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Background/Purpose

In rheumatoid arthritis (RA) autoantibodies including antibodies to citrullinated protein antigens (ACPA) and rheumatoid factor (RF) can be predictive of incident clinical RA. However, there is limited understanding of how antibody changes over time impact prediction of the likelihood and timing of future clinical RA.



Materials and Methods

We evaluated relationships between ACPA, the shared epitope (SE), RF isotypes and incident RA in a prospective cohort of 90 ACPA(+) individuals without baseline arthritis identified through health-fair testing (i.e. Healthfair). We also evaluated ACPA and RF isotypes and time-to-diagnosis of RA in a retrospective cohort of 215 individuals with RA from the Department of Defense Serum Repository (DoDSR).



Results

Twenty-six of 90 (29%) of ACPA(+) Healthfair participants developed incident RA. Baseline or incident dual RF-IgA and RF-IgM positivity was associated with increased risk for incident RA (HR 3.09; 95% CI 1.15 to 8.29) although RFs were negative in ~50% of individuals with incident RA. SE was associated with increased risk of RA (HR 2.87, 95% CI 1.22-6.76). In the DoDSR cohort, triple positivity for ACPA, RF-IgA and RF-IgM was present a median of 1-2 years prior to RA diagnosis, with some sex-specific differences.



Conclusion

These findings can be used to counsel individuals at-risk for future RA and to design clinical trials for RA prevention. The findings also suggest that RF could be a surrogate outcome as a success of an immunologic intervention in RA prevention. Additional studies are needed to understand the biologic of different patterns of autoantibody elevations in RA evolution.
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Introduction

A number of studies demonstrate that there is a period of seropositive rheumatoid arthritis (RA) development that can be termed ‘Pre-RA’ during which there are elevations of circulating autoantibodies including antibodies to citrullinated protein antigens (ACPA) and rheumatoid factor (RF) in absence of and prior to the appearance of clinically-apparent inflammatory arthritis (IA) as well as a clinical diagnosis of RA (clinical RA) that may further classifiable by established criteria (1–3). Importantly, these autoantibodies may play a pathogenic role in the development of RA (4, 5); furthermore, the diagnostic accuracy of these autoantibodies for the future onset of clinical IA/RA has underpinned the development of several clinical prevention trials (1, 6–10).

A key aspect of these trials is to use as a component of the inclusion criteria a biomarker profile that is highly predictive for future RA onset (i.e. likelihood of RA) as well as incident RA within a defined time interval to optimize clinical trial design and duration by having highly accurate estimates of expected incidence rates.

Notably, some published data suggest that combinations of ACPA and RF are highly predictive of future RA within a relatively short time period (11–15). In addition, several studies have reported that the presence of the shared epitope (SE) in the setting of ACPA positivity is associated with higher risk of progression to future IA/RA (16, 17). However, many prospective studies evaluating the prediction of future RA have only utilized autoantibody positivity at a single time point or not found conclusive improvements in prediction based on changing autoantibody levels over time (14, 18–20). As such, there is a limited understanding of how longitudinal changes of autoantibody positivity for ACPA and RF may further inform the likelihood and timing of incident clinical IA/RA, as well as potentially provide insights into how various ‘endotypes’ of RA may develop (e.g. ACPA and RF positive RA, versus ACPA positive alone). To address this gap, herein we have utilized two separate cohorts to evaluate the role of autoantibody positivity over time, as well as the presence of the SE, to define the likelihood and timing of incident clinical IA/RA.



Materials and Methods


Study Populations

Two separate cohorts were used in these analyses. The first cohort was created in Colorado from individuals identified with ACPA positivity through health-fair based testing and is termed the ‘Healthfair’ cohort. As described previously, at a series of Colorado-based health-fairs, individuals who did not have a prior diagnosis of RA were offered the opportunity for blood testing for ACPA (17, 21). Individuals who were positive for the ACPA test anti-cyclic citrullinated peptide (anti-CCP3, Inova Diagnostics Inc., San Diego, CA) were invited to an additional follow-up research visit. If at that visit they were confirmed to be ACPA(+) on repeat testing and did not have prior or current clinically-apparent IA/RA, they were enrolled into a longitudinal follow-up study where questionnaires were administered, serial joint examinations performed (66/68 count by a rheumatologist or trained personnel) and serial autoantibody biomarker testing was performed. Incident clinical IA/RA was identified at scheduled research visits or at ad hoc visits if there were changing symptoms, and individuals with IA were classified as having RA by the 2010 American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) criteria (2). Notably, none of the Healthfair cohort was treated with disease modifying anti-rheumatic therapy prior to the onset of incident RA.

The second cohort is a retrospective case-control cohort created from the Department of Defense Serum Repository (DoDSR) and is termed the ‘DoDSR cohort’. The DoDSR is part of a program to monitor the health of US military personnel (22–24) and the creation of the cohort of RA cases and controls that is used herein has been previously described (25–27). In brief, 215 individuals who had a diagnosis of clinical RA were identified based on documentation in the medical record and at least one rheumatologist encounter, and confirmation of diagnosis by medical chart review by a rheumatologist or trained rheumatology nurse from Walter Reed National Military Medical Center (WRNMMC), with 212 (~99%) of cases meeting 1987 RA classification criteria. Material for genetic studies was not available from the DoDSR. Notably, we have previously used this DoDSR cohort to evaluate the relationship between various biomarkers including ACPA. A single isotype of RF (IgM) and calprotectin and the timing of a future diagnosis of RA (27). However, we are including this cohort in these new analyses to validate the findings in the Healthfair cohort, and furthermore we will present new analytic approaches and biomarker findings (e.g. combinations of RF-IgA and RF-IgM isotypes) not previously reported in this cohort.



Autoantibody Testing

Serum samples from the Healthfair and DoDSR cohorts were tested using enzyme linked immunoabsorbent assays (ELISA) for anti-cyclic citrullinated peptide-3 (anti-CCP3 IgG, Inova Diagnostics Inc., San Diego, CA), and RF-IgA and RF-IgM isotypes (QUANTA Lite platform, Inova Diagnostics Inc., San Diego, CA). Notably, we did not evaluate RF-IgG given it is not widely available for routine clinical testing. All autoantibody testing was performed at the University of Colorado in the Exsera Biolabs, with the technician blinded to the case-control status of samples. Anti-CCP3 positivity was evaluated based on the manufacturer established cut-off of ≥20 units. Following a guideline from the 1987 classification criteria for RA (3), RF-IgA and RF-IgM positivity was determined based on levels present in <5% of two control groups. Specifically, for the Healthfair cohort, we determined the RF cut-offs in a group of 491 randomly selected blood donors from Colorado. For the DoDSR cohort, we used a group of 156 controls selected from the DoDSR who did not have a diagnosis of RA based on chart review; furthermore, these controls were matched to the RA cases on age, sex, race and region of enlistment in the military (26).



Shared Epitope Testing

Genetic material was only available from the Healthfair cohort and it was typed for the presence of HLA alleles containing the shared epitope (SE) using methods previously described (28). Participants were considered SE positive (dichotomous variable yes/no) if one or more allele included the following subtypes: DRB1*0401, *0404, *0405, *0408, *0409, *0410, *0413; *0101, *0102 and *1001.



Statistical Analyses


Healthfair Cohort

We evaluated baseline characteristics between participants who did or did not develop incident IA/RA using Fishers exact test or two sample t-tests as appropriate, and computed descriptive transition rates between different RF positivity statuses for all samples. In addition, we created graphical representations of progression to RA based on baseline factors (e.g. autoantibodies) using Kaplan-Meier curves. For our main analysis, we present time-to-RA from study entry as an outcome in a series of Cox regression models with a time-varying covariate denoting baseline or incident positivity for autoantibodies, with adjustment for SE status and anti-CCP3 levels <=60/>60 units. Differences in IA-free probabilities are tested via log-rank tests with type I error rate of 0.05. Finally, we plotted predicted survival curves under several realistic hypothetical trajectories from baseline to repeat testing at 1 year and accounting for changes in various anti-CCP3 and RF isotype states (and stratified by the presence/absence of the SE) using the technique of Smith and colleagues (29).



DoDSR Cohort

Given this cohort was retrospectively created and all cases developed RA we did not utilize it to replicate exactly the analyses in the prospective Healthfair cohort; instead, we focused on analyses that evaluated the relationship between combinations of autoantibodies and the timing of a future diagnosis of RA. We produced summary statistics for variables of interest, and sex-based differences at each sample collection time were conducted using Fisher’s Exact tests. For each sample, the time-to-RA was calculated and is presented stratified by positivity status in boxplots. For inference between these strata, time-to-RA was treated as a time-to-event variable and modeled via a Cox regression with positivity status as a time-varying covariate (a Markov renewal model), thus the hazard of developing RA after each measurement is assumed to be independent of previous encounters. Additionally, these models are stratified by (e.g. a different baseline hazard estimated for) the number of pre-RA diagnosis samples each person had in the data set to account for the fact that certain patients did not have all measurements. The output of this method is hazard ratios; the factor increase in the hazard of developing RA for each 1-unit increase (or positivity) in each covariate, holding other covariates constant. Finally, to assess pairwise group differences in the time-to-RA among those who had: 1) no positivity, 2) anti-CCP3 positivity, 3) any RF positivity, or 4) anti-CCP3 and dual RF-IgA and RF-IgM positivity, we used a series of pairwise Wald tests. These tests are adjusted for differences in age and gender, and the p-values are adjusted for multiple comparisons using the false discovery rate method of Benjamini-Hochberg (30). Aside from these latter pairwise comparisons, nominal (unadjusted) p-values are presented in the results.




Ethical Considerations

Study activities using the DoDSR data and samples were approved by institutional review boards at the University of Colorado and WRNMMC, and study activities using the Healthfair data and samples were approved by institutional review board at the University of Colorado.




Results


Healthfair Cohort


Descriptive Characteristics

The descriptive characteristics of the Healthfair cohort are reported in Table 1. Of the 90 subjects, 26 (29%) developed incident IA/RA after a mean of 731 days (~2 years) and over a mean of 1111 days (~3 years) of follow-up of the entire cohort. All 26 (100%) of those with incident IA met 2010 ACR/EULAR classification criteria for RA at the time of initial identification of their IA.


Table 1 | Characteristics of the Healthfair cohort.





Baseline Factors and Incident IA/RA

In univariate analyses, compared to individuals who did not develop incident IA/RA, at their baseline visit the individuals who developed incident IA/RA had a higher prevalence of positivity for at least one allele containing the shared epitope, a higher prevalence of an anti-CCP3 level >2 and >3 times the upper limit of normal as well as a higher prevalence of positivity for both RF-IgA and RF-IgM (Table 1). There were no significant associations at the baseline visits between incident RA and the presence/absence of joint pain or smoking status (Table 1). In addition, at baseline the prevalence of RF-IgM positivity was significantly higher in current and ever smokers, although the prevalence of RF-IgA positivity was not (Supplemental Table 1).

In survival models and Kaplan-Meier curves there was a significantly higher incidence of IA/RA in individuals who at baseline were dual positive for RF-IgA and RF-IgM when compared to those who were positive for only one RF isotype, or no RF isotypes (Figure 1A). In addition, because the presence of an anti-CCP3 level of >60 units was associated with increased risk for RA in univariate analysis, and that high level is also given additional points towards RA classification in the 2010 ACR/EULAR criteria, and the presence of the SE was also associated with increased risk for incident IA/RA (Table 1), we further evaluated the relationship between RF positivity and incident IA stratified by baseline anti-CCP3 levels (<=60 or >60), and the presence/absence of the SE (Figures 1B–E). In these analyses, in both SE positive and negative individuals the incidence of IA was significantly higher in individuals who were dual RF-IgA and RF-IgM positive (Figures 1B, C), although the lowest incidence of IA/RA was in individuals who were SE negative and did not have at baseline dual positivity for RF-IgA and RF-IgM (Figure 1C). In addition, in participants with baseline anti-CCP3 levels >60, the incidence of IA/RA was significantly greater in those with dual positivity for RF-IgA and RF-IgM (Figure 1D). However, in participants with baseline anti-CCP3 levels of <=60, while the survival curves visually differed, there were no significant differences in IA/RA incidence between those who developed dual positivity for RF-IgA and RF-IgM (Figure 1E).




Figure 1 | Rates of progression to inflammatory arthritis/rheumatoid arthritis by baseline rheumatoid factor isotype positivity and stratified by shared epitope positivity and baseline anti-CCP3 levels In this cohort, at baseline, all individuals are anti-CCP3 positive at the standard cut-off (>=20 units). In all subjects (A) the individuals who were additionally dual positive at baseline for RF-IgA and RF-IgM (purple line) had a significantly greater rate of progression to IA/RA than individuals who were positive for only one RF isotype (blue and green lines), or who were negative for both (red line). In individuals stratified by the presence (B) and absence (C) of at least one allele containing the shared epitope, baseline dual positivity for RF-IgA and RF-IgM was associated with increased rate of progression to IA/RA (B, green lines) compared to individuals who were positive for only one RF isotype or who were negative for both isotypes (B, red lines). The lowest incidence rate of IA/RA was in participants who were SE negative and who did not have dual positivity for RFIgA and RF-IgM (C, red line). In individuals who had a baseline anti-CCP3 level of >60 units (3 times the upper limit of normal), baseline dual positivity for RF-IgA and RF-IgM was associated with increased rate of progression to IA/RA (D), green line. There was a similar trend in those with anti-CCP3 levels <=60, although this was not statistically significant (E). The colored bands around each line represent 95% confidence intervals. A, rheumatoid factor IgA; M, rheumatoid factor IgM; <A+M+,  positive for RFIgA or RFIgM, or neither but not both; SE, shared epitope; IA, inflammatory arthritis; RA, rheumatoid arthritis; RF, rheumatoid factor; CCP, anti-cyclic citrullinated peptide antibody; Ig, immunoglobulin.





Longitudinal Biomarker Changes and Incident IA/RA

Descriptions of autoantibody positivity at the last follow-up visit or visit immediately prior to incident IA/RA are presented in Table 1, and in more detail in Supplemental Table 2 and Supplemental Figure 1. Overall, most (>50%) of individuals and samples maintained their original pattern of autoantibody positivity over time. However, there were non-significant trends for the individuals who did not develop IA/RA to have lower prevalence of autoantibody positivity than those who developed incident IA/RA. In particular, 9/64 (14%) individuals who did not develop IA/RA lost positivity for anti-CCP3 compared to 0/26 (0%) in those who developed incident IA/RA (p>0.05).

To address the effect of changing autoantibody positivity over time on incident IA/RA, we used a Cox regression model and a time-varying covariate to evaluate the role of baseline and incident RF positivity and risk for incident IA/RA, and adjusting for the presence of the shared epitope and anti-CCP3 level positive at >60. In these analyses (the results of which are presented in detail in Supplemental Table 3) baseline or incident dual RF-IgA and RF-IgM positivity was associated with a significantly higher risk for incident IA/RA (Hazard Ratio 3.09, 95% Confidence Interval 1.15 to 8.29, p=0.025). The presence of the SE was also significantly associated with increased risk for RA (HR 2.87, 95% CI 1.22 to 6.76, p=0.016); however, positivity for only one RF isotype (RF-IgA or RF-IgM) not associated with a significantly increased risk for incident IA/RA (RF-IgA positive only: HR 1.20, 95% CI 0.16 to 9.32; RF-IgM positive only: HR 1.33, 95% CI 0.47 to 3.78, p=0.5990). In contrast to the univariate analyses, in these multivariate analyses, positivity for anti-CCP3 >60 was not significantly associated with incident RA (HR 1.45, 95% CI 0.62 to 3.39, p=0.390).

We also created hypothetical models to visualize the relationships between various ‘states’ of autoantibody positivity at baseline as well as at a repeat visit at 1 year, as this could approximate a clinical situation. In these analyses, individuals who were positive for the SE and persistently positive at baseline and 1 year for anti-CCP3 >60 units, and dual RF-IgA and RF-IgM had the highest rate of incident clinical IA/RA (Figure 2A). Individuals that transitioned at 1 year from antibody negative to positive (either double RF-IgA and RF-IgM, CCP high, or both), had higher rates of incident clinical IA/RA than the negative at baseline group, while also having lower incidence than hypothetical individuals that were antibody positive from baseline (Figures 2A, B). In contrast, individuals who had the lower incidence of RA were negative for the SE, persistently had an anti-CCP3 level of <=60 and were persistently negative for RF-IgA and RF-IgM (Figure 2B).




Figure 2 | Hypothetical model of rates of progression to inflammatory arthritis/rheumatoid arthritis based on change of autoantibody profile from baseline to 365 days. In this model, all individuals are anti-CCP3 positive at baseline. The rates of progression to IA/RA are modelled using data from the Healthfair cohort and based on a change from a baseline state of autoantibody positivity to a state at 365 day s as this can approximate a clinical care pathway where an individual who has autoantibody positivity without IA/RA is re-evaluated for changes in autoantibody positivity at 1 year. The figures also present models stratified by positivity/negative for the shared epitope. Overall, the highest rate of progression to IA/RA was in individuals who were SE positive and had high anti-CCP3 (>60 units) and dual positivity for RF-IgA and RF-IgM at baseline that persisted at 365 days (A, light blue line), with the lowest rate of incident IA/RA in SE(-) individuals with baseline and follow-up low anti-CCP3 (<=60 units) and who were positive for one or less RF isotype (B, green line). A, rheumatoid factor IgA; M, rheumatoid factor IgM; <A+M+,  positive for RFIgA or RFIgM, or neither but not both; SE, shared epitope; IA, inflammatory arthritis; RA, rheumatoid arthritis; RF, rheumatoid factor; CCP, anti-cyclic citrullinated peptide antibody; Ig, immunoglobulin.






Figure 3 | Autoantibody positive states and median time to a future diagnosis of rheumatoid arthritis in the Department of Defense Serum Repository cohort. The times to diagnosis are stratified by men (n=113) and women (N=103) as women had a higher overall prevalence of rheumatoid factor (RF) positivity than men. Overall, positivity for anti-CCP3, RF-IgA and RF-IgM in a sample was seen closest to diagnosis. Of note, while not in the figure, in men, anti-CCP3 positivity at >60 units (with or without positivity for ≤1 RF isotype) was present a median of 1.93 years prior to diagnosis; in women, anti-CCP3 positivity at >60 units (with or without positivity for ≤1 RF isotype) was present a median of 1.64 years prior to diagnosis. P-values represent comparisons between autoantibody positive states using pairwise contrasts and age-adjusted Cox regression model as well as adjusting using the false-discovery method of Benjamini-Hochberg. The green triangles represent the mean time of autoantibody positivity prior to RA diagnosis. DoDSR, Department of Defense Serum Repository; RA, rheumatoid arthritis; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide antibody; Ig, immunoglobulin.






DoDSR Cohort

We also evaluated the relationship between anti-CCP3, RF-IgA and RF-IgM positivity and the timing of incident IA in the DoDSR cohort that is described in Supplemental Table 4. Notably, this cohort differed from the Healthfair in that pre-RA samples were selected retrospectively from individuals with a known ‘future’ diagnosis of RA and therefore we could not evaluated likelihood of future RA; furthermore, in the DoDSR cohort the earliest or ‘baseline’ visit, an individual did not have to be positive for anti-CCP3. In addition, compared to the Healthfair cohort, the participants in the DoDSR cohort had a higher percentage of males, the age of diagnosis of RA is younger, and there was less clinical data available including smoking status, and no genetic tests were available. Moreover, we identified in the DoDSR cohrt that women had a higher prevalence than men of RF-IgA and RF-IgM positivity at the earliest available time point pre-RA diagnosis as well as a higher prevalence of RF-IgA and RF-IgM positivity post-RA diagnosis (Supplemental Table 4), although there were no sex-specific differences in autoantibody positivity in the Healthfair cohort (Supplemental Table 5).

In these analyses (Figure 3), in women, samples that were negative for anti-CCP3 and both RF isotypes were a median of 5.90 years from a diagnosis of RA compared to samples that were ‘triple’ positive for anti-CCP3, RF-IgA and RF-IgM that were a median of 1.08 years prior to a diagnosis of RA. In men, samples that were negative for anti-CCP3 and RF were a median of 5.41 years from a diagnosis of RA compared to samples that were triple positive for anti-CCP3, RF-IgA and RF-IgM that were a median of 1.12 years prior to a diagnosis of RA.




Discussion

In the prospectively evaluated Healthfair cohort of anti-CCP3 positive subjects without IA at baseline, we have identified that baseline or incident dual positivity for RF-IgA and RF-IgM is indicative of a subset of individuals who have a greater likelihood of developing near-term incident IA/RA. Importantly, this was true for ‘all comers’ who were anti-CCP3 positive at baseline at standard cut-off levels, as well as in individuals stratified by at baseline by the presence of either high-positive anti-CCP3 levels or the SE, although the loss of significance of an associations of high positive anti-CCP3 levels in multivariate analyses suggest that the dual positivity for RFs and SE are stronger predictors of incident IA/RA. Furthermore, in the DoDSR cohort ‘triple’ positivity of anti-CCP3, RF-IgA and RF-IgM was present closer to diagnosis. In aggregate, these findings support that a combination of positivity of anti-CCP3 and these two RF isotypes, including persistent ‘dual’ positivity for these RFs over time, is strongly associated with the future onset of clinical IA/RA, as well as imminent RA, with additional influence from the SE.

If an ACPA positive individual is identified who has these factors (e.g. dual RF isotype positivity, SE positivity, potentially high-positive ACPA), it may aid in counseling them as to their overall risk and potential timing of development of future IA/RA as well as referral to clinical rheumatologic care (15). In particular, the hypothetical model presented in Figure 2 suggests that repeat evaluation for evolving autoantibody positivity at 1 year can be informative, and this may be a ‘real life’ clinical scenario and follow-up period. Furthermore, these findings may be applied going forward in clinical trial development for RA prevention to identify individuals who are at particularly high-risk for imminent onset of clinical IA/RA – and indeed several existing clinical prevention trials have as inclusion criteria either high-positive ACPA levels, or positivity for ACPA plus combinations of RF isotypes (7–9). Importantly, many prospective studies of pre-RA have utilized individuals who have initially presented to health-care with arthralgia and were subsequently found to have autoantibody positivity (14, 16); while the Healthfair cohort studied herein still had a substantial portion of individuals with some joint symptoms at baseline and therefore may be somewhat comparable to individuals identified through clinics, ~30% of ACPA(+) individuals who later developed RA did not report joint pain at baseline. As such, these findings suggest that approaches such as health-fair ACPA testing can identify individuals at higher risk for development of future RA, and these approaches may be incorporated into future clinical studies.

In addition, most of the current prevention trials in RA are using as primary endpoints clinical IA and classifiable RA. Those are reasonable outcomes given the appearance of clinical IA is currently a key clinical decision point in RA diagnosis and management. However, it may be that incident RF positivity could also be an important surrogate endpoint in preventive interventions in individuals who are ACPA positive. Specifically, while we do not yet know the complete pathophysiologic processes that may drive RF generation in pre-RA, ACPA and dual RF-IgA and RF-IgM positivity is likely indicative of an expansion of autoimmune processes towards a state where initiation of synovitis may be more likely and more imminent (4, 31). As such, an intervention that decreases prevalent or incident dual RF positivity in an ACPA positive individual may potentially decrease an overall risk for future RA. Supporting this notion, in the prospective Healthfair cohort the findings herein suggest that maintenance of RF negativity or the loss of RF positivity is associated with a ‘state’ that is at lower risk for progression to IA/RA – at least within the duration of the study. Moreover, these findings are similar to what has been described in a longitudinal study of a cohort of indigenous North American People where loss of ACPA and/or RF positivity occurred in individuals who did not develop incident IA/RA (18). Therefore, the ‘disappearance’ of RA-related autoantibody positivity may be truly associated with decreased risk for progression to clinical RA for some individuals.

A caveat, however, is that while autoantibodies are informative in identifying risk for future RA, autoantibody testing alone provides a limited understanding of the underlying pathophysiologic processes in RA development. In particular, ~77% of those who developed RA within the Healthfair cohort did not have dual RF-IgA and RF-IgM positivity, and an additional subset with incident RA were negative for both RF’s and/or had anti-CCP3 levels <=60. Furthermore, while SE was associated with incident RA, ACPA, RFs and incident RA still developed in SE negative individuals in the Healthfair cohort, and ~8% of those who did not develop incident RA were ACPA and dual RF-IgA and RF-IgM positive. Moreover, we have previously published that in the DoDSR cohort described herein a percentage (~20%) of individuals who developed clinical RA were positive for ACPAs and/or RF’s at some point in pre-RA yet lost positivity for at least one of those autoantibodies post-RA diagnosis (26). In aggregate, these points support that there are various ‘endotypes’ of RA risk and development that may be defined by autoantibodies and certain genetic factors (e.g. SE); however, these features are not comprehensive, and furthermore the loss of detectable autoantibodies may not be indicative of a reduced risk for future RA in all individuals. More broadly, these points highlight that additional studies are needed in order to understand the drivers of pathogenic autoimmune processes, autoantibody-related and otherwise (e.g. T cell autoreactivity), that are related to various aspects of RA development including early symptoms and transitions to clinical RA (4, 5, 32–34). These other factors may include environmental factors, mucosal and/or microbial influences (e.g. viral or bacterial) that importantly may also be targets for preventive interventions (33, 35, 36). Notably, in the Healthfair subjects smoking was associated with RF-IgM positivity but not RF-IgA, although smoking was not associated with incident RA; given prior studies associating smoking with RA-related autoantibodies as well as potentially incident RA (37), this will need further exploration.

Notably, the ACPA assay utilized herein was the anti-CCP3 assay and therefore it is not clear that findings herein are applicable to all ACPA assays which may have differing predictive values for future IA/RA (38, 39) In addition, there are multiple other factors including other autoantibody systems [e.g. antibodies to carbamylated antigens and/or other modified proteins (40)], inflammatory markers [e.g. C-reactive protein, serum calprotectin (27)], cytokines, chemokines and cellular assays (13, 34, 41) as well as clinical features such as joint symptoms (42) that may be incorporated into the prediction of the likelihood and timing of future IA/RA, and these will need further investigation.

A final item of interest was within the DoDSR cohort, women had a higher rate of positivity for RFs than men, although this was not the case in the Healthfair cohort. The reasons for this are not clear, and published studies of rates of RF positivity in patients with clinical RA are conflicting and often not reported in a sex-stratified manner (43). However, a consideration is that the mean age of diagnosis of RA in the DoDSR cohort was younger than most published cohorts, and indeed was ~20 years younger than the mean age at incident RA in the Healthfair cohort. With that, it may be that there is an age-related sex effect on RF development; this needs further exploration to understand the biology of RF development as well as potentially to develop more age and sex-specific prediction models for future RA.

In conclusion, in ACPA(+) individuals dual RF-IgA and RF-IgM positivity as well as the presence of the SE and can be an indicators of a higher likelihood and more imminent onset of clinical seropositive RA. Further studies are needed into the ‘endotypes’ of RA as well as the biologic relationships between ACPA, RFs, SE in the natural history of RA development.
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OEBPS/Images/table1.jpg
No incident IA/RA (n=64) Incident IA/RA (n=26) P-value

Days to incident IA/RA or last follow-up visit, mean (SD) 1265 (887) 731 (836) -
Age at baseline visit, mean (SD) 58 (12) 55 (12) 0.263
Age at diagnosis of IA/RA, mean (SD) - 57 (11) -
Number of total visits or number of visits prior to incident IA/RA, mean (SD) 5(3) 3(2 <0.001
Female, n (%) 39 (61%) 20 (77%) 0.221
Non-Hispanic white, n (%) 54 (84%) 20 (77%) 0.600
At least 1 allele containing the shared epitope, n (%) 24 (38%) 18 (69%) 0.005
Ever smoker (Baseline visit), n (%) 24 (38%) 11 (42%) 0.812
Current smoker (Baseline visit), n (%) 3 (6%) 1(4%) 0.114
Self-reported number of painful joints (Baseline visit), median (range) 0(0-18) 1(0-24) 0.142
Self-reported presence of >=1 painful joint (Baseline visit), n (%) 30 (47%) 18 (69%) 0.065
Anti-CCP3 positive at standard cut-off level (>=20 units) at baseline visit, n (%) 64 (100% 26 (100%) 1.000
Anti-CCP3 >2 times the upper limit of normal (>40 units) at baseline visit, n (%) 39 (60%) 22 (85%) 0.045
Anti-CCP3 >3 times the upper limit of normal (>60 units) at baseline visit, n (%) 24 (38%) 17 (65%) 0.020
Anti-CCP positive at last visit, or visit prior to incident IA/RA, n (%) 55 (86%) 26 (100%) 0.055
Anti-CCP3 >2 times the upper limit of normal at last visit or visit prior to incident IA/RA, n (%) 40 (63%) 20 (77%) 0.224
Anti-CCP3 >3 times the upper limit of normal at last visit or visit prior to incident IA/RA, n (%) 26 (41%) 16 (62%) 0.102
RF patterns at baseline visit, n (%)

RF-IgA(-) RF-IgM(-) 49 (77%) 17 (65%) 0.301

RF-IgA(-) RF-IgM(+) 11(17%) 3 (12%) 0.749

RF-IgA(+) RF-IgM(-) 2 (3%) 0 (0%) 1.000

RF-IgA(+) RF-IgM(+) 2 (3%) 6 (23%) 0.007
RF patterns at last visit, or visit prior to incident IA/RA, n (%)

RF-IgA(-) RF-IgM(-) 44 (69%) 3 (50%) 0.226

RF-IgA(-) RF-IgM(+) 10 (16%) 6 (23%) 0.543

RF-IgA(+) RF-IgM(-) 5 (8%) 1 (4%) 0.668

RF-IgA(+) RF-IgM(+) 5 (8%) 6 (23%) 0.145
Autoantibody patterns at or after developing incident IA/RA, n (%)

Anti-CCP3 positive standard cut-off (>=20 units) na 26/26 (100%) n/a

Anti-CCP3 >2 x upper limit of normal (>40 units)
Anti-CCP3 >3x upper limit of normal (>60 units)
RF-IgA(-) RF-IgM(-)

RF-IgA(-) RF-IgM(+)

RF-IgA(+) RF-IgM(-)

RF-IgA(+) RF-IgM(+)

23/26 (89%)
18/26 (69%)
14/26 (54%)
5/26 (19%)
1/26 (4%)
6/26 (23%)

IA, inflammatory arthritis; RA, rheumatoid arthritis; SD, standard deviation; anti-CCP, anti-cyclic citrulinated peptide; RF, rheumatoid factor; Ig, immunoglobulin; n/a, not applicable.

Bold means statistically significant results (i.e. p < 0.05).





