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ABSTRACT
Background Despite growing interest, there is no
guidance or consensus on how to conduct clinical trials
and observational studies in populations at risk of
rheumatoid arthritis (RA).
Methods An European League Against Rheumatism
(EULAR) task force formulated four research questions
to be addressed by systematic literature review (SLR).
The SLR results informed consensus statements. One
overarching principle, 10 points to consider (PTC) and
a research agenda were proposed. Task force members
rated their level of agreement (1–10) for each PTC.
Results Epidemiological and demographic
characteristics should be measured in all clinical trials
and studies in at-risk individuals. Different at-risk
populations, identified according to clinical presentation,
were defined: asymptomatic, musculoskeletal symptoms
without arthritis and early clinical arthritis. Study end-
points should include the development of subclinical
inflammation on imaging, clinical arthritis, RA and
subsequent achievement of arthritis remission. Risk
factors should be assessed at baseline and re-evaluated
where appropriate; they include genetic markers and
autoantibody profiling and additionally clinical symptoms
and subclinical inflammation on imaging in those with
symptoms and/or clinical arthritis. Trials should address
the effect of the intervention on risk factors, as well as
progression to clinical arthritis or RA. In patients with
early clinical arthritis, pharmacological intervention has
the potential to prevent RA development. Participants’
knowledge of their RA risk may inform their decision
to participate; information should be provided using an
individually tailored approach.
Conclusion These consensus statements provide data-
driven guidance for rheumatologists, health professionals
and investigators conducting clinical trials and
observational studies in individuals at risk of RA.

INTRODUCTION

It is now clear that the onset of rheumatoid arthritis
(RA) is preceded by a complex preclinical phase.1
While the early arthritis paradigm (ie, early identification and treatment) has revolutionised the outlook
of RA, interventions targeting the preclinical phase
may unleash an even greater therapeutic leap. In

the preclinical phase, ‘at-
risk’ individuals, many
of whom have genetic or environmental predispositions, develop autoantibodies and/or symptoms
and eventually progress to clinical arthritis and
classifiable RA.2 Over the last decade, longitudinal
observational studies of prospective at-risk cohorts
have identified risk factors and biomarkers, which
have enabled a better understanding of RA pathobiology and also prediction of the onset and timing
of clinical arthritis.3–5 In this way, symptomatic
at-risk populations may now be risk stratified for
future RA development.6 7 Building on this work,
clinical trials investigating therapeutic intervention
in at-risk individuals with the aim of RA prevention have been conducted.8 9 Several more are now
either underway or in preparation; all are targeting
at-
risk populations with the aim of RA prevention. While sharing a common goal, these trials are
strikingly heterogeneous; different at-risk populations have been included with different eligibility
criteria, biomarkers, interventions and outcomes.
The heterogeneity is a natural consequence of the
infancy of the field but may present unwelcome
challenges in interpreting the relevance and validity
of the findings. As this field grows exponentially, it is
critical that all future efforts are optimally aligned;
at-risk individuals are difficult to identify, recruit
and monitor but provide invaluable opportunity
for insights into the pathobiology of RA and new
avenues for prevention that must be maximised.
The current EULAR task force was convened
driven guidance
with the goal of providing data-
and consensus for use by current and future investigators in this important area of rheumatology
research.

METHODS
An international multidisciplinary task force was
convened with the aim of defining points to consider
for conducting clinical trials and studies in individuals at risk of RA (co-convened by KM and PE).
The task force included 13 academic rheumatologists from Europe and North America with specific
expertise in this area. There were two project methodologists/epidemiologists (DA and AK). The task
force also included one health professional (HP),
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EULAR points to consider for conducting clinical trials
and observational studies in individuals at risk of
rheumatoid arthritis

Recommendation

RESULTS
Systematic literature review
The task force agreed on the following four questions to be
addressed by the SLR:
1. In clinical studies involving individuals at risk of RA, which
populations should be included and what study endpoints
should be used?
2. In individuals at risk of RA, is there a core set of risk factors
and how frequently should they be measured?
3. In individuals at risk of RA, does risk-factor-driven intervention alter risk of progression?
4. Is there a benefit in informing individuals at risk of RA
about their risk of developing RA and offering preventive
treatment?
It was acknowledged that questions 3 and 4 were focused on
potential interventions. The task force felt these questions would
inform the design of clinical trials and studies in this area and
would be important to include; question 3 would inform which
potential interventions should be selected by investigators, while
question 4 would inform recruitment strategies, communication
approaches and feasibility of future studies.
To address these questions, four separate literature searches
were conducted (see online supplemental materials for details).
For each search, the relevant keywords were used in Medline,
Embase, Pubmed and Central databases. Abstracts from January

2018 onwards were included. Meta-analyses were included, but
all other reviews and study protocols were excluded. Manually
searched articles either from the references of selected manuscripts or identified by task force members were also included.
The task force agreed on 1 overarching principle, 10 points to
consider (table 1) and 1 research agenda. When deciding overarching principles, discussion focused on the at-risk populations
being recruited, data collection, study design and outcomes.
Consideration was given to principles included in the 10 points
to consider, to ensure specific guidance included in these points
was not repeated. It was agreed that only one overarching principle should be put forward and this should specify key features,
which should be collected from all at-risk populations.
Industry stakeholders received the initial draft of the manuscript and made comments and edits mainly around text
wording, communication of content and structure. For example,
statements were clarified with explanatory text where needed.
The industry stakeholders helped ensuring that the manuscript
would be relevant and accessible to potential industry partners
who may be involved in future clinical trials and studies in this
area. Industry bias was avoided as representatives were chosen to
provide personal views based on their individual expertise and
experience only (two in clinical research and trials and one in
basic and translational science).

Overarching principle
All clinical trials and observational studies in individuals at risk
of RA should include the epidemiological and demographic
characteristics of the at-risk population being studied (LoA 10)

The task force recognised the different populations of at-risk
individuals currently being studied in prospective cohorts internationally. While individual studies may prioritise the investigation of specific risk factors or a specific intervention in these
populations, the task force agreed that certain population characteristics should invariably be measured. These are the core
epidemiological and demographic characteristics of age, sex,
body mass index (BMI), ethnicity, smoking status and family
history of RA. Recording these core characteristics enables direct
comparison and where possible integration of datasets from
multiple cohorts.

Points to consider
1. For clinical trials or observational studies, individuals at risk of RA
should be identified according to their clinical presentation. Within
each clinical presentation, subpopulations should be identified
based on the presence of specific risk factors (LoA 9.75)

Several different populations of individuals at risk of RA are
being included in prospective clinical studies and interventional
trials. The population differences largely reflect the available
infrastructure, local populations and research interests of the
various centres involved. Individuals usually present to healthcare professionals because of their clinical symptoms and signs,
and the evolution of clinical features also reflects the natural
history of RA development. Therefore, the task force felt it
appropriate for at-risk populations to be categorised according
to their clinical presentation. The task force decided against categorising at-risk populations based on just ‘symptoms’ and ‘signs’,
as clinical signs (eg, joint tenderness) may be present in the
absence of clinical synovitis. The term ‘arthralgia’ was avoided
in categorisation as not all at-risk individuals with musculoskeletal (MSK) symptoms have arthralgia, with some presenting
with non-specific symptoms instead. The task force proposed
three broad categories, which underpin disease progression:
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two rheumatologists from the EMerging EULAR NETwork
(EMEUNET) and two patient representatives from the people
with arthritis / rheumatism across Europe (PARE) network of
patient research partners. In developing the points to consider,
the task force followed the most recent EULAR standardised
operating procedures for the development of recommendations.10 The project was fully approved by the EULAR executive
committee.
At the first meeting (October 2019 in Amsterdam, the Netherlands), the task force discussed the background and focus of
the project and defined the objectives. Four key questions to
be addressed by systematic literature reviews (SLRs) were then
prioritised by a group voting process, supervised by the methodologists. The SLR was performed by the fellow and co-convenor (KM) and the allied health professional (AHP) (HJS)
with support from one of the EMEUNET members (DAR), a
librarian (Joel Kerry) and a research fellow from Leeds (Andrea
Di Matteo). Based on the findings of the SLRs, a draft of the
points to consider and research agenda was prepared by the
fellow (KM), AHP (HJS), the methodologists (DA and AK) and
the convenor (PE).
At the second meeting (held in April 2020, by video conference
due to the COVID-19 pandemic), the SLR results and the draft
of the points to consider and research agenda were presented
to the task force. Following group discussions, during and after
the meeting, the task force agreed on the final consensus statements which encompassed 1 overarching principle, 10 points
to consider and 1 research agenda. Task force members were
then asked to anonymously rate the overarching principle and
points to consider on a scale of 0 (absolutely disagree) to 10
(absolutely agree) to assess the level of agreement (LoA). The
research agenda was extensively discussed between members and
consensus was achieved on the points to be included. Comments
from external industry stakeholders (Marie Brazil, Francesco De
Leonardis and Jens Gammeltoft Gerwien) on the final consensus
statements were proactively elicited and further considered
during the writing of the manuscript.

Recommendation
Overarching principle and points to consider for conducting clinical trials and observational studies in individuals at risk of RA

Overarching principle
1

All clinical trials and observational studies in individuals at risk of RA should include the epidemiological and demographic characteristics of the at-risk population being
studied

5
10

Points to consider
1

For clinical trials or observational studies, individuals at risk of RA should be identified according to their clinical presentation. Within each clinical presentation,
subpopulations should be identified based on the presence of specific risk factors

5
9.75

2

In clinical trials and observational studies of individuals at risk of RA, the development of clinical arthritis or progression to RA (according to 2010 ACR/EULAR Rheumatoid
Arthritis Criteria) should be considered as study end-points

2b
9.85

3

The development of subclinical inflammation on US and/or MRI should also be considered as an end-point in at-risk populations without subclinical disease

2b
8.65

4

In at-risk populations with clinical arthritis (ie, PR and UA patients), interventional studies should include disease remission (on/off therapy) as an end-point

1b
9.55

5

In clinical trials or observational studies of individuals at risk of RA, risk factors should be assessed in a population-specific manner, and should include, or be a composite
of, core and emerging risk factors

5
9.7

6

Risk factors should be assessed at baseline and repeated assessment considered according to the specifics of the study population and intervention

5
9.75

7

Clinical trials should evaluate the ability of a specific intervention to modify the risk factor itself (as well as the risk of progression to RA)

5
9.65

8

In individuals at high risk of RA (eg, with early clinical synovitis), drug intervention should alter progression to RA or the outcome of RA therapy

1b
9.5

9

In clinical trials and observational studies, individuals should be informed about their risk of developing RA using an approach tailored to the individual participants

5
9.5

Individuals should be informed about their risk of progression to RA, as this may modify their decision to participate, or not, in clinical trials and observational studies

2b
9.85

10

LoA; mean LoA of taskforce members. 1a systematic review of randomised controlled trials (RCTs); 1b, individual RCT; 2a, systematic review of cohort studies; 2b, individual cohort study (including
low quality RCT); 3a, systematic review of case–control studies; 3b, individual case–control study; 4, case series (and poor-quality cohort and case–control studies); 5, expert opinion without
explicit critical appraisal, or based on physiology, bench research or first principles.
ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; LoA, level of agreement; LoE, level of evidence; MRI, magnetic resonance imaging; PR, palindromic
rheumatism; RA, rheumatoid arthritis; UA, undifferentiated arthritis; US, ultrasound.

asymptomatic, MSK symptoms without clinical arthritis and
early clinical arthritis.

Asymptomatic at-risk individuals

Asymptomatic at-risk individuals are typically identified through
either family relationships or population screening for the presence of informative autoantibodies.11–13 With these approaches,
asymptomatic individuals are presumed to exhibit genetic or
environmental risk factors without clinical symptoms or signs
of arthritis. The influence of genetic and environmental risk
factors in asymptomatic individuals who exhibit autoantibodies
has not been well characterised across prospective cohorts. The
first-degree relatives (FDRs) of people with RA are a population with genetic risk who may be feasibly identified from
the general population (via the affected RA proband). FDRs
are currently being studied in multiple research cohorts both
to understand the pathobiology of RA and to investigate the
influence of specific risk factors on disease progression in this
population.14–19 Considering risk factors in FDRs, serum autoantibodies and other serum biomarkers have been the best characterised. Serum anti-citrullinated protein antibodies (ACPA) are
enriched in FDRs20 and associated with arthritis development.17
Multiple serum cytokines and chemokines are associated with
ACPA and disease progression in FDRs.21 22 Conversely, omega-3
fatty acid levels appear to have an inverse relationship with anti-
cyclic citrullinated protein (anti-CCP) antibodies in those with
genetic risk.23 24
In addition to FDRs from the general population, specific
geographical populations also carry a heightened genetic risk
of RA. Indigenous North Americans (INA), also referred to in
the research literature as Indigenous Peoples, North American
Natives, First Nations, First Nations Peoples, North American
Indians, Aboriginals or Aboriginal peoples, have been the best
characterised.25 26 Many of these populations exhibit high RA
1288

prevalence rates of predominantly seropositive, severe disease,27
familial clustering of cases19 and unfavourable disease outcomes.
Although likely a significant factor, the increased risk may not be
solely due to genetics, environmental factors, access to appropriate rheumatology care or a combination of these factors are
also likely to be important. Studies of genetic risk in American
Indians of Alaska and First Nations Peoples of Central Canada
have shown that the shared epitope (SE) encoding allele HLA-
DRB1*1402, which is almost unique to Indigenous Peoples, is
a particularly important risk factor.28 Non-
human leukocyte
antigen (HLA) genes in these populations also appear to play
a role.29
Longitudinal studies in FDRs of indigenous populations have
demonstrated a high prevalence of serum ACPA (~10%) and
rheumatoid factor (RF) (~15%). Although associated with
arthritis development, ACPA levels fluctuate over time and not
uncommonly revert to a seronegative state.30 Also, ACPA IgG
variable domain glycosylation is a strong predictor of future RA
development, in such populations.31
Overall, the task force agreed that FDRs, individuals who
screen positive for ACPA and genetically predisposed indigenous
populations are important asymptomatic at-
risk populations
that should be studied. Within these populations, serum autoantibodies and other serum biomarkers enable identification of
important subpopulations.

At-risk individuals with MSK symptoms without clinical arthritis

Several different symptomatic at-risk populations without clinical arthritis are being studied. These include ACPA-
positive
individuals with MSK symptoms,7 32 seropositive (ACPA and/or
RF) individuals with arthralgia33 and individuals with clinically
suspect arthralgia (CSA).34 35
In these individuals, subpopulations may be defined based on
serum autoantibodies, serum biomarkers, clinical symptoms and
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Table 1
LoE LoA

Recommendation

At-risk individuals with early clinical arthritis
Two important populations with early clinical arthritis who are
at risk of progression to RA are patients with undifferentiated
arthritis (UA) and palindromic rheumatism (PR). Both have been
studied extensively in prospective cohorts. For both conditions,
clinically relevant subpopulations may be defined based on the
presence of serum autoantibodies,51–54 serum biomarkers, clinical features54 and subclinical inflammation on imaging.55–57 In
both PR and UA, these factors may be used for risk stratification
(discussed below).

2. In longitudinal studies of individuals at risk of RA, the
development of clinically evident arthritis, or progression to RA
(according to 2010 ACR/EULAR Rheumatoid Arthritis Criteria),
should be considered as study end-points (LoA 9.85)
Most longitudinal studies in at-
risk populations have been
performed in cohorts of individuals who have MSK symptoms
without clinical arthritis (as described in point 1). The development of clinically evident arthritis is the most frequently studied
primary end-point in longitudinal studies in ACPA-positive individuals with MSK symptoms, patients with seropositive arthralgia
and patients with CSA. In many cases, individuals who develop
clinical arthritis will also meet ACR/EULAR classification criteria
for RA.58 This criterion is often included as a separate secondary
end-point in studies. Investigators of a large Mexican longitudinal
cohort study of relatives of RA probands (including FDRs) defined
the development of clinical inflammatory arthritis (IA) as the

primary end-point17 as have others.59 Longitudinal studies of INA
have used development of RA as the primary end-point.30 60
Longitudinal studies of at-risk populations with clinical arthritis
(ie, UA and PR) have specified the development of RA (either
2010 ACR/EULAR Criteria or previously accepted criteria) as the
primary end-point. For PR, all such longitudinal studies have used
the 1987 (or older) criteria due to age of the studies.51–53 61–65 In
these studies, the primary end-point represents a clear transition
from a relapsing–remitting phenotype to a persistent arthritis. In
studies of patients with UA, the population is described as having
undifferentiated or unclassified arthritis or early IA not meeting
classification criteria for RA.66–76 In each case, the definition of
UA is based on having clinical arthritis but not meeting the specified classification criteria for RA. Therefore, the RA classification criteria used are critical to the interpretation of the findings.
The task force acknowledged that many of the patients with UA
included in studies, which have not used the most recent classification criteria, are likely to have met the updated 2010 criteria,
which is more sensitive for early disease.

3. The development of subclinical inflammation on US and/or MRI
should also be considered as an end-point in at-risk populations
without subclinical or clinical disease (LoA 8.65)

In at-risk populations without clinical or subclinical joint disease,
the development of pathological subclinical inflammation on
imaging is a significant step as it represents a transition from
systemic autoimmunity to local articular inflammation, and is
associated with imminent clinical arthritis. To reflect this, some
longitudinal cohort studies stipulate the development of imaging-
detected synovitis as the primary study end-point.77 Subclinical
synovitis on US also influences clinical decision-making in at-risk
individuals with MSK symptoms.78 The task force, therefore, felt
it appropriate that the development of subclinical inflammation
on imaging should be considered as an end-point distinct from
the development of clinical arthritis (see table 2 for definitions of
arthritis). The most appropriate imaging modality and protocol
to use for detection of subclinical inflammation in at-risk populations are a subject for future research and were beyond the
scope of the current task force.

4. In at-risk populations with clinical arthritis (ie, patients with PR
and UA), interventional studies should include disease remission
(on/off therapy) as an end-point (LoA 9.55)

Several interventional studies have been performed in patients
with UA. Some have specified disease remission as the primary
study end-point.68 79 80 In addition, others have included disease
remission as a secondary end-
point,81–84 with the primary
end-point instead being the development of classifiable RA.
Of those studies stipulating disease remission as an end-point,
the majority tested short-term induction therapy, that is, the
ability to achieve drug-free remission (DFR). In the PRObable rheumatoid arthritis: Methotrexate vs Placebo Treatment
(PROMPT) trial, van Dongen et al investigated 12 months of

Table 2

Definitions of arthritis

Asymptomatic

The absence of arthralgia or other musculoskeletal
symptoms
Symptoms not exclusively musculoskeletal, such as
fatigue may be present

Subclinical inflammation on The presence of signs of joint inflammation on high-
resolution imaging in the absence of clinical arthritis
imaging
Clinical arthritis
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subclinical inflammation on imaging. In ACPA-positive individuals with MSK symptoms, a high anti-CCP level and the presence
of RF are strongly associated with arthritis development.7 A high
ACPA level is also associated with disease progression in ACPA-
positive individuals without arthritis, but less well-defined clinical
symptoms.36 37 In patients with seropositive arthralgia, the presence of anti-CCP antibodies, a high level of anti-CCP antibodies,
the extent of the ACPA repertoire and dual positivity to anti-CCP
and RF are all associated with arthritis development.6 33 38 39 ACPA
and RF positivity are also associated with arthritis development in
individuals with CSA.35 40 Anti-carbamylated antibodies have also
been shown to be associated with arthritis development in patients
with seropositive arthralgia.41 Serum and cellular biomarkers (T
cell subsets) have predictive value in ACPA-positive individuals
with MSK symptoms42 and seropositive arthralgia.43 44 The presence of certain clinical symptoms such as small joint tenderness and
early morning stiffness are relevant for risk stratification in ACPA-
positive individuals with MSK symptoms and patients with seropositive arthralgia.6 7 In patients with CSA, difficulty making a fist
and a positive ‘squeeze test’ are associated with subclinical inflammation on MRI particularly tenosynovitis45 46 and is predictive of
arthritis development.45 A set of clinical features in individuals at
risk of RA were defined by a recent EULAR task force.34
In ACPA-positive individuals with MSK symptoms, patients
with seropositive arthralgia and patients with CSA, subclinical
inflammation on imaging has been characterised on ultrasound
(US) and MRI. Intra-
articular inflammation (grey scale and
power Doppler signal) is the most relevant on US,47 48 whereas
tenosynovitis is the most specific and predictive feature for
arthritis development on MRI.49 50
The task force agreed that serum autoantibodies (especially
ACPA), serum and cellular biomarkers, clinical features and
subclinical inflammation on imaging should all be used to
characterise subpopulations in symptomatic at-risk individuals
without clinical arthritis.

Recommendation

5. In clinical trials or observational studies of individuals at risk of
RA, risk factors should be assessed in a population-specific manner.
Risk factors should include, or be a composite of, core and emerging
risk factors (LoA 9.7)

Risk factors for the development of RA have been investigated using both large retrospective case–control studies and
prospective cohort studies in predefined at-
risk populations.
The advantage of the former is the availability of large datasets from national and international registries, which allow the
influence of specific genetic or environmental risk factors in the
background population to be accurately quantified. However, to
investigate the influence of specific risk factors in at-risk populations (as opposed to the general population), as well as the
effects of risk factors that operate in a stage-specific manner,
prospective cohort studies have proven most valuable.
Several different risk factors have been investigated in
prospective cohort studies in well-defined at-risk populations.
The task force agreed that risk factors are population specific,
1290

Table 3 Core and emerging risk factors for arthritis according to
different at-risk populations
At-risk
population

Core risk factors for arthritis

Emerging risk factors
for arthritis

Asymptomatic
at-risk
individuals

Genetic risk factors
Serum ACPA and/or other autoantibodies

Serological biomarkers

MSK symptoms
without arthritis

Genetic markers
Serum autoantibody profiling (including
ACPA/RF)
Subclinical inflammation on imaging (US
and MRI)
Clinical symptoms (EMS duration, joint
tenderness and symptom duration)

Serological and cellular
biomarkers
Mucosal inflammation/
dysbiosis

Early clinical
arthritis

Genetic markers: serum autoantibody
profiling (including ACPA/RF)
Subclinical inflammation on imaging (US
and MRI)
Clinical symptoms (EMS duration, joint
tenderness and symptom duration)

Serological and cellular
biomarkers
Mucosal inflammation/
dysbiosis

ACPA, anti-citrullinated protein antibodies; EMS, early morning stiffness; MSK,
musculoskeletal; RF, rheumatoid factor; US, ultrasound.

for example, symptom complexes and imaging are only relevant in at-risk populations who have symptoms. Therefore, risk
factors should to be assessed according to the at-risk population,
which is being included in a particular study or trial. Within each
population, some risk factors have a strong evidence base, while
others have a more limited evidence base. It was, therefore, felt
that ‘core’ and ‘emerging’ risk factors may be defined based on
the current evidence base. The task force agreed that core risk
factors should, where feasible, always be assessed in a clinical
trial or observational study (table 3).

Asymptomatic at-risk individuals

Studies in large prospective cohorts of individuals with genetic
risk factors for RA or identified in population screening have
demonstrated that the additional presence of ACPA and other
autoantibodies are significant risk factors for arthritis development. Anti-CCP-positive relatives (mainly FDRs) of RA probands
are at much higher risk of developing RA compared with their
seronegative counterparts (positive predictive value (PPV) of
64% for RA development at 5 years in CCP+/RF + relatives).17
Similarly, 30% of anti-CCP+/RF + relatives of INA developed
RA after a median of 3-year follow-up.30 Before the availability
of ACPA testing, a seminal study of over 2000 healthy INA monitored biannually for up to 19 years revealed a highly significant
association between RF level and RA development (p<0.001,
controlling for age and sex).60
Genotype also confers additional risk of ACPA and RA in
FDRs of INA populations. The combination of HLA-DR SE
and the non-SE allele DRB1*0901 is associated with ACPA and
earlier age of RA onset in these FDRs.87 IgG ACPA glycosylation
also appears to be strongly predictive of the future development
of RA in INA FDRs.31
The core and emerging risk factors, which should be assessed
in this population, are summarised in table 3.

At-risk individuals with MSK symptoms but without clinical arthritis

Several risk factors for the development of clinical arthritis and
RA have been identified in ACPA-positive individuals with MSK
symptoms, patients with seropositive arthralgia and patients
with CSA. Autoantibodies (especially ACPA), clinical symptoms
and imaging markers have the strongest evidence base.
The importance of ACPA status has been confirmed in various
international cohorts, including a UK ACPA+ cohort with new
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induction therapy with methotrexate (MTX) in patients with
UA and stipulated DFR at 30-month follow-up as a study end-
point. There was no significant difference in DFR rates in the
MTX and placebo arms.82 However, in a subanalysis of high-
risk patients only (Leiden prediction score ≥8), DFR at 30
months was achieved in 36% of the MTX arm compared with
0% in the placebo arm (p=0.027), although in a total of only
22 patients.81 In the Stop Arthritis Very Early (SAVE) trial,
the primary end-point was disease remission at 12 weeks and
15 weeks after a single intramuscular injection of methylprednisolone or placebo. DFR was achieved by 32/198 (16.2%)
of the treatment group and 33/185 (17.8%) of the placebo
group (p=0.68).79 In a recent observational study, data were
used from the Induction therapy with MTX and prednisolone
in Rheumatoid Or Very Early arthritic Disease (IMPROVED)
study to specifically investigate predictors of DFR at 1 year in
a subgroup of patients with UA who achieved remission and
tapered all therapy at 8 months, according to a predefined
protocol.80 In a recent small study of infliximab (IFX; given at
week 0, week 2, week 6, week 14 and week 22) versus placebo
in patients with ACPA-positive UA, DFR (according to DAS28
CRP) at 1 year was observed in 50% of the IFX group versus
21.4% of the placebo group.83
In contrast to the above-
mentioned studies, two trials
have used disease remission while still on therapy as an
end-point.68 84 The first was a trial of IFX in patients with
poor-prognosis UA who relapsed after a single corticosteroid
injection, and the second a study of MTX compared with
placebo. There was no difference in remission rates in the IFX
study, whereas in the more recent MTX study, the proportion
of patients who achieved Boolean remission after 1 year was
greater in the MTX group compared with the placebo group.84
In a recent interventional study performed in a PR cohort,
a predefined disease modifying anti-rheuamtic drug (DMARD)
escalation protocol was used to bring flares under control with
the aim of achieving disease remission.85 Complete or partial
remission was achieved in 76/106 (82.6%) of patients, while
16.3% of patients were able to discontinue medications and
achieve DFR. Disease remission (defined as the absence of flares
for ≥1 month) on therapy was also the primary end-point in a
study of rituximab (RTX) in PR.86 All of the 33 patients with
seropositive PR in this study eventually achieved remission,
although some required four cycles of RTX to do so. Neither of
these studies were controlled trials.

Recommendation
blood B cell receptor clones,99 serum apolipoprotein A1100 and
serum 14-3-3n levels101 are all associated with arthritis development. Loss of bone mineral density was associated with arthritis
development in a prospective study in patients with CSA.102
Peripheral blood T cell subsets were also associated with arthritis
development in ACPA+ at-
risk individuals.42 The peripheral
103
blood B cell signature and type I interferon signature104 have
also been shown to be predictive of arthritis development in
patients with seropositive arthralgia.

Early clinical arthritis

Clinical features, imaging findings and autoantibody profile
are also important risk factors for the development of RA in
patients classified as having UA. These data are largely based
on prospective analyses of UA cohorts, with patients with early
arthritis included on the basis of failure to meet now outdated
versions of RA classification criteria. As such, it is likely that a
significant proportion of these patients would now, based on
current criteria,58 classify as early RA. Several risk prediction
tools, combining clinical features, autoantibodies and/or imaging
risk factors, have been proposed in UA cohorts.66 69–71 73 105–107
Many of the risk factors are the same as those described above
for individuals with MSK symptoms without clinical arthritis;
prolonged EMS duration,69 105 106 ACPA and/or RF,66 69 71 73 105 106
and power Doppler (PD) signal on US105 have all been shown
to predict progression of UA to RA. However, elevated CRP/
ESR,69 105 longer disease duration,73 105 greater number of
swollen and/or tender joints69 73 and radiographic erosions69 70
are risk factors for progression specific to patients with early
clinically apparent arthritis. Autoantibody profile (ACPA and
RF) and flares involving the hands and wrists are also risk factors
for RA development in patients with PR.51 52
Subclinical inflammation on US and MRI has been identified
as a risk factor for RA development in several UA cohorts.108–113
The presence of US synovitis (gray-
scale (GS) and/or PD)
is predictive of progression from early UA to RA.110–112 114
However, tenosynovitis in the hands and feet113 on US and MRI
also appears to be associated with disease progression.109 112 Of
the studies investigating the role of autoantibody profiling in UA,
ACPA status and level (high level most predictive) are the most
consistently predictive of disease progression.67 72 74
There has been considerable interest in the putative role of
mucosal inflammation and dysbiosis in initiating and driving
disease progression in at-risk individuals.15 115–119 The potential
importance of this was recognised by the task force. Although
limited data were identified reporting these as specific risk
factors for arthritis development,120 the task force felt that these
factors should be considered in future studies and clinical trials.
Considering the available data, the task force proposed that
specific core and emerging risk factors should be assessed in
symptomatic at-risk populations, that is, at-risk individuals with
symptoms (but no clinical synovitis) and individuals with early
clinical arthritis (table 3).

6. Risk factors should be assessed at baseline and repeated
assessment considered according to the specifics of the study
population and intervention (LoA 9.75)

The majority of studies investigating risk factors in prospective
at-risk cohorts have taken only a single baseline measurement
of the risk factor(s). While this provides valuable information
on the overall influence of risk factors on the development of
arthritis, a single measurement cannot address whether and to
what extent risk factors change over time, nor the relationship
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non-
specific MSK symptoms,7 a Dutch seropositive (CCP+/
RF+) arthralgia cohort33 38 and a Dutch CSA cohort.40 The
tire ACPA is reflected in
heightened risk conferred by high-
the highest weighting given to this risk factor in two clinical
prediction rules for arthritis development.6 7 Anti-carbamylated
protein (anti-CarP) antibodies also appear to confer additional
risk of arthritis development in ACPA/RF + at-risk individuals,
independent of ACPA status.41 However, the level of risk does
not appear to be as pronounced as that related to ACPA.
Certain clinical features are associated with an increased risk
of arthritis development. Of these, prolonged early morning
stiffness (EMS) duration is a cardinal symptom. Prolonged EMS
duration is an important risk factor for arthritis in ACPA+ individuals with MSK symptoms (EMS >30 min)7 and patients with
seropositive arthralgia (EMS >60 mins),6 and has been included
in clinical prediction rules. EMS is also one of the components
included in the agreed definition of CSA34 and is associated with
arthritis development in unselected patients presenting with
arthralgia.88 Joint tenderness (especially of the small joints) was
also associated with arthritis development in ACPA+ individuals with MSK symptoms7 36 in two cohorts. Other symptom
complexes were associated with progression to arthritis in seropositive arthralgia—duration of symptoms less than 1 year, intermittent symptoms and history of joint swelling.6 These symptoms
were not prognostic in the UK ACPA+ cohort, perhaps because
all individuals had new-onset symptoms and patients with PR
were specifically excluded.
Abnormalities on high-sensitivity US and MRI (and positron
emission tomography in one study89) also signify an increased
risk for arthritis development in at-risk individuals. These abnormalities reflect the presence of intra-
articular and extracapsular subclinical inflammation, in at-risk individuals who have
symptoms without clinically evident arthritis. Several studies
have identified the presence of subclinical US synovitis (power
Doppler and grey scale) as a risk factor for arthritis development
both at joint and patient level.47 48 90 91 Recent data suggest US
tenosynovitis is associated with arthritis development in ACPA+
individuals with non-specific MSK symptoms and no subclinical synovitis on baseline US.77 92 In those with symptoms, the
development of US synovitis appears to be a relatively late event,
reflecting imminent clinical arthritis,93 especially as more joints
become involved.94
MRI studies in ACPA+ individuals with MSK symptoms and
patients with CSA have identified tenosynovitis as both the most
prevalent abnormality and the strongest MRI risk factor for
arthritis development.35 50 95 Tenosynovitis was the only MRI
abnormality associated with arthritis progression at patient level
in a study of 98 ACPA+ individuals with MSK symptoms (HR
4.02 (1.91–8.44), p=0.002).95 Similarly, tenosynovitis was the
only MRI risk factor independently associated with arthritis
development in a prospective study of 150 patients with CSA
(HR 8.39 (3.38–20.81), p<0.001). There is also an increased
prevalence of hand interosseous tendon inflammation in ACPA+
individuals with MSK symptoms.96 These studies highlight the
importance of extracapsular inflammation (which MRI is particularly sensitive for) as a risk factor for disease progression.
Other clinical, cellular and serological risk factors for arthritis
development have also been identified in this population,
although current evidence for these factors is based largely on
single unvalidated studies. Elevated BMI has been associated
with arthritis development in some patients with seropositive
arthralgia97 and ACPA+ at-
risk individuals (some FDRs and
some with MSK symptoms).98 Studies in the Dutch seropositive arthralgia cohort have shown that the number of peripheral

Recommendation

7. Clinical trials should evaluate the ability of a specific intervention
to modify the risk factor itself, as well as the risk of progression to
RA (LoA 9.65)

Clinical trials in individuals at risk of RA have primarily focused
on the prevention of progression to clinical arthritis or RA.
Given increasing evidence for the role of specific risk factors in
driving disease progression (as detailed above), the task force
felt that evaluation of the ability of interventions to modify
an individual’s underlying risk factors should be prioritised in
future study designs. This would be important for two reasons:
first, to better understand the relative influence of specific risk
factors on disease progression and second, it would represent an
important step towards personalising different types of preventive intervention (eg, pharmacotherapies, lifestyle modifications
or a combination) by understanding their suitability to target
specific risk factors, which may be enriched in different at-risk
populations.
Published studies suggest modification of risk factors in this
way is feasible; improvement in RA-autoantibody levels has been
reported in interventional trials in both patients with seropositive arthralgia and patients with UA.8 121 In the Abatacept study
to determine the effectiveness in preventing the development of
rheumatoid arthritis in patients with Undifferentiated inflammatory arthritis and to evaluate safety and tolerability (ADJUST)
trial, induction therapy with abatacept (ABT) in patients with
UA was associated with a reduction in anti-CCP level. MRI osteitis scores also improved with ABT therapy and this benefit was
sustained 6 months after treatment withdrawal.121

8. In individuals at high risk of RA (eg, with early clinical synovitis),
drug intervention should alter progression to RA or the outcome of
RA therapy (LoA 9.5)

Clinical trials have shown that in patients with UA, drug intervention can reduce or delay progression to RA and improve the
outcome of therapy.81 82 84 121–123 There is particularly strong
evidence for a beneficial effect of MTX in UA.81 82 84 The Dutch
PROMPT study showed a delay in development of RA when MTX
and placebo (12 months induction treatment) were compared
in unselected patients with UA, although there was no overall
difference in progression to RA at 30 months.82 There was also
no difference in disease remission rate at 30 months. However,
when considering only the patients with anti-CCP-positive UA,
93% of the placebo arm progressed to RA compared with only
67% of the MTX arm (p<0.001) indicating a preventive effect.
1292

Furthermore, in a subsequent analysis restricted to 22 patients
with ‘high-risk’ UA, a clear benefit of MTX was demonstrated;
6/11 (55%) of patients with high-risk UA developed RA in the
MTX arm compared with 11/11 (100%) in the placebo arm,
although in small numbers of patients.81 Of the patients that
developed RA in the MTX arm, this was delayed compared with
placebo (median 22.5 months vs 3 months; p<0.001) and DFR
was achieved by 4/11 (36%) in the MTX arm compared with
0/11 (0%) in the placebo arm (p=0.031). A separate study also
showed a beneficial effect of MTX in patients with anti-CCP-
positive UA; after 12 months’ therapy, only 17.2% of patients in
the MTX arm progressed to RA compared with 78.9% of those
in the placebo arm (p<0.001).84 Boolean remission was achieved
in 46.4% of the MTX arm compared with 17.6% of the placebo
group (p=0.057).
Six months of ABT therapy in patients with anti-CCP-positive
UA also showed beneficial effects on radiographic and MRI
disease progression and anti-CCP levels at 1 year compared with
placebo.121 Fewer patients in the ABT arm progressed to RA, but
statistical significance was not reached in this small study. An
important caveat, as with many of the UA studies, is that many of
the included patients would now meet the updated classification
criteria for RA58 and would no longer be considered eligible for
such studies.
Trials investigating the benefits of induction therapy with corticosteroids in altering disease progression in UA have produced
less impressive results.79 124 One such trial investigated the effect
of three 80 mg intramuscular injections of methylprednisolone
compared with placebo on disease progression (judged as the
need to start DMARDs) and development of RA at 1 year. Corticosteroids delayed disease progression (76% vs 61% referred to
start DMARDs at 6 months; OR 2.11, 95% CI 1.16 to 3.75,
p=0.015) but did not prevent the development of RA.124 Similarly, in the SAVE trial, a single 120 mg intramuscular injection
of methylprednisolone produced similar disease remission rates
compared with placebo at 1 year (16.2% vs 17.8% in methylprednisolone vs placebo) and similar progression to RA (45.1%
in steroid arm vs 50.1% placebo arm).79
Studies investigating the use of tumour necrosis factor (TNF)
- alpha inhibitors as induction therapy in UA have been limited;
those reported have failed to show an impact in altering progression to RA.68 83 In patients with high-
risk UA, only 20% of
IFX-treated patients achieved remission at 6 months, compared
with 14% of placebo. All patients in the IFX arm developed RA
at 1 year.68 The majority of patients with IFX-treated UA also
progressed to RA in a recent study (73% of IFX arm compared
with 67% of placebo arm).83
The limited available studies in patients with PR suggest drug
intervention may have a role in altering progression to RA in
this population, although the evidence is much weaker than
for UA, as appropriately designed clinical trials have not been
performed. Antimalarial therapy appeared to delay the development of RA (162 months vs 56 months, p=0.03) in a retrospective cohort study, although there was no difference in overall
rates of progression to RA.61 Relatively low progression rates
to RA were also reported in cohorts of patients with PR treated
with DMARDs, although these were not controlled studies,
which limits their interpretation.65 85
Considering the available data, the task force felt drug intervention should be considered in patients with UA with the aim of
reducing disease progression and improving RA outcomes. The
benefit of drug intervention in PR is less clear at present although
antimalarials may be beneficial and warrant further study.
There is no current evidence for the use of drug intervention in
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between different risk factors over time. For example, some risk
factors may be more relevant in the asymptomatic at-risk phase,
while others may become more relevant in symptomatic individuals when the onset of clinical arthritis is imminent.
In line with this, recent data suggest the prevalence and overall
burden of subclinical joint inflammation on US imaging increases
over sequential assessments prior to arthritis development in
ACPA+ individuals with MSK symptoms.93 94 This suggests that
US subclinical inflammation is most relevant in those with imminent arthritis. There is a paucity of longitudinal, repeated assessments of other risk factors, particularly the evolution of clinical
symptoms or cellular/serological markers. Investigators may seek
to understand the influence of interventions on risk factors (ie,
surrogates of disease progression), as well as arthritis development. An understanding of the stability of risk factors will be
critical to designing such studies. The task force felt that this was
an area which should be prioritised in future clinical trials and
longitudinal studies.

Recommendation

delaying disease progression in at-risk individuals without clinical arthritis.

9. In clinical trials and observational studies, individuals should
be informed about their risk of developing RA using an approach
tailored to the individual participants (LoA 9.5)

The task force felt it important that individuals at risk of RA
are optimally engaged with strategies to identify their risk and/
or potentially reduce their risk through intervention. Thematic
synthesis of qualitative data and quantitative data from preventive intervention studies informed points to consider 9 and 10.
Only a few studies have explored the perspectives of individuals at risk of RA regarding risk prediction and RA prevention. There are two studies in people with MSK symptoms but
without clinical arthritis (including arthralgia)125 126 and five in
FDRs.127–132 Additionally, there is one study in people who have
been diagnosed with RA133 and another includes views from
members of the public.134
Individuals with arthralgia (94%) report that they have benefited from being informed about their risk of developing RA.126
FDRs are aware of their susceptibility to RA but at the same time
unsure of the extent of their risk.128 FDRs have raised concern
that knowing their absolute risk would increase their anxiety and
potentially affect decisions about their future and they would
need additional support to understand the risk and cope with
the emotional impact of this information.128 A randomised
controlled trial (RCT) comparing a web-based tool (Personalized
Risk Estimator for Rheumatoid Arthritis) with standard, non-
personalised RA education showed that the tool may help such
individuals to better calculate disease risk.131
Identifying personal risk factors is important for FDRs, particularly when it comes to addressing modifiable ones such as
diet.129 An RCT conducted in FDRs without RA concluded that
personalised medicine approaches increase motivation for those
at risk to improve behaviours that reduce the risk of developing
RA.130
An individual tailored approach for communication has been
acknowledged by patients with RA; they have highlighted that
sharing risk information with relatives may cause negative
emotions, particularly because of the negative impact on quality
of life that RA has133; as such, they would prefer to choose with
whom the information is communicated.
The task force agreed that it was important for individuals participating in clinical trials and observational studies
to understand their personal risk of developing RA. Communication should be tailored to the individual and additional

support should be considered. This is particularly important for
promoting participation and engagement in prevention studies.

10. An individual’s knowledge about their risk of progression to RA
may inform their decision to participate, or not, in clinical trials and
observational studies (LoA 9.85)
The variable accuracy of predictive models in identifying an individual’s risk of developing RA has been raised by FDRs128 and
people with CSA, highlighting difficulties in interpreting prognostic information given to them.125 People with CSA preferred
to have information on the origin of their symptoms,125 thus
exploring illness perceptions to guide treatment decisions, rather
than risk percentages. How individuals receive information
about their risk may, therefore, contribute to their decision to
participate in interventional studies or not.
A recent study included at-risk individuals, defined on the
basis of ACPA/RF positivity. In that study, those with arthralgia
(≥one peripheral joint) were more likely to have had an autoantibody test to help identify the cause of their symptoms; in
contrast, asymptomatic individuals were more likely to have had
a test to contribute to research. Many symptomatic individuals
expressed willingness to undergo additional predictive testing,
including an assessment of the synovium by biopsy, if that would
help further refine risk estimation. Asymptomatic individuals
were less likely to consider further predictive testing.
Importantly, both groups highlighted the need for tailored,
patient-understandable information to be delivered by an HP.
Prevention intervention studies are typically grouped into
those that involve lifestyle and/or behaviour modification or
those that involve taking medication. At-risk individuals with
symptoms are more likely to consider both interventions.126
This contrasts with FDRs who would prefer to wait until
symptoms developed before considering drug interventions.129
An understanding of personal risk is more likely to improve
RA-risk-related behaviours such as dental hygiene and dietary
change.129 130 However, preventive treatment offering the largest
risk reduction is not necessarily the priority for asymptomatic
FDRs.132
The task force acknowledged that level of baseline risk typically informs study protocols for preventive interventions, either
lifestyle/behaviour modification or pharmacotherapy. Hence,
supporting individuals at risk of RA to understand their personal
risk factors and overall level of risk is likely to help inform their
decision to participate, or not, in clinical trials and observational
studies.
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Figure 1 A summary of assessments and end-points which should be collected in clinical trials and observational studies of individuals at risk of
RA, according to the at-risk population. MSK, musculoskeletal; RA, rheumatoid arthritis.

Recommendation
Research agenda

Box 1

The task force agreed that future research should address the
following key questions:
►► Should individuals with mucosal inflammation/dysbiosis
(periodontal, lung or gut) with or without genetic
predisposition or serum autoantibodies be included as an
at-risk group?
►► Are non-musculoskeletal symptoms (eg, stress-related
symptoms and fatigue) prevalent in individuals at risk of
developing rheumatoid arthritis (RA)?
►► Which surrogate biomarkers should be used as end-points
in pilot/early phase interventional studies? And in which
populations?
–– Improvement of subclinical inflammation on ultrasound
(US)/MRI in symptomatic individuals?
–– Improvement of clinical features (eg, early morning
stiffness duration and small joint tenderness) in
symptomatic individuals?
–– Improvement of mucosal inflammation with or without
dysbiosis in seropositive asymptomatic individuals?
–– Development of autoimmunity in seronegative individuals
with genetic risk (including first-degree relatives)?
–– Improvements in patient reported outcomes (PROs)
for symptomatic patients? And which patient reported
outcomes should be used as end-points?
–– Biomarkers of inflammation/autoimmunity (emerging).
►► Can at-risk populations, from the background population, be
cost-effectively identified, recruited and given preventative
treatment based solely on demographics (age, sex and
smoking status)?
►► Does subclinical inflammation on imaging represent a
relevant endpoint (with distinct predictors)?
►► Do the risk factors that drive RA autoimmunity and disease
progression vary according to the ethnicity or geography of
the population?
►► Which biomarkers/risk factors change as individuals progress
to inflammatory arthritis?
►► In individuals at risk of RA, what is the sequence and
timescale of the changes in biomarkers/risk factors?
►► How frequently should we reassess an individual’s risk and is
this subpopulation dependent?
►► Which biological pathways are linked with progression to RA?
►► Should interventions be personalised to an individual’s
risk factors, for example, smoking cessation, treatment of
periodontitis and weight loss?
►► In those at high risk, should multimodal intervention
be considered according to risk factors, for example,
immunomodulation combined with periodontal therapy/
smoking cessation/weight loss as appropriate?
►► Does reduction in one or more risk factors reduce the
likelihood of progression?
►► Can the quantification of an individual’s risk be improved,
and risk scores validated?
►► Are interventional studies in at-risk individuals cost effective?
►► Should studies assess the long-term impacts of pre-arthritis
interventions, including impacts on the RA phenotype (eg,
severity, treatment response, DFR, etc), if it develops?
►► Should we develop standardised methodologies to optimise
acquisition and comparability of potentially relevant clinical
and epidemiological data and biospecimens (eg, blood, oral,
Continued
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Continued

lung, gut and synovium) in studies of individuals at risk for
RA?
►► What is the optimum approach (including psychological
support/counselling) for conveying risk of RA to these
individuals?
►► How do at-risk individuals assess risk versus benefit in
deciding on participation in either lifestyle or drug prevention
studies?
►► Which risk factors do patients consider are high risk for
developing RA?
►► Should risk prevention strategies be tailored for differing
cultural dimensions?

The task force acknowledged that points 9 and 10 follow
the same theme, but convey separate messages, which justifies
having two separate points. Point 9 refers to the approach to be
used to inform participants about their risk. This point is centred
on communication strategies, which should be considered when
planning clinical trials and studies in at-risk populations. Point
10 refers to factors which may influence participation in trials
and clinical studies. This point explores reasons why participation in studies may be limited and how it could be improved.

CONCLUSION

The goal of this EULAR task force was to provide the first expert
consensus and guidance on the conduct of clinical trials and
observational studies in individuals at risk of RA. These studies
represent a new and evolving area in rheumatology research and
clinical practice. Although much of the guidance is based on
robust data from multiple studies, some is based on low levels
of evidence and expert opinion. Therefore, guidance statements have been formulated as ‘points to consider’ rather than
recommendations (table 1). Validation of the points to consider
was beyond the scope of the task force but could be considered in a larger independent group of stakeholders in future.
We acknowledge that guidance could not be provided in some
specific areas, for example, at-risk individuals who develop non-
articular diseases (eg, eye disease and lung disease) in the absence
of arthritis. This is due to a lack of published evidence in these
areas.
Several clinical trials in individuals at risk of RA are in progress and there is a growing interest from multiple stakeholders,
including rheumatologists, academics, policy-makers, the pharmaceutical industry and, most importantly, patients. In many
ways, these studies represent uncharted territory in rheumatology; aiming to prevent arthritis those with risk factors, rather
than the conventional paradigm of suppressing the disease once
it is clinically established. As such, there are many important
differences and unknowns. The goal of the task force was to
address these uncertainties by providing expert consensus and
data-
driven guidance where available to help optimise the
conduct of work in this area.
The overarching principle and 10 points to consider set out
a broad framework, which covers the key areas for conducting
clinical trials and studies in at-
risk individuals. The areas
included were those prioritised by the task force. This includes
the different types of at-risk populations, and how they may
be distinguished based on clinical presentation, for trials and
studies. For each of these populations, guidance on appropriate
study end-points and trial outcomes, and the core and emerging
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Box 1

Recommendation
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risk factors, which should be assessed, are provided (table 3,
figure 1). Considerations for optimising participation in these
studies and informing at-risk individuals about their level of risk
are also included. Finally, a research agenda, agreed by the task
force, has also been proposed (box 1).
These statements should help harmonise the datasets produced
by future studies and facilitate collaboration in this important
area. They should also improve the validity of individual trials
and studies, optimising outputs from hard to recruit populations,
which often require unique patient cohorts and infrastructure. It
is hoped that this guidance will help galvanise future collaborative efforts in studies of at-risk individuals and RA prevention.

Recommendation

1296

40 Ten Brinck RM, van Steenbergen HW, van Delft MAM, et al. The risk of individual
autoantibodies, autoantibody combinations and levels for arthritis development in
clinically suspect arthralgia. Rheumatology 2017;56:2145–53.
41 Shi J, van de Stadt LA, Levarht EWN, et al. Anti-carbamylated protein antibodies are
present in arthralgia patients and predict the development of rheumatoid arthritis.
Arthritis Rheum 2013;65:911–5.
42 Hunt L, Hensor EM, Nam J, et al. T cell subsets: an immunological biomarker to
predict progression to clinical arthritis in ACPA-positive individuals. Ann Rheum Dis
2016;75:1884–9.
43 Chalan P, Bijzet J, van den Berg A, et al. Analysis of serum immune markers in
seropositive and seronegative rheumatoid arthritis and in high-risk seropositive
arthralgia patients. Sci Rep 2016;6:26021.
44 Chalan P, Kroesen B-J, van der Geest KSM, et al. Circulating CD4+CD161+ T
lymphocytes are increased in seropositive arthralgia patients but decreased in
patients with newly diagnosed rheumatoid arthritis. PLoS One 2013;8:e79370.
45 Wouters F, van der Giesen FJ, Matthijssen XME, et al. Difficulties making a fist in
clinically suspect arthralgia: an easy applicable phenomenon predictive for RA that is
related to flexor tenosynovitis. Ann Rheum Dis 2019;78:1438–9.
46 Wouters F, Niemantsverdriet E, van der Helm-van Mil AHM. The value of the squeeze
test for detection of subclinical synovitis in patients with arthralgia suspicious for
progression to RA. Rheumatology 2020;59:3106–8.
47 van Beers-Tas MH, Blanken AB, Nielen MMJ, et al. The value of joint ultrasonography
in predicting arthritis in seropositive patients with arthralgia: a prospective cohort
study. Arthritis Res Ther 2018;20:279.
48 Nam JL, Hensor EMA, Hunt L, et al. Ultrasound findings predict progression to
inflammatory arthritis in anti-CCP antibody-positive patients without clinical
synovitis. Ann Rheum Dis 2016;75:2060–7.
49 van Steenbergen HW, van Nies JAB, Huizinga TWJ, et al. Subclinical inflammation
on MRI of hand and foot of anticitrullinated peptide antibody-negative arthralgia
patients at risk for rheumatoid arthritis. Arthritis Res Ther 2014;16:R92.
50 Kleyer A, Krieter M, Oliveira I, et al. High prevalence of tenosynovial inflammation
before onset of rheumatoid arthritis and its link to progression to RA-A combined
MRI/CT study. Semin Arthritis Rheum 2016;46:143–50.
51 Tamai M, Kawakami A, Iwamoto N, et al. Contribution of anti-CCP antibodies,
proximal interphalangeal joint involvement, HLA-DRB1 shared epitope, and PADI4 as
risk factors for the development of rheumatoid arthritis in palindromic rheumatism.
Scand J Rheumatol 2010;39:287–91.
52 Gonzalez-Lopez L, Gamez-Nava JI, Jhangri GS, et al. Prognostic factors for the
development of rheumatoid arthritis and other connective tissue diseases in patients
with palindromic rheumatism. J Rheumatol 1999;26:540–5.
53 Russell AS, Devani A, Maksymowych WP. The role of anti-cyclic citrullinated peptide
antibodies in predicting progression of palindromic rheumatism to rheumatoid
arthritis. J Rheumatol 2006;33:1240–2.
54 Emad Y, Anbar A, Abo-Elyoun I, et al. In palindromic rheumatism, hand joint
involvement and positive anti-CCP antibodies predict RA development after 1 year
of follow-up. Clin Rheumatol 2014;33:791–7.
55 Mankia K, D’Agostino M-A, Wakefield RJ, et al. Identification of a distinct imaging
phenotype may improve the management of palindromic rheumatism. Ann Rheum
Dis 2019;78:43–50.
56 Chen H-H, Chen D-Y, Hsieh T-Y, et al. Predicting the progression of palindromic
rheumatism to rheumatoid arthritis: the role of ultrasonography and anti-cyclic
citrullinated peptide antibodies. J Med Ultrasound 2010;18:17–26.
57 Chen H-H, Lan J-L, Hung G-D, et al. Association of ultrasonographic findings of
synovitis with anti-cyclic citrullinated peptide antibodies and rheumatoid factor in
patients with palindromic rheumatism during active episodes. J Ultrasound Med
2009;28:1193–9.
58 Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classification criteria:
an American College of Rheumatology/European League against rheumatism
collaborative initiative. Arthritis Rheum 2010;62:2569–81.
59 Polinski KJ, Bemis EA, Feser M, et al. Perceived stress and inflammatory arthritis:
a prospective investigation in the studies of the etiologies of rheumatoid arthritis
cohort. Arthritis Care Res 2020;72:1766–71.
60 del Puente A, Knowler WC, Pettitt DJ, et al. The incidence of rheumatoid arthritis
is predicted by rheumatoid factor titer in a longitudinal population study. Arthritis
Rheum 1988;31:1239–44.
61 Gonzalez-Lopez L, Gamez-Nava JI, Jhangri G, et al. Decreased progression to
rheumatoid arthritis or other connective tissue diseases in patients with palindromic
rheumatism treated with antimalarials. J Rheumatol 2000;27:41–6.
62 Koskinen E, Hannonen P, Sokka T. Palindromic rheumatism: longterm outcomes of 60
patients diagnosed in 1967-84. J Rheumatol 2009;36:1873–5.
63 Maksymowych WP, Suarez-Almazor ME, Buenviaje H, et al. Hla and cytokine
gene polymorphisms in relation to occurrence of palindromic rheumatism and its
progression to rheumatoid arthritis. J Rheumatol 2002;29:2319–26.
64 Sanmartí R, Cabrera-Villalba S, Gómez-Puerta JA, et al. Palindromic rheumatism
with positive anticitrullinated peptide/protein antibodies is not synonymous with
rheumatoid arthritis. A longterm followup study. J Rheumatol 2012;39:1929–33.
65 Youssef W, Yan A, Russell AS. Palindromic rheumatism: a response to chloroquine. J
Rheumatol 1991;18:35–7.

Mankia K, et al. Ann Rheum Dis 2021;80:1286–1298. doi:10.1136/annrheumdis-2021-220884

Ann Rheum Dis: first published as 10.1136/annrheumdis-2021-220884 on 6 August 2021. Downloaded from http://ard.bmj.com/ on September 29, 2021 at Erasmus Medical / X51
4300.7802.430. Protected by copyright.

16 Bell DA, Elhayek S, Cairns E, et al. Anti-homocitrullinated protein antibody isotype
usage in rheumatoid arthritis and their unaffected first-degree relatives. Clin Exp
Rheumatol 2017;35:948–53.
17 Ramos-Remus C, Castillo-Ortiz JD, Aguilar-Lozano L, et al. Autoantibodies in
prediction of the development of rheumatoid arthritis among healthy relatives of
patients with the disease. Arthritis Rheumatol 2015;67:2837–44.
18 Ärlestig L, Mullazehi M, Kokkonen H, et al. Antibodies against cyclic citrullinated
peptides of IgG, IgA and IgM isotype and rheumatoid factor of IgM and IgA isotype
are increased in unaffected members of multicase rheumatoid arthritis families from
northern Sweden. Ann Rheum Dis 2012;71:825–9.
19 El-Gabalawy HS, Robinson DB, Smolik I, et al. Familial clustering of the serum
cytokine profile in the relatives of rheumatoid arthritis patients. Arthritis Rheum
2012;64:1720–9.
20 Young KA, Deane KD, Derber LA, et al. Relatives without rheumatoid arthritis show
reactivity to anti-citrullinated protein/peptide antibodies that are associated with
arthritis-related traits: studies of the etiology of rheumatoid arthritis. Arthritis Rheum
2013;65:1995–2004.
21 Hughes-Austin JM, Deane KD, Derber LA, et al. Multiple cytokines and chemokines
are associated with rheumatoid arthritis-related autoimmunity in first-degree
relatives without rheumatoid arthritis: studies of the aetiology of rheumatoid
arthritis (sera). Ann Rheum Dis 2013;72:901–7.
22 Deane KD, O’Donnell CI, Hueber W, et al. The number of elevated cytokines and
chemokines in preclinical seropositive rheumatoid arthritis predicts time to diagnosis
in an age-dependent manner. Arthritis Rheum 2010;62:3161–72.
23 Gan RW, Young KA, Zerbe GO, et al. Lower omega-3 fatty acids are associated
with the presence of anti-cyclic citrullinated peptide autoantibodies in a population
at risk for future rheumatoid arthritis: a nested case-control study. Rheumatology
2016;55:367–76.
24 Gan RW, Demoruelle MK, Deane KD, et al. Omega-3 fatty acids are associated with
a lower prevalence of autoantibodies in shared epitope-positive subjects at risk for
rheumatoid arthritis. Ann Rheum Dis 2017;76:147–52.
25 McDougall C, Hurd K, Barnabe C. Systematic review of rheumatic disease
epidemiology in the Indigenous populations of Canada, the United States, Australia,
and New Zealand. Semin Arthritis Rheum 2017;46:675–86.
26 Peschken CA, Esdaile JM. Rheumatic diseases in North America’s Indigenous
peoples. Semin Arthritis Rheum 1999;28:368–91.
27 Peschken CA, Hitchon CA, Robinson DB, et al. Rheumatoid arthritis in a North
American native population: longitudinal followup and comparison with a white
population. J Rheumatol 2010;37:1589–95.
28 Scally SW, Law S-C, Ting YT, et al. Molecular basis for increased susceptibility of
Indigenous North Americans to seropositive rheumatoid arthritis. Ann Rheum Dis
2017;76:1915–23.
29 El-Gabalawy HS, Robinson DB, Daha NA, et al. Non-HLA genes modulate the risk
of rheumatoid arthritis associated with HLA-DRB1 in a susceptible North American
native population. Genes Immun 2011;12:568–74.
30 Tanner S, Dufault B, Smolik I, et al. A prospective study of the development of
inflammatory arthritis in the family members of Indigenous North American people
with rheumatoid arthritis. Arthritis Rheumatol 2019;71:1494–503.
31 Hafkenscheid L, de Moel E, Smolik I, et al. N-Linked glycans in the variable domain
of IgG Anti-Citrullinated protein antibodies predict the development of rheumatoid
arthritis. Arthritis Rheumatol 2019;71:1626–33.
32 Nam JL, Hunt L, Hensor EMA, et al. Enriching case selection for imminent RA: the
use of anti-CCP antibodies in individuals with new non-specific musculoskeletal
symptoms - a cohort study. Ann Rheum Dis 2016;75:1452–6.
33 Bos WH, Wolbink GJ, Boers M, et al. Arthritis development in patients with arthralgia
is strongly associated with anti-citrullinated protein antibody status: a prospective
cohort study. Ann Rheum Dis 2010;69:490–4.
34 van Steenbergen HW, Aletaha D, Beaart-van de Voorde LJJ, et al. EULAR definition
of arthralgia suspicious for progression to rheumatoid arthritis. Ann Rheum Dis
2017;76:491–6.
35 van Steenbergen HW, Mangnus L, Reijnierse M, et al. Clinical factors,
anticitrullinated peptide antibodies and MRI-detected subclinical inflammation in
relation to progression from clinically suspect arthralgia to arthritis. Ann Rheum Dis
2016;75:1824–30.
36 Nakajima T, Nobuhara Y, Nakazawa T. AB0273 the analysis of the clinical courses of
the AcpA positive patients without synovitis: whether to follow up them. Ann Rheum
Dis 2019;78:1594.
37 Ford JA, Liu X, Marshall AA, et al. Impact of cyclic citrullinated peptide antibody
level on progression to rheumatoid arthritis in clinically tested cyclic citrullinated
peptide antibody-positive patients without rheumatoid arthritis. Arthritis Care Res
2019;71:1583–92.
38 van de Stadt LA, van der Horst AR, de Koning MHMT, et al. The extent of the anti-
citrullinated protein antibody repertoire is associated with arthritis development in
patients with seropositive arthralgia. Ann Rheum Dis 2011;70:128–33.
39 Janssen KMJ, Westra J, Chalan P, et al. Regulatory CD4+ T-cell subsets and
Anti-Citrullinated protein antibody repertoire: potential biomarkers for arthritis
development in seropositive arthralgia patients? PLoS One 2016;11:e0162101.

Recommendation
90 van de Stadt LA, Bos WH, Meursinge Reynders M, et al. The value of ultrasonography
in predicting arthritis in auto-antibody positive arthralgia patients: a prospective
cohort study. Arthritis Res Ther 2010;12:R98.
91 Zufferey P, Rebell C, Benaim C, et al. Ultrasound can be useful to predict an
evolution towards rheumatoid arthritis in patients with inflammatory polyarthralgia
without anticitrullinated antibodies. Joint Bone Spine 2017;84:299–303.
92 Kisten YRH, af Klint E, Fei G. Catrina AI Tenosynovitis Detected By Ultrasound
Predicts Arthritis Onset in Individuals at Risk of Developing Rheumatoid Arthritis
[abstract]. Arthritis & Rheumatology 2018;70.
93 Pentony P, Mankia K, Hensor EM. SAT0107 sequential ultrasound shows a late
increase in inflammatory burden in anti-ccp positive patients with non-specific
musculoskeletal symptoms just before progression to inflammatory arthritis. Ann
Rheum Dis 2018;77:916.
94 Duquenne L, Mankia K, Nam J. THU0072 ultrasound predicts imminent progression
to arthritis in ANTI-CCP positive at-risk individuals 2019;78:304–5.
95 Hunt L, Nam J, Hensor EM, et al. OP0042 in AcpA positive at-risk individuals, which
MRI and US findings best predict development of clinical synovitis? Ann Rheum Dis
2018;77:72–3.
96 Mankia K, D’Agostino M-A, Rowbotham E, et al. Mri inflammation of the hand
interosseous tendons occurs in anti-CCP-positive at-risk individuals and may precede
the development of clinical synovitis. Ann Rheum Dis 2019;78:781–6.
97 de Hair MJH, Landewé RBM, van de Sande MGH, et al. Smoking and overweight
determine the likelihood of developing rheumatoid arthritis. Ann Rheum Dis
2013;72:1654–8.
98 Deane KD, Nagpal S, Rao N. SAT0082 associations of baseline clinical and
biomarker factors with symptoms and future development of CLINICALLY-APPARENT
rheumatoid arthritis in an AcpA positive cohort. Ann Rheum Dis 2019;78:1105.
99 Tak PP, Doorenspleet ME, de Hair MJH, et al. Dominant B cell receptor clones in
peripheral blood predict onset of arthritis in individuals at risk for rheumatoid
arthritis. Ann Rheum Dis 2017;76:1924–30.
100 van de Stadt LA, van Sijl AM, van Schaardenburg D, et al. Dyslipidaemia in patients
with seropositive arthralgia predicts the development of arthritis. Ann Rheum Dis
2012;71:1915–6.
101 van Beers-Tas MH, Marotta A, Boers M, et al. A prospective cohort study of 14-3-3η
in AcpA and/or RF-positive patients with arthralgia. Arthritis Res Ther 2016;18:76.
102 Mangnus L, van Steenbergen HW, Reijnierse M, et al. Bone mineral density loss
in clinically suspect arthralgia is associated with subclinical inflammation and
progression to clinical arthritis. Scand J Rheumatol 2017;46:364–8.
103 Lübbers J, Vosslamber S, van de Stadt LA, et al. B cell signature contributes to
the prediction of RA development in patients with arthralgia. Ann Rheum Dis
2015;74:1786–8.
104 Lübbers J, Brink M, van de Stadt LA, et al. The type I IFN signature as a biomarker of
preclinical rheumatoid arthritis. Ann Rheum Dis 2013;72:776–80.
105 Salaffi F, Ciapetti A, Gasparini S, et al. A clinical prediction rule combining routine
assessment and power Doppler ultrasonography for predicting progression to
rheumatoid arthritis from early-onset undifferentiated arthritis. Clin Exp Rheumatol
2010;28:686–94.
106 El Miedany Y, Youssef S, Mehanna AN, et al. Development of a scoring system for
assessment of outcome of early undifferentiated inflammatory synovitis. Joint Bone
Spine 2008;75:155–62.
107 McNally E, Keogh C, Galvin R, et al. Diagnostic accuracy of a clinical prediction rule
(CPR) for identifying patients with recent-onset undifferentiated arthritis who are
at a high risk of developing rheumatoid arthritis: a systematic review and meta-
analysis. Semin Arthritis Rheum 2014;43:498–507.
108 Brulhart L, Alpízar-Rodríguez D, Nissen MS, et al. Ultrasound is not associated
with the presence of systemic autoimmunity or symptoms in individuals at risk for
rheumatoid arthritis. RMD Open 2019;5:e000922.
109 Navalho M, Resende C, Rodrigues AM, et al. Bilateral evaluation of the hand
and wrist in untreated early inflammatory arthritis: a comparative study of
ultrasonography and magnetic resonance imaging. J Rheumatol 2013;40:1282–92.
110 Freeston JE, Wakefield RJ, Conaghan PG, et al. A diagnostic algorithm for persistence
of very early inflammatory arthritis: the utility of power Doppler ultrasound when
added to conventional assessment tools. Ann Rheum Dis 2010;69:417–9.
111 Filer A, de Pablo P, Allen G, et al. Utility of ultrasound joint counts in the prediction
of rheumatoid arthritis in patients with very early synovitis. Ann Rheum Dis
2011;70:500–7.
112 Sahbudin I, Pickup L, Nightingale P, et al. The role of ultrasound-defined
Tenosynovitis and synovitis in the prediction of rheumatoid arthritis development.
Rheumatology 2018;57:1243–52.
113 Dakkak YJ, Boeters DM, Boer AC, et al. What is the additional value of MRI of
the foot to the hand in undifferentiated arthritis to predict rheumatoid arthritis
development? Arthritis Res Ther 2019;21:56.
114 Horton SC, Tan AL, Wakefield RJ, et al. Ultrasound-detectable grey scale synovitis
predicts future fulfilment of the 2010 ACR/EULAR RA classification criteria in
patients with new-onset undifferentiated arthritis. RMD Open 2017;3:e000394.
115 Mankia K, Cheng Z, Do T, et al. Prevalence of periodontal disease and
periodontopathic bacteria in anti-cyclic citrullinated protein antibody-positive at-risk
adults without arthritis. JAMA Netw Open 2019;2:e195394.

Mankia K, et al. Ann Rheum Dis 2021;80:1286–1298. doi:10.1136/annrheumdis-2021-220884

1297

Ann Rheum Dis: first published as 10.1136/annrheumdis-2021-220884 on 6 August 2021. Downloaded from http://ard.bmj.com/ on September 29, 2021 at Erasmus Medical / X51
4300.7802.430. Protected by copyright.

66 Bizzaro N, Bartoloni E, Morozzi G, et al. Anti-Cyclic citrullinated peptide antibody
titer predicts time to rheumatoid arthritis onset in patients with undifferentiated
arthritis: results from a 2-year prospective study. Arthritis Res Ther 2013;15:R16.
67 Kudo-Tanaka E, Ohshima S, Ishii M, et al. Autoantibodies to cyclic citrullinated
peptide 2 (CCP2) are superior to other potential diagnostic biomarkers for
predicting rheumatoid arthritis in early undifferentiated arthritis. Clin Rheumatol
2007;26:1627–33.
68 Saleem B, Mackie S, Quinn M, et al. Does the use of tumour necrosis factor
antagonist therapy in poor prognosis, undifferentiated arthritis prevent progression
to rheumatoid arthritis? Ann Rheum Dis 2008;67:1178–80.
69 Ha YJ, Park Y-B, Son M-K, et al. Predictive factors related to progression toward
rheumatoid arthritis in Korean patients with undifferentiated arthritis. Rheumatol Int
2012;32:1555–61.
70 Thabet MM, Huizinga TWJ, van der Heijde DM, et al. The prognostic value of baseline
erosions in undifferentiated arthritis. Arthritis Res Ther 2009;11:R155.
71 Kuriya B, Cheng CK, Chen HM, et al. Validation of a prediction rule for development
of rheumatoid arthritis in patients with early undifferentiated arthritis. Ann Rheum
Dis 2009;68:1482–5.
72 van der Linden MPM, van der Woude D, Ioan-Facsinay A, et al. Value of anti-modified
citrullinated vimentin and third-generation anti-cyclic citrullinated peptide compared
with second-generation anti-cyclic citrullinated peptide and rheumatoid factor in
predicting disease outcome in undifferentiated arthritis and rheumatoid arthritis.
Arthritis Rheum 2009;60:2232–41.
73 Yiannopoulos G, Daoussis D, Melissaropoulos K, et al. Evolution of undifferentiated
arthritis: a ten-year experience from the early arthritis clinic of a tertiary care
hospital. Clin Exp Rheumatol 2015;33:341–6.
74 Mjaavatten MD, van der Heijde D, Uhlig T, et al. The likelihood of persistent arthritis
increases with the level of anti-citrullinated peptide antibody and immunoglobulin
M rheumatoid factor: a longitudinal study of 376 patients with very early
undifferentiated arthritis. Arthritis Res Ther 2010;12:R76.
75 Morel J, Legouffe MC, Bozonat MC, et al. Outcomes in patients with incipient
undifferentiated arthritis. Joint Bone Spine 2000;67:49–53.
76 Haugeberg G, Green MJ, Quinn MA, et al. Hand bone loss in early undifferentiated
arthritis: evaluating bone mineral density loss before the development of rheumatoid
arthritis. Ann Rheum Dis 2006;65:736–40.
77 Hensvold A, Kisten Y, Circiumaru A. THU0080 development of ultrasound detectable
arthritis among AcpA positive subjects with musculoskeletal symptoms: the risk RA
prospective study. Ann Rheum Dis 2019;78:310.
78 Mankia K, Briggs C, Emery P. How are rheumatologists managing Anticyclic
citrullinated peptide Antibodies-positive patients who do not have arthritis? J
Rheumatol 2020;47:305–6.
79 Machold KP, Landewé R, Smolen JS, et al. The stop arthritis very early (save) trial,
an international multicentre, randomised, double-blind, placebo-controlled trial on
glucocorticoids in very early arthritis. Ann Rheum Dis 2010;69:495–502.
80 Wevers-de Boer KVC, Heimans L, Visser K, et al. Determinants of reaching drug-free
remission in patients with early rheumatoid or undifferentiated arthritis after one
year of remission-steered treatment. Rheumatology 2015;54:1380–4.
81 Burgers LE, Allaart CF, Huizinga TWJ, et al. Brief Report: Clinical Trials Aiming to
Prevent Rheumatoid Arthritis Cannot Detect Prevention Without Adequate Risk
Stratification: A Trial of Methotrexate Versus Placebo in Undifferentiated Arthritis as
an Example. Arthritis Rheumatol 2017;69:926–31.
82 van Dongen H, van Aken J, Lard LR, et al. Efficacy of methotrexate treatment in
patients with probable rheumatoid arthritis: a double-blind, randomized, placebo-
controlled trial. Arthritis Rheum 2007;56:1424–32.
83 Kirchgesner T, Vande Berg B, Sokolova T. AB1352 evaluation of MRI ramris score and
clinical response in patients with AcpA positive undifferentiated arthritistreated with
infliximab versus placebo 2018;77:1764.
84 Kudo-Tanaka E, Shimizu T, Nii T, et al. Early therapeutic intervention with
methotrexate prevents the development of rheumatoid arthritis in patients with
recent-onset undifferentiated arthritis: a prospective cohort study. Mod Rheumatol
2015;25:831–6.
85 Khabbazi A, Mirza-Aghazadeh-Attari M, Goli MT, et al. Is palindromic rheumatism
a Pre-rheumatoid arthritis condition? low incidence of rheumatoid arthritis in
palindromic rheumatism patients treated with tight control strategy. Reumatol Clin
2021;17:7–11.
86 Raghavan P, Sreenath S, Cherian S, et al. Efficacy of rituximab in resistant
palindromic rheumatism: first report in literature. Clin Rheumatol
2019;38:2399–402.
87 El-Gabalawy HS, Robinson DB, Hart D, et al. Immunogenetic risks of anti-
cyclical citrullinated peptide antibodies in a North American native population
with rheumatoid arthritis and their first-degree relatives. J Rheumatol
2009;36:1130–5.
88 Burgers LE, Siljehult F, Ten Brinck RM, et al. Validation of the EULAR definition
of arthralgia suspicious for progression to rheumatoid arthritis. Rheumatology
2017;56:2123–8.
89 Gent YYJ, Voskuyl AE, Kloet RW, et al. Macrophage positron emission tomography
imaging as a biomarker for preclinical rheumatoid arthritis: findings of a prospective
pilot study. Arthritis Rheum 2012;64:62–6.

Recommendation

1298

125 Newsum EC, van der Helm-van Mil AHM, Kaptein AA. Views on clinically suspect
arthralgia: a focus group study. Clin Rheumatol 2016;35:1347–52.
126 Mosor E, Stoffer-Marx M, Steiner G, et al. I would never take preventive medication!
perspectives and information needs of people who underwent predictive tests for
rheumatoid arthritis. Arthritis Care Res 2020;72:360–8.
127 Novotny F, Haeny S, Hudelson P, et al. Primary prevention of rheumatoid arthritis: a
qualitative study in a high-risk population. Joint Bone Spine 2013;80:673–4.
128 Stack RJ, Stoffer M, Englbrecht M, et al. Perceptions of risk and predictive testing
held by the first-degree relatives of patients with rheumatoid arthritis in England,
Austria and Germany: a qualitative study. BMJ Open 2016;6:e010555.
129 Simons G, Stack RJ, Stoffer-Marx M, et al. Perceptions of first-degree relatives of
patients with rheumatoid arthritis about lifestyle modifications and pharmacological
interventions to reduce the risk of rheumatoid arthritis development: a qualitative
interview study. BMC Rheumatol 2018;2:31.
130 Sparks JA, Iversen MD, Yu Z, et al. Disclosure of personalized rheumatoid arthritis
risk using genetics, biomarkers, and lifestyle factors to Motivate health behavior
improvements: a randomized controlled trial. Arthritis Care Res 2018;70:823–33.
131 Marshall AA, Zaccardelli A, Yu Z, et al. Effect of communicating personalized
rheumatoid arthritis risk on concern for developing RA: a randomized controlled trial.
Patient Educ Couns 2019;102:976–83.
132 Harrison M, Spooner L, Bansback N, et al. Preventing rheumatoid arthritis:
preferences for and predicted uptake of preventive treatments among high risk
individuals. PLoS One 2019;14:e0216075.
133 Falahee M, Simons G, Buckley CD, et al. Patients’ perceptions of their relatives’ risk
of developing rheumatoid arthritis and of the potential for risk communication,
prediction, and modulation. Arthritis Care Res 2017;69:1558–65.
134 Wells I, Simons G, Wöhlke S, et al. E068 Qualitative study of public perceptions of
predictive genetic testing for rheumatoid arthritis. Rheumatology 2019;58.

Mankia K, et al. Ann Rheum Dis 2021;80:1286–1298. doi:10.1136/annrheumdis-2021-220884

Ann Rheum Dis: first published as 10.1136/annrheumdis-2021-220884 on 6 August 2021. Downloaded from http://ard.bmj.com/ on September 29, 2021 at Erasmus Medical / X51
4300.7802.430. Protected by copyright.

116 Cheng Z, Do T, Mankia K, et al. Dysbiosis in the oral microbiomes of anti-CCP
positive individuals at risk of developing rheumatoid arthritis. Ann Rheum Dis
2021;80:162–8.
117 Demoruelle MK, Harrall KK, Ho L, et al. Anti-Citrullinated protein antibodies
are associated with neutrophil extracellular traps in the sputum in relatives of
rheumatoid arthritis patients. Arthritis Rheumatol 2017;69:1165–75.
118 Demoruelle MK, Weisman MH, Simonian PL, et al. Brief report: airways
abnormalities and rheumatoid arthritis-related autoantibodies in subjects
without arthritis: early injury or initiating site of autoimmunity? Arthritis Rheum
2012;64:1756–61.
119 Alpizar-Rodriguez D, Lesker TR, Gronow A, et al. Prevotella copri in individuals at risk
for rheumatoid arthritis. Ann Rheum Dis 2019;78:590–3.
120 Mankia K, Tugnait J;, Letton A;. Distribution and severity of periodontitis predicts
progression to inflammatory arthritis in anti-CCP positive at-risk individuals without
clinical synovitis. EULAR 2020, oral Abstract 2020.
121 Emery P, Durez P, Dougados M, et al. Impact of T-cell costimulation modulation
in patients with undifferentiated inflammatory arthritis or very early rheumatoid
arthritis: a clinical and imaging study of abatacept (the adjust trial). Ann Rheum Dis
2010;69:510–6.
122 Hilliquin S, Hugues B, Mitrovic S, et al. Ability of disease-modifying antirheumatic
drugs to prevent or delay rheumatoid arthritis onset: a systematic literature review
and meta-analysis. Ann Rheum Dis 2018;77:1099–106.
123 Lopez-Olivo MA, Kakpovbia-Eshareturi V, des Bordes JK, et al. Treating early
undifferentiated arthritis: a systematic review and meta-analysis of direct and
indirect trial evidence. Arthritis Care Res 2018;70:1355–65.
124 Verstappen SMM, McCoy MJ, Roberts C, et al. Beneficial effects of a 3-week course
of intramuscular glucocorticoid injections in patients with very early inflammatory
polyarthritis: results of the STIVEA trial. Ann Rheum Dis 2010;69:503–9.

