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Background & Aims: Rheumatoid arthritis (RA) is a prototypic autoimmune disease
causing inflammatory polyarthritis that affects nearly 1% of the population. RA can lead to
joint destruction and disability along with increased morbidity and mortality. Similar to
other autoimmune diseases, RA has distinct preclinical phases corresponding to genetic
risk, lifestyle risk factors, autoantibody development, and non-specific symptoms prior to
clinical diagnosis. This narrative review will detail observational studies for RA risk and
clinical trials for RA prevention as a roadmap to investigating preclinical autoimmunity that
could be applied to other diseases.

Methods: In this narrative review, we summarized previous and ongoing research studies
investigating RA risk and prevention, categorizing them related to their design and
preclinical phases.

Results: We detailed the following types of studies investigating RA risk and prevention:
retrospective population-based and administrative datasets; prospective studies (case-
control and cohort; some enrolling based on genetics, first-degree relative status, elevated
biomarkers, or early symptoms/arthritis); and randomized clinical trials. These correspond
to all preclinical RA phases (genetic, lifestyle, autoimmunity, early signs/symptoms).
Previous and ongoing randomized controlled trials have enrolled individuals at very
elevated risk for RA based on biomarkers, symptoms, imaging abnormalities, or early
signs/symptoms.

Conclusion:We detailed the rich variety of study designs that is necessary to investigate
distinct preclinical phases of an autoimmune disease such as RA. However, further
progress is needed to fully elucidate the pathogenesis of RA that may ultimately lead to
prevention or delay of disease onset.
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INTRODUCTION

Rheumatoid arthritis (RA) is a prototypic autoimmune disease
characterized by inflammatory polyarthritis, affecting nearly 1%
of the population (1). RA is characterized by painful, swollen
joints that can severely impair physical function and quality of
life and associated with increased mortality (2). About 70% of
patients with RA are women, and peak incidence is between ages
50 and 60 years (1). RA is a clinical diagnosis, but about two-
thirds of patients have elevated anti-citrullinated protein
antibodies (ACPA) or rheumatoid factor (RF) (1).

Numerous genetic, lifestyle, and serologic risk factors have
been identified that predict the future development of RA. Many
patients develop non-specific symptoms prior to the clinical
diagnosis. Some patients may present with undifferentiated
inflammatory arthritis that may not meet research criteria for
RA. Thus, distinct preclinical phases have been proposed leading
up to clinical RA diagnosis (3). These correspond to genetic,
lifestyle, autoimmunity, and early signs/symptoms (Figure 1).
Some of these phases may be amenable to behavioral (4) or
pharmacologic interventions to delay or even prevent the onset
of RA.

In this narrative review, we detail previous and ongoing
research studies that have elucidated the preclinical phases of
RA. Since other immune-mediated inflammatory diseases may
have similar preclinical phases, the experience may serve as a
roadmap to epidemiologic and investigations that lead to
intervention studies for prevention of autoimmune diseases.
GENETIC STUDIES

The interaction of genetic and environmental risk factors
underlies the model for pathogenesis of many autoimmune
diseases, including RA. In this paradigm, individuals
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genetically predisposed to an autoimmune disease are exposed
to environmental risk factors throughout the life course, which
may eventually manifest as clinical disease. Since many
autoimmune diseases are more likely to occur within the same
family, this suggests both shared genetic and environmental
components for autoimmune disease susceptibility. Twin
studies including those for RA (5), have shown that most
autoimmune diseases have moderate to strong hereditability (6).

RA, like most other autoimmune diseases, is a complex,
polygenic diseases, meaning many genetic loci are linked, each
of which usually has only a modest association with a specific
condition. Unlike monogenic diseases, the genetic components
of complex diseases are not usually deterministic. Rather,
complex chronic diseases such as autoimmune diseases alter
the probability of disease development only slightly. For
example, the strongest genetic risk factor for RA is the “shared
epitope” atHLA-DRB1 and is linked to a three-fold increased RA
risk compared to not having any shared epitope allele (7). The
shared epitope was initially linked to RA in the 1970s using the
major histocompatibility complex as a set of candidate genes (8).
More recently, specific amino acid haplotypes have been
implicated as strongly affecting RA risk at peptide-binding
grooves of the HLA-DRb1 protein (9), offering biologic
explanation to the genetic association studies. However, the
shared epitope is relatively common even in the general
population, so the absolute risk of RA is relatively low even
among individuals who do have this genetic factor.

While the shared epitope remains the strongest risk factor, the
era of genome-wide association studies (GWAS) has identified
additional single nucleotide polymorphisms related to RA. Over
100 independent genetic loci are currently associated with risk of
RA, although the risk of any one of these single nucleotide
polymorphisms is modest compared to the shared epitope (10).
Since common genetic factors typically have modest effect size,
very large sample sizes are typically needed to identify these
FIGURE 1 | Schematic illustrating the roadmap to the preclinical phases of rheumatoid arthritis.
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signals (11). Thus, international efforts are needed to collect the
necessary sample size, which can be logistically difficult. Since
germline genetics should not change appreciably, patients with
prevalent RA and population-based controls can be used to
investigate risk factors. Thus, patients can be enrolled after
diagnosis to investigate this time-invariant set of genetic
factors. For many of the other study designs to be detailed
later, either patient recall or enrollment prior to RA diagnosis
is required to investigate preclinical phases of RA. Another
practical advantage of genetic studies is that they are relatively
unconfounded from many factors since they were in place since
conception. Thus, future events such as cigarette smoking should
not affect the genetic risk of RA. However, differences in ancestry
can confound genetic studies as population stratification. Early
studies only investigated a single ancestry, typically European
(12). Modern studies have now moved to trans-ethnic GWAS
both to increase inclusion across marginalized groups and to
identify potentially novel genetic factors (13). RA is a clinically
heterogeneous disease which may make it difficult to identify
genetic signals. Thus, some GWAS focused on seropositive RA as
a more homogeneous phenotype (14). Other genetic studies have
investigated seronegative RA (15), using the genetics to eliminate
signals from masquerading disease such as spondyloarthritis
(known to be strongly related to HLA-B27).

The latest trans-ethnic GWAS included over 275,000
participants across five ancestral populations to identify an
additional 34 novel variants associated with RA (currently in
preprint form) (13). Even larger future studies may identify even
more common variants. Future genetic studies are needed to
integrate rare variants (through whole exome or whole genome
sequencing) with GWAS data. In addition, epigenetic studies
may link either inherited or acquired environmental triggers
with RA risk by gene regulation changes (16). Somatic mutations
have not yet been linked with RA risk, but Clonal Hematopoiesis
of Indeterminate Potential (CHIP) has been associated with
other chronic diseases (17), while VEXAS syndrome was
recently defined as a clinical entity based on a specific somatic
mutation (18).

Both twin studies and GWAS have potential limitations. Twin
studies primarily are limited in their lack of generalizability and
inability disentangle the effects of shared environment and the
gene-environment interactions. Both twin studies and GWAS
can have selection bias, specifically recruitment or volunteer bias
of individuals who are willing to donate biospecimens. This can
lead to disproportionate sample populations, particularly greater
proportions with European ancestry that could affect
generalizability across different ancestries and lead to inequities
in discovery of genetic architecture in marginalized populations.
Focusing on specific populations with high rates of RA may
identify novel genetic factors since RA prevalence varies by
geography (19). For example, North American indigenous
groups have a high rate of RA (20), but sample size large
enough for GWAS has not yet been performed. GWAS in
particular require very large international sample sizes are
needed to detect effects of genetic factors. This can pose
logistical limitations across centers.We now detail specific
Frontiers in Immunology | www.frontiersin.org 3
research programs that have elucidated preclinical RA phases
(Table 1).
RETROSPECTIVE COHORT STUDY:
ROCHESTER EPIDEMIOLOGY PROJECT

The Rochester Epidemiology Project (REP) is a medical record-
linking system for residents of Olmsted County, MN, USA to
perform population-based studies (21). A unique resource for
chronic disease epidemiology, the REP’s enrollment includes
approximately 95% of Olmsted County’s residents who have
allowed their medical record to be used for research (21). As a
result, the REP has accumulated approximately 700,000
participants since its inception in 1966 (22). REP’s linked
medical records from both inpatient and outpatient providers
include a standardized index for diagnoses codes and surgical
interventions (21, 23). These data enable accurate assessments of
disease incidence, risk, causes and outcomes at the population
level, using REP’s databases (21, 23).

Retrospective cohorts to identify trends of RA incidence are
readily available using REP as RA cases and controls can be
sampled from the same population (24). Cases are identified using
the 1987 ACR criteria for RA by medical record review. An
increase in RA prevalence – from 0.62% in 1995 to 0.72% in
2005 – and incidence in women was reported between 1995 and
2007 (24). A population-based incidence cohort of 466 patients
that fulfilled 1987 ACR criteria for RA between 1995 and 2007 was
compared with another 2005 cohort of patients with prevalent RA.
The cause for this increase is unknown, but potentially could be
due to environmental factors (24). Furthermore, retrospective
cohorts for serological status, preclinical risk factors and social
determinants can be assembled and compared to determine
incidence and risk (25). A 2005-2014 cohort showed RF-
negative RA incidence significantly increased and RF-positive
RA decreased compared to previous decades in Olmsted
County. These cohorts were age and sex-adjusted to the white
population in the US, and prevalence rates were estimated (25).
Since REP relies on clinical data, patients diagnosed with RA prior
to the early 2000s only had RF available since ACPA was not
available prior to then. For RA patients diagnosed later, both RF
and ACPA are available (25).

With REP, entire non-RA patient groups in Rochester,
Minnesota and Olmstead County can be followed to determine
preclinical risk for RA. For instance, asthmatics and patients with
proinflammatory conditions were found to not have statistically
increased risk for RA; however, asthmatics showed increased risk
for diabetes mellitus and coronary heart disease (26). Moreover,
environmental and demographic factors like socioeconomic
status (SES) have also been analyzed using REP (27). Residents
of lower SES in Olmsted County were found to have increased
risk of RA than their higher SES counterparts, comparing a
population-based cohort of cases with RA to their controls
without RA from 1988 to 2007 (27). Thus, REP serves as a
unique resource and exemplar for retrospectively assessing
preclinical autoimmunity.
May 2022 | Volume 13 | Article 890996
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RETROSPECTIVE COHORTS: TAIWAN
NATIONAL DATABASES

Taiwan’s National Health Insurance Research Database
(NHIRD) is one of the largest administrative health care
databases in the world, enabling high quality population-based
research to be conducted on a nationwide scale. With 99.99% of
Taiwan’s population enrolled under the National Health
Insurance (NHI) Program, the NHIRD stores Taiwan’s
insurance claims data and specifically for research purposes
(28, 29). All data, since 2000, from both outpatient and
inpatient facilities are included in the database and since 2016,
research-approved datasets are released as either sampling
datasets, disease-specific databases, and full population datasets
Frontiers in Immunology | www.frontiersin.org 4
(28, 29). The NHIRD has thus helped produce numerous
retrospective epidemiological studies identifying environmental
RA risk factors, as well as various patient populations at risk
for RA.

RA cases can be identified in the NHIRD via the Registry of
Catastrophic Illness Patient Database (28, 30). Taiwan is unique
in that its NHI Program classifies RA as a statutory major disease
(28, 30). RA diagnoses are validated by at least two
rheumatologists after review of clinical data and individuals
who fulfill diagnostic criteria get issued a catastrophic illness
certificate that exempts them from healthcare insurance copay
(28, 30). Cases for RA can additionally be verified using ICD
codes or other clinical data like medications. Thus, cases of RA
are generally accurate and can be accessed with ease.
TABLE 1 | Selected observational studies investigating rheumatoid arthritis risk.

Study name Region,
country
Year

initiated

Cohort description Preclinical
RA

phase(s)
studied

RA phenotyping Data elements

Rochester Epidemiology Project (REP) Olmsted
County, MN,
USA
1966

All residents of Olmsted County Overall
incidence

Medical record review meeting 1987
ACR or 2010 ACR/EULAR criteria

Medical records

Nurses’ Health Study (NHS) and
Nurses’ Health II (NHSII)

USA
1976 (NHS)
1989 (NHSII)

Female working nurses at
baseline

Genetics,
lifestyle,
biomarkers

Incident RA after baseline; Self-
report and confirmed to meet either
1987 ACR or 2010 ACR/EULAR
criteria on medical record review

Repeated biennial
surveys, banked blood
and cheek cells prior
to/after RA onset

Etude Epidémiologique auprès des
femmes de la Mutuelle Générale de
l’Education (E3N)/European
Prospective Investigation into Cancer
and Nutrition (EPIC)

France Females aged 40-65 at study
initiation in 1990

Lifestyle Incident RA: self-reported on
surveys, and validated by
medication reimbursement As,
physicians, autoantibody positivity,
or ACR criteria

Surveys, banked
blood/saliva prior to
RA

Taiwan’s National Health Insurance
Research Database (NHIRD)

Taiwan Residents in Taiwan enrolled in
the National Health Insurance
Program

Overall
incidence

Medical record review and diagnosis
by two rheumatologists

Administrative claims
and geocoded data

Studies of the Etiology of RA (SERA) USA
1996

Individuals without RA at who
have risk factors for RA: (1)
Elevated ACPA or RF; or (2) first-
degree relative or presence of
shared epitope

All RA-related autoantibodies, RA
features on joint examination, 1987
and 2010 ACR/EULAR criteria or
diagnosed by a board-certified
rheumatologist

Surveys, physical
exam, blood, sputum,
saliva; substudies with
chest imaging and
spirometry

Evaluation of a SCREENing strategy
for Rheumatoid Arthritis (SCREEN-RA)

Switzerland
2009

First degree relatives and high risk
individuals

All Incident RA after baseline Surveys, blood, stool
sample, dental/plaque
samples

Indigenous North American Family
Studies

Manitoba,
Canada
Alaska, USA
2005

Relatives of Indigenous North
Americans with RA

All Inflammatory arthritis assessed by a
study rheumatologist

Joint examinations,
symptom report
questionnaire, and
antibody testing

Mexican family Studies Guadalajara,
Mexico
2007

First- and second-degree
relatives who do not have RA

Genetics,
biomarkers

Inflammatory arthritis assessed by a
study rheumatologist

Joint examinations,
symptom report
questionnaire, bloods

Colombia FDR Cohort Colombia FDRs of individuals with RA,
healthy controls, individuals
diagnosed with early RA

All 2010 ACR/EULAR criteria or
DMARD use

Surveys, periodontal
exams, questionnaires,
blood sample,
inflammatory marker

Early arthritis clinics Leiden,
Netherlands
Leeds, UK
Birmingham,
UK

Individuals presenting with
arthralgia or undifferentiated
inflammatory arthritis, not meeting
2010 ACR/EULAR criteria for RA

All 2010 ACR/EULAR criteria; DMARD
use; inflammatory arthritis assessed
by a study rheumatologist

Magnetic resonance
imaging, ultrasound,
synovial fluid/tissue,
blood, surveys, other
imaging
May 2022 | Volu
ACPA, anti-citrullinated protein antibodies; ACR, American College of Rheumatology; EULAR, European Alliance of Associations for Rheumatology; FDR, first-degree relative; RA,
rheumatoid arthritis.
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Numerous patient populations have been assessed for RA risk
using the NHIRD. For instance, retrospective cohort studies
suggest that patients with sleep disorders, endometriosis,
Mycoplasma pneumonia, hepatitis C virus infection, multiple
sclerosis, and periodontitis exposure have an increased risk of
RA (31–36). This is a strength of the NHIRD; these patient
populations are also well defined and have strong follow up
within the database. Certain treatments have been found to be
associated with a decrease in RA risk, such as thiazolidinedione use
among patients with type 2 diabetes mellitus, and interferon-based
therapy for patients with hepatitis C virus using the NHIRD (35,
37). Additionally, analyses of NHIRD demographic, and
environmental risk factors have also been assessed such as the
use of insurable monthly income as a measure for socioeconomic
status, as well as other national databases like the Taiwan Air
Quality-Monitoring Database to assess the effect of air pollution
on RA risk (38–40). Taiwan’s NHIRD is, therefore, an immense
asset to identifying determinants of RA and risk.

Retrospective cohort studies are limited by missing data and,
as a result, the inability to fully adjust for potential confounders
or investigate factors not routinely measured. Data used for
retrospective studies are often collected without specific research
questions in mind, for instance, clinical data from electronic
health records. Some administrative data may be inaccurate or be
used to rule out diseases. Therefore, careful attention is needed to
ensure validity of factors being studied. Other missing data, such
as lifestyle factors, may include confounders for the RA risk
factors being studied. Additionally, patient-reported data is
prone to recall bias. This can lead to under- or over-reporting
of RA and other variables.
PROSPECTIVE CASE-CONTROL STUDY:
EPIDEMIOLOGICAL INVESTIGATION OF
RHEUMATOID ARTHRITIS (EIRA)

EIRA is a Swedish population-based prospective case-control study
initiated in 1996 that enrolls newly diagnosed RA patients and
matching each to general population controls based on sex, age, and
location (41). The study population was also restricted to middle
and southern parts of Sweden, allowing investigators to study
geographic variables (41). Participants with RA were identified by
collective recruitment efforts from rheumatology departments
within hospitals, as well as some private rheumatology clinics,
totaling 21 separate recruitment teams (41). Thus, a practical
advantage of EIRA is that RA patients can be enrolled just after
diagnosis, when they are already interacting with the medical
system. However, some of the survey data may be prone to recall
bias and biomarkers may have emerged after clinical diagnosis.

Participants in EIRA respond to standardized questionnaires
about lifestyle factors and environmental exposures (41). Some
of the variables of interest include physical activity, smoking
habits, family, and occupation. Participation from both cases and
controls was successful, 95% and 80% response rate to the
questionaries, respectively (42). Nearly all participating cases
provide a blood sample as well for genetic and biomarker studies.
Frontiers in Immunology | www.frontiersin.org 5
In cases, RA was classified according to the 1987 American
College of Rheumatology (ACR) criteria and confirmed by a
rheumatologist (41). Most rheumatologists in Sweden are
recruiting centers for EIRA. Data are also linked to a national
RA register to identify additional cases that were not identified
through routine clinical care (43).

EIRA was instrumental identify a gene-smoking interaction for
seropositive RA risk, one of the seminal epidemiologic findings in
RA (44). EIRA phenotypes RA cases based on serostatus and
genotyped all cases and controls for the shared epitope (44).
Padyukov et al. reported a strong interaction between smoking
and the shared epitope, which helped build the foundation for the
mucosal paradigm for seropositive RA pathogenesis (44).

EIRA investigators have analyzed many other factors
obtained from surveys for RA risk. For example, oral
contraceptive (OC) use was associated with RA risk among
women (42). Ever and past users of OC had a decreased risk of
ACPA-positive RA when compared to never users (42). Another
EIRA study found that silica exposure was associated with
increased RA risk (45). Occupations often associated with silica
exposure include rock drilling and stone crushing (45). Another
EIRA study showed that vaccinations received within 5 years of
index year were not associated with RA risk (46),.

EIRA is particularly valuable because the study population
has detailed geographic data. This minimizes variability in
environmental surroundings, as factors such as pollution or
physical working environments can be easily compared (47).
Hart et al. found no increase in risk of RA based on particulate
matter pollution in Stockholm, Sweden (47). They did, however,
derive an increase in RA from nitrogen dioxide produced by local
traffic and sulfur dioxide from heating sources, specifically in
ACPA-negative RA (47).

A disadvantage of case-control studies is the reliance on recall
to determine past events preceding the outcome. Since RA cases
are aware they have RA, this may influence how they remember
behaviors. Circulating biomarkers may also be influenced by
treatment factors after RA diagnosis, so there are logistical
challenges in enrolling newly diagnosed RA patients into a
research study prior to the use of any medications. Since
genetics are generally time-fixed, incorporating genetic factors in
studies is not dependent on the timing of RA onset to enrollment.
It can also be logistically challenging to prospectively match each
RA case to healthy controls in a real-time manner, particularly
with many matching factors. A solution may be to over-recruit
controls and then match later, but that comes with resource costs.
Identifying suitable healthy controls can be challenging, either
from healthy volunteer effect or from recruiting patients with
other health conditions that may impact causal inference.
PROSPECTIVE COHORT AND NESTED
CASE-CONTROL STUDIES: NURSES’
HEALTH STUDIES

The Nurses’ Health Study (NHS) and the NHSII are large
prospective cohort studies that have been integral resources
May 2022 | Volume 13 | Article 890996
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used to identify and confirm lifestyle, genetic, and serologic risk
factors for RA. The NHS follows women who were between
the ages of 30-55 and were working as registered nurses in the
United States when enrolled in 1976 (n=121,700) (48). The
NHSII is a similarly designed large nationwide cohort of
working US nurses that were between the ages 25-42 when
enrolled in 1989 (n=116,429). All women receive biennial
surveys gathering data on lifestyle, diseases, medications,
family history, and other data. Repeated measures of food
frequency questionnaires have been obtained in both cohorts.
The NHS and NHSII are characterized by very high follow-up
rates (>90%) (48). Plasma and cheek swabs have been utilized for
RA investigations (49). These detailed data with repeated
measures allow investigators to integrate lifestyle, family
history, genetics, and biomarkers with RA investigations.
Another strength of this cohort is that the participants are
medically sophisticated because of their occupation as nurses,
leading to more accurate reporting and high retention rates. The
biennial surveys are modified and expanded in content at each
cycle to gather data on other factors such as sleep patterns and
physical activity (48). While most of the data are collected using
surveys, teams of investigators also carefully phenotype other
chronic disease outcomes by obtaining medical records to
confirm disease onset (2). The large sample size and lengthy
follow-up also allow for investigations of incident diseases, even
for relatively uncommon diseases such as RA and systemic
lupus erythematosus.

Investigators in the NHS and NHSII identify incident cases of
RA and other systemic rheumatic diseases using a 2-stage
procedure. First, all participants that self-report a new
diagnosis of RA are mailed the Connective Tissue Disease
Screening Questionnaire (CSQ), previously validated to have
high sensitivity for many types of systemic rheumatic diseases
(50). For those who screen positive on the CSQ, medical records
dated near the time of diagnosis are obtained. Two study
rheumatologists independently collect components of the 1987
ACR and 2010 ACR/EULAR criteria to confirm all incident RA
cases (2). Thus, all RA cases have high validity. In addition,
reviewers collect dates of symptom onset and clinical diagnosis
as well as clinical results on rheumatoid factor and anti-cyclic
citrullinated peptide (51).

The NHS and NHSII investigate several preclinical RA phases
using a variety of study designs. For exposure data that were
prospectively collected from the surveys, investigators perform
prospective cohort analyses. An advantage of this dataset is that
data were collected prior to RA onset, reducing the potential for
recall bias. For example, one of the earliest NHS papers linked
breastfeeding with reduced RA risk and irregular menstrual
cycles with increased risk of RA (52). Another paper
confirmed that cigarette smoking was associated with risk of
seropositive RA using data from the NHS (53). More recent
papers have been able to analyze the NHSII once enough
incident RA cases had accrued during follow-up. For example,
long-term healthier diet was associated with reduced RA risk in
data analyzing women who had answered repeated food
frequency questionnaires in the NHS and NHSII (54). A recent
Frontiers in Immunology | www.frontiersin.org 6
updated analysis on smoking and seropositive RA risk identified
sustained smoking cessation as a behavior that may reduce RA
risk (55). Some analyses in the NHS and NHSII incorporate a
latency period (or “lag”) between when exposures are measured
and when RA risk is being assessed to limit the potential for
reverse causation. For example, changes in physical activity and
low mood may immediately precede the formal diagnosis of RA.
In studies on physical activity and depression as risk factors for
RA, investigators in the NHS included a lag of at least 4 and up to
8 years to exclude the time period immediately before RA
diagnosis when these changes may have been due to early,
undiagnosed RA (56, 57). Recent papers have employed the
causal inference methods to adjust for potential confounding and
mediating relationships between variables in the preclinical RA
phases. A study investigating passive smoking and RA risk used
the life course epidemiology approach to study in utero,
childhood, and adult passive smoking while adjusting for the
confounding and mediating effect of personal smoking using
marginal structural models (58). Beyond lifestyle factors,
investigators have used the NHS and NHSII to investigate a
variety of other potential RA risk factors that include diseases
such as asthma and chronic obstructive pulmonary disease,
family history, medication use such as proton pump inhibitors,
and geocoded variables such as ambient air pollution (47,
59–61).

Studies in the NHS and NHSII investigate biomarkers for RA
using genetics and banked blood in nested case-control studies.
For genetic studies, both incident and prevalent RA are included
since germline genetic factors do not change over time. Controls
are also readily available from the same population. The NHS
have contributed data to several large genome-wide association
studies (GWAS) (11, 62). Investigators also constructed genetic
risk scores (GRS) weighted by the effect size estimate of GWAS.
Rather than analyzing many genetic factors, each with small
effect sizes, the RA GRS is able to incorporate the genetic data
into a single variable (63).These scores have been periodically
updated to include newer variants (64, 65). Finally, an RA GRS
incorporated the amino acid haplotype model of the HLA-DRB1
shared epitope to examine gene-smoking interactions,
confirming that smoking interacts with specific amino acid
haplotypes in the peptide-binding groove (66). Therefore, the
NHS has been an important study to identify gene-
environment interactions.

The NHS and NHSII have also been crucial in biomarker
studies for RA risk. These nested case-control studies use blood
banked prior to the onset of RA to identify circulating
biomarkers. For example, investigators found that ACPA
appeared in blood up to 10 years prior to RA onset (51).
Follow-up studies showed that women with asthma were more
likely to have elevated ACPA in pre-RA suggesting that
pulmonary mucosal inflammation may influence RA-related
autoantibody production prior to RA onset (67, 68). Other
biomarkers examined in the NHS and NHSII have included
inflammatory markers, Epstein-Barr virus antibodies,
carotenoids, vitamin D, leukocyte telomere length,
metabolomic profiles, and adipokines (49, 69–75).
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Finally, some studies have incorporated many risk factors to
build prediction models for RA. An initial prediction model that
incorporated RA GRS, lifestyle factors, and gene-environment
interactions had an area under the receiver operating
characteristic curve (AUROC) of up to 0.738 for seropositive
RA (64). A follow-up paper that incorporated an updated RA
GRS had an AUROC of 0.82 for seropositive RA among those
with positive family history (65). A more recent paper used
machine learning methods to select covariates that included
metabolomic factors associated with future RA risk (76). Thus,
the Nurses’ Health Studies have been a rich resource to
investigate RA risk across the spectrum of preclinical phases.
PROSPECTIVE COHORT STUDY:
EPIC-E3N

The Etude Epidémiologique auprès des femmes de la Mutuelle
Générale de l’Education (E3N) is a prospective cohort study
based on nearly 100,000 French women (77). The study was
initiated in 1990 and the participants were aged 40-65 years old
at study start (77). E3N collects information on lifestyle habits
and reproductive factors, as well as general health status
approximately every 2-3 years by collecting questionnaires
(77). E3N is a study nested in the more broad European
Prospective Investigation into Cancer and Nutrition (EPIC)
which is comprised of a larger, and broader European cohort,
recruiting participants from 10 European nations (78). EPIC was
introduced as a means of investigating the most pressing and
prevalent health issues facing women in the 1990s (78). These
included cancer and severe chronic conditions. E3N emerged as
a sub-study investigating lifestyle habits, behaviors, and trends in
women’s health and how they relate to disease outcome and
wellbeing (78). Like other large prospective cohorts, E3N collects
periodic surveys from participants, and blood and saliva samples
from subjects as well (78). This allows for the reinforcement of
findings with both qualitative reports and genetic and biological
findings. The investigators have also been able to link samples
and questionnaires to health data, specifically drug
reimbursement files from the insurance group which covered
all of the study’s participants (78).

E3N has also been used to investigate incident RA (78).
Women self-report new diagnoses of RA, but this was only
accurate for 42% of cases (79). The validity of RA cases from this
cohort increased to between 75.6 to 90.1%, depending on
whether an inflammatory rheumatic disease questionnaire or
medication reimbursement match was made, in addition to the
self-report (79).

The E3N study group has also allowed investigators to
examine additional habits and conditions that may increase or
decrease RA risk using prospectively collected data that is less
prone to recall bias than retrospective studies. Nguyen et al.
found that ever smokers who adhered to the Mediterranean diet
had lower RA risk (80). The E3N cohort has also helped expand
on established environmental risk factors such as smoking (78,
81). For example, passive exposure to smoke in childhood was
Frontiers in Immunology | www.frontiersin.org 7
associated RA risk in non-smokers or ever smokers (81, 82). The
investigation observed RA onset earlier in those exposed to
passive smoking, compared to those without this same
exposure (82).

Prospective cohort studies have some possible limitations.
First, survey data from participants may be subject to recall bias
or inaccuracy. However, in many of these studies, data were
collected prior to clinical onset of RA, limiting potential for recall
bias. Another possible limitation relates to stringency of case
identification methods and loss to follow-up. For example,
relying solely on self-report may lead to over-diagnosis.
Conversely, requiring a high threshold of criteria to identify
true cases may eliminate ambiguous cases and may be
prohibitive to pursue from a cost and effort perspective.
Cohorts with high rates of loss to follow-up may not identify
cases due to loss of contact. Since RA is a relatively rare outcome,
large prospective cohorts are needed to investigate this. Most of
the prospective cohort studies were originally constructed to
investigate other factors (e.g., female reproductive factors), so
may not be the ideal study population for RA and may not have
collected all data elements relevant for RA. It is also crucial to
acknowledge that that causation between an exposure and RA as
an outcome cannot be established with a prospective cohort
study due to the observational nature of the study design.
PROSPECTIVE CASE-CONTROL AND
BIOMARKER STUDIES AMONG FIRST-
DEGREE RELATIVES: STUDIES OF THE
ETIOLOGY OF RA (SERA)

First-degree relatives have been fruitful to investigate since they
are interested in RA prevention due to awareness and also are at
increased risk due to genetics and environmental factors.
Established in 2002 in the United States, the Studies of the
Etiology of RA (SERA) project enrolls and follows at-risk
individuals for RA onset (83). SERA aims to identify the
lifestyle, demographic, environmental, biomarker, and genetic
factors of preclinical RA (83). Participants do not have RA and
are recruited based on their genetic and serological risk (83).
Participants in SERA are either (1) first-degree relatives (FDR) of
RA probands (2), have the shared epitope, or (3) have elevated
RA-related autoantibodies such as ACPA or RF (83). Healthy
controls are also recruited and are confirmed to not have RA or
RA-related autoantibodies (83). Some of these participants are
found through health fair screening that offers ACPA testing to
the general population. Within SERA, a prospective cohort of
FDRs has been assembled to study preclinical RA as FDRs have
uniquely relevant genetic and environmental risk factors for RA.
This cohort’s utility lies both in increasing the yield of identifying
individuals with preclinical RA and in potentially identifying
additional biomarkers (83). Questionnaires, medical history,
interview data, joint count examination by a study physician or
trained nurse, and blood and urine are collected during research
visits for all FDRs (83). Sputum and saliva have also been
collected for some later participants, allowing RA-related
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autoantibodies to be evaluated in the lungs and contributing to
the mucosal paradigm of RA (84–86). For seropositive FDRs,
follow up visits occur annually, whereas for seronegative FDRs,
they are seen every other year (83). Some SERA substudies obtain
other measures such as chest imaging and spirometry (87). FDRs
are also instructed to notify the investigators if they develop any
signs or symptoms of RA diagnosis.

SERA recruits FDRs via their RA probands who must meet ≥4
ACR classification criteria upon medical record review or have a
diagnosis of RA from a board-certified rheumatologist (83). FDRs
and other at-risk subjects are confirmed to not meet the 1987 ACR
or 2010 ACR/EULAR criteria for RA at the time of recruitment
(83). SERA often utilizes RA-related autoantibody positivity as a
surrogate outcome for RA development (83). Physical
examination may reveal features of RA such as joint tenderness
and/or swelling in prototypic joints involved in RA (22, 88).
Additionally, genetic testing for the shared epitope in FDRs are
also performed (83). Incident inflammatory arthritis after baseline
has also been examined, and a subset of these participants have
classifiable RA (89).

Studies from SERA have produced seminal environmental
and genetic risk findings in preclinical RA. Elevation of RA-
related autoantibodies at baseline were strongly associated
with future development of inflammatory arthritis in a
prospective cohort study (89). Erythrocyte membrane-
bound omega-3 fatty acid levels as a marker of dietary
intake were found to be inversely associated with RF-
positivity in SE positive subjects in a nested case-control
study (90). Survey data also showed that SE positive subjects
who took omega-3 supplements at baseline were found to have
lower RF-positivity prevalence in a cross-sectional study (90,
91). For instance, higher odds for inflammatory joint signs,
either prevalent at baseline or incident during follow-up, was
found in smokers compared to non-smokers (92, 93).
Additionally, the effects of air pollution, stress obesity and
oral contraceptive use in RA development have also been
investigated using the SERA dataset in a variety of study
designs (22, 92, 94).

Biomarkers of preclinical RA have been identified as well in
SERA studies, such as increased lipid mediators which are
associated with risk of developing inflammatory arthritis (95).
In addition, autoantibody positivity has been associated with
other markers in the blood such as elevated cytokines/
chemokines in FDRs, illuminating overall circulating
inflammation in at-risk populations (96). A seminal study that
incorporated chest imaging and spirometry was one of the first
studies to show high proportion of autoantibody-positive
participants without RA had airway abnormalities, one of the
first to suggest that RA-related autoantibodies may originate in
pulmonary mucosa and helped to form the foundation of the
“mucosal paradigm” of RA pathogenesis. SERA’s sputum
collection has further expanded identifying RA risk factors to
the lungs (22, 97). Namely, sputum autoantibodies are present in
the absence of seropositivity, elucidating the importance of the
lungs in the development in RA and garnering future
investigation (84, 85).
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PROSPECTIVE COHORT STUDY AMONG
FIRST-DEGREE RELATIVES: SCREEN-RA

This Swiss study also enrolls first-degree relatives and high-risk
individuals for RA risk (98). This population was featured as
these individuals are considered more likely to develop RA due to
likely predisposition to genetic factors associated with RA risk
(98). The cohort, termed SCREEN-RA or Evaluation of a
SCREENing strategy for RA, began in 2009 and followed
initially “healthy, asymptomatic individuals” predisposed to
developing RA due to familial history (98). At baseline, all
individuals were undiagnosed with RA, but were at various
stages of presentation with some attesting to arthralgias, while
others had high autoantibodies without symptoms, and some
who only identified as FDRs without additional risk indicators or
suggestion of early disease onset (98). With the founding of the
study, the team hoped to strategically build a tool, combining
various preclinical RA features, that could forecast a likely RA
diagnosis within 3-5 years of baseline (98).

SCREEN-RA recruitment involved 10 centers across
Switzerland (98). In addition to first degree relatives, the study
team included people with other, previously diagnosed
autoimmune diseases, since certain RA biomarkers are also
notable in other autoimmune diseases. Because the
investigators were interested in broadly addressing preclinical
RA phases, multiple investigational elements were collected at
study start. To address environmental habits and factors,
genetics, and autoimmunity, questionnaires, DNA and RNA,
and serum samples were collected, respectively (98). In a
subpopulation of more “high risk” FDRs, presenting with 2
copies of the notorious shared epitope, elevated autoimmunity
markers at baseline, or undifferentiated arthritis, additional stool
samples were collected, and oral exams were performed to assess
dental microbiota (98). After each FDR or high-risk individual
was enrolled, follow-up questionnaires, built in tandem with
SERA questionnaires to increase reproducibility of results, were
mailed annually to monitor incident case development and track
environmental and lifestyle conditions (98). “High risk”
participants are seen clinically each year and provide a blood
sample during follow up as well (98).

Data from the SCREEN-RA cohort has produced notable
findings that have linked novel factors to specific RA phenotype,
as well as increased likelihood of symptom onset. Of note, Wells
et al. found that the microbial presence of Prevotella copri in the
gut microbiotica was found more often in stool samples from
those with high RA genetic risk (99). Similarly, Alpizar-
Rodriguez et al. found that Prevotella was more often found in
stool samples of RA-FDRs with RA symptoms or autoantibodies
compared to asymptomatic subjects (100). This may suggest that
changes in the composition of the gut microbiota preceding RA
onset may be causal to disease development (99). Additionally,
high risk subjects at study start were subject to periodontal
exams. Blinded examiners searched for evidence of
periodontitis, or shrinking of gums and loosening of teeth
(101). Presence of this dental disease was associated with
seropositivity of ACPA in RA cases, while high risk individuals
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without periodontal disease were more likely to be seronegative
for ACPA in this nest-control sub study of SCREEN-RA (101).
Highly expanded T-cell clones (HEC) were also increased in
concentration as RA diagnosis approached (102). T-cells
communicate with and activate B-cells at the mucosal level, so
this increase of HEC supports the model that a local immune
reaction could spur RA onset (98, 102).
PROSPECTIVE COHORT STUDY AMONG
FIRST-DEGREE RELATIVES: INDIGENOUS
NORTH AMERICAN STUDIES

Researchers at the University of Manitoba have assembled a
cohort of Indigenous North Americans (INA) with RA and their
relatives since 2005 (103). This prospective cohort was recruited
from Cree and Ojibwe populations at urban and rural medical
centers in Manitoba and Saskatchewan, Canada. The relative risk
of RA is estimated to be 2-3 times higher in these INA
populations of Central Canada than other populations (104).
The study population being enriched for RA risk factors such as
genetics, smoking, and socioeconomic factors, the investigators
were able to focus on a population well at risk for developing RA.
Probands had a diagnosis of RA according to the ACR 1987
criteria and both probands and relatives were over the age of 18
and self-identified as Indigenous North Americans (103). A
cohort of controls without RA and with no first-degree
relatives with RA was recruited from the same population (103).

The recruitment of probands; their family members, who were
primarily first-degree relatives (75.5%); and unrelated, unaffected
members of the same relatively homogenous population allowed the
investigators to examine the potential genetic causes of RA,
including the shared epitope (20). The shared epitope is more
common among INAs, which may in part explain a higher
prevalence of ACPA-positive RA. Moreover, familial clustering of
RA is frequent in these populations and the age of RA onset is
younger (105), suggesting a genetic predisposition to RA
development, which may also be influenced by similar
sociodemographics and environmental exposures.

Samples from this cohort of INAs were used to examine
ACPA isotypes (IgA, IgG1, IgG2, IgG3, IgG4, and IgM) in RA
patients and their unaffected family members. Among RA
patients, 91.4% had ACPA antibodies, as did 19.0% of their
healthy relatives and 8.8% of healthy INA controls, much higher
than non-INA populations. The IgM isotype was more common
in RA patients than in their family members, indicating a more
current immune response in those with clinical disease (20). Fine
specificity assays performed on serum obtained at baseline for
IgG ACPA-positive members of this cohort revealed that about
half of RA patients had anti-Sa or anti-citrullinated fibrinogen
antibodies, while the IgG ACPAs of healthy relatives did not
react against either antigen (20). Thus, serologic studies from this
cohort have provided valuable insight into the environmental
exposures contributing to RA onset. Longitudinal serology
studies in this cohort have also been investigated. Participants
who were positive for either ACPA or RF at baseline were
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followed annually, while those who tested negative for both
were followed every three years (106). The stability of
autoantibody titers was assessed over time, and further fine
specificity were performed 10 years later (106). Among those
that progressed to clinical RA, ACPA levels increased in quantity
over time and became increasingly reactive. Recently, a
proteomic signature implicating specific immune pathways was
able to accurately differentiate progressors to RA from
individuals at-risk due to family history or elevated ACPA but
did not progress to RA using longitudinal measures of
prospectively collected data (107).

Physical and joint exams from this cohort provide valuable
insights into RA disease and symptom onset in those genetically
and immunologically at risk for RA. A cross-sectional study
within this cohort included a musculoskeletal symptom
questionnaire, as well as collection of demographic and
cultural data (108). White controls were recruited from the
same geographic area for this substudy for further comparison.
Study rheumatologists or trained study nurses evaluated subjects
for swollen and tender joints. FDRs showed more RA symptoms
in the hand joints than did INA controls, who in turn showed
more hand symptoms than White controls. RA symptoms in
other joints were increased in FDRs, but not in INA controls
compared to White controls (108). A longitudinal study within
this cohort assessed ACPA or RF-positive FDRs at yearly
intervals and ACPA and RF-negative participants every 3
years, assessing for swollen joints at each visit (106). The
clinical follow-up of these patients allowed the investigators to
probe the development of RA symptoms in a population with an
increased likelihood of developing RA.
OTHER PROSPECTIVE COHORT STUDIES
AMONG FIRST-DEGREE RELATIVES

Investigators at the Unidad de Investigacion en Enfermedades
Cronico-Degenerativa in Guadalajara, Mexico, conducted a large
prospective cohort study to investigate the risk and mechanisms
of developing RA in close relatives of RA patients (109). RA
patients and their first- and second-degree blood relatives were
invited to join the longitudinal cohort to evaluate the risk of these
relatives of developing RA. Probands were recruited from
rheumatology clinics at three centers, and two study physicians
confirmed the RA diagnosis by ACR 1987 criteria. Relatives were
healthy individuals older than 15 years without RA or any
rheumatic or chronic disease, which was confirmed by joint
exam. Relatives received follow-up calls every four months for
five years. Participants whose responses on the Community
Oriented Program for Control of Rheumatic Disease
(COPCORD) indicated possible inflammatory arthritis, or
those who requested in-person exams, were evaluated by study
rheumatologists (109). Evaluations included joint exams,
laboratory measures, and radiographic imaging. These were
repeated by the same rheumatologist two weeks later if the first
joint exam found no evidence of inflammatory arthritis, allowing
for greater detection of early disease. Subjects who moved to
May 2022 | Volume 13 | Article 890996

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Kowalski et al. Investigating Preclinical Autoimmunity: Rheumatoid Arthritis
other cities continued participation and were examined by local
rheumatologists if needed. The investigators succeeded in
following 90% of study participants to study completion. They
found that baseline elevated ACPA was strongly associated with
future RA development (109).

The same group has used samples from RA patients and their
relatives in several cross-sectional studies to conduct genetic and
biomarker analyses. In one study, investigators compared
samples from established RA patients, early RA patients, their
ACPA+ and ACPA- relatives, and healthy controls to evaluate
differences in expression of genes in the type I interferon
signature (110). Recruiting at-risk family members with and
without ACPAs, while evaluating early and established RA
separately, allowed the researchers to demonstrate differences
in gene expression across a spectrum of RA risk. Using the same
approach, the group was able to demonstrate differences in TLR7
and TLR9 across these levels of risk and progression (111).
Another study investigated transcriptomics in early RA
patients and their ACPA+ and ACPA- relatives, identifying
candidate biomarkers for RA progression in this genetically at-
risk population (112). A fourth study used levels of TNF and IL-6
as measures of subclinical inflammation in asymptomatic FDRs
of RA patients to investigate the role of the bone biomarkers
Dkk1 and sclerostin in joint damage prior to onset of clinical RA
(113). Using samples from RA patients and their genetically
similar, at-risk relatives allowed investigators to explore the
biological mechanisms of RA onset.

A study in Colombia follows first degree relatives (FDR) of
individuals with RA, matching study subjects 2:1 to healthy
controls from the general population (114). The controls and
FDRs were matched by gender and age (114). Subjects in this
cross-sectional study were 18 years or older (114). This is a
critical study population because the link between genetics, and
RA development have been heavily considered due to the
increased conversion to RA diagnosis among FDRs (115).
Previous studies have estimated the increase in risk of
developing RA to be approximately 4 times higher in FDRs of
people diagnosed with RA than in individuals that are not FDRs
(116). FDRs were defined according to 2012 EULAR
recommendations (117). People with early RA (eRA),
diagnosed within the last 2 years and fulfilling 2010 EULAR
criteria, were also studied in this cohort. These eRA subjects were
additionally taking conventional synthetic drugs.

Investigators utilized this cohort to examine adipokine
association and periodontal disease in individuals diagnosed
with early RA and their FDRs (118). The authors found that
high leptin, presence of Porphyromonas gingivalis, a pathogen
with an enzyme that is able cause citrullination in the
periodontium (118). The pathogen, itself, is not a marker of
periodontitis, however the presence of “antibodies against P.
gingivalis before the onset of RA symptoms are associated with
ACPAs and RA disease activity markers” (118). Swollen joints
were also suggested as potentially relevant identifiers associated
with RA development in FDRs (118). Another study using this
same subject population included 124 FDRs (117). This
investigation examined anti-post-translationally modified
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protein antibodies (AMPA), which are staples of RA (117).
The AMPA examined by the group was the anti-carbamylated
protein antibodies (anti-CarP) (117). The Colombia-based study
found thar anti-CarP antibodies are more often observed in
FDRs than healthy controls (117). It is important, however, the
note that other studies did not find that this AMPA’s presence
added additional risk for developing RA (115).

Family-based studies are limited by the ability to recruit a
large enough sample to enable investigations. However, the
advantage is that family members are familiar with RA so may
be interested in prevention efforts. It is also possible that they
could have large attrition rates after enrollment since most
remain healthy. Thus, longitudinal studies can be challenging,
particularly since the incidence rate of RA is low even among
family history. Many studies use surrogate markers of RA such as
autoantibody measurements or RA traits such as tender or
swollen joints that are on the causal pathway toward RA. As in
other studies, they may be prone to recall bias. However, this may
be less of a threat than case-control studies since included
participants do not have RA at time of enrollment.
BIOBANKS, SECONDARY ANALYSES OF
LARGE TRIALS, AND OTHER STUDIES

Some large biobanks have been particularly to perform research of
circulating markers predicting future RA. One of the earliest studies
in Sweden found that elevated RF and ACPA preceded clinical RA
onset by years and were strongly associated with RA onset and
interact with genetic factors including the shared epitope (119, 120).
The Department of Defense biorepository has also identified the
temporal expansion of inflammatory biomarkers and
autoantibodies prior to clinical RA onset (121–124). The Dutch
Lifelines study was used to investigate RA-related autoantibodies in
individuals without RA (125). The Guangzhou Biobank Cohort
used survey data to identify reproductive factors associated with RA
(126). The UK Biobank has been used to perform Mendelian
randomization studies to identify lifestyle behaviors with RA risk
using genetic markers as instrumental variables (127–129). MyEIRA
is a Malaysian prospective population-based case-control study
enrolling incident RA patients, similarly designed as the Swedish
EIRA study (130). The Swedish Mammography cohort and the
Malmö Preventive Medicine Program have been used to investigate
RA risk using survey and spirometric data (131, 132). The Iowa
Women’s Health Study is another large prospective cohort study
that used survey data to investigate RA risk (133, 134). Nested case-
control study within European Prospective Investigation into
Cancer and Nutrition (EPIC) have also examined biomarkers and
RA risk (135). The Health Improvement Network is a large
population-based study in the United Kingdom that has also been
used to investigate RA risk (136). The Norfolk Arthritis registry has
produced some of the most important case-control studies to
identify RA risk factors (137, 138). Pharmacy claims data have
also been used for pharmacoepidemiologic studies of RA risk (139,
140). Several large placebo-controlled randomized trials, including
the Women’s Health Study (investigating vitamin E and aspirin)
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(141, 142), Women ’s Health Initiative (investigating
postmenopausal hormones) (143), and VITAL trial (investigating
vitamin D and omega-3 fatty acids) (144) have investigated RA risk
as a secondary outcome, the latter suggesting that vitamin D may
have potential protection of incident RA and other autoimmune
diseases. Finally, the Mayo Clinic and Mass General Brigham
Biobanks have been harnessed to analyze electronic health record
(145) and survey data collected prior to RA onset and will use
banked blood for future studies (75, 146–149).
PROSPECTIVE COHORT STUDIES
AMONG THOSE WITH SYMPTOMS OR
UNDIFFERENTIATED ARTHRITIS: EARLY
ARTHRITIS CLINICS

Early Arthritis Clinics are central in their investigational utility
due to the cohorts’ high conversion rates to RA diagnosis and
because of the unique data collected. European Early Arthritis
Clinics have been established in Leeds and Birmingham in the
United Kingdom and Leiden in the Netherlands, respectively,
enroll patients with early arthralgias and undifferentiated
arthritis with high potential to evolve into RA (150). Initially,
beyond the immense potential for research into the early disease
progression, EACs were established to treat patients in the period
prior to irreversible, destructive damage to the joints that is often
associated with established RA (150). Another particularly
outstanding component of these clinics is their short referral to
assessment timeline, which aims to be converted within 2 weeks
(150). Patients at EACs are referred by their general practitioners
to the clinics in a streamlined manner (150). “Ideal” referrals
would display inflammatory arthritis features but not yet meet
clinical criteria for RA (150). Referring providers may be asked to
submit details including familial history, NSAID response, and
joints effected to correctly funnel patients and preserve effective
and efficient treatment once admitted to the EAC (150). EACs
may employ physicians, trainees, occupational therapists, nurses,
and other healthcare providers to contribute more holistically to
caring for, educating, and diagnosing the patient (150). EAC
inclusion criteria differs among sites but is predominantly
symptom driven. The Leiden clinic integrates patients with less
than 2 years of symptoms and with evident arthritis upon
physical exam (151). The Leeds clinic narrowed their criteria
to limit enrollment to patients with symptom duration under
1 year.

EACs collected patient data on turnover from pre-RA cohort
induction to RA development within 1 year. Leiden and Leeds
reported rates of 31% and 15%, respectively, which demonstrates
that patients and providers accurately identified early RA
symptoms (151). EACs consent patients at induction into the
clinics and collect quantitative and qualitative measures
periodically. These procedures and study measures include
reproducible methods such as DAS, HAQ, and RAQoL (150).
Subjects also report on symptoms, demographics, and medical
history (150). Blood samples are collected to measure
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inflammatory markers and genetics, while imaging, including
ultrasound (US) and magnetic resonance imaging (MRI) tools
are used to demonstrate evidence of erosion and bony changes
(150). Innovatively, samples of synovial fluid from swollen joints
have also been collected. Many of these data points, including
imaging and synovial fluid are unique to these EAC cohorts and
can thus contribute to novel methods of predicting and
potentially influencing preclinical RA prevention measures.

Previously completed studies suggesting a correlation
between early RA and Vitamin D deficiency were reexamined
using data from the Birmingham Early Arthritis Clinic Cohort
(BEACON) (152). Using samples from 790 patients enrolled in
the cohort, the authors, including Karim Raza and Andrew Filer,
the primary investigators of the BEACON cohort, found no clear
relationships between early RA and 25OHD, or low serum 25-
ydroxyvitamin D) (152). By using synovial fluid, Raza and his
team recognized that the make-up of joint fluid in early RA
patients was distinct from that of other inflammatory diseases
(153). This RA joint fluid profile, including CXCL4 and CXCL7,
appeared approximately 3 months into symptom onset, but was
not present in established RA fluid profiles (153).

The Leiden Early Arthritis Clinic performed 589 hand and
foot MRIs in their study cohort between August 2010 and
October 2014 (154). These included pat ients with
undifferentiated arthritis (UA), established RA, and yet others
have other forms of arthritis (154). This group’s MRIs were
compared to a group of 193 symptom-free volunteers who
established the “norm” for the MRIs (154). Within subgroups
of UA, MRIs were most predictive of progression to RA in those
with oligoarthritic disease (effecting 2-4 joints) compared to
monoarthritis (1 joint) and polyarthritis (effecting 5 or more
joints) (154). Another conclusion was that if inflammation was
not detected on the MRI, then progression to RA was highly
unlikely (154).

Early arthritis clinic studies are limited by the infrastructure
needed to efficiently identify patients early in their disease
course and enroll into research studies. Early arthritis clinics
are uncommon in North America likely due to relative
fragmented care here compared to those in Europe where
patients with early arthritis are funneled to the same
academic center. Success of early arthritis clinic often
depends on providers other than rheumatologists to identify
patients quickly and appropriately refer to rheumatology. Early
arthritis may present ambiguously so there is potential for over-
diagnosis if all patients with hand or foot arthralgias are
referred. Thus, close communication and education between
rheumatology and other providers is needed. Providers need to
feel invested in the research topic to develop this expertise.
Point of care ultrasound in primary care may be helpful to
identify the patients most at risk of progressing to RA. Finally,
the timeline of when a patient with very early arthritis becomes
RA can be difficult to discern, and research definitions have
evolved. Thus, some patients deemed as “at risk of RA” may
actually have RA at baseline. Careful attention to the current
research guidelines and accurate data collection is essential to
classify patients correctly.
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CLINICAL TRIALS

Clinical trials crucially serve to assess lifestyle changes and
identify preventative medications in populations at-risk for RA
(Table 2). For preclinical RA, clinical trials have been
conducted using health education tools, glucocorticoids,
disease-modifying antirheumatic drugs (DMARDs), and
atorvastatin (3). Pharmaceutical randomized controlled trials
for RA prevention generally recruit at-risk individuals based on
autoantibody positivity and arthralgias/early inflammatory
arthritis in the joints. Clinical trials can collect surveys,
biospecimens, physical exam and joint count data, disease
activity assessments, and imaging results, which inform RA
diagnoses made using ACR/EULAR criteria. However, trials
that utilized the 1987 ACR/EULAR criteria may have enrolled
participants already with RA according to the 2010 criteria,
affecting previously reported results (155). Nonetheless, clinical
trials contribute immensely to our understanding of RA
pathogenesis and inform clinical treatments and practices.
Here, we provide an overview of different clinical for RA
prevention. We first discuss a behavioral intervention among
FDRs. We then discuss completed trials in the order they were
completed. We then detail some ongoing trials that do not yet
have results.

The Personalized Risk Estimator for RA (PRE-RA) Family
study was a prospective, randomized controlled trial that
assessed willingness to change behaviors after an RA risk
education intervention. RA FDRs were randomized to one of
three education arms where the PRE-RA arm and the PRE-RA
Plus arm received personalized RA risk educations via a web-
based tool or a one-on-one session with a health educator,
respectively (156). The Comparison arm received a standard
RA education. Participants’ RA risk was calculated and assessed
based on participants’ demographic, genetic, and biomarker
data, as well as their RA-related behaviors (smoking, obesity,
dental health, and diet and supplement intake) (156).
Participants’ willingness to change RA related behaviors was
evaluated over 1 year (156). Willingness to change was most
apparent among the PRE-RA arm which utilized the web-based
education tool, and for both the PRE-RA and PRE-RA plus
arms, concern for developing RA significantly decreased
compared to that of the Comparison group (157, 158). Thus,
the PRA-RA trial found that personalized RA-risk education
increases willingness to modify RA-related behaviors,
ultimately RA risk, as well as provides reassurance for
individuals at-risk for RA (157, 158). The PRE-RA Family
Study serves as a proof-of-concept that an educational
intervention may modify RA risk-related behaviors that could
lead to lower RA risk.

Several multi-center, randomized, double-blind placebo-
controlled trials have been conducted to evaluate the efficacy
and appropriateness of glucocorticoids for preventing RA. These
trials include the Stop Arthritis Very Early (SAVE) trial for
methylprednisolone, the Steroids In Very Early Arthritis
(STIVEA) trial for methylprednisolone acetate, and the
Dexamethasone in seropositive arthralgias trial (159, 160).
Frontiers in Immunology | www.frontiersin.org 12
SAVE was a multi-national trial that recruited individuals with
inflammatory arthritis of at least one joint for <16 weeks
duration and were randomized to receive a single injection of
methylprednisolone or placebo, intramuscularly (160). Data
elements collected include 66/68 joint counts, visual analogue
scales (VAS) of patient-reported joint pain and global disease
activity, and biospecimens. No significant difference in remission
between the groups was found (160). STIVEA was a British trial
that examined the effects of intramuscular (IM) injections of
glucocorticoids in participants with early inflammatory
polyarthritis (IP) (159). In contrast to SAVE, participants must
have had IP of 4-10 weeks with tenderness and soft tissue
swelling in two or more joints (159). Additionally, at least one
of the joints must have been the wrist, metacarpophalangeal or
proximal interphalangeal joint (159). STIVEA participants were
randomized to receive three weekly injections of either
methylprednisolone acetate or placebo (159). Moreover,
STIVEA’s primary outcome, the need to start DMARDs within
the 6 months following the first injection, was met (159). The
placebo group was more likely to need DMARDS at 6 months
than the glucocorticoid group (159). The authors thus conclude
that STIVEA ’s intervention (a 3-week course of IM
methylprednisolone acetate) prevents approximately one in 10
patients from progressing into RA within the following 12
months (159). However, differences in disease activity
measures, joint damage and clinical diagnoses for RA did not
differ between groups (159). These secondary findings in line
with those of SAVE. Bos et al. conducted another trial on
glucocorticoid efficacy in early RA (161). This Dutch trial
randomized participants to receive either IM injections of
dexamethasone or placebo (161). The primary outcome of this
trial was a 50% decrease in autoantibody levels or eventual
normalization at 6 months in ACPA-negative and/or IgM-RF-
positive participants with arthralgias (161). A significant
decrease in antibody levels was observed among the
dexamethasone group; however, no participants became
seronegative (161). Additionally, a greater percentage in the
dexamethasone group actually progressed to developing IA
than the placebo group, and 3 subjects in each arm progressed
according to the 1987 ACR/EULAR criteria (161).

Methotrexate has been investigated in several preventative
RA clinical trials (155, 162–164). The Probable Rheumatoid
Arthritis: Methotrexate versus Placebo Treatment (PROMPT)
trial in the Netherlands followed participants with
undifferentiated IA, randomized into either a methotrexate
arm or placebo arm (162). The primary outcome, RA diagnosis
meeting 1987 ACR criteria, did not differ between arms (162).
This could have been affected by participants already having RA
using 2010 ACR/EULAR criteria. Despite this, an exploratory
subgroup of ACPA positive participants benefited from
methotrexate more than those receiving placebo (155). Thus,
PROMPT’s results suggest that methotrexate may be a strong
treatment option for individuals with early RA who are ACPA
positive (155, 162). Methotrexate was also used in the multi-
national trial, the Definitive Intervention in New Onset
Rheumatoid Arthritis (DINORA) study (164). DINORA’s key
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TABLE 2 | Selected clinical trials investigating rheumatoid arthritis prevention.

Study name Region,
country/
Year

initiated

Main eligibility criteria Intervention arm Control
arm

Primary
outcome

Notes

Stop Arthritis Very Early (SAVE) Europe,
Mexico,
Japan,
Austria

Individuals with IA of <16 weeks
duration

Methylprednisolone
120 mg IM x1

Placebo Drug-free
clinical
remission at
both weeks
12 and 52

No difference in
primary outcome

Steroids in Very Early Arthritis (STIVEA) UK
2002

Individuals with IP of 4-10 weeks
duration, ACR1958 criteria for
probable RA

Methylprednisolone
80mg IM every
week x3

Placebo DMARD
initiation by 6
months

Statistically lower
DMARD initiation in
methylprednisolone
group

Dexamethasone in Seropositive
Arthralgias

Netherlands
2004

Individuals with ACPA- and/or RF-
positivity with arthralgia and
presence of shared epitope

Dexamethasone
100 mg IM at
baseline and 6
weeks

Placebo 50% reduced
antibody or
normalization
at 6 months

No difference in
primary outcome;
dexamethasone group
had decreased
antibody levels

Probable Rheumatoid Arthritis:
Methotrexate versus Placebo
Treatment (PROMPT)

Netherlands
2001

Symptoms of arthritis < 2 years
duration, undifferentiated arthritis
diagnosed using ACR 1958 criteria
for probable RA

Methotrexate
titrated to maximum
of 30 mg PO
weekly

Placebo RA by 1987
ACR criteria

No difference in
primary outcome;
subgroup of ACPA+
with reduced RA risk

Treat Early Arthralgia to Reverse or
Limit the Exacerbation of RA (TREAT
EARLIER)

Netherlands
2014

Clinically suspect arthralgia with
onset <1 year, subclinical
inflammation of hand or foot joints at
1.5 T MRI

Methylprednisolone
120 mg IM then
methotrexate
titrated to maximum
of 25 mg weekly

Placebo RA by 2010
ACR/EULAR
criteria

Ongoing

Definitive Intervention in New Onset
Rheumatoid Arthritis (DINORA)

Austria
2007

Symptom duration of 2- 12 weeks,
synovial swelling present in 2+ joints
(at least joint must have been a
metacarpophalangeal, proximal
interphalangeal, or
metatarsophalangeal joint)

Infliximab +
methotrexate
combination
Methotrexate
monotherapy

Placebo Clinical
remission
after 1 year

Higher proportion in
intervention groups
than placebo group

Abatacept study to Determine the
effectiveness in preventing the
development of rheumatoid arthritis in
patients with Undifferentiated
inflammatory arthritis and to evaluate
Safety and Tolerability
(ADJUST)

North
America,
Europe,
South
America
2004

ACPA-positive patients with UA (not
fulfilling the ACR criteria for RA) and
synovitis of two or more joints

Abatacept Placebo RA by 1987
ACR criteria

Primary outcome not
met; suggestion of
delay in progression to
RA in abatacept group

Abatacept Reversing Subclinical
Inflammation by MRI in ACPA-positive
Arthralgia (ARIAA)

Germany,
Czech
Republic,
Spain
2014

ACPA positive, MRI signs of
inflammation

Abatacept Placebo Improvement
in at least
one of the
MRI
inflammation
parameters

Preliminary results
favor abatacept group
(peer review
publication pending)

Arthritis Prevention in the Preclinical
Phase of RA with Abatacept
(APIPPRA)

United
Kingdom
2018

Individuals with arthralgias, RF and
ACPA positivity, or arthralgias with
ACPA positive >3x ULN

Abatacept Placebo RA by 2010
ACR/EULAR
criteria

Ongoing

Prevention of Clinically Manifest
Rheumatoid Arthritis by B cell Directed
therapy in the earliest phase of the
disease
(PRAIRI)

Netherlands
2010

Individuals with ACPA and RF
positivity with arthralgias, never used
DMARDs, no IA

Rituximab +
Solumedrol

Placebo +
Solumedrol

Inflammatory
arthritis

No difference in
primary outcome;
secondary analysis
suggested delay in
inflammatory arthritis
for rituximab group

Statins to Prevent Rheumatoid Arthritis
(STAPRA)

Netherlands
2015

Individuals with arthralgia, ACPA
positivity >3x ULN or ACPA and RF,
without arthritis

Atorvastatin Placebo Clinical
arthritis

No difference in
primary outcome

Strategy to Prevent the Onset of
Clinically-Apparent Rheumatoid
Arthritis (StopRA)

USA
2016

ACPA >2x ULN, no IA, never used
DMARDs

Hydroxychloroquine Placebo RA by 2010
ACR/EULAR
criteria

Ongoing
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finding was that treating early RA with infliximab in addition to
methotrexate can lead to sustained remission when compared to
a placebo group (164). Moreover, the ongoing Treat Early
Arthralgia to Reverse or Limit the Exacerbation of RA (TREAT
EARLIER) trial based in the Netherlands continues to evaluate
methotrexate’s potential as a preventative pharmaceutical (163).

Biologic DMARDs, such as abatacept and rituximab, have
been used in several preventative clinical trials. The UK trial,
Abatacept Study to Determine the Effectiveness in Preventing
the Development of Rheumatoid Arthritis in Patients with
Undifferentiated inflammatory Arthritis (ADJUST) study
enrolled ACPA positive, individuals with UA to receive 8
intravenous (IV) injections of abatacept or placebo for 6
months with two years of follow up (165). Using the 1987
ACR criteria, the abatacept group progressed to RA
insignificantly less than the placebo group; however, the
authors found a decrease in ACPA positivity and inhibition
of erosive development (165). Similarly, the ongoing Arthritis
Prevention in the Preclinical Phase of RA with Abatacept
(APIPPRA) trial is another UK study which enrolled ACPA-
positive individuals with arthralgias and is evaluating the
effectiveness of subcutaneous abatacept in RA prevention
(166). Abatacept was found to significantly improve
subclinical arthritis in high RA-risk individuals in the
Abatacept Reversing Subclinical Inflammation as Measured
by MRI in ACPA-positive arthralgia (ARIAA) trial based in
Europe. The primary endpoint was met with participants in the
abatacept group improving in MRI parameters compared to the
placebo group. The Prevention of Clinically Manifest
Rheumatoid Arthritis by B cell Directed Therapy (PRAIRI)
study in the Netherlands evaluated the efficacy of rituximab in
ACPA-posit ive part ic ipants with arthralgias (167).
Participants were randomized into a single infusion of
rituximab and methylprednisolone arm or a placebo and
methylprednisolone arm (167). There was no significant
difference between arms in time to developing IA, the
primary outcome. The authors argue; however, that rituximab
delayed arthritis development as the timepoints for when 25%
of all participants developed arthritis was 12 months for the
placebo group, and 24 months for the rituximab group (167).

Other pharmacologic randomized controlled trials have used
atorvastatin and Hydroxychloroquine. Atorvastatin was used in
the Statins to Prevent Rheumatoid Arthritis (STAPRA) trial in
the Netherlands which ended prematurely due to low
recruitment. The primary endpoint was clinical arthritis, and
no significant findings were made. In the United States, the
multi-site Strategy to Prevent the Onset of Clinically-apparent
Rheumatoid Arthritis (StopRA) trial is ongoing. ACPA-positive
participants, without IA, who have never used DMARDs, are
randomized to receive either HCQ or placebo for 1 year and are
monitored for 2 years for follow up. HCQ was previously found
to reduce risk in individuals with palindromic rheumatism in a
retrospective cohort study (168).

The main disadvantage of clinical trials is cost and time. Due
to the large financial and time commitment, care is needed at all
stages to ensure that the trial will reach a definitive conclusion to
Frontiers in Immunology | www.frontiersin.org 14
the research question. Strict eligibility criteria may make it
difficult to meet recruitment goals. Conversely, loose eligibility
criteria may dilute the ability to find a true effect and lower the
outcome rate that could also be a threat to validity. Study design
considerations such as choice, dose, and duration of study drug
and the appropriate control group are essential. There is also a
balance between the depth of data collected and the time
commitment for the participant. Protocols with lengthy study
visits and frequent follow-up may be prone to missing data and
loss to follow-up. This also could impose selection bias if only
enthusiastic and health literate individuals agree to participate.
Efforts should be made to include marginalized populations into
research studies.
CONCLUSIONS

We detailed the rich variety of study designs that is necessary
to investigate distinct preclinical phases of an autoimmune
disease such as RA. These studies have formed a
complementary approach using epidemiologic and patient-
oriented study designs. This has led to several intervention
studies, some of which have been successful at delaying the
onset of RA. However, further progress is needed to fully
elucidate the pathogenesis of RA that may ultimately lead to
prevention or delay. Many of the phases have indistinct
transition points that may not apply to all individuals. This
may also be related to underlying heterogeneity of phenotypes
within a disease. The European Alliance of Associations for
Rheumatology recently published their points to consider
related to conducting clinical trials and observational studies
in individuals at risk of RA to establish best practices and
standardize nomenclature (169). This and other similar
initiatives may lead to more consistent recruitment and data
collection methods that may allow for more collaborative and
definitive studies with larger sample size. Also, the global
interest in RA prevention may lead to larger, international
trials to allow for sufficient sample size to identify and
implement behavioral and pharmacologic interventions for
RA prevention. Overall, epidemiologic and biomarker
approaches should be integrated with genetic risk factors to
understand etiologies of complex autoimmune diseases such
as RA. These lessons can be applied to other immune-
mediated inflammatory diseases that ar ise from a
similar paradigm.
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