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In medicine, predicting disease development involves three major factors: the variability of 
the host, the characteristics of the disease-causing agent and the interactions among these 
factors (i.e., the disease process itself). This review focuses on the prediction of rheumatoid 
arthritis (RA) development in patients with undifferentiated arthritis (UA). Data from inception 
cohorts have revealed that, in approximately a third of patients presenting to a 
rheumatologist with recent onset arthritis, no diagnosis can be made, resulting in so-called 
UA. Although RA develops in a proportion of these patients, a substantial proportion 
spontaneously remits. The reason(s) for RA development as opposed to remission are as yet 
unknown. However, current epidemiological data on RA incidence rates are similar, with 
host (genetic) factors being an independent predictor of RA susceptibility. Also, human 
leukocyte antigen and protein tyrosine phosphatase nonreceptor 22 alleles have now been 
identified as risk factors in a number of populations, although most genetic factors involved 
are yet to be identified. Disease characteristics, such as the presence of anticyclic 
citrullinated peptide antibodies and erosions on x-rays, are also identified as being of high 
predictive value. The use of models that take into account both genetic and clinical 
characteristics to evaluate patient groups is important. In the future, the accuracy of these 
models in predicting, with 80% probability, the chance of progression from UA to RA should 
be established. Such prediction models will aid in determining the most suitable treatment 
for these patients.

A number of different factors are used in clini-
cal prediction models. These include variability
of the host, of the causative agent, in the dis-
ease process and, finally, the dynamics of the
interaction that also takes time into account.
Examples of the relevance of measuring pure
host characteristics include the presence of the
breast/ovarian cancer gene (BRCA)-1/2 in fam-
ilies with a history of breast/ovarian cancer.
The causative microorganisms in infectious dis-
eases, such as in community-acquired pneumo-
nia are examples of the relevance of the
characteristics of the causative agent in sensu
strictu. An example from rheumatology, when
both host and causative agent determine sus-
ceptibility, is that certain microorganisms (e.g.,
Chlamydia) cause disease (reactive arthritis),
particularly in hosts that are human leukocyte
antigen (HLA)-B27 positive. Detecting differ-
ences in prognosis by studying the mode of
interaction of the host and disease-inducing
process include the study of diseased tissue
characteristics, such as microarray studies in
breast cancer. An example where the evolution
of the disease over time is included in the deter-
mination of a response parameter is cervical
abnormalities detected by a slightly abnormal
cervical smear test. The value of this is that it is

advised that the cervical smear test is repeated
within 3 months to see whether natural
regression of the abnormalities or progression
to abnormalities indicative of pre-cancerous
characteristics has occurred (Figure 1).

The outcome of a prediction model can be
the development of disease or disease severity.
In rheumatology, and particularly in rheuma-
toid arthritis (RA), physicians want to avoid
morbidity and disability. Existing prediction
models are therefore built to predict chronicity
and erosiveness. Prediction models are of
importance as they might help in treatment
decisions. They may guide the choice of treat-
ment options among wait and see, start with a
relatively mild treatment or initiate aggressive
treatment directly.

The current evidence for (early) treatment of
RA is based on large trials with RA patients, in
which RA is defined according to the American
College of Rheumatology (ACR) criteria.
Inception cohorts included patients in who,
during the first visits with the current method-
ology, a diagnosis can be made directly
(approximately 60% of patients). Approxi-
mately 40% of patients in inception cohorts
have a form of arthritis in which no definite
diagnosis can be made; these patients are
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identified as having undifferentiated arthritis
(UA). These UA patients can go into remission,
develop RA or develop other conditions
(Figure 2) [1]. At present, no data on the effects of
treatment of UA patients are available. Early
treatment of patients with UA that will develop
RA might be beneficial, whereas treatment of
the group that will remit spontaneously is
potentially harmful. The spontaneous remis-
sion rate of UA patients is approximately
40% [1]. As current knowledge of the effects of
RA treatment is based on patients with RA clas-
sification according to the ACR criteria, it will
be helpful to have a model to predict RA devel-
opment in UA patients. The prediction of RA
is, in most cases, synonymous with the predic-
tion of disease persistence as the remission rate
of RA is approximately 10–18% [2,3].

This review focuses on the prediction of RA
development. The following sections will
review the evidence that pure host characteris-
tics are informative, pure disease characteristics
are relevant and also available evidence, high-
lighting that a combination of disease
characteristics, host characteristics and natural
course allows prediction. The applicability of
prediction models is also determined by basic

epidemiological rules and their predictive value
is dependent on the prevalence of the disease in
a given population. For the question regarding
genetic testing, ‘where we are now and what are
the future prospects?’, this is relevant because
most current data on genetic factors describe
the comparison between confirmed cases and
healthy controls. These are relevant data to
determine pathogenesis, but are difficult to
interpret with regard to relevance in diagnostic
testing in individual patients.

Variability in the host determines 
incidence of RA
This hypothesis has a number of relevant impli-
cations for RA. First, it assumes that the trigger
or triggering events for RA are common and,
therefore, that the opportunity to encounter
these triggering events is not the limiting or
determining factor. Second, it has implications
as to whether RA is one disease or an assembly
of truly different diseases. Third, it assumes
that a number of DNA variants are associated
with disease and that a DNA fingerprint might
predict disease susceptibility.

Does RA have a 
common trigger?
The assumption that RA has a common trigger
or a combination of commonly available triggers
implies that these can be encountered in most
populations. An argument in favor of this
assumption is that RA is a worldwide condition,
indicating that the triggers leading to RA must
be available worldwide. RA incidence is age
related, with a higher RA incidence with
increased age. This age-related incidence of RA
provides some evidence as to the number of trig-
gers needed for RA development. Roberts-
Thomson and colleagues studied population
data obtained from the Australian Bureau of
Statistics in order to assess the number of events
necessary for RA development [4]. By computer
modeling in which the age-specific incidence
rates, the proportion of the population at risk
and the age at onset are included, the number of
random events that must occur for the dis-
ease to manifest (given a stochastic model) was
calculated. This number varied somewhere
between four and six events. In inception
cohorts, the patients with UA at inclusion, who
after 1 year of follow-up had persistent UA,
were significantly younger than the UA pat-
ients that developed RA during the first year [1].
The difference in age between the groups that

Figure 1. Different items in prediction models.
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do and do not progress to RA might reveal a dif-
ference in time period and subsequent chance to
acquire sufficient numbers of triggering events.

RA has a variable incidence in different popu-
lations. In Pima Indians, the incidence rates in
the same time periods were ten-times higher
than in the Caucasian US population and five
times higher than in the Japanese population [5].
This implies that the frequency of the events
leading to RA is varied in different populations
and/or that the host factors in different popula-
tions differ. The relative contribution of genetic
or environmental factors is difficult to deter-
mine, but based on studies of populations that
have migrated to different environments, it is
likely that the majority of the differences in rates
of RA in different populations can be explained
by genetic factors [6]. Moreover, the differences
in the frequency of the identified genetic risk fac-
tor for RA, that is, the HLA alleles encoding the
shared epitope, associate with the frequency of
RA in the respective populations [7]. The absence
of geographical clustering of RA incident cases
provides an additional argument that RA is
caused by commonly available triggers [8]. Alto-
gether, these data suggest that, with a modern
lifestyle, a combination of triggers is common in
a variety of cultures, but host characteristics
determine whether these triggers can lead to RA.

Further understanding can be achieved by
studying populations among which RA is not
prevalent. A study in indigenous people (Aborigi-
nals) in Australia found no paleopathological or

ethnographical evidence to support the existence
of RA before white settlement [9]. Similarly, in
a rural Nigerian population, RA was not
observed [10], indicating that either the common
trigger was not present at that time or that these
populations are protected genetically. Arguments
for this last statement include the much lower fre-
quency of HLA-D related (DR) alleles, which
encode RA risk alleles in these populations. Care-
ful studies have now identified RA in Aboriginals.
However, in all Aboriginal RA patients, some evi-
dence of prior inter-racial marriage was found.
This indicates that genetic admixture is necessary
for the development of RA. Yet, a contribution of
changing lifestyles that is concomitant to racial
admixtures cannot be excluded easily.

In a study from Minnesota that studied RA
incidence rates from 1955 to 1995, the inci-
dence rate fell progressively over the 4 decades of
study, from 61.2/100,000 in 1955–1964 to
32.7/100,000 in 1985–1994 [11]. A Japanese
study showed that the incidence rates also fell in
Japan. Falling incidence rates over time have also
occurred in other diverse populations, such as
the Indians and Finnish [12]. There are several
possible explanations for this decrease in RA
incidence. Because it is apparent in various pop-
ulations, the explanation is probably a factor that
has an identical effect in all populations through-
out the world in the birth cohorts from 1890 to
1950. It is proposed that this factor is a change
in the population genome [13]. The explanation
for this genetic drift is that, in previous times,
human reproductive success was distributed une-
venly, with a minority of fertile women giving
birth to the majority of newborns. For example,
in the 1912 Australian census, 50% of the chil-
dren were the offspring of one in seven of the
women [14]. However, in recent times, this pre-
dominance has decreased steadily since both fer-
tile and less fertile women have contributed
equally to the next generation. There are also
other explanations for the decrease in RA inci-
dence rates over time. Besides a real-time-
dependent decline in RA, changing method-
ology in classification may also be important [15].
In addition to a decrease in RA incidence, a
decrease in RA severity over time is also reported.
This decline seems to be contributable to earlier
and more aggressive treatment [16].

In summary, the overview of the studies of
incidence rates of RA are compatible with the
notion that host characteristics are the major fac-
tors that drive whether or not a patient will
develop RA. 

Figure 2. Flow diagram of inception cohort.
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The authors suggest that most individuals
nowadays will encounter those 4–6 triggering
events and host factors are therefore the driving
force to explain differences in incidence rates.

RA: one disease or an assembly of 
different diseases?

At present, RA is diagnosed formally when
patients fulfill the criteria that were formulated
by the ACR in 1987. Whether the patients that
have RA, according to these criteria, all have the
same disease – characterized by an identical
pathogenesis – is questionable. Recently, it was
observed in a European and American popula-
tion that RA patients carrying antibodies to cit-
rullinated proteins (anticyclic citrullinated
peptide [CCP] antibodies) have an association
with different genetic risk factors than patients
lacking these antibodies. The shared epitope
encoding HLA alleles only conferred risk to anti-
CCP-positive and not anti-CCP-negative
RA [17]. Anti-CCP antibodies are reported to
have high disease specificity and are often
present before the clinical presentation [18,19];
they are therefore thought to play a role in RA
pathogenesis. The finding that the shared
epitope alleles only correlate with anti-CCP-pos-
itive disease suggests strongly that RA patients
with anti-CCP antibodies have differences in the
pathophysiological pathway compared with RA
patients that are anti-CCP-negative. This leads
to the question: are anti-CCP-positive and -neg-
ative RA different disease entities with distinct
clinical characteristics? In a recent study, RA
patients with and without anti-CCP antibodies
were compared extensively with regard to clinical
characteristics. No differences were found in the
characteristics on disease presentation between
these two patient groups, including the age of
disease onset, the type of initial symptoms, the
distribution of initial symptoms, the presence
and duration of morning stiffness and the
number and distribution of painful or swollen
joints [20]. From these data, it can be concluded
that different pathophysiological pathways end
in one phenotypical presentation of the disease.
Specific characteristics of the host, such as
the presence of anti-CCP antibodies, associate
subsequently with the course of the disease.

Which potential genetic risk factors for RA 
are known?

The HLA class II molecules are the most power-
ful genetic factors recognized so far for RA, con-
tributing to at least 30% of the total genetic

effect. The HLA-DRB1 alleles *0101, *0102,
*0401, *0404, *0405, *0408, *1001 and *1402
share a conserved amino acid sequence at posi-
tions 70–74 in the third hypervariable region of
the DRβ1 chain. These residues constitute an
α-helical domain forming one side of the anti-
gen-presenting binding site. The ‘shared epitope
hypothesis’ postulates that the shared epitope
motif itself is involved directly in the pathogene-
sis of RA by allowing the presentation of an
arthritogenic peptide. Extensive evidence exists
showing associations between the shared
epitope-encoding alleles and RA susceptibility.
The presence of shared epitope-encoding alleles
is associated with an odds  ratio of approximately
three to four to develop RA [21,22].

The second genetic risk factor is a risk allele
of the hematopoietic-specific protein tyrosine
phosphatase nonreceptor, (PTPN) 22. This
allele was identified in 17% of North American
Caucasian controls and 28% of RA patients,
confering odds of approximately two to develop
RA [23–26]. This allele changes the function of
the protein that is a negative regulator of T-cell
activation, leading to T cells with a lower
threshold for T-cell activation. This mutation
apparently leads to several autoimmune diseases
since this mutation also confers risk for systemic
lupus erythematosus (SLE), Type 1 diabetes and
Graves disease [27,28]. 

Over recent years, an increasing number of
single nucleotide polymorphisms (SNPs) associ-
ated with RA have been identified. Some results
have not been replicated and some show differ-
ent results in different populations. One genetic
risk factor that is under investigation currently
and seems to be associated with RA, diabetes
and myocardial infarction, is major histocom-
patibility complex (MHC) class 2 transactivator
(MHC2TA). This SNP associates with a lower
expression of MHC molecules and, in a Swedish
cohort of 1288 RA patients and 709 controls,
this SNP conferred a 1.3 times higher risk of
developing RA [29]. The findings on this SNP
await replication. In Japanese patients and con-
trols, an association between haplotypes (combi-
nations of SNPs on one chromosome that tend
to be inherited together) of the gene encoding
peptidylarginine deiminase 4 (PADI4) and an
increased susceptibility to RA was observed [30].
The RA-susceptible PADI4 variant produces a
more stable transcript than the nonsusceptible
variant, implying increased production of
PADI4 and, therefore, higher levels of citrulli-
nation by the RA-susceptible variant. Unless
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increased citrullination occurred, the described
PADI4 haplotypes did not correlate with (the
level of ) anti-CCP antibodies [30]. The associa-
tion of PADI4 with RA is shown in the Japanese
population. Data from Caucasians from France
and the UK, however, showed no association
between PADI4 haplotypes and RA [31,32]. 

Susceptibility genes can interact such that
the resulting predisposition of carrying both
genes is larger than the summed ratios of the
individual genes. The presence of such interac-
tions is important with regard to prediction. In
820 Japanese RA patients and 620 controls,
risk for RA of 1.3 was identified for a risk allele
in the organic cation transporter gene
SLC22A4 [33]. Intriguingly, the identified SNP
affects the transcriptional efficiency of
SLC22A4 in vitro by altering the binding affin-
ity of a hematopoietic transcription factor,
called RUNX1. A small but significant associa-
tion was observed with the minor allele in the
RUNX1 gene. Importantly, homozygosity for
both susceptibility alleles (SLC22A4 and
RUNX1) resulted in a high odds ratio of nine,
indicative of a gene–gene interaction [33].
Recently, the effects of this RUNX1 SNP were
not found in a Caucasian population [34]. An
SNP in the promoter region of FCRL3 has
been shown recently to be associated with RA
susceptibility [35]. For a large number of other
genes suggested to be relevant in the patho-
physiology of RA, association was observed in
only one study, without replication. These
studies concerned β-adrenergic receptor gene
SNPs, receptor activator of NF-κB ligand
(RANKL), anti-intercellular adhesion molecule
(ICAM)-1, vascular endothelial growth factor
(VEGF), programmed cell death (PDCD)-1
and interleukin (IL)-1-RA genes [36–40].

Besides genetic risk factors that confer a
higher risk of developing RA, there are also
genetic risk factors that protect from RA. This
concerns particularly the HLA-DRβ1 alleles
that encode for the amino acids DERAA
(DRB1*0103, *0402, *1102, *1103, *1301,
*1302 and *1304). Interestingly, the HLA-
DRB1 alleles can encode for different alleles
with an opposite effect on disease susceptibility.
The protective effect of the DERAA-encoding
alleles is independent from the shared epitope-
encoding alleles that have predisposing
effects [22,41,42]. Both in the presence and
absence of shared epitope-encoding alleles, the
DERAA-encoding alleles confer significantly
lower odds of 0.6 of developing RA [22].

In summary, the current knowledge of well
validated genetic risk factors to be included in
a DNA fingerprint is limited to HLA-DRB1
and PTPN22. HLA-DRB1 is estimated to
account for 30% of the genetic component of
this autoimmune disease [43], while the contri-
bution of PTPN22 is much smaller. Thus, a
significant part of the genetic contribution is
still to be identified. In a number of whole
genome scans, many peaks of linkage have
been identified [44]. In a study to estimate the
number of true RA gene regions, which took
into account both the heterogeneity of RA and
the performance of a dense genome scan, 8 ± 4
regions (mean ± standard deviation [SD]) were
found to be true positives and evidence for
three additional regions was provided from
covariate-based analysis [45]. One of those
regions is the HLA-DRB1 locus, meaning that
at least 10 ± 4 additional genes will be identi-
fied each with a modest effect. Technical
progress, such as SNP-based linkage analysis,
has been demonstrated to allow loci to be
defined more precisely [46]. The chance that
this will lead to the identification of the major-
ity of the genetic risk factors is larger if RA is
caused by a dozen common genetic variants
than if RA is the result of many rare mutations.
Given the fact that HLA and PTPN22 have
already been identified, the authors speculate
that RA is caused by a dozen common genetic
variants. The statistical methods to evaluate
many gene variants with disease status, as in
candidate-gene case–control studies, are still in
their infancy, especially for the low effect sizes
of the individual disease loci and the occasion-
ally low frequencies of the disease allele(s). The
standard methods of evaluating the association
of multiple markers with disease status are
based on multimarker multivariate analyses.
For such analyses, one typically uses logistic
regression to test simultaneously the main
effects (and possibly interactions) of multiple
markers. For each marker, a covariate can be
created, such as the number of rare alleles at
each marker. When this type of coding is used
in logistic regression, the resulting score statis-
tic for each marker implies many degrees of
freedom, implying that the overall model suf-
fers from weak power. Moreover, complex
models tend to overfit the data, stressing the
necessity for replication in independent
cohorts. Despite these difficulties, it appears
that the genetic contribution to RA is approxi-
mately 50–60% [47]. This number is estimated
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by variance component analysis in monozy-
gotic and dizygotic twins [47]. This high per-
centage implies that measurement of genetic
host characteristics is likely to have a role in a
predictive test.

Which environmental risk factors for RA 
are known?
So far, smoking has been shown to be the only
plausible environmental risk factor for RA. An
association with smoking and RA is found par-
ticularly for rheumatoid factor (RF)-positive RA
compared with RF-negative disease [48,49]. Cur-
rent smokers or ex-smokers have the potential
to develop autoantibody-positive RA, with an
odds ratio of 1.7 to 1.9. This risk increases with
cumulative smoking dose [48]. A recent report
investigated whether smoking is associated pri-
marily with the development of RF or anti-CCP
antibodies. This study revealed a gene–environ-
ment interaction by showing that, in the pres-
ence of HLA-shared epitope alleles, smoking
contributes significantly to the development of
anti-CCP antibodies [50].

A predictive effect of oral anticonceptives on
RA has been claimed [51]. This finding was, how-
ever, not replicated in the Nurses’ Health
study [52].

Predictive value of a DNA fingerprint test
A large problem in transferring the data on
genetic risk factors to prediction models is that
the most current studies compared patients
with controls, revealing odds ratios that are
determined on group levels. The value of these
genetic risk factors for individual predictive
testing may be limited. Compare, for example,
the statistical models to predict the pre-test
probability of BRCA1/2 genes. BRCA1 or 2 car-
riers have a very strong risk for ovarian/breast
cancer. The statistical models to predict the
presence of a BRCA1/2 risk allele are only
informative in a selected population with
affected family members [53]. This example
underlines that findings for a whole group can-
not be used automatically for prediction in sub-
groups of patients or for individuals. Genes may
confer risk to subgroups of RA patients. For
example, the well known HLA shared-epitope
alleles particularly predispose an individual to
anti-CCP-positive RA [17]. The BRCA example
also elucidates that the predictive value of a test
depends on the prevalence of a disease in a pop-
ulation. For UA, a number of inception cohorts
of patients with recent onset arthritis have

identified patients with a form of arthritis that
has the potential for a persistent course, without
fulfilling the classification criteria of other rheu-
matic disorders [54]. In nine cohorts, the propor-
tion of patients with UA that evolved into RA
within 1 year varied from 17% to 32%. Thus,
in this group of UA patients, the pre-test proba-
bility of developing RA varies between 17% and
32%. Given the dynamics of UA development
to either remission or progression to RA, the
evaluation of predictive models for this patient
group is highly relevant.

Characteristics of the disease process 
& prediction
The theoretical background of this section is
the assumption that the expression of the dis-
ease in an initial phase allows prediction of the
outcome. The genomic revolution has fuelled
optimism that gene expression profiles allow
such outcome measures. Gene expression pro-
files are used currently in breast cancer to select
the patients that would benefit from adjuvant
therapy [55]. However, others warned that the
prognostic value of the published microarray
results in cancer studies should be considered
with caution, as the list of genes identified as
predictors of prognosis was highly unstable and
the molecular signatures depended strongly on
the selection of patients [56]. The prognostic
value of the microarrays used in oncology
therefore needs replication.

Disease characteristics occuring at the 
presentation of UA that predict progression 
to RA
The most important and best-validated disease
characteristics with regard to prediction are
auto-antibodies (anti-CCP and RF) and the
presence of erosions on the radiographs of
hands and feet at initial presentation. In univar-
iate analysis, the presence of anti-CCP antibod-
ies in patients with UA conferred an odds ratio
of 38 to develop RA compared with anti-CCP-
negative patients with UA [57]. A logistic regres-
sion model showed an odds ratio of 16 for anti-
CCP antibodies in the prediction of RA [58].
Raza and colleagues followed 124 patients who
had had synovitis for less than 3 months for
72 weeks and assessed the prognostic value of
anti-CCP antibodies and RF [59]. In this study,
the combination of anti-CCP antibodies and
RF had a positive predictive value of 100% and
a negative predictive value of 88% for an RA
diagnosis [59].
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Clinical disease characteristics of 329 UA
patients that presented to the Leiden Early
Arthritis Clinic differed among those who
developed RA versus those who did not.
Disease characteristics associated with RA
development were:

• Higher age (55 vs 46 years)

• Female sex (66 vs 50%)

• Duration of morning stiffness (60 min vs 
15 min)

• Longer duration of symptoms (131 vs 
81 days)

• A higher number of swollen joints (4 vs 2) [1]

Visser and colleagues developed a clinical
model for the prediction of three forms of
arthritis outcome: self-limiting disease, persist-
ent nonerosive disease and persistent erosive
disease [60]. For the development of this model,
the first 524 consecutive patients referred to the
Leiden Early Arthritis Clinic were studied and
arthritis outcome was recorded after 2 years of
follow-up. This prediction model consisted of
seven variables:

• Symptom duration at first visit
• Morning stiffness for greater than 1 h
• Arthritis in more than 3 joints
• Bilateral compression pain in the metatarso-

phalangeal joints
• RF positivity
• Anti-CCP positivity
• Presence of erosions at study entry

 The receiver-operating characteristic (ROC)
area under the curve for discrimination between
self-limiting and persistent nonerosive arthritis
was 0.84 and for discrimination between per-
sistent nonerosive and erosive arthritis it was
0.91 [60]. The addition of predisposing HLA
class II alleles did not improve the discrimina-
tive ability of the model significantly [60]. The
last finding might indicate that, for RA diagnos-
tics, clinical parameters are stronger predictors
than genetic markers. The model derived by
Visser used all patients of the Leiden Early
Arthritis Clinic, rather than only the UA
patients. The advantage of the Visser model is
that it can be used for a ‘random’ patient with
arthritis who visits a rheumatological out-
patient clinic. The disadvantage is that it also
predicts occurrence of RA in patients who
already fulfill the classification criteria for RA.
Whether or not the clinical characteristics used
in this model also have predictive value in
patients with UA is under analysis currently.

To what extent can clinical observation be 
used in prediction?

Clinical observation of the natural course is the
best way of predicting what the subsequent
course will be. From a retrospective viewpoint,
the history of the patients can be used as illus-
trated in the model proposed by Visser, in
which a long duration of complaints was associ-
ated with higher odds for chronic and erosive
disease [60]. The decision to include a ‘wait and
see’ policy can only be taken when the possible
disadvantages are also considered. The progress
from UA to RA is characterized by the acquisi-
tion of certain phenotypic characteristics that
form the ACR classification criteria, including
joint destruction with subsequent deformities
and extra-articular features, such as nodules.
Given the accumulating evidence that appro-
priate therapy might prevent the development
of a detrimental RA phenotype, observation
without treatment is, in the authors’ view, only
justified when the patient does not fulfill the
ACR criteria. 

Specific studies that compare the initiation
of treatment as a function of disease duration
are scarce. However, valuable data were
obtained in a 5-year follow-up study by
Egsmose and colleagues, in which early treat-
ment with intramuscular gold was compared
with a delayed treatment strategy [61]. The early
treatment group showed improvement with
respect to signs and symptoms, physical func-
tion and radiographic progression, thus sup-
porting the hypothesis of a therapeutic window
of opportunity. In another trial by van der
Heide and colleagues, immediate versus delayed
introduction of disease-modifying anti-rheum-
atic drug (DMARD) therapy were compared in
patients with RA diagnosed recently [62]. Early
introduction of DMARDs showed greater
patient improvement with regards to signs and
symptoms, physical function and radiographic
progression. In an observational study, Van
Aken and colleagues compared the conven-
tional pyramid strategy, consisting of sequential
use of nonsteroidal anti-inflammatory drugs
(NSAIDs) and subsequent DMARD therapy
with immediate initiation of DMARD
therapy [63]. Again, the early treatment group
showed less radiographic progression [63].
Finally, an observational study performed at the
Norfolk Arthritis Register provided evidence
that patients in whom DMARD therapy was
initiated within 6 months of RA diagnosis had
a better 5-year radiographic outcome than
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patients starting DMARD therapy 6 months
after RA diagnosis [64]. All the aforementioned
studies have investigated the importance of
treatment timing with regard to diagnosis.

In summary, a role for clinical observation in
the prediction of RA development seems only
justified in UA patients with a low probability
of developing RA.

Conclusion
In the search for methods to predict RA accu-
rately, current data indicate that host charac-
teristics are relevant. The identification of
these host characteristics has yielded HLA alle-
les as being both a risk and protective and
identified PTPN22 as the second risk gene.
Progress to identify the genetic risk factors that

determine the remainder of the risk is slow.
This is owing to the fact that each gene
probably has a very small effect and to a lack of
good statistical models to analyze combina-
tions of genetic risk factors. Clinical factors
that should be included in a predictive model
are probably the duration of morning stiffness,
the presence of an anti-CCP response and the
presence of erosive abnormalities on x-rays of
hands and feet.

Future perspective
Prediction of the future is impossible, but a
model can provide a probability for an individ-
ual patient. Such a prediction model should
guarantee a clinician and patient enough
certainty (e.g., 80%) that a patient is assigned

Executive summary

Basic items in clinical prediction models

• Variability of the host.

• Variability of the causative agent.

• Variability in the disease process.

• Dynamics of the interaction that takes time into account.

Variability of incidence rates in rheumatoid arthritis

• Migration studies have similar results and host factors determine differences in rheumatoid arthritis (RA) incidence rates.

• Worldwide occurrence indicates that factors occurring during life commonly trigger RA.

• The frequency of the known genetic risk factor, human leukocyte antigen (HLA) alleles, in the different populations correlates with 
RA frequency.

• Absence of RA in rare, isolated populations disappears after inter-racial marriages.

Genetic risk factors for rheumatoid arthiritis

• The total contribution of genetic factors to disease susceptibility is approximately 50–60%.

• Currently identified and widely replicated genetic risk factors are HLA and protein tyrosine phosphatase nonreceptor (PTPN) 22.

• These factors explain approximately one third of the total genetic risk, thus the other two thirds are yet to be identified.

Environmental risk factors for rheumatoid arthritis

• Smoking is a risk factor for autoantibody-positive RA.

Predictive value of a DNA fingerprint test

• The predictive value of a test depends on the disease prevalence in the population for which the test is evaluated.

• Cohorts of patients with recent onset arthritis referred to a rheumatologist revealed a significant proportion of patients with 
undifferentiated arthritis (UA).

• Approximately one third of patients with UA develop RA.

• The group of patients with UA is the most relevant group for evaluating predictive models.

Disease characteristics that determine whether undifferentiated arthritis progresses to rheumatoid arthritis

• Presence of anti-CCP antibodies (or rheumatoid factor).

• Joint destruction on x-rays of hands and feet.

• Clinical characteristics, such as the presence of morning stiffness, higher number of swollen joints and bilateral compression pain 
of metatarsophalangeal joints.

Relevance of clinical observation in prediction models for rheumatoid arthiritis

• Long symptom duration is associated with a higher chance of developing RA.

• Early disease-modifying anti-rheumatic drug treatment prevents acquisition of a detrimental phenotype in patients that fill 
American College of Rheumatology RA criteria, thereby limiting the place of ‘wait and see’ strategies.
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to the correct category. In the context of UA,
where approximately one third will develop RA
and two thirds will not, it is not known exactly
what the minimum value of the the fraction of
explained variation (R2) has to be to result in a
valuable prediction model. The R2 is a measure
of the model’s ability to predict. It compares the
mean squared error of the prognostic model
with the mean squared error of the model with-
out any prognostic variables and does not have
a dimension. Some indication of an acceptable
R2 can be obtained from a similar problem, the
prediction of the severity of joint destruction in
RA. Recently, De Vries and colleagues deter-
mined the adequacy of clinical parameters in
the prediction of joint destruction [Unpublished

Data]. This model had an R2 of 0.64 and classi-
fied 62% of patients correctly. Furthermore, it
was calculated that to classify of 80% of the
patients correctly, such a hypothetical model
should have a  R2 of 0.9 [Unpublished Data]. A
model that predicts joint damage scores gives
an estimate for a continuous variable, and is
therefore different from a model that predicts
the absence or presence of RA development.
Nevertheless, the data as presented by De Vries
and colleagues indicate the requirements for a
model to predict disease development ade-
quately in patients with UA. To our knowledge,
there are currently no prediction models ana-
lyzed that are able to determine with at least

80% certainty whether an individual patient
will develop RA or not. However, given that
more genetic factors associated with RA suscep-
tibility will probably be identified in the next
decade, we expect that these results will be
included in future prediction models. 

The predictive value of disease characteris-
tics, such as anti-CCP antibodies, has already
been identified and, given its large and specific
effect, this will be included in prediction mod-
els. Clinical characteristics have not yet been
defined in great detail, but we expect that, with
the current inclusion of many patients in dif-
ferent early arthritis initiatives, these data will
become available in the next decade. Given the
expectation that genetic, serological and clini-
cal data each contain independent informa-
tion, it should be possible to combine these
data sets to gain more accurate prognostic
information. Hopefully the R2 of such a model
will be large enough to allow prediction at the
patient level.

This review has focused on prediction of the
diagnosis of RA, but not the prognosis of RA.
This is because of the lack of epidemiological
data regarding whether RA severity, such as rate
of joint destruction, is caused by, for example,
genetic factors. In the next decade, we expect
that these basic epidemiological data will
become available, therefore leading onto the
development of predictive tests for RA outcome.
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