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Abstract
Rheumatoid arthritis (RA) is an autoimmune disease characterized by joint inflammation, which affects approximately 1% of the population. The benefit of early recognition and treatment has led to an increased interest in the early phases of disease. With the aim of classifying patients earlier in their disease course, new RA classification criteria have been developed. And more attention has been devoted to the identification in the pre-arthritis phase of arthralgia. The discovery of new risk factors and autoantibodies has led to new theories about the putative mechanisms involved in disease development. Finally, also the outcome measures have evolved, with more emphasis on sustained drug-free remission and patient-reported outcomes. 
This article will review these new developments in RA research and discuss the latest insights in epidemiology, risk factors, pre-disease states and outcomes.
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Practice points
· Early diagnosis of RA is associated with improved outcomes
· Changed classification criteria have resulted in earlier classification of ACPA-positive RA in particular
· Arthralgia suspicious for progression to RA can be recognized by rheumatologists using clinical parameter and pattern recognition; the EULAR definition can be used on top of the clinical suspicion
· Autoantibodies and imaging are relevant predictors in patients with arthralgia suspicious for progression to RA
· Patient-reported outcomes and sustained DMARD-free status are novel important outcome measures

Research agenda
How to obtain earlier classification of ACPA-negative RA
What is the optimal combination of risk factors to identify patients with imminent RA in the phase of arthralgia
Does early treatment of RA results in better PROs and is it cost effective?
Is treatment in the phase of arthralgia more effective than treatment started in the phase of clinical arthritis
How to identify the RA patients in whom DMARDs can be tapered and stopped




Epidemiology
Rheumatoid arthritis (RA) is a systemic disease of which joint inflammation (arthritis) is the central hallmark. In Europe and North-America its prevalence is 0.5-1.0% [1]. It affects at least twice as many women as men, and although it can occur at any age, the peak incidence is at the age of 50 years.
There is an ongoing debate about whether the prevalence and incidence of RA are in- or decreasing. Several groups have reported a declining incidence of RA during the second half of the twentieth century [2-4]. In contrast, it appears that after 1995, the incidence of RA may be increasing again [5]. One can speculate about whether this change may be explained by variations in environmental risk factors (described in more detail below), but a single culprit seems difficult to identify.
RA has existed for centuries. One of the first extensive descriptions of the disease is from Landré-Beauvais in 1800, but paintings from an even earlier century also showed rheumatic joints. Initially the concept of RA was much more heterogeneous than it is at present, as up until the 1950s gout and spondyloarthritis were also considered to be RA. Since the middle of the twentieth century no large dissections in different disease entities have occurred. However since then the classical presentation of RA slightly changed over time, as did the classification criteria.

Diagnosing RA
The classic presentation of RA is a symmetrical polyarthritis involving hand and foot joints that has a chronic, persistent course. Although this is classic phenotype, the clinical presentation and the severity of the subsequent disease course are variable between patients. Some patients present with a polyarthritis with a very acute onset, but a gradual and insidious onset is more common. Typical articular symptoms and findings are joint pain, stiffness and swelling. Because of the variety of symptoms that can be present, especially in an early disease stage, and since no single symptom or sign is specific for RA, the diagnosis is based on a combination of symptoms and signs. These are often also combined with the results of additional investigations. Thus, the diagnosis of RA is mostly based on pattern recognition; this implies that the clinical expertise has  an important role in the diagnostic process of individual patients.

Classification of RA
There is a crucial difference between diagnosing RA and classification of RA.  Diagnostic criteria for RA do not exist, but in the diagnostic process it is aimed to establish the correct diagnosis in the vast majority of individual patients, as the presence of a diagnosis is generally linked with therapeutic interventions.  Classification criteria for RA do exist, they aim to define a homogeneous disease group of patients for clinical and epidemiological studies. These criteria aim to be correct at the group level and accept misdiagnosis at the individual level. Thus, the use of classification criteria can lead to both false positive and false negative classifications compared to the clinical diagnosis. This risk is smallest when the classification criteria are used on top of a clinical diagnoses. However when the classification criteria are used as ’tick boxes’ and without considering the clinical diagnosis, there is a risk of patients without the disease classifying positive for a disease. Thus in daily practice clinicians may make a diagnosis and start treatment in unclassified patients, and vice versa, also decide not to treat classified patients when the classification is different from the clinical diagnosis.

The  composition of the classification criteria for RA have changed over time. Also the approach in formulating the criteria have changed. For the 1958 American Rheumatism Association (ARA)-criteria data was used from 332 North American cases, for the 1987 ACR-criteria 262 patients with RA and 262 control subjects with rheumatic diseases other than RA were used, whilst for the 2010 EULAR/ACR criteria data was used from 2000 European and North American cases with early arthritis (undifferentiated and rheumatoid arthritis) [6-8]. The 1958 criteria classified patients with different grading of risk (i.e. classical RA, definite RA, probable RA and possible RA (Table 1)). In 1987 the aims were to derive a set of criteria with fewer criteria, that was more specific than the 1958 criteria. It resulted in a set of seven items that yielded a stricter definition of RA instead of the broad spectrum of disease identified by the 1958 criteria. In 2010 the aim was to classify patients earlier in the disease course, thereby allowing the inclusion of patients at an earlier stage in clinical trials, preferably before the development of structural damage. 
The 2010 criteria differ in several points from the 1987 criteria. 
· It has an entry criterion that describes the target population. The 2010 criteria may be applied to any patient who presents with at least one clinically swollen joint, and for which another disease is not the most likely cause. These limitations were introduced to increase the specificity of the new criteria, thus to prevent patients with other diagnoses (eg Systemic Lupus Erythematodes, psoriatic arthritis) being tested with the criteria. 
· The 2010 criteria are the first that emphasize the role of additional investigations in the classification of RA. Auto-antibodies in particular weight heavily in these criteria (Table 1). In contrast, the clinical features symmetry and morning stiffness are no longer included. 
· Also the results of imaging techniques such as Magnetic Resonance Imaging (MRI) or ultrasonography may be used to assess the number of involved joints when applying the criteria. 
· Another issue is that of structural damage. Erosions were deliberately not included in the 2010 criteria as this is not an early phenomenon. However, because of the remaining situation of patients with long-standing less active disease could not be classified, an EULAR definition of erosiveness specific for RA has been developed. This allowed the immediate classification of RA by the presence of typical erosiveness, irrespective of the other criteria. Typical erosive disease for use in the 2010 criteria is defined as the presence of an radiographic erosion (defined as a cortical break) in at least 3 separate joints at any of the following sites: the proximal interphalangeal, the metacarpophalangeal, the wrist (counted as one joint) and the metatarsophalangeal joints on radiographs of both hands and feet.
The changed classification criteria have some consequences:
· On group level RA patients are indeed earlier classified as RA when using the 2010 criteria than using the 1987-criteria [9, 10]
· The estimated incidence rate has changed [11]. The incidence of RA according to the 2010 criteria is higher at disease presentation than the incidence of RA according to the 1987 criteria. After 5-years of disease this difference is gone.
· The concordance with the clinical expertise is moderate. A meta-analysis evaluated the test characteristics of the 2010 criteria with the expert opinion (clinical diagnosis) as reference and the specificity was rather low (48%), indicating that the criteria were positive in up to 52% of patients that were clinically not considered as RA [12]. 
· Comparison of the long-term outcome of patients classified with RA according to the 1987 or the 2010 criteria revealed that the disease outcome of patients that fulfil the 2010 criteria is milder than that of patients that fulfil the 1987 criteria [13]. Also this finding suggests that 2010 criteria are not only including patients earlier in time, but may also include patients that are ‘false positives’. 
· The opposite was also observed; patients with typical RA that did fulfil the 1987 criteria were negative for the 2010-criteria. This observation was confined to the Anti-citrullinated protein antibody (ACPA)-negative group. This is a consequence of the constitution of the 2010 criteria as ACPA-negative patients need to have more than 10 involved joints to fulfil the criteria, whereas ACPA-positive patients can fulfil the criteria in the presence of 1 involved joint (Table 1). 
It is presumed that the presentation with the phenotype of RA is the end product of different etiopathological pathways that result in a common final pathway. However, currently patients with RA cannot yet be identified based on the underlying biological processes, although there is accumulating evidence that ACPA-positive and ACPA-negative patients are different sub-entities. Both groups of patients have different genetic risk factors for RA development (this will be discussed below), ACPA positive RA presents at a younger age than ACPA-negative RA [14], and ACPA positive RA has a more severe disease course, reflected by more severe joint destruction and a lower risk to achieve DMARD-free sustained remission.  Finally, also the symptomatic phase preceding RA development is slightly different between ACPA-positive and ACPA-negative RA [15, 16].

Phases of RA development
Previously the development of clinically apparent arthritis was considered to be the start of RA. The last decade it has become evident that RA often has a more insidious start, with biological processes occurring in the asymptomatic or very early symptomatic stage. Based on known risk factors, the development of RA can be categorized in phases, as have been defined by the EULAR study group of risk factors for RA (Figure 1) [17]. These phases are genetic factors, environmental factors, autoantibodies, symptoms without clinically apparent arthritis and undifferentiated arthritis. These risk factors/ phases are discussed below. Risk factors for RA  have been, and continue to be, extensively investigated, since risk factors might provide more insight into the underlying pathophysiology. Several genetic and environmental risk factors for disease have been identified. 

Genetic risk factors
Genetic factors are clearly important in RA susceptibility: having a family history of RA increases the risk of RA by 3- to 9-fold [18]. Twin studies have revealed that genetic risk factors determine 50-60% of the risk of developing RA [19]. The HLA-DRB1 region shows the strongest association with RA, in particular with ACPA-positive RA [20]. Most HLA DRB1 alleles that predispose to RA (HLA DRB1*01, *04 and *10 alleles) share a specific amino acid sequence in their peptide binding groove, which has thus been termed the “shared epitope”. This sequence similarity has given rise to the hypothesis that these shared epitope alleles might all be capable of presenting a certain “arthritogenic” peptide. Several studies have shown that shared epitope alleles may preferably present citrullinated peptides, which could explain the strong association between shared epitope alleles and ACPA-positive RA [21, 22]. However, it remains unclear to what extent this occurs in vivo and exactly which peptides are presented by shared epitope alleles. 

Besides the HLA region, there are now >100 confirmed RA susceptibility loci from genome-wide association studies [23]. These studies have revealed many interesting associations, such as the one between the PTPN22 gene and ACPA-positive RA. PTPN22 encodes a protein tyrosine phosphatase involved in T and B cell signaling [24]. Another intriguing finding is the link between RA and the PADI4 locus. PADI4 encodes proteine arginine deiminases (PAD) enzymes which post-translationally convert arginine to citrulline residues. The PADI4 haplotype which is associated with susceptibility to RA has been shown to increase the stability of PADI4 mRNA transcripts and is particularly associated with ACPA-positive RA [25]. 
Apart from these positive examples, the function of most genetic RA risk loci remains unclear. It has proven very challenging to translate the many findings from genome wide association studies into pathogenic mechanisms and understand how this wealth of genetic loci contributes to RA. 
 
Environmental risk factors

Before embarking upon a discussion of the single environmental risk factors involved in RA, it is worthwhile to take into account some considerations raised by studies of indigenous populations which might provide clues to an environmental origin of RA. A study in indigenous people (aboriginals) in Australia found no paleopathological or ethnographical evidence to support the existence of RA before white settlement [26]. Similarly, in a rural Nigerian population, RA was not observed [27]. This may indicate that certain environmental risk factors or triggers, crucial to develop RA, were lacking. Alternatively differences in genetic background, among which the HLA alleles, may also play a role. Careful studies have revealed that in all the Aboriginal RA patients some evidence of prior interracial marriage was found, suggesting that genetic admixture was necessary to develop RA but a contribution of changing lifestyles that is concomitant to racial admixtures cannot be easily excluded. Finally, paleopathological findings of typical erosive and destructive polyarthritis of the small joints of hands and feet in Archaic Amerindians living 3000 to 5000 years ago, has led some investigators to favour the hypothesis of an environmental agent [28]. They hypothesize that RA was a New World disease that was spread to other parts of the world (Europe, Africa and Asia) only after European settlers came in contact with Indian tribes living around the Tennessee river [29]. This would mean that RA was spread in a fashion similar to syphilis, which is claimed to have been brought to Europe by the returning sailors of Christopher Columbus; a tantalizing theory which most likely will remain difficult to prove.

Multiple environmental, lifestyle and behavioural risk factors have been studied for association with the development of RA, however, cigarette smoking is the strongest and most consistent factor identified [30] with a clear dose response [31-33]. As with genetic studies, environmental factors are most strongly associated with the seropositive RA phenotype including smoking, potentially due to heterogeneity among the seronegative phenotype. It is estimated that 25% of all RA and 35% of seropositive RA risk can be attributed to smoking [32, 34]. Factors with moderate evidence for association with higher RA risk include lower educational level, high birth weight and obesity, and factors associated with lower risk include moderate alcohol intake and breastfeeding [35, 36]. Other exposures such as silica dust, solvents, air pollution and ultraviolet (UV) light have shown modest associations with the risk of RA, while reproductive and hormonal factors, dietary factors and periodontitis have shown the least consistent results, especially when prospective studies where exposure is assessed prior to outcomes are compared with case–control studies, which are subject to recall bias [35, 36]. It is likely that environmental factors interact with genetic factors in complex networks that are yet to be elucidated. However, an interaction between the strongest genetic risk factor (HLA-SE) and smoking and seropositive RA has been demonstrated [37] and replicated with a dose effect for both the number of HLA-SE alleles and pack-years of smoking [34, 38], supporting the biological relevance of this interaction.
The microbiome is an area under intense investigation and could also be considered an environmental risk factor for disease. A study comparing RA patients to healthy controls found alterations in the intestinal microbiome, for example regarding clostridium, lactobacillus and bifidobacteria species [39]. Considering the many ongoing studies investigating the microbiome at various sites, such as the respiratory tract and the peridontium, novel interesting findings in this field can be expected in the years to come. 

Autoimmunity / Autoantibody response
50-80% of RA patients have autoantibodies, depending on the disease duration: while 50% of patients with early RA are seropositive, this figure increases in long-running cohorts since seropositive disease is unlikely to remit [40]. The discovery of rheumatoid factor (RF), an autoantibody directed against the Fc-part of human IgG, was followed several decades later by the description of ACPA. In recent years, autoantibodies against other post-translationally modified proteins such as carbamylated and acetylated proteins and malondialdehyde-acetaldehyde (MAA)-adducts have been discovered [41-43]. Of all the anti-modified protein antibodies (AMPA), ACPA have been studied in most detail. ACPA can be found before disease onset, and are even detectable up to ten years before RA onset in a minority of patients [44]. Prior to the development of arthritis, the ACPA-response matures with a rise in ACPA levels, increased isotype usage and epitope-spreading to a broader range of citrullinated antigens [45, 46]. This results in a broad, mature autoantibody response at the time of disease onset, which does not expand any further after that time. Intriguingly, ACPA have been found to differ from IgG in general and also from other autoantibodies by the fact that they consistently contain glycans (sugar chains) in their Fab-region [47]. Despite these many insights into ACPA structure and maturation, it has not been possible yet to identify one single ACPA-feature that would predict disease onset in healthy ACPA-positive individuals.

Although ACPA has a high specificity for RA, the predictive value depends on the setting and the prior risk of RA. This is a general principle and also applies to ACPA (IgG) as shown in Table 2 [48]. ACPA-testing in the general population is not efficient. The prevalence of ACPA in the general population is 1-2% [49-51], and results from the first longitudinal study in this setting suggest that the presence of ACPA in persons in the general population is associated with a risk on RA of 8% after 3 years of follow-up [49]. In other words, 92% of the persons with a positive ACPA-test in the general population has a false-positive result. The number needed to test to identify one RA-patient was estimated based on the prevalence and positive predictive value (PPV) and is ~1200 in this setting. The question whether ACPA-testing in general practitioner practices is accurate and valuable is unsolved, as large studies in primary care have not been performed. However, ACPA testing in secondary care, in patients with Clinically Suspect Arthralgia (CSA) (i.e. patients that are considered to be at increased risk for RA by their rheumatologists based on the clinical presentation), is helpful. The prevalence of ACPA in this setting is 16% [52]. A positive ACPA-test in this setting associates with a risk of 63% to develop clinical arthritis within one year, and thus the risk of false-positivity for arthritis development within one year was 37%. The number of CSA-patients to test for ACPA in order to have once case of ACPA-positive RA within one year is 10. Hence, the higher the a priori risk on RA, the higher is the predictive value of ACPA-testing for subsequent RA (higher PPV, lower risk on false-positivity) and thus the lower the number of persons that need to be tested to identify one RA-patient (Table 2). 

Arthralgia suspicious for progression to RA / Clinically Suspect Arthralgia
Arthralgia is a non-specific symptom that can have many and different causes. Musculoskeletal symptoms and arthralgia are very prevalent in the general population. Data from the UK and the Netherlands have revealed that up to one-third of the population visits a GP at least once a year with any musculoskeletal symptom. The vast majority of these arthralgia patients have explanations for their symptoms that are not related to inflammatory arthritis or RA. A study among general practitioners recorded an incidence of suspected arthritis of 3/1000/year [53]. Most of these patients had a mono-arthritis and 60% of the  patients had self-limiting symptoms. A small proportion of patients had suspected oligo-or polyarthritis and these more often had persistent symptoms. Only a very small fraction of arthralgia patients are referred to secondary care [54, 55]. Thus although musculoskeletal symptoms are very prevalent, the incidence of arthritis is low. Joint palpation is the method of choice to identify the presence of inflammatory arthritis, however general practitioners have indicated to feel inexperienced with joint examination. This combination of characteristics (little experience with joint examination and low incidence of inflammatory arthritis) illustrates the difficulty for general practitioners to identify patients with inflammatory and rheumatoid arthritis early. Currently there are no validated diagnostic algorithms for the identification or arthritis in primary care that might be helpful in the diagnostic process of arthritis and RA.  

Also in rheumatology practices in secondary care arthralgia is common. Rheumatologists are experienced in differentiating arthralgia-patients that will progress to inflammatory arthritis and RA from patients with other form of arthralgia, based on their clinical expertise. This pattern of symptoms and signs is referred to as CSA. A recent study revealed that less than seven percent of arthralgia patients presenting to secondary care were identified as having CSA by their rheumatologists. Importantly, the patients with CSA had an odds of 55 for progression into RA compared to the other arthralgia patients. Also the sensitivity and specificity (80% and 93% respectively) were high, demonstrating the accuracy of the expert opinion of rheumatologists.  Although the clinical expertise is valuable for patient differentiation in daily rheumatologic practice, it may suffer from a level of subjectivity, which is mainly a problem for clinical studies that aim to include homogenous groups of patients. An EULAR taskforce has explicated the clinical expertise and expressed this in clinical items that are measurable. This resulted in an EULAR definition of arthralgia suspicious for progression to RA (Figure 2) [56]. It consists of 7 clinical parameters; five are obtained by history taking (symptom duration < 1year, symptoms of MCPs, morning stiffness >60 minutes, most severe symptoms in the early morning) and 2 by physical examination (difficulty with  making a fist, positive squeeze test of MCP joints). The definition was validated against the clinical expertise in the rheumatologic centers of the eighteen participating rheumatologists and proven to be discriminative (AUC 0.92).  Depending on the setting a sensitive or a specific definition can be preferred; the cut-off for a sensitive definition is 3 items (out of the total of 7 items) present and for a specific definition the cut-off is 4. The sensitive definition (≥3/7 items present) has also shown to be sensitivity in a longitudinal study with arthritis and RA development as outcomes (sensitivity >80%); hence the definition is also validated in longitudinal studies [57]. 
Similar to the 2010-criteria, also the EULAR definition of arthralgia suspicious for progression to RA has an entry criterion. It is to be used in secondary care in patients without clinical arthritis with arthralgia in whom imminent RA is more likely than other diagnoses or other explanations for the arthralgia. Thus the definition is intended for use on top of the clinical expertise. As this definition was primarily developed to allow the inclusion of homogenous groups of arthralgia patients in scientific studies, it was not designed  a diagnostic tool and also not for use in primary care. 
The value of identifying those arthralgia patients that are at (increased) risk for RA is that it increases the predictive value of additional investigations such as laboratory or imaging tests.  According to Bayes’ theorem the post-test chance to develop a disease or outcome is strongly dependent on the prior risk on this disease/outcome. The risk of obtaining many false positive ACPA-test results when the test is applied in the general population is described above. As this is a general principle, the same effect may be found for other biomarkers, such as for instance acute phase reactants, of which the specificity is also lower than that of ACPA. The concept of CSA (with or without also fulfilling the EULAR definition) is therefore highly relevant for prognostication in daily rheumatologic care.

Next to the presence of autoantibodies, the second most important biomarker for RA development in patients with CSA is the presence of subclinical inflammation in small joints, detected by MRI or ultrasound [52]. Although many studies on advanced imaging modalities used slightly different  protocols, scanned different joints and included slightly different types of arthralgia patients, the large majority of studies indicated that subclinical inflammation preceded and predicted the development of inflammatory arthritis and RA. Of note, the period between presentation with arthralgia and development of clinically apparent arthritis is often relatively short, ranging between several weeks or several months [52]. Hence although autoantibodies can be present months to years before the disease manifests, the period of symptoms and subclinical (but no clinical) inflammation is much shorter.

Early recognition of Inflammatory Arthritis and RA
Early treatment initiation is very important for an effective disease modification. It is associated with less severe radiologic joint destruction, better functioning and a higher chance for achieving sustained drug-free remission [58]. Based on these observations, a window of opportunity is assumed to be present. This concerns a very early period in which the disease is less matured and therefore more susceptible to disease modifying treatment. 
Although the relevance of early recognition of RA is a topic of interest for some decades the meaning of the word ‘early’ has changed over time. Whereas identification of a patients with RA within 2 years of symptom onset was considered early in the 1990’s, presently an early diagnosis is established within a few weeks’ time. Based on several studies on observational cohorts a time period in which the disease is less ‘matured’ and more susceptible to disease modifying treatment, is assumed to consist of the first 12 weeks after symptom onset [59]. Moreover the EULAR recommendation of the management of early arthritis advocates an even shorter identification of patients as recommendation number one stated patients with suspected arthritis should be referred to and seen by a rheumatologist within 6 weeks after symptom onset [60]. The symptom duration is also incorporated in the 2010 classification criteria, where symptoms for >6 weeks is considered be a sign of persistent arthritis/RA. Altogether there is little scientific data on time lines; it is unknown when the  so called window of opportunity opens and closes. Still it is evidently demonstrated that early identification of RA is relevant. Achieving this is mostly a logistic challenge; it sets requirements to the infrastructure of the care of arthritis patients in primary and secondary care. 

With respect to early classification of RA, the above described changes in the classification criteria has consequences for the early classification of ACPA-positive and ACPA-negative RA. Although the 2010 criteria are fulfilled earlier in time than the 1987 criteria, this effect is confined to ACPA-positive patients only. ACPA-negative patients in contrast were not early classified in up to 75% of cases [61]. In addition, others have shown that if auto antibody-testing was used in the diagnostic process in primary care, this induced significant referral delay in ACPA-negative RA patients [62, 63].

Outcomes of RA

Radiological joint destruction
[bookmark: _GoBack]Joint destruction is typically seen as a hallmark of RA. It consists of bony erosions and cartilage loss.  As illustrated in Figure 3 the severity of joint destruction is highly variable between patients and severe destruction is obtained by a small part of the population. The risk factor with the strongest association with progressive joint destruction is the presence of auto-antibodies. Not only ACPA, but also the presence of RF and anti-CarP antibodies are associated with more severe joint destruction [42, 64]. A second important factor is the association of the timing of intervention, earlier intervention is consistently and strongly associated with less severe radiographic progression [58]. The combination of early intervention and targeted treatment, preventing the prolonged presence of uncontrolled joint inflammation, has dramatically reduced the severity of joint destruction in patients with RA. This is paralleled by a decrease in joint replacement surgery in RA patients, the no longer occurrence of patients who have become wheelchair-bound and the current infrequence of clinically relevant joint destruction. Consequently, the severity of joint destruction as measured by radiographs has become an suboptimal outcome of clinical trials as rapid radiological progression is achieved by only a minority of patients. This is one of the reasons why sensitive imaging techniques such as MRI have become relevant as outcome measures, as these are more sensitive in detecting small differences in erosions [65-67]. 

Mortality
Historically, RA has been associated with increased mortality and premature death [68]. After the advent of intensive treatment strategies and new therapeutic agents such as biologics, several studies have investigated whether these advances have had an impact on RA-associated mortality. A meta-analysis including studies on incident RA diagnosed between 1953 and 2007 however, did not find a clear decrease in the excess mortality. These findings were confirmed by a new study focusing on Swedish patients diagnosed between 1997 and 2014 that found no clear trend towards lower excess mortality in patients diagnosed more recently [69]. Together, these findings give a clear signal that efforts and investments to prevent disease progression and comorbidity are still needed in RA.

DMARD-free remission
Drug-free/DMARD-free remission can arguably be considered the best possible outcome of RA. Although several definitions of remission in RA have been described [70], remission is generally perceived as the absence of joint inflammation. As described in a recent study [71], patients that achieve this outcome indeed have a normalised functional status as measured by HAQ, indicating that this state truthfully reflects a “return-to-normal” of previously diseased individuals. Furthermore, the introduction of successively more intensive treatment strategies was found to increase the chance of achieving DMARD-free remission (Figure 4). Thus, current treatment strategies with an emphasis on early treatment and therapy-adjustments based on disease activity measures should make the goal of DMARD-free remission attainable for a larger proportion of patients.
As described above, ACPA-positive patients generally have a more severe course than ACPA-negative patients, which is also reflected by the fact that they have been found to achieve less DMARD-free remission [72]. A detailed study in a trial using targeted treatment aiming for a drug-free remission revealed that although remission can be readily induced in ACPA-positive patients by anti-rheumatic therapy, attempts at tapering and discontinuing treatment more often fail in this group compared to ACPA-negative patients [73]. This suggests that anti-rheumatic therapy can temporarily subdue, but often fails to eradicate the pathophysiological mechanisms underlying disease in ACPA-positive patients.

PROMs
Patient-reported outcome measures (PROMs) or patient-reported outcomes (PROs) have existed for a long time, but have recently been receiving more attention as an important measure to determine the self-perceived status of RA patients [74]. It has been shown that regarding important outcomes such as remission, patients identify additional domains such as pain, fatigue and independence, which are not routinely incorporated in remission-definitions defined by physicians [75]. PROs are now increasingly assessed in clinical trials, although some (e.g. pain) are more frequent evaluated than others (e.g. fatigue, productivity loss [76]). Although previously ACPA-positive RA-patients had a more severe PROs, with current treatment strategies ACPA-negative patients have as severe levels of pain, fatigue and work restrictions during the disease course as ACPA-positive patients [77]. In addition though RA-patients nowadays present earlier and have less severe inflammation at the time of diagnosis compared to patients diagnosed in the ‘90s and early years of 2000, currently RA patients indicate to experience more severe PROs [78]. This paradoxical finding possibly reflects a general increase in societal pressure posed upon the individual over the years (i.e., society has become more demanding), whereby smaller health problems could be experienced as more disabling [79]. Together these data illustrate the current need to address patient reported outcomes in ACPA-positive and ACPA-negative RA. 

Summary 
In conclusion, important insights have been gained in early RA in these past years. The discovery of new risk factors and autoantibodies has given rise to novel hypotheses about disease pathogenesis. The pre-arthritis phase of RA including clinically suspect arthralgia has been a key focus of research. Biomarkers that predict which patients with clinically suspect arthralgia will develop RA have been identified and include: autoantibodies and the presence of subclinical inflammation on MRI and ultrasound.
Due to earlier identification and treatment and better treatment strategies the phenotype of RA has changed. Other outcomes have become important such as PROs and DMARD-free sustained remission (the persistent absence of synovitis after DMARD-cessation), as proxy of cure of RA. Ultimately this means that patients with imminent RA can perhaps be identified before the disease has become chronic, and disease modifying treatment started in this phase may be able to prevent the development of RA. Currently, proof-of-concept trials in patients with ACPA-positive arthralgia or CSA are ongoing. In the next five years the results will be released and will reveal whether maturation to the full phenotype of RA can be prevented with very early treatment.


Table 1. The classification criteria for RA changed over time

	
	Revised ARA 1958 criteria
	Revised ACR 1987 criteria
	ACR/EULAR 2010 criteria

	Entry criterion
	none
	none
	(1) Patient with at least one joint with definite clinical synovitis (swelling)
(2) Synovitis is not better explained by another disease


	Criteria
	1. Morning stiffness
2. Swelling of a joint
3. Swelling of another joint
4. Pain on movement or tenderness in a joint
5. Symmetric swelling
6. Rheumatoid nodule
7. Rheumatoid factor
8. Radiographic changes
9. Mucin clot
10. Synovial biopsy
11. Nodule biopsy

	1. morning stiffness (at least 1 hour)
2. arthritis in three or more joints
3. arthritis of hand joints (1 or more swollen joint)
4. symmetrical arthritis
5. rheumatoid nodules
6. serum rheumatoid factor
7. Radiographic changes (erosions)

	Joint involvement 
 1 medium-large joint (0)
2-10 medium-large joitns (1)
1-3 small joints (large joints not counted) (2)
4-10 small joints (large joints not counted) (3)
>10 joints, at least one small joint (5)

RF and ACPA
Both negative (0)
Low positive RF or ACPA (2)
High positive RF or ACPA (3)

Acute phase reactants
Normal ESR and CRP (0)
Abnormal ESR or CRP (1)

Duration of symptoms
< 6 weeks (0)
≥ 6 weeks (1)
  

	Posivity
	Classical RA: 7/11
Definite RA: 5/11
Probable RA: 3/11
*criteria 1-5 continue for at least 6 weeks
Possible RA: 2/11
*joint symptoms at least 3 weeks
	4/7 criteria present.
The first four criteira must have been present for at least 6 weeks
	≥6 points

	Alternative classification in the absence of synovitis
	· 
	 -
	Patients with erosive disease typical for RA (defined as a cortical break in at least three separate joints at any of the following sites: the proximal interphalangeal, the metacarpophalangeal, the wrist (counted as one joint) and the metatarsophalangeal joints on radiographs of both hands and feet) should be directly classified as RA.


The fulfilment of the 2010 criteria can be achieved cumulatively, that is, through repeated assessments over time, and in case of adequate previous documentation, also retrospectively.

Table 2. Positive predictive value of ACPA for RA-development in different settings as observed in longitudinal studies[48]

	Setting
	Prevalence ACPA
	PPV of ACPA to develop RA
	Number needed to test to identify 1 RA-patient

	General population 


	1-2% [49-51]
	8.5% during median 3 years follow-up [49]
	~1200*

	Primary care

Secondary care, CSA
  
	na

16% [52]

	na

63% within 1 year follow-up [52]

	na

10



CSA: clinically suspect arthralgia; RA: rheumatoid arthritis; ACPA: anti-citrullinated peptide antibodies; na: not applicable, indicates that no studies longitudinally assessed an unselected patient population in this setting; PPV: positive predictive value. * the number needed to test was estimated based on the prevalence and PPV; in the setting of the general population the calculation was done with a prevalence of 1%.



Figure 1. Proposed phases of development of ACPA-positive and ACPA-negative RA.
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Figure 2. RA development, defined according to risk factors, as done by the EULAR study group of risk factors for RA, or defined from a patient perspective, as well as the EULAR definition of arthralgia suspicious for progression to RA
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Figure 3.The Sharp van der Heijde score (SHS) measuring joint destruction after 5 years of disease in RA patients that were diagnosed in the years ’90 and early years of 2000.  Severe joint destruction in obtained in a small part of the patients and more often in ACPA-positive than in ACPA-negative patients.
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EULAR definition Arthralgia suspicious for progression to RA
To be used in patients with arthralgia without clinical arthritis and without other (more
likely) diagnosis or other explanation for the arthralgia.
History taking: Joint symptoms of recent onset (duration <1 year)
Symptoms located in MCP joints
Duration of morning stiffness 260 min
Most severe symptoms present in the early morning
Presence of a first-degree relative with RA
Physical examination: Difficulty with making a fist
Positive squeeze test of MCP joints
AUC 0.92 Sensitive definition = 3/7 items present annrheumdis-2016-209846
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