).
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towards more atrophy (23%) and fatty replacement (38%) than
those with either PM or DM (all p<0.02). As expected, CADM
showed the least extensive muscle involvement by tMRI (table 2).

Interestingly, patients with IMNM showed a trend towards
having more asymmetry in the percentage of muscles showing
fatty replacement (2.6%, SD 6%, p<0.01) than those with DM
or PM. Patients with anti-SRP showed more asymmetry than
those with anti-HMGCR for all the tMRI features, but the dif-
ference did not reach statistical significance. Similar to IMNM,
IBM also showed greater asymmetry in the percentage of
muscles with atrophy (2.5%, SD 5.2%, p<0.001) compared
with PM or DM. Of note, DM showed a trend towards more
asymmetry in fascial oedema compared with all the other
groups (2.2%, SD 4.7%, p<0.05). These differences in the lat-
erality of muscle involvement did not seem to have a preference
for a particular side (see online supplementary table S2).

Overall, fatty replacement extent was moderately correlated
with the extent of atrophy (R=0.5, p<0.001) and oedema
(R=0.4, p<0.001) while the extent of oedema was associated
with the extent of atrophy (R=0.3, p<0.001) and fascial
oedema (R=0.3, p<0.001). IBM did not show a significant
association between oedema and atrophy or fascial oedema
(both p>0.05), while in DM oedema was more correlated with
fascial oedema than in the rest of the clinical groups (R=0.5,
p<0.001) (see online supplementary table S3).

tMRI features by muscle group
Next, we determined whether certain muscle groups were more
likely to be affected by MRI abnormalities depending on the
disease category. Indeed, IMNM subjects had atrophy and fatty
replacement preferentially in the lateral rotators, glutei, medial

compartment and posterior compartment. In contrast, patients
with IBM had oedema, fatty replacement and atrophy predomin-
antly in the anterior, medial and posterior compartments. Patients
with DM had more prevalent fascial oedema in the anterior,
medial and posterior compartments compared with the rest of the
patients. Finally, patients with PM showed no defined pattern of
involvement for any of the tMRI features. Within the IMNM sub-
groups, patients with anti-SRP showed a trend towards more
extensive oedema, atrophy and fatty replacement in the lateral
rotator group, more atrophy and fatty replacement in the anterior
compartment, and more atrophy in the medial compartment
compared with those with anti-HMGCR (all p values between
0.001 and 0.05) (see online supplementary table S4).

Multivariate analysis of tMRI features
Multivariate analysis demonstrated that IMNM had significantly
more extensive oedema, atrophy and fatty replacement than
DM, PM or CADM (all p<0.01) independent of the age at
onset, duration of illness, sex or race of the subject (table 3);
tMRI features were not statistically different between patients
with IMNM and IBM (all p>0.05). Within the IMNM sub-
group, anti-SRP-positive patients had more extensive atrophy
(19%, p=0.003) and fatty replacement (18%, p=0.04) than
anti-HMGCR-positive patients independent of the age at onset,
duration of the disease, sex, race and treatment at the time of
the tMRI (table 4).

Not surprisingly, in all myositis subgroups, as the length of
time between disease onset and imaging increased, the extent of
oedema decreased and both atrophy and fatty replacement
increased (all p<0.01). Moreover, graphical analysis revealed
that these changes were faster immediately after the onset of the

Table 1 General features of the patients included in the study

IMNM

IBM (n=153) PM (n=176) DM (n=219) CADM (n=17) Total (n=666)Total (n=101) HMGCR (n=50) SRP (n=22)

Age at onset 48.9 (16.0) 53.3 (13.1)*** 38.4 (13.1)*** 58.4 (10.8)*** 50.8 (15.9) 45.4 (14.2)*** 48.7 (14.9) 50.4 (15.0)*

Length of illness (years) 4.3 (5.8) 4.3 (5.8) 3.5 (4.0) 7.8 (6.7)*** 5.6 (7.2) 3.8 (4.7)*** 2.2 (3.0)* 5.2 (6.3)*

Female sex 65% (66) 64% (32) 86% (19) 38% (58)*** 66% (116) 76% (167)*** 82% (14) 63% (421)

White 69% (70)* 78% (39) 59% (13) 88% (134)*** 69% (122)** 81% (177) 71% (12) 77% (515)

Black 19% (19)* 14% (7) 36% (8) 7% (10)* 20% (35)*** 8% (17)* 6% (1) 12% (82)

Other races 12% (12) 8% (4) 5% (1) 6% (9)* 11% (19) 11% (25) 24% (4) 10% (69)

Continuous variables are expressed as mean (SD) and bivariate variables as percentage (absolute number). The value of each major clinical group (IMNM, IBM, PM, DM and CADM) was
compared with the rest of the sample. In separate analyses, patients with anti-HMGCR and anti-SRP were compared with each other only. The χ2 test and Fisher’s exact test were used to
compare bivariate variables. Continuous variables were compared using Student’s t-test. The length of illness was measured from the onset of first symptoms to the date of the thigh MRI.
*<0.05; **<0.01; ***<0.001.
CADM, clinically amyopathic dermatomyositis; DM, dermatomyositis; HMGCR, HMG-CoA reductase; IBM, inclusion body myositis; IMNM, immune-mediated necrotising myopathy; PM,
polymyositis; SRP, signal recognition particle.

Table 2 Extent of thigh MRI findings among clinical subsets

IMNM

IBM (n=153) PM (n=176) DM (n=219) CADM (n=17) Total (n=666)Total (n=101) HMGCR (n=50) SRP (n=22)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Oedema 55.5 (32.2)*** 58.9 (31.8) 65.8 (28.9) 48.1 (24.6)*** 29.4 (30.5)*** 30.1 (36.7)*** 6.1 (18.5)*** 37.3 (33.5)

Atrophy 23.2 (28.7)** 21.7 (28.9)* 38.2 (30.2)* 32.2 (26.7)*** 12.7 (24.6)* 5.7 (16.7)*** 2.5 (7.4)* 16.2 (25.5)

Fatty replacement 38.0 (33.1)* 34.4 (30.9) 49.1 (31.2) 50.1 (27.3)*** 28.3 (31.1) 17.5 (27.0)*** 7.1 (12.8)** 30.7 (31.6)

Fascial oedema 6.2 (15.1)* 5.1 (15.2) 6.0 (12.2) 6.0 (12.0)** 5.8 (11.8)** 16.5 (24.3)*** 8.6 (17.0) 9.5 (18.1)

Mean percentage of each major clinical group (IMNM, IBM, PM, DM and CADM) compared with the rest of the sample using Student’s t-test. In separate analyses, patients with
anti-HMGCR and anti-SRP were compared to each other only.
*<0.05; **<0.01; ***<0.001.
CADM, clinically amyopathic dermatomyositis; DM, dermatomyositis; HMGCR, HMG-CoA reductase; IBM, inclusion body myositis; IMNM, immune-mediated necrotising myopathy; PM,
polymyositis; SRP, signal recognition particle.
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disease than later on (and required a logarithmic transformation
of the length of illness to linearise its relationship with the tMRI
features) (table 3).

Excluding the patients with only ‘possible’ DM and PM from
the analysis did not change the results (see online supplementary
table S5).

tMRI features most associated with each myositis subgroup
We used forward logistic regression to select individual muscles
and tMRI features that were most uniquely associated with
IMNM compared with the other clinical subgroups. This ana-
lysis revealed that adductor brevis oedema and obturator exter-
nus atrophy were especially common in IMNM. In contrast,
fascial oedema in the semitendinosus was particularly rare in
IMNM compared with the other subgroups.

We performed similar analyses to identify tMRI features that
are preferentially associated with the other myositis subgroups.
In IBM, fatty replacement of the vastus lateralis and atrophy of
the vastus medialis were more prevalent than in other sub-
groups; in contrast, oedema in the obturator internus was par-
ticularly rare in IBM. Patients with PM had no defining pattern
of muscle involvement by tMRI; however, oedema and fascial

oedema in the rectus femoris were particularly uncommon with
this diagnosis. Interestingly, these analyses revealed that fascial
oedema is the hallmark tMRI feature of DM. Indeed, fascial
oedema surrounding the rectus femoris and the semimembrano-
sus were the most supportive features for DM, while the pres-
ence of atrophy in the vastus medialis and oedema in the biceps
femoris were the two features most unlikely to be found in this
subgroup of patients (see online supplementary table S6).

We next determined how well the patterns of muscle involve-
ment using tMRI could be used to diagnose the different myositis
subgroups. However, after selecting the most balanced cut-off for
the logistic regression formulas using Youden’s index, we estimated
that the positive predictive value of these formulas was subopti-
mal, with a value >60% only in patients with IBM. Nonetheless,
the negative predictive values of these formulas were excellent in
IBM (94.7%) and IMNM (93.1%) and very good in DM (88.3%).
(see online supplementary table S7 and figure S1).

DISCUSSION
Patients with IMNM comprise a significant fraction of patients
with idiopathic inflammatory myopathies. Indeed, 15% of
patients from Johns Hopkins Myositis Center Longitudinal

Table 3 Multivariate analysis of the extent of the different thigh MRI features (percentage of muscles involved) among different clinical subsets
using fractional probit regression

Oedema Atrophy Fatty replacement Fascial oedema
dy/dx (95% CI) dy/dx (95% CI) dy/dx (95% CI) dy/dx (95% CI)

Clinical subset (referenced to IMNM)

IBM −5.82 (−13.31 to 1.66) 0.92 (−4.23 to 6.06) 1.52 (−5.56 to 8.61) 1.68 (−3.87 to 7.23)

PM −23.72 (−30.63 to −16.80)*** −10.92 (−16.38 to −5.46)*** −10.77 (−17.69 to −3.86)** 0.05 (−4.53 to 4.64)

DM −22.14 (−29.36 to −14.93)*** −18.24 (−24.00 to −12.47)*** −17.39 (−24.21 to −10.57)*** 8.82 (4.53 to 13.11)***

CADM −61.46 (−85.87 to −37.05)*** −25.76 (−39.13 to −12.39)*** −31.18 (−46.55 to −15.80)*** 1.85 (−6.86 to 10.57)

Age at onset (10 years) 0.73 (−1.10 to 2.56) 2.41 (0.84 to 3.97)** 2.05 (0.34 to 3.77)* −0.88 (−1.76 to 0.00)

Time from onset to MRI (logarithm of
months)

−8.83 (−14.34 to −3.33)** 10.44 (6.13 to 14.74)*** 13.90 (8.90 to 18.89)*** −4.82 (−7.39 to −2.26)***

Sex (female) −9.60 (−14.58 to −4.61)*** 3.24 (−0.45 to 6.92) −8.61 (−13.11 to −4.11)*** −2.92 (−5.72 to −0.11)*
Race (referenced to white patients)

Black 6.11 (−1.70 to 13.92) 0.84 (−5.26 to 6.95) 8.18 (1.59 to 14.77)* −0.49 (−4.77 to 3.80)

Other races 2.26 (−5.86 to 10.37) 4.08 (−1.70 to 9.86) −0.02 (−7.69 to 7.66) −0.51 (−4.74 to 3.73)

dy/dx, marginal effect (% change of the dependent variable for each one point of the predictor variables).
*<0.05; **<0.01; ***<0.001.
CADM, clinically amyopathic dermatomyositis; DM, dermatomyositis; IBM, inclusion body myositis; IMNM, immune-mediated necrotising myopathy; PM, polymyositis.

Table 4 Multivariate analysis of the extent of the different thigh MRI features (percentage of muscles involved) in patients with
anti-HMGCR-associated myositis compared with those with anti-SRP-associated myositis using fractional probit regression

Oedema Atrophy Fatty replacement Fascial oedema
dy/dx (95% CI) dy/dx (95% CI) dy/dx (95% CI) dy/dx (95% CI)

IMNM autoantibody group (anti-SRP vs anti-HMGCR) 6.92 (−9.74 to 23.58) 19.18 (6.52 to 31.84)** 17.64 (0.59 to 34.70)* 6.59 (−1.38 to 14.56)

Age at onset (10 years) −2.04 (−7.33 to 3.25) 0.28 (−4.69 to 5.25) 0.06 (−5.53 to 5.65) 1.35 (−1.85 to 4.56)

Time from onset to MRI (logarithm of months) −21.98 (−35.02 to −8.93)*** 11.21 (−2.96 to 25.38) 20.50 (6.34 to 34.66)** −2.32 (−9.08 to 4.45)

Sex (female) −10.63 (−26.29 to 5.04) 5.06 (−8.39 to 18.50) −2.68 (−17.65 to 12.30) −6.19 (−13.14 to 0.76)

Race (referenced to white patients)

Black 8.41 (−8.93 to 25.75) 4.42 (−8.56 to 17.40) 11.98 (−4.41 to 28.37) −4.47 (−10.05 to 1.10)

Other races 6.18 (−16.62 to 28.97) 16.62 (−11.24 to 44.48) −24.72 (−48.05 to −1.39)* −3.18 (−9.81 to 3.45)

dy/dx, marginal effect (% change of the dependent variable for each one point of the predictor variables).
Multivariate analysis adjusted for treatment (administration of corticosteroid, intravenous immunoglobulins, rituximab, mycophenolate, methotrexate or azathioprine).
*<0.05; **<0.01; ***<0.001.
HMGCR, HMG-CoA reductase; IMNM, immune-mediated necrotising myopathy; SRP, signal recognition particle.
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Cohort meeting criteria for this study had IMNM. Although a
number of prior reports have used muscle MRI to characterise
muscle abnormalities in patients with PM, DM, IBM4 5 7 17–21

and even anti-SRP,22 no studies have systematically investigated
the MRI findings in patients with IMNM compared with the
other clinical groups. Here, we demonstrate that patients with
IMNM have significantly more widespread muscle oedema,
atrophy and fatty replacement compared with those with PM
and DM. Our analysis also reveals that patients with IMNM
have a characteristic pattern of muscle involvement. Taken
together, these findings reinforce the idea that IMNM represents
a unique form of myositis that can be distinguished from PM
based on autoantibodies and muscle biopsy findings, and on the
extent and pattern of muscle involvement. Moreover, compar-
ing the two most common autoantibody groups in IMNM we
have found that patients with anti-SRP show evidence of more
severe muscle involvement than those with anti-HMGCR,
reinforcing that autoantibodies define distinct groups and serve
as important prognostic factors in patients with myositis.

In addition to MRI features that were specific to IMNM, we
identified some characteristics that apply to all forms of myositis.
For example, we found that fatty replacement occurs relatively
early in all forms of myositis and spreads to additional muscle
groups most quickly during the early phases of disease. This
novel observation is consistent with the importance of early
therapeutic intervention with immunosuppressive agents so as to
maximise the chances of limiting the spread of disease in patients
with PM, DM and IMNM. Unfortunately, to date, no therapies
have been shown to affect disease progression in IBM.

Several articles have noted that fascial oedema appears to be a
characteristic of DM muscle MRI.3 4 However, the current
study is the first to conclusively demonstrate that fascial oedema
is more common and widespread in DM compared with other
forms of myositis. This finding is consistent with muscle biop-
sies from patients with DM, which often show inflammation
within the perimysium.

We used forward logistic regression models in an attempt to
identify diagnostic patterns of muscle involvement in patients
with each myositis subtype. Ultimately, these models yielded pat-
terns that had only modest positive predictive values for identify-
ing the different forms of myositis. Of note, we found that models
for PM performed especially poorly, which is consistent with PM
including an especially heterogeneous population of patients.

This study has a number of limitations. First, because most
patients had only one muscle MRI, we were unable to perform
longitudinal studies on individual patients. Nonetheless, the
large sample size, with patients undergoing MRI at various
times during their disease course, allowed us to use statistical
methods to model how the duration of disease affects muscle
MRI features in different myositis subsets. Second, our study
only included information about whether the features analysed
here were present within a given muscle; even though the tMRI
protocol included semiquantitative assessment at an individual
muscle level for each radiologic feature (three levels of extent
for all tMRI features), we considered that analysing the pres-
ence/absence of each tMRI feature would increase the reprodu-
cibility of our findings and simplify the methodology of our
analysis. Therefore, we analysed patterns of muscle involvement
and the spread of involvement to additional muscles over time,
but we did not analyse the extent of the muscle features within
a given muscle. Third, only about 50% of the patients (666 out
of 1312 patients) had an available tMRI performed at Hopkins.
Various reasons lead to the lack of a tMRI, including scheduling
issues, availability of a recent tMRI outside Hopkins and patient

consent. However, the proportion of patients in each clinical
group with a tMRI was similar (IMNM: 55.5%; IBM: 57.1%;
PM: 51.2%; DM: 46.3%; CADM: 37.8%). Given the type of
features that we analysed and the final large sample size, it is
unlikely that selection bias could have significantly influenced
our results. Finally, interobserver reproducibility was not for-
mally assessed but the clinical practice for myositis interpreta-
tions was to use a standardised set of definitions developed and
agreed upon by the two participating radiologists in consensus
so as to minimise this bias.

These limitations notwithstanding, this study demonstrates
that patients with IMNM have especially extensive muscle
involvement compared with other forms of myositis, that
patients with IMNM have a characteristic pattern of muscle
abnormalities involving hip rotators and glutei, and that patients
with DM have the most widespread fascial involvement. Our
analysis also revealed that in IMNM the spread of abnormalities
(including fatty replacement) to additional muscles within the
thigh occurs most quickly near the onset of disease and that
patients with anti-SRP have more severe muscle involvement
compared with patients with anti-HMGCR.
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EXTENDED REPORT

Effects of bariatric surgery on gout incidence in the
Swedish Obese Subjects study: a non-randomised,
prospective, controlled intervention trial
Cristina Maglio,1,2 Markku Peltonen,3 Martin Neovius,4 Peter Jacobson,1

Lennart Jacobsson,2 Anna Rudin,2 Lena M S Carlsson1

ABSTRACT
Objectives To assess the long-term effect of bariatric
surgery on the incidence of gout and hyperuricaemia
in participants of the Swedish Obese Subjects (SOS)
study.
Methods This report includes 1982 subjects who
underwent bariatric surgery and 1999 obese controls
from the SOS study, a prospective intervention trial
designed to assess the effect of bariatric surgery
compared with conventional treatment. None of the
subjects had gout at baseline. An endpoint on gout
incidence was created based on information on gout
diagnosis and use of gout medications through national
registers and questionnaires. Median follow-up for the
incidence of gout was about 19 years for both groups.
Moreover, the incidence of hyperuricaemia over up to
20 years was examined in a subgroup of participants
having baseline uric acid levels <6.8 mg/dL.
Results Bariatric surgery was associated with a
reduced incidence of gout compared with usual care
(adjusted HR 0.60, 95% CI 0.48 to 0.75, p<0.001).
The difference in absolute risk between groups was 3
percentage points at 15 years, and the number of
subjects needed to be treated by bariatric surgery to
prevent one incident gout event was 32 (95% CI 22 to
59). The effect of bariatric surgery on gout incidence
was not influenced by baseline risk factors, including
body mass index. During follow-up, the surgery group
had a lower incidence of hyperuricaemia (adjusted HR
0.47, 95% CI 0.39 to 0.58, p<0.001). The difference in
absolute risk between groups was 12 percentage points
at 15 years, and the number of participants needed to
be treated by bariatric surgery to prevent hyperuricaemia
was 8 (95% CI 6 to 13).
Conclusions Bariatric surgery prevents gout and
hyperuricaemia in obese subjects.
Trial registration number NCT01479452; Results.

INTRODUCTION
Gout is a common type of arthritis characterised by
recurrent acute episodes of inflammation in joints
or tendons.1 Gout is caused by the deposition of
monosodium urate crystals2 3 which occurs when
serum uric acid levels exceed the saturation thresh-
old which is 6.8 mg/dL (around 405 mmol/L) at
physiological temperature.4 However, only a small
percentage of subjects with increased serum uric
acid levels develop gout.5 Additional factors are
therefore likely to contribute to the disease patho-
genesis.6 7 The prevalence of gout is increasing

worldwide, and obesity is one of the most common
risk factors for gout development.8 Weight loss
is associated with a reduction in serum urate
levels9–11 and with a lower incidence of gouty arth-
ritis.11 12 The American College of Rheumatology
and the European League against Rheumatism
guidelines recommend weight loss for gout man-
agement in obese subjects.13 14

Bariatric surgery is the most effective means of
achieving substantial and sustained weight loss in
obese subjects.15 16 The beneficial effects of baria-
tric surgery are not limited to weight loss, but they
extend to improvement in metabolic parameters17

and to lower risk of developing type 2 diabetes,
cardiovascular disease and cancer.18–23 Bariatric
surgery leads also to lower serum uric acid
levels,24–26 and a recent study suggests that it
reduces the incidence of gouty attacks up to 1-year
follow-up in subjects having a previous gout
diagnosis.27

The Swedish Obese Subjects (SOS) study is a
non-randomised, controlled, prospective interven-
tion trial designed to assess the effect of bariatric
surgery on obesity-associated morbidity and mor-
tality, compared with conventional treatment.15 28

In a previous report on cardiovascular risk factors,
we showed that bariatric surgery reduces serum
uric acid levels up to 10 years after treatment.17

The aim of the current analysis was to assess the
long-term effect of bariatric surgery on the inci-
dence of gout and hyperuricaemia in subjects
without a previous gout diagnosis.

METHODS
SOS study design
The ongoing SOS intervention trial recruited 4047
obese subjects from 25 Swedish surgical depart-
ments and 480 Swedish primary healthcare centres
between September 1987 and January 2001, as
previously reported.15 Of these, 2010 subjects
chose to undergo bariatric surgery (surgery group),
and 2037 subjects formed the control group. The
control group was created using 18 matching vari-
ables (ie, sex, age, weight, height, waist circumfer-
ence, hip circumference, systolic blood pressure,
serum total cholesterol, serum triglycerides,
smoking, diabetes, menopausal status, four psycho-
social variables associated with death risk and two
personality traits related to treatment preferences).
The matching was not performed at an individual
level, although the surgery patient and the matched
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control patient started the study on the same day (ie, the day of
the surgery). Instead, controls were selected using a matching
algorithm, so that the current mean values of the matching vari-
ables in the control group became as similar as possible to the
current mean values in the surgery group according to the
method of sequential treatment assignment.29 Inclusion criteria,
which were identical for both groups, were age 37–60 years and
body mass index (weight in kilograms divided by the square of
the height in metres) ≥34 for men and ≥38 for women.
Exclusion criteria were earlier surgery for gastric or duodenal
ulcer, earlier bariatric surgery, gastric ulcer during the past
6 months, ongoing or active malignancy during the past 5 years,
myocardial infarction during the past 6 months, bulimic eating
pattern, drug or alcohol abuse, psychiatric or cooperative pro-
blems contraindicating bariatric surgery and other rare contra-
indicating conditions.

In the surgery group, 376 subjects underwent gastric banding,
1369 underwent vertical banded gastroplasty and 265 under-
went gastric bypass. The control group received conventional
non-surgical obesity treatment at their centres of registration,
ranging from advanced lifestyle modification (including recom-
mendations regarding eating behaviour, food selection, energy
intake and physical activity) to no treatment whatsoever.
Physical examinations were performed at matching, at baseline
and after 6 months and 1, 2, 3, 4, 6, 8, 10, 15 and 20 years. At
the same time points, questionnaires including a question about
current drug consumption were collected. Centralised labora-
tory examinations, including measurement of serum uric acid
levels, were performed at matching, at baseline and after 2, 10,
15 and 20 years.

The primary endpoint of the SOS study was mortality.28

Secondary endpoints included type 2 diabetes and cardiovascu-
lar disease. Gout incidence was not a predefined endpoint. Type
2 diabetes was defined as fasting blood glucose ≥110 mg/dL
and/or self-reported therapy with glucose-lowering medications.
Hypertension was defined as systolic blood pressure
≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or treat-
ment with antihypertensive medication. Previous cardiovascular
events were defined as myocardial infarction or cerebral stroke
before inclusion in the study.

Written or oral informed consent was obtained from all the
study subjects. Seven local ethics review boards approved the
SOS study protocol. The study has been registered at
ClinicalTrials.gov with identifier NCT01479452.

Gout and hyperuricaemia
The current report includes 1982 subjects who underwent baria-
tric surgery and 1999 controls, none of whom had gout at base-
line. In the surgery group, 372 subjects underwent gastric
banding, 1347 underwent vertical banded gastroplasty and 263
underwent gastric bypass. According to questionnaires adminis-
tered to study participants at 6 months, 1 year and 2 years,
1009 subjects (50.5%) from the control group had tried to lose
weight with professional guidance, whereas 141 (7.1%) partici-
pants used the anti-obesity drugs orlistat, sibutramine or rimo-
nabant at least once. A total of 284 participants (14%) from the
control group underwent bariatric surgery during follow-up and
have been excluded by the per-protocol analysis.

A composite endpoint of gout incidence during follow-up
was created based on the information on gout diagnosis and the
use of gout medications (see online supplementary figure S1A).
Data on gout diagnosis were obtained from the National Patient
Register which includes medical records from inpatient and
non-primary care outpatient visits. Inpatient care has been

recorded since 1964 and reached national coverage in 1987.
Recording of non-primary outpatient care, which includes visits
to hospital-based medical specialists, was started nationwide in
2001. The National Patient Register was searched for the fol-
lowing International Classification of Diseases (ICD) codes for
gout: 274 (ICD-8); 274 and 712 (ICD-9); M10–11 (ICD-10).
The Prescribed Drug Register, which includes information on all
dispensed prescription drugs in Sweden from July 2005, was
searched for the gout medications allopurinol (Anatomical
Therapeutic Chemical code: M04AA01) and colchicine
(M04AC01); we chose not to include probenecid, since its indi-
cation for gout treatment is not unequivocal. In addition, self-
reported data on consumption of allopurinol and colchicine
were collected from the patients’ questionnaires at every visit. In
total, 339 gout events occurred during follow-up, of which 279
were detected according to self-reported consumption of gout
drugs or the Prescribed Drug Register, whereas 60 were
detected through the National Patient Register. The patients’
questionnaires were also used to obtain self-reported baseline
consumption of medications associated with gout risk (ie, diure-
tics, β-blockers, ACE inhibitors, angiotensin II receptor blockers,
low-dose acetylsalicylic acid, statins, tacrolimus, ciclosporin and
organic nitrates30–32). However, no consumption of ACE inhibi-
tors, angiotensin II receptor blockers or tacrolimus was reported
at baseline.

Patients were followed up until gout diagnosis or prescription
or self-reported consumption of gout medication, whichever
came first. Information on death or migration was obtained
from the Cause of Death Register and the Register of the Total
Population.33 The cut-off date for analyses was 31 December
2013. The median follow-up was 18.6 (range: 0–26) years for
the control group and 18.8 (range: 0–26) years for the surgery
group.

As there is no exact definition of hyperuricaemia,34 we chose
to use serum uric acid levels of 6.8 mg/dL as a cut-off, since this
is the saturation point for uric acid in physiological conditions.4

In a subgroup analysis on hyperuricaemia incidence at
follow-up, only subjects with serum uric acid <6.8 mg/dL at
baseline were included (see online supplementary figure S1B).
Participants were followed up until diagnosis of hyperuricaemia
or their last follow-up examination, whichever occurred first.
The cut-off date for analyses was 30 June 2015. Median
follow-up was 10 (range: 0–20) years for both groups.

Statistical analysis
Differences between treatment groups in baseline continuous
parameters and changes in body mass index and serum acid uric
levels during follow-up were evaluated by linear regression ana-
lysis adjusted for sex, baseline age and body mass index.
Categorical variables were compared using χ2 test.

Time to incident gout or hyperuricaemia was assessed by
Kaplan-Meier estimates of cumulative incidence rates and com-
pared between the groups by log-rank test. HRs for the risk of
gout and hyperuricaemia were estimated using Cox proportional
hazard models. HRs are shown unadjusted and adjusted for pre-
selected risk factors. The association between baseline risk
factors and the effect of bariatric surgery on the incidence of
gout was assessed using a risk factor–treatment interaction ana-
lysis. For continuous variables, the interaction test used the ori-
ginal variable. A total of 18 post-hoc subgroup analyses were
executed and reported; no adjustment for multiple testing was
performed. One out of twenty interaction tests would be
expected to be statistically significant due to chance alone. We
calculated the number of surgery procedures needed to be
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performed to prevent one incident gout or hyperuricaemia
event over 15 years (number needed to treat, NNT) as the recip-
rocal of the absolute risk difference (obtained from
Kaplan-Meier risk estimates) between subjects from the surgery
and control groups.

Two-sided p values <0.05 were considered statistically signifi-
cant. The intention-to-treat principle was used unless otherwise
indicated. In a per-protocol analysis, we censored subjects from
the control group who underwent bariatric surgery and those
from the surgery group who underwent additional bariatric pro-
cedures during follow-up. All statistical analyses were performed
with the Statistical Package for Social Science (V.19.0.0; SPSS,
Chicago, Illinois, USA).

RESULTS
Baseline characteristics and 2-year and 10-year changes in
body mass index
Compared with the participants from the control group, surgery
group participants were younger and had a worse metabolic
profile at baseline, including higher body mass index, waist cir-
cumference, blood pressure, blood glucose, serum insulin, total
cholesterol and triglycerides, as well as higher prevalence of
type 2 diabetes, hypertension and smoking habit (table 1).
Serum uric acid levels were similar in both the control and
surgery groups. There was no difference in the percentage of
subjects with baseline serum uric acid ≥6.8 mg/dL between the
treatment groups.

At the 2-year follow-up, body mass index had decreased by
about 23% in the surgery group (95% CI −24 to −23), but no

change (+0.1%; 95% CI −0.3 to 0.5) was observed in the
control group (p<0.001). After 10 years, the change in body
mass index from baseline was −17% (95% CI −17 to −16) in
the surgery group and +2% (95% CI 1 to 2) in the control
group (p<0.001).

Incidence of gout
Bariatric surgery was associated with a lower incidence of gout
during a follow-up of up to 26 years (log-rank p<0.001,
unadjusted HR 0.66, 95% CI 0.53 to 0.82, p<0.001; figure 1).
A total of 201 gout events occurred in the control group com-
pared with 138 events in the surgery group. Similar results were
obtained performing a per-protocol analysis (see online
supplementary figure S2). All three surgical procedures were
associated with a lower incidence of gout compared with the
control group (see online supplementary figure S3). In the
overall cohort, the difference in absolute risk between groups
was 3 percentage points at 15 years, and the NNT by bariatric
surgery to prevent one incident gout event was 32 (95% CI 22
to 59).

After multivariable adjustment, bariatric surgery remained
associated with a reduced incidence of gout (HR 0.60, 95% CI
0.48 to 0.75, p<0.001; table 2). Age, creatinine levels, uric acid
≥6.8 mg/dL, hypertension, type 2 diabetes, use of medications
associated with gout risk and amount of alcohol intake at base-
line were associated with an increased risk of developing gout
(table 2).

Risk factor–treatment interaction analysis
No significant interactions between risk factors at baseline and
bariatric surgery were found (see online supplementary table
S1). We did not detect any significant difference in NNT
between subgroups except when the population was stratified
according to serum uric acid levels. The subgroup characterised
by hyperuricaemia (defined as serum uric acid ≥6.8 mg/dL) had
a lower NNT than the subgroup with low uric acid levels (9,

Table 1 Baseline characteristics of study participants

Characteristic
Control group
(no=1999)

Surgery group
(no=1982)

p
Value

Age, year 49±6 47±6 <0.001

Sex, no. men (%) 568 (28) 573 (29) 0.73

Body mass index* 40±5 42±4 <0.001

Waist circumference, cm 117±9 121±10 0.005

Systolic blood pressure,
mm Hg

138±18 145±19 <0.001

Diastolic blood pressure,
mm Hg

85±11 90±11 <0.001

Hypertension, no. (%) 1267 (63) 1545 (78) <0.001

Uric acid, mg/dL 5.9±1.3 6.0±1.3 0.25

Uric acid ≥6.8 mg/dL, no.
(%)

463 (23) 502 (25) 0.11

Creatinine, mg/dL 0.8±0.1 0.8±0.1 0.71

Blood glucose, mg/dL 88±32 94±36 <0.001

Insulin, mU/L 18±11 22±14 <0.001

Diabetes, no. (%) 249 (13) 334 (17) <0.001

Total cholesterol, mg/dL 217±43 228±43 <0.001

Triglycerides, mg/dL 179±125 200±137 <0.001

Alcohol intake, g/day 5.3±8.1 5.2±7.3 0.76

Previous cardiovascular
events, no. (%)

44 (2) 43 (2) 0.95

Smoking, no. (%) 417 (21) 513 (26) <0.001

Drugs associated with gout
risk†, no. (%)

414 (21) 433 (22) 0.38

Plus–minus values are means±SD.
*The body mass index is the weight in kilograms divided by the square of the height in
metres.
†Drugs associated with gout risk: diuretics, β-blockers, low-dose acetylsalicylic acid,
statins, ciclosporin and organic nitrates.

Figure 1 Cumulative incidence of gout. Kaplan-Meier unadjusted
estimates of the cumulative incidence of gout in the bariatric surgery
group and in the control group.
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95% CI 6 to 15 vs 100, 95% CI 44 to ∞). A similar difference
in NNT was detected when the population was stratified by
median serum uric acid level (see online supplementary
table S1).

Changes in serum uric acid levels and incidence of
hyperuricaemia
Serum uric acid levels were significantly lower in the surgery
group than in the control group during follow-up (see online
supplementary figure S4). After excluding those who were
hyperuricemic at baseline, 314 subjects from the control group
developed hyperuricaemia during follow-up compared with 188
from the surgery group (log-rank p<0.001, unadjusted HR

0.51, 95% CI 0.43 to 0.62, p<0.001; figure 2). After adjust-
ment, bariatric surgery remained associated with a lower inci-
dence of hyperuricaemia (HR 0.47, 95% CI 0.39 to 0.58,
p<0.001; table 3). The difference in absolute risk between
groups was 12 percentage points at 15 years, and the estimated
NNT to prevent hyperuricaemia was 8 (95% CI 6 to 13).

DISCUSSION
This matched prospective controlled study shows that bariatric
surgery compared with usual care reduces the long-term inci-
dence of gout and hyperuricaemia. In our cohort of obese sub-
jects with no gout diagnosis at baseline, the overall incidence of
gout was 34% lower in the surgery group than in the control
group during follow-up for up to 26 years. The difference in
absolute risk for the incidence of gout between the two groups
was 3 percentage points at 15 years, whereas the number of sub-
jects needed to undergo bariatric surgery to prevent one gout
event over 15 years was 32. In comparison, the NNT to prevent
one cardiovascular event over 15 years was 50 in the same
population.21 When the analysis was restricted to subjects with
normal serum uric acid levels at baseline, bariatric surgery was
associated with a 49% lower incidence of hyperuricaemia up to
20 years follow-up compared with the control group. At
15 years, the difference in absolute risk between the two groups
was 12 percentage points.

There are no previous long-term studies that have investigated
the effect of bariatric surgery on gout incidence in obese sub-
jects without a previous gout diagnosis. Romero-Talamás et al27

compared 99 obese subjects who underwent bariatric surgery
with 56 obese patients who underwent upper abdominal
surgery, all of whom had a previous gout diagnosis. Gouty
attacks 1 month after surgery were more common in the baria-
tric surgery group than in patients undergoing other procedures.
However, the number of gouty attacks and uric acid levels were
lower in the group who underwent bariatric surgery after the
first postoperative month and up to 13 months follow-up.

We found no interactions between baseline risk factors and
obesity treatment. The preventive effect of bariatric surgery on
the incidence of gout was comparable among subjects with body
mass index > or ≤40.8, similar to that previously reported for
the incidence of type 2 diabetes, cardiovascular disease and
cancer.19 21 22 This supports the previous findings that criteria
other than pure body mass index should be used to select

Table 2 Adjusted HRs for the incidence of gout

Adjusted HR (95% CI) p Value

Surgery vs conventional treatment 0.60 (0.48 to 0.75) <0.001

Men vs women 0.97 (0.74 to 1.28) 0.82

Age, per 10 years 1.81 (1.49 to 2.19) <0.001

Body mass index, per 10 kg/m2 1.11 (0.87 to 1.40) 0.41

Creatinine, per 1 mg/dL 5.95 (2.28 to 15.5) <0.001

Uric acid ≥6.8 mg/dL, yes vs no 3.67 (2.89 to 4.64) <0.001

Hypertension, yes vs no 1.43 (1.03 to 1.97) 0.03

Smoking, yes vs no 0.96 (0.72 to 1.27) 0.78

Type 2 diabetes, yes vs no 1.56 (1.19 to 2.05) 0.001

Triglycerides, per 100 mg/dL 1.02 (0.96 to 1.09) 0.51

Previous cardiovascular events, yes vs no 0.90 (0.49 to 1.67) 0.74

Drugs associated with gout risk, yes vs no 1.39 (1.08 to 1.78) 0.01

Alcohol intake, per 1 g/day 1.02 (1.01 to 1.04) <0.001

A total of 201 events (10%) occurred in the control group, whereas 138 events (7%)
occurred in the surgery group during a follow-up for up to 26 years. The adjusted HRs
were calculated using a Cox proportional hazards model based on baseline data.

Figure 2 Cumulative incidence of hyperuricaemia. Kaplan-Meier
unadjusted estimates of the cumulative incidence of hyperuricaemia in
the bariatric surgery and in the control group. Only subjects with serum
uric acid <6.8 mg/dL are included in the analysis. Participants were
followed up either until the diagnosis of hyperuricaemia or until their
last follow-up examination, whichever occurred first.

Table 3 Adjusted HRs for the incidence of hyperuricaemia

Adjusted HR (95% CI) p Value

Surgery vs conventional treatment 0.47 (0.39 to 0.57) <0.001

Men vs women 1.48 (1.17 to 1.87) 0.001

Age, per 10 years 1.29 (1.11 to 1.51) 0.001

Body mass index, per 10 kg/m2 1.27 (1.03 to 1.55) 0.02

Creatinine, per 1 mg/dL 7.37 (2.68 to 20.3) <0.001

Hypertension, yes vs no 1.43 (1.13 to 1.81) 0.003

Smoking, yes vs no 0.94 (0.74 to 1.18) 0.58

Type 2 diabetes, yes vs no 1.14 (0.89 to 1.46) 0.30

Triglycerides, per 100 mg/dL 1.06 (0.99 to 1.14) 0.09

Previous cardiovascular events, yes vs no 1.07 (0.58 to 1.96) 0.83

Drugs associated with gout risk, yes vs no 1.55 (1.25 to 1.91) <0.001

Alcohol intake, per 1 g/day 1.02 (1.00 to 1.03) 0.01

A total of 314 events (21%) occurred in the control group, whereas 188 events (13%)
occurred in the surgery group during a follow-up for up to 26 years. The adjusted HRs
were calculated using a Cox proportional hazards model based on baseline data.
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subjects suitable for bariatric surgery.35 36 Although no sub-
group–treatment interaction was observed when patients were
stratified by uric acid level, the NNT to prevent one incidental
gout event in subjects with hyperuricaemia at baseline was lower
than the NNT in those with baseline low uric acid levels. This
result is merely a reflection of the higher risk of developing gout
in subjects with hyperuricaemia.

We previously showed that bariatric surgery is associated with
lower uric acid levels at 2-year and 10-year follow-up compared
with usual care.17 Here, we show that the reduction in uric acid
levels following bariatric surgery is maintained for up to
20 years. Furthermore, our results show that bariatric surgery
prevents development of hyperuricaemia in subjects with
normal serum uric acid levels at baseline. The mechanisms
behind the reduction in serum uric acid levels following baria-
tric surgery include among others the improvement in renal
function25 and insulin resistance,37 the reduction in serum tri-
glyceride levels38 and possibly even diet changes.11 In an uncon-
trolled study, Dalbeth et al26 showed that bariatric surgery leads
to a reduced inflammatory response to monosodium urate crys-
tals, which may partially contribute to the reduced gout inci-
dence in the surgery group. However, since hyperuricaemia is
the main risk factor for gout development,5 the decrease in
serum uric acid and the prevention of hyperuricaemia are most
likely the main factors explaining the association between baria-
tric surgery and lower risk for gout in obese subjects.

Our study has some limitations. Gout incidence was not a
predefined endpoint in the SOS study design. Moreover, we did
not include primary care in our analyses, since a complete
record of primary care visits is not currently available in
Sweden; as gout is often diagnosed and treated in primary care
centres, we may therefore have missed some gout diagnoses. For
our outcome definition, we used data from the Prescribed Drug
Register which also includes information from primary care as
well as self-reported data on consumption of allopurinol and
colchicine. However, it is important to point out that the regis-
ter did not start before 2005 and that self-reported drug con-
sumption can be incomplete; moreover, allopurinol and
colchicine in Sweden may be prescribed for other indications
(tumour lysis syndrome for allopurinol and periodic fevers for
colchicine) which are however rare compared with gout. In add-
ition, treatment of acute gout attacks with steroids or non-
steroidal anti-inflammatory drugs was not taken into account.
Another limitation of the study is that the gold standard for
gout diagnosis (detection of monosodium urate crystals in the
joint fluid) is rarely used in clinical practice, thus leading to
possible false-positive diagnoses in our cohort.39–41 However,
all these limitations apply equally to both the control and
surgery groups. It should be also noted that about 70% of par-
ticipants of the SOS study are women; since gout is more
common in men, this may limit the possibility of generalising
our findings.

In conclusion, in a well-characterised and large cohort of
obese subjects with long-term follow-up, we have shown that
bariatric surgery is associated with a reduced incidence of gout
and hyperuricaemia compared with usual care. These results
confirm once more that the beneficial effects of bariatric surgery
are not limited to weight loss and that they also extend to the
prevention of hyperuricaemia and gout.
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EXTENDED REPORT

Patient-reported outcomes from a randomised phase
III study of baricitinib in patients with rheumatoid
arthritis and an inadequate response to biological
agents (RA-BEACON)
Josef S Smolen,1 Joel M Kremer,2 Carol L Gaich,3 Amy M DeLozier,3

Douglas E Schlichting,3 Li Xie,3 Ivaylo Stoykov,3 Terence Rooney,3 Paul Bird,4

Juan Miguel Sánchez Bursón,5 Mark C Genovese,6 Bernard Combe7

ABSTRACT
Objectives To assess baricitinib on patient-reported
outcomes (PROs) in patients with moderately to severely
active rheumatoid arthritis, who had insufficient response
or intolerance to ≥1 tumour necrosis factor inhibitors
(TNFis) or other biological disease-modifying
antirheumatic drugs (bDMARDs).
Methods In this double-blind phase III study, patients
were randomised to once-daily placebo or baricitinib 2
or 4 mg for 24 weeks. PROs included the Short Form-
36, EuroQol 5-D, Functional Assessment of Chronic
Illness Therapy-Fatigue (FACIT-F), Health Assessment
Questionnaire-Disability Index (HAQ-DI), Patient’s Global
Assessment of Disease Activity (PtGA), patient’s
assessment of pain, duration of morning joint stiffness
(MJS) and Work Productivity and Activity Impairment
Questionnaire-Rheumatoid Arthritis. Treatment
comparisons were performed with logistic regression for
categorical measures or analysis of covariance for
continuous variables.
Results 527 patients were randomised (placebo, 176;
baricitinib 2 mg, 174; baricitinib 4 mg, 177). Both
baricitinib-treated groups showed statistically significant
improvements versus placebo in most PROs.
Improvements were generally more rapid and of greater
magnitude for patients receiving baricitinib 4 mg than
2 mg and were maintained to week 24. At week 24,
more baricitinib-treated patients versus placebo-treated
patients reported normal physical functioning (HAQ-DI
<0.5; p≤0.001), reductions in fatigue (FACIT-F ≥3.56;
p≤0.05), improvements in PtGA (p≤0.001) and pain
(p≤0.001) and reductions in duration of MJS (p<0.01).
Conclusions Baricitinib improved most PROs through
24 weeks compared with placebo in this study of
treatment-refractory patients with previously inadequate
responses to bDMARDs, including at least one TNFi.
PRO results aligned with clinical efficacy data for
baricitinib.
Trial registration number NCT01721044; Results.

INTRODUCTION
The inflammatory activity and joint damage asso-
ciated with rheumatoid arthritis (RA) often result in
impairment in physical function, and other impair-
ments important to patients; effective therapy can

dramatically improve these outcomes.1–3

Importantly, impairment in physical function is a
consequence of both disease activity and irrevers-
ible, progressive joint damage.4–6 Patients with long-
standing disease who have undergone treatment
with several conventional synthetic disease-
modifying antirheumatic drug (csDMARD) therap-
ies and also failed to respond sufficiently to bio-
logical DMARDs (bDMARDs) constitute a group
with severe and particularly treatment-refractory
disease.7 These patients may therefore be at
increased risk for a lack of significant improvement
in physical function or other patient-reported out-
comes (PROs) on introduction of new therapies.7–9

Subsequently, despite the availability of several
bDMARDs, there is an unmet need for more treat-
ment options for such patients.
Patient input is important for shared decision-

making, an overarching principle in most recom-
mendations for the management of RA,10 as
improvements in symptoms and health-related
quality of life (HRQOL) are usually more relevant
to patients than clinical or serological changes
alone. Indeed, the burden of RA as reported by
patients is considered an important aspect of RA
management.11 12 As evaluation of PROs reflects
part of the overall effectiveness assessment of
csDMARDs and bDMARDs, such measures are
included in RA clinical trials.13 14 Many PRO mea-
sures are available for this purpose and assess the
range of potentially affected health domains such
as pain, disease activity, physical functioning,
fatigue, sleep disturbance, psychological disorders,
well-being at work and QOL.
Baricitinib is a highly selective inhibitor of Janus

kinase ( JAK)1/JAK2 that interferes with pathways
believed to be important in the pathogenesis of
RA.15 In the RA-BEACON study, baricitinib was
efficacious in patients who had failed previous
treatment with several csDMARDs and one or
more tumour necrosis factor inhibitors (TNFis) as
well as non-TNFi bDMARDs.16 This manuscript
describes the PRO data collection in RA-BEACON
and assesses whether the efficacy of baricitinib
demonstrated in RA-BEACON is reflected by clinic-
ally meaningful changes in PROs.
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METHODS
Patients and study design
RA-BEACON (NCT01721044) was a randomised, 24-week,
double-blind, placebo-controlled, multicentre, international
phase III study. Full details of the study have been reported pre-
viously.16 Briefly, patients were randomly assigned (1:1:1) to
receive once-daily placebo or baricitinib 2 or 4 mg in addition
to the therapies they were already receiving at enrolment.
Patients whose tender and swollen joint counts at baseline were
reduced by <20% at both week 14 and week 16 received rescue
treatment, baricitinib 4 mg daily. Patients were ≥18 years of age
and had moderately to severely active RA, defined as a tender
joint count of ≥6 and a swollen joint count ≥6 (68/66 joint
count) and C-reactive protein ≥3 mg/L. Patients were required
to have received one or more TNFis and discontinued treatment
due to insufficient response after ≥3 months or to intolerance
and could have received other bDMARDs. Biological DMARDs
must have been discontinued for ≥4 weeks before randomisa-
tion (≥6 months for rituximab). Patients must have been regu-
larly using ≥1 csDMARDs for ≥12 weeks prior to study entry at
a stable dose for ≥8 weeks. The study was conducted in accord-
ance with the ethical principles of the Declaration of Helsinki
and Good Clinical Practice guidelines and approved by the insti-
tutional review board or ethics committee for each centre
involved. All patients provided written informed consent.

Patient-reported outcomes
Several PROs were prespecified secondary outcomes of the
study.

The Medical Outcomes Study (MOS) Short Form-36 (SF-36;
V.2, Acute)17 18 was used to assess HRQOL in eight domains
scored from 0 to 100 that are normalised into physical (PCS)
and mental (MCS) component scores. A minimum clinically
important difference (MCID) of 5 was used to assess the clinical
relevance of changes in SF-36 scores (both domains and compo-
nent scores),19 20 and a sensitivity analysis with an MCID of 2.5
was also evaluated. The EuroQol 5-Dimensions (EQ-5D 5L)
Health State Profile was also used to assess HRQOL. The
EQ-5D 5L consists of two components: a descriptive system of
the respondent’s health and a rating of his/her current health
state (visual analogue scale, VAS; 0–100 mm), in which the end-
points are labelled ‘best imaginable health state (100)’ and
‘worst imaginable health state (0)’.21 The UK and US scoring
algorithms provide an index score using the UK or US popula-
tion weighting to normalise it to that population;22–24 index
scores range from 0 (death) to 1 (perfect health).

Fatigue was assessed using the Functional Assessment of
Chronic Illness Therapy-Fatigue (FACIT-F) scale (range 0–52),
with higher scores representing less fatigue.25 For the FACIT-F,
a three to four-point change has been considered an
MCID,25 26 and in this study a value of 3.5627 was used to
assess the clinical relevance of changes in FACIT-F scores.
Duration of morning joint stiffness (MJS) was reported by the
patient as the length of time (minutes) that MJS lasted on the
day prior to the study visit.

Physical function was measured using the Health Assessment
Questionnaire-Disability Index (HAQ-DI).28 29 Scores range
from 0–3, with lower scores reflecting better physical function
and thus, less disability. HAQ-DI score changes were assessed in
the context of an MCID of 0.22.30 Disease activity and pain
were measured using the Patient’s Global Assessment of Disease
Activity (PtGA) and the patient’s assessment of pain VAS

(0–100 mm), in which higher scores indicate more disease activ-
ity or pain.

The Work Productivity and Activity Impairment
Questionnaire-Rheumatoid Arthritis (WPAI-RA) scale was used
to measure the health and symptoms of overall work productiv-
ity and impairment of regular activities during the past 7 days.
Scores are calculated as impairment percentages,31 with higher
percentages indicating greater impairment and less productivity.

Most PROs were assessed at baseline and at weeks 1, 2, 4 and
every 4 weeks thereafter to week 24, with the exceptions of the
WPAI-RA (not collected at week 1) and the SF-36, EQ-5D and
FACIT-F data (collected at baseline, week 4 and then every
4 weeks until week 24).

Statistical analyses
Patients who were randomised and treated with ≥1 doses of
placebo, baricitinib 2 or 4 mg were included in this analysis.

Comparisons of treatment groups (ie, baricitinib 2 mg vs
placebo or baricitinib 4 mg vs placebo) for categorical measures
were performed using logistic regression with geographical
region and number of previous bDMARDs (<3, ≥3) as explana-
tory factors. When sample size requirements for logistic regres-
sion were not met (<5 responders in any category for any
factor), the Fisher exact test was used. Comparisons of continu-
ous measures were performed using analysis of covariance, with
baseline score, geographical region and number of previous
bDMARDs (<3, ≥3) as explanatory factors. For the duration of
MJS, the p value for the median difference of change from base-
line was calculated using the Wilcoxon rank-sum test. Any dur-
ation of MJS lasting >12 hours was truncated to 720 min for
the purpose of this analysis.

Patients who were rescued or discontinued from the study or
study treatment were thereafter defined as non-responders (non-
responder imputation) for analysis of categorical data. These
patients also had their last observations before rescue or discon-
tinuation used for analyses of continuous data (modified last
observation carried forward). However, the WPAI-RA measures
were censored after rescue or discontinuation without imput-
ation applied.

All analyses are based on a significance level of 0.05 (two-
sided). p Values were not adjusted for multiple comparisons.

RESULTS
Patients
A total of 527 patients were randomised: 176 received placebo,
174 received baricitinib 2 mg and 177 received baricitinib 4 mg.
Patient disposition has been described by Genovese et al.16

Baseline patient characteristics and disease activity were similar
between the groups (see online supplementary table S1).16

Overall, almost 60% of the patients had previously received >1
bDMARD; 221 (42%), 160 (30%) and 142 (27%) patients,
respectively, had previously received 1, 2 or ≥3 bDMARDs.
Indeed, more than one-third of the patients enrolled in the
study had an inadequate response to, or side effects associated
with, both TNFi and non-TNFi bDMARDs.16 Baseline PRO
values were similar across the treatment groups and indicated a
significant disease burden, consistent with the combined effect
of baseline clinical disease activity and disease duration16 (see
online supplementary table S1).

Patient-reported outcomes
Over 24 weeks, most PROs improved significantly among
patients receiving baricitinib compared with placebo, with
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patients in the baricitinib 4 mg group showing a more rapid and
greater magnitude of change than the baricitinib 2 mg group.

Health-related quality of life
The eight SF-36 domain scores at week 12 and week 24 were
assessed. Patients treated with baricitinib 2 or 4 mg reported stat-
istically significantly improved differences from baseline com-
pared with placebo in most of the domains at both time points,
except for the mental health domain which improved but did not
achieve statistical significance (see online supplementary table
S2). Compared with placebo, a statistically significantly larger
proportion of patients treated with baricitinib met or exceeded
the MCID in four domains (physical functioning, bodily pain,
vitality and social functioning) for baricitinib 4 mg and in four
domains for baricitinib 2 mg (physical functioning, bodily pain,
general health and vitality) at week 12 (figure 1A); at week 24,
significant differences were observed in three domains for barici-
tinib 4 mg (physical functioning, vitality and social functioning)
and in two domains for the baricitinib 2 mg group (physical
functioning and social functioning) (figure 1B).

For the SF-36 PCS, the least-squares mean (LSM) change
from baseline for both baricitinib-treated groups were statistic-
ally greater compared with placebo and had improved from the
first postbaseline assessment at week 4 and maintained this
response at week 24 (figure 2A). At both weeks 12 and 24, the
proportion of patients who met or exceeded the MCID in both
baricitinib-treated groups was statistically significantly larger
than placebo (p=0.001 for both baricitinib groups vs placebo at

both time points) (figure 2A). However, for the SF-36 MCS
measure, no significant differences in the LSM change from
baseline were found between the baricitinib-treated groups and
placebo, although numerical differences were observed. The
proportion of patients who met or exceeded the MCID ≥5 for
the MCS was statistically significantly different from the placebo
group only for the patients in the baricitinib 4 mg group at
weeks 8 and 20 (figure 2B). Results were similar for the MCID
value of 2.5 (see online supplementary table S3).

A statistically significant difference in change in the EQ-5D
UK index score was observed at the first postbaseline assessment
(at week 4) for baricitinib 4 mg, but not baricitinib 2 mg, com-
pared with placebo (data not shown). By weeks 12 and 24,
however, statistically significant improvements in the EQ-5D UK
index score were observed for both baricitinib-treated groups
versus placebo (table 1). For the EQ-5D VAS at 4 weeks,
baricitinib-treated patients reported statistically significantly
higher scores than placebo-treated patients (data not shown).
These results were maintained to weeks 12 and 24 (table 1).
Results were similar with the US algorithm for the EQ-5D index
score (table 1).

FACIT-F and duration of MJS
Treatment with baricitinib 2 and 4 mg was associated with sig-
nificant improvements in the FACIT-F at week 4 compared with
placebo, the first assessment of this measure (figure 3A). For
duration of MJS, baricitinib 4 mg, but not 2 mg, was statistically
significantly improved from placebo at week 1 (figure 3B).
Improvements in the FACIT-F score and reductions in the dur-
ation of MJS were sustained to week 12 and week 24 (figure 3).

For the FACIT-F, there were more patients in the baricitinib-
treated groups who met or exceeded the MCID at week 12
(p=0.004 for baricitinib 2 mg vs placebo and p=0.007 for bari-
citinib 4 mg vs placebo) as well as at week 24 (p=0.015 for bar-
icitinib 2 mg vs placebo and p=0.005 for baricitinib 4 mg vs
placebo) (figure 3A).

HAQ-DI, PtGA and pain
The percentage of patients with HAQ-DI scores <0.5 (the
normal function cutpoint for patients with established RA),32

for placebo, baricitinib 2 mg and baricitinib 4 mg was 6%, 14%
and 14%, respectively (p≤0.05 for baricitinib 2 mg and 4 mg vs
placebo), at week 12 and was 3%, 16% and 16%, respectively,
at week 24 (p≤0.001 for baricitinib 2 and 4 mg vs placebo)
(table 1).

As previously reported,16 for HAQ-DI and PtGA, differences
in improvements in the baricitinib-treated groups versus placebo
were evident as early as week 1, the first postrandomisation
assessment time point; for patient’s assessment of pain, only
baricitinib 4 mg was statistically significantly different from
placebo at week 1. Significant improvements in HAQ-DI and
reductions in PtGA and pain (VAS) were maintained at week 12
and week 24, the end of the study (table 1).

Subgroup analyses
Subgroup analyses according to the type (TNFi vs non-TNFi) or
number (<3 vs ≥3) of previous bDMARDs used revealed no
consistent, significant differences in outcomes of FACIT-F, dur-
ation of MJS, HAQ-DI or patient’s assessment of pain (VAS) at
weeks 12 and 24.

Work productivity and activity impairment
At baseline, only 30%–40% of the patients reported employ-
ment. Of this number, 90%–94% continued to report

Figure 1 Percentage of patients reporting scores that met or
exceeded the MCID. (A) SF-36 domains at week 12. (B) SF-36 domains
at week 24. MCID, minimum clinically important difference; SF-36,
Short Form-36.
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employment at week 12 and 82%–89% continued to report
employment at week 24 (see online supplementary table S4).

Patients treated with baricitinib 2 and 4 mg reported a statis-
tically significant reduction in daily activity impairment com-
pared with placebo at weeks 12 and 24 (see online
supplementary table S4). Among those patients who were
employed at baseline and those who maintained employment at
weeks 12 and 24, there were reduced presenteeism (percentage
of work-time impaired) and work productivity loss in
baricitinib-treated groups but these did not reach statistical sig-
nificance compared with placebo; similar results were observed
for absenteeism at week 12, but were not maintained at week
24 (see online supplementary table S4).

DISCUSSION
This analysis of RA-BEACON16 evaluated whether the clinical
efficacy data for baricitinib (with background csDMARDs) were
complemented by respective changes in PROs in patients with a
previous inadequate response to one or more bDMARDs,
including at least one TNFi, regardless of the number and type
of previous csDMARDs and bDMARDs. This question was par-
ticularly important given the refractory nature and long disease
duration of the patient population studied as the responsiveness

of PROs decreases dramatically with increasing failure of prior
therapies and disease duration.7 The disease duration of about
14 years in this trial is one of the longest of any recently pub-
lished RA clinical trial. Disease durations such as these have
been associated with a failure to improve physical function sig-
nificantly on biological agents compared with placebo.7

Prespecified secondary outcomes in the RA-BEACON trial
included a number of PROs that reflect disease activity (duration
of MJS and fatigue by FACIT-F), physical function (HAQ-DI,
SF-36 PCS), work productivity (WPAI-RA) and HRQOL
(SF-36, EQ-5D), some of which constitute patient ratings of the
American College of Rheumatology core set measures
(HAQ-DI, PtGA and patient’s assessment of pain).33 The use of
all these measures allowed a thorough evaluation of the effects
of baricitinib on the various aspects of patient well-being.

Baseline PROs revealed severely impaired physical function
and high levels of pain and fatigue. Patients receiving baricitinib
had significantly higher degrees of improvements in most PROs
over 24 weeks compared with placebo. Improvements were gen-
erally more rapid and of greater magnitude with baricitinib
4 mg than baricitinib 2 mg. In addition, the PRO improvements
between the treatment groups and placebo were not influenced
by the type (TNFi or non-TNFi) or number (<3 or ≥3) of

Figure 2 Change from baseline for
the (A) Physical Component Score and
(B) Mental Component Score for the
SF-36 and percentage of patients
reporting scores that met or exceeded
the MCID. LS, least squares; MCID,
minimum clinically important
difference; SF-36, Short Form-36.
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previous bDMARDs used. The proportion of patients with
improvements in the HAQ-DI and SF-36 PCS was significant in
both baricitinib groups compared with placebo, and, indeed, sig-
nificantly more patients reported achieving normal physical
functioning (HAQ-DI <0.5). Patients receiving baricitinib also
reported a significant improvement in EQ-5D scores, pain, MJS
duration and fatigue as well as in regular activity (WPAI-RA)
compared with the placebo group. By contrast, for the SF-36
MCS measure, no significant differences were observed between
patients treated with baricitinib compared with placebo, consist-
ent with previous observations from other clinical
trials.26 27 34 35 The baseline value of the MCS was approxi-
mately 46 across the treatment groups, demonstrating only a
modest impairment, in contrast to the significant physical
impairment seen with the PCS (approximately 29 at baseline).
Patients, therefore, did not have as much opportunity to
improve their MCS scores.

Improvements in PROs associated with baricitinib in the present
analysis were in the range of those reported with bDMARDs in
patients with just an inadequate response to csDMARDs or to
TNFis.26 27 34 35–37 Over 6 months, the difference in the rates of
patients showing improvement that was ≥MCID in the HAQ-DI
and the SF-36 PCS, amounted to 23% between baricitinib 4 mg
and placebo. This difference was similar to that reported with a
bDMARD (improvement of ∼40%–65%) versus placebo
(improvement of ∼25%–35%).27 34–36 38 However, in the current
trial, patients had failed to respond to ≥1 bDMARDs, with
approximately 60% having previously received two bDMARDs or
more. Therefore, these patients with long-standing disease can be
considered a refractory population, which is increasing over time
and has a substantial unmet need in RA.

To our knowledge, no other randomised controlled trial has
evaluated PROs and drug effects in such a refractory popula-
tion. In a randomised controlled trial of tofacitinib in patients
with inadequate response to TNFis (but overall much lower pro-
portions of patients with multiple bDMARD failure), the PROs
reported included pain, PtGA, HAQ-DI, FACIT-F, SF-36 and
MOS Sleep Scale.26 39 Treatment effects from that study26 39

are consistent with our data showing meaningful outcomes for
patients treated with JAK inhibitors.

This study has some limitations. The 24-week follow-up
period is insufficient to determine the longer-term effects of bar-
icitinib treatment. Long-term observations are required to assess
the durability of the observed changes; such a study is currently
ongoing. However, other extension studies have not shown
major losses of response over time.40 41 Further, a high placebo
response, most notably for the FACIT-F score, was observed.
This could be related to patients being seen more often than in
clinical practice and/or showing better adherence to their medi-
cation, but these factors are also potentially true for most other
randomised controlled trials. However, the proportion of
patients who reported improvements that met or exceeded the
MCID for the FACIT-F score was 62.7% and 63.8% for bariciti-
nib 4 and 2 mg, respectively, versus 48.3% in the placebo
group. The difference in fatigue improvement between bariciti-
nib and placebo treatment from week 4 onwards was encour-
aging, since it was not related to increases in haemoglobin,16

but rather to the improvement in inflammatory response, pain
and disability. The fact that the employment status did not
improve significantly is not surprising and likely related to the
short duration of the trial; patients with long-standing,
disease-associated unemployment are unlikely to search for and
find a new job within a period of 6 months. Additionally,
patients from 21 countries participated in the trial, and differentTa
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rates of unemployment and policies related to workplace accom-
modations may influence a patient’s employment status.

The strengths of this study include the assessment of a
number of well-established PRO measures and a patient popula-
tion with important unmet needs, many of whom had tried
several bDMARDs and would not have been very likely to
achieve disease control with currently available therapies.
Importantly, both physical function and HRQOL measures
improved to a relatively large extent across several assessment
methods. The major reduction in duration of MJS reflects the
patients’ overall improvement in clinical disease activity beyond
that assessed by global assessments of pain and activity.

In conclusion, in this treatment-refractory population of patients
with previously inadequate responses to bDMARDs, including at
least one TNFi, baseline PROs revealed severely impaired physical
function and a high level of pain and fatigue. Significant improve-
ments in PROs occurred rapidly with baricitinib and were sus-
tained throughout 24 weeks. Improvements were generally more
rapid and of greater magnitude for patients receiving baricitinib
4 mg compared with baricitinib 2 mg. These data are in agreement
with previously reported clinical efficacy data for baricitinib in
patients with RA, suggesting that baricitinib may be an effective
treatment for patients with inadequate response to bDMARDs.
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least squares; MCID, minimum
clinically important difference.
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EXTENDED REPORT

Axial Disease in Psoriatic Arthritis study: defining
the clinical and radiographic phenotype of psoriatic
spondyloarthritis
Deepak R Jadon,1,2 Raj Sengupta,1 Alison Nightingale,3 Mark Lindsay,3

Eleanor Korendowych,1 Graham Robinson,1 Amelia Jobling,4 Gavin Shaddick,4

Jing Bi,5 Robert Winchester,5 Jon T Giles,5 Neil J McHugh1,3

ABSTRACT
Objectives To compare the prevalence, clinical and
radiographic characteristics of psoriatic spondyloarthritis
(PsSpA) in psoriatic arthritis (PsA), with ankylosing
spondylitis (AS).
Methods A prospective single-centre cross-sectional
observational study recruited consecutive PsA and AS
cases. Participants completed outcome measures, and
underwent clinical examination, axial radiographic
scoring and HLA-sequencing. Multivariable analyses are
presented.
Results The 402 enrolled cases (201 PsA, 201 AS;
fulfilling classification criteria for respective conditions)
were reclassified based upon radiographic axial disease
and psoriasis, as: 118 PsSpA, 127 peripheral-only PsA
(pPsA), and 157 AS without psoriasis (AS) cases. A
significant proportion of patients with radiographic axial
disease had PsSpA (118/275; 42.91%), and often had
symptomatically silent axial disease (30/118; 25.42%).
Modified New York criteria for AS were fulfilled by 48/
201 (23.88%) PsA cases, and Classification of Psoriatic
Arthritis criteria by 49/201 (24.38%) AS cases. pPsA
compared with PsSpA cases had a lower frequency of
HLA-B*27 (OR 0.12; 95% CI 0.05 to 0.25). Disease
activity, metrology and disability were comparable in
PsSpA and AS. A significant proportion of PsSpA cases
had spondylitis without sacroiliitis (39/118; 33.05%);
they less frequently carried HLA-B*27 (OR 0.11; 95% CI
0.04 to 0.33). Sacroiliac joint complete ankylosis
(adjusted OR, ORadj 2.96; 95% CI 1.42 to 6.15) and
bridging syndesmophytes (ORadj 2.78; 95% CI 1.49 to
5.18) were more likely in AS than PsSpA. Radiographic
axial disease was more severe in AS than PsSpA
(Psoriatic Arthritis Spondylitis Radiology Index Score:
adjusted incidence risk ratio 1.13; 95% CI 1.09 to
1.19).
Conclusions In a combined cohort of patients with
either PsA or AS from a single centre, 24% fulfilled
classification criteria for both conditions. The pattern of
axial disease was influenced significantly by the presence
of skin psoriasis and HLA-B*27.

INTRODUCTION
Psoriatic spondyloarthritis (PsSpA) is a term that
can be used for spondyloarthritis (SpA) accompany-
ing psoriasis. PsSpA shares features of both psori-
atic arthritis (PsA) and ankylosing spondylitis
(AS),1–17 including axial arthritis, peripheral

arthritis and enthesitis. Only four studies have com-
pared the clinical characteristics of PsSpA and
AS,7 9 11 14 with the following reported to have
worse scores in AS compared with PsSpA: metrol-
ogy,11 14 occiput to wall distance14 and Schober’s
test of lumbar forward flexion.7 9 14 Composite
indices of disease activity (Bath AS Disease Activity
Index; BASDAI),11 function (Bath AS Functional
Index; BASFI)11 and quality of life11 are reported
to be no different in AS and PsSpA.
Only four studies have compared the axial radio-

graphic characteristics of PsSpA and AS.2 7 9 11

Sacroiliitis appears to be commonly bilateral in AS
(even in early disease), but either unilateral or bilat-
eral in PsSpA.2 While Gladman et al7 demonstrated
a higher frequency of grade 4 sacroiliitis in AS
compared with PsSpA, the findings were not corro-
borated in another study.9 In AS, syndesmophytes
have been shown to be symmetrically distributed,2 9

progressing caudal to cranial, and with a primarily
marginal rather than paramarginal shape.2 In PsSpA,
syndesmophytes appear to progress randomly along
the spine,2 9 with equal frequency of marginal and
paramarginal syndesmophytes.2 9 Radiographic
severity appears to be worse in AS than in PsSpA, as
measured by the Bath AS Radiology Index,9 11 and
number of syndesmophytes.7

Since the findings of these studies have not been
entirely consistent, we sought to: (1) determine the
prevalence of PsSpA in a spondyloarthritis (PsA
and AS) cohort; (2) compare the clinical character-
istics of PsSpA with both pPsA and AS; (3) compare
the radiographic axial characteristics of PsSpA
and AS.

METHODS
A prospective single-centre cross-sectional observa-
tional study (Axial Disease in Psoriatic Arthritis
study) was conducted (2012–2013) at a secondary
care teaching hospital attended by 600 patients
with PsA and 750 patients with AS for ongoing
clinical care. Consecutive patients, aged ≥18 years,
attending dedicated PsA and AS clinics were invited
to participate, aiming to enrol 200 PsA and 200 AS
cases. Study inclusion criteria included either: a
diagnosis of PsA fulfilling the Classification of
Psoriatic Arthritis (CASPAR) criteria18 19 in those
attending the PsA clinic; or a diagnosis of AS
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fulfilling the 1987 modified New York (mNY) diagnostic criteria
for AS20 in those attending the AS clinic.

Clinical assessment
Participants completed patient reported outcome measures vali-
dated for use in PsSpA, including: BASDAI,21–23 BASFI,14 24

Health Assessment Questionnaire Disability Index (HAQ),25 26

and Ankylosing Spondylitis Disease Activity Score
(ASDAS).22 23 27 Participants were questioned by a rheumatolo-
gist (DRJ) for a current or past history of: inflammatory axial
symptoms (Assessment of Spondyloarthritis Society defin-
ition28); extra-articular manifestations including dactylitis, per-
ipheral enthesitis, chest wall pain, uveitis and inflammatory
bowel disease (IBD); family history in first-degree relatives of
SpA, psoriasis, uveitis and IBD; tobacco smoking; synthetic
disease modifying antirheumatic drug (sDMARD) use; biologic
DMARD use; age at psoriasis symptom onset and diagnosis;
and age at arthritis symptom onset and diagnosis. Data were
verified using case notes.

All participants were examined by a rheumatologist (DRJ)
using these clinical examination indices: Bath Ankylosing
Spondylitis Metrology Index (BASMI),29 chest expansion, Leeds
Enthesitis Index (LEI),30 68 tender joint count,31 66 swollen
joint count (SJC),31 Psoriasis Area and Severity Index (PASI),32

modified Nail Psoriasis Severity Index (mNAPSI),33 and body
mass index (BMI).

Laboratory testing
Blood samples were taken for HLA-B typing and high-sensitivity
C reactive protein testing. All subjects were typed for HLA–B
alleles by a Sanger sequence-based method,34 except that the
PCR reactions were carried out using a nested two-stage
method,35 involving the heterozygous amplification of exon-2,
intron-2 and exon-3 of HLA–B and HLA–C. Allele assignment
was performed using SeqScape software (V.2.5; Applied
Biosystems) and a library compiled from the current
ImMunoGeneTics database.36 Allele designations are those
recommended by the WHO nomenclature committee, and
which separates locus, allelic group and allelic type by an aster-
isk and colons.36 Allele frequencies were directly enumerated.

Axial radiographic scoring
In keeping with previous publications,37 38 inflammatory radio-
graphic axial disease (RAD) was defined in PsSpA cases as the
presence of: New York criteria sacroiliitis (unilateral grade ≥3
or bilateral grade ≥2 sacroiliitis on pelvic radiograph) and/or ≥1
marginal/paramarginal syndesmophyte(s) of the cervical and/or
lumbar spine.

The most recent axial radiographs of all participants were
scored, blinded to clinical diagnosis, using two validated axial
radiographic scoring tools for PsA; the Psoriatic Arthritis
Spondylitis Radiology Index (PASRI)39 and the modified Stoke
Ankylosing Spondylitis Spinal Score (mSASSS).40 The hospital’s
clinical protocol ensures that all PsA and AS cases have plain
radiographs of their cervical spine (lateral in extension), lumbar
spine (anteroposterior and lateral) and pelvis (anteroposterior)
performed at least once during their care. Therefore radiographs
were not at fixed time points relative to the research assessment.
Studies in AS report a very slow rate of axial radiographic pro-
gression (mean 1.3 unit/year; SD 2.5).41 As no data exist for
PsSpA, a pilot study was undertaken to estimate this rate in
PsSpA. Sequential axial radiographs were scored of 22 patients
with PsSpA attending the hospital over a period spanning 2–31
years. mSASSS progression in PsSpA was only 0.6 units/year,

justifying the use of historic radiographs (≤10 years old) with
prospective clinical data in this study.

Axial radiographic scoring reliability exercise and reading
strategy
Two raters (DRJ and AN) underwent training in axial radio-
graphic scoring by an experienced consultant musculoskeletal
radiologist (GR). A broad-based horizontal morphology with
adjacent degenerative features (intervertebral disc degeneration
and/or end plate changes) were deemed to be a degenerative
osteophyte. A thorn-like angulated morphology without adja-
cent degenerative features was deemed to be an inflammatory
syndesmophyte. Ten random cases (five PsA, five AS) were
selected from the cohort and scored independently by DRJ, AN
and GR (the ‘gold-standard’ rater) using the PASRI and
mSASSS, to assess inter-rater reliability. The same 10 cases were
scored again a month later to assess intrarater reliability. Axial
radiographs of the cohort were scored by two raters (DRJ and
AN) using the PASRI and mSASSS. All equivocal cases were dis-
cussed with GR before final classification.

Statistical analysis
Data were analysed using STATA V.12.1 (2011 Texas, USA).
Inter-rater and intrarater reliability was tested using the intra-
class correlation coefficient (ICC). Univariable and multivariable
analyses were performed using the χ2 test, independent
Student’s t-test, Mann-Whitney U test, logistic regression, linear
regression, Poisson regression for non-normally distributed
count data, and zero-inflated Poisson regression for non-
normally distributed count data with an excess of zero values, as
appropriate. Reverse stepwise regression was used to adjust for
significant covariates, including: sex; age and disease duration at
clinical assessment; age and disease duration at radiographic
assessment; current or past history of sDMARD use, antitumour
necrosis factor-α (anti-TNF) use and smoking; BMI and
HLA-B*27 status. The α-level for statistical significance was
0.05.

Ethical considerations
The study was performed with ethical approval by Frenchay
Regional Ethics Committee, written consent from participants,
and in accordance with the Declaration of Helsinki.

RESULTS
The study enrolled 402 participants (201 PsA, 201 AS) and
there were no missing clinical data. Complete axial radiographs
were available for 392/402 (97.5%) participants; 10 PsA cases
with incomplete radiographs to determine RAD, were assumed
to have peripheral-only PsA (pPsA). The participants were
reclassified as: PsSpA (n=118; 29.35%) based upon psoriasis
(past/present) and RAD; pPsA (n=127; 31.60%) based upon
psoriasis (past/present), peripheral arthritis and no RAD; and
AS (n=157; 39.05%) based upon mNY criteria for AS20 and no
psoriasis (past/present). A substantial proportion of patients
with RAD had PsSpA (118/275; 42.91%).

Fulfilment of CASPAR, mNY and ASAS criteria
Forty-eight of 201 (23.88%) participants with PsA attending the
PsA clinic (all fulfilling CASPAR) also fulfilled mNY criteria for
AS. Forty-nine of 201 (24.38%) participants with AS attending
the AS clinic (all fulfilling mNY criteria) also fulfilled CASPAR
criteria for PsA. Although a lack of MRI data prevented us from
fully applying the ASAS classification for axial SpA across our
cohort, we did find that 157/157 (100%) of AS cases, 85/118
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(72%) of PsSpA cases and 9/127 (7%) of pPsA cases fulfilled
ASAS criteria for axial SpA by either or both clinical-only or
radiographic imaging streams.

Sociodemographic, treatment, laboratory and genetic
characteristics
PsSpA, pPsA and AS cases were broadly similar in terms of age,
disease duration, treatment and other sociodemographic
characteristics (tables 1 and 2). Any differences were adjusted
for in the multivariable models. HLA-B*27 alleles (mainly
HLA-B*27:05:02) were present in 9/127 (7.09%) pPsA, 47/118
(39.83%) PsSpA and 140/157 (89.17%) AS cases (table 1).
Compared with PsSpA cases, the presence of HLA-B*27 was sig-
nificantly more likely in AS ( OR 12.44; 95% CI 6.67 to 23.22,
p<0.001) and significantly less likely in pPsA (OR 0.12; 95%
CI 0.05 to 0.25, p<0.001).

Clinical predictors of PsSpA occurrence in PsA cases
Compared with pPsA cases, PsSpA cases had significantly
younger age at arthritis symptom onset (median 37.98 years vs
31.27 years, p=0.01) (table 2). Male PsA cases were no more
likely than female cases to have PsSpA (adjusted OR, ORadj

1.48; 95% CI 0.87 to 2.52, p=0.18).

Patient-reported outcome measures
Inflammatory axial symptoms
A history (past/present) of inflammatory axial symptoms was
present in 77/127 (60.63%) pPsA, 88/118 (74.58%) PsSpA and
156/157 (99.36%) AS cases (table 3). Of note, 30/118 (25.42%)
PsSpA cases (with RAD by classification) denied a history of
inflammatory axial symptoms. AS cases were significantly more
likely to report inflammatory axial symptoms (history/current)
than PsSpA cases (ORadj 2.76; 95% CI 1.62 to 4.71, p<0.001
and ORadj 28.45; 95% CI 3.65 to 221.74, p=0.001, respect-
ively) (table 3). pPsA cases were significantly less likely to have
current inflammatory axial symptoms (ORadj 0.57; 95% CI 0.34
to 0.96, p=0.03) than PsSpA cases, especially of the thoracic
spine (ORadj 0.48; 95% CI 0.26 to 0.88, p=0.02) and buttocks
(ORadj 0.38; 95% CI 0.20 to 0.71, p=0.003).

Personal history of extra-articular manifestations and family
history
pPsA cases were significantly less likely to have a history of IBD
than PsSpA cases (ORadj 0.12; 95% CI 0.03 to 0.55, p=0.01)
(table 3). AS cases were significantly less likely to have a history
of dactylitis than PsSpA cases (ORadj 0.18; 95% CI 0.07 to

0.42, p<0.001). Family history of SpA, psoriasis, uveitis and
IBD were no different between groups.

Composite clinical indices
Disease activity, as measured by ASDAS, was frequently high
(2.1–3.4) or very high (≥3.5) in both PsSpA (64/118; 54.24%)
and AS (80/157; 50.96%), with no statistically significant dif-
ference between diseases. Similarly, in both PsSpA and AS
cases, BASDAI indicated active (≥3.5 units42) disease (median
3.60 vs 3.20), with no significant statistical (adjusted incidence
risk ratio, IRRadj 1.03; 95% CI 0.92 to 1.17) or clinical
(minimum clinically important difference, MCID of 1 unit in
AS43) difference between diseases. Patient global assessment of
axial disease activity (PaGA) in both PsSpA and AS indicated
active (≥4 cm) disease, with no statistically significant differ-
ences between diseases (median 3 cm vs 3 cm).

Function, as measured by the BASFI, was poorer in AS com-
pared with PsSpA (median 3.90 vs 3.10), with a clinically
(MCID 0.7 units in AS43) and a statistically significant difference
between diseases (IRRadj 1.17 per 0.7 unit increase; 95% CI
1.06 to 1.26, p=0.002). No statistically significant differences
in disability, as measured by the HAQ (MCID 0.35 units in
PsA44), was demonstrated between PsSpA and AS (IRRadj 1.04
per 0.35 unit increase; 95% CI 0.90 to 1.19), or PsSpA and
pPsA (IRRadj 1.09 per 0.35 unit increase; 95% CI 0.95 to 1.26).

Clinical examination indices
Peripheral examination indices
Nail disease severity, measured using the mNAPSI, was significantly
lower in pPsA than PsSpA (IRRadj 0.90 per unit increase; 95% CI
0.83 to 0.97, p=0.01). More specifically, nail onycholysis severity
was significantly lower in pPsA than PsSpA (IRRadj 0.84 per unit
increase; 95% CI 0.74 to 0.95, p=0.01). pPsA and PsSpAwere no
different in terms of SJC, enthesitis severity (LEI) or psoriasis sever-
ity (PASI). Enthesitis severity (LEI) was higher in AS than PsSpA
(IRRadj 1.33; 95% CI 1.02 to 1.74, p=0.04).

Axial metrology
Axial metrology measured using the BASMI was no different in
AS and PsSpA (IRRadj 1.07 per unit increase; 95% CI 0.95 to
1.21). However, tragus to wall distance (adjusted mean differ-
ence 2.00 cm; 95% CI 0.58 to 3.42, p=0.006) and modified
Schober’s test (adjusted mean difference −0.65 cm; 95% CI
−1.14 to −0.15, p=0.01) were poorer in AS than in PsSpA
cases. Other BASMI subdomains and chest expansion were no
different in PsSpA and AS. Surprisingly, BASMI and its subdo-
mains were no different in PsSpA and pPsA cases.

Table 1 Sociodemographic, genetic and treatment characteristics of the PsSpA (n=127), AS (n=157) and pPsA (n=118) cases (categorical
variables)

PsSpA AS pPsA AS versus PsSpA pPsA versus PsSpA

n (%) n (%) n (%) OR 95% CI p Value OR 95% CI p Value

Men 74 (63) 118 (75) 66 (52) 1.80 1.07 to 3.03 0.03* 0.65 0.39 to 1.08 0.09*

Caucasian ancestry (patient-reported) 117 (99) 156 (99) 127 (100) – – – – – –

HLA-B*27 presence 47 (40) 140 (89) 9 (7) 12.44 6.67 to 23.22 <0.001* 0.12 0.05 to 0.25 <0.001*

Smoking ever 57/110 (52) 72/157 (46) 67/109 (61) 0.79 0.48 to 1.28 0.34* 1.49 0.87 to 2.56 0.15*

Synthetic DMARD use ever 53 (45) 26 (17) 83 (65) 0.24 0.14 to 0.42 <0.001* 2.33 1.39 to 3.85 0.001*

Anti-TNF use ever 53 (45) 59 (38) 47 (37) 0.74 0.45 to 1.20 0.22* 0.72 0.43 to 1.22 0.21*

*Continuity adjusted χ2 test.
Anti-TNF, antitumour necrosis factor; AS, ankylosing spondylitis.
DMARD, disease modifying antirheumatic drug; HLA, human leucocyte antigen; n, number/proportion; pPsA, peripheral psoriatic arthritis; PsSpA, psoriatic spondyloarthropathy.
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Axial radiographic comparison of PsSpA and AS cases
Excellent34 inter-rater (ICC ≥0.85) and intrarater (ICC ≥0.88)
reliability was achieved by raters for the PASRI, mSASSS and
regional subdomains.

Axial radiographic pattern
The predominant pattern of sacroiliitis in both AS (142/147;
96.60%) and PsSpA (65/79; 82.28%) cases was bilateral (table 4),
albeit statistically different (p=0.001) (table 4). Symmetrical grade

sacroiliitis was the predominant pattern in both PsSpA (60/79;
75.95%) and AS (119/147; 80.95%), with no difference between
diseases (p=0.65). There was no significant difference between AS
and PsSpA in terms of the occurrence of spondylitis (cervical and/
or lumbar), cervical vertebrae spondylitis, cervical facet joint
fusion or lumbar vertebrae spondylitis.

Of 118 cases classified as PsSpA: 45/118 (38.14%) had sacroi-
liitis with spondylitis, 39/118 (33.05%) had spondylitis alone
and 34/118 (28.81%) had sacroiliitis alone. The majority of

Table 2 Sociodemographic and laboratory characteristics of the PsSpA (n=118), AS (n=157) and pPsA (n=127) cases (numerical variables)

PsSpA AS pPsA AS versus PsSpA pPsA versus PsSpA

Median (IQR) Median (IQR) Median (IQR) Mean diff Mean diff
Mean (SD) Mean (SD) Mean (SD) (95% CI) p Value (95% CI) p Value

Age at (years)

Clinical assessment 58.09 (11.42) 53.44 (13.61) 58.13 (11.71) −4.63 (−7.68 to −1.58) 0.003* −0.03 (−2.95 to 2.88) 0.98*

Arthritis onset 31.27 (21.06, 46.24) 20.00 (16.00, 26.00) 37.98 (28.37, 46.32) – – – 0.01†

Arthritis diagnosis 35.99 (27.27, 52.00) 29.00 (23.00, 38.00) 39.99 (29.70, 48.73) – – – 0.33†

Psoriasis onset 31.50 (17.50, 41.50) – 27.00 (16.00, 14.00) – – – 0.68†

Psoriasis diagnosis 33.00 (19.00, 43.00) – 30.00 (19.00, 46.00) – – – 0.20†

Disease duration at (years)

Recent axial radiograph 15.50 (7.00, 26.00) 19.00 (10.00, 29.00) 13.00 (6.00, 23.00) – 0.13† – 0.41†

Clinical assessment 18.00 (9.00, 27.00) 22.00 (10.00, 31.00) 15.00 (7.00, 26.00) – 0.13† – 0.34†

C reactive protein 3 (2, 7) 4 (1, 10) 2 (0, 5) 1.06 (0.99 to 1.12) 0.07‡ 0.79 (0.74 to 0.84) <0.0001‡

Body mass index (BMI) 29.52 (5.16) 29.92 (4.96) 29.69 (5.36) −1.60 (−2.21 to −0.84) 0.01* −0.18 (−0.62 to 0.51) 0.81*

*Two-tailed Student’s t-test.
†Mann-Whitney U test.
‡Poisson regression (adjusted for: sex, age, disease duration, anti-TNF use ever, synthetic DMARD use ever, and BMI).
Anti-TNF, antitumour necrosis factor; AS, ankylosing spondylitis; DMARD, disease modifying antirheumatic drug; Mean diff, mean difference; pPsA, peripheral psoriatic arthritis; PsSpA,
psoriatic spondyloarthropathy.

Table 3 Axial inflammatory symptoms, extra-articular manifestations and family history in PsSpA (n=127), AS (n=157) and pPsA (n=118) cases

PsSpA AS pPsA AS versus PsSpA pPsA versus PsSpA

n (%) n (%) n (%) ORadj 95% CI p Value ORadj 95% CI p Value

Inflammatory axial symptoms

Current

Spine or buttocks 65 (55) 133 (85) 54 (43) 2.76 1.62 to 4.71 <0.001* 0.57 0.34 to 0.96 0.03*

Ever (past/current)

Spine or buttocks 88 (75) 156 (99) 77 (61) 28.45 3.65 to 221.74 0.001* 0.69 0.38 to 1.25 0.22*

Cervical 71 (60) 132 (84) 54 (43) 1.82 0.94 to 3.55 0.08* 0.73 0.42 to 1.27 0.26*

Thoracic 50 (42) 114 (73) 27 (21) 2.20 1.23 to 3.92 0.01* 0.48 0.26 to 0.88 0.02*

Lumbar 70 (59) 149 (95) 58 (46) 6.75 2.82 to 16.16 <0.001* 0.82 0.47 to 1.43 0.48*

Buttocks 55 (47) 132 (84) 24 (19) 3.19 1.67 to 6.07 <0.001* 0.38 0.20 to 0.71 0.003*

Extra-articular manifestations (ever)

Dactylitis 37 (31) 8 (5) 50 (39) 0.18 0.07 to 0.42 <0.001* 1.09 0.62 to 1.93 0.76*

Enthesitis 56 (47) 58 (37) 59 (46) 0.70 0.43 to 1.14 0.15* 0.93 0.56 to 1.55 0.79*

Chest wall pain 52 (44) 102 (65) 34 (27) 1.21 0.70 to 2.19 0.52* 0.63 0.35 to 1.15 0.13*

Uveitis 31 (26) 84 (54) 11 (9) 1.44 0.79 to 2.62 0.24* 0.52 0.22 to 1.22 0.13*

Inflammatory bowel disease 13 (11) 15 (10) 2 (2) 0.85 0.36 to 1.98 0.70* 0.12 0.03 to 0.55 0.01*

Family history

Spondyloarthritis 25 (21) 52 (33) 16 (13) 1.26 0.67 to 2.34 0.47† 0.73 0.34 to 1.53 0.40†

Psoriasis 58 (49) 20 (13) 56 (44) 0.16 0.08 to 0.30 <0.001 0.79 0.46 to 1.36 0.40

Uveitis 7 (6) 37 (24) 4 (3) 2.27 0.94 to 5.51 0.07† 1.84 0.42 to 7.99 0.42†

Inflammatory bowel disease 9 (8) 17 (11) 11 (9) 1.57 0.59 to 4.17 0.37 1.10 0.42 to 2.90 0.84

*Multivariable reverse-stepwise logistic regression model (adjusted for potential covariates, including: sex, age at assessment, disease duration at assessment, HLA-B*27 status, synthetic
DMARD use ever, anti-TNF use ever, smoking ever and body mass index).
†Reverse-stepwise logistic regression model adjusted for HLA-B*27 status.
Anti-TNF, antitumour necrosis factor; AS, ankylosing spondylitis; DMARD, disease modifying antirheumatic drug; n, proportion; ORadj, adjusted OR; pPsA, peripheral psoriatic arthritis;
PsSpA, psoriatic spondyloarthropathy.
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PsSpA cases with spondylitis alone were symptomatic (22/39;
56.41%); although were less likely to be symptomatic than
PsSpA cases with sacroiliitis with or without spondylitis (66/79;
83.54%) (OR 0.26; 95% CI 0.11 to 0.61, p=0.002). Thoracic
spine radiographs, MRI and CT scans were available on 32/39
PsSpA cases with spondylitis alone, and none demonstrated
diffuse idiopathic hyperostosis (DISH), defined as per the cri-
teria of Resnick.45

Correlation of radiographic pattern with HLA-B*27 status in
PsSpA cases
HLA-B*27 was present in 6/39 (15.38%) of PsSpA cases with
spondylitis alone, 11/34 (32.35%) of cases with sacroiliitis alone
and 30/45 (66.67%) of cases with both sacroiliitis and spondyl-
itis. Logistic regression (adjusted for sex, age and disease dur-
ation) demonstrated a significantly increased probability for the
presence of HLA-B*27 in PsSpA cases with both sacroiliitis and
spondylitis, compared with spondylitis alone (ORadj 9.10; 95%
CI 3.01 to 27.47, p<0.001).

Axial radiographic morphology
AS cases were more likely than PsSpA cases to have complete
SIJ ankylosis (ORadj 2.96; 95% CI 1.42 to 6.15, p=0.004), ver-
tebral bridging syndesmophytes (ORadj 2.78; 95% CI 1.49 to
5.18, p=0.001), but not partial SIJ ankylosis, SIJ erosion, SIJ
sclerosis, vertebral non-bridging syndesmophytes or vertebral
erosions (table 4).

Axial radiographic severity
Axial radiographic severity measured using the PASRI (and
mSASSS) was lower in women compared with men in both
PsSpA (median 5.5 vs 7.0; IRRadj 0.62 per unit increase; 95%

CI 0.57 to 0.67, p<0.001) and AS cases (median 8 vs 18;
IRRadj 0.67 per unit increase; 95% CI 0.61 to 0.73, p<0.001).

Axial radiographic severity was higher in AS than PsSpA, as
measured by the PASRI (median 15 vs 6; IRRadj 1.13 per unit
increase; 95% CI 1.09 to 1.19, p<0.001) and the mSASSS
(median 10 vs 3; IRRadj 1.09 per unit increase; 95% CI 1.04 to
1.14, p<0.001). Severity in AS was also greater than PsSpA
when analysed by axial region: cervical vertebral PASRI (IRRadj

1.57 per unit increase; 95% CI 1.35 to 1.83, p<0.001), cervical
facet joint PASRI (IRRadj 1.47 per unit increase; 95% CI 1.08 to
1.99, p=0.01) and lumbar vertebral PASRI (IRRadj 1.42 per
unit increase; 95% CI 1.29 to 1.58, p<0.001).

Using the mSASSS in PsSpA, the cervical region was more
severely affected than the lumbar spine (IRRadj 1.54 per unit
increase; 95% CI 1.20 to 1.74, p<0.001), but similar in AS.
Vertebral osteoproliferative severity, as measured by the PASRI,
(bridging and/or non-bridging syndesmophytes) was higher in
AS than PsSpA (median 6 vs 2; IRRadj 1.31 per unit increase;
95% CI 1.09 to 1.57, p=0.004). Vertebral erosion severity was
no different in the two diseases.

DISCUSSION
Studies suggest a high degree of overlap between pPsA, PsSpA
and AS; but are few in number and frequently of small sample
size. We therefore sought to further define the similarities and
differences between these conditions, and whether these could
be explained by clinical and genetic parameters. Axial disease
was defined radiographically, due to the robustness and reprodu-
cibility of doing so. Accordingly, a significant proportion of PsA
cases were reclassified to the PsSpA phenotype, and found to
often be asymptomatic. Importantly, a quarter of PsA and AS

Table 4 Axial radiographic pattern and morphology in PsSpA (n=118) and AS (n=157) cases

PsSpA AS AS versus PsSpA

n (%) n (%) OR 95% CI p Value

Pattern

Radiographic

Sacroiliitis 79 (67) 157 (100) – – –

Spondylitis (cervical and/or lumbar) 84 (71) 109 (69) 0.94 0.52 to 1.69 0.83

Sacroiliitis pattern

Bilateral 65/79 (82) 142/147 (97) 6.14 2.08 to 18.15 0.001

Symmetrical grade 60/79 (76) 119/147 (81) 1.17 0.59 to 2.32 0.65

Spondylitis pattern

Cervical vertebrae 52/116 (45) 85 (54) 1.20 0.65 to 2.25 0.56

Cervical facet joint 29 (25) 60 (38) 1.48 0.81 to 2.72 0.20

Lumbar vertebrae 50/117 (43) 85 (54) 1.37 0.75 to 2.50 0.30

Morphology

Sacroiliac joint

Sclerosis bilaterally (grade 2) 6 (5) 9 (6) 1.75 0.56 to 5.48 0.34

Erosion (grade 3) 42 (36) 53 (34) 1.07 0.63 to 1.81 0.80

Partial ankylosis (grade 3) 25 (21) 46 (29) 1.08 0.56 to 2.10 0.81

Complete ankylosis (grade 4) 18 (15) 68 (43) 2.96 1.42 to 6.15 0.004

Vertebral

Erosion, n (%) 3 (3) 6 (4) 1.58 0.38 to 6.57 0.53

Non-bridging syndesmophyte 47 (40) 58 (37) 0.93 0.57 to 1.56 0.79

Bridging syndesmophyte 12 (10) 36 (23) 2.78 1.49 to 5.18 0.001

*Multivariate reverse-stepwise logistic regression model (adjusted as required for the following potential covariates: sex, age at radiographic assessment, disease duration at radiographic
assessment, HLA-B*27 status, anti-TNF use ever, synthetic DMARD use ever, smoking and BMI).
Anti-TNF, antitumour necrosis factor; AS, ankylosing spondylitis; BMI, body mass index; DMARD, disease modifying antirheumatic drug; PsSpA, psoriatic spondyloarthritis.
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cases were classifiable as the other disease using the currently
available classification systems.

In PsSpA cases, spondylitis without sacroiliitis was common
and usually symptomatic. Our methods ensured we were not
scoring degenerative lesions as being inflammatory, and the thor-
acic imaging of these cases confirmed that they did not simply
have DISH. Previous studies have shown similarly high preva-
lence of spondylitis without sacroiliitis,3 4 and proposed it as a
feature distinguishing PsSpA from AS.46 The differing preva-
lence of HLA-B*27 alleles in our radiographic subphenotypes of
PsSpA offers a unique insight, and implies aetiopathogenic dif-
ferences between sacroiliitis and spondylitis in PsSpA.

AS cases were more likely than PsSpA cases to have complete
SIJ ankylosis and bridging syndesmophytes. These features may
prove more useful than syndesmophyte shape47 to distinguish
PsSpA from AS. Unilateral or asymmetrical grade sacroiliitis,
reported to be characteristic of PsSpA,9 were not found in the
current study, possibly as we have a more established disease
cohort at a later stage of radiographic disease. We do plan to
explore the association between certain HLA-B alleles and their
haplotypes, with symmetry of sacroiliitis, as has recently been
described by Haroon et al.48

Previous studies have found clinical predictors for PsSpA
occurrence in PsA include: male sex,3 4 9 the presence of
HLA-B*27,15 nail dystrophy,15 higher number of radiographic-
ally damaged joints,15 high erythrocyte sedimentation rate,15

and longer disease duration, with axial disease being a late-onset
feature.8 12 The latter clinical predictor may explain much of
the variation in estimated prevalence of PsSpA in PsA cohorts,
as many studies have investigated PsA cases with relatively
recent onset disease, allowing insufficient time for the PsSpA
phenotype to have fully expressed. We acknowledge that to
truly understand the natural history of axial disease in PsA, a
longitudinal inception cohort study is required. Predictors of
PsSpA occurrence in our PsA cohort included: the presence of
HLA-B*27, younger age at arthritis onset, higher nail onycholy-
sis severity, axial inflammatory symptoms and IBD. Onycholysis
may be a more specific marker of synovial-entheseal complex
inflammation, a process considered important in SpA pathogen-
esis,49 and giving further biological credence to our finding.
The presence of psoriatic nail disease has been shown in
another study to be a biomarker of higher systemic enthesopa-
thy burden and higher inflammation scores, measured using
ultrasound.50

PsSpA is not a clinically less impactful form of AS; measures
of disease activity (ASDAS, BASDAI and PaGA), disability
(HAQ) and metrology (BASMI) were high in both PsSpA and AS
cases, with no statistically significant difference between groups.
Of note, 74% of PsSpA cases had peripheral arthritis, and ero-
sions were observed in 64% (48/75) of those with available
radiographs, hence the additional burden of peripheral joint
disease may have influenced at least some of these measures.

The reliability of our results is improved by a large sample
size, single-centre follow-up, excellent inter-rater reliability for
radiographic scoring, no missing clinical data, limited (<3%)
missing radiographic data and a single rheumatologist perform-
ing clinical assessments; the inter-rater reliability of clinical
assessments in PsA is known to be poor.51 A limitation of our
study was the lack of MRI, inclusion of which on all patients
would have made the study unfeasible, and introduced selection
bias if only analysed for some of the cohort. Quantitative radio-
graphic scoring with embedded morphological data improved
the study’s power to detect differences between groups.
Inclusion of comprehensive covariate data in multivariable

models allowed adjustment for potential confounders, in par-
ticular disease duration. Our findings are generalisable because
the study was conducted in a secondary care hospital taking
unselected PsA and AS referrals.

The impact of recall bias is likely curtailed by a similar magni-
tude and direction of effect in each SpA group. Unfortunately
the cross-sectional study design reduced the ability to entirely
adjust for: time-varying variables such as smoking, BMI and
medication use; and unmeasured confounders such as NSAID52

use, delayed diagnosis and physiotherapy. While anti-TNF
therapy may inhibit53 54 or have no effect55 56 on syndesmo-
phyte formation in AS, no data exist in PsSpA.

To conclude, this study indicates that PsSpA forms part of the
SpA spectrum, flanked by pPsA and AS. In terms of most clinical
indices of disease activity, PsSpA has a similar disease burden as
AS, despite being less severe radiographically. This may be of
relevance in the development of future treatment guidelines.
Furthermore, PsSpA may represent a distinct endophenotype
influenced by factors related to the presence of psoriasis, psori-
atic nail disease and HLA-B*27 variants. In future work we plan
to use our data set to further explore whether genetic variants
are closely linked with more homogeneously defined patterns of
disease.
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CONCISE REPORT

Discordance between tender and swollen joint count
as well as patient’s and evaluator’s global
assessment may reduce likelihood of remission in
patients with rheumatoid arthritis and psoriatic
arthritis: data from the prospective multicentre
NOR-DMARD study
Brigitte Michelsen,1,2 Eirik Klami Kristianslund,1 Hilde Berner Hammer,1

Karen Minde Fagerli,1 Elisabeth Lie,1 Ada Wierød,3 Synøve Kalstad,4 Erik Rødevand,5

Frode Krøll,6 Glenn Haugeberg,7,8 Tore K Kvien1

ABSTRACT
Objective To investigate the predictive value of
discordance between (1) tender and swollen joint count
and (2) patient’s and evaluator’s global assessment on
remission in patients with rheumatoid arthritis (RA) and
psoriatic arthritis (PsA).
Methods From the prospective, multicentre Norwegian-
Disease-Modifying Antirheumatic Drug study, we
included patients with RA and PsA starting first-time
tumour necrosis factor inhibitors and DMARD-naïve
patients starting methotrexate between 2000 and 2012.
The predictive value of ΔTSJ (tender minus swollen joint
counts) and ΔPEG (patient’s minus evaluator’s global
assessment) on remission was explored in prespecified
logistic regression models adjusted for age, sex, disease
duration and smoking.
Results A total of 2735 patients with RA and 1236
patients with PsA were included (mean (SD) age 55.0
(13.5)/48.3 (12.4) years, median(range) disease duration
0.7 (0.0–58.0)/1.3 (0.0–48.3) years, 69.7/48.4%
females). Baseline ΔTSJ/ΔPEG reduced the likelihood of
achieving DAS28<2.6, SDAI≤3.3, CDAI≤2.8, ACR/
EULAR Boolean and DAPSA<4 remission after 3 and
6 months in RA (OR 0.95–0.97, p<0.001/OR 0.96–
0.99, p≤0.01) and PsA (OR 0.91–0.94, p≤0.004/OR
0.89–0.99, p≤0.002), except for ΔPEG and 6-month
DAS28 remission in PsA.
Conclusions Discordance between patient’s and
physician’s evaluation of disease activity reflected
through ΔTSJ and partly ΔPEG may reduce likelihood of
remission in RA and PsA. The findings are relevant for
use of the treat-to-target strategy in individual patients.

INTRODUCTION
Pain may be challenging to treat in inflammatory
arthritides and has been emphasised as a core
domain by the Outcome Measures in
Rheumatology initiative (OMERACT) and the
Group for Research and Assessment of Psoriasis
and Psoriatic arthritis (GRAPPA).1 2

From the patient perspective, pain is reported to
be the area of health in which patients have their

highest priorities for improvement.3 4 Several
studies have reported low association between pain
and objective measures of inflammation.5

Chronification of pain and development of central
sensitisation and conditioned pain modulation can
lead to disconnection between tender and swollen
joint count, which may be challenging for disease
evaluation and treatment.5 6 Psychosocial factors
and adverse life events may play a role in triggering
sensitisation and chronic multisite musculoskeletal
pain.7 Personality characteristics such as disposi-
tional optimism, on the other hand, are found to
modulate pain outcomes by abatement of endogen-
ous pain facilitation and less use of catastrophising.8

Studies exploring the relationship between
tender and swollen joints or patient’s and evalua-
tor’s global assessment as predictors of remission in
inflammatory arthritides are lacking in the current
literature. However in a recent study in RA,
swollen-to-tender joint count ratio was found to be
predictive of ACR50 response to tumour necrosis
factor inhibitors (TNFi).9

In this study, we aimed to investigate the predict-
ive value of baseline tender and swollen joint count
difference (ΔTSJ) as well as patient’s and evalua-
tor’s global assessment difference (ΔPEG) on the
likelihood of achieving remission by different cri-
teria—ie, the agreed treatment targets—in patients
with RA and PsA.

METHODS
Patients
We included patients with RA and PsA from the
Norwegian-Disease-Modifying Antirheumatic Drug
(NOR-DMARD) register,10 who started their first
TNFi with or without co-medication with metho-
trexate or started methotrexate as their first
DMARD (see online supplementary figure S1). The
NOR-DMARD register is a prospective, longitu-
dinal, observational multicentre study initiated in
December 2000, which until 2012 included
patients >18 years with inflammatory arthropathies
starting synthetic or biologic DMARDs, covering
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about one-third of the Norwegian population. Assessments were
made at baseline, and after 3, 6 and 12 months and then yearly.
The patients in the current analyses started the respective treat-
ments between 1 December 2000 and 6 November 2012 and
were followed until the 1 May 2013. Written informed consent
was obtained from each patient. The study was approved by the
National Data Inspectorate and by the Regional Committee for
Medical and Health Research Ethics in Eastern Norway.

Assessments
Assessments included 32 tender/swollen joint count (28 joint
count with assessment of ankles (0–2) and metatarsophalangeal
joints (0–2)), visual analogue scales (VAS, 0–100) for joint pain,
patient’s and evaluator’s global assessments, modified Health
Assessment Questionnaire,11 erythrocyte sedimentation rate (mm/
hour), C reactive protein (CRP, mg/L), baseline disease duration,
current smoking status (yes/no). The numeric difference between
32 tender and 32 swollen joint count (ΔTSJ) and between
patient’s and evaluator’s global assessment (ΔPEG) were calcu-
lated. Disease activity score for 28 joints (DAS28),12 Simplified
Disease Activity Index (SDAI)13 and Clinical Disease Activity
Index (CDAI)13 were computed, as well as a modified version of
Disease Activity Index for Psoriatic Arthritis (DAPSA)14 including
32 joint count instead of the original 66/68 joint count.

The following remission criteria were explored: (1)
DAS28<2.6,15 (2) SDAI≤3.3,16 17 (3) CDAI≤2.8,16 (4)
American College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) Boolean (28 tender joint count,
28 swollen joint count, patient’s global assessment (0–10 scale),
CRP (mg/dL), all ≤1),16 (5) modified DAPSA<4.18

Statistics
For the patients’ demographic and baseline characteristics
medians with 25th–75th percentiles were calculated for non-

normally and means with SDs for normally distributed data.
Quantitative results were compared using Mann-Whitney U test
or independent t-test as appropriate. Proportions were analysed
using χ2 test. The predictive value of ΔTSJ and ΔPEG for
DAS28, SDAI, CDAI, ACR/EULAR Boolean and DAPSA remis-
sion was explored in prespecified logistic regression models
adjusted for age, sex, baseline disease duration and smoking
status. Hosmer-Lemeshow statistics was performed for testing of
goodness of fit. Statistical tests were performed using SPSS
V.21.0 for Windows.

RESULTS
Demographics and baseline disease activity measures of patients
with RA and PsA are displayed in table 1. Composite disease
activity measures (DAS) were significantly higher in RA. ΔTSJ
and ΔPEG were significantly higher in PsA.

Logistic regression analyses
Baseline ΔTSJ as well as ΔPEG were independent predictors of
lower likelihood of achieving remission after 3 and 6 months,
both in patients with RA and PsA (table 2).

The predictive value of ΔTSJ for achievement of remission
was consistent also in subgroup analyses of TNFi and
methotrexate-treated patients (see online supplementary table
S1). Corresponding subgroup analyses for ΔPEG were less con-
sistent (see online supplementary table S2).

The predictive value of dichotomised ΔTSJ and ΔPEG on
remission
Positive values of ΔTSJ/ΔPEG were observed in 54.9%/61.2% of
the patients with RA and 58.8%/69.9% of the patients with
PsA, respectively. Patients with positive values of ΔTSJ and
ΔPEG were less likely to achieve remission (see online
supplementary table S3).

Table 1 Baseline demographics of patients with RA and PsA

RA
n=2735

PsA
n=1236 p Value

Age (years), mean (SD) 55.0 (13.5) 48.3 (12.4) <0.001

Female, n/total (%) 1896/2722 (69.7) 595/1230 (48.4) <0.001

Disease duration (years), median (25th, 75th percentile) 0.7 (0.02, 6.4) 1.3 (0.09, 7.7) <0.001

Currently smoking, n/total (%) 859/2711 (31.7) 364/1223 (29.8) 0.23

Joint pain, mean (SD) 47.0 (25.1) 47.8 (22.7) 0.34

32 tender joints, median (25th, 75th percentile) 8 (4, 14) 5 (2, 10) <0.001

32 swollen joints, median (25th, 75th percentile) 7 (3, 12) 3 (1, 6) <0.001

32 ΔTSJ, median (25th, 75th percentile) 1 (–1, 4) 1 (0, 5) <0.001

EGA, mean (SD) 40.3 (19.4) 34.1 (16.6) <0.001

PGA, mean (SD) 49.7 (24.8) 51.1 (22.6) 0.08

ΔPEG, mean (SD) 9.4 (25.0) 17.0 (24.3) <0.001

DAS28, mean (SD) 5.0 (1.4) 4.2 (1.3) <0.001

DAS28CRP, mean (SD) 4.7 (1.3) 4.0 (1.1) <0.001

SDAI, median (25th, 75th percentile) 24.5 (15.7, 35.3) 16.9 (11.8, 24.6) <0.001

CDAI, median (25th, 75th percentile) 22.1 (14.1, 32.4) 15.2 (10.7, 22.6) <0.001

MHAQ, median (25th, 75th percentile) 0.6 (0.3, 1.0) 0.6 (0.3, 0.9) 0.01

Modified DAPSA, median (25th, 75th percentile) 28.2 (18.6, 39.9) 21.0 (14.4, 28.4) <0.001

ESR, mm/h, median (25th, 75th percentile) 22 (12, 40) 17 (8, 29) <0.001

CRP, mg/L, median (25th, 75th percentile) 11 (5, 28) 7.5 (4, 19) <0.001

CDAI, Clinical Disease Activity Index; CRP, C reactive protein in mg/L; DAPSA, Disease Activity Index for PsA; DAS28, 28 joint disease activity score; EGA, evaluator’s global assessment on
a 0–100 VAS scale; ESR, erythrocyte sedimentation rate in mm/h; MHAQ, Modified Health Assessment Questionnaire; PGA, patient’s global assessment on a 0–100 VAS scale; PsA,
psoriatic arthritis; RA, rheumatoid arthritis; SDAI, Simplified Disease Activity Index; ΔPEG, patient’s and evaluator’s global assessment difference; ΔTSJ, tender and swollen joint count
difference; VAS, visual analogue scale.
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Achievement of remission according to categorisation of
ΔTSJ and ΔPEG into quartiles
Bar charts of percentages of patients in remission at 6 months
according to categorisation of ΔTSJ into quartiles are displayed
in figure 1. This figure visualises how the likelihood of achieving
remission diminishes with an increasing difference between
number of tender and swollen joints. Corresponding bar charts
for ΔPEG are displayed in online supplementary figure S2. The
results are in principle similar, but less evident compared with
ΔTSJ.

DISCUSSION
In this prospective, multicentre study, ΔTSJ and ΔPEG were
found to be negative predictors of remission both in RA and
PsA. The findings were consistent across DAS28, SDAI, CDAI,
ACR/EULAR Boolean and DAPSA remission criteria as well as
in subgroup analyses of TNFi and methotrexate-treated patients,
although for the latter the findings were less consistent for
ΔPEG compared with ΔTSJ.

We found significantly higher baseline composite scores of
disease activity in RA compared with PsA, but significantly
higher baseline ΔTSJ and ΔPEG in PsA. Still, the predictive
value of ΔTSJ and ΔPEG was found to be similar in RA and
PsA. We think the similarity of the findings across the two dis-
eases supports that a treat-to-target strategy with a composite
disease activity index that includes tender joint count as well as
patient’s global assessment may perform as well in PsA as in RA.

This study underlines the influence of patient’s perspective on
disease evaluation. Tender joint count and patient’s global
assessment may both be influenced by pain.5 Level of pain is
found to be multifactorial and may be influenced by adverse life
events, psychosocial factors, sleep disturbances, dispositional
optimism and other personality traits.7 8

Discordance between subjectively and objectively influenced
measures of inflammation may reflect non-inflammatory factors
that impact pain, which in turn may lead to misinterpretation of
disease activity.5 According to Pollard et al,19 elevated ΔTSJ may
identify patients with fibromyalgic RA, for whom evaluation of
disease activity only with DAS28 may cause misclassification.
Wolfe et al,20 on the other hand, report polysymptomatic dis-
tress rather than fibromyalgia to explain discrepancies between
patient and physician measures of disease activity.

ΔTSJ and ΔPEG constitute important predictors of remission
and may be considered in the shared decision making on treat-
ment targets between the patient and healthcare provider in a

treat-to-target strategy, for example, taking into consideration
the predictive value of dichotomised ΔTSJ and ΔPEG (see online
supplementary table S3) as well as the associations between the
quartiles of ΔTSJ and ΔPEG and remission (figure 1, see online
supplementary figure S2). The realistic treatment goals using

Table 2 The predictive value of baseline ΔTSJ and ΔPEG for achievement of remission (logistic regression analyses)

Months DAS28<2.6 SDAI≤3.3 CDAI≤2.8 ACR/EULAR Boolean DAPSA<4ΔTSJ

RA
3 0.97 (0.95 to 0.99) p<0.001 0.96 (0.94 to 0.98) p<0.001 0.95 (0.93 to 0.97) p<0.001 0.96 (0.94 to 0.98) p<0.001 0.95 (0.93 to 0.98) p<0.001

6 0.97 (0.95 to 0.98) p<0.001 0.96 (0.94 to 0.98) p<0.001 0.96 (0.94 to 0.98) p<0.001 0.96 (0.94 to 0.98) p<0.001 0.95 (0.93 to 0.98) p<0.001

PsA
3 0.92 (0.89 to 0.96) p<0.001 0.91 (0.86 to 0.95) p<0.001 0.93 (0.89 to 0.97) p=0.001 0.93 (0.88 to 0.98) p=0.004 0.91 (0.86 to 0.95) p<0.001

6 0.94 (0.90 to 0.97) p=0.001 0.94 (0.90 to 0.98) p=0.003 0.93 (0.89 to 0.97) p=0.001 0.92 (0.88 to 0.97) p=0.002 0.93 (0.89 to 0.98) p=0.002

ΔPEG

RA
3 0.96 (0.94 to 0.99) p=0.009 0.99 (0.99 to 0.998) p=0.012 0.99 (0.99 to 0.997) p=0.004 0.99 (0.98 to 0.996) p=0.001 0.99 (0.98 to 0.99) p<0.001

6 0.99 (0.99 to 0.997) p=0.002 0.99 (0.98 to 0.99) p<0.001 0.99 (0.98 to 0.99) p<0.001 0.99 (0.98 to 0.995) p=0.001 0.99 (0.98 to 0.99) p<0.001

PsA
3 0.89 (0.84 to 0.94) p<0.001 0.98 (0.98 to 0.99) p<0.001 0.99 (0.98 to 0.995) p=0.001 0.99 (0.98 to 0.99) p=0.001 0.99 (0.98 to 0.995) p=0.002

6 1.00 (0.99 to 1.01) p=0.94 0.99 (0.98 to 0.995) p=0.001 0.99 (0.98 to 0.99) p<0.001 0.98 (0.97 to 0.99) p<0.001 0.99 (0.98 to 0.99) p=0.001

Data are displayed as OR (95% CI). Logistic regression analyses adjusted for age, sex, disease duration and smoking.
ACR, American College of Rheumatology; CDAI, Clinical Disease Activity Index; DAPSA, Disease Activity Index for PsA; DAS28, 28 joint disease activity score; EULAR, European League
Against Rheumatism; PsA, psoriatic arthritis (n=1236); RA, rheumatoid arthritis (n=2735); SDAI, Simplified Disease Activity Index; ΔPEG, baseline patient’s and evaluator’s global
assessment difference; ΔTSJ, baseline tender and swollen joint count difference.

Figure 1 Bar chart of percentages of patients in remission at
6 months according to categorisation of ΔTSJ (tender minus swollen
joint counts) into quartiles (A) rheumatoid arthritis, (B) psoriatic
arthritis. ACR, American College of Rheumatology; CDAI, Clinical
Disease Activity Index; DAPSA, Disease Activity Index for PsA; DAS28,
28 joint disease activity score; EULAR, European League Against
Rheumatism; SDAI, Simplified Disease Activity Index; ΔTSJ, baseline
tender and swollen joint count difference.
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DAS28, SDAI, CDAI and DAPSA scores for patients with positive
ΔTSJ and ΔPEG may be higher numeric levels than for other
patients, or alternative targets could be considered according to
recommendation number 5 (RA) and 6 (PsA) in the updated
treat-to-target recommendations.21 22

Studies are warranted to assess if alternative management
strategies other than DMARDs may improve remission rates for
patients with elevated ΔTSJ/ΔPEG and sustained disease activity,
for example, taking into account a possible chronification of
pain/insufficient pain management.

The main strength of this study is the prospective, multicentre
design and the inclusion of a large cohort of both patients with
RA and PsA. This is the first study to explore ΔTSJ and ΔPEG as
predictors of remission in inflammatory arthritides. One recent
study by Kristensen et al9 described swollen-to-tender joint
count ratio as predictive of ACR50 response to TNFi in RA. In
the real-life setting as in our study, some patients may have zero
swollen or tender joints making the use of joint count ratio
unfeasible. The same may be true for the global measures on
VAS. We therefore chose to use the numeric differences as pre-
dictor variables.

Limitations of the study include assessment bias through
examination by various physicians at various time points.
Furthermore, the assessment of 32 and not 66/68 joint count
may have led to overestimation of remission rates, particularly
in PsA. Finally, the modification of DAPSA including 32 instead
of the original 66/68 joint count is not validated for PsA and
DAPSA is primarily developed as remission criteria for PsA and
not RA. Still, the outcomes were similar for the different remis-
sion criteria explored.

In conclusion, discordance between patient’s and evaluator’s
assessment of disease activity reflected through ΔTSJ, and partly
through ΔPEG, may reduce likelihood of remission across the
RA and PsA diagnoses as well as across different treatment regi-
mens. The findings are relevant for the shared decision making
between the patient and the healthcare provider when deciding
on the treatment target within a treat-to-target strategy.
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CONCISE REPORT

Social media use among young rheumatologists
and basic scientists: results of an international
survey by the Emerging EULAR Network (EMEUNET)
Elena Nikiphorou,1 Paul Studenic,2,3 Christian Gytz Ammitzbøll,4 Mary Canavan,5

Meghna Jani,6 Caroline Ospelt,7 Francis Berenbaum,8 on behalf of EMEUNET

ABSTRACT
Objectives To explore perceptions, barriers and
patterns of social media (SM) use among rheumatology
fellows and basic scientists.
Methods An online survey was disseminated via
Twitter, Facebook and by email to members of the
Emerging European League Against Rheumatism
Network. Questions focused on general demographics,
frequency and types of SM use, reasons and barriers to
SM use.
Results Of 233 respondents (47 countries), 72% were
aged 30–39 years, 66% female. 83% were active users
of at least one SM platform and 71% were using SM
professionally. The majority used SM for communicating
with friends/colleagues (79%), news updates (76%),
entertainment (69%), clinical (50%) and research (48%)
updates. Facebook was the dominant platform used
(91%). SM was reported to be used for information
(81%); for expanding professional networks (76%); new
resources (59%); learning new skills (47%) and
establishing a professional online presence (46%). 30%
of non-SM users justified not using SM due to lack of
knowledge.
Conclusions There was a substantial use of SM by
rheumatologists and basic scientists for social and
professional reasons. The survey highlights a need for
providing learning resources and increasing awareness of
the use of SM. This could enhance communication,
participation and collaborative work, enabling its more
widespread use in a professional manner.

INTRODUCTION
The use of social media (SM) has rapidly expanded
over the past decade creating a new era of commu-
nication and social interaction.1 Previously, trad-
itional means of professional communication such
as telephone calls, fax and post have been replaced
by the emergence of quicker and more interactive
online methods of communication.2 Aside from
empowering participants to contribute content and
develop online communities,3 4 SM platforms can
be used to support clinically relevant discussions
and information-sharing eliminating geographical
barriers while bringing people closer together.5

Although having a form of online social presence
is regarded as commonplace in this digital era, it is
unknown how well this is considered within profes-
sional communities, including rheumatology. The
aim of this study was therefore to explore patterns
in the use of SM within rheumatology. Specific

objectives included gaining insights into why and
how various SM sites are/are not being used.

METHODS
A set of themes around the use of SM were identi-
fied by a group of Emerging European League
Against Rheumatism (EULAR) Network
(EMEUNET) fellows from different countries and
were used for developing the survey questions.
EMEUNET is part of EULAR, and is a European
network of young rheumatologists addressing edu-
cational needs and promoting research interests.6

By means of a Delphi-like decision process, the
final questions were identified and confirmed, and
subsequently embedded in the online survey soft-
ware (SurveyXact7). The survey is available upon
request.
The survey was advertised via Twitter, Facebook

and also by direct email to members on the
EMEUNET database in January 2015. Descriptive
statistics were used to analyse the results.

RESULTS
A total of 233 anonymised responses were col-
lected from 47 countries. The majority of respon-
dents completed the survey via email (90%), the
rest via Twitter (6%) and Facebook (4%). The
majority of respondents were female (66%) and
within the age group of 30–39 years (72%), the
main age group represented by EMEUNET.
Forty-eight per cent of SM users were practicing
rheumatologists in a combined clinical/academic
job setting, 30% were clinical rheumatologists and
the rest included academics and basic scientists (see
online supplementary file for details on average
time spent with SM according to country, gender
and job role).
Eighty-three per cent of all participants who

completed the survey actively used at least one SM
platform with a mean frequency of use of 6 hours
per week. Seventy-one per cent of SM users
reported doing so in a work-related manner. The
reasons reported for using SM were for communi-
cating with friends/colleagues (79%), receiving
news updates (76%), entertainment (69%),
rheumatology clinical (50%) and research (48%)
updates.
Figure 1 shows SM sites and the frequency of

use. Facebook was the dominant SM platform
(used by 91%), 68% of respondents using it for
professional reasons. Use of SM in a professional
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setting was reported in the following manner: as a source of
information (81%); expanding professional networks (76%);
new resources (59%); learning new skills (47%) and establishing
a professional online presence (46%). Figure 2 shows how
respondents reported using SM in a professional or other
manner. Users, who also used SM in a work-related manner,
had an overall increased use of SM (8 hours weekly), of which
5 hours were specifically for work-related reasons compared
with SM users who only used it in a non-work-related manner
(4.5 hours weekly, p=0.02).

The main obstacle for lack of SM use was ‘lack of knowledge
on how to do so’ (30%). From those using SM for general
reasons, they reported not using SM in a professional manner

for various reasons including lack of knowledge and also due to
SM being unsuitable for their personal needs (figure 3). Nine
per cent of participants were concerned the use of SM would
have a negative impact on their reputation. Sixty-eight per cent
felt that SM was a safe way of communicating, although of
those not using SM, 37% expressed concerns regarding its
safety, exposure of private life and being a time-consuming
process.

From the non-SM users only 11% stated that they were not
planning to use SM in the future, whereas 22% answered ‘yes’
to using SM in the future and 67% ‘perhaps’.

DISCUSSION
This study provides insights into the use of SM within the clini-
cal and academic rheumatology community. Widespread use of
SM by healthcare professionals and trainees to facilitate commu-
nication has previously been reported,8 including its use in post-
graduate education9 and within individual specialties.10

However, this has not been evaluated in the field of
rheumatology.

It was notable that 83% of those completing the survey were
active users of at least one SM platform with a mean weekly use
of 6 hours and with the majority of use being carried out in a
work-related manner. Comparing our results with those from a
survey undertaken among oncologists in Canada,10 overall, 11%
more rheumatologists reported using SM; whereas the use was
highest in oncologists aged 25–34 years, in our survey the use
was highest in a slightly older age group, that is, those aged 30–
39 years, although there is some overlap in the two groups. This
may be due to the fact that the survey was primarily dissemi-
nated via the EMEUNET community, which represents members
of the specific age group.

SM was predominantly used for news updates, which are
among the known uses of SM.11 In our survey, a small, but sig-
nificant proportion reported using SM for rheumatology clinical
and research updates. From a research perspective, SM has been
shown to assist in the recruitment of patients for qualitative
research and the collection of data supporting the content valid-
ity of patient-reported outcome measures.12

Facebook was the dominant platform used with the highest
proportion of people reporting daily use for both general and
work-related reasons. LinkedIn was reported as ‘often’ used SM
and could represent an effective platform for professional com-
munication and interaction. The survey revealed that using SM
as a source of information was popular, in addition to

Figure 2 Overview of different purposes for social media use in per
cent (multiple responses allowed).

Figure 3 Overview of reasons for not using social media in per cent
(multiple responses allowed).

Figure 1 The frequency of use (daily, weekly, monthly, infrequently or
never) of different social media platforms. (A) Use of social media for
any purpose in per cent. (B) Use of social media platforms for
professional reasons. Media, media sharing sites, for example,
YouTube, flickr.
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expanding professional networks. Using SM to establish a pro-
fessional online presence was also commonly reported. These
findings were similar to the survey results among oncologists
and oncology trainees, where it was highlighted that there was a
large educational gain from SM use, even when only used
passively.10

SM is increasingly providing new significant possibilities for
learning and development in a fast, novel and modern way. One
such example of this is a monthly rheumatology journal club
that takes place on Twitter (using the hashtag #RheumJC).13 14

The success of such initiatives in engaging people is demon-
strated by the nearly 7000 tweets sent by almost 1500 partici-
pants during the 4 days of the EULAR congress of 2015,
marked with the official conference hashtag #EULAR2015.15

This was equivalent to just over 70 tweets per hour.
Recent analysis of ARD SM metrics has highlighted the posi-

tive impact using these platforms can have on readership, reach
and indeed gauging the interests of the wider research commu-
nity. For example, at the time of the American College of
Rheumatology conference in November 2015, the most popular
ARD tweet highlighted a recent online ARD article, providing
insight into the interests of the wider rheumatology community.
Journals can subsequently use this information in article selec-
tion for publication, therefore, choosing articles with a wide
reach and interest that will encourage more citations.

Furthermore, in 2015 the potential SM impressions on ARD
platforms increased by 162% compared with the previous year.
This helps to increase followers (ARD reported an increase in
Twitter followers in 2015 by 60% compared with the preceding
year). It is clear that increasing followers and reach impact on
readership and content dissemination, and also potentially
promote the ARD brand and enhance the face of ARD. This is
evident, again when SM metrics were applied to ARD SM plat-
forms and the top retweeted tweet from the ARD platform was
identified. The content of this tweet announced the new impact
factor for ARD in 2015, which was the highest retweeted tweet
of the year. Directly comparing the SM statistics from 2014
with 2015, it is clear that interest in SM is growing as seen by a
large increase in activity (68% increase in Tweets, 233% increase
in favourites, 252% increase in retweets and a 60% increase in
followers).

Lack of knowledge on how to use SM was the most com-
monly reported reason for not using SM, highlighting the need
to better understand the value of SM and an opportunity to
educate potential users on how to positively use it to facilitate
learning and interprofessional relationships.9 In light of these
findings, EMEUNET launched a 10-day online training pro-
gramme to facilitate a better understanding and use of Twitter
for professional purposes. In the future, further resources may
be considered to extend such learning to a wider audience via
sessions at EULAR annual conferences and dedicated training
for academics and clinicians via courses, written materials or
online self-directed learning. A recent successful example is a
SM for healthcare certificate provided by the Mayo Clinic in
collaboration with Hootsuite, to provide the basics of SM for
healthcare professionals.16

Only a few people expressed concern regarding a possible
negative impact on their reputation when using SM, highlight-
ing that this may not be a major barrier to its use; still over a
third of respondents not using SM expressed concerns regarding
its safety. However, this is in contrast to almost two-thirds of
respondents who felt that SM is a safe way of communicating
with other people, emphasising how mixed and user-dependent
these perceptions are. While such concerns are valid, proper

education on the safe use of SM, setting adequate privacy set-
tings and relevant guidelines, such as those from the American
Medical Association on the ethical use of SM can help limit its
disadvantages.17 Other perceived pitfalls may be creating add-
itional traffic on SM pages, committing time/resources to man-
aging an SM presence, responding to feedback and producing
new content.

This survey provides insights into identifying and understand-
ing mechanisms behind current SM practice and perceptions.
Still it did not explore reasons for specific perceptions regarding
the use of SM or access to SM, as limitations of the study.
Similarly, the survey did not capture details in the use of specific
SM platforms such as YouTube, although this area was broadly
addressed when respondents were asked to indicate which
media sharing sites they used most frequently. Furthermore,
only 10% of the respondents were older than 40 years, which
limits the generalizability of the results across different age
groups. The true acceptance and use of SM across older age
groups may be lower and limits the external validity of our
results beyond our target age group.

At the same time when our study participants further develop
in their careers, we expect that the impact of SM will grow over
the next decade. The increasing use of SM among medical pro-
fessionals is likely to improve accessibility to new information,
hence enhance self-directed learning, networking opportunities,
communication between different forums and improved effi-
ciency/effectiveness of current healthcare systems. The ease and
accessibility in which large volumes of information can be
obtained via SM is likely to have implications for time manage-
ment in a professional setting. In addition to this, with the
emergence of compatible SM platforms on mobile phones and
tablets, the use of these programmes outside of working hours
is likely to be quick and convenient with a minimum time com-
mitment.18 Assessing patient-reported outcomes in some coun-
tries is already performed via online platforms and mobile
applications, which accelerate routine work process in rheuma-
tology clinics. In the future, given such trends in SM usage in
both the personal and work-life of medical professionals, trai-
nees and students over the last decade, SM is likely to have an
integral role in education and mutual communication.

In conclusion, the results of this survey highlight that SM is
used by both rheumatology professionals and basic scientists for
professional development, networking and education. Due to its
ease of access, wide variety of information and convenience (ie,
via mobile applications), SM provides a dynamic medium for
medical education, interactive and collaborative learning and the
potential for networking. However, creating and sharing infor-
mation on SM is user-dependent and the lack of knowledge on
how to use SM in a work-related manner is one of the key iden-
tified unmet needs in this survey highlighting a potential for
further development and training in this area.
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CONCISE REPORT

Rheumatoid arthritis phenotype at presentation
differs depending on the number of autoantibodies
present
V F A M Derksen,1 S Ajeganova,1,2 L A Trouw,1 A H M van der Helm-van Mil,1

I Hafström,2 T W J Huizinga,1 R E M Toes,1 B Svensson,3 D van der Woude1

ABSTRACT
Objectives In rheumatoid arthritis (RA), seropositive
and seronegative disease may be two entities with
different underlying pathophysiological mechanisms,
long-term outcomes and disease presentations. However,
the effect of the conjoint presence of multiple
autoantibodies, as proxy for a more pronounced humoral
autoimmune response, on clinical phenotype remains
unclear. Therefore, this study investigates the association
between the number of autoantibodies and initial clinical
presentation in two independent cohorts of patients with
early RA.
Methods Autoantibody status (rheumatoid factor,
anticitrullinated protein antibodies and anticarbamylated
protein antibodies) was determined at baseline in the
Leiden Early Arthritis Cohort (n=828) and the Swedish
BARFOT (Better Anti-Rheumatic Farmaco-Therapy,
n=802) study. The association between the number of
autoantibodies and baseline clinical characteristics was
investigated using univariable and multivariable ordinal
regression.
Results In both cohorts, the following independent
associations were found in multivariable analysis:
patients with a higher number of RA-associated
antibodies were younger, more often smokers, had a
longer symptom duration and a higher erythrocyte
sedimentation rate at presentation compared with
patients with few autoantibodies.
Conclusions The number of autoantibodies, reflecting
the breadth of the humoral autoimmune response, is
associated with the clinical presentation of RA.
Predisease pathophysiology is thus reflected by the initial
clinical phenotype.

INTRODUCTION
Approximately 60% of patients with early rheuma-
toid arthritis (RA) are positive for RA-associated
autoantibodies such as rheumatoid factor (RF),
anticitrullinated protein antibodies (ACPA) and
anticarbamylated protein antibodies (anti-CarP).
Anti-CarP is a novel autoantibody system in RA and
is associated with the development of RA in patients
with arthralgia and radiographic damage.1 2

Autoantibodies may develop years before disease
onset and are commonly seen as markers for under-
lying autoimmune pathophysiology. Thus, clinical
phenotype at presentation may be a reflection of
pathophysiological mechanisms taking place before
disease onset.

Seropositive and seronegative RA differs in terms
of risk factors and disease course. Seropositivity,
especially ACPA positivity, is associated with risk
factors such as smoking and human leucocyte
antigen (HLA) shared epitope (SE) alleles.3

Seropositive patients also have a worse disease
outcome with more radiological damage over
time.4 In contrast, seronegative patients have
recently been described to have more joint inflam-
mation at initial presentation.5 Even though novel
autoantibodies may be discovered in the future,
seropositive and seronegative RA as defined at the
moment is likely to differ in underlying pathophysi-
ology and phenotype.5 6

However, within the seropositive subset, a
varying number of autoantibodies can be found,
with the presence of several autoantibodies indicat-
ing a break of tolerance to more autoantigens. Yet,
the specific clinical implications of a broader
humoral autoimmune response remain unclear,
although this could be very important since broad-
ening of the autoantibody response could be amen-
able to therapeutic intervention. Therefore, this
study investigates the association between the
number of autoantibodies, as proxy for a broader
humoral autoimmune response, and initial clinical
presentation in patients with RA.

PATIENTS AND METHODS
Patients
Two independent early RA cohorts from the
Netherlands and Sweden were analysed: the Leiden
Early Arthritis Clinic (EAC) and the Better Anti-
Rheumatic Pharmacotherapy (BARFOT) project
(details described elsewhere).7 8 All patients had a
short symptom duration (<24 months EAC and
<12 months BARFOT), were disease-modifying anti-
rheumatic drug (DMARD)-naive and had known
status for all three autoantibodies (RF, ACPA and
anti-CarP). All patients fulfilled the 1987 ACR cri-
teria for RA (in EAC within 1 year of follow-up and
in BARFOT at inclusion). Informed consent was
obtained and the studies were approved by the local
medical ethics committees. At baseline, information
about demographics, smoking, family history and
disease characteristics was recorded. The location of
initial symptoms was documented only in EAC.

Autoantibody measurements
All antibody measurements were performed in base-
line sera. IgM-RF was measured by commercial
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ELISA in EAC and agglutination test (SERODIA-RA) in BARFOT.
In both cohorts, ACPAwere determined by anti-second-generation
cyclic citrullinated peptide (CCP2) ELISA (Euro-Diagnostica) with
manufacturer’s cut-offs. Antibodies against carbamylated fetal calf
serum were measured using in-house ELISAs in Leiden for both
cohorts as described previously.2 The cut-off was set at the mean
plus two times the SD of the specific anti-CarP antibody reactivity
of healthy controls matched for country of origin (the
Netherlands and Sweden). The presence of ACPA isotypes, ACPA
fine specificities and SE alleles was determined in EAC for a
subset of patients as described previously.9 10

Statistical analysis
Multiple imputations were used in both cohorts to deal with
random missing data. Markov chain Monte Carlo imputations
(m=20) using linear and logistic regression for continuous and
categorical variables, respectively, were done in SPSS V.23.
Ordinal regression was performed to compare baseline
characteristics between patients harbouring 0–3 autoantibodies,
and results of each imputed data set were pooled to yield ORs
and 95% CI, which signify the increase in association with
every additional autoantibody. The Holm-Bonferroni method
was applied to correct for multiple testing.11 Variables with a
univariable p value <0.10 were included in a multivariable
model, excluding highly correlated variables. Associations
between SE positivity and baseline characteristics were analysed
using Mann-Whitney U tests or χ2 tests.

RESULTS
In both cohorts, the distribution of the number of autoanti-
bodies was similar. The majority of patients was either seronega-
tive (31% EAC and 33% BARFOT) or triple positive for RF,
anti-CCP2 and anti-CarP (35% EAC and 29% BARFOT).
Baseline characteristics differed between the two cohorts at
several points (see online supplementary table S1), reflecting dif-
ferences in inclusion criteria and referral systems.

Several phenotypic characteristics were significantly associated
with the number of autoantibodies in both EAC and BARFOT.
In univariable and multivariable analyses, the following inde-
pendent associations were found in both cohorts (tables 1 and
2): patients with additional RA-associated antibodies were
younger, more often smokers, had longer symptom duration
and higher erythrocyte sedimentation rate (ESR) at presentation
(figure 1). Furthermore, some associations were found in one
cohort but could not be replicated, like body mass index (BMI),
swollen joint count (SJC)28 and tender joint count (TJC)28.

To investigate whether underlying genetic risk factors could
partly explain our findings, we analysed the association between
SE alleles (presence vs absence) and initial clinical presentation
in EAC. SE-positive patients indeed had a significant longer
symptom duration and a trend towards being younger, more
often smokers and having a higher ESR, but associations were
less strong than with the number of autoantibodies.

Thereafter, it was investigated whether the increasing preva-
lence of one autoantibody in particular among patients with an
increasing number of autoantibodies might be responsible for
the observed observations. Stratifications for all three autoanti-
bodies were performed, comparing single-positive patients with
patients harbouring one or two additional autoantibodies (data
for anti-CCP2 shown in online supplementary tables S2 and
S3). This resulted in small groups with limited power, but for
most variables there was still a trend visible for increasing
numbers of autoantibodies. Overall, the effect of the higher

number of autoantibodies seemed stronger than the effect of
individual autoantibodies.

Besides the number of autoantibodies, other features of a
broad autoantibody response are increased levels, ACPA fine
specificity and isotype usage. In EAC, there was an association
between clinical phenotype and these features (see online
supplementary tables S4–S11), although not as significant and
consistent as with the number of autoantibodies. This could be
due to inclusion of only ACPA-positive individuals in these
subanalyses.

DISCUSSION
This study describes for the first time the association between
initial clinical presentation and the number of autoantibodies.
We found that younger age, smoking, longer symptom duration
and higher ESR were independently associated with having add-
itional autoantibodies. We replicated these results in a second
independent cohort.

Patients with a higher number of autoantibodies also have
higher autoantibody levels, more fine specificities and broadened
isotype usage. These features also appeared to be associated
with clinical phenotype. Since all reflect the breadth of under-
lying autoimmune pathophysiology, this suggests an association
between initial clinical presentation and the extent of humoral
autoimmunity.

The underlying genetic predisposition associated with auto-
antibody positivity could possibly explain part of the observa-
tions, for example, why patients with multiple autoantibodies
develop RA at a younger age.12 This idea is supported by the
association between clinical presentation and HLA SE alleles,
representing part of the genetic predisposition. The association
between the presence of additional autoantibodies and longer
symptom duration is in line with a previous publication.13 It
was recently reported that seronegative individuals have higher
joint counts at presentation.5 We found in addition that increas-
ing numbers of autoantibodies are associated with lower tender
joint counts (and swollen joint counts in EAC). This may pos-
sibly reflect the higher number of joints required for seronega-
tive individuals to fulfil classification criteria as well as intrinsic
pathophysiologic differences. Overall, the findings suggest that
the genetic predisposition underlying autoantibody-positive RA
may result in an early, smouldering disease onset, which is diffi-
cult to recognise promptly by patients and their general
practitioners.

Our study has several limitations. Some variables had a large
amount of missing data. However, since these data were gener-
ally missing at random and multiple imputations yielded very
similar results, it seems unlikely that missing data biased our
conclusions. Although this study focuses on the simultaneous
presence of autoantibodies, stratifications for the different auto-
antibodies were performed to determine whether the observed
effects are due to the presence of a single autoantibody. This
analysis lacks power to draw solid conclusions, but there were
still trends visible. Although we cannot exclude certain effects of
specific autoantibodies, overall the effect of a higher number of
autoantibodies seemed stronger than the effect of individual
autoantibodies. Another limitation is the dissimilarity in baseline
characteristics between both cohorts, which might be due to dif-
ference in inclusion criteria or referral systems between the
Netherlands and Sweden.7 8

Nevertheless, the use of two large, independent cohorts
enabled us to distinguish between patients with 1 versus 2
versus 3 autoantibodies and thereby discover new dose-
dependent associations consistent across different populations.
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To further enhance our understanding of the link between
humoral autoimmunity and clinical phenotype, more studies are
warranted investigating disease evolution, possibly by studying
immunological processes in patients with arthralgia progressing
towards RA. Our study also has implications for the early

recognition and treatment of RA. The fact that patients with
additional autoantibodies had a longer symptom duration, while
they are particularly predisposed to a more severe disease
course, might indicate the need for better targeted early recog-
nition strategies to reach these patients.

In conclusion, the number of autoantibodies present is asso-
ciated with clinical phenotype at presentation, indicating that
the breadth of the humoral autoimmune response affects the
initial clinical presentation of RA.
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Contrasting expression pattern of RNA-sensing
receptors TLR7, RIG-I and MDA5 in interferon-
positive and interferon-negative patients with
primary Sjögren’s syndrome
Naomi I Maria,1 Eline C Steenwijk,1 Arne S IJpma,2

Cornelia G van Helden-Meeuwsen,1 Petra Vogelsang,3,4 Wouter Beumer,1

Zana Brkic,1,5 Paul L A van Daele,1,5 P Martin van Hagen,1,5 Peter J van der Spek,2

Hemmo A Drexhage,1 Marjan A Versnel1

ABSTRACT
Objective The interferon (IFN) type I signature is
present in over half of patients with primary Sjögren’s
syndrome (pSS) and associated with higher disease-
activity and autoantibody presence. Plasmacytoid
dendritic cells (pDCs) are considered as the main source
of enhanced IFN type I expression. The objective of this
study was to unravel the molecular pathways underlying
IFN type I bioactivity in pDCs of patients with pSS.
Methods Blood samples from 42 healthy controls (HC)
and 115 patients with pSS were stratified according to
their IFN type I signature. CD123+BDCA4+ pDCs and
CD14+ monocytes were isolated from peripheral blood
mononuclear cells (PBMCs). Genome-wide microarray
analysis was conducted on sorted pDCs in a small
sample set, followed by validation of differentially
expressed genes of interest in pDCs and monocytes.
Results We found an upregulation of endosomal toll-
like receptor (TLR) 7, but not TLR9, in IFN-positive
(IFNpos) pDCs (p<0.05) and monocytes (p=0.024).
Additionally, the downstream signalling molecules
MyD88, RSAD2 and IRF7 were upregulated, as were the
cytoplasmic RNA-sensing receptors DDX58/retinoic acid
inducible gene-I (RIG-I) and IFIH1/melanoma
differentiation associated gene-5 (MDA5). In vitro
triggering of the TLR7-pathway in HC PBMCs induced
upregulation of DDX58/RIG-I and IFIH1/MDA5, and
downregulated TLR9. The upregulation of TLR7, its
downstream signalling pathway, DDX58/RIG-I and IFIH1/
MDA5 were confined to patients with IFN-positive pSS.
IFN-negative patients had a contrasting expression
pattern—TLR7 normal, and decreased TLR9, RIG-I and
MDA5.
Conclusions Here we conclude a contrasting
expression pattern of the RNA-sensing receptors TLR7,
RIG-I and MDA5 in pDCs and monocytes of patients
with IFNpos pSS. This profile could explain the
pathogenic IFN production and might reveal novel
therapeutic targets in these patients.

INTRODUCTION
A pivotal role for interferons (IFNs) has been
described in systemic autoimmune diseases, such as
primary Sjögren’s syndrome (pSS) and systemic lupus
erythematosus (SLE). The IFN type I signature,

assessed by measuring a set of IFN type I inducible
genes (IFIGs), is present in over half of the patients
with pSS and is associated with higher disease activity
and higher presence of autoantibodies against RNA-
associated antigens, anti- Sjögren’s syndrome-asso-
ciated autoantigen A (SSA) (Ro52/Ro60) and anti-
Sjögren’s syndrome-associated autoantigen B (SSB).1 2

To date, however, it is not clear what causes this
marked overactivation of IFNs.2 3

Plasmacytoid dendritic cells (pDCs) produce IFN
type I during antiviral immunity4–9 and in response
to self-derived nucleic acids originating from
damaged tissues, hereby considered the most likely
source of IFN type I overexpression in systemic
autoimmunity.10–12 In response to RNA- and
DNA-containing immune complexes (ICs), endoso-
mal toll-like receptors (TLRs) TLR7 and TLR9
induce IFN production by pDCs respectively.13

These TLRs are pattern recognition receptors
(PRR) essential for host-cell defence.14 15 Loss of
tight TLR-regulation, however, can result in
chronic inflammation and autoimmunity.15

A second family of RNA-sensing receptors, the
cytoplasmic retinoic acid inducible gene-I (RIG-I)
like receptors (RLRs), were recently suggested to
play a role in IFN-positive (IFNpos) autoimmune
diseases. RLRs comprise RIG-I/DDX58, melanoma
differentiation associated gene-5 (MDA5/IFIH1)
and ‘laboratory of genetics and physiology’ (LGP2/
DHX58). Identification of a gain-of-function muta-
tion in IFIH1/MDA5, associated with increased
IFN expression, has attributed to the exploration of
relevance for these RLRs in autoimmunity.16 17

TLRs and RLRs both elicit proinflammatory as well
as IFN responses upon activation. In contrast to
monocytes, pDCs express only marginal levels of
RLRs in steady state,18 however, expression of
these receptors can rapidly be induced by TLR7
and TLR9 stimulation.19 In fact, pDCs are sensi-
tised to recognise specific RLR-agonists only after
prior endosomal TLR-stimulation (in an IFN type
I-independent manner), indicating a close collabor-
ation between TLRs and RLRs.14 20

A third RNA-sensing PRR with regard to stimu-
lation by self-nucleic acids is the cytoplasmic sensor
protein kinase R (PKR), also known as eukaryotic
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translation initiation factor 2-α kinase 2 (EIF2AK2). PKR is acti-
vated by auto-phosphorylation after binding double stranded
(ds) RNA, and is a critical mediator of IFN-driven anti-
proliferative and antiviral effects.21

pDCs have been suggested to play a distinct role in pSS patho-
genesis.12 Infiltrates of pDCs are found in the salivary glands of
patients with pSS, concurrent with increased IFN type I expres-
sion.22 23 To date, the activation status of circulating pDCs in
relation to systemic IFN type I activation in pSS has not been
thoroughly assessed. Therefore, the objective of this study was to
unravel the IFN type I-inducing pathways in peripheral blood
pDCs of patients with pSS using genome wide expression ana-
lysis. Herein we found a contrasting expression pattern of
RNA-sensing receptors and TLR9 (senses DNA) in patients with
IFNpos pSS—TLR7↑, TLR9↓, RIG-I↑ and MDA5↑, a profile
possibly explaining the pathogenic IFN production in these
patients. In IFN-negative (IFNneg) patients, we found TLR7
normal, TLR9↓, RIG-I↓ and MDA5↓ and propose this largely
reduced expression to explain in part the IFN negativity in these
patients with pSS. Overall, our findings might reveal novel, but
distinct therapeutic targets in subgroups of patients with pSS.

MATERIALS AND METHODS
Patients and controls
Patients positively diagnosed with pSS according to the 2002
American-European criteria24 were recruited during routine
visits in the outpatient clinic of the Erasmus MC Rotterdam,
The Netherlands. Patients treated with high doses of prednisone

(>10 mg daily), immunosuppressants, or biologicals were
excluded. Disease activity was assessed using European League
Against Rheumatism Sjögren’s Syndrome Disease Activity
Index.25 Salivary gland (SG) biopsies from positively diagnosed
patients with pSS and non-Sjögren’s syndrome sicca (nSS-sicca)
controls were obtained from an independent cohort at
Haukeland University Hospital, Bergen Norway. Healthy con-
trols (HCs) neither suffering from autoimmune diseases nor
using corticosteroids were included. Study subjects (table 1)
were screened to be free of symptoms of underlying viral infec-
tions at inclusion. The Medical Ethical Review Board of the
Erasmus MC Rotterdam approved the study and written
informed consent was obtained.

Blood collection, cell isolation and serum analysis
Blood was collected in clotting tubes for serum preparation, in
PAXgene RNA tubes (PreAnalytiX) for whole blood RNA ana-
lysis (stored at −80°C), and in sodium-heparin tubes (Greiner
Bio-One, Germany) to isolate peripheral blood mononuclear
cells (PBMCs) by low-density gradient centrifugation within
1–4 hours after collection (stored in liquid Nitrogen). C3 and
C4 complement, IgG, IgM and IgA and anti-SSA/B autoanti-
body levels were measured as described previously.2

Real-time quantitative PCR
Total RNA was isolated from CD14+ sorted cells using
RNAeasy columns (Qiagen, Hilden, Germany), subsequently
reverse-transcribed to cDNA, and real-time quantitative PCR

Table 1 Patient and control characteristics

HC (n=42)

pSS

IFNneg (n=56) IFNpos (n=59)

Cohort demographics One-way ANOVA*

Female (%) 37/42 (88.1) 52/56 (93.1) 53/59 (90.0) –

Mean age (years) 52.5±9.67 59.6±9.2 55.3±13.2 p=0.0068

Patient characteristics IFNneg vs IFNpos#

Disease duration (years) – 11.0±8.4 11.3±7.8 n.s.

ESSDAI – 2.7±3.3 5.63±6.9 p=0.019

Laboratory parameters

Anti-SSA – 34/56 (61) 58/59 (98) p<0.0001

Anti-Ro52 – 28/54 (52) 52/57 (91) p<0.0001

Anti-Ro60 – 23/54 (43) 55/57 (96) p<0.0001

Anti-SSB – 18/56 (32) 46/59 (78) p<0.0001

IgG (g/L) – 10.9 (4.6) 15.2 (4.0) p<0.0001

IgA (g/L) – 2.1 (1.5) 3.1 (2.1) p<0.0001

IgM (g/L) – 1.1 (0.7) 1.4 (1.0) n.s.

C3 (g/L) – 1.19 (0.44) 1.07 (0.30) n.s.

C4 (g/L) – 0.20 (0.09) 0.19 (0.1) n.s.

Rf (IE/mL) – 0.0 (25.0) 25.0 (100.0) p=0.007

CRP (mg/L) – 1.5 (3.8) 1.5 (6.8) n.s.

Medication status (%)

Pilocarpine – 22/56 (39) 23/59 (39) n.s.

Hydroxychloroquine – 21/56 (38) 37/59 (63) p<0.01

Fluconazol – 6/56 (11) 9/59 (15) n.s.

Corticosteroids – 9/56 (16) 7/59 (12) n.s.

Data are presented as mean±SD, median (IQR) or as number (%) according to data distribution.
Groups were compared with *one-way ANOVA (three groups) or #Mann-Whitney U test (two groups).
ANOVA, analysis of variance, C, complement factor; CRP, C-reactive protein; ESSDAI, European League Against Rheumatism Sjögren’s Syndrome Disease Activity Index; HC, healthy
controls; IFN, interferon; IFNneg, IFN type I signature negative; IFNpos, IFN type I signature positive; pSS, primary Sjögren’s syndrome; Rf, rheumatoid factor.
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(RTqPCR) analysis on a 7900HT Fast Real-Time PCR System,
all according to manufacturer’s protocol (Applied Biosystems,
Foster City, California, USA), and relative mRNA expression
was calculated as described previously.2 3

Monocyte IFN type I signature
The monocyte IFN type I signature was defined by the relative
expression of 5 IFIGs—IFI44L, IFI44, IFIT3, LY6E and MxA,
as previously described.2 3 Patients with pSS were stratified
according to IFN score into patients positive for the IFN type I
signature (IFNpos; IFN score ≥10) and patients negative for the
signature (IFNneg; IFN score <10).2 3

Microarray genome-wide expression profiling of
CD123+BDCA4+pDCs
Genome-wide transcriptome data were collected from sorted
CD123+BDCA4+ pDC of three IFNpos pSS, three IFNneg pSS
and four HC. The detailed isolation, amplification and gene
expression analysis protocol is described in the online supple-
mental material. Accession number of repository for expression
microarray data: GSE83558.

For validation, sorted CD123+BDCA4+ pDCs were stored in
Ambion RNAlater solution. Total RNA was isolated with the
Ambion RNAqueous-Mirco Kit, subsequently reverse-
transcribed to cDNA using the SuperScript VILO cDNA
Synthesis Kit (Invitrogen), cDNA was subjected to preamplifica-
tion (14 cycles) using the TaqMan PreAMp master mix kit and
amplified using predesigned primer/probe sets (Applied
Biosystems) followed by RTqPCR analysis (Applied Biosystems),
all according to manufacturer’s protocol.

Immunohistochemistry
pSS SG biopsies (n=10) and nSS-sicca controls (n=5) were ana-
lysed for protein expression (see online supplemental files for
detailed protocol) by immunohistochemistry using the following
antibodies: rabbit anti-MDA-5 (Thermo Fisher Scientific,
Rockford, USA), mouse anti-CD4 clone 4B12 (Dako), mouse
anti-RIG-I clone 2M6F10 (Thermo Fisher Scientific),
rabbit anti-TLR7 clone EPR2088(2) (Abcam, Cambridge, UK),
sheep anti-BDCA-4 (R&D systems, Abingdon, UK), mouse
anti-CD19 clone LE-DC19 (Dako) and rabbit anti-MxA
(Proteintech, Manchester, UK).

In vitro stimulation bioassays
HC PBMCs were seeded at a concentration of 2×10E6/250 mL,
and starved during 1 hour at 37° (RPMI- with 0.5% fetal calf
serum (FCS), 0.05% P/S). Cells were subsequently stimulated
for 5 hours with 1.0 mg/mL Imiquimod (R837, IQ; InvivoGen),
in the presence or absence of the specific TLR7 inhibitor
(IRS661, TIB MOLBIOL, Berlin, Germany) at increasing con-
centrations (0.1, 0.25, 0.5 and 1 nM).

Statistical analysis
Non-parametric Mann-Whitney U test was used to compare
medians and an independent t-test to compare means (for nor-
mally distributed data). For correlation studies the Spearman’s
rho (rs) or Pearson correlation coefficient (rp) were calculated.
Multiple group comparisons were analysed using the
Kruskal-Wallis or one-way analysis of variance (ANOVA) test.
Values of p<0.05* were considered statistically significant.
Statistical analysis was performed using IMB SPSS V.20.0 (SPSS,
Chicago, Illinois, USA). Graphs were designed with Graphpad
Prism 5.0 (Graphpad Software, La Jolla, California, USA).

RESULTS
Comparative analysis of gene expression profiles in
CD123+BDCA4+ pDCs of IFNpos and IFNneg pSS
To characterise pDCs in patients with IFNneg (n=3) and
IFNpos pSS (n=3), a microarray analysis was conducted on
FACS-sorted BDCA4+CD123+ pDCs without ex vivo stimula-
tion and compared with HCs (n=4).26–28 After quality control
analysis two HC, two IFNneg and three IFNpos pSS samples
remained for further analysis. pDCs were analysed for differ-
ences in expression profiles between all three groups—IFNpos
versus HC, IFNneg versus HC and IFNpos versus IFNneg—
using class-comparisons (see online supplementary figure S1 and
tables S1–S3). When comparing IFNpos to HCs, 1234 differen-
tially expressed genes (DEGs) were identified using multivariate
ANOVA testing, with 865 DEGs significant at p value ≤0.05
and FC≥2.00. The majority of DEGs (642; 74.2%) were upre-
gulated in the IFNpos pDCs compared with HCs. Online sup-
plementary figure S1 shows a Venn-diagram of all significant
DEGs between groups and hierarchically clustered heatmaps.
Ingenuity pathway analysis (IPA) in the context of gene ontology
and gene regulatory network analysis enabled us to identify
molecular and cellular pathways of interest (figure 1). We
focused on the endogenous PRR pathways (TLRs, RLRs and
PKR) involved in RNA sensing.

pDCs of IFNpos patients with pSS overexpress the
TLR7-signalling pathway and downregulate TLR9
IPA analysis of the TLR-signalling pathway revealed a significant
upregulation of TLR7 (↑3.53-fold up; p=0.015) in pDCs of
IFNpos pSS compared with HC pDCs (figure 2A). In contrast,
TLR9 was two-fold downregulated in pDCs of IFNpos patients
compared with HCs, however this difference did not reach statis-
tical significance in the microarray comparison (↓2.12-fold down;
p=0.28). A significant upregulation of several TLR7 downstream
signalling molecules including MyD88 (encoding myeloid differ-
entiation primary response protein 88 gene) (↑2.4; p=0.03) was
also observed. The endogenous PRR receptor PKR was signifi-
cantly upregulated in IFNpos pSS (↑5.4; p=0.013). Additionally,
PKR (EIF2AK2) was one of the top predicted upstream regulators
(p=4.44E−05, Z-score=2.89; data not shown) in IFNpos pDCs.
For validation, top-ranking (lowest p value, largest fold up/

down) and additional DEGs of interest were assessed by
RT-qPCR in a cohort of HC (n=6–8), IFNpos (n=9) and
IFNneg (n=7) patients. Confirming our microarray results,
TLR7 (p=0.02), MyD88 (p=0.03) and PKR (p=0.002) were
up regulated in pDCs of IFNpos pSS compared with HCs,
whereas TLR9 was downregulated in both IFNpos and IFNneg
patients, reaching significance in IFNneg pSS compared with
HC pDCs (p=0.02) (figure 2B).

Figure 2C, D show additional validated DEGs of interest,
such as RSAD2/Viperin (encoding Radical S-Adenosyl methio-
nine Domain Containing 2). Viperin was significantly upregu-
lated in IFNpos pDCs (p<0.01). Viperin is an IFIG that was
recently shown to promote TLR7/9-dependent IFN type I pro-
duction in pDCs.29 30 Additionally, genes of the previously
described monocyte IFN type I signature such as MxA
(p<0.001)2 3 and other IFIGs such as STAT1 (encoding signal
transducer and activator of transcription 1) (p<0.001) were
upregulated in IFNpos pDCs. When subjecting the validated
DEGs to a hierarchical pathways analysis, STAT1 was observed
to connect all DEGs (see online supplementary figure S2).
STAT1 is a crucial transcription factor in downstream IFN
signalling.31 32
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Expression patterns for TLR7, TLR9 and the TLR7-signalling
pathway in monocytes are similar to pDCs of patients with
pSS
To assess the extent of the imbalanced expression of TLR7 and
TLR9 in other immune cells that take up antigens in pSS we
measured mRNA expression levels of these TLRs and key down-
stream genes MyD88 and IRF7 in CD14+ monocytes in a large
set of HC (n=41), IFNneg (n=50) and IFNpos (n=50) patients
(figure 3A). Additionally, RSAD2 expression was assessed as it is
involved in translocation of IRF7 to the nucleus in pDCs.29

TLR7 was significantly upregulated in IFNpos CD14+ mono-
cytes compared with HCs and IFNneg pSS, whereas TLR9 was
significantly downregulated in monocytes of IFNpos pSS com-
pared with HCs (figure 3). In IFNneg pSS TLR7 expression was
equal to HCs, whereas TLR9 expression was significantly
reduced compared with HCs.

The genes involved in the TLR7-signalling pathway, MyD88,
RSAD2 and IRF7 were all significantly upregulated in CD14+

monocytes of IFNpos pSS as compared with IFNneg pSS and
HCs (figure 3A). In IFNneg pSS only MyD88 expression was
significantly higher. Figure 3C and online supplementary figure
S3) shows a schematic overview of the activation pattern of the
TLR7-pathway in pSS.

We previously observed reduced MxA levels in hydroxychloro-
quine (HCQ)-treated patients with pSS.3 To date, HCQ is thought
to block TLR7/9-activation, however, the exact mechanism of
action and effects remain controversial. We therefore assessed the
impact of HCQ treatment on TLR7 and its signalling pathway.
There was no significant difference in TLR7 (figure 3D), TLR9

and downstream signalling molecules MyD88 and IRF7 (data not
shown), however, DDX58 (p=0.0038) and IFIH1 (p=0.0032)
expression were significantly decreased in patients with pSS receiv-
ing HCQ treatment. Interestingly when assessing IFNpos and
IFNneg patients separately, IFIH1 (p=0.009) mRNA expression
levels were significantly decreased in patients with IFNpos pSS
receiving HCQ treatment, with a similar trend seen for DDX58
expression (p=0.066) (see figure 3D).

RNA-sensing PRRs are upregulated in IFNpos pSS
To further identify important genes in the TLR7-pathway in pDCs
we performed an IPA comparison analysis between the Birmachu
data set of TLR7-stimulated versus unstimulated HC pDCs33 and
our pDC genome-wide expression data specifically of IFNpos pSS
versus HC pDCs. This resulted among others in the identification of
IFIH1/MDA5 and DDX60 as top overlapping genes between
TLR7-triggered HC pDCs and unstimulated IFNpos pSS pDCs (see
online supplementary tables S4 and S5). DDX60 is a recently identi-
fied helicase, found to promote RLR-mediated signalling during
viral infections.34 We validated IFIH1/MDA5 and DDX60 mRNA
overexpression in IFNpos pDCs (figure 2D), and further assessed
expression levels of the RLRs IFIH1/MDA5, DDX58/RIG-I,
DHX58 and DDX60 in CD14+ monocytes (figure 3B). The
RLR-family members were all significantly upregulated in IFNpos
monocytes. Interestingly, IFIH1/MDA5 and DDX58/RIG-I were sig-
nificantly downregulated in IFNneg pSS monocytes compared with
HCs. Furthermore, the RLR-downstream signalling molecule TBK1
(TANK-binding kinase 1) was upregulated in monocytes of IFNpos
compared with IFNneg pSS (see online supplementary figure S4).

Figure 1 Toll-like receptor (TLR) 7-induced pathway in plasmacytoid dendritic cells (pDCs) of IFN-positive (IFNpos) patients with primary Sjögren’s
syndrome (pSS). A schematic representation of the TLR7-induced network and downstream IFN type I inducible genes is shown for the Ingenuity
pathway analysis (IPA) comparison between IFNpos pSS pDCs and healthy control pDCs. Genes depicted in various shades of pink-to-red are
significantly upregulated, depending on degree of upregulation and the (according to IPA), predicted upregulated (orange) and downregulated (blue)
genes. Genes in grey did not reach significance according to subjected cut-off (p value<0.05; −2≤FC≥2.00). Interactions in this network are based
on IPA-predicted relationships between the depicted genes. Dotted lines represent indirect interactions. IFN, interferon.
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Additionally, the cytoplasmic sensor PKR was upregulated in
pDCs (figure 2B) and monocytes (figure 3B) of IFNpos patients
with pSS compared with IFNneg pSS and HCs. In IFNneg pSS
and HCs, both cell types expressed PKR at similar levels.

Protein expression of TLR7, MDA5 and phosphorylated IRF7
in monocytes of patients with pSS
To assess protein expression of TLR7 and MDA5 in IFNpos
patients with pSS FACS-sorted CD14+ monocytes were
co-stained for TLR7 or MDA5 and phosphorylated (p)IRF7.
Confocal microscopy revealed TLR7 (green) and pIRF7 (red)
co-expression in IFNpos pSS. HCs and IFNneg monocytes were
mostly negative (see online supplementary figure S5; Upper
panel). MDA5 (green) was expressed in HCs and IFNneg pSS at
comparable levels, whereas its expression was more prominent
in IFNpos pSS. Furthermore, clear nuclear staining of pIRF7
was observed (red dots) in MDA5+ IFNpos pSS monocytes (see
online supplementary figure S5; lower panel).

Protein expression of TLR7, RIG-I and MDA5 in pSS salivary
glands
As we observed marked overexpression of TLR7, MDA5 and
RIG-I in circulating monocytes and pDC in IFNpos pSS, we
assessed the expression of these receptors in pSS SG biopsies
(n=10) and nSS-sicca controls (n=5). Figure 4 shows a

representative staining for pSS SGs. The staining pattern for
PRRs was most prominent in patients with pSS with high focus
score. TLR7 was present within the lymphocytic foci, however
expressed by fewer cells, whereas RIG-I and MDA5 were
strongly expressed by cells within the foci. MxA (a biomarker of
IFN bioactivity) showed strong expression within foci and a
diffuse staining of ductal and acinar gland cells.

The RIG-I like family of receptors are induced by
TLR7-mediated signalling
To verify the positive interaction between the TLR7 pathway
and the RLRs suggested by our genome-wide expression ana-
lyses, PBMCs of HCs were stimulated in vitro with the TLR7
agonist IQ in the presence or absence of the specific TLR7
antagonist IRS661. TLR7 (figure 5) and its downstream signal-
ling pathway (IRF7, RSAD2 and MxA; data not shown) were
significantly upregulated by IQ, whereas TLR9 was significantly
downregulated (figure 5). The RLRs IFIH1/MDA5, DDX58/
RIG-I, DHX58 and DDX60, which were expressed at relatively
low levels at baseline, were also induced by TLR7-triggering
(figure 5). Additionally PKR showed a similar expression
pattern. TLR7-induced gene expression was inhibited dose-
dependently by IRS661 whereas in contrast, TLR9 expression
was upregulated by TLR7-antagonism (figure 5).

Figure 2 Toll-like receptor (TLR) 7—but not TLR9—is significantly upregulated in circulating BDCA4+CD123+ plasmacytoid dendritic cells (DCs) of
interferon (IFN) type I signature positive patients with primary Sjögren’s syndrome (pSS). (A) Ingenuity pathway analysis (IPA) network of the
TLR7-induced IFN pathway in IFNpos plasmacytoid DCs (pDCs) compared with healthy control (HC). The TLR signalling pathway shows sole
upregulation of TLR7 (↑3.53-fold up; p=0.015) in IFNpos pDCs, compared with HC (and to IFNneg pSS (↑3.23-fold up; p=0.019); data not shown).
Furthermore the key adaptor protein for downstream signal transduction, MyD88, was also significantly upregulated (↑2.4-fold up; p=0.03), confined
to IFNpos pDCs. Plotted graphs show the differentially expressed genes (DEGs) of interest, validated by real time quantitative--PCR in a validation
cohort of HC (n=6–8), IFNneg (n=7) and IFNpos (n=9) pSS, in sorted BDCA4+CD123+ pDCs to confirm mRNA upregulation of (B) TLR7 and
downstream DEGs in the IPA analysis: MyD88, protein kinase R (PKR) and the downregulation of TLR9, and (C) the following DEGs of interest
involved in the TLR- and IFN-signalling pathways: RSAD2/Viperin, STAT1, MxA and (D) IFIH1/melanoma differentiation associated gene-5 (MDA5)
and DDX60. Each symbol represents an individual sample; horizontal lines represent the median. To compare medians the Mann-Whitney U test was
used. n.s., not significant; *p<0.05; **p<0.01; ***p<0.001.
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Figure 3 Upregulation of the toll-like receptor (TLR) 7-signalling pathway and RNA-sensing receptors is confined to IFN-positive (IFNpos) patients
with primary Sjögren’s syndrome (pSS). Relative mRNA gene expression levels in isolated CD14+ monocytes of healthy controls (n=41), IFN-negative
(IFNneg, n=50) and IFNpos (IFNpos, n=50) patients with pSS are depicted for (A) the endosomal TLR7/9-signalling pathway and, (B) the retinoic acid
inducible gene-I (RIG-I) like receptor (RLR) family of receptors as well as protein kinase R (PKR). (C) Schematic representation of overactive
TLR7-induced signalling in IFNpos monocytes. TLR7 becomes activated when a RNA-containing immune complex is internalised and crosslinked with
TLR7, inducing the signalling cascade leading IFN type I (IFN I) and inflammatory cytokine production. The possible collaboration between TLR7 and
RLRs is depicted by the grey dotted line. TLR7-signalling might induce overexpression and downstream signalling of the RNA-sensing receptors.
Furthermore expression of the RLRs is also directly inducible by IFN-I, thus amplifying the TLR7-induced loop. (D) Comparisons for patients with pSS in
the presence (+) or absence (−) of hydroxychloroquine treatment plotted for relative TLR7, RIG-I and melanoma differentiation associated gene-5
mRNA expression in pSS monocytes. Each symbol represents an individual sample; horizontal lines represent the median. p values are shown, and to
compare medians the Mann-Whitney U test was used. Ns, not significant; *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. IFN, interferon.
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DISCUSSION
In this study, we observe a contrasting RNA-sensing receptor
expression pattern in pDC and monocytes of patients with
IFNpos and IFNneg pSS. In IFNpos pSS TLR7, but not TLR9,
and the family of RLRs are upregulated, a profile that could in
part explain the increased pathogenic IFN production in these
patients. In IFNneg pSS RNA-sensing receptor expression was
largely reduced, possibly explaining their systemic IFN
negativity.

Interestingly, RLRs have recently been described to collabor-
ate with TLRs in inducing IFN type I expression.14 19 20 Our
following observations support this view: (I) In vitro studies
with PBMCs of HCs (and a stable pDC cell line; unpublished
observations), revealed specific triggering of the TLR7 pathway
to cause upregulation of DDX58 and IFIH1. (II) Monocytes
with high MDA5 protein expression showed clear nuclear
expression of pIRF7, indicating TLR pathway activation com-
bined with MDA5 expression in IFNpos patients with pSS.
Although only a limited number of biopsies were studied here
we observed TLR7, RIG-I and MDA5 expression, in concur-
rence with high MxA expression2 3 35 in SG infiltrates indicating
that in addition to a possible role in systemic activation of IFN
type I, these molecules could also contribute to local IFN activa-
tion in pSS SGs. (III) IFNpos pSS monocytes express the
RLR-downstream signalling molecule TBK1 at an increased
level compared with IFNneg patients. (IV) Patients with pSS
receiving HCQ treatment, known to inhibit TLR7/9 signalling,
had reduced DDX58 and IFIH1 expression levels, particularly
evident within IFNpos patients. Interestingly, IFIH1/MDA5
expression might be a useful biomarker when assessing HCQ
treatment in pSS, as significantly higher IFIH1 expression levels
where particularly observed in HCQ naïve IFNpos pSS. Taken
together, the RNA-sensing receptors—TLR7, RIG-I and MDA5
—seem to act together in amplifying the pathogenic IFN-driven
loop in IFNpos patients with pSS.

TLR7 recognises single-stranded RNA resulting in abundant
IFN type I production by pDCs.9 10 A two-fold TLR7 overexpres-
sion induces autoimmunity in susceptible mouse strains,

influencing the autoreactive B cell repertoire.36 Interestingly,
opposing effects have been described for TLR7 and TLR9, where
TLR7 deletion limited systemic autoimmunity, whereas TLR9
deletion paradoxically exacerbated disease.37 38 These data indi-
cate imbalances between TLR7/TLR9 expression and that strin-
gent control of TLR7 signalling is crucial to restrict systemic
autoimmunity.37 39–41 The aberrant expression profile of TLR7
and TLR9, as found in this study supports such a view (reviewed
in ref. 42).

Next to TLRs, PKR was one of the top predicted upstream reg-
ulators in IFNpos pDCs, upregulated in pDCs and monocytes of
patients with IFNpos patients with pSS. PKR is a known IFIG to
be upregulated in pSS, however, apart from being a RNA-sensing
receptor its exact role in pSS pathogenesis remains elusive.43–45

Another IFIG upregulated in IFNpos pDCs and monocytes was
RSAD2/Viperin. In pDCs, Viperin facilitates IRF7 translocation
to the nucleus, and loss of Viperin reduces TLR7/9-mediated
IFN type I production.29 30 Interestingly Viperin and IFIH1
expression highly correlated in monocytes of IFNpos patients
with pSS (r=0.903; p<0.0001, data not shown), suggesting a
possible role for Viperin in the RLR pathway.

There was a contrasting RNA-sensing receptor expression
profile in pDCs and monocytes of IFNpos patients with pSS
with decreased TLR9 expression, whereas TLR7 expression and
its downstream signalling was comparable to HCs. Interestingly,
DDX58 and IFIH1 were significantly downregulated in IFNneg
monocytes compared with IFNpos pSS. This imbalanced profile
possibly prevents IFN overactivation and its potential down-
stream consequences for autoantibody production and systemic
manifestations, coinciding with a particular disease phenotype
different from that of IFNpos pSS.46 A tightly regulated balance
of these RNA-sensing receptor systems seems essential for toler-
ance preservation35 and preventing the onset of systemic
autoimmunity.

Limitations of this study are among others, the small sample
for the pDC microarray analysis and immunohistochemical ana-
lysis. Our genome-wide expression analysis has, however, been
extensively validated for DEGs of interest.

Figure 4 RNA-sensing receptors toll-like receptor (TLR) 7, retinoic acid inducible gene-I (RIG-I) and melanoma differentiation associated gene-5
(MDA5) are highly expressed in primary Sjögren’s syndrome (pSS) minor salivary glands. Salivary gland (SG) biopsies from an independent
Norwegian cohort were assessed for RNA-sensing receptor expression; n=10 patients with pSS (n=5 with focus score (FS)=1 and n=5 with FS≥2),
and n=5 nSS-sicca controls (FS=0). Representative Immunohistochemical staining of a pSS minor SG biopsy (10×) is shown for CD4, CD19, TLR7,
MxA, RIG-I and MDA5. pSS SG depicted here had a FS of 4.
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Our observation of distinct dysregulated RNA-sensing patterns
in both pSS monocytes and pDCs points towards an intrinsic aber-
rancy in these PRRs, of which the cause remains to be established.
The abundant presence of PRR ligands contributes to the increased
expression of TLR7 among others. Here we show TLR7-triggering
to induce both TLR7 and RLR expression, while downregulating
TLR9. In pSS, the abundance of RNA-associated autoantibodies
and apoptotic cell debris, potentially resulting in RNA-containing
ICs, are likely contributing to increased TLR7 expression and have
been associated with IFN positivity.47 Chronic tissue damage or
aberrant intracellular processing potentially activates RLR-induced
IFN production. Also mutations in RLR genes, such as observed in
Aicardi-Goutières syndrome and some cases of SLE, result in sus-
tained IFN-activation or enhanced sensitivity.16 17

To date, effects of the antimalarial HCQ remain controversial,
however, more direct targeting of RNA-sensing receptors in pSS
is promising. Small molecule endosomal TLR-inhibitors are
gaining increased attention in autoimmunity as potential thera-
peutics48–52 and might be potential novel therapies for pSS.
Whether specific TLR7 blockade alone or in combination ther-
apies will prevent and/or ameliorate pSS pathogenesis remains
to be investigated. intriguing, however, is that there is an
increasing body of evidence to suggest TLR7 to signal independ-
ent of IFN type I, inducing a large amount of IFIGs without the
necessity of IFN type I subtype production and IFNAR-binding
(reviewed in ref. 19). Further studies addressing possible
IFIG-induction by TLR7-signalling independent of IFN type I
are warranted.

Figure 5 Retinoic acid inducible
gene-I like receptor expression induced
after specific toll-like receptor (TLR)
7-triggering in healthy control
peripheral blood mononuclear cells
(PBMCs), and blocked by specific small
molecule TLR7 inhibitor IRS661.
Relative mRNA gene expression levels
shown of genes related to the TLR7
pathway after 5 hours of culturing
healthy controls-PBMCs with the
optimal concentration TLR7 agonist
imiquimod (1.0 mg/mL), with or
without the addition of the specific
TLR-7 antagonist ‘IRS661’ in dose
dependent manner (0.1, 0.25, 0.5 and
1.0 nM); control condition is solely
cells cultured in starvation medium
(−/−). Gene expression data are
presented as means±SEM of 3
independent experiments (in duplo),
and means were compared using the
paired t-test. Ns, not significant;
*p<0.05; **p<0.01; ***p<0.001.
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In conclusion, we observe a contrasting RNA-sensing receptor
expression pattern in pDC and monocytes of patients with pSS,
related to IFN signature positivity. With these findings we
further underscore the importance of subtyping patients with
pSS according to their IFN signature. The TLR-RLR network is
a promising target for development of novel therapeutic inter-
ventions aimed at blocking IFN-related pathways and clearly
warrants more in depth investigation.
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EXTENDED REPORT

Differential impact of obesity on the pathogenesis
of RA or preclinical models is contingent on the
disease status
Seung-jae Kim,1,2 Zhenlong Chen,1,2 Abdul B Essani,1,2 Hatem A Elshabrawy,1,2

Michael V Volin,3 Giamila Fantuzzi,4 Iain B McInnes,5 Joshua F Baker,6,7

Patricia Finn,8 George Kondos,9 Suncica Volkov,2 William Swedler,1,2 Shiva Arami,1,2

Nadera Sweiss,1 Shiva Shahrara1,2

ABSTRACT
Objective Studies were performed to uncover the
significance of obesity in rheumatoid arthritis (RA) and
preclinical models.
Methods Preclinical arthritis models were used to
examine the impact of obesity on disease onset and
remission. Conditioned media from RA adipose tissues
were used to investigate the mechanism contributing to
joint neutrophil influx and M1 macrophage differentiation
observed in early and remission phases of arthritis.
Results We report that mice fed with high fat diet
(HFD) have an earlier onset of collagen-induced arthritis
(CIA) compared with mice on regular diet. However, the
differences in CIA joint swelling between the two diet
groups are lost once disease is established. We found
that early arthritis triggered by obesity is due to elevated
joint MIP2/interleukin-8 levels detected in CIA as well as
in the RA and mouse adipose tissues and the effect of
this chemokine on neutrophil recruitment. Although
active disease progression is similarly affected in both
diet groups, arthritis resolution is accelerated in lean
mice while joint inflammation is sustained in obese mice.
We document that HFD can prolong toll-like receptor
(TLR)4-induced arthritis by increasing joint monocyte
migration and further remodelling the recruited cells into
M1 macrophages. Consistently, we show that adipose
condition media can transform RA and wild-type naïve
myeloid cells into M1 macrophages; however, this
function is impaired by TLR4 blockade or deficiency.
Conclusions We conclude that despite established
disease being unaffected by obesity, the early and the
resolution phases of RA are impacted by obesity through
different mechanisms.

Rheumatoid arthritis (RA) is a chronic autoimmune
disorder in which imbalanced leucocyte migration
contributes to joint inflammation and bone
erosion.1 A number of epidemiological studies have
demonstrated an increased incidence of RA among
obese individuals.2–4 In addition, obesity has been
associated with elevated disease severity and inferior
response to treatment in some clinical studies.5–7

However, there are little to no experimental data to
explain the mechanisms that might be at play in
these epidemiological studies.
Patients with RA have markedly higher preva-

lence of metabolic syndrome compared with the

general population, yet the reasons are undefined.8

Obesity is known to be associated with metabolic
syndrome components and elevated body mass
index (BMI) is linked to RA onset.9 In RA, adipo-
cytes and their surrounding macrophages in white
adipose tissues produce a number of adipokines
that modulate systemic inflammation.10 Interestingly,
the adipokine, leptin, participates in innate immun-
ity by increasing the T helper (TH)-1 cell polarisa-
tion and suppressing the T regulatory cell
differentiation.11 Recent studies reveal that joint
inflammation is aggravated in collagen-induced arth-
ritis (CIA) mice fed on high fat diet (HFD) com-
pared with regular diet (RD) due to increase in
spleen TH-17 cell development.12

Others have demonstrated that both in human
and mice number of macrophages recruited into
adipose tissue closely correlates with BMI and
adipose size and that the expression analysis of
myeloid cells validates its critical role in the inflam-
matory process of obesity.13 Moreover, it was
shown that adipose-associated macrophages in non-
obese humans exhibit anti-inflammatory pheno-
type, while myeloid cells recruited into adipose
tissue of obese individuals have a pro-inflammatory
characteristic.14

Studies were performed to understand the reason
why increased BMI contributes to higher risk for
RA development15 and to elucidate the underlying
mechanism for inferior response to antitumour
necrosis factor (TNF) therapy in obese compared
with normal weight patients with RA.5–7 16 We
uncover that neutrophil (interleukin (IL)-8/MIP2,
CXCL1, CXCL5) and monocyte (IL-6, IL-1β,
CCL2) chemoattractants are elevated in condi-
tioned media obtained from RA and obese mice
adipose tissues. We next establish that obesity
affects RA inflammatory process in a distinct
manner, during the early onset and the late remis-
sion phases. Employing RA specimen and preclin-
ical arthritis models, we found that early joint
inflammation is potentiated by obesity through
IL-8/MIP2-induced neutrophil migration. While in
the later stage of the disease, obesity sustains arth-
ritis by remodelling the newly recruited naïve
myeloid cells into pro-inflammatory M1 macro-
phages, in part via toll-like receptor (TLR)
4-dependent cascade. In conclusion, this novel
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study reveals for the first time the mechanism by which obesity
initiates RA onset and further identifies the components that
may be responsible for worse anti-TNF therapy response in
obese patients with RA.

MATERIALS AND METHODS
Study protocol for animal models
DBA/1J mice were fed a RD (19% protein) or 60% HFD
(23.1% protein; Research Diet, New Jersey, USA) beginning at
the age of 4 weeks. Subsequently, mice aged 8 weeks were
immunised with collagen type II (Chondrex) on days 0 and
21.17–19 Mice were sacrificed on days 29, 55 or 106 when they
had been on RD or HFD for 8, 12 or 19 weeks.

C57BL6 mice were fed for 10 weeks on RD or 60% HFD
prior to being intra-articularly (i.a.) injected with 10 mg of lipo-
polysaccharide (LPS) (0111:B4) for 72 hours. Ankle circumfer-
ence was measured by Caliper.19–21

Adipose tissue conditioned media
Conditioned media was generated by incubating adipose tissue
obtained from RA (n=14) or osteoarthritis (OA) synovia (n=7)
or visceral fat from 10-week fed HFD mouse (n=6) in media
and filtered before use. RA was classified according to the 1987
Revised Criteria22 and the OA knee, hand and hip met the clas-
sification of 1986, 1990 and 1991.23–25

Cytokine quantification
Human and mouse TNF-α, IL-6, IL-1β, IL-17, interferon
(IFN)-γ, CCL2, CCL5, CXCL5, CXCL1, IL-8/MIP2, CCL3
and CCL20 (R&D Systems) were quantified by ELISA in RA
and mouse adipose conditioned media as well as in CIA and
LPS-induced arthritis ankle homogenates.

Evaluation of adiposity and fatty liver
Lean and fat mass were calculated by the ratio of body compos-
ition and weight.26 Formalin-fixed liver samples were stained
with H&E and fatty liver was scored on a 0–4 scale.27

Flow cytometry analysis
To quantify CD3, F4/80, dual F4/80 and CD80, B220-positive
cells in CIA, splenocytes were harvested on day 55. Thereafter,
cells were stained with allophycocyanin (APC)-conjugated
anti-CD3, phycoerythrin (PE)-labelled F4/80 or dual PE-labelled
F4/80 and APC-conjugated CD80 as well as fluorescein isothio-
cyanate (FITC)-labelled B220 (eBioscience). The frequency of
TH-1 or TH-17 was quantified in CIA splenocytes harvested on
day 55 and was stimulated with phorbol myristate acetate
(PMA) (5 ng/mL) and ionomycin (500 ng/mL) in the presence
of Brefeldin A (3 μg/mL) for 4 hours. Cells were stained with
APC-conjugated anti-CD4 antibodies (Abs) (eBioscience).
Percentage of TH-1 and TH-17 cells was determined by staining
the splenocytes with FITC-conjugated anti-IFN-γ or PE-labelled
anti-IL-17 Abs (eBioscience). RA peripheral blood (PB) mono-
cytes19 28 or 7 days macrophage colony stimulating factor
(M-CSF)-driven mouse bone marrow myeloid cells were either
untreated or treated with IFN-γ±LPS, 10% RA or OA adipose
conditioned media or 10%–50% mouse adipose conditioned
media for 24 hours prior to determining % PE-conjugated
CD127 or APC-labelled CD80-positive cells.

Neutrophil isolation and chemotaxis
Polymorphonuclear cells were isolated from blood29 or from
mouse bone marrow progenitor cells.30 Human neutrophils
were isolated using Histopaque gradient centrifugation followed

by 3% dextran separation.29 Mouse neutrophils were isolated
from bone marrow cell suspensions that were laid on a three-
layer Percoll gradient of 78%, 69% and 52% (Sigma).30

Neutrophil chemotaxis was performed in a Boyden chamber
(Neuroprobe) using a 5 μm membrane. Formylmethionine-
leucyl-phenylalanine (fMLP) (10 nM) was used as positive
control and phosphate-buffered saline (PBS) was used as nega-
tive control.31

To demonstrate that RA adipose conditioned media contri-
butes to neutrophil migration different concentrations (5, 10
and 20%) were used in neutrophil chemotaxis. To identify the
chemokine responsible for neutrophil migration; neutrophil
chemotaxis was tested in response to 10% RA and mouse
adipose media that were treated with 10 μg/mL of sham Ab or
Abs to IL-8/MIP2, CXCL1 and CXCL5/LIX or IL-6.

Western blot analysis
RA and mouse adipose conditioned media were either untreated
or pretreated with IgG as well as Abs to IL-8/MIP2, CXCL1,
CXCL5 and/or IL-6 (R&D systems) for 1 hour. Neutrophils
from human PB or mouse bone marrow were untreated (PBS)
or stimulated with either fMLP (10 nM), 10% RA (2 min) or
mouse conditioned adipose media (5 min) after being pretreated
with IgG or Abs to IL-8/MIP2, CXCL1, CXCL5 and/or IL-6.
Cell lysates were examined by western blot analysis for phospho
(p)-p38 (Cell Signaling; 1:1000) or for p38 (1:3000). Ankle
homogenates harvested from TLR4-induced arthritis fed on RD
or HFD were western blotted for inducible nitric oxide synthase
(iNOS) and arginase I expression (1:1000, Santa Cruz
Biotechnology) or actin equal loading (1:3000).

Real-time RT-PCR
Total RNA was extracted using TRIzol from RA monocytes19 28

or 7-day M-CSF (20 ng/mL)-driven mouse bone marrow
myeloid cells that were either untreated (PBS) or treated with
IFN-γ±LPS (100 ng/mL each), 10%–50% de-identified RA
and/or OA adipose conditioned media or 10%–50% mouse
adipose conditioned media for 6 hours. In a different experi-
ment, 7-day M-CSF-driven mouse bone marrow myeloid cells
were either untreated or pretreated for 1 hour with 10 μg/mL
IgG, anti-IL-6 (eBioscience), anti-MIP2 (R&D Systems),
anti-TLR2 (Invivogen) or anti-TLR4 (eBioscience) Abs prior to
being stimulated with 10% mouse conditioned adipose media.
C57BL6 wild type (WT) and TLR4−/− ( Jackson lab) mouse
bone marrow cells cultured 7 days in M-CSF (20 ng/mL) were
either untreated (PBS) or treated with IFN-γ (100 ng/mL), ultra-
pure LPS (100 ng/mL, binds only to TLR4) or 10% mouse con-
ditioned adipose media for 6 hours. Further, 7-day M-CSF
differentiated WT mouse bone cells were either untreated or
pretreated with TLR4 antagonist (1 μg/mL; Invivogen) for
3 hours prior to stimulating the cells with PBS, LPS (10 ng/mL,
binds to TLR2 and 4), ultrapure LPS (10 ng/mL) or 10% mouse
conditioned media for 6 hours.

Abs and immunohistochemical analysis
Ankles were formalin fixed (10%), paraffin embedded and sec-
tioned. Inflammation, synovial lining and bone erosion were
determined using H&E-stained sections on a 0–5 scale.18–21

Mouse ankles were immunoperoxidase-stained with diamino-
benzidine as a chromogen. CIA or TLR4-induced arthritis mice
fed on RD or HFD were stained with GR1 (1:50; eBioscience),
F4/80 (1:100; Serotec), iNOS and arginase I (1:200; Santa Cruz
Biotechnology) or isotype IgG Ab. Positive immunostaining was
scored on a 0–5 scale by two masked observers.18–21
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Statistical analysis
One-way analysis of variance was used for comparisons among
multiple groups, followed by Student’s post hoc two-tailed
t-test. Student’s paired and unpaired two-tailed t-tests were used
for comparisons between two groups. p Values <0.05 were con-
sidered to be significant.

RESULTS
HFD contributes to early CIA onset by provoking neutrophil
migration through MIP2/IL-8
To examine the effect of obesity on RA, CIA mice were fed for
8 weeks on HFD or RD. Interestingly, CIA mice fed on HFD
had a significantly earlier disease onset on days 28 and 30
(figure 1A). Consistent with the clinical findings, histological
analysis of CIA mice sacrificed on day 29, revealed that while
there were early signs of joint inflammation and lining thickness
detected in HFD group, no clinical manifestations were found
in mice fed on RD (figure 1B, C). We document that the early
CIA onset observed in the HFD compared with RD is due to a
twofold increase in MIP2 protein levels that can markedly

potentiate joint neutrophil infiltration (figure 1D–F). In contrast,
joint TNF, IL-6, IL-1 and IL-17 levels were comparable in RD
and HFD mice on day 29 post-CIA induction (figure 1F).
Interestingly, we establish that the weight gain positively corre-
lates with increased joint inflammation in CIA mice on HFD
but not in mice on RD (see online supplementary figures
S2–S4). These results suggest that in obese CIA mice, early
disease is initiated by neutrophils infiltrating into the joint in
response to MIP2.

HFD does not affect CIA effector phase
To determine the effect of obesity on the effector phase of CIA,
mice were fed with HFD or RD for 12 or 19 weeks and sacri-
ficed on days 55 and 106. Interestingly, as disease progresses
beyond day 30, joint inflammation differences were lost
(figures 1G and 2A) between the obese mice that had greater fat
mass, fatty liver and weight (figure 1J, see online supplementary
figure S1) compared with the lean mice harvested on days 55
and 106. Consistent with the clinical data, histological findings
demonstrate that joint inflammation, lining thickness and bone

Figure 1 Obesity impacts collagen-induced arthritis (CIA) onset but not active phase by enhancing joint MIP2-induced neutrophil migration. (A)
Joint circumference were calculated in CIA mice that were fed on regular diet (RD) (n=13 mice) or 60% high fat diet (HFD) (n=12 mice) for 8 weeks.
(B) CIA ankles harvested on day 29 from mice fed on RD and HFD were H&E stained (orig. mag. ×200) and (C) inflammation (inflam), lining
thickness (lining) and bone erosion (erosion) were quantified on a 0–5 scale, n=5 mice, 10 back paws. Synovial tissues (STs) obtained from the back
paws of day 29 CIA mice fed on RD and HFD were stained with anti-GR1 antibody (orig. mag. ×200) (D) and GR1 staining was quantified on a 0–5
scale, (E) n=8. (F) Joint MIP2, tumour necrosis factor (TNF), interleukin (IL)-6, IL-1 and IL-17 protein levels were assessed by ELISA from the front
(carpal joints) and back paws of day 29 CIA mice fed on RD and HFD and normalised by joint weight, n=8. (G) Joint circumference is shown from
day 31 to day 55 in CIA mice that were fed on RD or HFD for up to 12 weeks, n=12–13 mice. (H) CIA ankles harvested on day 55 from mice fed on
RD and HFD were H&E stained (orig. mag. ×200) and (I) inflammation (inflam), lining thickness (lining) and bone erosion (erosion) were quantified
on a 0–5 scale, n=8. (J) % lean and fat mass or H&E staining of liver samples from day 55 CIA mice on RD and HFD were measured by dual-energy
X-ray absorptiometry or scored for fatty liver on a 0–4 scale, n=12–13. (K) The frequency of CD3, B220, F480, F480+CD80+ as well as TH-1 and
TH-17 cells was assessed in splenocytes harvested on day 55 from CIA mice fed on RD and HFD, n=7. (L) Changes in joint MIP2, TNF, IL-6, IL-1 and
IL-17 were determined by ELISA from day 55 CIA mice fed on RD and HFD, n=7. Values are mean±SE. *Indicates p<0.05. IFN, interferon.
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erosion were comparable in the CIA lean and obese mice har-
vested on days 55 and 106 (figures 1H, I and 2B, C). We
further uncovered that the frequency of the CIA leucocytes
(CD3, B220, F480) and T cell population (TH-1, TH-17) as
well as levels of joint monocyte (TNF, IL-1, IL-6, IL-17) and
neutrophil chemoattractants (MIP2) were unaffected by
obesity-induced diet in mice sacrificed on day 55 (figure 1K, L).
Interestingly, when studies were extended for 106 days, CIA
disease activity did not resolve and there were no differences
detected in joint monocyte infiltration, M1 or M2 macrophage
differentiation as well as joint TNF, IL-6, IFN-γ, IL-17 and
MIP2 protein levels in mice fed with HFD compared with RD
(figure 2D–F). We conclude that while CIA disease initiation is
exacerbated by HFD, established active disease is unaffected by
this process.

In RA and mouse adipose tissues, neutrophil infiltration is
fostered via IL-8/MIP2
To determine whether findings in CIA are representative of RA
pathogenesis, inflammatory factors were quantified in the
adipose conditioned media extracted from RA synovial tissue
(ST) and obese mice abdominal adipose tissue. We found that
IL-8/MIP2 (47 and 14 ng/mL) levels exceeded all other inflam-
matory factors. In addition, other neutrophil chemoattractants
such as CXCL1 (2.6 and 4.7 ng/mL) and CXCL5 (3.4 and
9.6 ng/mL) were also highly expressed in RA and mouse adipose
conditioned media (figure 3A). In contrast, CCL2 (21 and
0.5 ng/mL) and IL-6 (7 and 6.9 ng/mL) were the only

monokines that were abundantly detected and IL-1β levels (0.05
and 1.2 ng/mL) were low, while TNF (not detectable (ND) and
0.5 ng/mL) and lymphokine IL-17 (ND and 0.4 ng/mL) levels
were either undetectable or sparse in RA and mouse adipose
conditioned media (figure 3A). Based on the high levels of neu-
trophil chemokines in the conditioned media, we asked whether
RA adipose media could contribute to neutrophil migration.
Our results demonstrate that 10% RA adipose media has the
greatest neutrophil chemoattractant ability and this is primarily
due to IL-8 but not CXCL1, CXCL5 or IL-6 (negative control)
function (figure 3B, C). Confirming this notion, we show that
similar to the positive control, fMLP, RA adipose media pro-
motes p38 activation and that IL-8 neutralisation can explicitly
negate this function (figure 3D). Consistent with the results in
RA, blockade of MIP2 (IL-8 analogue) function abrogates
mouse adipose media driven neutrophil chemotaxis through a
p38-dependent mechanism (60%–66% respectively) (figure 3E,
F). In contrast, neutralisation of CXCL1 and CXCL5 was inef-
fective in this process (figure 3E, F). These results suggest that
in obese individuals, onset of RA can be triggered by joint neu-
trophil recruitment in response to IL-8/MIP2-induced p38
activation.

Obesity sustains joint inflammation through M1 macrophage
polarisation
To further investigate the inhibitory effect of obesity on arthritis
resolution, we chose to use the TLR4-induced arthritis model.
This model was selected due to rapid arthritis resolution

Figure 2 Obesity does not impact the late stage of collagen-induced arthritis (CIA). (A) Joint circumference was determined in CIA mice that were
fed on regular diet (RD) (n=9) or high fat diet (HFD) (n=8) for 19 weeks. (B) CIA ankles harvested on day 106 from mice fed on RD and HFD were
H&E stained (orig. mag. ×200), and (C) inflammation (inflam), lining thickness (lining) and bone erosion (erosion) were quantified on a 0–5 scale,
n=8. (D) Synovial tissues harvested on day 106 from CIA mice on RD and HFD were stained with anti-F480, anti-inducible nitric oxide synthase
(iNOS) and anti-arginase antibodies (orig. mag. ×200) and (E) positive staining was quantified on a 0–5 scale, n=8. (F) Joint tumour necrosis factor
(TNF), interleukin (IL)-6, interferon (IFN)-γ, IL-17 and MIP2 protein levels were quantified from day 106 CIA mice fed on RD and HFD by ELISA and
normalised to joint weight, n=8. Values are mean±SE. *Indicates p<0.05.
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observed 72 hours after LPS injection; in contrast to CIA in
which ankles remain inflamed 106 days postinitiation (figure
2A).32 33 We found that in the first 48 hours, TLR4-driven joint
inflammation progresses similarly in the obese and lean mice,
thereafter while arthritis resolves in the lean mice, ankle swel-
ling is sustained in the obese mice at 72 and 84 hours post-LPS
injection (figure 4A and see online supplementary figure S7).
Histological analysis of tissues harvested at 72 hours confirm
that mice on HFD have markedly greater joint inflammation
and lining thickness with no difference in bone erosion com-
pared with the RD group (figure 4B–D). Although monocyte
chemoattractants such as TNF-α (fourfold), CCL20 (threefold)
and CCL5 (twofold) were significantly upregulated in the obese
arthritic mice, there were no differences detected in IL-1β,
CCL3 and CCL2 levels compared with lean mice (figure 4E, F).
On the contrary, mice on HFD and RD expressed similar levels
of neutrophil chemokines, CXCL1 and CXCL5, at 72 hours
post-LPS injection (figure 4F). Corroborating with the higher
levels of monocyte chemokines detected in the obese mice fol-
lowing LPS injection, we found that joint monocyte extravasa-
tion was potentiated in these HFD arthritic mice compared with
RD group (figure 5A, B). To better understand how obesity pro-
longs arthritis and inhibits disease remission, joint myeloid cell
phenotype was assessed in the obese and the lean arthritic mice.

We uncovered that the obese arthritic mice, predominantly
express iNOS+ M1 macrophages; while iNOS+ cells are
reduced and arginase+ M2 macrophages are upregulated in the
lean mice (figure 5C–E). Our results conclude that obesity can
sustain arthritis by reconstructing the newly recruited joint
myeloid cells into pro-inflammatory M1 macrophages.

RA and mouse adipose conditioned media promote M1
macrophage differentiation via TLR4-dependent cascade
We next asked whether adipose conditioned media obtained
from RA or obese mice could remodel myeloid cells into inflam-
matory M1 macrophages as observed in the obese arthritic
mice. We show that addition of RA or mouse adipose condi-
tioned media to RA monocytes or mouse bone marrow myeloid
cells can polarise the naïve cells into M1 macrophages. The M1
differentiation process was determined by TNF-α, IL-6 and/or
IL-8 transcription as well as assessing the cell surface CD127
(human) or CD80 (mouse) frequency (figure 6A–D).
Interestingly, RA adipose conditioned media had greater capacity
in transforming the naïve myeloid cells into M1 macrophages
compared with those obtained from patients with OA
(figure 6B). Notably, our results indicate that once the concen-
tration of the inflammatory factors in the RA or mouse adipose
conditioned media reach a specific level, it no longer has a

Figure 3 Elevated MIP2 detected in the conditioned media from rheumatoid arthritis (RA) and mouse adipose tissues is associated with higher
neutrophil migration via p38 activation. (A) Conditioned media was generated from RA synovium (n=14) and abdominal fat from 10-week fed high
fat diet (HFD) mouse (n=6) and the pro-inflammatory factors were assessed by ELISA. (B) Peripheral blood (PB) neutrophil chemotaxis was
performed in response to 5%–20% RA adipose conditioned media, n=3. PB neutrophils was sham depleted or neutralised with anti-interleukin
(IL)-6, anti-IL-8, anti-CXCL1 or anti-CXCL5 antibodies (Abs) prior to examining (C) chemotaxis or performing (D) western blot and densitometric
analysis of the bands containing cell lysates that are probed for p38 phosphorylation in response to 10% RA adipose media, n=3–5. (E) Neutrophils
extracted from mouse bone marrow were either sham depleted or neutralised with anti-MIP2, anti-CXCL1 or anti-CXCL5 Abs prior to performing
chemotaxis, n=4 or (F) densitometric analysis of the western blot bands for p38 phoshorylation, in response to 10% mouse adipose media, n=4. In
B–F, phosphate-buffered saline (PBS) and fMLP (10 nM) were used as negative and positive controls. Values are mean±SE. *Indicates p<0.05. TNF,
tumour necrosis factor.
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dose-responsive effect on M1 differentiation as inflammatory
mediators may fall in the non-linear saturated range (figures 6A,
C, D). Next, to elucidate the mechanism by which adipose
media promotes M1 macrophage polarisation, IL-6, MIP2 and
TLR2 and TLR4 pathways were blocked in 10% mouse adipose
media (most optimal M1 differentiation condition; figure 6C).
We found that although levels of IL-6 were elevated in HFD
arthritic mice at 72 hours as well as in RA and mouse adipose
conditioned media, neutralisation of these cytokine did not
impact the M1 polarisation process (figure 6E). We further
show that unlike TLR2 immunoneutralisation, blockade or defi-
ciency in TLR4 signalling severely impairs fat-induced M1
macrophage differentiation, suggesting that TLR4 can be acti-
vated by factors available in the adipose conditioned media
(figure 6E–G). Our results suggest that interaction of TLR4+
myeloid cells in the obese joint with the inflammatory mediators
released from the adipose tissues can reconstruct these naïve
myeloid cells into M1 pro-inflammatory macrophages.

DISCUSSION
In this novel study, we show for the first time an early and a late
effect of obesity on RA. We uncover that obesity can critically
impact disease initiation by fostering neutrophil migration
through IL-8/MIP2 cascade. While diet-induced obesity does
not affect established active disease in preclinical models, it can
markedly delay arthritis remission as a result of TLR4-driven
M1 macrophage differentiation. Our results highlight for the

first time that obesity can differentially modulate RA pathogen-
esis contingent on the disease status.

To shed light on the mechanism by which obesity impacts RA,
diet-induced obesity was provoked in CIA. In contrast to previ-
ous studies which demonstrate that obesity exacerbates CIA due
to increase in the number of spleen TH-17 cells,12 our results
clearly show no difference in disease activity or inflammatory
parameters assessed in CIA effector phase in the obese com-
pared with lean mice. The discrepancy in our results may be
due to the differences in the mouse background (C57BL6 vs
DBA/1J in our study) or the % diet fat (34.9% vs 60% in our
study) between the two studies. However, we found that the
obese CIA mice have an earlier disease onset (days 28–30) com-
pared with the lean mice. On the contrary, as disease progresses
beyond day 30, the differences in CIA ankle swelling are lost
between the two diet groups. Examining RA and mouse adipose
conditioned media, we found that IL-8/MIP2 (47 and 13 ng/
mL) was the most abundantly expressed neutrophil chemokine
compared with CXCL1 and CXCL5. We document that
IL-8/MIP2 neutralisation impairs RA and mouse adipose
media-induced neutrophil migration via p38 inactivation. In
contrast, neutrophil chemotaxis was unaffected by blockade of
CXCL1 and CXCL5 function. Interestingly, neutrophil chemo-
kines (IL-8 (41-fold), CXCL1 (4-fold) and CXCL5 (3-fold))
expressed at significantly lower concentration in OA compared
with RA adipose conditioned media can still contribute to neu-
trophil infiltration (see online supplementary figures S5 and S6).

Figure 4 The obese arthritic mice demonstrate delayed remission compared with their counterpart controls. (A) Ankle circumference was
determined in wild-type mice that were fed on regular diet (RD) or 60% high fat diet (HFD) for 10 weeks following intra-articularly (i.a.) injection
with 10 mg of lipopolysaccharide (LPS) and mice were sacrificed after 72 hours of LPS injection, n=10. (B) RD and HFD ankles harvested after
72 hours of LPS injection were H&E stained (orig. mag. ×200) and (C) inflammation (inflam), lining thickness (lining) and bone erosion (erosion)
were quantified on a 0–5 scale, n=10. (D) % lean mass and fat mass were assessed by dual-energy X-ray absorptiometry in toll-like receptor (TLR)
4-mediated arthritis mice (72 hours) fed on RD and HFD, n=10. (E) Protein levels of pro-inflammatory cytokines (tumour necrosis factor (TNF)-α,
interleukin (IL)-1β, IL-6 and MIP2) and (F) chemokines (CXCL1, CXCL5, CCL2, CCL3, CCL20 and CCL5) were quantified by ELISA in TLR4 arthritic
mice (72 hours) fed on RD and HFD, n=5. Values are mean±SE. *Indicates p<0.05.
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Figure 6 Rheumatoid arthritis (RA) and mouse adipose conditioned media can transform the RA or mouse naïve myeloid cells into M1
macrophages through toll-like receptor (TLR)4-dependent function. (A) RA peripheral blood (PB) monocytes or (C) 7 days M-CSF-driven wild-type
(WT) mouse bone marrow myeloid cells were treated with phosphate-buffered saline (PBS), 10, 25 and 50% RA or mouse adipose conditioned
media and/or interferon (IFN)-γ for 6 hours and tumour necrosis factor (TNF)-α, interleukin (IL)-6 and/or IL-8 mRNA expression levels were
determined by real-time RT-PCR, n=4. (B) RA PB monocytes or (D) 7 days M-CSF-driven WT bone marrow cells were treated with PBS, IFN-γ, 10%
RA or OA adipose conditioned media or 10%–50% mouse adipose conditioned media for 24 hours prior to determining % CD127 (B) or CD80 (D)
by flow cytometry, n=4. (E) 7 days M-CSF-driven WT bone marrow cells were either untreated (PBS) or pretreated (1 hour) with IgG, anti-IL-6,
anti-MIP2, anti-TLR2 and anti-TLR4 antibodies prior to being stimulated with 10% mouse adipose media for 6 hours, n=3. (F) 7 days M-CSF-driven
WT bone marrow cells were either untreated or pretreated with TLR4 antagonist for 3 hours prior to stimulating the cells with PBS,
lipopolysaccharide (LPS), ultrapure LPS or 10% mouse adipose media for 6 hours, n=3. (G) 7 days M-CSF-driven WT and TLR4−/− bone marrow
cells were treated with PBS, IFN-γ, ultrapure LPS or 10% mouse adipose media for 6 hours, n=3. In E, F and G, TNF-α or IL-6 mRNA expression
levels were determined by real-time RT-PCR. Values are mean±SE. *Indicates p<0.05.

Figure 5 Joint myeloid cell recruitment and M1 macrophage polarisation are upregulated in obese toll-like receptor (TLR)4 arthritic mice compared
with lean controls. (A) Synovial tissues (STs) from TLR4 arthritic mice (72 hours) on regular diet (RD) and high fat diet (HFD) were immunostained
with anti-F4/80 antibody (orig. mag. ×200) and (B) macrophage staining was quantified on a 0–5 scale, n=7. (C) STs from TLR4 arthritic mice
(72 hours) on RD and HFD were immunostained with anti-inducible nitric oxide synthase (iNOS) and anti-arginase antibodies (orig. mag. ×200) and
(D) positive staining was quantified on a 0–5 scale, n=7. (E) Ankle homogenates harvested following 72 hours of lipopolysaccharide intra-articularly
(i.a.) injection from mice fed on RD and HFD were western blotted for iNOS and arginase expression or actin equal loading, n=5. Values are mean
±SE. *Indicates p<0.05.
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We demonstrate that early onset of CIA observed in the HFD
compared with RD mice is due to MIP2-dependent neutrophil
trafficking, which may explain why obesity is a risk factor for RA
initiation. Corroborating with these findings, IL-8 levels closely
correlate with the number of neutrophils in RA synovial
fluid34 35 and others have shown that anti-MIP2 Ab treatment
impairs neutrophil infiltration in preclinical models of arthritis,
leading to resolution of acute disease.36 IL-8 is produced by RA
ST fibroblasts, macrophages or adipocytes in response to
pro-inflammatory cytokines such as IL-1β, TNF, IL-17 or lipo-
proteins, hence justifying its potential as a therapeutic target for
RA.37–40 Using multiphoton real-time in vivo microscopy previ-
ous studies have described that neutrophils migrate in clusters
and surround CIA joint fibroblasts but not myeloid cells at
disease onset41 suggesting that fibroblasts are the main source of
MIP2/IL-8 secretion in the initial phases of CIA.

Similar to our observation in RA and mouse adipose condi-
tioned media, circulating levels of IL-8 and IL-6 are elevated in
obese individuals and these concentrations positively correlate
with BMI and/or C reactive protein (CRP).42 43 Interestingly,
joint MIP2 and IL-6 levels were upregulated during disease pro-
gression at 72 hours in obese TLR4 arthritic mice compared
with non-obese counterparts. Previous studies demonstrate that
adipose tissue express elevated levels of TLR444 and hence i.a.
injection of TLR4 ligand can contribute to adipocyte production
of IL-6 and MIP2 and with increased myeloid cell migration fol-
lowing 72 hours of LPS administration, both adipocytes and
macrophages can potentially elevate levels of these cytokines.
Corroborating with this notion, co-culture of macrophages and
adipocytes stimulated with low dose of LPS results in 100-fold
higher IL-6 production compared with adipocytes alone.45

Studies performed in knockout mice document that expres-
sion of myeloid CCR2 and CCR5 and elevation of their ligands,
CCL2 and CCL5 in the adipose tissue are indispensable for
obesity-mediated monocyte infiltration.46 47 Despite the increase
in joint monocyte trafficking detected in the obese mice follow-
ing 72 hours of TLR4-induced arthritis, CCL2 levels were
similar in both diet groups while other monocyte chemoattrac-
tants such as CCL5, CCL20 and TNF were elevated in the HFD
compared with RD mice. Consistently, others show that
obesity-associated monocyte recruitment is not restrained by
CCL2 deficiency and the increase in cell influx can be promoted
through macrophage galactose-specific lectin MAC2 produced
from adipose tissues,48 49 suggesting that in the absence of
CCL2 alternative mechanisms can manoeuvre this process.

It is known that macrophages are plastic cells that can alter
their phenotype depending on their milieu. The M1 macro-
phages are ‘classically activated cells’ that express cell surface
CCR7, CD127, CD80/CD86 and can secrete TNF, IL-6, IL-8
and IL-1 upon activation with IFN-γ and/or LPS.50 We found
that CIA severity did not resolve and its progression was not
affected by diet-induced obesity; in contrast, obese
TLR4-induced arthritic mice had delayed remission compared
with the lean group. We uncovered that CIA prolonged to
106 days was not impacted by obesity, since there were similar
number of joint M1 and M2 macrophages in both diet groups
which resulted in comparable levels of M1-associated
pro-inflammatory factors. The lack of effect of obesity on active
progression of arthritis may explain why there is a disconnec-
tion between BMI, RA joint pain and bone destruction.51

We further show that while joint inflammation resolves in
lean TLR4 arthritic mice, diet-induced obesity can prolong
arthritis by 24 hours through converting the undifferentiated
myeloid cells into iNOS+ M1 macrophages that produce

higher levels of pro-inflammatory factors. Delay in remission
in the obese TLR4 arthritic mice, corroborates with lack of
the anti-TNF response in obese compared with normal weight
RA,5–7 16 which may also be due to sustained joint M1
macrophages.

To examine the underlying mechanism by which adipose con-
ditioned media transforms the undifferentiated myeloid cells
into M1 macrophages, role of IL-6, MIP2, TLR2 and TLR4 was
explored in this function. Interestingly, we show that only inhib-
ition of TLR4 but not TLR2, IL-6 or MIP2 negates the develop-
ment of mouse bone marrow myeloid cells into M1
macrophages. Consistently, earlier studies show that while fatty
acids like palmitate degrade IκB in WT mouse peritoneal macro-
phages, nuclear factor-κB signalling is impaired in TLR4−/−
cells.44 Notably, activation of TLR4 by free fatty acids is not
restricted to macrophages since a recent paper demonstrates that
RA ST fibroblasts stimulated by unsaturated and saturated fatty
acids produce pro-inflammatory factors via TLR4 signalling.52

However, it is unclear whether fatty acids can directly bind to
TLR4 or if they participate in receptor dimerisation proced-
ure.53 54 In contrast to these findings, female TLR4−/− mice
show increased obesity, yet these mice are partially protected
against insulin resistance compared with WT mice.44 Our
results support the conclusion that TLR4 plays an important
role in obesity-mediated M1 differentiation perhaps in part due
to presence of fatty acids. However, our findings also suggest
that M1 polarisation driven by HFD is multifactorial and this
process may not be explicitly due to TLR4 function. We con-
clude that obesity is an important risk factor that mainly dysre-
gulates RA onset and remission and may help to explain
epidemiological studies suggesting a greater incidence of RA and
poor treatment response among obese individuals.
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EXTENDED REPORT

Targeting the RhoA-ROCK pathway to reverse T-cell
dysfunction in SLE
Cristina Rozo,1 Yurii Chinenov,2,3 Reena Khianey Maharaj,1 Sanjay Gupta,1

Laura Leuenberger,1 Kyriakos A Kirou,4 Vivian P Bykerk,4,5 Susan M Goodman,4,5

Jane E Salmon,1,4,5 Alessandra B Pernis1,3,5

ABSTRACT
Objectives Deregulated production of interleukin
(IL)-17 and IL-21 contributes to the pathogenesis of
autoimmune disorders such as systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA).
Production of IL-17 and IL-21 can be regulated by
ROCK2, one of the two Rho kinases. Increased ROCK
activation was previously observed in an SLE cohort.
Here, we evaluated ROCK activity in a new SLE cohort,
and an RA cohort, and assessed the ability of distinct
inhibitors of the ROCK pathway to suppress production
of IL-17 and IL-21 by SLE T cells or human Th17 cells.
Methods ROCK activity in peripheral blood
mononuclear cells (PBMCs) from 29 patients with SLE,
31 patients with RA and 28 healthy controls was
determined by ELISA. SLE T cells or in vitro-differentiated
Th17 cells were treated with Y27632 (a pan-ROCK
inhibitor), KD025 (a selective ROCK2 inhibitor) or
simvastatin (which inhibits RhoA, a major ROCK
activator). ROCK activity and IL-17 and IL-21 production
were assessed. The transcriptional profile altered by
ROCK inhibitors was evaluated by NanoString
technology.
Results ROCK activity levels were significantly higher in
patients with SLE and RA than healthy controls. Th17
cells exhibited high ROCK activity that was inhibited by
Y27632, KD025 or simvastatin; each also decreased IL-
17 and IL-21 production by purified SLE T cells or Th17
cells. Immune profiling revealed both overlapping and
distinct effects of the different ROCK inhibitors.
Conclusions ROCK activity is elevated in PBMCs from
patients with SLE and RA. Production of IL-17 and IL-21
by SLE T cells or Th17 cells can furthermore be inhibited
by targeting the RhoA-ROCK pathway via both non-
selective and selective approaches.

INTRODUCTION
Aberrant expansion and dysregulation of several
TH effector subsets including Th17 and TFH cells
can be associated with autoimmune disorders such
as systemic lupus erythematosus (SLE) and rheuma-
toid Arthritis (RA).1–4 The pathogenicity of these
cells has been linked to their ability to produce
cytokines such as interleukin (IL)-17 and IL-21.
Several transcription factors have been implicated
in the regulation of Th17 differentiation.5 Notably,
Th17 differentiation and the production of IL-17
and IL-21 are critically dependent on the presence
of IRF4, a member of the interferon regulatory
factor (IRF) family of transcription factors.6–8 The
ability of IRF4 to drive high levels of IL-17 and

IL-21 production can be regulated via its phosphor-
ylation by ROCK2.9 ROCK2 and the other
member of the Rho kinase family, ROCK1, are two
serine/threonine kinases whose activity is primarily
controlled by binding of activated RhoA.10–13 The
RhoA-ROCK pathway regulates multiple biological
functions, including cytoskeletal reorganisation,
proliferation and differentiation.10–13

While dysregulated activation of the RhoA-
ROCK pathway in non-haematopoietic cells is
known to contribute to cardiovascular, renal and
neurological disorders,14–16 recent work has also
implicated aberrant ROCK activation in the patho-
genesis of autoimmune disorders.17 In line with the
ability of ROCK2 to control IRF4 function and the
production of IL-17 and IL-21, ROCK2 is select-
ively activated in murine and human Th17 cells
and aberrant ROCK2 activation has been observed
in murine lupus T cells.9–18 Furthermore, the
administration of a pan-ROCK inhibitor, Fasudil,
diminishes IL-17 and IL-21 production in vivo and
ameliorates disease in spontaneous murine models
of lupus.9–19 Consistent with these observations,
SLE T cells, including T cells infiltrating the
kidneys, exhibit increased phosphorylation of ezrin,
radixin, moesin (ERM) proteins, a ROCK target
and the ROCK-mediated effects can be promoted
by protein phosphatase 2A (PP2A), a phosphatase
expressed at higher levels in SLE T cells than T cells
from healthy controls.20 21 An initial pilot study,
furthermore, directly demonstrated enhanced
ROCK activity in peripheral blood mononuclear
cells (PBMCs) from ∼60% of patients with SLE
suggesting that inhibition of this pathway represents
a potential therapeutic target for SLE and poten-
tially other autoimmune diseases such as RA.22

The attractiveness of the RhoA-ROCK pathway
as a therapeutic target for SLE is further strength-
ened by the availability of a wide array of ROCK
inhibitors.23–27 Most ROCK inhibitors, such as the
well-known Fasudil and Y27632, target the
ATP-binding pocket of the ROCKs and, due to the
high degree of homology in the kinase domain of
ROCK1 and ROCK2, are thus non-isoform select-
ive. Selective oral ROCK2 inhibitors, such as
KD025 (formerly known as Slx-2119) that demon-
strates 100-fold more selectivity towards ROCK2
than ROCK1, have, however, also been devel-
oped.18 28 Inhibition of ROCK activation is also a
key mechanism underlying the pleiotropic effects
of statins since by inhibiting HMG-CoA reductase,
statins interfere with RhoA activation and,
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consequently, decrease ROCK activity.29 Here, we systematically
compared the ability of different classes of ROCK inhibitors to
decrease IL-17 and IL-21 production by either SLE T cells or in
vitro-differentiated human Th17 cells. In addition, we evaluated
the broader transcriptional effects of these different inhibitors
on human Th17 cells by NanoString technology.

METHODS
Human subjects
SLE subjects
Twenty-nine patients with SLE followed at the Hospital for
Special Surgery (HSS) were consented and enrolled. Inclusion
criteria were as follows: age 18–65 years and classification of
SLE according to the revised 1997 American College of
Rheumatology (ACR) criteria.30 Exclusion criteria were as
follows: statin use, active infection by history, pregnancy, pulse
glucocorticoids within 1 month, cyclophosphamide within
3 months, rituximab within 1 year and any anti-tumor necrosis
factor (TNF) therapy within 3 months. Clinical data including
laboratory parameters, medications, complications and serology
were collected. Disease activity was assessed at time of sampling
blood by the Systemic Lupus Erythematosus Disease Activity
Index Safety of Estrogen in Lupus Erythematosus National
Assessment (SELENA) modification (SELENA-SLEDAI).31 Five
of 29 patients with SLE were taking ACE inhibitors or angioten-
sin II receptor blockers (ARBs).

RA subjects
Thirty-one patients with RA from HSS were consented and
enrolled. Inclusion criteria: age >18 years and meeting ACR/
European League Against Rheumatism 2010 RA classification
criteria.32 Exclusion criteria were as follows: active infection,
pregnancy, recent surgery, history of Raynaud or another auto-
immune diagnosis. Clinical data including laboratory para-
meters, medications, complications and serology were
collected. Disease activity was assessed at time of sampling
using the Clinical Disease Activity Index.33 Radiographs of
hands and wrists were also reviewed, if available, to determine
presence or absence of erosions. Patients with RA were treated
at the discretion of their doctor, and specific medications
included one or more of the following: hydroxychloroquine,
leflunomide, methotrexate, etanercept, adalimumab, systemic
corticosteroids and non-steroidal anti-inflammatory drugs.
Four of 31 patients with RA were taking ACE inhibitors or
ARBs.

Healthy controls
Twenty-four sex-age-ethnically similar healthy controls were
consented and enrolled at HSS. Four healthy controls samples
were provided by the Genotype and Phenotype Registry, a
service of the Tissue Donation Program at The Feinstein
Institute for Medical Research, Manhasset, New York, USA
(supported by NIH grant 5RC2AR05092). Healthy controls
were age >18 years. Exclusion criteria were as follows: active
infection, pregnancy, recent surgery, history of Raynaud or
another known diagnosis of an autoimmune disease. Of the
healthy controls, 9 matched by age (±5 years), sex and ethnicity
to the patients with SLE, 13 matched to the patients with RA
and 6 matched to both SLE and RA.

The HSS Institutional Review Board approved the study, and
all blood donors provided written informed consent.

Samples
Peripheral blood mononuclear cells
Heparinised venous blood samples (10–20 mL) were obtained
by hospital phlebotomists and processed immediately. PBMCs
were isolated from each subject, whole cell extracts obtained
and then frozen. At a later date, extracts were thawed and
ROCK assays performed on groups of samples.

T-cell cultures
SLE CD4+ T cells were negatively selected by MACS (Miltenyi).
Cells were plated at 2×105 cells/well in X-VIVO15 media
(Lonza) and stimulated with soluble αCD28 (1 μg/mL) and plate-
bound αCD3 (5 μg/mL; OKT3 clone) for 4 days. In separate
experiments, cryopreserved human cord blood CD4+ T lympho-
cytes from different donors were obtained from Allcells, LLC.
CD4+ T-cell purity was >95%. Cells were thawed according to
the manufacturer’s instructions and cultured as described above.
For Th17 differentiation, medium was supplemented with trans-
forming growth factor (TGF)-β1 (5 ng/mL), IL-1β (10 ng/mL),
IL-6 (20 ng/mL) and IL-23 (50 ng/mL). Y27632 60–90 μM
(EMD), KD025 5 μM (provided by Kadmon) and simvastatin
0.1–0.2 μM (Calbiochem) were added at day 1. Supernatants
were analysed for IL-17 (Biolegend), IL-21 (eBioscience),
Chemokine (C-C motif ) ligand (CCL20) (R&D Systems) and
interferon (IFN)-γ (Biolegend) levels by ELISA.

ROCK activity assays and western blotting
ROCK activity in extracts was measured using the 96-well
ROCK Activity Assay Kit (Cell Biolabs) as described.22 Active
ROCK2 (1–4 ng) served as a positive control. IRF4 phosphoryl-
ation was detected with a phospho-IRF4 Ab9 and total levels of
IRF4 with a goat anti-IRF4 antibody (M-17; Santa Cruz
Biotechnology). Blots were also probed for either phospho-Stat3
(Y705; #9131; Cell Signaling) or total Stat3 (Cat: 610189; BD
Transduction Labs).

RESULTS
Increased ROCK kinase activity in SLE and RA PBMCs
compared with healthy control (HC) PBMCs
In an initial cross-sectional study, we had observed that ∼60%
of patients with SLE exhibited increased ROCK kinase activity

Table 1 Summary of demographic data and patient characteristics

Parameter

Patients
with SLE
n=29

Patients
with RA
n=31

Healthy
controls
n=28

Mean age, years±SD 38±11 59±14 46±15

Females, n (%) 27 (93) 27 (87) 25 (89)

Males, n (%) 2 (7) 4 (13) 3 (11)

Ethnicity

African-American, n (%) 9 (31) 4 (13) 4 (14)

Asian, n (%) 2 (7) 6 (19) 3 (11)

Caucasian, n (%) 5 (21) 17 (55) 13 (46)

Hispanic, n (%) 12 (41) 4 (13) 8 (29)

SLEDAI±SD 6±4

Nephritis, n (%) 13 (45)

Mean ESR (mm/hour)±SD 28.0±21.3

Mean CRP (mg/dL)±SD 2.16±3.92

CDAI, mean±SD 13.8±7.52

CDAI, Clinical Disease Activity Index; CRP, c-reactive protein; ESR, Erythrocyte
Sedimentation Rate; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus;
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.
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as compared with healthy controls.22 To confirm these findings,
we investigated ROCK kinase activity in a second SLE cohort
(table 1). ROCK activity was significantly elevated in SLE
PBMCs as compared with PBMCs from healthy controls (0.457
(IQR: 0.368–0.743) vs 0.278 (IQR: 0.230–0.332) respectively,
p<0.0001, Mann Whitney (MW)) (figure 1A). PBMCs from
∼70% of patients with SLE from this second cohort displayed
ROCK activity levels that were 2 SD above the mean of the
ROCK activity levels observed in PBMCs from healthy controls.
Thus, patients with SLE from two independent cohorts demon-
strate increased ROCK activity.

To assess whether elevated ROCK activation was specific for
SLE or could also be observed in another autoimmune disease,
we measured ROCK activity levels in PBMCs from 31 patients
with RA and 19 healthy controls of similar demographics with
respect to age, gender and race/ethnicity (table 1). As compared
with PBMCs from healthy controls, PBMCs from patients with
RA also expressed significantly higher median ROCK activity
levels (0.299 (IQR: 0.264–0.522) vs 0.259 (IQR: 0.229–0.324)
respectively, p<0.015, MW) (figure 1B) although the extent of
ROCK activation in RA PBMCs was not as great as that
observed in some of the SLE PBMCs.

Effects of different ROCK inhibitors on the production of
IL-17A and IL-21 by SLE T cells
Cytokine production by cord blood-derived Th17 cells can be
decreased by Y27632, a non-selective ROCK inhibitor.22 To
assess whether production of IL-17 and IL-21 by SLE T cells is
also ROCK dependent, we next purified CD4+ T cells from
PBMCs of patients with SLE and stimulated them ±Y27632
(figure 2A–C). Given that ROCK activity can also be inhibited
by statins via effects on RhoA, we also compared the capacity of
Y27632 and simvastatin to decrease the production of IL-17A
and IL-21 by SLE T cells (figure 2A–C). Both Y27632 (at
90 μM) and simvastatin (at 0.2 μM) diminished the production
of IL-17A and IL-21 by SLE T cells, while no significant effects
were observed on the production of IFN-γ (figure 2A–C). Since
simvastatin and Y27632 interfere with ROCK activation by dif-
ferent mechanisms, we also evaluated the effect of combining
Y27632 and simvastatin (figure 2A, C). Addition of simvastatin
to the lower dose of Y27632 (30 μM) did not further increase
the inhibition of IL-17A or IL-21 production (figure 2A, C).
Thus, both simvastatin and the non-selective ROCK inhibitor
decrease the production of IL-17A and IL-21 by SLE T cells.

In view of the recent availability of a selective ROCK2 inhibi-
tor, KD025, we next compared the effects of KD025 with those
of the pan-ROCK inhibitor, Y27632, and simvastatin on the
production of IL-17A and IL-21. The ROCK2 selective inhibitor
was also effective in diminishing the production of IL-17A (t=
−2.57, p=0.014) and IL-21 (t=−4.08, p=0.0004). No effects
on the production of IFN-γ were again observed (t=−0.27,
p=0.7827). Thus, the production of IL-17A and IL-21 by SLE
T cells is broadly amenable to inhibition by different ROCK
inhibitors.

Effects of different ROCK inhibitors on cytokine production
by differentiated Th17 cells
To evaluate whether different classes of ROCK inhibitors could
also interfere with the production of IL-17A and IL-21 by non-
autoimmune T cells differentiated under Th17 conditions, we
first compared the capacity of Y27632 and simvastatin to
decrease the production of IL-17A, IL-21 and CCL20 by cord
blood CD4+ T cells cultured under Th17-skewing conditions
(figure 3A, C). Consistent with our prior results,22 Y27632 at
90 μM was highly effective in inhibiting IL-17A production (t=
−5.59, p<0.0001, mixed linear modeling (MLM), figure 3A–C,
supplementary figure s1). 60 μM of Y27632 could also inhibit
IL-17A production albeit to a lesser degree (t=−2.58, p=0.016,
MLM, figure 3A–C). As previously observed,22 IL-21 produc-
tion was also sensitive to the inhibitory effects of Y27632 and
both 60 μM of Y27632 (t=−3.32, p=0.004) and 90 μM of
Y27632 (t=−4.96, p<0.0001) were highly effective in diminish-
ing IL-21 levels (figure 3A–C). The production of CCL20 was
also decreased by both doses of Y27632 (60 μM: t=–2.6,
p=0.016; 90 μM: t=−4.49, p=0.0002) although this effect was
less marked and the variance was larger compared with the
inhibitory effects exerted on IL-21 production (figure 3A–C).

In comparison with Y27632, simvastatin (0.1 μM) alone did
not decrease IL-17A (t=−1.11, p=0.27) or CCL20 production
(t=1.9, p=0.06), while the effect on IL-21 production was
more variable (figure 3A, C). Higher doses of simvastatin
exerted toxic effects in this cell culture system and could not be
evaluated (data not shown). As observed for SLE T cells, the
addition of simvastatin to the lower dose of Y27632 did not
further increase the inhibition of CCL20 or IL-21 production
but enhanced the ability of the lower dose of Y27632 to
decrease IL-17A production (figure 3C). We did not detect any
significant inhibitory effects of either Y27632 or simvastatin on
the levels of IRF4 mRNA indicating that the effects of the

Figure 1 Increased ROCK kinase activity in systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) peripheral blood mononuclear cells
(PBMCs) compared with HC PBMCs. PBMCs were isolated from heparinised blood samples of 29 patients with SLE (A) and 31 patients with RA (B).
PBMCs from healthy controls of similar ethnicity/race, sex and age±5 years (table 1) for each of the disease group were also assayed. Whole cell
extracts were prepared, and ROCK activation was assessed by an ELISA-based ROCK kinase activity assay. Active ROCK2 (1–4 ng) was used a
positive control. Data were analysed by the Kruskal-Wallis test (χ2=26.25, p<0.0001) followed by the Dunn’s multiple comparison analysis (HC vs
RA p=0.087, RA vs SLE **p<0.01, HC vs SLE ***p<0.001).
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inhibitors are not due to decreased IRF4 transcription (see
online supplementary figure S2A). Thus, the non-selective
ROCK inhibitor was more effective than simvastatin alone in
modulating the cytokine profile of in vitro-differentiated Th17
cells.

We next compared the effects of KD025 with those of the
pan-ROCK inhibitor, Y27632, on cytokine production by Th17
cells. KD025 (5 μM) was as effective as the higher dose of
Y27632 in inhibiting the production of IL-17A (t=−7.1
p<0.0001), IL-21 (t=−3.9, p=0.0008) and CCL20 (t=−6.58,
p<0.0001) and more effective than the lower dose of Y27632
at decreasing IL-17A and CCL20 production (figure 3B, C).
When assessing IRF4 as a measure of cell viability and T-cell
stimulation, we did not observe any inhibitory effect on IRF4
gene expression in Th17 cells treated with either the non-

selective ROCK inhibitor or the ROCK2 selective inhibitor (see
online supplementary figure S2B). To confirm that the effects of
the different inhibitors on cytokine production were linked to
effects on ROCK activation, we performed an ELISA-based
ROCK kinase assay (figure 3D). Consistent with the finding that
the higher levels of ROCK activity observed in Th17 cells than
in Th0 cells are primarily due to ROCK2 activation,9 the
ROCK2 selective inhibitor was as effective as the non-selective
ROCK inhibitor or simvastatin at diminishing ROCK activity
(figure 3D). In line with these results, all three inhibitors dimin-
ished the phosphorylation of IRF4, a known target of ROCK2
(figure 3E). Neither Y27632 nor KD025 decreased Stat3 phos-
phorylation (figure 3E). Therefore, a selective ROCK2 inhibitor
is as effective as a non-selective ROCK inhibitor at decreasing
cytokine production by in vitro-differentiated Th17 cells.

Figure 2 Decreased hIL-17A, hIL-21 and hIFN-γ production by systemic lupus erythematosus (SLE) CD4+ T cells treated with ROCK inhibitors.
CD4+ T cells were isolated from SLE PBMCs and cultured with plate-bound anti-CD3 and anti-CD28 stimulation in X-VIVO15 media. One day later,
CD4+ T cells were treated with (A) Y27632, simvastatin or Y27632 plus simvastatin or (B) Y27632 or simvastatin or KD025. Supernatants and cells
were collected on day 4 and supernatant levels of hIL-17, hIL-21 and hIFN-γ production were assessed. Shown is one representative experiment. (C)
The inhibition of hIL-17A, hIL-21 and hCCL20 production by each inhibitor and the combination thereof was fitted to a mixed linear model. p Values
from the likelihood ratio test comparing the null model with only the random effect of patients with the complete model that includes all treatments
are shown on each panel. The p values for individual treatment were calculated as described in the Materials and Methods section: Y(30), 30 μM
Y27632; Y(90), 90 μM Y27632; SIM, 0.2 μM simvastatin; KD, 5.0 μM KD025.
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Immune profiling reveals both overlapping and distinct
effects of different ROCK inhibitors
To gain a broader understanding of the regulatory effects of the
different classes of ROCK inhibitors in Th17 cells, we employed

the NanoString nCounter technology to profile the expression
of immune-relevant genes. Human immunology V.2 CodeSet
contains probe sets recognising 581 immuno-relevant target
genes (http://www.nanostring.com/support/literature?cat=gene_

Figure 3 ROCK inhibitors decrease hIL-17A, hIL-21 and hCCL20 production by in vitro-differentiated Th17 cells. Human umbilical cord CD4+ T cells
(106 cells/well) were cultured under Th0 or Th17-polarising conditions for 2 days and then treated with (A) Y27632, simvastatin or Y27632 plus
simvastatin or (B) Y27632 or KD025. Supernatants and cells were collected on day 4 and supernatant levels of hIL-17A, hIL-21 and hCCL20 were
assessed. Shown is one representative experiment. (C) The inhibition of hIL-17A, hIL-21 and hCCL20 production by each inhibitor and the
combination thereof was fitted to a mixed linear model. p Values from the likelihood ratio test comparing the null model with only the random
effect of patients with the complete model that includes all treatments are shown on each panel. The p values for individual treatment were
calculated as described in the Materials and Methods section. (D) Whole cell extracts were prepared and ROCK activity was measured. Shown are
three to four independent experiments. Data were analysed by the Kruskal-Wallis test (χ2=13.48, p<0.009) followed by the Dunn’s multiple
comparison analysis (**p<0.01). (E) Phosphorylation of Stat3 protein was assessed by western blotting, blots were stripped and reprobed for
phosphorylation of IRF4 protein, then subsequently stripped and reprobed for total Stat3, and total IRF4, respectively. Y(60), 60 μM Y27632; Y(90),
90 μM Y27632; SIM, 0.1 μM simvastatin; KD, 5.0 μM KD025. IRF, interferon regulatory factor.
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lists). Two hundred and twenty-five genes passed initial screen
for differential expression (see online supplementary methods)
and were used for further analysis. Principal component analysis
(R, FactoMineR)34 was used to investigate the underlying data
structure of expression profiling data set containing 225 genes
and 18 treatment conditions. The log-transformed expression
count values were standardised prior to the analysis. The first
four principal components (PC) explained 39.1%, 16.5%,
13.5% and 8.6% of the variance, respectively (figure 4A, see

online supplementary figure S3A–C). Contribution of individual
genes to each of the first three PCs was calculated as ratio of the
squared factor score of a gene by the eigenvalue associated with
that component using FactorMineR. Genes with the above average
contribution for a given PC (PC1-112, PC2-73, PC2-71 gene, see
online supplementary figure S3) were selected for further analysis.
The PC1 separates groups of genes with similar regulation in
response to either simvastatin or Y27632 (figure 4B and see online
supplementary figure S3A), indicating that these two compounds

Figure 4 KD025 and Y27632 regulate distinct subset of immune-relevant genes. Following preliminary low-stringency NanoString screening for
genes differentially expressed in Th17 cells treated with KD025 and Y27632, we performed principal component analysis of independent cell
samples (the sample coding is shown next to the data points) with gene expression as variables. (A) The first four principal components (PCs)
explain 77.7% of variance. (B) The first PC separates Y27632/SIM-treated Th17 cells from untreated (NT) and KD025-treated Th17 cells, whereas the
second PC separates KD025-treated and NT cells. (C) Unsupervised hierarchical clustering was used to define the group of coregulated genes in
Th17 cells following treatments with Y27632, SIM or KD025 in comparison with untreated cells. Genes specifically downregulated in KD025-treated
cells (cluster I) are shown in red, cluster IIC that contains a group of genes specifically downregulated by Y27632 is shown in blue and cluster IIIB
combines genes downregulated in Th17 cells treated with either Y27632 or KD025.
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act on similar immune-related regulatory pathways. The PC2
effectively separates genes altered in KD025-treated cells (figure 4B
and see online supplementary figure S3B) and PC3 is primarily
driven by the differences between Y27632 and other treatments
(see online supplementary figure S3C).

Hierarchical clustering of genes differentially regulated by
Y27632, KD025 and simvastatin in comparison with untreated
cord blood-derived Th17 (p<0.05) revealed that all inhibitors
downregulated a small number of genes, albeit to different extents
(figure 4C, cluster IIIB). In addition, KD025 specifically inhibited
a subset of genes (cluster I), which was either largely unaffected or
only weakly downregulated by Y27632 or simvastatin relative to
untreated cells. Notably, KD025 downregulated the expression of
both IL-23R and IL-21R (cluster I). The gene profile affected by
Y27632 and simvastatin was instead largely overlapping (figure 4C
and see online supplementary figure S3A) except for a small group
of genes (cluster IIC) that were primarily inhibited by Y27632 but
not simvastatin or KD025 and that included IL-2. Finally, a small
group of genes was upregulated by both KD025 and simvastatin
(clusters IIA and IIB) but not Y27632.

Comparative analysis of regulatory pathways enriched in
KD025-responsive versus Y27632-responsive genes (both up
and down) using G:profiler35 further indicated that both inhibi-
tors controlled a number of genes involved in the regulation of
cytokine production (see online supplementary figure S4). In
addition, Y27632 regulates a battery of unique genes that are
involved in leucocyte differentiation and cell adhesion, viral
response and interactions between lymphoid and non-lymphoid
cells. Furthermore, treatment with Y27632 is associated with
induction of several elements of the interferon signalling
pathway. KD025 instead altered the expression of genes
involved in signal transduction downstream of multiple trans-
membrane receptors (figure 4C and see online supplementary
figure S4). Specifically, KD025 treatment downregulates several
elements of the Jak-STAT pathway as well as several subunits of
the immunoproteasome. Interestingly, Y27632 and KD025
potentially exert opposite effects on the same pathways. For
example, while KD025 decreases mRNA levels for JAK1, JAK2,
IRF3 and STAT5B, Y27632 upregulates the expression of these
genes (see online supplementary figure S4).

DISCUSSION
The ROCKs are emerging as important regulators of T-cell
effector function via their ability to be activated under Th17
conditions and to regulate the production of IL-17 and IL-21
and initial studies revealed that ∼60% of patients with SLE
exhibit increased ROCK activity in their PBMCs.22 Here we
have investigated ROCK activation in a new cohort of patients
with SLE and have confirmed that PBMCs from a majority of
patients with SLE exhibit higher levels of ROCK activity than
healthy controls. Interestingly, PBMCs from patients with RA
were also found to exhibit higher ROCK activity levels than
controls suggesting that dysregulated ROCK activation may rep-
resent a common pathogenic pathway in autoimmunity.

Given the potential of the ROCKs as therapeutic targets for
SLE and other autoimmune diseases, here we directly compared
the effectiveness of distinct classes of ROCK inhibitors for their
effects on the production of IL-17 and IL-21 by T cells from
patients with SLE. Our results demonstrate that inhibition of
ROCK-mediated cytokine production could be achieved by mul-
tiple therapeutic modalities. In line with prior observations dem-
onstrating that the selective ROCK2 inhibitor, KD025, can
downregulate the production of IL-17 and IL-21 by RA T cells,
KD025 decreased the production of these cytokines by SLE T

cells, although the production of IFNγ appears to be ROCK2
dependent in RA but not in SLE T cells.18 The ability of KD025
to target IL-17A and IL-21 production in our study was,
however, not accompanied by decreases in Stat3 phosphoryl-
ation or IRF4 expression,18 36 possibly due to the later timing
of addition of the ROCK2 inhibitor to the cultures, which may
have enabled the initial wave of signalling events to be protected
from the inhibitory effects of KD025.

The increased ROCK activity observed in human Th17 cells
as compared with Th0 cells was also effectively decreased by
broad ROCK inhibitors such as Y27632 and simvastatin and by
the selective ROCK2 inhibitor, KD025, suggesting that the ele-
vated ROCK activity in this T helper subset primarily reflects
activation of the ROCK2 rather than the ROCK1 isoform.
These results support previous murine and human studies,
which have implicated ROCK2 as the major ROCK isoform
involved in the differentiation of Th17 cells and TFH cells gen-
erated under Th17 cell skewing conditions and have demon-
strated beneficial effects of ROCK inhibitors on the production
of IL-17 and IL-21 and autoimmune pathogenesis9–19 36 and
indicate that directly assessing cellular ROCK activity can be
helpful in evaluating the efficacy of distinct ROCK inhibitors.

Interestingly, immune gene profiling using NanoString
nCounter Technology uncovered broad differences among the
distinct classes of ROCK inhibitors. In particular, the transcrip-
tional profile altered by KD025 included inhibitory effects on the
expression of the IL-23 and IL-21 receptors suggesting that this
compound may target the production of key Th17 cytokines and
the cytokine responsiveness of Th17 cells. More studies will,
however, be required to determine the functional relevance of
these latter effects. In contrast to KD025, the immune profile
modulated by Y27632 and simvastatin was largely overlapping. It
remains to be determined whether the differences between the
selective ROCK2 inhibitor (KD025) and the broader ROCK inhi-
bitors (Y27632 and simvastatin) are due to the ability of the latter
two compounds to concomitantly decrease ROCK1 activity and/
or are due to additional ROCK-independent actions.

In summary, dysregulated ROCK activity is a consistent feature
of PBMCs from autoimmune patients. Targeting of this pathway
can be achieved by a number of both selective and non-selective
inhibitors suggesting that this pathway could be amenable to a
number of distinct therapeutic modalities. Whether ROCK2
selective inhibitors will provide a more advantageous risk/benefit
profile than broader ROCK inhibitors will likely require a better
understanding of the functional relevance of ROCK1-dependent
pathways in immune cells and the development of tools to specif-
ically monitor the activation of ROCK1-specific and/or
ROCK2-specific pathways in individual patients.
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EXTENDED REPORT

Systemic inhibition of IL-6/Stat3 signalling protects
against experimental osteoarthritis
Augustin Latourte,1,2 Chahrazad Cherifi,1 Jérémy Maillet,1,2 Hang-Korng Ea,1,2

Wafa Bouaziz,1 Thomas Funck-Brentano,1,2 Martine Cohen-Solal,1,2 Eric Hay,1

Pascal Richette1,2

ABSTRACT
Objective To investigate the impact of systemic
inhibition of interleukin 6 (IL-6) or signal transducer and
activator of transcription (Stat3) in an experimental
model of osteoarthritis (OA).
Methods Expression of major catabolic and anabolic
factors of cartilage was determined in IL-6-treated
mouse chondrocytes and cartilage explants. The anti-IL-
6-receptor neutralising antibody MR16-1 was used in
the destabilisation of the medial meniscus (DMM) mouse
model of OA. Stat3 blockade was investigated by the
small molecule Stattic ex vivo and in the DMM model.
Results In chondrocytes and cartilage explants, IL-6
treatment reduced proteoglycan content with increased
production of matrix metalloproteinase (MMP-3 and
MMP-13) and a disintegrin and metalloproteinase with
thrombospondin motifs (ADAMTS-4 and ADAMTS-5). IL-
6 induced Stat3 and extracellular signal-regulated kinase
(ERK) 1/2 signalling but not p38, c-Jun N-terminal
kinase or Akt. In the DMM model, Stat3 was activated
in cartilage, but neither in the synovium nor in the
subchondral bone. Systemic blockade of IL-6 by MR16-1
alleviated DMM-induced OA cartilage lesions, impaired
the osteophyte formation and the extent of synovitis. In
the same model, Stattic had similar beneficial effects on
cartilage and osteophyte formation. Stattic, but not an
ERK1/2 inhibitor, significantly counteracted the catabolic
effects of IL-6 on cartilage explants and suppressed the
IL-6-induced chondrocytes apoptosis.
Conclusion IL-6 induces chondrocyte catabolism
mainly via Stat3 signalling, a pathway activated in
cartilage from joint subjected to DMM. Systemic
blockade of IL-6 or STAT-3 can alleviate DMM-induced
OA in mice.

INTRODUCTION
Interleukin 6 (IL-6) blockade has been shown to be
effective in various musculoskeletal disorders, in
particular rheumatoid arthritis (RA).1 Although in
vitro and animal studies have suggested that IL-6 is
a major cytokine in the pathogenesis of osteoarth-
ritis (OA), the effect of systemic IL-6 inhibition on
cartilage degradation, a hallmark feature of OA,
has not been investigated yet in OA animal models,
nor in humans.
IL-6 is a pleiotropic proinflammatory cytokine

involved in many physiological and pathological
processes.2 It belongs to a family of cytokines
known as gp130 cytokines. IL-6 binds first to its
non-signalling specific receptor (IL-6R) and then to

a common subunit (gp130), which triggers two
main signalling pathways: signal transducer and
activator of transcription (STAT) and extracellular
signal-regulated kinase (ERK).3 Stat1, 3 and 5 are
all activated on IL-6 stimulation, but Stat3 is the
main signalling factor downstream of IL-6.4

IL-6 serum levels are strongly associated with
obesity and metabolic syndrome, two major risk
factors for knee OA.5 Data from a prospective
cohort showed that higher serum levels of IL-6 and
body mass index were independent predictors of
incident radiographic knee OA.6 Within the joint,
high levels of IL-6 are found in knee OA synovial
fluid and surrounding tissues at the early stages of
the disease7 8 and are associated with progression
of knee OA after meniscectomy.9 Many joint tissues
can produce IL-6: fibroblast-like synoviocytes,
chondrocytes and subchondral bone osteoblasts
release high levels of this cytokine after different
stimulations, such as mechanical loading.10–12 The
infrapatellar fat pad from patients with knee OA
can stimulate the secretion of IL-6 by synovio-
cytes.13 In bovine chondrocytes, IL-6 increases
matrix metalloproteinase 1 [Mmp1], 3 and 13, and
a disintegrin and metalloproteinase with thrombos-
pondin motifs 4 [Adamts4] and 5 mRNA levels.14

Intra-articular injections of IL-6 reproduced
OA-like cartilage lesions in mice, and IL-6 knock-
out (KO) mice develop less severe posttraumatic
OA lesions.15 The role played by IL-6 in age-related
OA is controversial. In humans, a low innate pro-
duction of IL-6 is associated with the absence of
OA in the elderly.16 By contrast, it has been shown
that male IL-6 KO mice develop more severe OA
on ageing, yet a finding not observed in female
mice.17

More recently, a positive feedback loop was iden-
tified between calcium-containing crystals and IL-6
leading to cartilage destruction.18 Despite these
data, the mechanisms by which IL-6 elicits its
effects in cartilage remain poorly known.19

In this study, we investigated the impact of IL-6
on cartilage metabolism and assessed subsequently
the efficacy of IL-6/Stat3 pathway blockade in an
experimental model of OA. We found that IL-6
induced Stat3 and ERK1/2 pathways in chondro-
cytes and upregulated the production of the main
proteases involved in OA pathogenesis (MMP-3
and MMP-13, and ADAMTS-4 and ADAMTS-5),
thereby leading to cartilage degradation. With a
mouse model of OA induced by destabilisation of
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the medial meniscus (DMM), systemic inhibition of IL-6 with a
neutralising monoclonal antibody or Stat3 with a non-peptidic
small molecule decreased the severity of OA lesions. Our find-
ings provide strong evidence for a pivotal role for IL-6 in OA
via Stat3 signalling and open up new therapeutic perspectives.

MATERIALS AND METHODS
Culture of primary articular chondrocytes and cartilage
explants
Primary articular chondrocytes were isolated from femoral
heads, femoral condyles and tibial plateaus of newborn mice20

and expanded in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco Life Technologies) with 10% decomplemented fetal calf
serum (FCS), 2% L-glutamine and 1% penicillin/streptomycin
until confluence. Confluent monolayers of chrondrocytes were
then stimulated with 10, 50 or 100 ng/mL IL-6 (R&D Systems)
and 50 ng/mL IL-6R (R&D Systems), with or without 1, 2 or
5 mmol/L Stattic (sc-202818, Santa Cruz Biotechnology), a non-
peptidic small molecule that selectively inhibits Stat3,21 or 10,
50 or 100 mmol/L PD98059 (Gibco), a mitogen-activated
protein kinase kinase inhibitor,22 for 24 hours. At the end of
culture, RNA and protein were extracted and medium was col-
lected. All experiments were performed in duplicate.

Cartilage explants were obtained from the femoral heads of
10-week-old mice as described,23 cultured in FCS-free DMEM
for 24 hours, then stimulated with 500 ng/mL IL-6 and 500 ng/
mL IL-6R, with or without 5 mmol/L Stattic or 100 mmol/L
PD98059, for 72 hours (n=3 explants per condition). The
medium was collected and explants were prepared for cryosec-
tion. For additional details, see online supplementary methods.

Mice
OA was induced in 10-week-old male C57BL/6 mice by DMM
of the right knee as described.24 Sham operation was performed
on the controlateral knee by incision of the cutaneous and
muscular planes at baseline. Sham surgery was also performed
on the right knee from a separate group of mice.25 In a first
experiment, mice received intraperitoneal injections of a rat
anti-mouse IL-6R monoclonal antibody (MR16-1, 0.5 mg once
a week, kindly provided by Chugai Pharmaceutical Co.) (n=10)
or phosphate-buffered saline (PBS) as a control (n=10) for
6 weeks from the day after the DMM. In a second experiment,
mice received Stattic (25 mg/kg every other day) by oral gavage
(n=10) or 1% Tween 80 PBS as a control (n=8) for 6 weeks
from the day after the DMM. The local animal ethics committee
and the French Ministry of Higher Education and Research
approved all animal protocols (approval no. apafis#665-
2015051311034087-v1). For additional details, see online
supplementary methods.

Statistical analysis
A Mann-Whitney test was used to determine statistical signifi-
cance. p<0.05 was considered statistically significant. Data are
expressed as mean±SEM from at least three experiments unless
otherwise indicated. Statistical analyses involved use of StatView
(V.5.0; SAS Institute, Cary, North Carolina, USA).

RESULTS
IL-6 increases cartilage catabolism by activating
proteolytic enzymes
First, we examined the overall effects of IL-6 on proteoglycan
content from in vitro chondrocytes cultures. Alcian blue
staining showed that the glycosaminoglycan content in the
extracellular matrix (ECM) layer decreased upon IL-6 stimulation

(−36.6±12.8%; p<0.05). In addition, IL-6 induced a significant
increase of glycosaminoglycan release to the culture medium
(+17.0±2.3%, p<0.05) (figure 1A). We next confirmed these
results in an organotypic model. In cartilage explants, IL-6 trig-
gered a loss of Safranin O staining in the superficial layer of car-
tilage (figure 1B, upper part), along with a significant release of
proteoglycans to the culture medium (+65.6±38.6%, p<0.05)
(figure 1B). Of note, the loss of Safranin O staining paralleled
an increase in NITEGE staining (figure 1B, lower part), attesting
to aggrecanases activation following IL-6 stimulation.

To clarify the mechanisms by which IL-6 led to proteoglycan
breakdown and triggered aggrecanases activity in cartilage, we
investigated its effect on the expression of ADAMTS as well as
MMPs and major anabolic and phenotypic genes in primary
mouse chondrocytes. After 24 hours, IL-6 dose-dependently
increased the mRNA levels of Mmp3, Mmp13, Adamts4 and
Adamts5 (figure 2A). ADAMTS-4 and ADAMTS-5 were
secreted in their activated form on IL-6 stimulation (molecular
weight of 90 kDa and 73 kDa, respectively). IL-6 also enhanced
the secretion of MMP-3 and MMP-13 in the culture medium
(figure 2B), the highest stimulation being observed with
MMP-3. Furthermore, IL-6 slightly increased Timp1 but not
Timp3 mRNA levels (figure 2A). Therefore, the proteolytic
burden of IL-6 was not counteracted by metalloprotease
inhibitors.

By contrast, IL-6 stimulation did not modulate the mRNA
levels of the anabolic genes Col2a1 and Acan, nor the cartilage
hypertrophy marker gene Vegf (figure 2C). Furthermore, IL-6
had no effect on either the Ptgs2 (COX2-encoding gene)
mRNA levels, nor the secretion of prostaglandin2 (18.9±3.4 vs
20.1±3.6 pg/mL; p=NS) or the NO production (1.24±0.2 vs
1.14±0.1 mmol/L; p=NS) in the culture medium. Thus, IL-6
had no effect on the production of inflammatory mediators
(figure 2C–E). Therefore, the IL-6-induced cartilage degradation
is likely mediated by the production and activation of several
ECM-degrading enzymes.

Systemic IL-6 blockade alleviates osteoarthritic
cartilage lesions
We next investigated the effect of the systemic inhibition of IL-6
by a rat anti-mouse IL-6R neutralising monoclonal antibody
(MR16-1) in the DMM mouse model of OA.23 MR16-1 was
administered by intraperitoneal injection once a week for
6 weeks beginning the day after DMM surgery. OA lesions were
less severe with 6-week MR16-1 than control treatment (n=10
per group), as assessed by the Osteoarthritis Research Society
International (OARSI) score (3.95±0.44 vs 5.80±0.51;
p=0.007; figure 3A, B). Results were similar when a sham-
operated right knee from a separate group (n=4) was used as
control (see online supplementary figure S1). The operated
knees from MR16-1-treated mice had smaller osteophytes (osteo-
phyte size score: 1.30±0.12 vs 1.65±0.09, p=0.02; figure 3C
and see online supplementary figures S2A and S2B) and milder
synovial inflammation as compared with controls (synovitis score:
2.03±0.09 vs 2.70±0.28, p=0.02; figure 3D, E). By contrast,
MR16-1 had no effect on the subchondral bone remodelling as
assessed by the bone volume/tissue volume (BV/TV) (figure 3F).

Stat3 signalling mediates the catabolic effects
of IL-6 on cartilage
We then investigated the signalling pathway involved in the cata-
bolic effects of IL-6. Chondrocytes were challenged or not with
IL-6 for 15 min and lysates underwent western blot analysis.
IL-6 induced the phosphorylation of Stat3 and ERK1/2 but
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Figure 1 Interleukin-6 (IL-6) decreases the cartilage proteoglycan content in vitro and ex vivo. (A) Representative images of Alcian blue staining
(left) of monolayers of mouse primary chondrocytes treated or not with recombinant IL-6 and IL-6 receptor (IL-6R) (100 ng/mL) for 48 hours, and
quantification by spectrophotometry, expressed as a ratio of Alcian blue to crystal violet content (middle). In parallel, the total amount of
glycosaminoglycans released to the culture medium was measured by the 1,9-dimethylmethylene blue assay (right). (B) Safranin O staining (upper)
and NITEGE immunohistochemistry (lower) of cryosections of mouse femoral head cartilage explants treated or not with recombinant IL-6 and IL-6R
(500 ng/mL) for 72 hours, and IL-6 induced proteoglycan release to the culture medium. Scale bars=100 mm. Data are mean±SEM ratio of
IL-6-treated to control (Ct) explants from three experiments (n=3 femoral heads per condition). *p<0.05 compared with control.

Figure 2 Interleukin-6 (IL-6) increases matrix-degrading enzymes production by chondrocytes. (A) Quantitative reverse transcriptase PCR (RT-PCR)
analysis of matrix metalloproteinase 3 (Mmp3) and Mmp13, a disintegrin and metalloprotease with thrombospondin-like repeat 4 (Adamts4) and
Adamts5, and tissue inhibitor of metalloproteinase 1 (Timp1) and Timp3 in chondrocytes treated with IL-6 and IL-6 receptor (IL-6R) (10–50–100 ng/
mL) for 24 hours. (B) Western blot analysis of secreted matrix metalloproteinases (MMP)-3 and MMP-13 and a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS)-4 and ADAMTS-5 (culture medium) in chondrocytes treated with IL-6 and IL-6R (10–50–100 ng/mL) for
24 hours. (C) Quantitative RT-PCR analysis of Col2a1, Acan, Vegf and Ptgs2 in chondrocytes treated with IL-6 and IL-6R (10–50–100 ng/mL) for
24 hours. (D) Prostaglandin E2 (PGE2) and (E) nitric oxide (NO) measurements in the culture medium of chondrocytes treated or not with IL-6 and
IL-6R (100 ng/mL). Data are mean±SEM from three experiments. *p<0.05. Ct, control.
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had no effect on the phosphorylation of p38, JNK or Akt
(figure 4A).

Stat3 is the most specific actor of IL-6 signalling.4 To confirm
that the increased production of proteases was mediated by
Stat3, IL-6-treated chondrocytes were cultured with increasing
concentrations (1–5 mM) of Stattic, a non-peptidic small mol-
ecule that specifically inhibits Stat3.21 Stattic dose-dependently
inhibited Stat3 phosphorylation (figure 4B). We compared
the effects of Stattic with those of PD98059, an ERK1/2
inhibitor (figure 4C). In cartilage explants, Stattic counteracted
both the IL-6-induced loss in proteoglycans and Stat3
phosphorylation in the superficial layer of cartilage explants
(figure 4D). Importantly, Stattic decreased immunostaining for
MMP-3, MMP-13, ADAMTS-4, ADAMTS-5 and NITEGE in
IL-6-stimulated explants (figure 4D). Moreover, Stat3 blockade
mitigated the release of proteoglycans in the supernatant (−23.6
±7.3%, p<0.05) (figure 4E). Stattic also suppressed IL-6-induced
chondrocyte apoptosis as assessed by terminal deoxynucleotidyl
transferase dUTP nick end labelling (TUNEL) assay (see online

supplementary figure S3). By contrast, the inhibition of ERK1/2
signalling had little effect on Safranin O staining, as well as on
IL-6-induced proteases secretion and proteoglycan release to the
culture medium (figure 4D, E). Thus, Stat3 is most likely the
main signalling pathway that mediates the deleterious effects of
IL-6 on cartilage.

Stat3 blockade is chondroprotective
To investigate the role of Stat3 in OA, we administered Stattic
(25 mg/kg every other day, n=10) or PBS (n=8) to mice by oral
gavage for 6 weeks, beginning the day after DMM surgery.

As compared with controls, the severity of OA cartilage
lesions was significantly reduced in Stattic-treated mice (OARSI
score: 2.57±0.29 vs 4.50±0.32 for control treatment,
p=0.0001) (figure 5A, B). Same results were observed when
comparing with a sham-operated right knee (n=4) from a sepa-
rate control group (see online supplementary figure S4). Stattic
also decreased the size of osteophytes as compared with PBS
(1.20±0.05 vs 1.88±0.17, p=0.0006; figure 5C and see online

Figure 3 Systemic interleukin-6 (IL-6) blockade with a neutralising monoclonal antibody anti-IL-6 receptor (IL-6R) alleviates experimental
osteoarthritis (OA) in mice. MR16-1 was administered for 6 weeks by intraperitoneal injection (0.5 mg) once a week beginning the day after
destabilisation of medial meniscus (DMM) surgery. Phosphate-buffered saline (PBS) was used as control (n=10 mice in each group). In this set of
experiments, the left knee was used for sham surgery. (A) Representative Safranin O staining and (B) Osteoarthritis Research Society International
(OARSI) score for medial femorotibial joints of C57BL/6 mice 6 weeks after DMM or sham surgery. (C) Quantification of the osteophyte size in knee
joints from mice treated with MR16-1 of PBS. (D) Representative images of the knee synovium and (E) quantification of the synovial inflammation in
knee joints from mice 6 weeks after DMM or sham surgery and treated with PBS or MR16-1. (F) Histomorphometric analysis of bone volume/tissue
volume (BV/TV) ratio in the subchondral bone of the tibial plateau from mice 6 weeks after DMM or sham surgery and treated with PBS or MR16-1.
Black scale bar=100 mm. Data are mean±SEM. *p<0.05. NS, not significant.

Basic and translational research

751Latourte A, et al. Ann Rheum Dis 2017;76:748–755. doi:10.1136/annrheumdis-2016-209757

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1136/annrheumdis-2016-209757
http://dx.doi.org/10.1136/annrheumdis-2016-209757
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


supplementary figures S2C and S2D). However, Stattic had no
significant effect on the extent of synovitis nor on the subchon-
dral bone remodelling (figure 5D–F).

The proportion of phosphorylated Stat3 (phospho-Stat3)-
positive chondrocytes increased 6 weeks after DMM (34.5±4.4
vs 16.0±2.3%; p=0.001; figure 5G, H), demonstrating the acti-
vation of Stat3 pathway in OA. Remarkably, administration of
Stattic significantly inhibited the DMM-phosphorylated Stat3 in
chondrocytes as compared with control treatment (14.3±2.5%
vs 34.5±4.4%; p=0.001). In addition, Stattic decreased
DMM-induced NITEGE staining in cartilage (figure 5I), so
reduced aggrecanases activity paralleled the inhibition of
phosphorylated Stat3.

In line with histological findings suggesting that the effects of
Stattic were limited to cartilage and osteophyte in the DMM
model, Stat3 activation occurred mostly in articular cartilage
after DMM, but not in the synovium nor in the subchondral
bone cells (see online supplementary figure S5). These results
confirm that the chondroprotective effect of Stattic, adminis-
tered orally in the DMM model, is mediated via inhibition of
Stat3 activation in cartilage.

DISCUSSION
OA is considered a low-grade inflammatory disease involving
the whole joint rather than a simple wear and tear of the cartil-
age.26 Indeed, beyond the cartilage breakdown and the subchon-
dral bone remodelling, synovial inflammation is an important
hallmark of OA.12 IL-6 levels are almost 100-fold higher in OA

synovial fluid7 than in serum from obese patients and/or patients
with OA,6 27 which suggests a local production of IL-6 in knee
OA. Here, we confirmed in two different models that IL-6 acti-
vates chondrocytes to synthesise MMPs and aggrecanases,
thereby degrading cartilage ECM. By using a specific small mol-
ecule inhibitor, Stattic, we demonstrated that the catabolic
effects of IL-6 on cartilage are mostly mediated by the transcrip-
tion factor Stat3. Thus, the increased expression of matrix-
degrading enzymes we observed with IL-6 likely occurred at the
transcriptional level. The involvement of Stat3 in IL-6-induced
cartilage catabolism seems to be specific since little effect was
observed after blockade of ERK1/2 signalling.

IL-6 was previously reported to induce Mmp1, Mmp3 and
Mmp13 and Adamts-4 and Adamts-5 mRNA levels in bovine
chondrocytes.14 Our NITEGE immunohistochemistry experi-
ments of femoral head cartilage explants extended these results
and showed that these IL-6-induced proteases are active and
able to cleave aggrecan. Albeit statistically significant, the
Adamts4 and Adamts5 mRNA levels’ induction was modest in
our model, suggesting that IL-6 might also regulate aggrecanases
activity through posttranslational processing by proprotein con-
vertases, such as furin or furin-like enzymes.28

IL-6 KO has been previously shown to reduce DMM-induced
OA in mice,15 and in humans, a low innate capacity of produc-
tion of IL-6 is associated with the absence of OA in the
elderly,16 a finding not observed in mice.17 Here, we show for
the first time that the systemic use of anti-IL-6R monoclonal
antibody has protective effects in an experimental OA model,

Figure 4 Signal transducer and activator of transcription 3 (Stat3) regulates the interleukin-6 (IL-6)-induced cartilage catabolism. (A) Western blot
analysis of total and phosphorylated Stat3, extracellular signal-regulated kinase 1/2 (ERK1/2), p38, c-Jun N-terminal kinase ( JNK) and Akt in total
lysates of chondrocyte monolayers treated or not with IL-6 and IL-6 receptor (IL-6R) (100 ng/mL) for 15 min and (B) total and phosphorylated Stat3
(pStat3) in total lysates of chondrocyte monolayers treated or not with IL-6 and/or Stattic (St; 1–2–5 mmol/L) for 15 min. (C) Western blot analysis
of total and phosphorylated ERK1/2 (pERK1/2) in total lysates of chondrocyte monolayers treated or not with IL-6 and/or PD98059
(10–50–100 mmol/L). (D) Representative Safranin O staining and immunostaining of pStat3, matrix metalloproteinase (MMP)-3, MMP-13, a
disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS)-4, ADAMTS-5 and NITEGE in cryosections of mouse femoral head
explants treated or not with IL-6/IL-6R and/or Stattic (5 mM) or PD98059 (100 mM) for 72 hours. (E) Proteoglycan released to the culture medium
from cartilage explants measured by the 1,9-dimethylmethylene blue colorimetric assay. Black scale bar=100 mm. Data are mean±SEM ratio of
treated to control (Ct) explants from three experiments. *p<0.05 vs control. #p<0.05 vs IL-6 (n=3 femoral heads per condition in each experiment).
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thus providing the relevance for IL-6 therapeutic targeting in
OA. We hypothesise that both synovitis and angiogenesis,
common findings in the DMM model,25 29 allowed for the
MR16-1 and Stattic to reach the joint cavity and to exert their
effects on cartilage. This finding supports ongoing clinical inves-
tigations of the efficacy of tocilizumab, a humanised anti-IL-6R
monoclonal neutralising antibody, for severe subsets of patients
with OA (ClinicalTrials.gov NCT02477059), as has been done
with tumour necrosis factor alpha (TNFα) blockers.30

In our study, the protective effect of Stat3 blockade on car-
tilage destruction in the DMM model appeared greater than
that observed with the neutralising anti-IL-6R antibody. A
similar difference was previously observed in the effects of
IL-6 blockade upstream or downstream of its interaction
with its gp130 receptor,18 so Stat3 may be activated independ-
ent of IL-6 by other gp130 cytokines. Notably, several studies
have pointed to the role of oncostatin M (OSM) in synovial
inflammation or osteophyte-like bone proliferation in mouse
models.31 32 Moreover, a proinflammatory gene signature
induced by IL-6 in murine chondrocytes was recently found
to be closer to that of OSM than any other gp130 cytokine.33

The Stat3 activation in OA cartilage may result from a

synergistic action between several gp130 cytokines, especially
IL-6 and OSM.

In the DMM model, Stat3 signalling was strongly activated in
cartilage, but not in the synovium nor in the subchondral bone,
a finding which may explain that we did not observe a signifi-
cant effect of Stattic on synovitis or bone remodelling. Yet, we
cannot exclude that our time point for histological assessment
(6 weeks) was not the most appropriate to detect changes in
bone remodelling. Indeed, we previously showed that the
BV/TV decreased early after DMM, at week 4 but not at
weeks 6 and 9.23 To the difference of Stattic, MR16-1 signifi-
cantly decreased the extent of synovitis, which occurred early in
the DMM model.29 34 This suggests that MR-16 might act
through other pathways than Stat3 in the synovium tissue.
Indeed, in RA synoviocytes, IL-6 can enhance p65 nuclear
factor κB (NF-κB) activation and both Toll-like receptor
ligand-induced inflammatory cytokine and chemokine produc-
tion,35 which are known to be also involved in the genesis of
OA synovitis.36

DMM-induced joint instability may result in experimental OA
by the increased and sustained mechanical stress on cartilage
and bone. The main transcription factor known to regulate bio-
mechanical signals in chondrocytes is NF-κB,37 which is known

Figure 5 Stat3 blockade with a non-peptidic small molecule ameliorates osteoarthritis (OA) in mice. Stat3 inhibitor Stattic (25 mg/kg) was
administered for 6 weeks by oral gavage (n=10) every other day beginning the day after destabilisation of medial meniscus (DMM) surgery.
Phosphate-buffered saline (PBS) given orally was used as a control (n=8). In this set of experiments, the left knee was used for sham surgery.
(A) Representative Safranin O staining and (B) Osteoarthritis Research Society International (OARSI) score from medial femorotibial joints of C57BL/6
mice 6 weeks after DMM or sham surgery. (C) Quantification of the osteophyte size in knee joints from mice undergoing DMM and treated with PBS
or Stattic. (D) Representative images of the knee synovium and (E) quantification of the synovial inflammation in knee joints from mice 6 weeks
after DMM or sham surgery and treated with PBS or Stattic. (F) Histomorphometric analysis of bone volume/tissue volume (BV/TV) ratio in the
subchondral bone of the tibial plateau from mice 6 weeks after DMM or sham surgery and treated with PBS or Stattic. (G) Percentage of
phosphorylated Stat3-stained cells in the superficial layer of articular cartilage in the medial femoral condyle and tibial plateau of Stattic- or
PBS-treated mice after DMM or sham surgery. (H) Representative immunostaining for phosphorylated Stat3 from cartilage of medial femorotibial
joints of Stattic or PBS-treated mice after DMM or sham surgery. (I) Representative immunostaining of NITEGE in cartilage from medial femorotibial
joints of Stattic or PBS-treated mice after DMM or sham surgery. Black scale bar=100 mm. Data are mean±SEM. *p<0.05. NS, not significant.
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to have an important role in OA.38 IL-6 is a direct target gene
of NF-κB in human chondrocytes,39 and a key mediator of
several chondrocyte procatabolic factors involved in OA.15 40–44

Our results suggest that the IL-6/Stat3 pathway could be
another important mediator of catabolic and inflammatory
effects of mechanical stress in OA-related cartilage damage,
acting downstream of numerous procatabolic cytokines or tran-
scriptional factors in chondrocytes. Furthermore, IL-6 might act
synergistically with other proinflammatory mediators to
promote OA cartilage destruction, as there is evidence for a
crosstalk between IL-6 family cytokines and IL-1 or TNFα in
various joint tissues.45 46

In conclusion, we showed that Stat3 is activated in cartilage
from joint subjected to DMM and appears as the main signalling
pathway involved in IL-6-induced cartilage breakdown. Our
results open new therapeutic perspectives with the evidence that
pharmacological inhibition of the IL-6/Stat3 pathway could
reduce OA progression. Indeed, because the inhibition of IL-6 or
Stat3 protected against experimental murine OA, these factors
may represent relevant therapeutic targets for OA. As it has been
previously shown with epidermal growth factor receptor signal-
ling in a rat model of OA,47 we show here that systemic blockade
of different actors of a pleiotropic signalling pathway ameliorates
joint degradation and we therefore provide a proof of concept.
These findings need to be further investigated with other inhibit-
ing strategies (other pharmacological inhibitors, silencing RNA
or gene KO) in different models of OA before considering their
application in human OA. Regardless, they bring important
insights into OA pathogenesis by demonstrating the pivotal role
of the IL-6/Stat3 pathway in OA.
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EXTENDED REPORT

The transcription factor GLI2 as a downstream
mediator of transforming growth factor-β-induced
fibroblast activation in SSc
Ruifang Liang,1 Barbora Šumová,1,2 Cinzia Cordazzo,1,3 Tatjana Mallano,1

Yun Zhang,1 Thomas Wohlfahrt,1 Clara Dees,1 Andreas Ramming,1

Dorota Krasowska,4 Małgorzata Michalska-Jakubus,4 Oliver Distler,5

Georg Schett,1 Ladislav Šenolt,2 Jörg H W Distler1

ABSTRACT
Objectives Hedgehog signalling plays a critical role
during the pathogenesis of fibrosis in systemic sclerosis
(SSc). Besides canonical hedgehog signalling with
smoothened (SMO)-dependent activation of GLI
transcription factors, GLI can be activated independently
of classical hedgehog ligands and receptors (so-called
non-canonical pathways). Here, we aimed to evaluate
the role of non-canonical hedgehog signalling in SSc
and to test the efficacy of direct GLI inhibitors that target
simultaneously canonical and non-canonical hedgehog
pathways.
Methods The GLI inhibitor GANT-61 was used to
inhibit canonical as well as non-canonical hedgehog
signalling, while the SMO inhibitor vismodegib was used
to selectively target canonical hedgehog signalling.
Furthermore, GLI2 was selectively depleted in fibroblasts
using the Cre-LoxP system. The effects of
pharmacological or genetic of GLI2 on transforming
growth factor-β (TGF-β) signalling were analysed in
cultured fibroblasts, in bleomycin-induced pulmonary
fibrosis and in mice with overexpression of a
constitutively active TGF-β receptor I.
Results TGF-β upregulated GLI2 in a Smad3-
dependent manner and induced nuclear accumulation
and DNA binding of GLI2. Fibroblast-specific knockout of
GLI2 protected mice from TBRact-induced fibrosis.
Combined targeting of canonical and non-canonical
hedgehog signalling with direct GLI inhibitors exerted
more potent antifibrotic effects than selective targeting
of canonical hedgehog signalling with SMO inhibitors in
experimental dermal and pulmonary fibrosis.
Conclusions Our data demonstrate that hedgehog
pathways and TGF-β signalling both converge to GLI2
and that GLI2 integrates those signalling to promote
tissue fibrosis. These findings may have translational
implications as non-selective inhibitors of GLI2 are in
clinical use and selective molecules are currently in
development.

Fibrotic diseases account for up to 45% of deaths
in the developed world and impose a major socio-
economic burden on modern societies.1 Fibrotic
diseases are characterised by excessive accumulation
of extracellular matrix, in particular collagens,
which disrupts the physiological tissue architecture
and progressively impairs the function of the

affected organs.2 Systemic sclerosis (SSc) is a proto-
typical systemic fibrotic disease of unknown aeti-
ology, which is characterised by aberrant activation
of resident fibroblasts that display a persistently
activated phenotype.1–3 Although individual key
mediators of fibroblast activation such as transform-
ing growth factor-β (TGF-β) or canonical hedgehog
signalling have been identified, the consequences of
the concomitant upregulation of multiple pro-
fibrotic pathways are unknown and crosstalk
between individual pathways in fibrotic diseases is
currently poorly characterised. However, mutual
activation and amplification of pro-fibrotic signals
might be central for the persistent activation of
fibroblasts. Moreover, identification of amplifica-
tion loops between pro-fibrotic pathways may yield
novel candidate molecules for targeted therapies
that allow for combined inhibition of different
fibrotic pathways.
The hedgehog pathway is considered as a major

morphogen pathway with pivotal roles in embry-
onic development, but is also important for tissue
homeostasis in the adult, in part by maintaining
stem cells, but also by regulating proliferation,
differentiation and activation of other resident
cells.4–6 We and others demonstrated previously
that the activation of canonical hedgehog signalling
plays a crucial role in the pathogenesis of fibrotic
diseases, such as pulmonary fibrosis, liver fibrosis
and kidney fibrosis.7–14 In canonical hedgehog sig-
nalling, sonic hedgehog (SHH) binds to its receptor
Patched and stimulates the expression of the down-
stream transcription factor GLI2 in a smoothened
(SMO)-dependent manner.15 SHH stimulates the
release of collagen from fibroblasts, and its overex-
pression in murine skin is sufficient to induce fibro-
sis.9 In contrast, inhibition of canonical hedgehog
signalling by inactivation of the seven-span trans-
membrane co-receptor SMO exerts potent antifibro-
tic effects in various preclinical models of SSc16 17

and in other fibrotic diseases.10 12 14 18–24 However,
the transcription of hedgehog target genes can also
be induced by non-canonical hedgehog pathways.
TGF-β has been shown to induce the transcription
of GLI2 independent of hedgehog proteins such as
SHH and of the cell surface receptors patched
homolog (PTCH) and SMO in epithelial cells.25–30

Considering the central role of TGF-β in the
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pathogenesis of SSc and the potent pro-fibrotic effects of hedge-
hog signalling, we aimed to study a potential crosstalk between
TGF-β and hedgehog signalling in fibroblasts and characterise the
role of non-canonical hedgehog signalling in fibrosis.

In the present study, we demonstrate a crosstalk between
TGF-β and hedgehog signalling at the level of GLI2 in fibrosis,
characterise GLI2 is a downstream mediator of the pro-fibrotic
effects of TGF-β and provide evidence that GLI2 might be an
interesting target for the treatment of fibrotic diseases.

METHODS
Patients
Dermal fibroblasts were isolated from skin biopsies of 23
patients with SSc and 21 matched healthy volunteers. All
patients fulfilled the 2013 American College of Rheumatology/
European League Against Rheumatism criteria for SSc.31

Sixteen patients were female, seven were male. The median age
of patients with SSc was 45 years (range 19–65 years), and their
median disease duration was 5 years (range 0.5–10 years). All
patients and healthy volunteers signed a consent form approved
by the local institutional review board.

Cell culture
Fibroblasts were prepared by outgrowth of skin biopsies and cul-
tured as described.32–34 To delete GLI2 from cultured murine
fibroblasts isolated from GLI2fl/fl mice, fibroblasts were infected with
type 5 adeno-associated viruses encoding for Cre (AdCre) recombin-
ase at an infectious units (IFU) of 80 per cell. Type 5 adeno-
associated viruses encoding for LacZ (AdLacZ) served as controls.

Murine models of fibrosis
TGF-β-dependent skin fibrosis was induced by fibroblast-specific
overexpression of TBRact as described.35 36 Briefly, Col1a2-
Cre-ER mice, expressing a tamoxifen-sensitive CreERT recom-
binase under the control of a 6 kbp, fibroblast-specific col1a2
promoter fragment, were cross-bred with TBRact mice that
harbour a Cre-inducible TBRact mutation, which has been
targeted to the ROSA locus to generate TBRact; Col1a2-Cre-ER
double transgenic mice. Upon induction of recombination by
tamoxifen, these mice express TBRact selectively in fibroblasts.
Pulmonary fibrosis was induced by a single, intratracheal instilla-
tion of bleomycin (50 μL, 0.5 mg/mL) in an 8-week-old C57Bl/6
mice ( Janvier Labs, Le Genest-Saint-Isle, France). The outcome
was evaluated four weeks after instillation of bleomycin.

Figure 1 Transforming growth factor-β (TGF-β) induces the expression of GLI2 in experimental fibrosis. (A–C) Expression of GLI2 in systemic
sclerosis (SSc) and healthy skin. (A) Levels of mRNA of GLI2 in the normal skin and SSc skin analysed by rt-qPCR (n=6). (B) Protein levels of GLI2
analysed by western blot (n=3 each for SSc and healthy). (C) Representative images of co-stainings for GLI2, the fibroblast marker P4Hβ and
4’,6-diamidino-2-phenylindole (DAPI) at 200-fold and 600-fold magnification (n=6 for healthy and 5 for SSc). (D–G) TGF-β signalling upregulates
GLI2 expression in cultured fibroblasts and in murine skin. mRNA (D) and protein levels (E and F) of GLI2 as rt-qPCR, immunofluorescence and
western blot, respectively, in TGF-β stimulated fibroblasts (n=4 for both experimental settings). Representative images are shown at 200-fold
magnification. (G) GLI2 expression in TBRact-induced dermal fibrosis as analysed by western blotting. (H) Effects of the selective transforming growth
factor receptor (TBR) inhibitor SD-208 in on the mRNA levels of GLI2 in three experimental models of skin fibrosis: TBRact- and bleomycin-induced
skin fibrosis as well as in Tsk-1 mice. All data are presented as median with IQR. *p<0.05; **p<0.01; ***p<0.001.
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Fibrotic changes were analysed by quantification of the
dermal thickness or the fibrotic area as per cent of total lung
area, respectively, of myofibroblast counts and of the hydroxy-
proline content.37–39 For direct visualisation of collagen, tri-
chrome staining (skin fibrosis) or Sirius Red staining
(pulmonary fibrosis) was performed.

Fibroblast-specific depletion of GLI2
Mice with conditional alleles of GLI2 (GLI2fl/fl) were cross-bred
with TBRact; Col1a2-Cre-ER mice to generate GLI2fl/fl TBRact;
Col1a2-Cre-ER triple mutant mice. GLI2wt/wt TBRact; Col1a2-
Cre-ER mice, GLI2fl/fl TBRwt/wt Col1a2-Cre-ER mice and
GLI2wt/wt TBRwt/wt Col1a2-Cre-ER mice severed as controls.
Cre-mediated recombination was induced at the age of 4 weeks
by injection of tamoxifen (100 mg/kg for 5 days). TBRact;
Col1a2-Cre-ER mice injected with corn oil served as controls.
The extent of fibrosis was analysed three months after
recombination.38 40

Inhibitors
To simultaneously target canonical and non-canonical hedgehog
signalling, mice were treated with the direct GLI inhibitor

GANT-61 (Tocris, Bristol, UK) intraperitoneally at doses of
20 mg/kg/day.41 42 For selective targeting of canonical hedgehog
signalling, mice were treated with vismodegib at doses of 15 mg/
kg twice a day by oral gavage.43 44

To selectively target TGF-β signalling, mice were treated with
the orally active, ATP-competitive TGF-β receptor I (RI) inhibi-
tor SD 208 (Tocris) at a dose of 20 mg/kg twice a day.

Plasmids
The LightSwitch-Promoter-GoClone CTGF plasmid and the
control vector were purchased from Active Motif (Active Motif,
Belgium). Mutations of the GLI binding sites with substitution
of CC to GG were introduced into the CTGF promoter at
–623 (CTGF_Mut1_-623) and –9 (CTGF_Mut1_-9) using
QuickChange-Multisite Mutagenesis Kit (Agilent Technologies)
of the CTGF core promoter sequence.

Quantitative real-time PCR
Gene expression was quantified by SYBR-Green real-time PCR
using the MX3005P Detection System (Agilent Technologies).33 45

Samples without enzyme in the reverse transcription reaction,

Figure 2 Fibroblasts deficient in GLI2 are less sensitive to transforming growth factor-β (TGF-β)-induced activation. (A–C) Inactivation of GLI2 by
infection with adeno-associated viruses encoding Cre recombinase in murine fibroblasts reduces the induction of TGF-β target genes. (A) mRNA
levels of Pai-1 and Ctgf (n=6 in all experiments). (B and C) Myofibroblast differentiation is impaired in GLI2 knockout fibroblasts. (B) mRNA level of
α-Sma and (C) immunofluorescence staining of α-Sma and stress fibres upon stimulation with TGF-β. Representative images are shown at 200-fold
magnification. n=6 in all experiments. (D and E) The stimulatory effects of TGF-β on Col1a2 mRNA levels and on collagen release are reduced in
GLI2 knockout fibroblasts. (D) mRNA levels of Col1a2 and (E) collagen in the supernatant (n=6 in all experiments). All data are presented as median
with IQR. α-SMA, α-smooth muscle actin; AdCre, type 5 adeno-associated viruses encoding for Cre; AdLacZ, type 5 adeno-associated viruses
encoding for LacZ. *p<0.05; **p<0.01; ***p<0.001.
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without template and dissociation curve analysis, served as controls.
All primers are summarised in online supplementary table S1.

Western blotting
Protein samples were separated by sodium dodecyl sulfate
(SDS)-polyacrylamide gel and electrotransferred onto polyvinyli-
dene fluoride membranes (Millipore, Billerica, Massachusetts,
USA). After blocking, membranes were incubated with poly-
clonal antibodies against GLI2 (Santa Cruz, Heidelberg,
Germany) overnight at 4°C. For the detection of Smad3, poly-
clonal antibodies against Smad3 (Santa Cruz) were used.
Membranes were incubated with horseradish-peroxidase-
conjugated secondary antibodies (Dako, Glostrup, Denmark).

Immunofluorescence staining
Paraffin-embedded skin sections or cultured fibroblasts were
stained with antibodies against prolyl-4-hydroxylase-β (P4Hβ),
rhodamine phalloidin (Life Technologies, Darmstadt, Germany),
α-smooth muscle actin (α-SMA) (Sigma-Aldrich), vimentin
(Abcam), GLI2, phosphorylated SMAD (P-SMAD)2/3 (all
Santa Cruz Biotechnology) and 4’,6-diamidino-2-phenylindole
(DAPI). Concentration-matched species-specific immunoglobu-
lins (Vector Laboratories) served as control antibodies. The stain-
ing was analysed using a Nikon Eclipse 80i microscope (Nikon).

Chromatin immunoprecipitation
Chromatin immunoprecipitation (ChIP) assays were performed
using the ChIP-IT Express kit (Active Motif, La Hulpe, Belgium).
Briefly, 20 μg of sonicated chromatin extract was incubated with
anti-Gli2 antibodies (Abcam) or rabbit IgG antibodies (Santa
Cruz) and complexes were precipitated by magnetic beads. After
reversal of cross-linking, the immunoprecipitated chromatin DNA
was purified using the ChromatinIP-DNA-Purification Kit (Active
Motif). The results of qRT-PCR were normalised to input values.

Statistics
All in vitro data are presented as median with IQR, and all in
vivo data as dot blots. Differences between the groups were
tested by non-parametric Mann-Whitney U test. p Values <0.05
were considered as significant.

RESULTS
TGF-β induces GLI2 in a Smad3-dependent manner
The expression of GLI2 mRNA and protein levels was increased
in SSc skin (figure 1A, B) with prominent staining for GLI2 in
P4Hβ-positive fibroblasts (figure 1C). GLI2-positive cells also
stained positive for pSMAD3, demonstrating active canonical
TGF-β signalling in GLI2-positive fibroblasts (see online
supplementary figure S1A). To analyse whether TGF-β

Figure 3 Fibroblast-specific knockout of GLI2 ameliorates TBRact-induced fibrosis. Knockout of GLI2 ameliorates the histological features of
TBRact-induced fibrosis (A), inhibited dermal thickening, decreased the number of myofibroblasts and reduced the hydroxyproline content (B) in the
skin of TBRact-mice. Representative images of H&E-stained and trichrome-stained sections are shown at 100-fold magnification. Mice with
fibroblast-specific knockout of GLI2 were also protected from TBRact-induced upregulation of the transforming growth factor-β (TGF-β) target genes
Pai-1 and Ctgf (C) as well as from induction of the hedgehog target genes Ptch-1, Ptch-2, Cyclin D1 and Gli-2 (D). N ≥ 6 per group. All data are
presented as dot blots in which the median is represented by a red bar. *p<0.05; **p<0.01; ***p<0.001.
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contributes to the upregulation of GLI2 in fibrotic skin, human
dermal fibroblasts were stimulated with recombinant TGF-β.
TGF-β strongly upregulated the mRNA and protein levels of
GLI2 in cultured fibroblasts (figure 1D–F). Increased levels of
GLI2 were also observed in the skin of mice overexpressing a
constitutively active TGF-β receptor I (TBRact) (figure 1G).
Treatment with SD-208, a selective inhibitor of TGF-β receptor
I, prevented the upregulation of GLI2 in TBRact-induced and
bleomycin-induced fibrosis as well as in Tsk-1 mice (figure 1H
and online supplementary figure S2). As in human SSc,
GLI2-positive cells uniformly stained positive for pSMAD3 in
the skin of TBRact-mice (see online supplementary figure S1B).
We had previously shown that TGF-β upregulates the mRNA
levels of SHH.9 In extension of those findings, we now demon-
strate that SHH mRNA and protein are increased in the skin of
mice upon challenge with bleomycin. However, treatment with
SD-208 only partially blocked this upregulation (see online
supplementary figure S3), suggesting that the upregulation of
SHH in experimental fibrosis is only partially dependent on
TGF-β and that other factors contribute to its induction to a sig-
nificant extent.

To determine the signalling pathways that mediate the stimu-
latory effects of TGF-β on GLI2 expression, we first analysed
the role of canonical TGF-β signalling by siRNA-mediated inacti-
vation of Smad3. Knockdown of Smad3 abrogated the induction

of GLI2 in TGF-β stimulated cultured fibroblasts (see online
supplementary figure S4A–C). Moreover, knockdown of Smad3
in the skin of mice overexpressing TBRact also prevented the
upregulation of GLI2 (see online supplementary figures S4D–F).
These data demonstrate that TGF-β activates hedgehog signalling
in a canonical manner via SMAD3-dependent pathways.

Fibroblasts deficient in GLI2 are less sensitive to
TGF-β-induced activation
Fibroblasts lacking GLI2 demonstrated impaired responsiveness
to TGF-β. The induction of classical TGF-β target genes such as
Pai-1 and Ctgf was significantly reduced in GLI2 knockout fibro-
blasts compared with control cells (figure 2A). Moreover, myofi-
broblast differentiation was impaired in GLI2 knockout
fibroblasts and TGF-β did not upregulate the mRNA or protein
levels of α-SMA or induce the formation of stress fibres
(figure 2B, C). Consistently, the stimulatory effects of TGF-β on
Col1a2 mRNA levels and on collagen release were inhibited in
GLI2 knockout fibroblasts (figure 2D, E). We next aimed to
analyse whether GLI2 can directly upregulate the expression of
TGF-β target genes. In silico analyses predicted two
GLI-binding sites in the promoter of the Ctgf gene (see online
supplementary figure S5A). Potential GLI binding sites were
also identified in the promoter of Pai-1. ChIP assays demon-
strated that TGF-β induces binding of GLI2 to both predicted

Figure 4 The selective GLI2 inhibitor GANT-61 blocks transforming growth factor-β (TGF-β)-induced fibroblast activation. Incubation of
TGF-β-stimulated human dermal fibroblasts with GANT-61 reduces the upregulation of the TGF-β target genes Pai-1 and Ctgf (A) and inhibits α-Sma
mRNA (B) and protein as well as stress fibre formation (C) (n=6 for all outcomes). Representative images are shown at 200-fold magnification.
GANT-61 also inhibits the upregulation of Col1a2 mRNA (D) and the secretion of collagen protein by TGF-β (E) (n=6). All data are presented as
median with IQR. *p<0.05; **p<0.01; ***p<0.001.
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binding sites (see online supplementary figure S5B). The activity
of the Ctgf promoter is induced by TGF-β in reporter assays,
and this induction is reduced upon mutation of either binding
site (see online supplementary figure S5C).

Fibroblast-specific knockout of GLI2 protects from
TBRact-induced fibrosis
Selective inactivation of GLI2 in fibroblasts also inhibited the
pro-fibrotic effects of TGF-β signalling in vivo. Fibroblast-
specific knockout of GLI2 significantly ameliorated
TBRact-induced fibrosis and strongly reduced dermal thickening,
myofibroblast counts and hydroxyproline content in GLI2fl/fl;
TBRact; Col1a2-Cre-ER mice compared with TBRact; Col1a2-
Cre-ER mice. These data identify GLI2 as a downstream medi-
ator of the pro-fibrotic effects of TGF-β (figure 3A–D).

Pharmacological inhibition of GLI2 inhibits TGF-β-dependent
fibroblast activation
Drugs that inhibit GLI2 such as arsenic trioxide (AsO) are
already in clinical use, and selective inhibitors of GLI2 are cur-
rently in development. We therefore aimed to evaluate the trans-
lational potential of targeting GLI2 in fibrosis using GANT-61,
which serves as a lead compound for the development of select-
ive GLI2 inhibitors.28 GANT-61 reduced the stimulatory effects

of TGF-β on human dermal fibroblasts. Incubation with
GANT-61 decreased the expression of TGF-β target genes
(figure 4A), inhibited myofibroblast differentiation (figure 4B,
C) and decreased collagen release (figure 4D,E).

Pharmacological inhibition of GLI2 ameliorates experimental
fibrosis
We next analysed the antifibrotic effects of the selective GLI2
inhibitor GANT-61 and of the SMO inhibitor vismodegib
in TBRact-induced skin fibrosis. GANT-61 significantly amelio-
rated TBRact-induced fibrosis and reduced dermal thickening,
collagen deposition and myofibroblast counts compared with
vehicle-treated mice overexpressing TBRact (figure 5A, B). In
line with a TGF-β-dependent, non-canonical activation of GLI2,
treatment with the SMO inhibitor vismodegib did not affect
TBRact-induced fibrosis (figure 5A, B). Consistent with the in
vitro findings, the levels of TGF-β-target genes such as Pai-1 and
Ctgf were decreased in TBRact mice treated with GANT-61, but
were unaffected by treatment with vismodegib (figure 5C).
GANT-61 also reduced the TBRact-mediated induction of hedge-
hog target genes such as Ptch-1, Ptch-2 CyclinD1 and GLI2
(figure 5D).

We also evaluated the efficacy of GANT-61 in
bleomycin-induced pulmonary fibrosis. To better resemble the

Figure 5 Pharmacological inhibition of Gli-2, but not of Smo, ameliorates TBRact-induced skin fibrosis. Treatment with GANT-61 reduced the
histological features of TBRact-induced fibrosis (A), inhibited dermal thickening, decreased the number of myofibroblasts and reduced the
hydroxyproline content (B) in the skin of TBRact-mice. In contrast, the Smo inhibitor vismodegib did not ameliorate TBRact-induced fibrosis (A and B).
Representative images of H&E-stained and Sirius Red-stained sections are shown at 100-fold magnification. Treatment with GANT-61, but not with
vismodegib, also reduced the mRNA levels of Pai-1 and Ctgf (C) and of Ptch-1, Ptch-2, Cyclin D1 and Gli-2 (D) in mice overexpressing TBRact.
N=6–8 per group. All data are presented as dot blots in which the median is represented by a red bar. *p<0.05; **p<0.01; ***p<0.001.
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clinical situation, treatment with GANT-61 was initiated 10 days
after challenge with bleomycin, at a time point when fibrotic
changes were already evident.18 Treatment with GANT-61 pre-
vented progression of bleomycin-induced pulmonary fibrosis
with reduced fibrotic area, decreased hydroxyproline content
and lowered myofibroblast counts compared with vehicle-
treated mice (figure 6A, B). Treatment with GANT-61 also
reduced the levels of TGF-β as well as of hedgehog target genes
more effectively than vismodegib (figure 6C, D).

DISCUSSION
We demonstrate in the present study a crosstalk between TGF-β
and hedgehog signalling in SSc. TGF-β stimulates the transcrip-
tion of GLI2 and may thus contribute directly to the increased
accumulation of GLI2 in fibrotic diseases such as SSc. The rele-
vance of this non-canonical pathway for the activation of hedge-
hog signalling in fibrosis is highlighted by the potent suppressive
effects of selective inactivation of TGF-β signalling on GLI2
expression. Inhibition of TGF-β signalling by SD-208 strongly
reduced the expression of GLI2 in bleomycin-induced fibrosis
and in Tsk-1 mice, demonstrating that TGF-β-dependent, non-
canonical hedgehog signalling significantly contributes to the
increased transcription of hedgehog target genes in fibrosis.
However, as TGF-β also contributes to the upregulation of SHH
in experimental fibrosis, further studies in other models are
required to determine the relative contribution of canonical and

non-canonical mechanisms to the aberrant activation of hedge-
hog signalling.

We also show that the activation of non-canonical hedgehog
signalling is required for the pro-fibrotic effects of TGF-β. GLI2
binds to the promoters of TGF-β target genes such as Ctgf, and
knockdown of GLI2 in cultured fibroblasts prevented the differ-
entiation of resting fibroblasts into myofibroblasts and reduced the
release of collagen. In addition to inhibition of the differentiation
of resting fibroblasts into myofibroblasts, targeting of GLI2 may
also inhibit myofibroblast proliferation by induction of cell cycle
arrest.14 We observed a clear trend towards higher levels of
Pai-1 and Ctgf in GLI2fl/fl x Col1a2-Cre-ER at baseline. The
underlying mechanisms require further studies. However, the
induction of Pai-1 and Ctgf by TBRact was strongly reduced in
GLI2fl/fl x Col1a2-Cre-ER mice compared with control mice
with normal expression of GLI2. Moreover, knockdown of
GLI2 also significantly ameliorated fibrosis induced by overex-
pression of a constitutively active TGF-β receptor type I with
decreased skin thickening, impaired myofibroblast differenti-
ation and reduced the hydroxyproline content.

Considering the potent stimulatory effects of TGF-β on
hedgehog signalling, GLI2 inhibitors may theoretically offer
benefits over SMO inhibitors for the treatment of fibrosis as
they simultaneously interfere with canonical and non-canonical
hedgehog signalling and also reduce the pro-fibrotic effects of
TGF-β, whereas SMO inhibitors only interfere with canonical
hedgehog signalling.15 Indeed, our study provides first evidence

Figure 6 Therapeutic dosing of GANT-61 ameliorates bleomycin-induced pulmonary fibrosis. Treatment with GANT-61 initiated after the onset of
fibrosis prevents progression of bleomycin-induced pulmonary fibrosis (A) with reduced fibrotic area, lower myofibroblast counts and decreased
hydroxyproline content (B). Representative images of Sirius Red-stained sections are shown at 200-fold magnification. Pharmacological inhibition of
GLI2 also reduced the mRNA levels of Pai-1 and Ctgf (C) and of Ptch-1, Ptch-2, Cyclin D1 and Gli-2 (D) in mice challenged with bleomycin. N=6–8
per group. All data are presented as dot blots in which the median is represented by a red bar. *p<0.05; **p<0.01; ***p<0.001.
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that targeted therapies against GLI2 may be effective for the
treatment of fibrosis. The direct GLI inhibitor GANT-61 pre-
vented the accumulation of GLI2 and the induction of hedge-
hog target genes induced by overexpression of a constitutively
active TGF-β receptor type I, whereas the SMO inhibitor vismo-
degib showed no significant effects in readouts of fibrosis this
setting. In addition to TBRact-induced fibrosis, GLI inhibitors
also suppressed the expression of hedgehog target genes in
bleomycin-induced fibrosis more potently than vismodegib,
thereby further highlighting the crucial role of non-canonical,
TGF-β-dependent activation of hedgehog signalling in experi-
mental fibrosis. Treatment with GLI inhibitors did not only
block hedgehog signalling, but also interfered with TGF-β sig-
nalling. GLI2 inhibitors effectively decreased the expression of
TGF-β target genes, while inhibition of SMO had only mild,
statistically not significant effects.

We demonstrated previously that TGF-β can induce that
expression of SHH in fibroblasts,9 implying the possibility that
TGF-β may also promote canonical hedgehog signalling to
stimulate the transcription of target genes. However, based on
our current mechanistic findings, the strong induction of GLI2
by TGF-β, the almost complete dependency of this upregulation
on TGF-β signalling and the modest regulatory effects of TGF-β
on SHH expression in experimental fibrosis, we believe that the
TGF-β activates the transcription of hedgehog target genes pre-
dominantly by inducing GLI2, whereas the modest upregulation
of SHH is of minor importance. This conclusion is further sup-
ported by the finding that treatment with an SMO inhibitor
does not significantly reduce TBRact-induced fibrosis.

The inhibitory effects of GLI2 inhibitors on canonical and
non-canonical hedgehog pathways and on the expression of
TGF-β target genes directly translate into potent antifibrotic
effects in experimental models of SSc. Preventive treatment with
GANT-61 effectively reduced TBRact-induced skin thickening,
accumulation of collagen and differentiation of resting fibro-
blasts into myofibroblasts. Treatment with GANT-61 was also
effective when initiated after the onset of fibrosis. Of note, treat-
ment with GANT-61 was well tolerated without evidence for
adverse events in clinical monitoring or on necropsy, indicating
that the use of GLI2 inhibitors in adults may not be limited by
toxicity. These findings have translational implications because
drugs that inhibit GLI2 such as arsenic trioxide, darinaparsin
and itraconazole are already approved for cancer therapy.
Moreover, more specific compounds are currently in clinical
development.46 Considering the prominent accumulation of
GLI2 in fibrotic diseases,9 27 28 47 the potent antifibrotic effects
of GLI2 inhibitors in preventive and therapeutic dosing regimens,
the current use of GLI2-targeting agents in the clinic and the
ongoing development of selective GLI2 inhibitors, GLI2 may be
an interesting candidate for targeted antifibrotic therapies.

In summary, we demonstrate a direct interaction between
TGF-β and hedgehog signalling in fibroblasts and highlight that
both pathways are integrated by GLI2 in fibrotic conditions.
Moreover, we identify GLI2 as a crucial downstream mediator
of the pro-fibrotic effects of TGF-β. Among the different
recently discovered approaches to interfere with TGF-β signal-
ling (see online supplementary table S2), targeting GLI2 stands
out because of the potential translational implications for SSc
and other fibrotic diseases with GLI2 inhibitors being available.
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EXTENDED REPORT

Fine-mapping the MHC locus in juvenile idiopathic
arthritis ( JIA) reveals genetic heterogeneity
corresponding to distinct adult inflammatory
arthritic diseases
A Hinks,1 J Bowes,1 J Cobb,1,2 H C Ainsworth,3 M C Marion,3 M E Comeau,3

M Sudman,4 B Han,5,6 Juvenile Arthritis Consortium for Immunochip, M L Becker,7

J F Bohnsack,8 P I W de Bakker,9 J P Haas,10 M Hazen,11 D J Lovell,12

P A Nigrovic,11,13 E Nordal,14 M Punnaro,15,16 A M Rosenberg,17 M Rygg,18

S L Smith,1 C A Wise,19,20 V Videm,18 L R Wedderburn,21,22 A Yarwood,1

R S M Yeung,23 S Prahalad,24 C D Langefeld,3 S Raychaudhuri,1,5,25,26

S D Thompson,4 W Thomson1,2

ABSTRACT
Objectives Juvenile idiopathic arthritis ( JIA) is a
heterogeneous group of diseases, comprising seven
categories. Genetic data could potentially be used to
help redefine JIA categories and improve the current
classification system. The human leucocyte antigen (HLA)
region is strongly associated with JIA. Fine-mapping of
the region was performed to look for similarities and
differences in HLA associations between the JIA
categories and define correspondences with adult
inflammatory arthritides.
Methods Dense genotype data from the HLA region,
from the Immunochip array for 5043 JIA cases and
14 390 controls, were used to impute single-nucleotide
polymorphisms, HLA classical alleles and amino acids.
Bivariate analysis was performed to investigate genetic
correlation between the JIA categories. Conditional
analysis was used to identify additional effects within
the region. Comparison of the findings with those in
adult inflammatory arthritic diseases was performed.
Results We identified category-specific associations and
have demonstrated for the first time that rheumatoid
factor (RF)-negative polyarticular JIA and oligoarticular
JIA are genetically similar in their HLA associations. We
also observe that each JIA category potentially has an
adult counterpart. The RF-positive polyarthritis
association at HLA-DRB1 amino acid at position 13
mirrors the association in adult seropositive rheumatoid
arthritis (RA). Interestingly, the combined oligoarthritis
and RF-negative polyarthritis dataset shares the same
association with adult seronegative RA.
Conclusions The findings suggest the value of using
genetic data in helping to classify the categories of this
heterogeneous disease. Mapping JIA categories to adult
counterparts could enable shared knowledge of disease
pathogenesis and aetiology and facilitate transition from
paediatric to adult services.

INTRODUCTION
Juvenile idiopathic arthritis ( JIA), the most common
arthritic disease of childhood, is a heterogeneous

group of diseases. The current International League
of Associations for Rheumatology (ILAR) classifica-
tion system defines seven categories based on clinical
features, including an undifferentiated category for
cases that do not fall into one of the defined categor-
ies.1 Genetic data could be used to help define JIA
categories and improve the current classification
system. Prior studies of the best established genetic
risk factor for JIA, the major histocompatibility
region (MHC) on chromosome 6, have been in
modest sample sizes.2 3 The development of methods
for imputation of classical human leucocyte antigen
(HLA) alleles and amino acids4 from genotyping
array data enables a comprehensive and cost-effective
approach for generating HLA typing on much larger
JIA cohorts. We sought to use this powerful approach
to dissect and refine the HLA associations of the het-
erogeneous JIA categories.
While there are considerable clinical similarities

between some JIA categories and adult inflamma-
tory arthritides, there is also substantial heterogen-
eity. Hence, we sought to compare the associations
across the MHC region observed in JIA cohorts
with those observed in adult inflammatory arthri-
tides, such as rheumatoid arthritis (RA).5 6

Furthermore, some categories of JIA have obvious
adult counterparts (eg, enthesitis-related arthritis
(ERA) and adult ankylosing spondylitis (AS), or
juvenile psoriatic arthritis ( jPsA) with psoriatic
arthritis), the most common categories of JIA, oli-
goarthritis and rheumatoid factor (RF)-negative
polyarthritis, do not appear to map to any adult
form of disease. Mapping each of the JIA categories
to RA and other adult inflammatory arthritic dis-
eases could have many benefits including enhanced
understanding of the genetic basis and etiopatho-
genesis of inflammatory arthritis in general, allow
extrapolation of results from clinical trials in adult
inflammatory arthritis to paediatric counterparts to
improve the therapy of JIA, and facilitate smooth
transition of paediatric patients to adult care provi-
ders with consistent clinical designations.
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The goals of this study were threefold, to use comprehensive
MHC fine-mapping genetic data to refine HLA associations
across each JIA category, to assess correspondences between the
JIA categories and finally compare associations with adult
inflammatory arthritic diseases.

METHODS
Subjects
All cohorts comprised individuals from populations of
European descent from the USA, UK, Canada, Norway and
Germany. Descriptions of the datasets can be found in the
online supplementary information. The total dataset prequality
control comprised all JIA categories and included 5737 patients
with JIA and 16 403 controls genotyped for 191 494 markers.

Genotyping and quality controls
Samples were genotyped using ImmunoChip, a custom-made
Illumina Infinium array, described previously.7 The
ImmunoChip includes dense coverage of the HLA region and
186 additional non-HLA loci. Genotyping was performed
according to Illumina’s protocols at labs in Hinxton, UK,
Manchester, UK, Cincinnati, USA, Utah, USA, Charlottesville,
USA, New York, USA, Brisbane, Australia and Toronto, Canada.
The Illumina GenomeStudio GenTrain V.2.0 algorithm was used
to recluster all 22 140 samples together.

Single-nucleotide polymorphisms (SNPs) were initially
excluded if they had a call rate <98% and a cluster separation
score of <0.4. A SNP was subsequently removed from the
primary analysis, if it exhibited significant differential missing-
ness between cases and controls (p<0.05), had significant
departure from Hardy-Weinberg equilibrium (p<0.000001 in
cases or p<0.01 in controls), or had a minor allele frequency
(MAF) <0.01. Based on the SNPs that passed the above quality
control thresholds, samples were then excluded for call rate
<98%, or if there were inconsistencies between recorded and
genotype-inferred gender or excess heterozygosity on the auto-
somes. Duplicates and first-degree or second-degree relatives
were removed based on identity-by-descent statistics computed
using the programme KING.8 Admixture estimates were com-
puted on the remaining samples while including the HapMap
phase III individuals (CEU, YRI and CHB) as reference popula-
tions using the software ADMIXTURE.9 The admixture esti-
mates were then used to identify and remove genetic outliers.
Three of these admixture estimates were included as covariates
in the logistic regression (association) analysis to account for
within-sample variation.

HLA imputation
The markers spanning 29–34 Mb (hg build19) on chromosome
6 which encompasses the HLA region were extracted from the
post-QC Immunochip dataset. Cases and controls were imputed
together using SNP2HLA (V.1.0) (http://www.broadinstitute.org/
mpg/snp2hla/).4 This is a robust approach which enables imput-
ation of classical HLA alleles as well as specific amino acid posi-
tions within HLA alleles, which may play an important
functional role. The method uses a large reference dataset col-
lected by the type 1 diabetes genetics consortium10 (n=5225).
This dataset has gold-standard HLA typing and high SNP
density, thus using linkage disequilibrium patterns around SNPs
and classical HLA alleles enables the inference of classical HLA
alleles, amino acids and SNPs across the region based on the
SNP data generated from Immunochip, an approach successfully
used by a number of researchers.5 6 11 12 Post-imputation QC
included removing variants with a MAF <0.01 and variants

with an r2 <0.8. The dosage output, which accounts for imput-
ation uncertainty, was used for the association analyses.

To assess the quality of the imputation, a proportion of the
UK and the US JIA cases have two-digit and four-digit
HLA-DRB1 typing available (n=1562) performed using a semi-
automated, reverse dot-blot method,2 3 which was used to
calculate the proportion of accurately imputed two-digit and
four-digit HLA-DRB1 alleles. In addition, the DRB1 two-digit
and four-digit allele frequencies were compared between geno-
typed and imputed HLA allele calls.

Association analysis of HLA alleles and amino acid
polymorphisms
To compare the differences and similarities of HLA associations
across the different JIA categories, genetic correlation of the
MHC region between the categories was calculated using bivari-
ate analysis13 implemented using GCTA.14 This analysis first cal-
culates the genetic variance (heritability) of each category and
then calculates the genetic correlation between the categories
across the HLA region. High correlation suggests similarities or
pleiotropy between the two categories compared. This analysis
requires independent controls for the two categories being com-
pared and therefore the controls were randomly assigned to the
two categories, splitting equally, taking into account the propor-
tions of controls from each population.

HLA variants were binary coded (presence or absence) and
included SNPs and two-digit and four-digit HLA alleles.
Association analysis was performed using logistic regression in
R, using dosage data (genotype probabilities), which takes into
account imputation uncertainty. For the analysis of each JIA cat-
egory, the total control dataset was used for each comparison.
HLA amino acid polymorphisms have multiple residues at each
position and were analysed using the omnibus test. This is a
log-likelihood ratio test comparing the likelihood of the null
model against the likelihood of the fitted model, which gave a p
value assessing the improvement in fit of the model, the devi-
ance is calculated (−2×the log likelihood ratio), which follows a
χ2 distribution with m−1 degrees of freedom (where m is the
number of HLA variant alleles).5 Three of the admixture esti-
mates were included as covariates to account for potential popu-
lation stratification.

To look for independent effects across the HLA region, condi-
tional analysis was performed. Logistic regression, as described
above, was performed to identify the most associated marker.
Then this marker was used as a covariate in the model and logis-
tic regression repeated. This analysis was continued sequentially
in a forward stepwise approach until no variant satisfied the
genome-wide significance threshold (conditioned p<5×10−8).
When the covariate was an amino acid, all multi-allelic variants
of the amino acid were included as covariates, excluding the
most frequent variant. To look for additional effects outside
HLA-DRB1, we included all two-digit and four-digit HLA-DRB1
alleles within the model and looked for any residual effects.

To confirm the results of the conditional analysis and to
check that there were no other combinations of variants that
better fitted the models derived from the forward stepwise
approach, described above, we exhaustively tested all possible
combinations of 2, 3 and 4 amino acid positions, including the
three admixture estimates as covariates. For each combination
we calculated deviation from the null hypothesis, which
included only the admixture covariates. To assess the improve-
ment in the model fit we also calculated the improvement in the
Akaike information criterion (ΔAIC), and also the improvement
in the Bayesian information criterion (ΔBIC).
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We used a disease prevalence of 0.001 to estimate the vari-
ance explained (h2) by the HLA region and some of the inde-
pendent effects and compared with the estimate calculated for
all Immunochip, implemented using GCTA.14

RESULTS
HLA imputation
Post-QC data was available for 6920 SNPs, 335 amino acids and
171 HLA alleles in 5043 JIA cases and 14 390 healthy controls
(see online supplementary table S1). A detailed breakdown of
the JIA cases by ILAR category is shown in table 1, and by
population and gender in online supplementary table S2.

For a proportion of the UK and US JIA cases (n=1562), two-
digit and four-digit HLA-DRB1 classical typing was available.
The accuracy of the imputed data was calculated as 97.9% for
two-digit and 89.3% for four-digit alleles, which is similar to
those calculated in previous studies in RA.5 A detailed analysis
strategy is shown in online supplementary figure S1.

Bivariate analysis to look for genetic correlation between
the JIA categories
We performed bivariate analysis to calculate the estimated HLA
region genetic correlation between each pair of JIA categories
(figure 1). The heritability for each category estimated from the
bivariate analysis was similar to that estimated from univariate
analyses performed in the total dataset (see online
supplementary tables S3 and S4). The estimates of correlation
between each pair of JIA categories showed a surprisingly strong
correlation between the most common categories of JIA:
RF-negative polyarthritis, persistent and extended oligoarthritis
(rG>0.88). In contrast, the correlations between these three cat-
egories and the other categories of JIA were lower (figure 1).

Association analysis of HLA markers
After conducting primary association analysis of all 7426 var-
iants, in each of the seven JIA categories (table 2), we observed
that for oligoarthritis and both RF-positive and RF-negative
polyarthritis the strongest association was with HLA-DRB1
amino acid position 13. However, for oligoarthritis and
RF-negative polyarthritis, the most common categories of JIA,
glycine13 confers the strongest risk; serine13 also confers a risk
effect but histidine13 is protective. By contrast, in RF-positive
polyarthritis, it is histidine13 that confers the strongest risk and
serine13 confers a strong protective effect (see figure 2, online

supplementary table S5 and supplementary figure S2). When
the effect estimates for the histidine13 residue in the associated
JIA categories were compared using multinomial logistic regres-
sion, strong protective effects were observed in persistent and
extended oligoarthritis, with no significant difference in the
effect estimates (p=0.63). There was a slightly weaker, protect-
ive effect for RF-negative polyarthritis compared with that for
persistent and extended oligoarthritis (p<0.05). Importantly,
there was a significantly different risk effect in RF-positive poly-
arthritis compared with RF-negative polyarthritis, persistent and
extended oligoarthritis. The remaining JIA categories had dis-
tinct HLA associations from these common categories. The
most significant association in systemic JIA (sJIA) was for
HLA-DRB1*11 and for the ERA category was HLA-B*27. For
jPsA, no associations reached genome-wide level of significance
(p<5×10−8).

Investigation of multiple effects within the region
Observing that oligoarthritis and RF-negative polyarthritis
showed similar HLA associations and evidence for pleiotropy
from the bivariate analysis in GCTA,13 14 these categories were
combined to increase power for further analyses (total sample
size=3934). To look for independent genetic effects across the
HLA region, we conditioned on the most associated marker,
HLA-DRB1 amino acid 13 and detected a second independent
effect within HLA-DRB1 at amino acid position 67 (omnibus
p=7.01×10−83). Further conditioning revealed separate effects
at amino acid positions 181 (omnibus p=3.33×10−22) and 71

Table 1 Breakdown of the total JIA cohort by ILAR category

ILAR category Number

All JIA 5043

Systemic JIA 373

Oligoarthritis

Persistent 1751

Extended 658

RF-negative polyarthritis 1525

RF-positive polyarthritis 337

Enthesitis-related arthritis 183

Juvenile psoriatic arthritis 112

Undifferentiated 104

Combined oligoarthritis and RF-negative polyarthritis dataset 3934

ILAR, International League of Associations for Rheumatology; JIA, juvenile idiopathic
arthritis; RF, rheumatoid factor.

Figure 1 Heatmap showing genetic correlation for human leucocyte
antigen (HLA) between the juvenile idiopathic arthritis ( JIA) categories.
Each square shows the level of correlation between each JIA category.
With a scale of red colour representing higher correlation through
orange to yellow for low correlation. The numbers within the squares
represent the correlation values ranging from 0 to 1 for high
correlation. Note that this plot is symmetrical. POligo, persistent
oligoarthritis; EOligo, extended oligoarthritis; RF, rheumatoid factor;
RFnegpoly, RF-negative polyarthritis; RFpospoly, RF-positive
polyarthritis; sJIA, systemic JIA; ERA, enthesitis-related arthritis; jPsA,
juvenile psoriatic arthritis.
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(omnibus p=1.16×10−8) (see online supplementary table S6
and supplementary figure S3). Conditioning on all two-digit and
four-digit HLA-DRB1 alleles found independent effects at
HLA-DPB1*02:01, HLA-A amino acid 95 and HLA-B amino
acid 152 (see online supplementary table S6 and figure 3). All
possible combinations of 2, 3 and 4 amino acids in HLA-DRB1
were exhaustively tested. HLA-DRB1 amino acids 13 and 67
were the most strongly associated of all possible 2 amino acid
combinations. However, for both the 3- amino acid and
4-amino acid combinations, there were two other combinations
that had a better model, according to deviance from the null
hypothesis, compared with the combination of HLA-DRB1
amino acids at positions 13, 67 and 181 or for HLA-DRB1 at
positions 13, 67, 181 and 71, the 3- and 4-amino acid models
that might have been expected to be the most significant consid-
ering the results of the conditional analysis. Therefore, while
there appears to be multiple independent effects within the
HLA-DRB1 gene, we can only be confident in the HLA-DRB1
amino acids at positions 13 and 67.

Variance explained by the HLA region
We calculated the proportion of variance explained by the inde-
pendent HLA variants in the combined oligoarthritis and
RF-negative polyarthritis dataset (see table 3 and online
supplementary table S4) and found that the total HLA region

explained 8% of the total phenotypic variance, with the
HLA-DRB1 region, driven by the amino acid at position 13,
contributing 50% of variance explained by the HLA region.

Comparison with adult inflammatory arthritic diseases
We compared our HLA association findings across JIA categories
with those of adult inflammatory arthritic diseases (see online
supplementary table S7). In seropositive RA, Raychaudhuri et al
showed multiple independent associations within the HLA-DRB1
gene at three amino acid positions (11, 71 and 74) and also inde-
pendent associations at amino acid position 9 in HLA-B and
amino acid position 9 in HLA-DPB1.5 The DRB1 amino acid at
position 11 is in strong linkage disequilibrium with the amino
acid at position 13, which makes it difficult to assign causality to
one or the other. In this study, oligoarthritis and polyarthritis
each showed association with HLA-DRB1 amino acid at position
13. If the ORs of the residues at HLA-DRB1 amino acid position
13 for paediatric and adult arthritic diseases are compared, the
combined oligoarthritis and RF-negative polyarthritis dataset
shows similar ORs to that seen in seronegative RA6 (see online
supplementary figure S4), suggesting that these JIA categories
could potentially have an adult counterpart. Likewise, in
RF-positive polyarthritis, the histidine residue at position 13 at
HLA-DRB1 confers the greatest risk for disease and, unsurpris-
ingly, this mirrors the association in seropositive RA5 (see online
supplementary figure S4). For the ERA category, as expected the
most significant association was for HLA-B*27, the same HLA
allele found in AS.

DISCUSSION
This is the largest investigation of association of the HLA region
with JIA and its categories to date, exploiting novel imputation
strategies we have observed differences and similarities between
HLA associations for the different categories. The most
common and also the most clinically homogeneous categories of
JIA, oligoarthritis and RF-negative polyarthritis, showed strong
genetic correlation across the HLA region supporting our previ-
ous approaches of combining these categories for genetic
studies.15 Combined analysis of these categories show they share
association across the HLA region with strong association for
HLA-DRB1 amino acid position 13. The results for these com-
bined categories are consistent with previous findings investigat-
ing association of classical HLA alleles in JIA. For example,
there is previous evidence for association of HLA-DRB1*08 and
the HLA alleles that lie on this haplotype, with oligoarthritis
and RF-negative polyarthritis.2 3 At HLA-DRB1 amino acid pos-
ition 13, the glycine residue lies on the HLA-DRB1*08 haplo-
type. The association with the amino acids is much stronger
than that for the classical HLA allele (see online supplementary
figure S3A). These combined categories also show multiple inde-
pendent effects across the region, at HLA-DRB1 amino acid

Table 2 Primary association of the HLA region in JIA ILAR categories

Category HLA variant primary association Position p Value Amino acid residue OR 95% CI

Systemic JIA HLA-DRB1*11 32660042 3.41×10−11 2.09 1.67 to 2.59

Persistent oligoarthritis HLA-DRB1 AA pos 13 32660109 9×10−256 Glycine 2.72 2.41 to 3.08

Extended oligoarthritis HLA-DRB1 AA pos 13 32660109 1.05×10−104 Glycine 2.87 2.4 to 3.42

RF-negative polyarthritis HLA-DRB1 AA pos 13 32660109 4.29×10−99 Glycine 2.02 1.76 to 2.32

RF-positive polyarthritis HLA-DRB1 AA pos 13 32660109 3.65×10−31 Histidine 2.44 2.0 to 2.97

ERA HLA-B*27 31431272 8.81×10−98 1.71 1.32 to 2.24

ERA, enthesitis-related arthritis; HLA, human leucocyte antigen; ILAR, International League of Associations for Rheumatology; JIA, Juvenile idiopathic arthritis; RF, rheumatoid factor.

Figure 2 Different effect sizes (ORs and 95% CIs) for amino acid
residues at human leucocyte antigen (HLA)-DRB1 position 13 between
the combined dataset of oligoarthritis and rheumatoid factor
(RF)-negative polyarthritis compared with those for RF-positive
polyarthritis.
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Figure 3 Analysis in the combined dataset of persistent and extended oligoarthritis and rheumatoid factor (RF)-negative polyarthritis, evidence for
multiple independent effects across the major histocompatibility region (MHC). (A) Association results for all human leucocyte antigen (HLA)
markers, HLA-DRB1 amino acid position 13 showed the strongest association (p<10−377). (B) Conditioning on all HLA-DRB1 two-digit and four-digit
alleles, HLA-DPB1*02:01 was associated (p<10−57). (C) Conditioning on all HLA-DRB1 two-digit and four-digit alleles and HLA-DPB1*02:01, HLA-A
amino acid position 95 was associated (p<10−37). (D) Conditioning on all HLA-DRB1 two-digit and four-digit alleles, HLA-DPB1*02:01 and HLA-A
amino acid position 95, HLA-B amino acid position 152 was associated (p<10−10).
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position 67, additional association at HLA-DPB1*02:01, an
effect at HLA-A and at HLA-B. There is previous evidence for
association of HLA-DPB1*0201 and HLA-A*02 (we found
stronger association considering amino acids, specifically a
valine residue at HLA-A amino acid position 95 in HLA-A*02).
Previous studies have failed to demonstrate an association with
HLA-B, which are apparent only with the additional samples
available for this study.

A striking finding has been the shared association of
HLA-DRB1 amino acid position 13 for both paediatric and
adult diseases. It is known that amino acid position 13 is
involved in shaping the peptide-binding pocket 4 of
HLA-DRB1.16 We find that the association in the combined oli-
goarthritis and RF-negative polyarthritis dataset mirrors the
findings seen in seronegative RA and similarly, in RF-positive
polyarthritis, the findings correspond to the association in sero-
positive RA. Interestingly, the magnitudes of associations are
stronger in the paediatric diseases compared with adult, suggest-
ing the paediatric disease is more genetically driven.

We then further compared the associations seen in each of the
other JIA categories with those of their proposed adult counter-
parts. Based on clinical features, it is likely that sJIA would map
to adult Still’s disease, but there is currently no HLA genetic
data to support or refute this. The most significant association
in sJIA was for HLA-DRB1*11, consistent with recent findings
from a large genome-wide association study for sJIA, which
used an overlapping set of samples.17 Previous studies of a HLA
association with sJIA had yielded conflicting results, but there is
now clear evidence for association of the HLA region with this
category of JIA. Data from the current study also show that the
association is distinct to that seen in the other categories. This
supports emerging evidence that sJIA is a distinct disease, with
less of an autoimmune phenotype and displaying auto-
inflammatory features18 and builds on previous genetic
evidence, which reported no association with another well-
established JIA susceptibility gene, PTPN22, in sJIA.19

Unsurprisingly, the strongest association seen in ERA,
HLA-B*27, is the same as adult AS.20 Although no associations
reaching genome-wide level of significance (p<5×10−8) were
seen in jPsA, the most significant HLA alleles were
HLA-DQA1*0401 (p=0.0001), HLA-DRB1*08 (p=0.0003)
and HLA-DQB1*0402 (p=0.0008), which all lie on the same
haplotype. The established HLA association in adult-onset PsA
is HLA-C*0602,21 which is also the primary HLA association in
psoriasis,22 was also modestly associated in this study
(p=0.008). There was also evidence in jPsA for association with
HLA-B*27 (p=0.003), the HLA allele that is the most

significant in ERA. The mixed HLA associations in jPsA may
suggest some misclassification such that the jPsA samples may
contain some individuals from oligoarthritis, RF-negative poly-
arthritis or ERA categories. This is perhaps not surprising given
that jPsA is difficult to classify, and that some of the jPsA classifi-
cation criteria have been disputed.23

The results of this study have important implications for
understanding disease pathogenesis, aetiology and potential
future therapeutic strategies for JIA categories. Despite the devel-
opment of a classification system, heterogeneity still exists within
the ILAR categories. This heterogeneity of JIA remains a key
challenge to paediatric rheumatologists; however, these results
may inform the debate on classification and help define a more
biological-driven and molecular-driven classification system. We
show clear differences among many of the categories in terms of
their HLA associations, but here we have also shown that the
most common categories of JIA, oligoarthritis and RF-negative
polyarthritis, are genetically similar and also notably similar to
adult-onset seronegative RA. It is only relatively recently that the
heterogeneous nature of adult RA has been recognised, with sero-
negative RA less common than seropositive RA.24 25 There are
no specific therapeutic strategies for seronegative RA at this time,
but given the rarity of this subphenotype of RA and the JIA cat-
egories individually, this study suggests that further comparisons
of genetic studies for these diseases could help identify novel
pathways and targets for therapy for both adult-onset and
childhood-onset forms of inflammatory arthritis.
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Table 3 Heritability estimates for HLA and various alleles and All
Immunochip in the combined oligoarthritis and RF-negative
polyarthritis dataset (n=3934)

Cohort h2SNP(SE)

All Immunochip 0.17 (0.006)

Total HLA region 0.08 (0.007)

All Immunochip without HLA 0.09 (0.006)

HLA-DRB1 2D/4D alleles 0.04 (0.008)

HLA-DPB1 2D/4D alleles 0.02 (0.005)

HLA-A 2D/4D alleles 0.006 (0.002)

HLA-DRB1 amino acid position 13 0.04 (0.02)

HLA-DRB1 amino acid positions 13 and 67 0.04 (0.02)

h2SNP, heritability; HLA, human leucocyte antigen; RF, rheumatoid factor.

770 Hinks A, et al. Ann Rheum Dis 2017;76:765–772. doi:10.1136/annrheumdis-2016-210025

Basic and translational research

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


23The Hospital for Sick Children and University of Toronto, Toronto, Canada
24Department of Paediatrics, Emory University School of Medicine, and Children’s
Healthcare of Atlanta, Atlanta, USA
25Program in Medical and Population Genetics, Broad Institute of MIT and Harvard,
Cambridge, USA
26Department of Medicine, Karolinska Institutet and Karolinska University Hospital
Solna, Stockholm, Sweden

Twitter Follow Paul de Bakker @Piwdb, Soumya Raychaudhuri @soumya_boston
and University of Manchester, Centre for Musculoskeletal disease
@UoMMskResearch

Acknowledgements We thank Paul Gilbert for preparing the UK JIA case samples
for genotyping and Mary Ryan for preparing the US JIA and the Cincinnati local
control samples.
Genotyping of the US JIA, German JIA and respective control collections was

supported by RC1-AR-058587 and U01-AI-067150S1. In addition, patient
recruitment and DNA preparation in the USA was largely funded by N01-AR-42272,
P01-AR-048929 and P30-AR-473639, with contributions from the Arthritis
Foundation, The Val A. Browning Charitable Foundation in Salt Lake City and the
Marcus Foundation in Atlanta, GA as well as National Institutes of Health (NIH)
grants K23-AR-50177 and R01-AR-060893. The Federal Ministry of Education and
Research, Germany (BMBF grants 01GM0907 and 01 ZZ 0403 supported patient
recruitment and sample preparation in Germany. We acknowledge support from the
Wake Forest School of Medicine Center for Public Health Genomics and from the
NIH for computing resources and data analysis (R01-AR-057106).
Genotyping of the UK JIA cases samples was supported by the Arthritis Research

UK grant reference number 20385. This report includes independent research funded
by the National Institute for Health Research Biomedical Research Unit. The views
expressed in this publication are those of the author(s) and not necessarily those of
the NHS, the National Institute for Health Research or the Department of Health. The
Arthritis Research UK centre for Genetics and Genomics laboratory is supported by the
Manchester Academic Health Sciences Centre (MAHSC). The CAPS study was funded
by Arthritis Research UK grant reference 20542. The CHARMS study was funded by
Sparks UK, reference 08ICH09, and the Medical Research Council, reference
MR/M004600/1, and supported by the National Institute for Health Research (NIHR)
Biomedical Research Centre at Great Ormond Street Hospital for Children NHS
Foundation Trust and University College London and Clinical Research Network (CRN).
The authors would like to acknowledge the assistance given by IT Services and the use
of the Computational Shared Facility at The University of Manchester.
Patient recruitment and DNA preparation in Canada was supported by funding from

the Canadian Institutes of Health Research (FRN-82517), The Canadian Arthritis
Society and the Canadian Arthritis Network.
We acknowledge Nils Thomas Songstad and Nina Moe for patient recruitment in the

Norwegian subcohort of the Nordic JIA study, Kristin Rian for technical support and
Helse Nord Research Grants for funding. The HUNT study is a collaboration between the
HUNT Research Centre (Faculty of Medicine, Norwegian University of Science and
Technology NTNU), Nord-Trøndelag County Council, Central Norway Health Authority
and the Norwegian Institute of Public Health. Johanna Hadler, Katie Cremin, Karena
Pryce and Jessica Harris are acknowledged for excellent technical assistance.
Sample recruitment was supported in part by grant numbers N01AR62277,

GM103510, AI082714 and AR053483 from NIAMS/NIGMS/NIAID/NIH and from grant
number 1296353 from the Texas Scottish Rite Hospital for Children. Its contents are
solely the responsibility of the authors and do not necessarily represent the official views
of these institutes or NIH. PAN was supported by the Fundación Bechara. SR is
supported by grants from the NIH (1R01AR063759 (SR), 5U01GM092691-05 (SR),
1UH2AR067677-01, U19 AI111224-01) and the Doris Duke Charitable Foundation
Grant #2013097.
We would like to thank the WTSI Genotyping Facility and in particular Emma Gray,

Sue Bumpstead, Doug Simpkin and Hannah Blackburn for typing some of the UK
samples. We acknowledge use of DNA from the UK Blood Services collection of
common controls (UKBS-CC collection), which is funded by the Wellcome Trust grant
076113/C/04/Z and by the US NIHR programme grant to the National Health Service
Blood and Transplant (RP-PG-0310-1002). We acknowledge the use of DNA from the
British 1958 Birth Cohort Collection, which is funded by the UK Medical Research
Council grant G0000934 and the Wellcome Trust grant 068545/Z/01. Genotyping of
control samples was supported, in part, by grants from the Juvenile Diabetes Research
Foundation International and the NIH (U01 DK062418).
We thank Peter K. Gregersen at the Feinstein Institute for providing the US control

genotyping from the Genotype and Phenotype registry (http://www.gapregistry.org)
supported by the NIH grant RC2AR059092. We thank the NIDDK IBD Genetics
Consortium for providing North American control genotyping supported by the NIH
grants DK062431, DK062422, DK062420, DK062432, DK062423, DK062413 and
DK062429.
We gratefully acknowledge contributions from physicians at CCHMC and

collaborating clinics. We also acknowledge the assistance of Bronte Clifford and Lori
Ponder for patient recruitment and coordination of clinical information at Cincinnati

Children’s Hospital Medical Center, the University of Utah and at Emory University,
respectively. The Cincinnati normal control DNA collection was supported and made
available by Cincinnati Children’s Hospital Medical Center.

Contributors WT, SDT, SR, CDL, SP, JB and AH led the study. AH, JB, SR, CDL,
SP, SDT and WT wrote the paper. AH, JB, JC, HCA, MCM, MEC, MS, BH, CDL and
SR performed the data and statistical analysis. MLB, JFB, PIWdB, JPH, MH, DJL,
PAN, EN, MP, AMR, MR, SLS, CAW, VV, LRW, AY, RSMY contributed to the patient
ascertainment, sample collection and/or genotyping. All authors reviewed the final
manuscript.

Collaborators Juvenile Arthritis Consortium for Immunochip: full list of affiliations
for consortia will appear in the online supplementary information.

Funding Wellcome Trust (068545/Z/01, 076113/C/04/Z); for statistical support at
Wake-Forest, National Institutes of Health (NIH) grant (R01-AR-057106); National
Institute for Health Research programme grant, (RP-PG-0310-1002); Doris Duke
Charitable Foundation Grant (2013097); NIH (10.13039/100000002, U01
DK062418, RC2AR059092, DK062431, DK062422, DK0); for Utah samples, NIH
grants (K23-AR-50177 and R01-AR-060893; UK samples, Sparks UK (08ICH09); for
the UK samples and support, Arthritis Research UK (20385 and 20542); Medical
Research Council (G0000934, MR/M004600/1); Canadian Institutes of Health
Research (FRN-82517); the Liaison Committee between the Central Norway Regional
Health Authority and the Norwegian University of Science and Technology; NIH
Federal Ministry of Education and Research, Germany (01GM0907 and 01 ZZ 0403);
SR is supported by grants from the NIH (1R01AR063759); genotyping of the US JIA,
German JIA and respective control collections was supported by NIAMS/NIGMS/
NIAID/NIH (RC1-AR-058587, U01-AI-067150S1, N01-AR-42272, P01); Juvenile
Diabetes Research Foundation International; the US sample recruitment was
supported in part by NIAMS/NIGMS/NIAID/NIH and from Texas Scottish Rite Hospital
for Children (N01AR62277, GM103510, AI082714, AR053483, 1296353. Patient
recruitment and DNA preparation in Canada was supported by funding from the
Canadian Institutes of Health Research (FRN-82517), the Canadian Arthritis Society
and the Canadian Arthritis Network.

Competing interests LRW reports Honorarium for speaker at Symposium from
Pfizer Inc. SP has been on advisory boards for Novartis, medac and UCB pharma.
None of these had any bearing on the work reported in this publication.

Ethics approval North-West Multi-Centre Research Ethics Committee (MREC 99/8/
84), the University of Manchester Committee on the Ethics of Research on Human
Beings and National Research Ethics Service (NRES 02/8/104).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Additional data are included in the online
supplementary data.

Open Access This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial use,
provided the original work is properly cited. See: http://creativecommons.org/licenses/
by/4.0/

REFERENCES
1 Petty RE, Southwood TR, Manners P, et al. International League of Associations for

Rheumatology classification of juvenile idiopathic arthritis: second revision,
Edmonton, 2001. J Rheumatol 2004;31:390–2.

2 Thomson W, Barrett JH, Donn R, et al. Juvenile idiopathic arthritis classified by the
ILAR criteria: HLA associations in UK patients. Rheumatology (Oxford)
2002;41:1183–9.

3 Hollenbach JA, Thompson SD, Bugawan TL, et al. Juvenile idiopathic arthritis and
HLA class I and class II interactions and age-at-onset effects. Arthritis Rheum
2010;62:1781–91.

4 Jia X, Han B, Onengut-Gumuscu S, et al. Imputing amino acid polymorphisms in
human leukocyte antigens. PLoS ONE 2013;8:e64683.

5 Raychaudhuri S, Sandor C, Stahl EA, et al. Five amino acids in three HLA proteins
explain most of the association between MHC and seropositive rheumatoid arthritis.
Nat Genet 2012;44:291–6.

6 Han B, Diogo D, Eyre S, et al. Fine mapping seronegative and seropositive
rheumatoid arthritis to shared and distinct HLA alleles by adjusting for the effects of
heterogeneity. Am J Hum Genet 2014;94:522–32.

7 Cortes A, Brown MA. Promise and pitfalls of the Immunochip. Arthritis Res Ther
2011;13:101.

8 Manichaikul A, Mychaleckyj JC, Rich SS, et al. Robust relationship inference in
genome-wide association studies. Bioinformatics 2010;26:2867–73.

9 Alexander DH, Novembre J, Lange K. Fast model-based estimation of ancestry in
unrelated individuals. Genome Res 2009;19:1655–64.

10 Brown WM, Pierce J, Hilner JE, et al. Overview of the MHC fine mapping data.
Diabetes Obes Metab 2009;11(Suppl 1):2–7.

Basic and translational research

771Hinks A, et al. Ann Rheum Dis 2017;76:765–772. doi:10.1136/annrheumdis-2016-210025

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://twitter.com/soumya_boston
http://twitter.com/soumya_boston
http://twitter.com/UoMMskResearch
http://www.gapregistry.org
http://www.gapregistry.org
http://dx.doi.org/10.1136/annrheumdis-2016-210025
http://dx.doi.org/10.1136/annrheumdis-2016-210025
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1093/rheumatology/41.10.1183
http://dx.doi.org/10.1002/art.27424
http://dx.doi.org/10.1371/journal.pone.0064683
http://dx.doi.org/10.1038/ng.1076
http://dx.doi.org/10.1016/j.ajhg.2014.02.013
http://dx.doi.org/10.1186/ar3204
http://dx.doi.org/10.1093/bioinformatics/btq559
http://dx.doi.org/10.1101/gr.094052.109
http://dx.doi.org/10.1111/j.1463-1326.2008.00997.x
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


11 Hu X, Deutsch AJ, Lenz TL, et al. Additive and interaction effects at three amino
acid positions in HLA-DQ and HLA-DR molecules drive type 1 diabetes risk. Nat
Genet 2015;47:898–905.

12 Gutierrez-Achury J, Zhernakova A, Pulit SL, et al. Fine mapping in the MHC region
accounts for 18% additional genetic risk for celiac disease. Nat Genet
2015;47:577–8.

13 Lee SH, Yang J, Goddard ME, et al. Estimation of pleiotropy between complex
diseases using single-nucleotide polymorphism-derived genomic relationships and
restricted maximum likelihood. Bioinformatics 2012;28:2540–2.

14 Yang J, Lee SH, Goddard ME, et al. GCTA: a tool for genome-wide complex trait
analysis. Am J Hum Genet 2011;88:76–82.

15 Hinks A, Cobb J, Marion MC, et al. Dense genotyping of immune-related disease
regions identifies 14 new susceptibility loci for juvenile idiopathic arthritis. Nat
Genet 2013;45:664–9.

16 Bondinas GP, Moustakas AK, Papadopoulos GK. The spectrum of HLA-DQ and
HLA-DR alleles, 2006: a listing correlating sequence and structure with function.
Immunogenetics 2007;59:539–53.

17 Ombrello MJ, Remmers EF, Tachmazidou I, et al. HLA-DRB1*11 and variants of the
MHC class II locus are strong risk factors for systemic juvenile idiopathic arthritis.
Proc Natl Acad Sci USA 2015;112:15970–5.

18 Vastert SJ, Kuis W, Grom AA. Systemic JIA: new developments in the understanding
of the pathophysiology and therapy. Best Pract Res Clin Rheumatol 2009;23:655–64.

19 Hinks A, Barton A, John S, et al. Association between the PTPN22 gene and
rheumatoid arthritis and juvenile idiopathic arthritis in a UK population: further
support that PTPN22 is an autoimmunity gene. Arthritis Rheum 2005;52:1694–9.

20 Brown MA, Kenna T, Wordsworth BP. Genetics of ankylosing spondylitis-insights
into pathogenesis. Nat Rev Rheumatol 2015;12:81–91.

21 Bowes J, Budu-Aggrey A, Huffmeier U, et al. Dense genotyping of immune-related
susceptibility loci reveals new insights into the genetics of psoriatic arthritis. Nat
Commun 2015;6:6046.

22 Okada Y, Han B, Tsoi LC, et al. Fine mapping major histocompatibility complex
associations in psoriasis and its clinical subtypes. Am J Hum Genet
2014;95:162–72.

23 Stoll ML, Punaro M. Psoriatic juvenile idiopathic arthritis: a tale of two subgroups.
Curr Opin Rheumatol 2011;23:437–43.

24 Daha NA, Toes RE. Rheumatoid arthritis: are ACPA-positive and ACPA-negative RA
the same disease? Nat Rev Rheumatol 2011;7:202–3.

25 van der Helm-van Mil AH, Huizinga TW. Advances in the genetics of rheumatoid
arthritis point to subclassification into distinct disease subsets. Arthritis Res Ther
2008;10:205.

772 Hinks A, et al. Ann Rheum Dis 2017;76:765–772. doi:10.1136/annrheumdis-2016-210025

Basic and translational research

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

http://dx.doi.org/10.1038/ng.3353
http://dx.doi.org/10.1038/ng.3353
http://dx.doi.org/10.1038/ng.3268
http://dx.doi.org/10.1093/bioinformatics/bts474
http://dx.doi.org/10.1016/j.ajhg.2010.11.011
http://dx.doi.org/10.1038/ng.2614
http://dx.doi.org/10.1038/ng.2614
http://dx.doi.org/10.1007/s00251-007-0224-8
http://dx.doi.org/10.1073/pnas.1520779112
http://dx.doi.org/10.1016/j.berh.2009.08.003
http://dx.doi.org/10.1002/art.21049
http://dx.doi.org/10.1038/nrrheum.2015.133
http://dx.doi.org/10.1038/ncomms7046
http://dx.doi.org/10.1038/ncomms7046
http://dx.doi.org/10.1016/j.ajhg.2014.07.002
http://dx.doi.org/10.1097/BOR.0b013e328348b278
http://dx.doi.org/10.1038/nrrheum.2011.28
http://dx.doi.org/10.1186/ar2384
arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


CONCISE REPORT

Pharmacological inhibition of porcupine induces
regression of experimental skin fibrosis by targeting
Wnt signalling
Chih-Wei Chen,1 Christian Beyer,1 Jun Liu,2 Christiane Maier,1 Chun Li,2

Thuong Trinh-Minh,1 Xiaohan Xu,1 Stuart H Cole,2 Mindy H Hsieh,2 Nicholas Ng,2

Alana Althage,2 Shelly Meeusen,2 Shifeng Pan,2 Eric C Svensson,3 H Martin Seidel,2

Georg Schett,1 Peter Gergely,4 Jennifer L Harris,2 Jörg H W Distler1

ABSTRACT
Objectives Wnt signalling has been implicated in
activating a fibrogenic programme in fibroblasts in
systemic sclerosis (SSc). Porcupine is an O-acyltransferase
required for secretion of Wnt proteins in mammals. Here,
we aimed to evaluate the antifibrotic effects of
pharmacological inhibition of porcupine in preclinical
models of SSc.
Methods The porcupine inhibitor GNF6231 was
evaluated in the mouse models of bleomycin-induced
skin fibrosis, in tight-skin-1 mice, in murine
sclerodermatous chronic-graft-versus-host disease
(cGvHD) and in fibrosis induced by a constitutively active
transforming growth factor-β-receptor I.
Results Treatment with pharmacologically relevant and
well-tolerated doses of GNF6231 inhibited the activation
of Wnt signalling in fibrotic murine skin. GNF6231
ameliorated skin fibrosis in all four models. Treatment
with GNF6231 also reduced pulmonary fibrosis
associated with murine cGvHD. Most importantly,
GNF6231 prevented progression of fibrosis and showed
evidence of reversal of established fibrosis.
Conclusions These data suggest that targeting the
Wnt pathway through inhibition of porcupine provides a
potential therapeutic approach to fibrosis in SSc. This is
of particular interest, as a close analogue of GNF6231
has already demonstrated robust pathway inhibition in
humans and could be available for clinical trials.

Fibrosis of the skin and many internal organs is the
defining hallmark of systemic sclerosis (SSc).1

Despite an urgent medical need, effective and well-
tolerated therapies to treat fibrosis in SSc are not
available in clinical routine.2 3

Intensive research over the past years has identi-
fied Wnt signalling as one of the key pathways
in persistent fibroblast activation. The Wnt pathway
is activated when secreted Wnt ligand protein binds
to its cognate cell surface receptors, which leads
to accumulation and nuclear translocation of
β-catenin.4 In addition to this so-called canonical
pathway, Wnt proteins can also induce intracellular
responses via β-catenin-independent, non-canonical
pathways, including Wnt/calcium signalling and
Wnt/planar cell polarity pathways. In SSc, upregu-
lation of Wnt ligands as well as downregulation of
Wnt inhibitors activate canonical Wnt signalling

and result in prominent activation of fibroblasts.5–9

Moreover, mice with active canonical Wnt signal-
ling develop fulminant fibrosis.5 6 10 11 Preclinical
investigations indicate that canonical Wnt signalling
might be indeed an attractive target for the treat-
ment of fibrosis in SSc. Genetic approaches to
block Wnt signalling by dickkopf (DKK)-1 or small
interfering RNA against evenness interrupted (EVI)
blocked experimental fibrosis.5 12 Furthermore,
small molecule inhibitors of canonical Wnt signal-
ling, such as tankyrase inhibitors and CREB-binding
protein (CBP) inhibitors, were effective in treating
experimental fibrosis.5–7 13–16 The role of non-
canonical Wnt pathways have, however, not yet
been analysed.
Inhibiting porcupine, a membrane-bound acyl-

transferase, is a novel approach to target upstream
Wnt signalling. Porcupine is essential for the post-
translational palmitoylation of Wnt ligands, an
essential step for Wnt secretion. Genetic inhibition
of porcupine blocks Wnt secretion, thereby block-
ing both canonical and non-canonical Wnt cas-
cades. WNT974 (also known as LGK974) is a
porcupine inhibitor that is currently in clinical
trials for the treatment of various cancers.17

This compound demonstrated robust pathway
inhibition in both preclinical and clinical studies.17

GNF6231, used in the following study to in-
vestigate the antifibrotic activity of porcupine inhib-
ition, is an analogue of WNT974 with similar
activities.18

MATERIALS AND METHODS
Animal studies
Four different mouse models of SSc were used:
bleomycin-induced skin fibrosis, transforming growth
factor (TGF)-β-receptor I (TBR)-induced fibrosis, the
B10.D2(H-2d)→BALB/c(H-2d) model of chronic-
graft-versus-host disease (cGvHD) and the tight-
skin-1 (Tsk-1) model as described previously.5 6 9 13

Animals were treated with or without GNF6231 at
multiple dose levels with 0.5% methylcellulose and
0.5% Tween 80 by oral gavage twice daily.

pharmacokinetic (PK) analysis
The plasma concentrations and exposures of
GNF6231 were determined by liquid chromatog-
raphy/mass spectrometry.17
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RNA extraction and reverse transcription-PCR analysis by
TaqMan
Total RNA was isolated and processed to perform quantitative
reverse transcription-PCR analysis of Axin2 mRNA expression,
with Gapdh serving as an internal control.

Histology, hydroxyproline content, CD45 and myofibroblast
counts
The antifibrotic effects of GNF6231 on experimental skin fibro-
sis were evaluated by quantification of dermal or hypodermal
thickening, analyses of myofibroblast counts and assessment of
hydroxyproline content as described previously.5 6 12–14 CD45
was stained and evaluated as described.13

Statistical analysis
Data were analysed with SDS_2.0 software (Applied Biosystems),
statistical analysis was conducted using PRISM.

RESULTS
Target engagement by GNF6231
To confirm the on-target activity of GNF6231, bleomycin was
injected in BALB/c mice, with or without orally dosed
GNF6231 at 5 milligrams per kilograms (mpk) for 3 weeks. The
PK analysis of the compound showed good oral bioavailability
(see online supplementary figure S1A). Further analysis of the
skin demonstrated a 54% reduction of Axin2 mRNA on treat-
ment, demonstrating effective target engagement by GNF6231
in the tissue of interest (see online supplementary figure S1B).

Bleomycin-induced dermal fibrosis
In the bleomycin model, GNF6231 reduced dermal skin thick-
ness in a dose-dependent manner (figure 1). Of note, the 5 and
10 mpk groups stopped further fibrosis progression and reduced
dermal fibrosis to levels lower than the baseline, suggesting a
reversal of fibrosis. In addition to skin thickness, porcupine
inhibition prevented progression and induced regression of
fibrosis as assessed by the hydroxyproline content, myofibroblast
counts and histology (figure 1B–E).

Tsk-1 model
To examine the effects of porcupine inhibition in a less
inflammation-driven model of SSc fibrosis, we turned to the
Tsk-1 model. Similar to the results in the bleomycin model, por-
cupine inhibition showed antifibrotic effects at all dose levels
(figure 2). The 5 and 10 mpk groups showed evidence of rever-
sal of fibrosis in these readouts.

Assessment of the pharmacokinetics of GNF6231 indicated
good resorption with dose-dependent increases in plasma levels
(see online supplementary figures S2 and S3).

TBR-induced fibrosis
We had previously shown that TGF-β activates canonical Wnt
signalling by downregulation of DKK-1 and that inhibition of
WNT signalling ameliorates TBR-induced fibrosis.5 We thus ana-
lysed the antifibrotic effects of 10 mpk GNF6231 in
TBR-induced skin fibrosis. GNF6231 ameliorated TBR-induced
fibrosis in doses of 10 mpk with reduced skin thickening, hydro-
xyproline content and myofibroblast counts (see online
supplementary figure S4).

Experimental cGvHD
After demonstrating effects in models of skin fibrosis, we evalu-
ated the antifibrotic effects of GNF6231 in a systemic model

with internal organ involvement. Treatment with GNF6231
ameliorated skin fibrosis induced by allogeneic transplantation
and pulmonary fibrosis (figure 3). ICG-001, a selective inhibitor
of canonical Wnt signalling, also inhibited skin and lung fibrosis,
although the effects tended to be weaker than with GNF6231.

Tolerability
To examine potential on-target mechanism-based toxicity, body
weights of all animals were monitored and minimal or no body
weight changes were observed in GNF6231-treated mice at all
dose levels (see online supplementary figures S5A, B). In the
model of sclerodermatous cGvHD, treatment with porcupine
inhibitors ameliorated the cGvHD-induced weight loss as a
typical clinical feature of cGvHD (see online supplementary
figure S5C). Besides body weight, mice were also monitored
daily for changes in activity, body weight, texture of the fur and
consistency of the stool. None of those parameters changed on
treatment with GNF6231.

Effects on cytokine release and leucocyte accumulation
Wnt signalling has been shown to be capable of modulating
inflammatory responses.3 We therefore monitored the effects of
GNF6231 on the expression levels of interleukin-6 (IL-6), a
central proinflammatory mediator in the pathogenesis of SSc, in
experimental fibrosis. Treatment with GNF6231 reduced the
levels of IL-6 in experimental fibrosis (see online supplementary
figure S6A). In the inflammatory models of bleomycin-induced
fibrosis and cGvHD, treatment with GNF6231 also reduced
leucocyte counts in the skin (see online supplementary figure S6B).
As Wnt and TGF-β signalling regulate each other, we also assessed
effects on the levels of active TGF-β. Treatment with GNF6231
reduced the levels of active TGF-β in fibrotic skin (see online
supplementary figure S6A).

DISCUSSION
Robust evidence indicates Wnt signalling is activated in SSc and
promotes fibroblast activation and tissue fibrosis.5–7 16 Although
inhibition of canonical Wnt signalling by modulation of
β-catenin-driven activities strongly reduces fibrosis in experimen-
tal models,6 12–15 these preclinical results have not yet been
translated into proof-of-concept trials in SSc. Major reasons for
the delayed transfer from bench to bedside include the lack
of compounds with suitable pharmacokinetics and concerns
on adverse events caused by chronic inactivation of
β-catenin-dependent pathways.4

In the present study, we demonstrate potent antifibrotic
effects and good tolerability of a novel approach with an alter-
native mode of action. In contrast to previously tested drug can-
didates, inhibition of porcupine does not directly target
downstream Wnt-β-catenin pathway components, but inhibits
the post-translational acylation of Wnt proteins, thereby pre-
venting the secretion of Wnt proteins.

Inhibition of porcupine offers several theoretic advantages:
(1) while most other Wnt inhibitors only reduce the progression
of fibrosis in preventive setting, we demonstrate that the porcu-
pine inhibitor GNF6231 has robust activity in the reversal of
pre-established fibrosis in murine models of SSc. This is particu-
larly remarkable as all models used here represent different
stages and different subpopulations of SSc. GNF6231 was
effective in inflammation-driven as well as in inflammation-
independent models, in preventive and in therapeutic settings
and in lungs and skin as the two most commonly affected
tissues. Porcupine inhibition has also been shown to be effective
in renal fibrosis;19 (2) preliminary, unpublished evidence
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Figure 1 Orally dosed GNF6231 inhibited fibrosis in mouse bleomycin model. (A) The mouse study scheme. Bleomycin was injected in female
C57/Bl6 aged 6 weeks for 3 weeks. The control group was injected with saline. The bleomycin-treated animals were further dosed with or without
GNF6231 for another 3 weeks. (B–D) GNF6231 at 2.5, 5 and 10 mpk reduced the skin thickness, hydroxyproline content and myofibroblast count in
the mouse bleomycin model. (E) Representative H&E staining of the skin tissue samples from all dosing groups shown at 100-fold magnification.

Basic and translational research

775Chen C-W, et al. Ann Rheum Dis 2017;76:773–778. doi:10.1136/annrheumdis-2016-210294

group.bmj.com on March 21, 2017 - Published by http://ard.bmj.com/Downloaded from 

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://ard.bmj.com/
http://group.bmj.com


suggests that non-canonical Wnt signalling is activated in SSc
and stimulates the release of collagens via c-Jun N-terminal
kinase-dependent pathways. Other Wnt inhibitors, including the
tankyrase inhibitor XAV939 or the CBP inhibitor ICG-001,

selectively target β-catenin-dependent activities, but do not
inhibit the profibrotic effects of non-canonical Wnt path-
ways.13 14 Simultaneous targeting of all Wnt pathways by porcu-
pine inhibition might thus provide additional benefit. This

Figure 2 GNF6231 showed evidence of reversal of fibrosis in tight-skin-1 (Tsk-1) model. (A) The mouse study scheme. Wild-type (WT) mice aged
5 weeks or Tsk-1 mice were dosed with or without GNF6231 for 5 weeks. (B–D) GNF6231 at 2.5, 5 and 10 mpk reduced the skin thickness,
hydroxyproline content and myofibroblast count in the Tsk-1 model. (E) Representative H&E staining shown at 100-fold magnification. n.s., not
significant.
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hypothesis is indirectly supported by the very potent antifibrotic
effects of GNF6231 as well as our recent findings on knock-
down of EVI, a chaperone protein that is also required for secre-
tion of Wnt proteins;12 (3) porcupine inhibitors with favourable

pharmacokinetics and pharmacodynamics activity in humans are
available for clinical use. Porcupine inhibition by WNT974, a
close analogue of GNF6231, has demonstrated manageable safety
profile and robust pathway inhibition with downregulation of Wnt

Figure 3 GNF6231 and ICG-001 ameliorate dermal and pulmonary fibrosis in murine sclerodermatous chronic-graft-versus-host disease (cGvHD).
(A–C) Dermal fibrosis: GNF6231 at 5 and 10 mpk reduced the skin thickness, hydroxyproline content and myofibroblast count. (D and E) Pulmonary
fibrosis: changes in fibrotic area of the lungs and in the hydroxyproline content of the lungs. (F) Representative H&E staining of the skin and Sirius
Red stainings of lungs (both at 100-fold magnification).
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target genes in the skin of human patients.20 Although long-term
data and careful consideration of the pre-existing intestinal mani-
festations of patients with SSc are required, these clinical data
provide evidence that Wnt signalling can be inhibited by porcupine
inhibition.
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Why CAPS criteria are not diagnostic criteria?

Kuemmerle-Deschner et al1 have recently published diagnostic
criteria for cryopyrin-associated periodic syndrome (CAPS).

CAPS encompasses a group of very rare disorders with
incompletely understood pathogenesis and diverse clinical pre-
sentations. The authors justify their efforts by claiming that
there is a significant delay in diagnosis, which, in their opinion,
is due to the lack of recognition and clear diagnostic criteria.

While the authors should be commended for their rigorous
work, they may have overlooked the fact that they have devel-
oped classification criteria rather than diagnostic criteria.
Recently, Aggarwall et al2 have pointed out the fundamental
concerns related to diagnostic criteria in rheumatology. These
concerns have led to the decision by the American College of
Rheumatology (ACR) and the European League against
Rheumatism to not endorse diagnostic criteria for rheumatic
diseases anymore.

The most important shortcoming of the CAPS criteria in terms
of their diagnostic potential is the absence of a ‘true’ gold stand-
ard for CAPS. CAPS criteria have been validated by the authors
against the expert’s opinion in a cohort including patients with a
diagnosis of CAPS as well as other conditions that may or may
not mimic CAPS, but are considered different. They report a
sensitivity of 81% and a specificity of 94%, which seems rather
good but falls short if applied in a diagnostic context with
extremely low prevalence: Given a prevalence of three in a
million, a sensitivity of 81% and a specificity of 94% (and a
positive likelihood ratio (LR+) of 13.5 (sensitivity/(1−specifi-
city)) every true criteria-positive case of CAPS will be counterba-
lanced by 25 000 false criteria-positive cases (according to
Bayes’ rule applied in this context, the post-test likelihood given
a positive test (odds) equals the product of the LR+ and the
prevalence (odds)).

Our principal objection against diagnostic criteria in rheuma-
tology may seem trivial, but will contextualise when one realises
how diagnostic criteria will often be used in common clinical
practice: as a checkbox, to be ticked by the diagnostician. Such
a policy may lead to tremendous and potentially dangerous
overdiagnosis as well as missing other relevant diagnoses and to
overtreatment (eg, with biological drugs).

Recently, Radner et al3 have shown how the application of
the 2010 ACR criteria for the classification of rheumatoid

arthritis (which has a population prevalence, ie, more than 1000
times as high as that of CAPS) in a diagnostic context impacts
specificity (which fell to only 61%) of these criteria.

To us it seems that patients with CAPS or conditions mimick-
ing CAPS are not served by using the CAPS criteria in a diagnos-
tic context. The authors should rectify their claim that they have
developed diagnostic criteria to avoid misinterpretation by clini-
cians and rename them as classification criteria, implying that
these can only be applied in patients with a diagnosis of CAPS.
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Response to: ‘Why CAPS criteria are not
diagnostic criteria?’ by Landewé and van
der Heijde

It is a great privilege for us to send this response to the letter
submitted by Landewé and van der Heijde,1 who are high-
profile leaders in the development of classification criteria for
the European League Against Rheumatism (EULAR). We thank
them for their kind and educational comments.

Cryopyrin-associated periodic syndrome (CAPS) is a rare and
clinically heterogeneous disease. As masterfully put together by
Toplak et al2 in 2012, the delay to diagnosis of CAPS—due to
lack of recognition and/or lack of access to the gold standard
test, the confirmation of disease causing mutations in the
NLRP3 gene—result in a tremendous disease burden. While
being undiagnosed and untreated, the systemic inflammation of
CAPS results in irreversible skeletal deformities, developmental
delay due to hydrocephalus, hearing loss and renal failure.3

Children and adults with CAPS have the right of an early
diagnosis, as do the many others with rare, under-recognized
diseases for which no criteria exist. Only a confirmed diagnosis
—not a classification—gives patients access to effective, but
expensive medications. While classification criteria aim to iden-
tify homogenous cohorts for research studies,4 diagnostic cri-
teria enable a diagnosis of a heterogeneous disease. This is
exactly where the international team of CAPS experts started,
frustrated by the ongoing significant delay to diagnosis prohibit-
ing initiation of effective therapies and prevention of irreversible
organ damage secondary to inflammation. Some of the team
members work in centres like the US National Institute of
Health with easy access to genetic testing, while others continue
to struggle with significant barriers for advanced diagnostics
including the gold standard of mutation testing. Together, we
built a framework that enables the diagnosis of CAPS largely
independent of the wealth of the healthcare system. We were
delighted to learn that it has very similar characteristics when
applied to mutation-positive and mutation-negative patients
with CAPS.5

As pointed out by Aggarwal et al,4 the development of a com-
prehensive set of clinical criteria and laboratory markers is the
hallmark of diagnostic criteria. In fact, the development of the
proposed criteria was discussed with leading experts of classifi-
cation frameworks in rheumatology on both sides of the
Atlantic. They were encouraging, yet felt to be outside the
mandate of both EULAR and the American College of
Rheumatology (ACR). While the CAPS criteria development
methodology had clear overlap with the current ACR/EULAR
framework, the validation of the proposed CAPS diagnosis cri-
teria was distinctly different from approaches taken for the

development of classification criteria. While classification cri-
teria are commonly validated within cohorts of patients with
the disease of interest resulting in high sensitivity and specificity,
the group validated the diagnostic criteria in a large cohort of
children and adults suffering from true mimics of CAPS at the
time of diagnosis—systemic inflammatory diseases. This led to a
lower, yet ‘real-life’ sensitivity and specificity. As Landewe and
van der Heijde kindly calculated, the criteria are not perfect and
will still ‘undercall’ CAPS. However, we believe they will
provide guidance for an early diagnostic evaluation and ensure
access to treatment for a significant number of children and
adults with CAPS.
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