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Value of the HLA-DRB1 Shared Epitope for Predicting
Radiographic Damage in Rheumatoid Arthritis
Depends on the Individual Patient Risk Profile
A. CECILE J.W. JANSSENS, EWOUT W. STEYERBERG, YEBIN JIANG, J. DIK F. HABBEMA, 
CORNELIA M. VAN DUIJN, and LINDSEY A. CRISWELL

ABSTRACT. Objective. To investigate the influence of individual patient risk profiles on the value of the HLA-DRB1
shared epitope (SE) as a predictor of severe erosive damage in rheumatoid arthritis (RA). 
Methods. Patient characteristics, clinical signs and symptoms, rheumatoid factor (RF) status, and HLA-
DRB1 genotypes were available for 154 Caucasian women with RA. Risk profiles were defined by non-
genetic factors that predict severe erosive disease. The additional value of the SE was defined by the
likelihood ratios (LR) of SE presence and absence, which were calculated at the individual patient level. 
Results. In the total population, the LR of SE presence was 1.42 and the LR of SE absence was 0.37,
corresponding to an odds ratio of 3.9, indicating a substantially higher risk of severe erosive disease in
those with the SE compared to those without. The LR of SE presence and absence varied depending on
the risk profile of the women, from 1.01 to 2.25 for SE presence and 0.22 to 0.49 for SE absence.
Considering all the patient characteristics, SE status was most significantly related to RF status.
Consequently, the LR of SE presence and absence were higher for RF-negative women compared to
RF-positive women (SE presence 1.77 vs 1.40, p < 0.001 and SE absence 0.38 vs 0.30, p < 0.001). 
Conclusion. The additional value of SE testing for predicting severe erosive disease varies according
to patient risk profiles. Given the likely availability of genetic and other novel tests in the future, infor-
mation about the additional value of test results is needed to ensure the optimal use of such testing in
the management of RA. (First Release Sept 1 2006; J Rheumatol 2006;33:2383–9)
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HLA-DRB1 alleles encoding a shared epitope (SE) sequence
at positions 70–74 of the third hypervariable region are asso-
ciated with a higher risk of severe disease in patients with
rheumatoid arthritis (RA)1-4. A recent metaanalysis indicated
that the SE is strongly associated with erosive disease, with
some variation in risk according to ethnic background5. We
and others have shown that the SE is also a significant predic-

tor of severe erosive disease after accounting for demograph-
ic, clinical, and immunologic risk factors for severe out-
comes6,7.

Although the SE has been identified as a significant pre-
dictor, previous studies did not indicate how its presence or
absence changes the risk of severe erosive damage in individ-
ual patients. This may differ between patients because the SE
predisposes not only to severe erosive damage, but also to the
clinical and immunologic predictors of severe disease. For
example, SE-positive individuals are more likely to develop
RA at an early age and to be rheumatoid factor (RF) positive8-
10. Due to the relationship between risk factors for severe ero-
sive disease and presence of the SE, the additional value of SE
testing for predicting severe disease may vary depending upon
the risk profile of individual patients. Presence of the SE may
not substantially change the risk of severe disease when clin-
ical or other risk factors are already present, whereas absence
of the SE may not provide additional information for exclud-
ing severe disease when such risk factors are absent. 

Our aim was to investigate how the additional value of SE
testing for predicting severe erosive disease in RA is influ-
enced by the risk profiles of individual patients. For this pur-
pose, we defined the additional value in terms of likelihood
ratios (LR) for the presence and absence of the SE. The LR
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indicates the magnitude of change between the prior and pos-
terior odds of severe erosive disease, and can be calculated at
the individual patient level using regression analysis11. We
investigated the additional value of SE testing in relation to
the probability that the SE is present given clinical and
immunologic risk factors for severe erosive disease at base-
line. We hypothesized that as the number of clinical and
immunologic risk factors increases, the probability that the SE
is present also increases, and the additional value of SE test-
ing for prediction of severe erosive disease decreases.

MATERIALS AND METHODS
Study population. Participants were 154 Caucasian women with RA who were
under the care of rheumatologists in Northern California and had been fol-
lowed for up to 14 years (mean followup 12 yrs) as part of a community-
based longitudinal study of RA. Details of this longitudinal RA panel have
been described12. The study protocol was approved by the institutional review
board at the University of California, San Francisco. Informed consent was
obtained from all women. 
Severe erosive disease. The primary outcome measure was the severity of ero-
sive disease according to hand/wrist radiographs at followup, on average 22
years after RA diagnosis. Radiographs were scored blinded to the clinical data
using the Genant modified Sharp method, which has been shown to have
highly reproducible results based on intrareader and interreader correlation
coefficients13. Severe versus mild erosive disease was defined by median
split, using a cutoff weighted total erosion score of 29. 
HLA-DRB1 genotyping. All individuals were typed for HLA-DRB1. Southern
blot hybridization was used for general HLA-DRB1 typing14. To discriminate
allelic variants of HLA-DR4, sequence-specific oligonucleotide (SSO) probe
typing was performed as described, using the SSO provided by the Eleventh
International Histocompatibility Workshop15. Polymerase chain reaction fol-
lowed by restriction fragment length polymorphism analysis was used to
identify the subtypes of HLA-DR116. The following alleles were included in
our definition of the SE: 0401, 0404, 0405, 0408, 0409, 0410, 0101, 0102,
1001, and 1402. Each of the alleles except 0410 was present in at least one of
our study subjects. Individuals with at least one SE allele were classified as
SE-positive.
Non-genetic covariates. We considered demographic, clinical, and immuno-
logic factors with prognostic significance in RA17-22. Demographic factors
included age at RA onset, duration of disease at baseline (i.e., at time of entry
to longitudinal study), family history of RA, education level, and family
income at baseline. Clinical covariates included values of the Health
Assessment Questionnaire (HAQ; 0 = no disability to 3 = severe disability),
number of painful joint groups (0–13), number of swollen joint groups
(0–10), and global pain rating (0–100). All clinical covariates were assessed
at baseline. Lastly, RF status was reported by the patients’ rheumatologists.
With the exception of RF and family history of RA, which were dichotomous
variables, all other non-genetic covariates were treated as continuous vari-
ables.
Statistical analyses. Differences in baseline characteristics between patients
with and without severe erosive disease were examined using chi-square
analysis (dichotomous variables) and ANOVA (continuous variables). The
prior and posterior risks of severe erosive disease were obtained from the
prior and posterior odds of severe erosive disease, which were modeled by
logistic regression analysis. Odds are transformed into risks by the formula:
risk = odds/(1 + odds). The prior odds (or prior risk) model included all vari-
ables that were significantly related to severe erosive disease in the univariate
analyses with p ≤ 0.10. The posterior odds (or posterior risk) model includ-
ed all variables from the prior risk model and the results of the SE testing.
Because of their association with severe erosive disease, the variables in the
prior risk model are referred to as the risk profile. To investigate whether the
SE is more likely to be present when more risk factors are present, we esti-

mated the probability of SE presence based on the risk profiles using logistic
regression analysis. 

For the total population, we calculated the overall LR of SE presence and
absence from contingency tables. The LR of SE presence (absence) is the pro-
portion of women with SE presence (absence) among those who will develop
severe erosive disease divided by the proportion of SE presence (absence)
among those who will not develop severe erosive disease. For the individual
patient risk profiles, the LR of SE presence and absence were determined
using a newly developed regression approach11. In this approach, the regres-
sion equation for the LR of test results is obtained by taking the difference of
the coefficients of the logistic regression model for the prior and posterior
odds of severe erosive disease. We previously showed that this method yields
similar LR to those obtained in subgroups of patients, provided that all inter-
action effects are taken into account in the regression model11. A disadvantage
of subgroup or cluster analysis is that it yields unreliable estimates if sub-
groups are small. This may occur when multiple patient characteristics are
considered simultaneously. In that case, the regression method allows for
exclusion of interaction terms that are clinically unimportant or biologically
implausible. We considered only main effects in the regression model, which
assumes that the odds ratio (OR) for SE status is constant across risk profiles.
LR are calculated for both the presence and absence of the SE, without
accounting for the woman’s actual SE status. Hence, we calculated the addi-
tional value of SE testing both when the SE is actually present and when it is
absent. 

To test the robustness of the findings, we performed sensitivity analyses
for both the test result (SE) and the outcome variable (severe erosive disease).
We repeated the analyses considering alternative definitions of the SE and
severe erosive disease. As alternatives to the aforementioned SE definition,
we considered the following definitions: (1) DRB1*4 alleles, (2)
DRB1*0401, (3) DRB1*0404, and (4) DRB1*0101. As alternatives to the
median erosion score of 29, we considered all possible cutoff values between
25 and 35. 

Descriptive statistics were performed using SPSS 10.0 for Windows. The
multivariable logistic regression analyses for the prior and posterior risks and
the LR were programmed in S-PLUS (S-PLUS V6, Insightful Corp., Seattle,
WA, USA). Unless indicated otherwise, p values less than 0.05 were consid-
ered statistically significant.

RESULTS
Characteristics of the study population. The mean age at RA
onset for the women was 42 years (standard deviation, SD, 14
yrs) and the mean disease duration at baseline was 9.7 years
(SD 8.8 yrs). Women with more severe disease at baseline
were more likely to be lost to followup (data not shown).
Seventy-six of the 154 women (49%) had severe erosive dam-
age on the radiographs at followup, which was on average 12
years after entry to the study, and 112 (73%) had at least one
SE allele. Women with severe erosive disease at followup had
lower family incomes, longer disease duration, higher HAQ
scores and more pain at baseline (Table 1, left columns).
Further, they were more likely to be RF-positive and to have
at least one SE allele. Women who had at least one SE allele
were more likely to be RF-positive and tended to have higher
HAQ scores and more painful joints at baseline (Table 1, right
columns). Thus, RF status was associated both with severe
erosive disease and with SE status.
Overall evaluation of SE testing. Of the 76 women with
severe erosive disease, 65 were SE-positive. Of the 78 with-
out severe erosive disease, 47 were SE-positive. The LR of SE
presence was 1.42 (65/76 ÷ 47/78; 95% CI 1.16, 1.74), which
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means that the odds of severe disease increased by 1.42 in
women who were SE-positive. The LR of SE absence was
0.37 (11/76 ÷ 31/78; 95% CI 0.20, 0.67) indicating that the
odds of severe disease decreased by 0.37 in women who were
SE-negative. Thus, the diagnostic OR for SE testing was 3.9
(1.42 ÷ 0.37; 95% CI 1.8, 8.5), indicating that the risk of
severe erosive disease was substantially higher among SE-
positive women compared to SE-negative women. 
Prior and posterior risk of severe erosive disease. Before SE
testing the risk of severe erosive disease was significantly pre-
dicted by baseline disease duration (OR = e0.33 = 1.4 per 5
years, 95% CI 1.0, 1.8), HAQ score (OR 3.7 per 1.0 unit, 95%
CI 1.6, 8.8), and RF positivity (OR 5.8, 95% CI 1.9, 17.6;
Table 2). SE testing contributed significantly to the prediction
of severe erosive disease: the presence of the SE was associ-

ated with a 4.6 times higher risk of severe erosive disease
(95% CI 1.6, 13.2), while all other variables held constant.
Likelihood ratio of SE presence and absence. Figure 1 shows
the prior and posterior risk of severe erosive disease for all
women in the study, according to their SE status. The prior
risk was based on the risk profile defined by age at onset, fam-
ily income, number of painful joints, HAQ score, global pain
rating, and RF positivity (Table 2). This figure shows that the
additional value of SE testing is primarily in lowering the risk
of severe erosive disease: the decrease in risk when the SE is
absent is larger than the increase in risk when the SE is pres-
ent. The magnitude of this change in risk of severe erosive dis-
ease for each patient can be quantified by the LR. 

For each woman in the study, we calculated the LR of SE
presence and absence using the regression equation presented
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Table 1. Characteristics of 154 Caucasian female RA patients with and without severe erosive disease and with
and without the HLA-DRB1 shared epitope. Values are means (SD), unless otherwise indicated.

Severe Erosive Disease Shared Epitope
Yes, No, p Yes, No, p

n = 76 n = 78 n = 112 n = 42

Patient characteristics
Age at onset, yrs 40 (15) 44 (12) 0.08 41 (14) 45 (14) 0.12
Education, yrs 13.8 (2.4) 13.7 (2.3) 0.80 13.7 (2.4) 13.7 (2.3) 0.91
Family income, 1000 US$ 39 (17) 46 (18) 0.01 43 (17) 41 (18) 0.51
Smoking, % ever 47 45 0.87 46 45 1.00
Family history of RA, % yes 36 29 0.39 32 33 0.85

Baseline clinical characteristics
Disease duration, yrs 12.6 (10.1) 6.9 (6.3) < 0.001 9.7 (9.0) 9.7 (8.6) 0.99
No. painful joint groups, 0–13 8.9 (3.0) 8.1 (3.3) 0.10 8.8 (3.0) 7.7 (3.5) 0.07
No. swollen joint groups, 0–10 5.5 (2.7) 5.3 (2.6) 0.65 5.5 (2.7) 5.0 (2.3) 0.33
HAQ score, 0–3 1.3 (0.6) 0.8 (0.5) < 0.001 1.1 (0.6) 0.9 (0.6) 0.06
Global pain rating, 0–100 41 (26) 26 (23) < 0.001 34 (25) 30 (25) 0.40

Immunologic variable
Rheumatoid factor, % positive 91 71 0.002 87 64 0.003

Genetic information
Shared epitope, % positive 86 60 0.001 — — —

HAQ: Health Assessment Questionnaire.

Table 2. Regression models for prior and posterior risk of severe erosive disease and for the likelihood ratio of
HLA-DRB1 shared epitope status.

Prior Odds Posterior Odds Likelihood Ratio
B (se) p B (se) p B (se*) p*

Intercept –1.67 (1.30) 0.20 –2.79 (1.39) 0.05 –1.12 (0.75) 0.14
Age at onset, per 10 yrs –0.19 (0.17) 0.24 –0.11 (0.17) 0.52 0.09 (0.06) 0.18
Family income, per 1000 US$ –0.19 (0.12) 0.11 –0.22 (0.13) 0.08 –0.03 (0.05) 0.58
Disease duration, per 5 yrs 0.33 (0.15) 0.03 0.39 (0.15) 0.01 0.06 (0.06) 0.32
No. painful joint groups –0.04 (0.07) 0.56 –0.07 (0.07) 0.34 –0.03 (0.03) 0.22
HAQ score, per 1.0 unit 1.31 (0.44) 0.003 1.25 (0.45) 0.005 –0.06 (0.13) 0.64
Global pain rating, per 10 points 0.07 (0.10) 0.47 0.09 (0.10) 0.36 0.02 (0.04) 0.55
Rheumatoid factor, positive 1.76 (0.57) 0.002 1.57 (0.58) 0.007 –0.19 (0.22) 0.38
Shared epitope, positive — 1.54 (0.53) 0.004 1.54 (0.64) 0.02

* The standard error and the p value of the likelihood ratio regression coefficients are obtained by bootstrap pro-
cedures11. B: regression coefficient, se: standard error, HAQ: Health Assessment Questionnaire.
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in Table 2. Figure 2 shows that the LR of SE presence and
absence vary depending on the risk profile of the women: the
LR of SE presence varied from 1.01 to 2.25, which means that
in some women presence of the SE did not increase the odds
of severe erosive disease (LR = 1.01) and in others the odds
of severe erosive disease increased by 2.25-fold. The LR of

SE absence varied from 0.22 to 0.49, indicating that in some
women presence of the SE decreased the odds of severe ero-
sive disease more than in other women. In general, when the
LR is close to 1, the prior and posterior odds of severe erosive
disease are about equal. In that case, the test result has no or
only a small influence on the risk of severe disease and is
therefore not informative. This figure also shows that absence
of the SE always decreases the odds of severe erosive disease,
but to a varying degree (2- to 4-fold). The LR are plotted by
RF status, because RF positivity demonstrated the strongest
association with presence of the SE (Table 1; right column).
The LR of SE presence and absence were lower among RF-
positive women compared to RF-negative women (Figure 2).
This means that SE testing is more informative in increasing
the risk of severe erosive disease among RF-negative women
compared to RF-positive women when the SE is present, and
more informative for decreasing the risk among RF-positive
compared to RF-negative women when the SE is absent. Yet,
in the multivariate analysis the effect of RF on the LR of SE
presence was not statistically significant when simultaneous-
ly accounting for other predictors of severe erosive disease
(Table 2, right column). 
Probability of SE presence. We hypothesized that as the num-
ber of risk factors increases, the probability of SE presence
also increases, and the additional value of SE testing for pre-
dicting severe erosive disease decreases. To illustrate this rela-
tionship, we calculated the probability of SE presence based
on the presence or absence of clinical and immunologic fac-
tors for each woman. Factors that significantly predicted pres-
ence of the SE in the multivariate regression model were age
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Figure 1. Risk of severe erosive disease before and after HLA-DRB1 shared
epitope testing. Data for 154 women. Prior and posterior risks were obtained
by using the regression models for the prior and posterior odds of severe ero-
sive disease for each woman in the study based on her risk profile (Table 2).
Odds were transformed into risks by the formula: risk = odds/(1 + odds). The
diagonal line indicates no change in risk.

Figure 2. Likelihood ratios of the presence and absence of the HLA-DRB1 shared epitope in relation to prior risk of severe erosive disease. Data for 154 women.
Prior risk and LR were obtained using the regression equations for the odds of severe erosive disease from Table 2 for each woman in the study. Odds were trans-
formed into risks by the formula: risk = odds/(1 + odds). For each woman, the LR of SE presence and absence were both  calculated, irrespective of the actual SE
status. 
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at onset (OR 0.7 per 10 yrs, 95% CI 0.5, 1.0) and RF positiv-
ity (3.1, 95% CI 1.3, 7.3). The probability of SE presence was
positively correlated with the prior risk of severe erosive dis-
ease (r = 0.58). The left graph in Figure 3 shows that as the
probability of SE presence increases, the LR of SE presence is
closer to 1, indicating that presence of the SE does not
increase the risk of severe erosive disease when other risk fac-
tors are present. The LR of SE absence was also lower when
the probability of the SE was higher (right graph, Figure 3),
but this value was farther from 1, indicating that in the pres-
ence of other risk factors absence of the SE significantly
decreases the risk of severe erosive disease. 
Sensitivity analyses. We performed sensitivity analyses
regarding our definitions of the SE and severe erosive disease.
The results in Tables 1 and 2, and hence in the figures, did not
change when the definition of the SE was restricted to the
presence of a DRB*04 allele (n = 86). The results of sensitiv-
ity analyses in which we analyzed the performance of the
most frequent SE alleles, specifically DRB1*0401, *0404,
and *0101, revealed that at least *0401 has significant predic-
tive power on its own and that the predictive value depends on
the individual patient risk profile, consistent with the results
of our main analysis. The predictive value of the other 2 SE
alleles examined (*0404 and *0101) did not reach statistical
significance (data not shown). The results also did not change
when the cutoff value for severe erosive disease varied from
25 to 35.

DISCUSSION
We showed that the additional value of SE testing for predict-
ing severe erosive damage in RA varies according to the indi-
vidual patient risk profile and is particularly influenced by RF
status. Absence of the SE lowered the odds of severe erosive
disease in all women by at least 50%. Presence of the SE
increased the risk of severe erosive disease among women
who were RF-negative, but had no additional predictive value
for some RF-positive women.

Although extensive previous research supported the asso-
ciation of the HLA-DRB1 SE with severe disease in RA,
including erosive damage, few studies specifically evaluated
the performance of SE testing as a prognostic test. Novel fea-
tures of our study were the evaluation of how, in terms of LR,
SE status changes the risk of severe erosive disease, and
assessment of the predictive value of SE test results at the
level of the individual patient risk profile. We showed that the
additional value of SE testing is primarily to decrease the risk
of severe erosive disease in the absence of the SE. That is, the
decrease in risk when the SE is absent is larger than the
increase when the SE is present. For example, when we apply
the overall predictive value to a woman with a prior risk of
severe erosive disease of 50% we would find that her risk
increases to 59% when she is SE-positive and decreases to
27% when she is SE-negative. Yet, we also showed that there
is variation in the increase or decrease in risk, quantified in
terms of the LR of SE presence and absence. The LR differed
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Figure 3. Likelihood ratio of presence and absence of the HLA-DRB1 shared epitope in relation to the probability that the shared epitope is present. Data for 154
women. The LR were obtained using the regression equations for the odds of severe erosive disease from Table 2 for each woman in the study. For each woman,
the LR of SE presence and absence were both calculated, irrespective of the actual SE status. Calculation of the probability of shared epitope presence is described
in Materials and Methods. 
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between patients with different risk profiles as defined by the
values of other predictors of severe erosive disease such as
disease duration, baseline HAQ score, and RF positivity.
Variation in the predictive value of SE testing according to
individual risk profiles is explained by correlation between
the test results and values of the covariates (i.e., the compo-
nents of the multivariable risk profile). In the presence of
baseline characteristics that increase the risk of severe erosive
disease, such as RF positivity, the additional predictive value
of SE presence is lower and the additional predictive value of
SE absence is higher, and vice versa. 

Our primary aim was to show the effect of patient charac-
teristics on the predictive value of test results. There are sev-
eral methodological issues that limit the direct clinical appli-
cability of our study. First, the severity of erosive disease may
have been influenced by factors that we were unable to ana-
lyze. For example, we could not adequately account for the
effect of specific treatments on the severity of erosive disease,
and this may have biased our estimates of the predictive value
of SE testing, particularly if treatment response is related to
SE status. However, our data were obtained prior to the use of
tumor necrosis factor antagonists and other more effective
therapies in routine clinical practice. Nonetheless, if women
who are SE-positive are more likely to receive effective treat-
ments then their outcome at followup may be relatively better.
This means that we may have underestimated the effect of the
SE on erosive disease at followup in our analysis. We were
also unable to account for anti-cyclic citrullinated peptide
(CCP) status, since this test was not used clinically during the
period of observation. This will be important to evaluate in
future investigations. However, our goal was to evaluate the
influence of individual patient risk profiles on the predictive
value of prognostic factors and to show the methods for per-
forming these assessments.

Second, although we were able to investigate the main
effects of clinical and immunologic factors on the LR of SE
testing, our sample size was not large enough to evaluate
interaction effects. This required that we assume a constant
OR for SE testing across risk profiles, which may not have
been correct. However, this procedure is not uncommon;
regression methods, for example, typically include only a few
prespecified interaction effects, rather than all possible inter-
actions, in order to minimize the number of false-positive
findings. Third, loss to followup in this study was selective:
women with more severe disease at baseline were more likely
to be lost to followup. Although this likely led to an underes-
timate of the number of patients with severe disease at fol-
lowup, it may not have biased our estimates of the predictive
value of SE test results. Bias would occur only if the relation-
ship between the variables is different among women with
severe erosive disease at baseline. Finally, our study popula-
tion was restricted to Caucasian women, which limits the gen-
eralizability of the findings to other races and to men. 

Nonetheless, our study highlights the influence of individ-

ual risk factors on the predictive value of SE testing. This is
likely to apply to other prognostic tests, including anti-CCP
status and other genetic tests that may become available in the
future. This information is required to ensure the optimal use
of such testing in the management of RA. Further clarification
of specific patient subgroups for which SE or other genetic
testing is particularly informative will require additional
research involving large numbers of patients who have been
carefully characterized for other prognostic factors. 
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