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Abstract | Established and emerging data demonstrate that a ‘preclinical’ period of disease precedes 
the onset of clinical rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), as well as other 
autoimmune rheumatic diseases (ARDs).This preclinical stage of development of disease is characterized 
by abnormalities in disease-related biomarkers before the onset of the clinically apparent signs and 
symptoms. Numerous genetic and environmental risk factors for ARDs have also been identified, and many 
of these factors are likely to act before the clinical appearance of tissue injury to initiate and/or propagate 
autoimmunity and autoimmune disease. Thus, biomarkers representative of these autoimmune processes 
could potentially be used in conjunction with other clinical parameters during the preclinical period of ARDs to 
predict the future development of clinically apparent disease. This Review focuses on the preclinical stages 
of RA and SLE, as our current understanding of these diseases can be used to present an overall model of 
the development of ARDs that might ultimately be used to develop screening programmes and preventive 
strategies. Important considerations for the future development of such approaches, in particular, the issues 
that require additional research and how they might be addressed, are also discussed.
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Introduction 
Autoimmune rheumatic diseases (ARDs) encompass a 
wide variety of illnesses in which innate and adaptive 
immune responses lead to autoimmune-mediated tissue 
damage. In total, ARDs affect approximately 5% of the 
population and result in substantial morbidity, increased 
mortality and high financial costs.1–5 As such, measures 
to prevent ARDs would lead to marked improvements 
in public health.

Increasing evidence suggest that many ARDs, in par-
ticular, rheumatoid arthritis (RA) and systemic lupus 
erythematosus (SLE)—the ARDs for which the natural 
history in humans is best understood—have a ‘pre
clinical’ period of development (Figure 1; Table 1).6–13 
During this preclinical stage of disease, genetic and 
environmental risk factors interact, probably sequen-
tially, to initiate and propagate the development of 
autoimmunity, ultimately culminating in detectable 
tissue inflammation and injury. Furthermore, disease-
related biomarkers, particularly autoantibodies, develop 
and evolve, initially in the absence of clinical signs and 
symptoms of tissue injury.13 These findings suggest that 
combined analysis of such biomarkers and other risk 
factors in asymptomatic (or minimally symptomatic) 
individuals could identify individuals at high risk of 
future rheumatic disease, which might ultimately enable 
early therapeutic intervention to prevent progression 

of disease to a clinically meaningful state. Herein, we 
describe an overall model of ARD development based on 
the extensive data that are available on preclinical disease 
in RA and SLE. We also highlight certain features of pre-
clinical disease development and, potentially, prevention 
that could, with further study, be applied to a broad range 
of ARDs that have preclinical stage.

Defining preclinical rheumatic disease
An overall model of the development of ARDs is pre-
sented in Figure 1. In this model, and throughout this 
manuscript, the term ‘preclinical’ is defined as a period of 
detectable autoimmunity and/or inflammation predating 
the onset of clinically apparent tissue inflammation and 
injury. Currently, the definition of ‘clinically apparent’ 
is primarily based on widely used clinical parameters 
that can clearly be identified and attributed to an ARD, 
such as signs and symptoms of synovitis in the case of 
RA, and injury of the kidneys, skin, nervous system and 
haematological system in SLE. Indeed, classification 
systems incorporating such clinical parameters have 
been developed for many rheumatic diseases; however, 
these classification schemes might change over time as 
new developments, particularly regarding biomarkers 
and imaging modalities, enable the routine detection of 
earlier clinical stages of disease.

In fact, efforts have already been made to define ter-
minology and definitions pertaining to the early natural 
history of both RA and SLE, in particular, before disease 
that is classifiable by existing schemes. Specifically, as 
part of European League Against Rheumatism (EULAR) 
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Study Group for Risk Factors for RA, Gerlag et al.13 have 
recommended terminology for certain phases of the 
development of RA that include the following: genetic 
risk factors for RA; environmental risk factors; systemic 
autoimmunity; symptoms without clinical arthritis; 
unclassified arthritis; and classifiable RA. This study 
group13 also noted that these phases could be used in 
combination; for example, genetic and environmental 
risk factors for RA, and systemic autoimmunity might 
be detected in an individual without clinical arthritis, 
unclassified arthritis or RA. Notably, in an effort to avoid 
stigmatizing such individuals who have risk factors and 
even autoimmunity in the absence of classifiable dis
ease, the EULAR recommendations13 also noted that an 
individual should not be classified as having ‘preclinical 
RA’ unless they later develop clinical disease. In SLE, the 
term ‘incomplete lupus erythematosus’ (ILE) has been 
used to define early signs and symptoms of disease, or a 
potentially milder form of the disease that might not ever 
meet classification criteria for definite SLE.14–18

Central to the issue of defining a preclinical period of 
disease is distinction of the characteristics that indicate 
autoimmunity, as well as those indicative of tissue injury 
and clinically apparent disease. The presence of a highly 
disease-specific autoantibody might be generally accepted 
as an example of a measure of autoimmunity that could 
define a preclinical disease state. For example, in many 
case–control studies, anti-citrullinated peptide antibodies 
(ACPAs) are highly specific (>90% in most studies) for 
established RA,19 as well as highly predictive (positive 
predictive values [PPV] of >90% in most studies) of 
future development of RA.9,10 However, the relationship 
with preclinical autoimmunity remains uncertain for 
autoantibodies less specifically associated with ARDs, 
such as antinuclear antibodies (ANAs), which have been 
shown to be present at titres of >1:40 in up to 27% of 
community-based subjects,20 most of whom will never 
develop a clinically apparent rheumatic disease.20,21

The measures of tissue injury that should be used to 
define the onset of clinically apparent disease are another 
important consideration in characterizing the preclinical 

Key points

■■ Preclinical autoimmune rheumatic disease (ARD) can be defined as the 
presence of abnormalities in immune function and responses in the absence  
of clinically manifest tissue injury 

■■ Increasing data support the existence of preclinical phase of rheumatoid 
arthritis (RA) and systemic lupus erythematosus (SLE) that can be identified 
using biomarkers of autoimmunity and inflammation

■■ RA and SLE could serve as models for understanding the mechanisms 
of disease development and, ultimately, prevention of other ARDs that in 
aggregate affect a substantial portion of the population

■■ Understanding the preclinical phases of ARD might enable accurate identification 
of at-risk individuals and the development of preventive interventions that might 
modify risk factors or target immune pathways underlying disease

■■ Identifying both the overall likelihood of future development of an ARD 
and the timing of onset of clinically apparent disease will be important for 
‘personalized’ medicine and designing prevention trials

■■ A range of studies focused on preclinical ARD are needed to clarify the natural 
history of ARD, and thus enable the development of screening programmes and 
early, potentially preventive, interventions

period. Whether this distinction should continue to be 
based on established measures, such as physical exami-
nation and routine biomedical tests, requires clarifica-
tion because, as sensitive imaging measures and other 
markers of tissue injury are developed and applied to 
the study of preclinical ARD, the definition of clinically 
apparent disease might need to change. In addition, 
many current classification criteria for rheumatic dis-
eases were developed to identify defined patient popula-
tions for inclusion in clinical trials and, in many cases, 
their applicability to clinical practice remains unclear. In 
fact, clinical manifestations that a clinician could poten-
tially label as a specific disease, and indeed subsequently 
initiate treatment for, might not be classifiable by exist-
ing, consensus classification schemes.22 For example, a 
patient who has one swollen joint and elevated levels 
of an RA‑related autoantibody might be diagnosed 
with RA by their health-care provider and treated with 
disease-modifying therapy, even though disease in this 
individual does not meet formal, established classifica-
tion criteria for RA.23 Similarly, the tools commonly used 
to measure and assess the activity of various rheumatic 
diseases, such as the Disease Activity Score (DAS) for 
RA24 and SLE Disease Activity Index (SLEDAI),25 have 
not been well studied in patients who are in the early 
phases of disease before fulfilling classification criteria.

These issues attest that additional work is needed to 
develop valid means to classify and assess the preclinical 
phases of ARDs. Importantly, the phases of ARD develop
ment will need to be related to classic public health 
schemes, in which the term ‘screening’ typically describes 
approaches aimed at identification of individuals who are 
in an asymptomatic or minimally symptomatic phase of 
disease, and who can undergo interventions to prevent 
progression to future disease (Figure 2).26 Clear, standard
ized definitions and classification schemes, which enable 
appropriate stratification of patients in studies of the 
natural history of disease, clinical trials and clinical prac-
tice, will lead to advances that ultimately facilitate clinical 
care of individuals with preclinical ARD.

Genetic and environmental risk factors
Multiple genetic, epigenetic and environmental risk 
factors for ARDs, particularly RA and SLE, have been 
identified, and some examples are presented in Table 2. 
In the context of a model of preclinical disease develop
ment, many of these genetic and environmental factors 
probably act before clinically apparent manifestations 
of RA, SLE or other ARDs to initiate and/or propagate 
disease. Furthermore, such associations raise the pos-
sibility that modification of certain environmental risk 
factors could lead to prevention of ARDs.

An important caveat, however, is that the majority 
of the known genetic and environmental risk factors 
for diseases such as RA and SLE have been identified 
through case–control studies, in which patients with 
established disease were compared with those without 
disease. Moreover, most of these studies could have been 
affected, to some extent, by recall bias due to patients’ 
incorrect recollection and reporting of the duration 
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and timing of environmental exposures that might have 
occurred years before the clinically apparent onset of 
disease.27 Whether particular risk factors are involved 
in the initiation or propagation of the disease, or both, 
also remains unclear at present. For example, exposure 
to tobacco smoke has been identified as a strong risk 
factor for RA in multiple studies;28–32 however, because 
this relationship has largely been studied retrospectively 
in patients with established disease, whether smoking is 
an initial trigger for autoimmunity and/or a propagating 
factor, or even perhaps a permissive factor for some other 
aetiologic agent such as a bacterial organism, remains 
unclear. Likewise, clarification is needed regarding the 
precise roles that genetic factors, such as HLA-DRB1 
alleles in RA, have in initiating autoimmunity and/or 
propagating disease to a clinically apparent state once 
autoimmunity has developed.

Nevertheless, some studies have evaluated risk factors 
for ARDs that might be relevant to the development 
of preclinical disease (Table 2). For example, a strong 

association between smoking and increased levels of 
rheumatoid factor (RF) in individuals without cur
rent RA has been reported.33,34 In addition, data from 
the prospective Nurses’ Health Study35 have demon
strated that combined exposure to tobacco smoke and 
expression of certain HLA molecules considerably 
increases the risk of future RA. This finding suggest-
ing that gene–environment interactions, at least those 
involving these factors, play an important part in the 
development of future RA, although the issue of whether 
smoking is a triggering versus a propagating factor 
remains unaddressed.

Of note, multiple sources of evidence can strengthen 
the association of an ARD with a specific risk factor. 
For example, the result of serological studies in patients 
with established SLE and individuals with preclinical 
SLE (often identified retrospectively after development 
of clinical SLE), and data from animal models of lupus, 
all combine to suggest that Epstein–Barr virus (EBV) 
infection precedes the development of SLE-related 
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Figure 1 | Overall model of the development of autoimmune rheumatic disease. Autoimmunity is probably initiated owing to a 
combination of a | genetic, environmental and stochastic factors, and b | at an anatomic site, which might not be the main 
target of the subsequent autoimmune response. c | Initially, autoimmunity can be present in absence of clinically apparent 
tissue injury, but might be detectable through analysis of disease biomarkers. d | Over time, further pathogenic changes in 
autoimmune responses occur, mediated by ongoing genetic, environmental and stochastic factors. e | Eventually, clinically 
apparent tissue injury occurs and the affected individual subsequently presents to a health-care provider. Processes a–d are 
considered to represent the ‘preclinical’ phases of disease development. Abbreviations: ACPA, anti-citrullinated peptide 
antibody; ANA, antinuclear antibody; RF, rheumatoid factor; SLE, systemic lupus erythematosus.
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autoantibodies.36–39 In particular, these data suggest that, 
in susceptible individuals, EBV antigens can promote 
the generation of initial autoimmune responses to 
nuclear antigens, such as Ro/SSA, through molecular 
mimicry, which are subsequently amplified through 
processes such as epitope spreading.37 Together, these 
findings indicate that specific risk factors can influence 
development of disease during the preclinical period, 
and might thus represent true triggers of disease. 
Further study of the preclinical period of ARDs will be 
important to understand the precise role of such risk 
factors in the aetiology of ARDs, particularly if we are 
to develop preventive measures that target these factors.

Preclinical studies in RA and SLE
Although multiple ARDs seem to have a preclinical 
period of development (Table 1), studies of the preclini-
cal stages of SLE and RA have provided us with key data 
regarding the evolution of autoimmunity before the onset 

of clinically detectable, immune-mediated tissue inflam-
mation; therefore, these diseases can be used to model 
the development of ARDs. Datasets in individuals with 
preclinical SLE and RA have been generated using both 
retrospective and prospective approaches. Retrospective 
approaches take advantage of available ‘convenient’ bio-
logical samples, usually large biobanks of stored serum 
from which cases and controls can be identified for com-
parative studies. In particular, in Europe, retrospective 
studies have utilized large serum biobanks in Sweden, 
Finland, and the Netherlands, whereas studies in the USA 
have used the large Department of Defence repository 
of serum samples obtained from military personnel at 
regular intervals during their service. These studies have 
collectively focused on dissecting the repertoire of auto
antibodies and cytokines that are detectable in serum or  
plasma from individuals who eventually developed SLE 
or RA; the availability of serial preclinical samples from 
the same individuals has been particularly important for 

Table 1 | Examples of autoimmune diseases with a known preclinical period of disease development

Disease Preclinical (auto)antibodies Details

T1DM Autoantibodies targeting variety of autoantigens 
involved in insulin production (for example, 
anti-insulin antibodies, anti-islet cell antibodies)

The presence of two or more of these types of autoantibodies is almost 100% 
predictive of future T1DM144

Inflammatory bowel 
disease

Anti-Saccharomyces-cerevisiae-mannan 
antibodies; perinuclear ANCAs

Anti‑S.-cerevisiae-mannan antibodies: present before clinical onset of 
Crohn disease in 10/32 cases versus 0/95 controls (P <0.01)146

Perinuclear ANCAs: present before the clinical onset of ulcerative colitis in 2/8 
cases and 0/24 controls (P = 0.01)146

Granulomatosis with 
polyangiitis

ANCAs Present before clinical onset of vasculitis147–149

Levels of ANCAs were increased before diagnosis of vasculitis in 17/27 cases and 
0/27 controls (P <0.01) based on samples stored in the US Department of 
Defence Biobank149

Rheumatic fever Anti-streptococcal-GlcNAc antibodies that also 
recognize the heart valve endothelium, laminin 
and laminar basement membrane

Pharyngeal infection preceded onset of autoimmune-mediated injury to various 
tissues (for example, cardiac, joint and skin tissues)127

Autoimmune myositis Various myositis-related autoantibodies Production might precede clinical manifestations of disease150

APS aPL antibodies Shown to be present before embolic events116 
In some patients, aPL antibodies preceded the onset of clinically apparent SLE, 
with Coomb’s test positivity in patients with APS most strongly associated with 
future SLE (OR = 66; P = 0.027)151

Rheumatoid arthritis RF and ACPAs Levels increased before clinical appearance of inflammatory arthritis6–11,72,140,152,153

SLE ANAs Present before the appearance of clinical features of disease12,154,155

Sjögren’s syndrome Anti-Ro/SSA antibodies or anti-La/SSB 
antibodies

8/11 initially asymptomatic women who were found to be positive for these 
antibodies after they delivered children with neonatal lupus developed 
symptomatic Sjögren’s within 4.75 years156

Coeliac disease Anti-gliadin antibodies and anti-endomesial 
antibodies

Levels were increased before the clinical onset of coeliac disease157

Autoimmune thyroid 
disease

Anti-thyroglobulin and anti-thyroid-peroxidase 
antibodies

Present before the onset of hypothyroidism;158–161 in a longitudinal study with 
20 years of follow-up, anti-thyroid antibodies were strongly associated with future 
hypothyroidism (OR = 8 [95% CI = 5–15] in women, and 25 [95% CI = 10–63] in men)158

Autoimmune biliary 
disease

Antibodies targeting mitochondria antibodies 
and/or the pyruvate dehydrogenase complex

2/3 patients with Sjögren’s syndrome and increased anti-mitochondrial antibodies 
concentrations developed symptomatic primary biliary cirrhosis with 5 years162

In ~1,400 samples from an Estonian Biobank, 3/8 subjects with antibodies to 
pyruvate dehydrogenase complex developed abnormal liver function tests within 
9 years; higher levels of autoantibodies and autoantibodies of multiple 
immunoglobulin classes were more strongly associated with liver disease163

Autoimmune adrenal 
disease

Autoantibodies to adrenal cortex cells or 
21-hydroxylase

In patients with established T1DM, these antibodies preceded the development of 
clinically apparent adrenal insufficiency164,165

Abbreviations: ACPA, anti-cirullinated peptide antibody; ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; aPL, antiphospholipid (antibody); APS, antiphospholipid antibody 
syndrome; CI, confident interval; GlcNAc, N‑acetyl‑β-d-glucosamine; OR, odds ratio; RF, rheumatoid factor; SLE, systemic lupus erythematosus; T1DM, type 1 diabetes mellitus. 
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defining the evolution of the autoantibody repertoire and 
the associated changes in levels of circulating cytokines. 
As a result of these studies, a clear picture is emerging 
regarding the preclinical expansion and amplification of 
disease specific autoantibodies and inflammation.

Such retrospective approaches are practical and cost-
effective, but suffer from some inherent biases related 
to the composition and assembly of the biobanks, most 
of which are not established to test specific scientific 
hypotheses. By contrast, prospective approaches com-
prising longitudinal studies of at-risk populations are 
designed to test a specific hypothesis, and can largely 
eliminate the compositional biases associated with 
biobanks. Furthermore, prospective studies can collect 
high-quality data from questionnaires, clinical examina-
tion and other methodologies, together with biological 
samples, providing additional information of poten-
tial importance. The major disadvantage of long-term 
prospective studies, however, is that such studies are 
expensive and difficult to sustain over the timeframe 
that is required to accumulate an appropriate number 
of incident cases. Furthermore, prospective approaches 
that are not specifically designed to evaluate a par
ticular ARD might not record key data relevant to that 
disease, such as first onset of joints symptoms in RA. 
Nevertheless, as summarized below, the data gathered 
from both the retrospective and prospective studies  
to date have been remarkably consistent, and have led to  
some important conclusions regarding the evolution of 
the autoimmune phenomenology during the preclini-
cal stages of SLE and RA, and probably other related 
autoimmune diseases.

Studies of preclinical SLE
Preclinical autoantibodies in SLE
Seminal studies by researchers at the University of 
Oklahoma, USA,12,40,41 examined preclinical samples 
from 130 US military personnel who developed SLE. 
36% of the individuals in this SLE cohort were male 

and 62% were African-American;12,36,37 these frequen-
cies are higher than those observed in most SLE studies, 
a trend that probably reflects the composition of the 
military population from which cases were drawn.  
The mean age of SLE-onset was 30 years, and approxi-
mately five preclinical samples, on average, were analysed 
for each of the individuals included in these studies.12,36,37 
Analysis of this population clearly demonstrated a high 
prevalence of preclinical autoantibody positivity, with 
ANA positivity at a titre of ≥1:120 in 78% of the SLE-
cohort a mean of approximately 3 years before clinical 
diagnosis, compared with 0% ANA positivity at this 
level in matched military control samples.12 However, 
in many cases the earliest available sample was positive, 
therefore, this duration of preclinical autoimmunity 
might be an underestimation.12 Indeed, SLE-associated 
autoantibodies were detectable >9 years before diagno-
sis of classifiable SLE in some individiuals.12 Moreover, a 
key observation was that, overall, certain autoantibodies 
were detected earlier before onset of SLE than others: 
ANAs, anti-phospholipid antibodies, and anti-Ro/SSA 
and anti-La/SSB antibodies were all detected substan-
tially earlier than antibodies targeting double-stranded 
DNA (dsDNA), the Smith (Sm) antigen and ribonucleo-
proteins (RNP).12 In the case of anti-dsDNA antibodies, 
anti-Sm antibodies and anti-RNP autoantibodies, which 
were rare in the control samples (≤3% postivity), the pro-
portion of individuals in the SLE cohort who became 
positive increased considerably in the year immediately 
preceding clinical diagnosis.12 

Similar findings have been demonstrated by Eriksson 
and colleagues who studied 38 patients from northern 
Sweden in whom stored serum samples from before a 
diagnosis of SLE were available.42 Specifically, they found 
that positivity for any nuclear antigen (using indirect 
immunofluorescence to detect ANAs and a multiplex 
assay for antibodies to extractable nuclear antigens 
[ENAs]) was observed in 63% of patients a mean of 
8.7 years before diagnosis of SLE, with autoantibodies 

Detectable autoimmunity
without clinically apparent

tissue injury

Early undifferentiated
yet clinically apparent

tissue injury

Classi�able, clinically apparent
disease (e.g. RA or SLE de�ned
by existing classi�cation criteria)1 32

Genetic and
environmental

risk factors

Modi�cation of propagating factors; 
pharmacological intervention to halt/abrogate

autoimmunity; tolerance induction

Modi�cation of risk factors, e.g. smoking
cessation, vaccination or antimicrobial
therapy against causative pathogens

Figure 2 | Points in the natural history of autoimmune rheumatic disease development that might represent therapeutic 
windows to prevention of initiation or progression of disease. In this model, intervention at point 1, probably involving 
modification of risk factors, might prevent the initial development of autoimmunity (primary prevention). Intervention at 
point 2, potentially by modification of potentiating risk factors or by targeting immune processes underlying the 
development of autoimmunity, might halt the progression of ‘benign’ (preclinical) autoimmunity to a more pathogenic 
state, and perhaps ‘reset’ the immune system and restore immune tolerance (secondary prevention). Therapeutic 
intervention at point 3 could, potentially, block or abrogate the progression of early symptomatic disease to fully 
differentiated disease, or prevent substantial organ injury and other complications (tertiary prevention), but might be 
unlikely to reverse clinically relevant autoimmune responses and thus prevent the development of persistent clinical 
disease. Of note, defining intervention at point 2 as ‘secondary prevention’ could be controversial, as autoimmunity in 
absence of obvious tissue injury might indicate to some that true disease has not yet occurred; however, intervention at 
this point in individuals at risk of developing clinical disease could conceivably hold more promise for preventing chronic 
disease than initiation of treatment at a point when tissue damage is already evident. Abbreviations: RA, rheumatoid 
arthritis; SLE, systemic lupus erythematosus.
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targeting Ro/SSA being the earliest of the anti-ENA 
antibodies to appear; antibodies to other ENAs (such as 
dsDNA and Sm) were detected closer to diagnosis.

Overall, findings from these studies have led to the 
concept that individuals who develop SLE have an 
initial preclinical stage of ‘benign autoimmunity’ that 
develops into a more ominous stage of ‘pathogenic auto
immunity’ that in turn rapidly evolves into clinically 
apparent disease and tissue inflammation. According to 
this concept, the autoantibodies closely associated with 
the pathogenesis of SLE, such as anti-Sm antibodies, are 
hypothesized to be produced as a result of maturation 
and amplification of the autoimmune response, and 
epitope spreading in the preclinical period.

Preclinical inflammation in SLE
In addition to autoantibodies, established and emerg-
ing data have identified abnormalities in a variety of 
immune-related and inflammation-related pathways, 
including the complement system, cytokines and chemo
kines, and the more recently described ‘microparticles’ 
detected in association with classified SLE and also 
ILE.43,44 In particular, dysregulation of IFN‑α seems to be 
an important aspect of SLE-related autoimmunity in both 
classified and incomplete forms of disease.45 Furthermore, 
IFN‑α might be related to the presence of SLE-related 
autoantibodies rather than clinical manifestations of 
disease,45,46 and therefore IFN‑α might be specifically 
related to development of autoimmunity. These same 

Table 2 | Examples of genetic and environmental factors associated with ARDs

Risk factor Examples of associated ARDs References

Genetic factors

MHC alleles Multiple ARDs including RA and SLE 166,167

PTPN22 Multiple ARDs including RA and SLE, as well as multiple sclerosis  
and type 1 diabetes mellitus

168

Complement genes Multiple ARDs including SLE 169,170

Epigenetic factors (for 
example, DNA methylation)

Multiple ARDs including RA and SLE 171,172

Environmental factors

Socioeconomic status Multiple ARDs including RA and SLE 126,173–175

Sunlight or ultraviolet light SLE 176

Tobacco smoke RA 177

Occupational dust RA, SLE and SSc 32

Dietary/nutritional factors RA and SLE 174

Microbes Rheumatic fever, RA, SLE (EBV), possibly giant cell arteritis 36,103,105,127,128,178

Hormonal factors RA, SLE and SSc 174,179

Alcohol consumption Protective in RA 180,181

Other factors

Gender Most ARDs are more prevalent in women; unclear if this is due to hormonal 
or other factors (such as gene-dose effects)

182

Adulterated rapeseed oil SSc-like disease 183

Organic solvents SLE and SSc 176

Life stress RA and SLE 184

Pharmaceuticals Procainamide and hydralazine have been associated with an SLE-like 
disorder; thionamides used to treat hyperthyroidism can result in  
ANCA+ disease

185

Race or ethnicity High rates of RA and SLE are seen in certain ethnic/racial groups; whether 
genetic and/or environmental differences explain this relationship is unclear

54,55,83,179,186

In individuals without current ARDs

Tobacco Exposure to tobacco smoke is associated with RF positivity in the absence 
of RA

33,34,187

Hormones Oral contraceptive use is associated with decreased risk of RF positivity  
in the absence of RA

34

Microbes Serological evidence of EBV infection can precede a clinical diagnosis of SLE
Serological evidence of infection with oral microbes is associated with 
RA‑related autoantibody positivity in subjects without RA

37,188,189

Gene–environment 
interactions

Smoking combined with certain MHC alleles was associated with increased 
risk of future RA in the Nurses’ Health Study

190

Abbreviations: ANCA, antineutrophil cytoplasmic antibody; ARD, autoimmune rheumatic disease; EBV, Epstein–Barr virus; RA, rheumatoid arthritis; RF, rheumatoid 
factor; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
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processes might also play a part in the development of  
SLE in the preclinical period of disease development, and 
thus could ultimately be potential targets for prevention 
of progression to clinical disease. However, this possibil-
ity has not been well studied; therefore, going forward, 
the role of these processes in preclinical SLE should be 
an area of active investigation.

Studies of preclinical RA
Preclinical rheumatoid factor positivity
The seminal observations regarding preclinical auto-
immunity in SLE are echoed by similar observations in 
preclinical RA. The earliest studies, dating as far back as 
the 1980s, demonstrated that RF was present in serum 
samples many years before disease onset in individuals 
who ultimately developed RA. For example, epidemio
logical studies in a large Finnish community-based 
cohort demonstrated that the majority of individuals who 
developed seropositive RA during the study period were 
RF‑positive in the years immediately preceding disease 
onset.47–50 Moreover, a number of these individuals were 
also positive for anti-keratin antibodies (AKA) and anti-
perinuclear factor (APF), which are more specifically 
associated with RA;51 furthermore, these latter two auto
antibodies have subsequently been shown to recognize 
citrullinated epitopes, and thus represent ACPAs.52,53

In the USA, important NIH-funded prospective lon-
gitudinal epidemiological studies in the Pima Indians of 
Arizona, a population that—similarly to other American 
Indian populations—is known to have a high prevalence 
of RA,54 also demonstrated preclinical autoimmunity 
involving RF.7,55 In these studies, medical history, physical 
examination of the joints, radiographs and serum levels 
of RF were assessed biennially for up to 19 years in more 
than 2,700 individuals, initially without RA.7,55 During 
the study period, 70 new cases of RA developed, with the 
data demonstrating that the incidence of RA increased 
with progressively higher titres of RF, reaching a peak of 
48.3 cases per 1,000 person-years for RF titres >1:256.7 
These findings highlight the risk of future disease associ-
ated with high RF titres and also the high incidence of RA 
in this American Indian population.

Preclinical ACPA positivity
Subsequent to the discovery of ACPAs and the demon-
stration of their high degree of specificity for RA,52,53 
studies were initiated to evaluate the potential presence 
of these autoantibodies during the preclinical period of 
disease. Two landmark European retrospective studies, 
one in Sweden9 and the other in the Netherlands,10 ana-
lysed stored serum samples—from a public health study 
and derived from a blood bank, respectively—isolated 
from individuals who ultimately developed RA and 
control individuals who did not. Both studies demon
strated that ACPAs and RF were detectable months or 
even years before the development of RA.9,10 Indeed 
the proportion of ACPA-positive and/or RF‑positive 
individuals who later developed RA increased progres-
sively until clinical onset of disease, and most indivi
duals were seropositive for both autoantibodies in the 

months immediately before diagnosis. Preclinical auto
immunity in RA has also been examine retrospectively 
in the Studies of the Etiology of Rheumatoid Arthritis 
(SERA) study,11 which used the large Department of 
Defence serum repository that was also utilized in the 
studies of development of autoimmunity in SLE.12,36,37 In 
addition to confirming the observations regarding pre-
clinical autoimmunity made in the European studies,9,10 
this US study11 demonstrated that the period of preclini-
cal autoantibody seropositivity increased with age at RA 
onset, a finding that was later validated in the Dutch 
sample set mentioned above.11,56 This observation might 
provide important insights into the effect of age on the 
evolution of RA‑associated autoimmunity, suggesting 
that aetiological risk factors that determine the tempo-
ral relationship between RA‑related autoantibodies and 
clinically apparent onset of disease might differ with age. 
Furthermore, this variation in the duration of preclinical 
autoimmunity represents an important consideration for 
any proposed screening protocols.

Evidence of epitope spreading
Studies in these retrospective cohorts have subsequently 
been extended to examine other autoantibody bio
markers relevant to RA, and these efforts have collectively 
provided important mechanistic information regarding 
the immunological events that precede the onset of clini-
cal disease. Echoing the observations made in preclinical 
SLE, a key observation in RA was the demonstration of 
epitope spreading in the ACPA response during the pre-
clinical stage of RA.57–59 Methodologies based on arrays of 
citrullinated autoantigens have revealed that the breadth 
of ACPA responses increased in most individuals as the 
clinical diagnosis of RA became apparent.58 Furthermore, 
a wide spectrum of citrullinated autoantigens seems to 
be recognized by ACPAs, and the epitopes targeted are 
not restricted to the previously well-characterized auto
antigens fibrinogen, vimentin and enolase.60,61 Although 
no single initial (auto)antigenic target of RA‑associated 
autoimmunity has been demonstrated, Brink et al.59 
found that certain citrullinated peptides (citrullinated 
fibrinogen and vimentin, for example) were some of the 
earliest targets of autoantibodies in patients with RA; 
autoimmunity targeting other epitopes (such as those 
derived from citrullinated enolase and filaggrin) devel-
oped closer to disease onset, and autoantibodies recog-
nizing citrullinated collagen increased most prominently 
after onset of clinical RA. These findings need confirma-
tion; however, they echo findings in SLE, and suggest that 
certain antigens contribute to an initial break in immune 
tolerance, with subsequent epitope spreading resulting in 
autoimmune responses to other antigens, which causes 
a transition to clinically apparent disease. Furthermore, 
such expansion of the repertoire of recognized ACPAs is 
reflected by increasing levels of anti-cyclic citrullinated 
peptide (anti-CCP) antibodies,58 which represent ACPAs 
detectable using a widely available clinical assay.62 Thus, 
an individual with rising anti-CCP antibody titres, repre-
senting a broadening of the ACPA response, is probably 
at considerable risk of imminent RA onset.58
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Other important characteristics of the autoantibody 
responses during the preclinical period of RA also 
seem to occur, including abnormal galactosylation that 
might render these autoantibodies more pathogenic.63 
Furthermore, increased avidity of ACPAs for citrulli-
nated autoantigens,64 as well as expansion of antibody 
isotype usage and class switching, have been noted.65 
The latter processes suggest an important role for T cells 
in the maturation and amplification of autoimmune 
responses.66 Indeed, the RA‑predisposing HLA-DRB1 
alleles comprising the ‘shared-epitope’ have been pro-
posed to play a key part in facilitating the maturation of 
the ACPA response by efficiently presenting citrullinated 
peptides to T cells.60,67,68 In support of this hypothesis, a 
prospective multicentre Dutch study69 demonstrated an 
association between the shared epitope and the breadth 
of citrullinated peptides recognized by ACPAs present 
in the sera of anti-CCP-antibody-positive and/or IgM-
RF-positive individuals with ‘arthralgia’ but no obvious 
arthritis (that is, patients with joint symptoms but no 
clinically detectable synovitis); however, no association 
between the range of ACPA responses and the develop-
ment of clinical RA was found in this study,69 probably 
due to statistical limitations. 

Preclinical inflammation in RA
The availability of multiplexing technologies capable 
of simultaneously quantifying multiple biomarkers 
has been particularly helpful in dissecting changes in 
soluble cytokine and chemokine networks in preclinical 
samples. Retrospective studies utilizing such methodolo-
gies have shown that, in parallel with the evolution of 
the autoantibody responses described above, the level 
of multiple soluble cytokines and chemokines progres-
sively increased before onset of clinical RA.70 Indeed, an 
increase in the range of cytokines and chemokines that 
are expressed at abnormal levels predicts imminent onset 
of RA.71 These cytokines and chemokines include those 
targeted with current therapeutic agents (such as TNF, 
IL‑1 and IL‑6), as well as numerous others, suggesting 
that multiple pathways of inflammation are affected in 
preclinical RA.70–74 Interestingly, expression levels of both 
proinflammatory and anti-inflammatory cytokines are 
increased, and the available data point to a general per-
turbation of the soluble cytokine networks, as opposed to 
a predictable rise in one or several cytokines, before onset 
of classifiable disease.70–72 However, some data suggest 
that certain cytokines and chemokine abnormalities 
could precede the appearance of autoantibodies, and the 
inflammatory pathways that these abnormalities affect 
might have a mechanistic role in the earliest generation 
of autoimmunity. In particular, Deane and colleagues71 
found that elevated levels of CXC-motif chemokine 10 
(CXCL10; also known as 10 kDa IFN‑γ-induced protein 
[IP‑10]) and IL‑1α preceded the appearance of ACPAs. 
Furthermore, El-Gabalawy et al.75 reported that eleva-
tions of CC‑motif chemokine 2 (CCL2; also known as 
monocyte chemoattractant protein‑1 [MCP‑1]) were 
present even in the absence of autoantibodies in arthritis-
free first-degree relatives of American Indian probands 

with RA; this group is currently undergoing longitudi-
nal follow-up to determine if these abnormalities are 
associated with incident autoantibodies and ultimately 
clinically apparent RA. As technologies used to study a 
broad range of cytokines, chemokines and other inflam-
matory factors improve, and high-quality sample sets 
from individuals with preclinical RA are obtained, the 
relationship between certain inflammatory pathways and 
the initiation and propagation of autoimmunity can be 
elucidated to identify targets for abrogation or prevention 
of future RA.

Studies in high-risk populations
A considerable proportion of ACPA-positive and/or 
RF‑positive individuals with arthralgia, such as those 
included in a Dutch study of patients with ‘arthralgia’ but 
no clinically apparent inflammatory arthritis,76 have been 
shown to subsequently develop inflammatory arthritis 
and classifiable RA. Furthermore, the severity and distri-
bution of symptoms in such individuals have been found 
to be predictive of the development of swollen joints and 
classifiable RA.77 Importantly, the North American SERA 
study,78 which evaluated first-degree relatives of primarily 
white patients with RA, reported an association between 
anti-CCP antibody positivity, as well as expansion of the 
ACPA repertoire according to array testing, and joint 
tenderness in the absence of swelling; thus, such changes 
in autoantibody responses could potentially cause under-
lying tissue injury in some individuals before onset of 
clinically classified RA. In general, these findings suggest 
that complex interplay exists between the development of 
autoimmune responses and tissue injury, and therefore 
clearly distinguishing between preclinical autoimmunity 
and clinically apparent disease is difficult. This issue will 
require careful analysis in real-time prospective studies 
in individuals at risk of RA.

A prospective longitudinal study64 has demonstrated 
a substantially higher prevalence of ACPA and RF in 
the first-degree relatives of American Indian patients 
with RA from Central Canada (Cree and Ojibway) and 
Alaskan Natives (Tlingit) compared with the preva-
lence of these antibodies reported in the primarily white 
first-degree relatives who were followed in the SERA 
study.78,79 Moreover, data from incident cases of inflam-
matory arthritis drawn from these American Indian or 
Alaskan Native populations have so far confirmed the 
high risk of imminent RA associated with positivity for 
both ACPAs and RF, while providing further evidence 
of epitope spreading of the ACPA response in associa-
tion with increasing cytokine levels.80 Interestingly, the 
cytokine profile of the unaffected American Indian first-
degree relatives more closely resembled that observed 
in their relatives with RA than the profile found in a 
control population of American Indian individuals with 
no family history of autoimmune disease.75 Studies in 
these populations have also revealed clustering of genetic 
and environmental risk factors for RA in the population 
as a whole, and particularly in specific high-risk multi-
case families.75,81–86 Furthermore, ‘RA-like’ joint symp-
toms and arthralgia were markedly more common in 
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first-degree relatives compared with the control popu-
lation, a phenomenon that was not fully explained by 
either the presence of ACPA and/or RF, or a specific 
cytokine profile, suggesting that such clustering of other 
genetic and environmental risk factors might underlie 
this susceptibility to joint symptoms.87

In addition to the well-established studies discussed, 
a number of other prospective studies in groups of 
individuals at high risk of RA are being undertaken 
to address complementary questions.88–90 In parallel, 
new biomarkers are becoming available with which to 
further dissect the immune and inflammatory mecha-
nisms that are operative in the preclinical period of RA, 
SLE and other ARDs. For example, antibodies target-
ing protein-arginine deiminase type‑4 (PAD4) have 
been shown to be elevated in preclinical RA.91 In addi-
tion, an analysis of anti-PAD4 antibodies in American 
Indian patients with RA and their first-degree relatives 
revealed that, in contrast with anti-CCP antibodies, these 
RA‑associated autoantibodies were virtually undetect-
able in the first-degree relatives but were common in 
patients with established RA.92 Furthermore, the pres-
ence of anti-carbamylated antibodies has been detected 
in serum samples collected before the onset of RA,93 and 
emerging data in patients with established RA suggests 
that neutrophil extracellular trap (NET) formation are a 
source of citrullinated autoantigens in RA.94 In addition, 
although emerging data is available regarding T‑cell reac-
tivity to specific citrullinated proteins and other antigens 
in patients with established RA,95,96 no studies to date 
have directly evaluated the antigen specificity of T‑cell 
and/or B‑cell subsets during the preclinical stage of RA 
and compared this with the ACPA responses. Hopefully, 
well-designed prospective studies that methodically 
isolate and analyse peripheral blood mononuclear cells, 
including utilization of emerging technologies such as 
single-cell analyses that can identify antigen reactivity 
of specific immune cells,97 will address this important 
question in the near future.

An overall model of ARD development
On the basis of the currently available data regarding 
the natural history of SLE and RA, as well as several 
other diseases (Table 1), many ARDs probably initially 
develop as a result of combined genetic, environmen-
tal and perhaps stochastic factors that initiate inflam-
mation and autoimmunity (Figure 1). Once manifest, 
autoimmunity evolves over time under the influence 
of the same, or perhaps additional similar or disparate 
genetic and environmental factors, to a more patho-
genic stage through multiple processes: expansion 
of autoreactive T cells and B cells; epitope spreading; 
increases in inflammation; upregulation of signalling 
molecules;  inflammation-related antigen production 
and presentation; and alterations of autoantibodies, 
such as glycosylation, that render them more capable 
of inducing disease. Data regarding the specific type of 
autoantibody (that is, ACPAs or RF) initially produced 
in preclinical RA are conflicting, with some finding that 
ACPAs precede RF,69 whereas other have demonstrated 

that these autoantibodies appear almost simultane-
ously;11 nevertheless, a combined elevation of ACPA and 
RF levels is highly specific for imminent onset of RA,9,10,71 
and therefore suggests that synergy between these two 
autoantibody responses could promote the development 
of clinically apparent arthritis. Ultimately, autoimmunity 
progresses to a point at which tissue injury occurs, and 
the clinical symptoms and signs of ARD develop.

Importantly, the precise mechanisms by which indivi
duals transitions from a preclinical state to clinically 
apparent disease remain unknown. In SLE and RA, 
epitope spreading might progress from reactivity to a 
nonpathogenic target to a point where tissue proteins 
that are relevant to disease states (for example, joint 
proteins in RA and renal proteins in SLE) are targeted, 
resulting in injury.98 In RA, a combination of auto
antibodies, such as ACPAs and RF, could form immune 
complexes that trigger joint inflammation.99 Of note, 
in some studies in RA and SLE, the expansion in the 
repertoire of ACPA and SLE-related autoantibodies, 
respectively, seems to diminish or halt after diagnosis.12,58 
Furthermore, patients who are seronegative at the time 
of onset of clinically apparent synovitis rarely convert to 
seropositivity for RF and/or anti-CCP antibodies after 
the clinical onset of inflammatory arthritis, with <9% 
seronegative patients converting to seropositivity in 
one meta-analysis of 12 publications.100 Whether these 
findings reflect the effects of treatment with immuno
modulatory therapies or some threshold of expansion 
that is related to the onset of clinically apparent disease 
remains unclear. Also of note, the prolonged period of 
preclinical autoimmunity seen in RA and SLE suggests 
that these diseases, as well as other ARDs, might be initi
ated at an anatomical site distal to the organs eventu-
ally injured in clinically apparent disease (Figure 1).101 
Mucosal surfaces represent an attractive potential site of 
initiation of ARDs, given their exposure to environmen-
tal insults and their dedicated immunologic machinery 
(mucosal associated lymphatic tissue, for example) that 
can mount autoimmune responses.102 In fact, mucosal 
inflammation and/or organisms associated with muco
sal sites have been associated with the development of 
a number of ARDs.103–107 For example, several studies 
have demonstrated the presence of lung inflamma-
tion before the onset of symptomatic articular RA, and 
this site has been implicated in the initial generation 
of RA‑related autoantibodies.108–111 Certainly, in estab-
lished RA, autoantibodies are generated in the joint112 
and ACPA-producing B cells have also been identified 
in the circulation,113 and autoantibody generation within 
the kidney has been demonstrated in SLE;114 however, 
autoantibodies might be generated at these sites after 
initiation of autoimmunity at another anatomical site.

These issues, in particular the mechanisms that initially 
trigger autoimmunity and enable the transition between 
preclinical autoimmunity and clinically apparent disease, 
will need further exploration. Nevertheless, these data 
raise the possibility that, if an individual could be identi-
fied before their immune response has progressed to a 
more pathogenic state, intervention to block expansion of 
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autoimmunity could abrogate or even halt future disease. 
Importantly, many individuals develop autoimmunity 
but never develop a clinically apparent ARD, or only 
have modest manifestations of disease that are difficult 
to classify as a specific ARD; autoimmunity might even 
resolve in some individuals, as evidenced in some studies 
that reported the disappearance of detectable circulat-
ing autoantibodies in individuals who did not develop 
RA.71 Therefore, identification of factors that accurately 
predict pathogenic autoimmunity will be important to 
avoid potential overtreatment of ‘benign’ autoimmunity. 
Nonetheless, findings in individuals who have risk factors 
for an ARD or exhibit asymptomatic autoimmunity but 
who do not develop a classifiable disease might prove 
invaluable in understanding the natural history of ARDs, 
including the genetic and environmental triggers that can 
lead to disease. In addition, as knowledge of the roles of 
autoimmunity in health and disease grows, asymptomatic 
or benign autoimmunity might be recognized as being 
more relevant to health or disease than once thought. In 
particular, emerging data demonstrating that the pres-
ence of antiphospholipid antibodies, ANAs and RF is 
associated with cardiovascular disease (CVD), even in 
absence of an overt ARD.115–117 As a result of such find-
ings, autoimmunity could potentially be classified as a 
pathogenic condition that would benefit from interven-
tion in the absence of a fully classifiable ARD or symp-
toms of disease, such as fatigue and arthralgias, that can 
be attributable to autoimmune-mediated injury.

Predicting future onset of ARDs
An important step in screening for and preventing ARDs 
is to develop a test, or panel of tests, that accurately iden-
tifies individuals who are at risk of future disease, at a 
time when they are in a phase of disease development 

that might not otherwise warrant intervention (Figure 2). 
Such instruments will be especially important if ARDs 
are to be the subject of population-based screening and 
prevention programmes, similar to those that have been 
developed for CVD and certain cancers.

Examples of studies that have used preclinical bio-
markers or genetic and epidemiologic factors to predict 
future onset of SLE and RA are presented in Table 3. In 
particular, in a case–control study of preclinical SLE-
related autoantibodies in military personnel, Arbuckle 
and colleagues12 found that ANA titres of >1:120 were 
100% specific for future onset of SLE, although given the 
frequency of ANA positivity in the general population,18 
the specificity of this test is likely to be much lower if used 
in a broader population; indeed, as found in other studies, 
a high prevalence of ANA positivity at titres >1:120 in 
the general population would make prediction of future 
SLE based on serum levels of ANAs alone impractical,18 
although using more specific tests for certain types of 
ANA (anti-dsDNA antibodies and/or anti-Sm antibodies, 
for example) might improve biomarker-based predictions 
of future SLE.

Perhaps the best data regarding prediction of a future 
onset of an ARD relate to RA. In this disease, elevated 
levels of both ACPAs and RF in combination have been 
shown to be highly predictive of future RA (Table 3), with 
some case–control studies reporting estimated positive 
predictive values (PPV) for future disease of 100%.9–11 
Again, the PPVs of these tests are likely to be lower when 
applied to the general population, considering the preva-
lence rates of the disease. For instance, in a case–control 
study, Rantapaa-Dahlqvist and colleges9 found that posi-
tivity for ACPAs and IgM RF has a 100% PPV for future 
RA, although in a population with a 1% frequency of RA 
the PPV fell to 16%. Nevertheless, these results suggest 

Table 3 | Examples of studies of autoantibodies and other biomarkers in preclinical SLE and RA

Study Biomarkers analysed Findings

Arbuckle et al. 
(2003)12

ANAs (and anti-ENA 
antibodies)

ANAs at a titre of 1:120 are highly specific for SLE based on analysis of stored 
samples (collected before onset of SLE) in case–control fashion*

Rantapaa-Dahlqvist 
et al. (2003)9

RF and ACPAs PPV of 100% for a diagnosis of RA within 1.5 years in individuals positive for 
both IgA RF and ACPAs (based on case–control data)*

Nielen et al. 
(2004)10

RF (IgM) and ACPAs PPV of up to 100% for a diagnosis of RA within 5 years based on 5‑year 
incidence rates of 0.001 (general population) or 3.9% (estimated for high-risk 
individuals from families with a multicase history of RA)*

Deane et al. 
(2010)191

RF, ACPAs, CRP, and 
multiple cytokines  
and chemokines

ACPAs and/or two or more RF isotypes >96% specific for future RA;  
highest levels of autoantibodies <3 years before diagnosis

Bos et al. (2010)76 RF and ACPAs 27% ACPA+ individuals developed inflammatory arthritis after a median of 
11 months of follow-up; rates of over 50% within ~1 year were seen in patients 
with highest ACPA titres

van de Stadt et al. 
(2012)77

Multiple environmental 
factors, symptoms and 
biomarkers

In individuals with joint symptoms (‘arthralgia’) in the absence of inflammatory 
arthritis on examination, factors including gender, lack of alcohol consumption, 
and symptom duration and distribution were predictive of developing RA; 
however, the strongest risk factors were increased levels of RF and ACPAs

Karlson et al. 
(2013)118

Multiple genetic and 
environmental factors

Genetic and environmental factors ascertained before the onset of RA in the 
Nurses’ Health Studies were used to predict future RA with an AUC of 0.716

*A caveat of these findings is that the high specificities of the biomarkers was determined in case–control studies and when these tests are applied to a 
general population, in which the estimated prevalence disease might be low, the PPVs could fall substantially. Abbreviations: ACPA, anti-citrullinated peptide 
antibody; ANA, antinuclear antibody; AUC, area under the curve; CRP, C‑reactive protein; ENA, extractable nuclear antigen; PPV, positive predictive value; 
RA, rheumatoid arthritis; RF, rheumatoid factor; SLE, systemic lupus erythematosus.
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that positivity for multiple autoantibodies can identify 
individuals with pathogenic forms of autoimmunity who 
are at highest risk of future disease. Furthermore, in a 
Dutch study of ACPA-positive and/or RF‑positive indivi
duals with arthralgia but no clinically detectable synovi-
tis, which has followed 374 individuals for several years, 
131 individuals have developed inflammatory arthritis.77 
In this group, the risk of developing RA was associated 
with positivity for both ACPA and RF, and up to 40% of 
individuals with arthralgia who were positive for both 
ACPA and RF developed RA within approximately two 
years, with higher rates of progression and earlier onset 
of disease observed in individuals with high-titre ACPA 
positivity (at least a threefold increase over normal titres). 
In addition to autoantibody status, other reported predic-
tors of future RA in these Dutch patients with arthralgia 
include: family history of RA (that is, having a first-degree 
family member with the disease); no or limited alcohol 
consumption; duration, severity and location of joint 
symptoms (including morning stiffness); and a patient-
reported history of swollen joints.77 Furthermore, work 
by Karlson and colleagues,118 and others,119 that have 
used genetic factors to predict the likelihood of future RA 
suggest that ultimately a combined assessment of symp-
toms, and genetic, environmental, serologic and inflam-
matory factors could be a reasonable approach to identify 
individuals at high risk of a future ARD.

Predicting the overall likelihood of a future ARD is 
important. However, the ability to predict the timing of 
future onset of clinically apparent disease is also impor-
tant to inform individuals of their personal risk for a 
future ARD within a defined time period, as well as for 
designing prevention trials, which have a limited period 
of follow-up, that are adequately powered. Predictive tools 
in CVD exemplify this approach, as individuals are cur-
rently evaluated for risk of a cardiovascular event within 
a defined period using models such as the Framingham 
Risk Score.121 The ‘timing’ of ARD development has 

been evaluated in RA to some extent in the Dutch study 
discussed earlier, in which individuals with the highest 
risk scores had the highest incidence of RA development 
(80% with RA within 60 months), and furthermore had 
the quickest rate of onset of RA (60% had developed RA 
within 24 months).77 In addition, a study in US Military 
personnel by Sokolove and colleges58 found that ele-
vated expression of a certain combination of ACPAs, 
cytokines and chemokines was approximately 58% sen-
sitive and 87% specific for onset of RA within 2 years. 
Furthermore, indirect evidence indicates that certain bio-
markers in SLE, such as elevated anti-dsDNA and anti-
Smith antibodies, are elevated relatively shortly before 
the onset of clinical symptoms; therefore, elevations of 
these autoantibodies in individuals who are at-risk for 
future SLE might signal ‘imminent’ clinically apparent 
disease. Overall, these findings suggest that predictive 
approaches can identify both the likelihood and timing 
of future ARDs, although this needs further exploration.

ARD screening 
In 1968, the WHO presented recommendations regard-
ing the features that make a disease appropriate for 
screening and prevention programmes (Box 1).122 ARDs, 
and particularly RA and SLE, could be considered to 
meet several of the conditions stipulated by the WHO; 
however, not all of the criteria have been satisfied with 
regard to RA and SLE (or most other ARDs), at present. 
Specifically, the true predictive value of autoantibodies 
for future disease in large-scale population-based studies 
remains largely unknown. Given that most of these 
studies did not performed detailed clinical evaluations 
in control individuals, the association between auto
immunity detected in control individuals and preclini
cal symptoms of disease cannot be determined precisely; 
therefore, disease-related autoantibodies might be more 
specific and thus more predictive than is currently 
believed. Furthermore, the characteristics of the popula-
tion or populations that it would best to target for screen-
ing are not clear. Screening individuals with a potentially 
increased baseline risk of future ARD, such as the rela-
tives of patients with established disease,123,124 individuals 
from high-risk populations (such as American Indians 
in RA),54 or women—who have a higher prevalence of 
most ARDs than men125—could potentially improve 
the diagnostic accuracy of screening tests, but might 
be of limited utility in the general population. Indeed, 
many ARD cases are sporadic, and for RA and SLE in 
particular, the majority of cases occur in absence of a 
known family history of disease.124,126 Therefore, the type 
of screening strategy would provide the greatest overall 
benefit to those at risk of development of ARDs requires 
clarification, but ultimately, screening will probably 
rely on inexpensive, readily available, accurate tests that 
could be used in broad population-based approaches. 
Importantly, any such approaches will need to be 
designed based on high-quality natural history studies 
of ARD development, with input from experts in public 
health and cost-effective approaches to screening for, and 
prevention of, disease.

Box 1 | WHO recommendations for disease screening122

■■ The disease should represent an important health 
problem

■■ A treatment should be available for the disease
■■ Facilities for diagnosis and treatment of the disorder 

should be available
■■ A latent (preclinical) stage of the disease should 

be detectable
■■ A test or examination for the condition (such as 

analysis of an autoantibody that defines a preclinical 
state) should exist

■■ The screening test should be acceptable to the 
general population

■■ The natural history of the disease should be 
adequately understood

■■ An agreed policy on whom to treat is required
■■ The total cost of identifying a case among the 

population should be economically balanced in 
relation to medical expenditure as a whole

■■ Case-finding should be a continuous process, 
necessitating regular repeat testing, not just a ‘once 
and for all’ project
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ARD prevention
Although extensive data regarding optimal screening 
strategies are not currently available for ARDs, several 
examples of potential preventive approaches to ARDs are 
presented in Figure 2. To some extent, effective primary 
preventive strategies have already been developed for 
some ARDs. For instance, an understanding of the natural 
history of disease, and the subsequent development of 
antibiotic therapy and vaccinations have resulted in sub-
stantial declines in the incidences of in rheumatic fever 
and hepatitis‑B-associated polyarteritis nodosa, respec-
tively, at least in developed countries.127,128 Studies have 
also provided insights into the potential prevention strat-
egies that might be of benefit in other ARDs. For example, 
increasing evidence suggests that early treatment of clas-
sifiable RA leads to improved long-term outcomes, and 
perhaps increased rates of drug-free remission.129 In addi-
tion, in palindromic rheumatism, which has been likened 
to a ‘preclinical’ state of RA,130 case–control studies have 
demonstrated that the use of antimalarial agents, such 
as chloroquine, can slow or halt progression to persis-
tent disease, including the development of RA.131,132 
Furthermore, in patients with ILE, antimalarial therapy 
has been shown to delay the onset of classifiable SLE, 
and also decrease the repertoire and expression levels of 
autoantibodies present when full diagnostic criteria for 
the disease were met.40 These findings suggest that the 
underlying SLE-associated autoimmunity can be modu-
lated if treated early in the course of disease, before fully 
classifiable clinical manifestation of the disease. Similarly, 
trials in early, undifferentiated clinically apparent inflam-
matory arthritis have demonstrated that methotrexate, 
repeated doses of corticosteroids, or abatacept-mediated 
blockade of interactions between antigen presenting cells 
and T cells can delay or halt the development of classifi-
able disease.133–135 By contrast, in a cohort of patients with 
arthralgia and positivity for RA‑related autoantibodies, 
two doses of dexamethasone (100 mg intramuscularly 
at baseline and at 6 months) did not seem to halt pro-
gression to clinically apparent arthritis after a median  
follow-up of 26 months.136

These ‘clues’ to preventative strategies for ARDs not-
withstanding, multiple issues need to be addressed to 
enable the development of feasible preventive strat
egies for most ARDs. Some of these issues relate to the 
items highlighted by the WHO (Box 1) and discussed 
above, whereas additional ARD-specific issues are 
listed in Box 2, with additional discussion presented in 
Supplementary Table 1. In particular, the mechanisms 
by which intervening in preclinical ARDs might lead 
to prevention of progression to clinical disease are not 
clear. Certainly eliminating a key factor that initially trig-
gers autoimmunity could lead to disease prevention, but 
whether clinical onset of the disease can be prevented 
by intervention after an individual has developed auto
immunity is unknown. On the basis of the findings in 
SLE and RA discussed, early intervention could poten-
tially block epitope spreading, which seems to repre-
sent a process important to a transition from initial 
autoimmunity to clinically apparent disease. Although 

effective treatments are available for most clinically appar-
ent ARDs, the efficacy and safety of these treatments as 
implemented in a preclinical period with the intent to 
prevent the future onset of clinically apparent disease 
is, however, not well understood. Notably, therapies 
effective in established disease might not be necessary 
or sufficient to abrogate preclinical autoimmunity. For 
example, although TNF inhibitors are highly efficacious 
in the treatment active RA,137 such therapies might not be 
effective in preclinical RA; elevations in TNF levels have 
been detected in preclinical RA, but this pathway might 
not be crucial for disease development and thus target-
ing this cytokine might not provide adequate prevention 
of disease onset. As discussed above, additional studies 
and further longitudinal follow-up is needed to identify 
the association between elevations in IL‑1α, CXCL10 and 
CCL2 levels and future autoimmunity; however, given 
that these biomarkers might portent risk of future auto-
immunity, perhaps targeting these pathways would prove 
effective in preventing disease progression in individuals 
with preclinical RA.75 In addition, although established 
and emerging data implicate IFN‑α in SLE and even in 
ILE,45 whether this pathway is also important in the very 
early pathogenesis of the disease remains unclear.

Developing a sufficient understanding of ARDs to 
support the implementation of effective screening and 
prevention programmes is a daunting task; however, a 

Box 2 | Potential issues regarding prevention of ARDs*

■■ Understanding of the natural history of ARDs must 
be sufficient to enable accurate prediction of future 
disease in each individual and to identify therapeutic 
targets for prevention of disease development

■■ The populations that should be included in prediction 
models for disease must be identified 

■■ Appropriate public health efforts that identify 
individuals at-risk of ARDs in whom disease prevention 
would be reasonable approach must be determined; 
the cost-effectiveness of preventing ARDs also need to 
be evaluated

■■ How high the likelihood of future ARD should be before 
initiating preventive therapy needs to be established 

■■ What individuals who are at-risk of a future ARD will be 
willing to undergo for prevention must be considered

■■ Efforts are needed to determine whether intervention 
is worthwhile in individuals with autoimmunity, even 
if they have low risk of progression to a clinically 
apparent ARD

■■ Studies are needed to determine at what point 
in preclinical autoimmunity intervention is most 
reasonable

■■ Which pharmacologic agents or other intervention 
that will adequately abrogate disease in its preclinical 
phase are appropriate to use in individuals without 
clinical disease remains unclear

■■ Clarification is required as to what we hope to achieve 
with preventive interventions and adequate tools (such 
as symptom assessments, imaging technologies and 
biomarker testing) must be in place to measure such 
responses to a preventive intervention

*See Supplementary Table 1 online for further discussion of how 
these issues could be addressed. Abbreviation: ARDs, autoimmune 
rheumatic diseases. 
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complete understanding of all ARDs might not be neces-
sary to initiate preventive measures in certain diseases. For 
example, a fair understanding of the role of biomarkers in 
predicting risk of future RA already exists. Furthermore, 
although the specific factors that initiate and propagate 
most ARDs remain unknown, the use of interventions 
that have broad beneficial effects on health and could 
also be of benefit in reducing the risk of ARDs might be 
a reasonable approach to prevention of disease in indivi
duals identified based on expression levels of these bio-
markers or from high-risk populations. For example, 
smoking cessation has a variety of health benefits, and 
could potentially lead to reduction in the incidence of RA 
of up to a 35%, based on some available evidence.28 In 
addition, use of a pharmacological agent already known 
to be effective in clinically apparent disease might be a 
reasonable approach to prevention of ARDs while we 
await a more detailed understanding of the natural history 
of disease, which might in fact be obtained in a prevention 
trial using such currently available therapies. For example, 
treatment of an individual deemed to be at-risk of RA or 
SLE based on biomarker profiling with a relatively safe 
and well-tolerated therapy, such as hydroxychloroquine, 
might prevent the future onset of clinically apparent 
disease, similar to the effect seen in studies of palindromic 
rheumatism and ILE.40,131,138

Importantly, in asymptomatic individuals with risk 
factors for ARD, many of whom will not develop future 
disease, the use of approaches such as lifestyle modifica-
tion, vaccinations and antimicrobial or anti-inflammatory 
therapies with excellent safety records, is likely to be much 
more acceptable than prophylactic therapy with expensive 
drugs that are potentially associated with greater risks. 
However, the use of targeted disease-modifying thera-
pies might be considered justified in individuals with 
early signs or symptoms of disease and/or a high risk 
of future ARD according to accurate predictive instru-
ments, although efforts are needed to clearly define this 
‘high-risk’ population. Notably in this regard, an ongoing 
clinical trial is investigating rituximab for the prevention 
of future RA in individuals with no evidence of inflam-
matory arthritis upon physical examination but who have 
elevated levels of RF and ACPAs plus one or more of the 
following measures: increased levels of C‑reactive protein 
or evidence of subclinical synovitis obtained using ultra-
sonography or MRI.139 In this trial, which began in the 
Netherlands in 2009, the individuals are being treated 
with a single dose of either rituximab or placebo, and the 
primary outcome is a decrease in the number of indivi
duals who develop classifiable RA at 4 years. The results 
of this trial should be become available in the next few 
years and will probably provide important data regarding 
preclinical RA and prevention of RA.

Future directions
The greatest challenge to prevention of ARDs is obtain-
ing sufficient knowledge of the mechanisms under
lying development of disease that operate during  
the preclinical period. Understanding of this stage of the 
natural history of these diseases is essential to enable 

accurate identification of autoimmunity, prediction of 
clinically meaningful disease and to provide a rationale 
for preventive interventions can be applied at an indivi
dual level using an evidence-based approach that appro-
priately balances risks of interventions with benefits of 
prevention. As we have described, retrospective analyses 
of stored samples, together with a growing number of 
prospective studies in high-risk populations, includ-
ing ongoing studies in American Indian populations,83 
nurses,140 and first-degree relatives of patients with RA 
and SLE,141–143 as well as studies of individuals who have 
presented to clinical care with disease that does not meet 
the current classification criteria (such as patients with 
arthralgia or ILE),17,77 have provided much important 
information regarding the mechanisms of SLE and RA 
development in the preclinical period. Similar future 
studies will continue to provide additional informa-
tion, hopefully by taking advantage of established and 
emerging technologies (genetic and epigenetic testing, 
microbiome analyses, array-based testing, and single-
cell analyses, for example) to assess the relationship 
between genetic and environmental factors and the 
development of autoimmunity and inflammation. In 
addition, partnering studies of ARDs with other large-
scale natural history studies of CVD or cancer could 
enable pooling of resources to optimize the under-
standing of ARDs. Mechanistic studies using relevant 
animal models will also be important to understanding 
the natural history of ARDs. Nevertheless, well-designed 
prospective clinical studies of both the mechanisms of 
disease development and interventions to abrogate or 
halt the future development of ARDs will be necessary 
to develop preventive strategies for ARDs that can be 
broadly applied. Furthermore, the analyses of the cost-
effectiveness of such approaches will also be required. 
How such studies will be funded and implemented is an 
open question; however, the rheumatologic community, 
as well as the wider medical and general community, and  
funding sources including governmental agencies 
should be responsible for determining the value of such 
approaches to society as a whole. Perhaps approaches 
such as those used in the autoimmune disease type 1 dia-
betes mellitus (T1DM), which follows a similar model 
of development as RA and SLE with the presence of 
autoantibodies that are highly specific for future disease 
preceding clinically apparent disease onset, could be 
used.144 Specifically, much has been learned about the 
natural history of T1DM through large-scale collabora
tive projects, such as TrialNet,145 which involved multi-
ple clinical and research centres worldwide that united 
to develop and perform natural history studies and 
implement clinical prevention trials.

Conclusions
We have focused herein on RA and SLE as model ARDs 
with a preclinical period of development, although 
most if not all ARDs are likely to have a preclinical stage  
of disease characterized by initiation and propagation of 
autoimmunity. Obtaining a clearer understanding of pre-
clinical ARDs, including the genetic and environmental 
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aetiological factors, and biomarkers that characterize the 
early stages of pathogenesis, would facilitate the develop 
predictive tools that ultimately enable screening and pre-
vention strategies. Such screening and preventative initi
atives could substantially reduce the burden that these 
diseases place on public health. Although further studies 
are needed to develop effective preventive approaches for 
all ARDs, if increased focus is placed on these issues by 
the biomedical community, other important organiza-
tions (including funding agencies) and society in general, 
we could reveal sufficient information on some ARDs to 
implement preventive strategies in the near future.
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