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Review: The preclinical phase 
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What is acknowledged and 
what needs to be assessed?
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Introduction

Rheumatoid arthritis (RA) affects 1% of the population worldwide and is characterised 
by persistent inflammation and joint damage. It has repeatedly been observed that early 
initiation of disease-modifying therapy reduces the severity of the disease course, as measured 
by fewer signs and symptoms and less structural damage. Early treatment is associated with 
less severe joint damage progression and increased chances of achieving disease-modifying 
antirheumatic drug-free sustained remission 1,2. Observations that treatment in the very early 
phase of RA is more effective, conceivably because the load of disease cells is smaller or because 
disease mechanisms are not yet settled, have led to increased interest in the earliest disease 
phases. Ideally, this period is used to modify the disease course and improve the outcome 
of RA. The timeframe of this treatment-susceptible period is, however, unknown. Several 
recent studies have provided data indicating that disease processes are already active in the 
preclinical phase (the period before arthritis becomes clinically detectable). Consequently, 
it is at present unclear when RA actually starts. The concept that the disease starts when 
arthritis has become (clinically) detectable is no longer valid.

Herein we systematically review what is presently known of the preclinical phase of 
RA. With the assistance of a medical librarian, we performed a search for the central terms 
“rheumatoid arthritis,” “preclinical,” “autoantibody-positive arthralgia,” and “developing RA” 
in the medical literature databases Medline (Ovid version), PubMed, EMBase (Ovid version), 
and Web of Science up to December 2012 (Figure 1). Findings from the identified articles, 
combined with additional hand-searched articles from the reference lists of the identified 
articles, are summarized here. This overview will lead to the identification of research items 
that need to be explored in order to identify patients in the preclinical phase who will develop 
RA. This may ultimately allow individualized interventions during the preclinical phase.

Basis of pre-RA

Although interest in the preclinical phase has increased considerably during the last 
few years, the idea that disease processes related to RA occur before arthritis is clinically 
detectable was proposed more than two decades ago. The prevalence of rheumatoid factor 
(RF) in the preclinical phase of RA was first observed in Finnish and Icelandic patients 
with RA 3,4. Increased prevalences of antifilaggrin and antiperinuclear antibodies were also 
reported 5,6. The first large longitudinal population study of pre-RA was performed in the 
high-risk population of Pima Indians, showing that the presence of RF was a risk factor for 
the development of RA, and that this risk increased in parallel with the RF level 7. Similar 
observations were noted in a longitudinal study that evaluated another high-risk population, 
multicase families 8,9. These studies have formed the basis for what is now called pre-RA.

Approximately 15 years later, the pre-RA phase received renewed attention. Rantapää-
Dahlqvist et al 10 and Nielen et al 11 studied serum samples from RA patients collected serially 
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in the preclinical phase and observed that the prevalence of autoantibodies increased over 
time and that this increase can take place even years before RA becomes clinically evident. 
These two studies served as subsequent landmark studies, after which the number of 
publications on systemic and local responses and symptoms in the preclinical phase of RA 
rapidly increased (Figure 1).

Figure 1. Number of original publications on the preclinical phases of RA. In total, 964 references were extracted 
from the medical databases Medline (Ovid version), PubMed, EM-Base (Ovid version), and Web of Science. Animal 
studies, reviews, conference abstracts, case reports, case series, studies including patients 18 years of age, and studies 
in languages other than English were excluded. A total of 66 unique publications on systemic autoimmunity (phase 
C) and other systemic or local responses associated with RA and symptoms without clinical arthritis (phase D) 
published before December 1, 2012 were identified.

Definition of pre-RA

Many different terms are used to describe the phases that occur before clinically manifest 
RA. These include “pre-RA,” “preclinical RA,” and “(very) early RA.” In order to achieve 
homogeneity in terminology, in 2011 the study group for risk factors for RA, established by 
the European League Against Rheumatism (EULAR) Standing Committee on Investigative 
Rheumatology, formulated a recommendation for terminology to be used with regard to 
the preclinical and earliest clinically apparent phases of RA 12. Six phases (phases A-F) of 
RA development were formulated. These are phase A, genetic risk factors for RA; phase B, 
environmental risk factors for RA; phase C, systemic autoimmunity associated with RA; 
phase D, symptoms without clinical arthritis; phase E, unclassified arthritis; and phase F, 
RA (Figure 2A). It was emphasized that patients do not have to pass through all phases and 
that the phases do not necessarily occur in the same order before RA eventually develops. In 
addition, a patient can be in two phases concurrently. Importantly, it was also recommended 
that the term “pre-RA” only be used retrospectively. This recommendation was made since if 
all persons who carry certain genetic risk factors or who are exposed to certain environmental 
risk factors were labeled as having pre-RA, many persons who will never develop RA would 
inappropriately have been classified as being in a predisease stage. The proposed phases are 
relevant since they form a framework for future research. Below we review the data available 
on preclinical arthritis within the framework of these study group formulated phases.
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Genetic risk factors for RA

The first phase at which individuals develop an increased risk of RA is at conception, when 
a subject inherits risk alleles for RA from his or her parents (phase A). More than 40 such 
risk alleles are currently known, and the majority of these variants are commonly present. 
When evaluating the frequencies of these risk alleles in the population, the chance that an 
individual carries none of the RA risk alleles is 7.1x10-13%; in other words, almost everyone 
carries one or several of these risk alleles. This calculation underlines the relevance of using 
the term “pre-RA” only retrospectively. These genetic variants have small effect sizes, and a 
large proportion of the population carrying risk alleles never develops RA.

Figure 2. Overview of the preclinical phases of RA and the designs of the studies of the preclinical phases that have 
been performed. (A) The six phases of preclinical and earliest clinically apparent RA, as defined by the EULAR study 
group for risk factors for RA. (B) Nested case-control study design. A predefined set of subjects (e.g., blood donors) 
is followed up. From this set of subjects, RA cases are identified and for each case, a specified number of matched 
controls who have not developed RA is selected. Biomarkers are compared between preclinically collected samples 
from these cases and the controls. (C) Prospective cohort study design. Autoantibody-positive arthralgia patients are 
identified and followed up prospectively.

Environmental risk factors for RA

The heritability of RA has been estimated at 60% 13, implying that 40% of the variance 
in developing RA might be explained by environmental risk factors (phase B). Many 
environmental risk factors have been studied, and smoking is the best replicated environmental 
risk factor 14,15. Smoking predisposes to RA particularly in patients who carry specific HLA-
DRB1 alleles, e.g., smokers carrying two HLA-DRB1 alleles have a 21-fold increased risk of 
developing anti-citrullinated peptide antibody (ACPA)-positive RA 16. Despite the high odds 
ratio in this subgroup, a large majority of smokers do not develop RA. Weaker interactions 
have also been demonstrated between other genes and smoking 17.
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The genetic and environmental risk factors conceptually constitute the earliest 
preclinical phases of RA. These risk factors have already been known for some time, and an 
extensive discussion of these risk factors is beyond the scope of this review.

The next two preclinical phases, “developing systemic autoimmunity associated with 
RA” (phase C) and “symptoms without clinical arthritis” (phase D), have been studied in 
the last few years. This has been done using mainly two different study designs: nested case-
control studies and prospective cohort studies. As will be discussed, the design of the study 
determined the sort of outcome that was obtained and the conclusions that can be drawn.

From RA back to pre-RA systemic autoimmunity

Studies associating RA with systemic autoimmune responses in the preclinical phase (phase 
C, with or without phase A and B) were mainly performed using a nested case-control study 
design (also called case-control studies in a cohort) (Figure 2B). In this type of study, RA cases 
were identified who were members of a predefined dataset, e.g., a cohort of blood donors 
from whom blood samples were obtained at least once 10,18. For each RA patient, a specified 
number of matched controls who had not developed RA was selected from the same dataset. 
Consequently, blood samples from RA cases that were collected and stored years before the 
onset of arthritis could be compared with blood samples from matched controls.

Compared to full prospective cohort studies, the main advantage of this study design 
is the smaller number of study subjects that is required, which coincides with lower efforts 
and costs. However, this study design also has limitations. The cases and controls are selected, 
which may give rise to sampling error and bias. Second, the time of onset of symptoms 
and arthritis in the cases is not exactly known, leaving the timing of the appearance of 
autoantibodies in relationship to the onset of symptoms unexplored. Furthermore, in 
several studies the healthy controls were not carefully evaluated for rheumatic diseases; this 
might have led to an overestimation of the prevalence of autoantibodies in controls and 
an underestimation of the specificity. Using nested case-control studies, the biomarkers 
described below have been identified to be abnormally regulated in the preclinical phases of 
RA (see also Table 1).

Autoantibodies - In the nested case-control studies by Rantapää-Dahlqvist et al 10 
and Nielen et al 11, 83 Swedish patients with RA (73.1% IgM-RF-positive and 70.1% ACPA-
positive) and 79 Dutch patients with RA (frequencies of autoantibodies at diagnosis not 
reported), respectively, who were donors to a blood bank before symptom onset were studied 
10,11. A total of 98 pre-RA blood samples were available for the patients in the Swedish study, 
and a total of 1,078 pre-RA blood samples were available for the patients in the Dutch study. 
In the Swedish study, the presence of IgM-RF and ACPA was reported in 19.3% and 33.7%, 
respectively, of the RA cases within 10 years before RA diagnosis, compared to 6.0% and 1.8%, 
respectively, of the matched controls 11. Similarly, in the Dutch dataset, 27.8% of the patients 
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were IgM-RF-positive and 40.5% were ACPA-positive within 15 years prior to RA diagnosis, 
compared to 1.1% and 0.6%, respectively, of the matched controls 10. Similar frequencies of 
IgM-RF and ACPA in the pre-RA phase were reported in several cohorts in Norway, Sweden, 
and the US 18–21. Even higher frequencies were reported in the pre-RA phase in a military 
cohort in the US (57% IgM-RF-positive and 61% ACPA-positive) 22. Comparison of these 
frequencies with the prevalence of IgM-RF and ACPA observed in other patients with early 
arthritis (58% and 53%, respectively 2) is potentially scientifically incorrect; nonetheless, this 
comparison suggests that in a large proportion of autoantibody-positive RA patients the 
autoantibodies are already present in the preclinical period.

Based on the proportion of RA cases with autoantibodies in the preclinical phase 
(sensitivity) and the proportion of controls without autoantibodies (specificity) in the studied 
cohorts, the risk of developing arthritis for individuals with autoantibodies in the general 
population was estimated. In these calculations the population-based frequency of RA was 
set as a pretest probability. The risk of developing RA within 5 years 11 and at any time in life 
10 was estimated at 1.5% and 4%, respectively, in subjects who were IgM-RF-positive and 5.3% 
and 16%, respectively, in subjects who were ACPA-positive.

Regarding the time course of autoantibody development, the frequency of 
autoantibody positivity as well as the levels of these autoantibodies increased approaching the 
onset of symptoms 10,11,18,22,23. It is unclear whether IgM-RF or ACPA appears earlier in time. 
Although in the Swedish cohort IgM-RF could be detected earlier than ACPA 10, in the Dutch 
cohort ACPA was detected earlier than IgM-RF (median duration from seroconversion to 
symptom onset 2.0 years for IgM-RF and 4.8 years for ACPA) 11. In a US cohort, IgM-RF and 
ACPA appeared concurrently in the pre-RA phase (6.0 years for IgM-RF and 5.4 years for 
ACPA) 22. With regard to the ACPA response, the number of epitopes to which the response 
is directed increased over time and in parallel with the increase in ACPA level approaching 
the onset of symptoms, revealing that this response matures in the preclinical disease phases 
24–26.

Markers of systemic inflammation - Various acute-phase reactants, cytokines, 
cytokine-related factors, and chemokines were measured in serum samples that were collected 
once (one sample per case) or serially from RA patients prior to symptom onset. In the studies 
in which serum was obtained at a single time point, the period between sample collection and 
RA diagnosis was variable, with a maximum of 20 years; only a small number of samples were 
obtained within one year of symptom onset. These studies with single samples do not allow 
drawing conclusions with regard to the evolution of systemic markers of inflammation over 
time before arthritis onset, and negative findings are difficult to interpret since they might 
potentially be the result of analyzing samples that were obtained too early.

None of the single serum sample-based studies, except for one 27, demonstrated 
increased levels of C-reactive protein (CRP) or other acute-phase reactants (i.e., secretory 
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phospholipase A2) during the pre-RA phase, irrespective of autoantibody status or time 
to diagnosis 20,27–30. However, a study evaluating serially collected serum samples from 
autoantibody-positive RA cases demonstrated increased levels in significantly more cases 
than controls 31. Other investigators measured CRP serially over time in serum samples 
collected from RA patients during the preclinical period and observed a statistically 
significant increase in median CRP levels, although within the normal range, in the periods 
4-5 years, 1-2 years, and 0-1 years prior to diagnosis 32. A gradual increase in CRP level was 
observed both in autoantibody-positive and autoantibody-negative cases, with the highest 
level observed at the time closest to arthritis onset. Furthermore, at all preclinical time 
points studied, the autoantibody-positive patients had slightly higher CRP levels than the 
autoantibody-negative patients 32.

Over 30 different cytokines have been studied using different techniques with different 
sensitivities; the majority of these were measured in the single serum sample-based studies. 
Since the time period between collection of serum sample and RA onset was variable in these 
studies, the results cannot be easily compared to look for replication. Nonetheless, the levels 
of some cytokines (tumor necrosis factor α [TNFα] and/or the soluble TNF receptor type I/II, 
which parallels TNFα levels, and interleukin-6 [IL-6]) were increased during the preclinical 
phase in several studies. Both TNFα and IL-6 levels were significantly increased during 
the pre-RA phase in most 18,19,24,30,31,33 but not all studies 18,29,33. More variable results were 
found for other markers, including different interleukins, granulocyte-macrophage colony-
stimulating factor, monocyte chemotactic protein 1, and interferon-γ. In the presence of 
increased cytokine levels, these results were most often found in both autoantibody-positive 
and autoantibody-negative cases, but autoantibody-positive cases had generally higher levels 
than the autoantibody-negative cases 19,24,29. These levels were also the highest close to the 
diagnosis of RA 19.

It remains unclear whether levels of the inflammatory markers increase before, after, 
or simultaneously with the development of autoantibodies. No time lag was found between 
the increase in CRP level and the presence of autoantibodies in some studies 32,34, whereas 
another study suggested a longer predating period for autoantibodies than for increased 
cytokine levels 18. Consistent with this finding, a recent study showed that the increase in 
ACPA level was followed by an elevation in cytokine levels 24. Interestingly, Deane et al 
studied serum samples from cases that were ACPA-negative but would later in the pre-RA 
period become ACPA-positive and showed higher proportions of positive cytokines in these 
samples than in control samples, suggesting that the increase in autoantibodies occurred later 
in time than the change in the levels of inflammatory markers 31.

Biomarkers of bone metabolism - Two nested case-control studies examined some 
markers of bone metabolism during the preclinical phase, but no definitive conclusions could 
be drawn. One study reported a higher prevalence of increased levels of cartilage oligomeric 
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matrix protein, but this was only present in a subgroup of autoantibody-negative patients 
during the period closest to diagnosis 21. The other study reported an increase in N-terminal 
type I procollagen propeptide and osteoprotegerin; this latter finding is not straightforward 
to explain 35.

Lipid profile and cardiovascular disease - Whether the lipid profile is changed in the 
preclinical phase is also unknown. Although a more atherogenic lipid profile was found in 
preclinical serum samples from RA patients compared to controls in one study 36, in a North 
American study increased levels of proatherogenic factors were less prevalent in pre-RA cases 
compared to controls 37. Large studies were performed on the risk of cardiovascular disease, 
and contradictory results were also observed in those studies. Both increased and similar 
prevalences of myocardial infarction and coronary heart disease in patients in the preclinical 
phase of RA compared to controls were reported 38–40.

From autoimmunity with symptoms to clinical arthritis

In the nested case-control studies described above, the phases F (RA) and C (systemic 
autoimmunity) were studied, without addressing the phase in between (phase D, symptoms 
without clinical arthritis). A combination of phase C (systemic autoimmunity, with or 
without phase A and B) and phase D, however, was the starting point of prospective studies 
that examined progression from autoantibody-positive arthralgia to the onset of arthritis. 
The large majority of the published prospective data originate from the same cohort of 
patients with arthralgia in Amsterdam, the Netherlands. Patients with a combination of 
any kind of nontraumatic arthralgia and IgM-RF or ACPA positivity were recruited and 
followed up 41. After a median duration of 7–12 months, 18–35% of the autoantibody-positive 
arthralgia patients developed clinically detectable arthritis 41–48. Interestingly, as described 
above, in patients without symptoms (phase C) the chance of RA development in those 
who were ACPA-positive was estimated to be 5.3% 11 and 16% 10 and thus was seemingly 
lower than the chance observed in patients with autoantibodies and arthralgia included in 
the Amsterdam study. In this cohort study there were no requirements regarding the type of 
symptoms, which is consistent with the description of phase D by the EULAR study group 
12 where the type of symptoms that predispose to RA were also not explicated. Intriguingly, 
however, in a subanalysis of patients with so-called inflammatory arthralgia (defined as 
symmetric arthralgia of small joints), 6 of 10 patients developed arthritis 41. The risk factors 
for progression to clinical arthritis that were identified are described below (see also Table 
2). For most factors, identification was based on one cohort study and replication in other 
longitudinal studies is still lacking.

Autoantibodies - The presence and level of ACPA 41 and the number of recognized 
epitopes 45 were associated with arthritis development (90% of the arthralgia patients who 
developed arthritis were ACPA-positive, compared to 58% of the patients who did not develop 
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arthritis). In this cohort, the presence of IgM-RF (but not its level) was only associated with 
arthritis development in the concomitant presence of ACPA 41.

Markers of systemic inflammation - Although some markers showed a trend toward 
higher levels in the patients who developed arthritis, no acute-phase reactant or cytokine was 
significantly associated with an increased risk of arthritis 41,47.

Lipid profile and cardiovascular risk - Slight differences were seen in lipid profile 
between the patients whose symptoms did and those whose symptoms did not progress to 
arthritis. After adjustment for ACPA status, a lower apolipoprotein A-I level was associated 
with progression to arthritis 48. Another observational study of the Amsterdam cohort 
examining IgM-RFM- and/or ACPA-positive individuals with arthralgia or individuals with 
a family history of RA showed that smoking and being overweight were associated with 
arthritis development 49.

Imaging of local joint inflammation in the preclinical phase - Thus far, we have 
not yet discussed whether there is local inflammation in the joints in the preclinical phase. 
Practical, and perhaps also ethical, hurdles hamper performing synovial biopsies in patients 
with symptoms without clinical arthritis. Nonetheless, inflammation was demonstrated in 
synovial tissue from clinically uninvolved knees in RA patients who later developed clinically 
detectable arthritis in the biopsied knee, indicating that a phase of asymptomatic arthritis 
precedes clinical arthritis 50.

Recently, three different imaging modalities (ultrasonography, magnetic resonance 
imaging [MRI], and positron emission tomography [PET]) were used in cross-sectional or 
prospective studies of autoantibody-positive patients with arthralgia, assessing the presence 
of local subclinical inflammation. The study that used ultrasonography demonstrated 
abnormalities that were associated with progression to arthritis at the level of the joint but not 
at the level of the patient 44. More studies of ultrasonography are required to evaluate whether 
it is valuable for identifying preclinical inflammation.

Another study from Amsterdam used PET and observed increased uptake on the 
hand or wrist in 4 of the 9 ACPA-positive arthralgia patients who later developed arthritis 
46. A comparable study evaluating MRI of the knees of autoantibody-positive arthralgia 
patients did not find differences between patients who did and those who did not progress to 
clinical arthritis. It was not reported what proportion of the scanned patients had symptoms 
in the scanned knee 43. A recent cross-sectional MRI study was performed on a different 
set of ACPA-positive arthralgia patients than those included in the prospective cohort 
described above and evaluated inflammation using MRI of the hand and foot joints 51. ACPA-
positive patients with arthralgia of small joints had higher MRI inflammation scores than 
healthy controls, but lower scores than ACPA-positive RA patients. Furthermore, the MRI 
inflammation levels were significantly associated with the CRP levels in the ACPA-positive 
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arthralgia patients 51. These data support the notion that there is also local inflammation in 
the preclinical phase of RA. Despite these positive initial findings, the numbers of patients 
included in these studies were small, and further imaging studies are needed to increase 
insight into processes occurring locally in the joint in the preclinical phase.

Summary of what is acknowledged

In summary, multiple studies have evaluated various biomarkers in the preclinical phases 
of RA. There is convincing evidence that autoantibody development and maturation occurs 
before clinically detectable arthritis develops. The time course between autoantibody and 
symptom development is still indefinite, and multiple large prospective studies starting in 
the symptom-free period have not been published. Furthermore, based on the data available, 
there is suggestive evidence that inflammation occurs in the preclinical phase of RA, both 
locally in the joint and measurable in the systemic circulation. Some of the results on this 
subject are contradictory, however, as increased levels of acute-phase reactants and cytokines 
were observed in some of the nested case-control studies, but not in the prospective cohort 
study. The time course between the appearance of autoantibodies and inflammation also 
remains to be elucidated.

There are factors that should be taken into consideration when interpreting the results 
of the studies reviewed here. The number of RA cases in most studies was not large, and 
in the prospective studies depended on the duration of follow-up. In addition, the available 
findings obtained in prospectively followed up autoantibody-positive arthralgia patients 
are largely based on a single Dutch cohort. Hence, these data are not yet replicated and the 
generalizability of the findings has not yet been assessed. Future studies in large and different 
cohorts are required for validation.

What subsequently needs to be assessed?

Although evidence has emerged that autoimmune deregulation starts in the preclinical phase, 
several major issues are yet unexplored. Table 3 provides a research agenda. The biologic basis 
for the development of RA-related autoimmunity is not yet elucidated. It has been suggested 
that RA-related autoantibodies are generated on extraarticular sites and are associated with 
mucosal inflammation 52–54. Associations with periodontitis, antibodies to Porphyromonas 
gingivalis 52,53, and airway abnormalities 54 have been described, but the causality is unclear.

Observations that autoantibodies against citrullinated vimentin can activate 
osteoclasts 55 and that the presence of RF is a significant predictor of cardiovascular events 
and mortality in individuals without RA 56 suggest that the presence of these autoantibodies is 
harmful. Given the prevalence of ACPA in the general population of 1%, a relevant question 
is to consider when the presence of autoantibodies is benign or detrimental.

For individuals with abnormal test results, e.g., the presence of RA-related 
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autoantibodies or abnormalities on imaging, the main question is what the absolute risk is 
for progression to arthritis. These risks may differ in the presence of several other abnormal 
test results and also depend on the presence or absence of certain symptoms. Furthermore, 
in order to explore the preclinical phase at the individual level, the persons who will progress 
to developing arthritis and RA need to be identified with high accuracy (for instance with 
a greater than 80% chance of arthritis/RA development if test results are positive). The 
development of such risk stratification is basic to the design of preventive trials. To date, one 
preventive trial has been performed in a total population of autoantibody-positive arthralgia 
patients; dexamethasone was not effective in the median study period of 26 months 57.

Longitudinal cohort studies

Large and multiple prospective follow-up studies are needed to answer these questions and 
to validate the answers. Fortunately, several initiatives have been formed to establish such 
cohorts, starting with either the general population or high-risk populations (e.g., family 
members of RA patients, arthralgia patients, or ACPA-positive individuals). One of the 
approaches of the Studies of the Etiology of RA (SERA) group in the US and of El-Gabalawy 
et al in studying North American Native populations in Canada is to start with persons who 
are at increased risk because of family history 58. These first-degree relatives of RA patients 
who do not themselves have clinical arthritis are being followed up. The Canadian North 
American Native population forms a unique population to identify individuals who may 
be in the pre-RA period because of the high prevalence of ACPA (4-19%) and RA (±3%) 
59. Cross-sectional baseline results of these studies have already shown higher levels of 
multiple inflammation markers 60 and an association of some inflammation markers with 
autoantibodies in these first-degree relatives without clinical arthritis 61.

The two available cohorts of autoantibody-positive individuals from Amsterdam, 
the Netherlands, are extensively described in this review 41,43. The Leiden approach is to 
longitudinally study patients with “clinically suspect arthralgia.” This indicates arthralgia 
that, because of the character of the symptoms, the rheumatologist suspects will progress 
to arthritis over time; IgM-RF or ACPA-positivity is not required. The presence of local 
inflammation in all of these persons will be studied in detail with dedicated extremity MRI of 
the wrist, hand, and foot joints.

Hopefully, the results of future studies will increase our understanding of the 
processes occurring during the preclinical phase of RA and enable targeted intervention in 
these processes before the clinical picture that is characteristic for RA has evolved.
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Table 3. Research agenda for examining the preclinical phase of RA

1. Where (in what tissue or organ) does inflammation in the light of RA start? 
2. What is the timing between genetic factors, environmental exposures, and the development of autoimmunity 

and arthritis? Similarly, what is the temporal relationship between the onset of inflammation, autoantibodies 
and symptoms in the pre-RA phase?

3. In which persons or circumstances is the presence of RA-related autoantibodies not harmful and not 
associated with progression towards disease and in which persons or circumstances are RA-related 
autoantibodies detrimental, indicating a very early phase of RA?

4. What is the predictive value of the variables mentioned below in the pre-RA stages A, B, C and D for the 
development of RA? 
• Genetic and epigenetic variants
• Environmental factors
• RA-related autoantibodies
• Serologic inflammation markers
• Presence of certain symptoms
• Patient characteristics
• Imaging abnormalities
• Histological abnormalities

5. Does preclinical inflammation occur in ACPA- and/or RF-negative RA?
6. Can we, with the help of prospective studies, adequately identify the individuals who will progress to RA in 

each of the pre-RA phases? (This may be challenging given the low prior chance on RA in the earliest pre-RA 
phases) Such risk stratification is basic to the development of dedicated preventive trials in the pre-RA phases. 

7. Does treatment in the pre-RA phase prevent disease chronicity?
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