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Synopsis
Rheumatoid arthritis (RA) likely develops in several phases, beginning with genetic risk, followed
by asymptomatic autoimmunity, then finally, clinically-apparent disease. Investigating the phases of
disease that exist prior to the onset of symptoms - i.e. the pre-clinical period of RA – will lead to
understanding of the important relationships between genetic and environmental factors that may
lead to disease, as well as allow for the development of predictive models for disease, and ultimately
preventive strategies for RA.

Introduction
The discovery of genetic and environmental factors associated with rheumatoid arthritis (RA),
and elevations in autoantibodies and inflammatory markers prior to the onset of symptomatic
disease, coupled with similar findings in other autoimmune diseases including type 1 diabetes
mellitus (T1DM), has led to the creation of a shared model of autoimmune disease
development. In this model, the development of RA follows a natural history divided into
phases wherein genetic and environmental interactions initially lead to a period of
asymptomatic autoimmunity, evidenced by the presence of RA-related autoantibodies, that
later evolves into clinically-apparent disease. It is the initial phases of risk and asymptomatic
autoimmunity that encompass ‘pre-clinical’ RA.

In order to understand the genetic and environmental influences that are important to the
evolution of RA, as well as develop predictive models and preventive strategies for future
symptomatic disease, we must investigate this pre-clinical period. Herein are discussed the
following issues related to pre-clinical RA: 1) what is known about the pre-clinical
development of autoimmunity and inflammation in RA as well as other autoimmune diseases
that may follow a similar model of development as RA, 2) how RA development can be
modeled based on studies in pre-clinical RA and other autoimmune diseases, 3) practical issues
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related to the challenge of defining for research studies ‘pre-clinical’ RA, as compared to
clinically-apparent disease, and 4) what aspects of RA evolution including genetic and
environmental influences, and predictive and preventive models, could be addressed in studies
of the pre-clinical period. Finally, potential methodologies and areas of focus going forward
for research into pre-clinical RA will be discussed.

Part 1. Autoantibodies and inflammation in pre-clinical RA as well as other
autoimmune diseases
Studies of pre-clinical rheumatoid arthritis

Multiple studies have shown that RA-related autoantibodies are present years prior to the
diagnosis of RA (Table 1).(1–11) del Puente et al, who investigated RA in the Pima Indians
in the Southwestern United States, showed that rheumatoid factor was present prior to the onset
of clinically-apparent RA.(1) Aho et al, who investigated pre-clinical RA in Finland using a
biobank of stored pre-diagnosis samples(2, 12–14), and Jonsson et al, who used Icelandic
biobank samples(15), also demonstrated that RF (by various methodologies) was present prior
to the onset of clinically-apparent RA. Also, in a prospective study of initially healthy family
members of patients with RA, Silman et al showed that the presence of RF preceded the onset
of clinically-apparent RA.(11)

Later studies also showed pre-clinical RA positivity for RF, as well as positivity for the highly
RA-specific antibodies to citrullinated protein antigens (ACPAs). Again using a Finnish
biobank, Aho et al demonstrated pre-clinical RA positivity of antikeratin (AKA) and
antiperinuclear factor (APF) antibodies(3, 4), and antifillagrin antibodies (AFA)(6) –
autoantibody targets that based on later findings represented citrullinated antigens.(16) Using
stored blood samples available through the Medical Biobank of Northern Sweden, Rantapaa-
Dahlqvist et al evaluated for elevations of RF isotypes (immunoglobulins[Ig] M, G and A) and
the anti-cyclic citrullinated peptide (anti-CCP) antibody in 98 pre-clinical samples from 83 RA
patients, collected a median of 2.5 years prior to symptomatic disease onset.(7) In this study,
approximately 34% of patients were positive for anti-CCP within 1.5 years prior to diagnosis
of RA, and the prevalence of RF isotype positivity ranged from ~17–34% during this same
period. Additionally, in comparison to controls, a combination of both anti-CCP and any RF
isotype was highly specific (99%) for the future development of classifiable RA. This report
was followed shortly by a similarly-designed retrospective cohort study by Nielen et al that
evaluated pre-clinical RA RF and anti-CCP positivity using pre-RA diagnosis samples stored
in a Dutch blood donor biobank. (8) In this study, 79 RA patients with stored pre-diagnosis
samples were identified, with a median of 13 pre-clinical samples per case. Of these 79 cases,
~28% and ~41% had pre-RA diagnosis elevation of RF (IgM isotype) or anti-CCP,
respectively. RF was positive a median of 2.0 years prior to RA diagnosis (range 0.3 to 10.3
years), and anti-CCP was positive a median of 4.5 years prior to RA diagnosis (range 0.1 to
13.8 years).

Additional studies using stored biobank samples have also demonstrated pre-clinical RA
positivity for autoantibodies. Using stored pre-RA samples from 83 United States’ military
subjects with RA, Majka et al demonstrated pre-RA diagnosis positivity for RF and anti-CCP.
(9) Additionally, they demonstrated that individuals that were older at the time of diagnosis of
RA had longer duration of pre-clinical positivity of autoantibodies – a finding that was
supported by work by Bos et al.(17) Karlson et al utilized the Nurses’ Health Study (NHS)
biobank to demonstrate anti-CCP positivity prior to RA diagnosis, and showed that a lower
cut-off for anti-CCP than the kit suggested was also highly specific for future RA.(18)
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Multiple studies have also evaluated elevations of inflammatory markers prior to diagnosis of
RA, with varying results (Table 1).(19–24) In their Finnish biobank study, Aho et al found no
significant elevation of C-reactive protein (CRP) in pre-RA diagnosis samples, although the
time of sample collection pre-diagnosis was not reported.(25) Using the same Medical Biobank
of Northern Sweden used in the study of pre-RA RF and anti-CCP positivity, Rantapaa-
Dahlqvist et al showed a significant elevation of monocyte chemoattractant protein-1 (MCP-1)
in 92 pre-RA cases versus controls, but not secretory phospholipase A2 (sPLA2), high-
sensitivity CRP (hsCRP) or interleukin(IL)-6.(21) Nielen et al demonstrated, in the Dutch pre-
RA sample cohort described above, that CRP was elevated in the pre-RA period, most
commonly about 2 years prior to diagnosis, regardless of pre-diagnosis autoantibody positivity.
They were unable in this study to demonstrate the chronologic sequence of appearance of CRP
versus autoantibodies.(19) They later additionally demonstrated pre-RA elevation of sPLA2
in this cohort, but were unable to determine whether CRP or sPLA2 preceded autoantibodies
in the pre-clinical period, and they concluded that the temporal development of autoantibodies
and these 2 markers were probably similar.(20) Jorgensen et al utilized samples from a
Norwegian biobank to examine in 49 cases with RA pre-diagnosis elevations of autoantibodies
(RF and anti-CCP) and multiple cytokines.(24) They found that RF and anti-CCP were elevated
in RA cases pre-diagnosis; however, they could not demonstrate any cytokine elevations prior
to 5 years before disease onset, and only TNFα was statistically significantly elevated in cases
(versus controls) during the 5-year period just prior to diagnosis of RA.(24) Using a single pre-
RA diagnosis blood sample from 90 incident RA cases (case status confirmed by chart review)
identified in the Women’s Health Study (WHS), Karlson et al were unable to demonstrate
significant elevations in CRP levels in cases versus controls (with case samples available a
mean of 6.6 years prior to diagnosis), and they were unable to use a single CRP level to predict
future RA.(23) However, in a later study using ~170 RA cases from a combination of the NHS
and WHS cohorts, Karlson et al were able to demonstrate statistically-significant elevations of
soluble tumor necrosis factor receptor II (sTNFRII) prior to RA diagnosis, but not IL-6 or
hsCRP.(22)

The prospective studies by del Puente et al(1) and Silman et al(11) suggest that autoantibodies
are truly elevated prior to the onset of clinically-apparent disease. However, in the studies of
pre-clinical autoantibody and inflammatory marker elevations using stored samples from
biobanks, there were not detailed joint-directed questionnaires or examinations performed at
baseline or over time to ensure that no clinically-apparent arthritis was present at the time of
presumed pre-clinical RA blood collections. As such, it may be that the duration of pre-RA
diagnosis autoantibody positivity is overestimated in the studies utilizing stored biobank
samples as subjects may have had mild or fluctuating inflammatory symptoms long prior to a
confirmed diagnosis of RA.

Also of importance, these pre-RA studies show that not all RA patients have detectable pre-
RA diagnosis autoantibody positivity. Methodologic issues may in part explain these findings.
For example, patients may not have a stored blood sample available for analysis from the
correct time period to demonstrate their pre-diagnosis autoantibody positivity. Also, our current
assays for autoantibodies may not detect the earliest pre-clinical autoantibody specificities -
perhaps an as-of-yet unknown citrullinated antigen is the earliest autoantibody target in pre-
clinical RA? Additionally, not all patients with RA may develop detectable circulating
autoantibodies in the pre-clinical period. For example, some patients may develop circulating
autoantibodies after clinically-apparent disease develops.

Of note, in the Nielen study, while only ~28% of patients with RA were RF positive pre-
diagnosis, ~67% of these same patients were positive for RF by 6 years post-diagnosis,
suggesting that circulating RF develops in some cases after symptomatic onset of RA.(8) All
of these issues will need to be considered in studies of pre-clinical RA going forward.
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The contribution of genetic and environmental factors associated with RA to understanding
pre-clinical development

While the exact etiology of RA is unknown, there are multiple genetic and environmental
factors that have been associated with disease. Estimates of the genetic contribution to RA
have ranged between 30% and 60%.(26, 27) Of the known genetic factors associated with RA,
a DRB1 allele containing the ‘shared epitope’ is the most important genetic factor associated
with RA.(28, 29) Of the HLA alleles, HLA-DRB1*0401 and HLA-DRB1*0404 (within the
HLA-DR4 group) are the most strongly associated with RA, with an approximate relative risk
for RA of almost 4 in Caucasians.(30) Additionally, a number of genes outside the HLA-
DRB1 gene have recently been associated with RA. These include PTPN22, TRAF1/C5,
CTLA4, STAT4, and the list is rapidly growing.(31, 32)

A number of potential environmental factors that could play important roles in modifying either
susceptibility to RA or disease severity have been identified. High levels of coffee consumption
(33), in particular decaffeinated coffee (34), as well as a positive smoking history (30, 35),
exposure to air pollution (36) and environmental exposure to silica-containing dust (37, 38)
are also associated with increased risk for RA. Additionally, infections have been associated
with RA including pathogens such as the Epstein-Barr Virus (EBV), Mycoplasma or Proteus
species.(26, 39–42) Finally, several factors have been identified as possibly protective against
development of RA including a history of successful pregnancy (43, 44), oral contraceptive
pill use (45–47) and higher vitamin D intake(48).

Several studies have examined the association of environmental factors with asymptomatic
RA-related autoantibody positivity. These studies suggest that lack of oral contraceptive use
and a history of heavy smoking are associated with an increased prevalence of RF (49–51),
while 25,hydroxyvitamin D levels are not associated with RF positivity in individuals without
RA (52). Active infection with tuberculosis has also been associated with RF and anti-CCP
positivity in individuals without clinically-apparent synovitis.(53, 54) These studies suggest
that environmental factors affect RA-related autoimmunity, although prospective evaluation
of future risk for RA in these types of autoantibody positive subjects is lacking.

Of recent interest regarding the pathogenesis of RA are interactions between genetic and
environmental factors that may lead to RA-related autoimmunity and disease. For example,
several studies have reported that smoking in individuals with specific HLA alleles is
associated with ACPA-positive RA, suggesting that a gene-environment interaction leads to
RA-related autoimmunity.(55–58)

However, while genetic and environmental factors have been associated with RA, the exact
role that these factors play in the development of RA-related autoimmunity is not yet clear.
Also, it is unclear whether these factors may lead to initial RA related immune dysregulation
or transition from asymptomatic autoimmunity to clinically-apparent RA. Importantly, as
discussed later, prospective study of the early phases of RA development should help to clarify
these issues.

Pre-clinical studies in other autoimmune diseases
In addition to the information about pre-clinical RA available from RA-specific studies, much
about the evolution of autoimmunity can be learned by examining the pre-clinical natural
history of other autoimmune diseases including type 1 diabetes (T1DM) and systemic lupus
erythematosus (SLE). In particular, prospective studies of T1DM have led to the development
of a model of disease evolution that may be of importance to RA.

T1DM results from autoimmune-mediated destruction of the pancreatic beta-cells, and it
affects approximately 1 in 300 children. Numerous studies of T1DM have established that there
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are specific high-risk HLA genotypes that predispose to disease.(59, 60) Moreover, the
autoimmune attack on the pancreatic beta-cells can be detected years before clinical onset of
T1DM via the presence of any of the T1DM-related autoantibodies in the blood including
antibodies to the following antigens: islet cell (ICA), insulin (IAA), protein tyrosine
phosphatase (IA2), and glutamic acid decarboxylase (GAD65).(61, 62)

Prospective studies of T1DM have established that T1DM exhibits several phases during its
development.(62) The first phase is defined as the presence of genetic risk factors that, either
alone or in combination, may predispose to the loss of self tolerance. The second phase is
reached when transformation from the risk state to a state of immunologic autoreactivity
occurs; this second phase of ‘asymptomatic autoimmunity’ is measurable by testing for T1DM-
related biomarkers, but this phase is not yet associated with the presence of clinically apparent
hyperglycemia. This transition from genetic risk to asymptomatic autoimmunity occurs either
because of the introduction of an environmental factor, or perhaps because of the stochastic
nature of the immune response. In T1DM, this pre-clinical autoimmune phase is marked by
initial immune reactivity to only a small number of autoantigens. The third phase of T1DM is
the development of clinically apparent hyperglycemia; this final phase is characterized
immunologically by autoreactivity to numerous antigens and extensive immune-mediated
tissue destruction of islet cells caused by many pro-inflammatory pathways.

The presence of these three phases of diseases in T1DM is well established, as is the value of
prospectively studying children with highly predictive autoantibodies in the pre-clinical phases
of disease for epidemiologic and genetic associations.(59, 63–69) Of importance, due to the
strong association of T1DM with beta-cell (or islet) autoimmunity (IA), defined as the presence
of autoantibodies specific to beta-cell autoantigens, IA has become an alternative endpoint to
clinically-apparent hyperglycemia in T1DM research. Advantages of this approach include the
opportunity to study the pathological process underlying T1DM in a pre-clinical state, and to
verify that a candidate risk factor is not only related to diabetes, but also to the alteration of
immune function preceding clinical onset of disease. Studies using as end points both
autoimmunity and clinically-apparent diabetes have allowed for differentiation of the risk
factors that initiate humoral autoimmunity from those that promote progression from
subclinical autoimmunity to diabetes.(59, 69) Of note, prospective studies using asymptomatic
IA as an outcome measure have identified important findings regarding dietary and other
factors in T1DM including the lack of association of islet-cell autoimmunity with childhood
vaccines(67), and the important relationship of timing of cereal exposure during the first year
of life to the later development of IA(65). These findings have been of importance in terms of
potentially reducing risk for T1DM based on dietary considerations.

The presence of autoantibodies can be also used in the prediction of future T1DM. In first
degree relatives (FDRs) of diabetic individuals, the presence of a single autoantibody on one
occasion has been found to have a sensitivity and specificity of 95% and 99%, respectively,
and a positive predictive value (PPV) of 46% for type 1 diabetes with 5 years of follow-up.
(70) Notably, the number of unique T1DM-related autoantibodies that are positive also predicts
risk for future T1DM. For example, a person who tests positive for multiple autoantibodies is
at a much higher risk of developing T1DM than a person with a single detectable autoantibody.
(71) However, T1DM-related autoantibodies may be transiently positive, and there are not yet
enough longitudinal data to determine if all people that develop autoantibodies will eventually
develop T1DM.(62, 71, 72) Although not 100% predictive of future T1DM development, IA
still serves as a very useful intermediate endpoint when studying the autoimmune disease
process and potential risk factors for T1DM. In terms of RA, given the high specificity of
certain autoantibodies (notably ACPAs) for disease, using autoantibody positivity as a
surrogate endpoint for autoimmunity in pre-clinical RA is likely to be of similar great value.
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Systemic lupus erythematosus (SLE) is a multi-system autoimmune disease of unknown
etiology. Over 98% of SLE patients are positive for antinuclear antibodies (ANA) and many
SLE patients have additional reactivity to specific nuclear antigens including double-stranded
DNA (dsDNA), Smith, ribonuclear proteins, and Ro and La.(73–76) Some of these
autoantibodies are associated with specific clinical manifestations of disease. For example,
autoantibodies to dsDNA are associated with nephritis, and levels of anti-dsDNA antibodies
may fluctuate in conjunction with disease activity.(77, 78) Additionally, anti-Ro antibodies
have also been shown to be associated with specific manifestations of SLE including skin
disease and neutropenia.(74–76) Although these autoantibody systems have been extensively
studied for over 50 years, the initiating events for the development of these autoantibodies or
the actual roles these antibody specificities play in clinical SLE are not known. However, these
SLE-related autoantibodies are present in the serum of lupus patients many years prior to the
first clinical evidence of disease.(79, 80) Furthermore, the spectrum/number of autoantibody
specificities increases up to the time of diagnosis.(81) Importantly, the discovery of pre-clincial
autoantibody positivity and evolution of antibody specificity has led to investigations into
potential etiologic agents such as EBV infection in SLE – investigations that could not be
performed without pre-clinical studies.(82)

Animal models and pre-clinical rheumatoid arthritis
While animal models of arthritis are not an exact match to human disease, they have provided
important insights into the pre-clinical period of arthritis development. In particular,
investigations into the relationships between the MHC Class II dependence of disease, a
requirement in some instances for the specific exposure to citrullinated autoantigen, and the
timing between the evolution of ACPA and clinically apparent arthritis have been helpful in
understanding important factors in pre-clinical arthritis. An early example was provided by
evidence that citrullinated proteins are found in the synovium after immunization with bovine
collagen type II in DBA/1j mice, a strain that is commonly used to study the type II collagen-
induced arthritis (CIA) model of RA.(83) However, in this study no ACPAs were detected. In
a second study of the same model, ACPAs were found to develop before clinically detectable
joint inflammation.(84) In this latter study, two methods were used to show that the ACPAs
are pathogenic: first, treatment of mice with a “tolerogenic” form of a citrullinated peptide
decreased the arthritis disease severity by ~60% and decreased the levels of ACPAs and epitope
spreading to other citrullinated peptides; and second, a mouse monoclonal antibody that
recognized citrullinated peptides,and could be used as a representative example of an ACPA,
was found to greatly amplify joint inflammation. This occurred only following the
administration of low doses of antibodies specific for type II collagen which induced the
generation of citrullinated target antigens, presumably through the actions of macrophages and
neutrophils containing peptidyl arginine deiminase (PAD) enzymes that participated in the
inflammatory response. This second experiment suggested that, in the absence of citrullinated
target antigens, there is no target injury; however, when these antigens are present, such as
during treatment with monoclonal antibodies specific for type II collagen, ACPAs can greatly
amplify inflammation and damage. Recently, additional monoclonal antibodies reactive with
citrullinated type II collagen, with or without cross reactivity to other epitopes, were also found
to amplify the development of arthritis in mice in vivo.(85) In addition, another study in rats
has shown an increased incidence and severity of arthritis when collagen type II is citrullinated
before immunization.(86)

Other animal studies have focused on the relationship between cellular and humoral
autoimmunity to citrullinated antigens and the shared epitope and class II molecules. For
example, immunization with citrullinated vimentin peptide leads to CD4+ T-cell activation and
proliferation in transgenic mice expressing human HLA-DRB1*0401.(87) In addition,
immunization of human HLA DRB1*0401-transgenic C57BL/6 mice with citrullinated human
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fibrinogen, but not native human fibrinogen or either form of mouse fibrinogen, resulted in the
development of arthritis in a substantial proportion of animals.(88) In this setting, a relatively
low level of inflammation was present, but this was accompanied by specific antibody
responses to citrullinated human fibrinogen peptide, as well as T-cell responses to citrullinated
protein. ACPA-positive arthritis was also found to develop in mice that are immunized with
low doses of collagen type II and that have dysregulated MHC expression in the joints owing
to transgenic expression of class II transactivator.(89) And finally, a particularly intriguing
study has recently shown that immunization of a subset of strains of mice with human
fibrinogen alone resulted in destructive arthritis as well as T and B cell reactivity to fibrinogen.
(90) In this study, epitope spreading to citrullinated fibrinogen as well as many synovial
citrullinated and non-citrullinated autoantigens developed. Remarkably, arthritis could be
transferred to naïve mice with either serum or fibrinogen-reactive T cells from immunized
mice.

Part 2. The phases of rheumatoid arthritis development: from genetic risk to
clinically-apparent disease

Based on the above discussion, including the presence of pre-clinical RA-related
autoantibodies and inflammatory markers, the genetic and environmental factors associated
with RA, the models of autoimmune disease development established in prospective studies
of T1DM, and the animal models of disease, it is likely that RA develops three phases, outlined
as follows and in Figure 1a. The initial phase is characterized by genetic risk for RA, during
which no biomarkers of active autoimmunity and inflammation or symptoms are present.
Phase 1 may last for years, and is followed by environmental and additional genetic influences
that lead to a Phase 2 of disease development - asymptomatic autoimmunity – that is
characterized by the presence of RA-related autoantibodies and other immunologic factors
such as T and B cell autoreactivity, and perhaps elevated inflammatory markers. Phase 2 may
be of variable length, perhaps influenced by genetic, environmental or endogenous factors such
as age or gender. As Phases 1 and 2 are asymptomatic, they may collectively be termed ‘pre-
clinical’ RA. Finally, there is a transition from asymptomatic autoimmunity to Phase 3, or
clinically-apparent disease. During this final phase, patients will have symptoms and signs of
active RA, and with numerous autoimmune and inflammatory biomarkers present as well as
clear evidence of end-organ damage.

Of note, while in comparison to T1DM the natural history of RA is much less well understood,
there are several studies that have demonstrated results very consistent this model of disease
development for RA. These include numerous studies associating the presence of high risk
HLA-DR alleles containing the shared epitope with RA(28, 29), and as described above, the
finding of increased levels of autoantibodies in individuals who later develop RA. Additionally,
studies, in patients with established RA, demonstrating altered synovial pathology in clinically
unaffected joints suggest that there may be a period of time that pre-symptomatic joint
inflammation is present during RA development.(91)

Inherent in this model of RA development is that there is a physical location where genetic and
environmental factors interact leading to the initial RA-related immune dysregulation and
break in tolerance. For example, given the strong association of smoking with RA, and in
particular ACPA-positive RA, there is thought that this initial RA-related immune
dysregulation occurs at the mucosal surfaces of the mouth (periodontal surfaces) or lung, with
later spread of RA-related inflammation to the joints resulting in clinically-apparent synovial
disease.(56, 57, 92) This model of mucosal initiation of RA may be true; however, the exact
site of initiation of RA is unknown. We will discuss below how the prospective study of pre-
clinical RA will allow for detailed exploration of possible sites of initiation of RA-related
autoimmunity.
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Part 3. Defining pre-clinical RA and transition into clinically-apparent disease
A key aspect of this 3-phase model of RA development is that there is a transition period from
the ‘pre-clinical’ state (or Phases 1 and 2), where specific disease markers may be present but
there are no symptoms or signs of active inflammatory disease, to a ‘clinical’ period of RA,
when symptoms and signs of active inflammatory disease are present. There may be agreement
that RA-related autoantibody positivity, in the absence of joint symptoms or other organ injury,
in subjects that eventually develop fully-classifiable RA, represents pre-clinical RA; however,
defining this transition from pre-clinical to clinical disease is more difficult – at what point
does clinically-apparent RA begin?

To date, given that the main anatomic site affected by RA is the synovial joint, the criteria for
determining the presence of ‘clinically-apparent’ RA have largely focused on the joints. In the
American College of Rheumatology 1987 Revised Classification Criteria for RA, four of seven
criteria need to be fulfilled for RA to be defined.(93) However, it is important to remember
that these criteria were developed to help standardize research studies in RA, that all of the
disease manifestations that result in criteria fulfillment take time to develop, and that a patient
meeting these criteria may have truly transitioned from pre-clinical to clinical RA years prior
to fulfilling the ACR criteria for RA.(94, 95)

However, in an attempt to investigate early joint disease that may not meet the 1987 Revised
ACR Criteria, there are several investigative groups that have sought to classify inflammatory
arthritis (IA) or undifferentiated arthritis (UA) as a distinct clinical entity. Such classification
allows for the establishment of prospective clinical studies to determine the long-term
outcomes of patients who present with such findings, as well as to identify factors that may
predict evolution to classifiable RA. A major focus of these studies is also to identify
discriminatory factors that may indicate that early aggressive therapy is warranted. The most
commonly utilized criteria for IA/UA are the Norfolk criteria and the Leiden criteria.(96–
100) The Norfolk criteria define IA as ≥2 swollen joints of duration greater than 4 weeks.
(96) In the Leiden criteria, IA/UA is defined as ≥1 joint with inflammatory findings confirmed
by a rheumatologist, with the joint findings not otherwise classifiable (ie gout or pseudogout).
(97) Additionally, together the ACR and the European League Against Rheumatism (EuLAR)
are currently developing revised RA criteria, in part to address the need to link IA to the same
long-term prognostic considerations and need for treatment as are typical for RA as defined
by the earlier ACR criteria.(101)

The Norfolk and Leiden criteria for UA/IA, and the new ACR/EuLAR criteria for RA, may be
more useful than the current ACR RA criteria in identifying patients earlier in the transition
from pre-clinical to clinical RA, and it will be important for studies in pre-clinical RA going
forward to have clearly defined criteria for transition from pre-clinical disease, in order to
understand the evolution of RA, define when in the spectrum of clinical presentations
therapeutic intervention may be necessary, and define a clinical outcome that is a suitable
endpoint for prevention trials.

Part 4. What can we learn by investigating pre-clinical rheumatoid arthritis?
Genetic and environmental interactions in pre-clinical RA

As discussed above, the genetic and environmental influences that lead to the pre-clinical phase
of disease development are likely key features in the development of RA-related autoimmunity.
However, given the observed length of time between the appearance of autoimmunity and
diagnosis of RA, standard case-control study approaches using subjects with established RA
may not optimally allow for the identification of environmental risk factors for RA or at what
point the risk factors influence the development of autoimmunity and disease. For example, as
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mentioned earlier, there is now considerable data that supports that gene-environmental
interactions between smoking and specific HLA alleles are associated with ACPA positivity
in established RA.(35, 55–58, 102, 103) However, investigating the relationship between these
factors in the pre-clinical period would help determine whether HLA alleles, smoking and
ACPA positivity are associated in the absence of synovitis – a finding that would support a
role for smoking as an initial step and perhaps causative step in RA-related autoimmunity.

Additionally, hypotheses regarding the specific anatomic site where the initial RA-related
immune dysregulation may occur can be evaluated in real-time in a prospective study. For
example, there are several studies that hypothesize that RA development is caused by smoking
or other inhaled toxins leading to initial immune dysregulation at the mucosal surfaces of the
lung.(36, 38, 57) However it is unclear whether the lung is the site of RA-related immune
dysregulation or a conduit through which inciting environmental agents enter the body and
then lead to immune dysregulation in the joints directly. Real-time prospective study of subjects
with RA-related autoimmunity, evidenced by autoantibodies (either prevalent or incident) but
no synovitis, would allow for detailed exploration of mucosal surface immune function.
Supporting this approach, in preliminary work we have identified evidence of inflammatory
lung injury including airway and alveolar disease using high-resolution computed tomography
of the lungs of individuals with RA-related autoantibody positivity but without joint symptoms
or findings, suggesting that RA-related inflammation may indeed occur initially in the lung.
(104)

Evaluation of autoantibody and inflammatory marker evolution in the pre-clinical period of
rheumatoid arthritis development

There is a growing body of work that suggests that RA-related autoantibody isotypes, antigen
specificity, and post-translational modification and effector function (such as autoantibody
glycosylation) may be related to disease severity and perhaps evolution from UA to RA.
(105–110) For example, Verpoort et al reported that patients who evolved from UA to RA had
a broader spectrum of ACPA-isotypes compared to those with persistent UA at follow-up.
(109) Additionally, a study by Ioan-Facsinay et al comparing autoantibodies in North American
natives with RA and their healthy FDRs showed ACPA reactivity in both groups (19% in
healthy FDRs versus ~91% in RA cases); however, the fine specificities of ACPAs differed
between RA cases and healthy controls, with reactivity to citrullinated fibrinogen and vimentin
only seen in RA cases.(111) Also in this study, ACPA isotypes were more limited in healthy
FDRs compared to RA cases. As a whole, these finding suggest that APCA isotype evolution
and specificity may be important for disease development. As such, investigating the evolution
of the isotype changes and specificity during the pre-clinical period when the possible
transformations from non-pathogenic to pathogenic states may occur, may lead to key insights
into RA development, and perhaps identification of the ‘original sin’ in RA – ie the initial
autoantigen that leads to RA-related autoimmunity. In regard to this latter point, based on the
work of several groups, ACPA reactivity to citrullinated α-enolase CEP-1 epitope may indicate
that this citrullinated antigen most strongly links exposure to cigarette smoke and HLA risk
alleles in RA.(58) If autoimmunity to this citrullinated antigen could be demonstrated in the
pre-clinical period prior to other autoimmune responses to citrullinated antigens, the argument
that this antigen is the initial one in RA would be compelling. In addition, prospective
evaluation of cytokine/chemokine type (i.e. IL-17, TNFα, or paradigm-specific small molecule
profiles) may allow for identification of key inflammatory processes in RA development that
may help to identify the inciting factors for this disease as well as allow us to specifically target
aspects of the immune system for prevention.
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Predictive models for future rheumatoid arthritis
Several prospective and retrospective studies suggest that autoantibodies or combinations of
genetic factors and autoantibodies indicate high-risk for future RA. In prospective evaluation
(including joint examinations and radiographs of hands and feet approximately every 2 years)
of approximately 2700 Pima and/or Papago Native Americans in Arizona, USA (a population
with a overall prevalence rate of RA of ~5%), followed up to 19 years, del Puente et al
demonstrated increased risk for incident RA in RF-positive (by sheep cell agglutination)
individuals, with the highest risk of 48.3 cases per 1000 person-years seen in those with a titer
of >1:256 at baseline testing.(1) Also in prospective evaluation of 370 FDRs from multicase
RA families followed with periodic joint symptom assessment for a mean of 5 years, Silman
et al found the overall rate for incident RA to be approximately 8 per 1000 person-years, with
a rate of incident RA in subjects that were positive for RF at baseline of 34.8 cases per 1000
person years (calculated from 4 incident cases of RA out of 24 individuals).(11)

Retrospective biobank studies have also estimated risk for future RA, although these results
are more limited due to lack of prospectively collected data. In their Swedish biobank study,
Rantaa-Dahlqvist et al estimated PPVs for future RA of 4% if RF-IgM positive alone, 16% if
anti-CCP positive alone, and 22% if anti-CCP and RF-IgA positive (these PPV calculations
assumed a prevalence of RA in the general population of 1%). Nielen et al estimated a PPV
for onset of classifiable RA within 5 years of 5.9% for subjects that were anti-CCP positive
alone, assuming an incidence rate of RA over 5-years in the general population of 0.001%.
However, this PPV increased to 69.4% if the incidence rate of RA in the population over 5-
years used for calculation was 3.9%. Of note, this higher rate of incident RA (3.9% versus
0.001%) used by Nielen et al in their PPV calculations was estimated from Silman et al’s 1992
study of incident RA in individuals from multicase RA families(11), where a strong family
history of RA (≥2 member with RA) may serve as a possible surrogate for additional genetic
and/or environmental risk for RA.(8) Also, if both RF and anti-CCP were positive, the PPV
for RA diagnosis within 5 years was 100%, regardless of which background incidence of RA
was used for comparison.

Studies that have evaluated risk for future RA have shown that certain genetic factors, notably
HLA alleles containing the ‘shared epitope’, may increase risk for future RA.(112) However,
the ability of genetic factors alone to predict future RA may be limited, in part due to the high
prevalence of these factors in the population - in North American controls, at least one HLA
allele containing the ‘shared epitope’ is present in ~40% of the population, and PTPN22 risk
alleles are present in ~16% of the population.(56) As such, prediction of risk for future RA
will likely best be done using combinations of genetic, environmental and autoantibody factors.

Several studies have already examined the relationship between genetic factors and
autoantibodies in prediction of future RA. Berglin et al, using the Northern Sweden Health and
Disease biobank, performed a nested case-control study to show a strong association between
pre-RA diagnosis anti-CCP positivity and HLA-DRB1*0404 or *0401 alleles and risk for
future RA (Odds ratio 66.8, 95% CI 8.3–539.4).(113) Additionally, using data from the same
Swedish biobank and similar study design, Johansson et al showed a strong association of anti-
CCP positivity and 2 copies of the 1858T variant allele of PTPN22 with future RA (Odds ratio
132.0, 95% CI ~18-2721).(114) Studies are also underway to utilize gene and environment
interactions for prediction of RA, as well as prediction of pre-clinical RA-related autoantibody
positivity as a surrogate outcome for evolving RA (Elizabeth Karlson, personal
communication).

There may be other factors that act separately or in concert with genetic and environmental
factors to influence transition from asymptomatic to symptomatic RA-related autoimmunity.
Majka et al (9) and Bos et al (17) reported in their retrospective cohort analyses that subjects
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with older age at time-of-diagnosis of RA had longer duration of pre-clinical RA-related
autoantibody positivity. These findings may be explained by differences in genetic or
environmental exposures that vary by age, or by age-related immune senescence. Additionally,
these findings suggest that age or other endogenous factors such as gender may have relevance
in predicting future onset of RA in at-risk populations.

Also, prospective studies of cohorts of patients initially with early symptomatic IA/UA have
allowed for investigation of the effects of genetic and other factors in the persistence and
evolution of symptomatic arthritis. Several Dutch studies have shown that factors such as age,
sex, number of swollen joints and autoantibody and CRP status may predict persistent IA at
1-year.(97, 99, 115) Additionally, in separate studies, Feitsma et al and van der Helm-van Mil
showed that the presence of PTPN22 or HLA risk alleles does not significantly increase risk
of transition from UA to RA, but that these genetic risk factors do influence autoantibody
presence (HLA) or level (PTPN22).(116, 117) Finally, several pre-clinical studies including
those using the Swedish, Dutch and NHS biobanks noted an increase in autoantibody titer and/
or inflammatory marker levels in the time period immediately preceding diagnosis.(7, 8, 18,
19, 21, 22) Regarding this latter point, prospective study of biomarker changes may also be of
key interest in understanding the kinetics of pre-clinical RA and in predictive models for
symptomatic disease.

Although these studies are supportive of the ability of predictive models to determine risk for
future RA, it should be noted that estimates of risk for future RA using stored samples from
biobanks are limited because such studies were not truly prospective. Importantly, participants
were not subjected to detailed baseline or follow-up joint examinations, and pre-RA diagnosis
samples were assessed retrospectively in comparison to selected controls after RA had been
diagnosed. For these reasons, the relationship between symptom onset and biomarker positivity
is inexact.

Pre-clinical prevention of rheumatoid arthritis
Several clinical trials have demonstrated that treatment with aggressive therapy in early RA
(that meets 1987 ACR RA criteria), leads to improved clinical outcomes, and perhaps increased
rates of drug-free remission.(118, 119) As such, currently, a major goal for RA treatment is
early identification and treatment of disease.(120) In addition, several investigative groups
have evaluated the efficacy of disease-modifying therapy in individuals who have UA/IA not
yet meeting established ACR criteria for RA. For example, in the Probable Rheumatoid
Arthritis Methotrexate versus Placebo Treatment (PROMPT) trial, in patients with UA of ≤2
years’ duration, methotrexate use delayed progression to RA as defined by the 1987 ACR
criteria, with the most benefit seen in anti-CCP positive subjects.(98) Another small study
investigating abatacept in UA showed a trend towards decreased progression to classifiable
RA.(121) Also, several studies utilizing immunomodulation to prevent progression of T1DM
have been performed, and while T1DM has not yet been prevented, studies have shown that
intervention may lead to decreased insulin usage, and decreased risk for death from
ketoacidosis early in disease.(122) Finally, in SLE, a retrospective study of military patients
with SLE by James et al found that treatment with hydroxychloroquine in early disease led to
decreased progression of 25 SLE-specific autoantibodies as well as clinical findings.(123)
Overall, the results from these studies suggest that intervention in an even earlier period of
RA-related autoimmunity – ie in the pre-clinical period – may lead to prevention of disease.

Unfortunately, there as of yet are no published results of pre-clinical RA prevention trials.
However, interesting data obtained from database studies suggests that certain agents such as
HMG-CoA reductase inhibitors (statins) that may have some benefit in treatment of active RA
may modify future RA risk.(124–126) Jick et al have shown using a national database in the
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United Kingdom (N=313 RA cases and 1252 controls) a decreased risk for incident RA in
patients using statins for hyperlipidemia (OR 0.59, 95% CI 037–0.96).(127)

Ultimately, these findings and further research may lead to pre-clinical pharmacological
immunomodulation to prevent disease. Alternatively, perhaps non-pharmacologic tolerization
(based on murine models of disease) or risk-factor modification in the pre-clinical period may
be used to abrogate clinically-apparent disease – for example, if a person at high-risk for future
RA stopped smoking, this may decrease the risk for developing clinically-apparent arthritis.
However, while prevention of RA is of key importance, implementation of prevention trials
will only be possible after we have first developed models in prospective studies to identify
accurately those at high risk for future RA in a definable and relatively short time period
necessary to conduct such studies.

Part 5. Future research in pre-clinical RA
There are multiple approaches to investigate pre-clinical RA, and these are outlined in Table
2. Ideally, the investigation of pre-clinical RA would take an approach similar to the
Framingham study, which followed a large population over time to investigate causes of
cardiovascular disease using serial measures of biomarkers and clinical outcomes.(128)
However, due to the low prevalence of RA, large-scale population studies at single centers
may be impractical due to the cost of screening and relatively few outcomes of disease. As
such, pre-clinical RA may best be investigated by using research models similar to those used
in studies in T1DM – i.e. using a multi-center approach and prospectively following subjects
that are likely to be at higher risk for RA-related autoimmunity as well as development of
clinically-apparent disease. One example of a population at higher risk for RA is FDRs of RA
probands, as these FDRs may have 5 to 7-fold increased risk for incident RA(11)). In a multi-
center study in the United States, we are currently following prospectively a large cohort of
FDRs of probands with RA (goal N=2100).(129) To date, a substantial proportion (~14%,
N~1200) of these FDRs exhibit RA-related autoantibody positivity.(129) Additionally, in
Canada, El-Gabalawy et al are currently prospectively following a cohort of North American
Natives who are FDRs of probands with RA, and have demonstrated intriguing findings
regarding differences in ACPA isotypes and specificities between RA cases and asympatomatic
FDRs.(111, 130, 131) These will be valuable cohorts to investigate the effects of genetic and
environmental factors on RA-related autoimmunity, as well as to investigate the evolution of
RA-related autoimmunity and inflammation over time. While identification of asymptomatic
individuals with RA-related autoantibody positivity is of interest, these prospective cohort
analyses will also allow for the identification of factors that impact the transition from Phase
1 (genetic risk) to Phase 2 (asymptomatic autoimmunity) – a transition during which the key
early interactions leading to RA-related autoimmunity occur. Examples of RA-related
measures that may be assessed prospectively in pre-clinical study are provided in Figure 1b.

Also, based on the prior success of biobank studies of pre-clinical RA, additional samples from
yet untapped existing biobanks may be evaluated for RA-related biomarkers. However, as these
retrospective cohorts may lack detailed joint evaluations, the ability to investigate the
relationship between immune parameters and symptomatic disease may be limited.

Alternatively, to the prospective or biobank studies discussed above, a large general population
could be screened for RA-related genetic traits or RA-related autoantibody positivity to identify
those at high-risk for disease. From this initial screening, a smaller group of individuals with
high-risk genetic and/or autoantibody markers may be followed over time to evaluate the
evolution of RA-related autoimmunity. For example, in a health-fair screen of approximately
5000 individuals, we have identified approximately 40 anti-CCP positive subjects without
synovitis on examination, and we are now evaluating these subjects prospectively for evolution

Deane et al. Page 12

Rheum Dis Clin North Am. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of RA-related autoimmunity.(132) Such population screening is complicated by cost issues,
and the potential for subjects participating in such screening to have existing symptomatic joint
disease, thereby missing the ‘pre-clinical’ window of disease. However, with appropriate
methodologies, population screening may be a reasonable approach to identify individuals with
asymptomatic RA-related autoimmunity.

Of note, given the growing availability of array technologies, it may be possible to screen large
populations for risk of developing a wide variety of autoimmune diseases. By testing for
multiple autoimmune diseases, this approach might also allow for a more cost-effective way
to identify individuals at risk for RA-related autoimmunity as well as those at risk for other
autoimmune diseases that also exhibit pre-clinical disease-related autoantibodies including
T1DM and SLE mentioned above as well as autoimmune thyroid disease (Graves’ and
Hashimoto’s Thyroiditis), primary biliary cirrhosis, and celiac disease.(133, 134) With regard
to such a strategy, it is important to understand that in aggregate these diseases affect up to
~7% of the population.(133, 134) Also, there are data to support the possibility that risk for
cardiovascular disease (CVD), the leading cause of death in RA patients, may be increased
even in the pre-clinical period of RA.(135) As such, pre-clinical evaluation of RA may not
only identify RA-specific factors, but also lead to a better understanding of CVD risk in RA,
and perhaps CVD prevention.

In addition to the design and implementation of prospective studies to investigate the pre-
clinical period of RA development, several other issues regarding research methodologies in
pre-clinical RA need to be addressed. First, what constitutes positivity for RA-related
autoantibodies? Currently there are multiple methodologies for testing RFs and ACPAs, with
each kit having different cut-offs for positivity resulting in a variety of sensitivities and
specificities. As such, standardized methodologies for testing RFs and ACPAs as well as for
determining what result is considered positive will need to be established in order to
homogenize testing results and development of predictive models for future RA. International
studies in T1DM have already adopted standardized autoantibody testing, and these tests are
performed in a limited number of research laboratories to ensure accuracy and reproducibility
of testing. Second, as discussed above, we will need to define what constitutes ‘pre-clinical’
RA as well as what constitutes transition from asymptomatic RA-related autoimmunity to
clinically-apparent disease. Likely this will need standardized symptom and joint count
assessments, as well as potentially standardized techniques for imaging of the synvovium using
MRI and/or ultrasound, and standardized synovial biopsy techniques and tissue processing.
Also, it may be useful in pre-clinical studies to establish biomarker end-points that could be
employed in prevention trials. Such profiles, which may include autoantibodies and
inflammatory markers, may be used as surrogate outcomes for increased risk for future RA.
For example, if an asymptomatic individual in a prevention trial has RA-related autoantibodies
suggesting high-risk for future RA as well as an elevated CRP suggesting active inflammation,
a decrease of CRP in this individual due to a pharmacologic intervention (in absence of joint
symptoms) may be considered a clinically-appropriate success in prevention of disease. This
approach is aimed at allowing for a more timely assessment of intervention success as joint
symptoms may take years to develop. Of note, in terms of symptoms or examination findings,
swollen joints may not be the first indication of transition from pre-clinical RA to clinical RA,
and perhaps patient-reported measures such as stiffness or pain in absence of detectable
swelling are the first indications of symptomatic RA. Detailed studies of the pre-clinical period,
closely examining joint symptoms, and perhaps investigating asymptomatic organ injury using
synovial biopsy to discover asymptomatic synovitis, or joint or lung imaging to detect
asymptomatic RA-related injury may be necessary to understand truly the evolution from pre-
clinical to clinical RA. Third, what phenotype of RA will be best to investigate? Will it be best
to focus on sero-positive disease as it will be easier to identify pre-clinical sero-positive RA
due to the presence of specific autoantibodies? Given that sero-negative RA may be distinct
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from sero-positive RA in terms of genetic and environmental risk factors, it may be worthwhile
to focus efforts going forward on sero-positive disease.(136) Fourth, to understand the
predictive power of RA-related biomarkers for future disease, relevant control populations for
prospective studies of pre-clinical RA need to be established. This is of particular importance
when considering that several pre-clinical studies in RA have already shown that not all subjects
with RA-related autoantibody positivity, including ACPAs, may develop symptomatic RA.
(4, 15) Finally, standardized approaches for assessing epidemiologic exposures that might
impact RA development will need to be established.

In addition to studies in humans, animal models of autoimmune disease may yield important
insights into pre-clinical autoimmunity. In particular, animal models may be utilized to
understand initial citrullinated protein-specific autoimmunity, or the role of mucosal surfaces
in generation of autoimmunity. Also, animal models may help to identify methods to tolerize
individuals to citrullinated or other antigens important to RA in the pre-clinical period of RA
development, a time period in which non-pharmaceutical, immunomodulatory strategies may
be more effective prior to the extensive epitope spreading that has occurred in RA by the time
clinical symptoms and signs of disease appear. Animal studies may also allow the
determination of whether novel treatments focused on the citrullination process itself may be
beneficial.

Conclusion
Based on multiple studies in RA as well as other autoimmune diseases, RA likely develops in
phases exhibited by genetic risk, asymptomatic autoimmunity and finally clinically-apparent
disease, with transformations between these phases occurring due to combinations of genetic,
environmental and immunologic factors. Investigating the pre-clinical phases of RA
development will provide key insights into the factors that lead to disease, as well as allow for
development of predictive models for disease, and ultimately prevention strategies for RA.
Going forward, studies of pre-clinical RA may utilize bio-repositories, but the most effective
approach will likely be the use of prospective cohort studies, with subjects chosen from
populations at greater risk for RA such as FDRs or twin studies, or those identified with high-
risk markers for RA, either genetic or autoantibody, through community screening. In addition
to design and implementation of such prospective studies, the rheumatology community will
need to define with greater clarity what constitutes the transition from pre-clinical to clinical
RA, as well as standardize autoantibody and inflammatory marker testing. While these latter
tasks are daunting, investigation of pre-clinical RA likely gives us the greatest hope for curing
or preventing this disease.
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Figure 1*. A model of rheumatoid arthritis (RA) development
Figure 1a: Based on RA-studies as well as prospective studies in other autoimmune disease
(type 1 diabetes mellitus), RA may evolve through 3 phases of disease: Phase 1 = genetic risk,
Phase 2 = asymptomatic autoimmunity (identified by presence of autoantibodies) and Phase 3
= clinically-apparent disease. Transition between phases may be caused by interactions
between genetic and environmental factors, and/or changes in immune reactivity. Figure 1b:
RA-related factors that can be measured during the pre-clinical phases of disease
development._ *Figure adapted from Kolfenbach J et al. A prospective approach to
investigating the natural history of preclinical rheumatoid arthritis (RA) using first-
degree relatives of probands with RA. Arthritis Rheum. 2009 Dec 15;61(12):1735-4
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Table 1

Summary of selected studies of pre-clinical rheumatoid arthritis (RA)

Study Study Design Biomarkers assessed Findings Implications for
Prediction of Future RA

del Puente et al
1988 (1)

Prospective; Native Americans,
Southwest United States

RF RF precedes diagnosis of
RA

Increased incidence of RA
in
RF+ individuals. Rates
2.4–48.3 per 1000 person-
years, with highest
rates in those with highest
RF titers at baseline

Silman et al 1992
(11)

Prospective; British; FDRs from
families with ≥2 RA cases

RF RF precedes diagnosis of
RA

Average incidence of RA
8 per 1000 person-years in
FDRs; highest rate
in FDRs with RF+: 34.8
per 1000 person-years

Jonsson et al 1992
(15)

Retrospective; Icelandic; biobank RF (isotypes) RF isotype elevations
precede diagnosis of RA

Not analyzed

Aho et al 1985–
1991 (2,
13, 14)

Retrospective; Finnish; biobank RF (isotypes) RF precedes diagnosis of
RA

Not analyzed

Aho et al 1993,
2000 (4,
6)

Retrospective; Finnish; biobank AKA, AFA, APF (later
studies showed target
antigens likely
citrullinated)

AKA, AFA, APF
precede diagnosis of RA

RA-related antibodies
may be present in subjects
who did not develop
RA in follow-up period

Rantapaa-
Dahlqvist et
al 2003 (7)

Retrospective; Swedish; biobank;
N=83 RA cases

RF, anti-CCP RF, anti-CCP precede
diagnosis of RA; 34%
anti-CCP+ ≤1.5
years prior to RA
diagnosis; RF-isotypes+
in ~17–34% of
cases pre-RA diagnosis

PPV 22%for future RA if
RF-IgA and anti-CCP
positive (estimated
population prevalence of
RA of 1%)

Nielen et al 2004
(8)

Retrospective; Dutch; biobank; N=79
RA cases

RF-IgM, anti-CCP RF-IgM, anti-CCP
precede RA diagnosis;
49% positive for
RF-IgM and/or anti-CCP
pre-RA. RF-IgM+ or
anti-CCP+
median of 2.0 or 4.8
years prior to diagnosis
of RA,
respectively.

PPV up to 100% for RA
diagnosis within 5 years
based on 5-year
incidence rates of 0.001
(general population) or
3.9% (estimated from
high-risk multicase RA
families)

Majka et al 2008
(9)

Retrospective; United States’
Military; biobank; N=83 RA cases

RF, anti-CCP Pre-RA diagnosis: RF+
57% of cases, median 6.0
years; anti-
CCP+ 61% of cases,
median 5.4 years

Increased age-at-
diagnosis of RA
associated with longer
duration of pre-
clinical autoantibody
positivity (replicated by
Bos et al (17))

Rantapaa-
Dahlqvist et
al 2007 (21)

Retrospective; Swedish; biobank MCP-1, IL-6, CRP,
sPLA2

After adjustment, only
MCP-1 elevated prior to
RA diagnosis

Not analyzed

Nielen et al 2004,
2006
(19, 20)

Retrospective; Dutch; biobank RF, anti-CCP, CRP,
sPLA2

CRP and sPLA2
elevations precede RA
diagnosis; CRP ~2
year prior; timing similar
to RF/anti-CCP

Not analyzed

Joregensen et al
2008
(24)

Retrospective; Norwegian; biobank;
N=49 RA cases

RF-IgM, anti-CCP,
multiple cytokines

RF-IgM and/or anti-CCP
precede RA diagnosis by
as much
as 20 years; anti-TNF
elevated <5 years prior to
diagnosis of

Suggests that cytokine
elevation may indicate
symptomatic disease
within 5-years
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Study Study Design Biomarkers assessed Findings Implications for
Prediction of Future RA

RA. EBV and Parvovirus
serologies not different
between
cases and controls

Berglin et al 2004
(113)

Retrospective; Swedish; biobank;
N=59 RA cases

RF, anti-CCP, HLA
DRB1 alleles *0404,
*0401

Anti-CCP+ DRB1*0404
or 0401 high-risk for
future RA (OR ~67)

Johansson et al
2006
(114)

Retrospective; Swedish; biobank;
N=92 RA cases

RF, anti-CCP; PTPN22
(1858T)

Anti-CCP+PTPN22:
100% specific for future
RA, and high-risk
(OR>132)

Abbreviations: RF=rheumatoid factor; FDR=first-degree relative of proband with RA; AKA=anti-keratin antibodies; AFA=anti-filaggrin antibodies;
APF=anti-perinuclear factor antibodies; anti-CCP=anti-cyclic citrullinated peptide antibodies; PPV=positive predictive value; MCP-1=monocyte
chemoattractant protein-1; IL-6=interleukin-6; CRP=C-reactive protein; sPLA2=secretory phospholipase A2; HLA=human leukocyte antigen;
PTPN22=protein phosphatase 22.
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Table 2

Potential methodologies for investigating pre-clinical rheumatoid arthritis

Study Design Examples Strengths Weaknesses

Retrospective case-control
studies using stored
pre-diagnosis samples
(biobanks):

Finnish, Swedish and Dutch biobank
studies(6–8)
United States’ Military/Department
of Defense
Serum Repository(9)
Nurses’ Health Study(18,22)
Women’s Health Study(22)

Biobanks already established and
pre-
clinical samples may be obtained
from
cases with known RA

Decreased ability to determine
future risk for disease; unable to
ascertain exact relationship
between
timing of appearance of RA-
related
biomarkers and symptoms;
limited
samples available.

Prospective studies:
Populations at high-risk for
RA (such as first-
degree relatives of probands
with RA, twin
studies, or populations such
as native
Americans with high
prevalence of disease)

Ongoing:
Holers et al(129): Studies of the
Etiologies of
Rheumatoid Arthritis (SERA):
prospective
evaluation of first-degree relatives of
probands with
RA.
El-Gabalawy et al(111, 130, 131):
North
American Native people in Central
Canada (Cree
and Ojibway) prospectively
followed for evolution
of RA-related autoimmunity.
Background
prevalence of RA in population ~2%.
Prior:
Native American (Pima and Papago)
studies(1)

Real-time evaluation of evolution
of RA-
related autoimmunity to determine
timing
of appearance of biomarkers in
relationship
to environmental exposures and
development of symptomatic
disease;
possibility for detailed assessment
of
mucosal biology in pre-clinical
RA.

Costly in terms of money and
time;
relatively low prevalence of
incident
RA and prevalence of RA-related
autoantibodies limits statistical
power.

Other prospective studies:
Large-scale population
screening to identify
individuals with high-risk
features for RA
including genetic factors and
RA-related
autoantibody positivity.

Health-fair screening in Colorado
identifying anti-
CCP positive asymptomatic
individuals who are
recruited for follow-up.(132)

Potentially identifies subjects at
risk for
‘sporadic RA’(as are most cases in
population); may help to establish
prevalence of RA-related
autoantibodies in
general populations

Expensive, and relatively low
prevalence of RA-related
autoantibodies requires large-
scale
screening to identify at-risk
individuals

Coupling of prospective RA
studies with other
research projects (such as
cardiovascular
disease studies)

Multiple studies are likely available Allows for coupling of research
projects
perhaps resulting in decreased
costs

Costly in terms of money and
effort
to establish screening

Other Approaches:
Animal models of disease

Multiple

Allows for detailed evaluation of
antigen
interactions; may provide for
testing of
methodologies for tolerization

Animal models of arthritis have
substantial differences from
human
disease

Population screening for
multiple autoimmune
diseases

Multiple Multiple autoimmune diseases
may be
studied; array technology for
multiple
autoantibody testing

Expensive; optimal diagnostic
accuracy and reproducibility of
testing would need to be
established
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