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Editorial

Translating Genetic Information
into Clinical Disease Risk in
Rheumatoid Arthritis

The increasing availability of genetic information on human
subjects has raised expectations that in the near future genet-
ic knowledge will make a central contribution to the man-
agement of rheumatic disease. Genetic markers as measures
of disease risk and predictors of outcome have an inherent
appeal: they are tangible and fixed, and relate directly to
biological mechanisms of disease. Given that twin and fam-
ily studies clearly show that a greater part of variation in dis-
ease prevalence for most common rheumatic disease is
explained by population-level genetic variation, it seems
reasonable to anticipate that genetic data will have potential
to reveal a level of insight that could inform the manage-
ment of disease in clinical practice.

Hopes that genetics will transform clinical management
are high for rheumatoid arthritis (RA). Around 60% of the
variation in population occurrence of this disease has been
attributed to genes1. The contribution of the HLA system to
this risk has been recognized since the 1970s2-4, and it is
now acknowledged that individual HLA variants encoding
the shared epitope (SE)5 confer specific levels of risk in
relation to the severity and rate of progression of the dis-
ease6,7. The last decade has seen the completion of several
genome-wide linkage scans as well as numerous candidate
gene association studies that have extended our knowledge
of the genetic contribution to RA susceptibility beyond
HLA. Other confirmed associations now include genes
encoding molecules involved in cell signaling (PTPN228,
CTLA49), and posttranslational modification (PADI410).
Further discoveries are anticipated from the whole-genome
association studies currently in progress.

Given the wealth of genetic data in RA, it is reasonable
to question objectively how genetic information might be
translated into predicting the course of disease in individual
patients. RA is clinically heterogeneous, and the value of
genetic testing to an individual is dependent to a degree on
their existing risk as evidenced by their demographic char-

acteristics and by the pattern and course of their disease.
Thus, the measure of greatest interest is the extent to which
additional knowledge from genetic testing can augment the
ability to predict outcome based on an individual’s preex-
isting risk factor profile.

Predicting disease outcome in RA presents significant
challenges. RA has a relatively low incidence; the disease is
often difficult to define at its outset; it has a lifelong relaps-
ing and remitting course, which is influenced by individual-
specific treatment decisions that also vary over time.
Population studies may not reflect the patterns of disease
managed in rheumatology practice, and risk factor profiles
may differ between outcome studies. An adequate appraisal
of the risk associated with particular genetic polymor-
phisms can only be derived from representative patient
samples in a longitudinal setting with subjects followed
over many years. These studies are rare.

The study by Janssens, et al11 in this issue of The
Journal is one of the few to examine the clinical utility of
individual genetic testing for the SE in determining risk in
RA among typical clinic attenders in a longitudinal setting.
It provides results that are directly applicable to clinical
practice. The study was conducted among a cohort of 154
Caucasian women with established RA who had been under
the care of rheumatologists in Northern California, USA.
The cohort had an average disease duration at inception of
10 years and had been followed for 12 years.

Their analysis demonstrates that knowledge of an indi-
vidual’s SE status is only helpful in restricted circum-
stances. As an individual’s score increases on conventional
clinical risk factors for erosive disease [including age at dis-
ease onset, family income, number of painful joints, Health
Assessment Questionnaire, global pain rating, and seropos-
itivity for rheumatoid factor (RF)], the likelihood that the
SE is present also increases. The consequence is that, in
individuals with clinical risk factors that predict a high prior
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likelihood of erosive disease, SE testing is only truly
informative if it is negative. In these circumstances the risk
of developing future erosions is halved. A positive SE test
(especially if RF is positive) provides little additional prog-
nostic information. Thus in subjects with RF-positive disease
that is running an aggressive course, knowledge of SE posi-
tivity provides little additional predictive information on the
risk of future erosions beyond clinical observations alone.

The size of these changes in magnitude of risk of erosive
disease that are associated with SE positivity or negativity
makes it unlikely that SE testing can be justified as part of
the routine management of RA. Given the sustained interest
that has surrounded the association between the SE and dis-
ease, this might seem disappointing. However, the fate of the
SE as a predictive genetic test in RA is consistent with simi-
lar findings in a range of complex diseases, and questions
have been raised as to whether genetic testing can ever have
a place in the clinical management of these conditions12.

The limited value of single common risk variants in com-
plex disease can be appreciated from the results of analyti-
cal studies13. The positive predictive value of a genetic test
is a function of the frequency of the genetic risk variant, the
relative risk of disease in the presence of that variant, and
the overall risk of disease in the population. For complex
disease with a prevalence of 5% or less, the positive predic-
tive value for most genetic variants is low unless the geno-
type frequency is less than 1% or the relative risk of disease
associated with the genotype is 20 or more. These figures
indicate that it is unlikely that single common risk variants
will alone be useful in predicting disease clinical practice.

The performance of genetic testing improves if multiple
genes are considered. With modest effects of genetic risk
variants (equivalent to odds ratios in the region of 1.5 to 3.0)
and modest interactions, the positive predictive value for
individuals with 2 or more variants can increase 10-
fold14,15. Simulations involving 20 genetic loci, each with
odds ratios of 1.5 to 1.7, enable a hypothetical test to predict
disease with an accuracy comparable to that of total choles-
terol level in the prediction of coronary heart disease16.
When hundreds of loci are considered, each associated with
an odds ratio of 1.5 or less, the discriminative ability of a
genetic test can be improved substantially if (1) at least a
few genetic markers are included with higher odds ratios
(1.5—3.0); (2) the proportion of variance in disease
explained by genetic factors is high (> 30%); and (3) the dis-
ease prevalence is low (< 10%)17. These 3 conditions in
which the simulated test has superior discriminating accura-
cy all might apply to RA.

Whether these levels of prediction can be achieved in
practice is less certain. The allelic spectrum that defines the
genetic model of complex diseases such as RA remains
unknown, and the precise mode of gene action and interac-
tion is to an extent speculative. Models frequently assume
independent genetic effects and multiplicative interactions,

assumptions that tend to inflate the risk estimates. It is also
questionable whether the large number of associations with
low odds ratios required for many of these models could
ever be identified given the large sample sizes required.
Even with the advent of genome-wide association scanning,
identification of the rare variants and gene-gene and gene-
environment interactions presents a formidable challenge.

The phenotypic heterogeneity of RA also presents diffi-
culties in using genetic information for prediction. Many of
the reported genetic associations with the disease are con-
fined to subgroups. For example, the strength of the HLA
association with disease varies according to gender. Of the
more recently reported associations with RA, PTPN22 is
predominantly associated with RF-positive and anti-cyclic
citrullinated peptide-positive disease, the male sex9,18, an
early age at onset9,19, and with the coexistence of other
autoimmune diseases20. In developing their predictive
model of RA, Jenssens, et al11 were unable fully to take into
account subgroup effects for reasons of statistical power.
Cluster methods that assume an underlying phenotypic het-
erogeneity might provide a more realistic approach to mod-
eling genetic effects in this setting.

Our capacity to predict the course of RA is necessarily
limited by the inherently unpredictable biological processes
that drive this disease and by the vagaries of random envi-
ronmental exposure. The value of predictive testing itself is
also limited by our ability to prevent the onset and modify
the disease course in individuals even when their risk of
future disease is known. With developments in genetic and
clinical medicine, it is conceivable that in time genetic infor-
mation will make an important contribution that helps trans-
late risk of future disease in RA into information that can
influence clinical practice at an individual level. However, it
is clear that we are still at a very early stage. For the present,
the predictive value of genetic information in RA remains
limited. Rheumatologists will need to continue to rely on
their own clinical observations and skill to inform their deci-
sions in managing this complex disease.
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