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ABSTRACT. Objective. To study the value of HLA-DRB1 shared epitope (SE), –308 tumor necrosis factor-α
(TNF-α) gene promoter polymorphism, rheumatoid factor (RF), anti-citrullinated peptide antibod-
ies (anti-CCP), and baseline erosions for predicting radiological outcome at 1 year in patients with
recent-onset rheumatoid arthritis (RA).
Methods. Radiological damage was assessed by radiographs at baseline and at 1 year in an incep-
tion cohort of 134 RA patients with disease duration ≤ 1 year at study entry. Radiographs were
scored with the modified Sharp/van der Heijde (SvdH) erosion score for hands, wrists, and feet. The
predictive value of the variables was studied by multiple linear regression analysis, using immuno-
genetic factors, baseline SvdH erosion score, and type of treatment during the followup period as
independent variables, and SvdH erosion score at 1 year as the dependent variable.
Results. The SvdH erosion score increased from the baseline visit to the 1-year visit in 49 patients
(36.6%). In multiple linear regression analysis, radiological outcome was significantly predicted by
SE homozygosity (ß coefficient 1.75; 95% CI 1.54, 2.96; p = 0.005) and baseline SvdH erosion score
(ß coefficient 1.56; 95% CI 1.4, 1.71; p < 0.001). This model explained 78% of the variability of the
dependent variable (R2 = 0.779).
Conclusion. Erosive damage at 1 year in patients with recent-onset RA is significantly influenced
by SE homozygosity and the presence of baseline erosions, but not by RF status, anti-CCP status, or
–308 TNF-α genotype. (J Rheumatol First Release May 1 2009; doi:10.3899/jrheum.081075)
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Rheumatoid arthritis (RA) is highly variable in terms of
radiological outcome. It is necessary to predict which

patients will develop erosive disease so that they can be
treated more aggressively from the outset and that patients
who are more likely to have a favorable clinical course are
spared unnecessary and potentially toxic treatment. The
combined role of genes and immunity in the development of
erosive damage in RA has been the subject of recent inves-
tigations. New data support the hypothesis that the presence
of HLA-DRB1 shared epitope (SE) alleles can activate
immune reactions such as the production of anti-cyclic cit-
rullinated peptide antibodies (anti-CCP)1. Patients with RA
who harbor these antibodies in the early stages of the dis-
ease could develop more severe erosive damage than those
who lack them2. Although anti-CCP have been associated
with structural damage in RA, it has not been determined
whether this is independent of rheumatoid factor (RF)3.

There are controversial reports that the G-to-A polymor-
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phism at position 308 of the tumor necrosis factor-α (–308
TNF-α) gene promoter may be an independent marker of
radiological damage in recent-onset RA4. This association
has been suggested in RF-positive patients in particular5.

Joint destruction in recent-onset RA might be influenced
by the presence of very small erosions in the hands and feet
at presentation, regardless of the inflammatory activity of
the disease6. The presence of early erosions is a sound argu-
ment for initiating therapy with disease-modifying
antirheumatic drugs (DMARD) in patients with recent-onset
RA.

Although SE alleles6-23, –308 TNF-α gene promoter
polymorphism5, RF6,21,24-35, anti-CCP22,23,35-44, and early
erosions6,22,38,45-48 have all been associated with a poor
radiological outcome in cohort studies of recent-onset RA,
no study to date has investigated the combined effect of this
particular set of factors. The combination of several markers
could increase the capacity to predict radiological damage in
patients with recent-onset RA49, and identification of mark-
ers associated with a poor outcome would facilitate the
development of new drug targets50.

In January 2002, a register for recent-onset inflammatory
polyarthritis (IP) was established in Seville, Spain, to
address various diagnostic, prognostic, and therapeutic
issues51,52. In our study, multivariate linear regression was
used to find a model that predicts early erosive damage, as
seen radiologically, in patients with recent-onset RA.

MATERIALS AND METHODS
We studied a prospective cohort of 134 consecutive patients with RA (dis-
ease duration ≤ 1 year) who were referred to our recent-onset IP unit from
January 2002 through June 2006. Patients were referred from primary
healthcare centers, emergency services, and outpatient rheumatology clin-
ics of the Virgen del Rocio University Hospital Health District in Seville
(population 774,619; 2002 census). Details of the case-ascertainment pro-
cedure have been described51.

Subjects. We studied a prospective cohort of 134 consecutive patients with
RA (disease duration ≤ 1 year) who were referred to our recent-onset
inflammatory polyarthritis (IP) unit from January 2002 through June 2006.
Patients referred to the unit and included in the recent-onset IP register had
to reside in the hospital health district catchment area, be at least 16 years
old, and have at least 2 swollen joints lasting a minimum of 4 weeks and a
maximum of 12 months. The 1987 American Rheumatism Association
(ARA) revised criteria for RA53 were used at baseline and in all followup
assessments and applied cumulatively. Cases that fulfilled ≥ 4 of these cri-
teria during any visit (at 0, 1, 3, 6, 9, and 12 months) were included in this
study; patients with alternative diagnoses were excluded. From January
2002 through June 2006, 897 patients were referred to the recent-onset IP
unit. Of these patients, 387 (43%) fulfilled the criteria for inclusion in the
register, but 23 (6%) were lost to followup. This left a total of 364 regis-
tered patients, of whom 134 (36.8%) fulfilled the 1987 ARA criteria for
RA, 62 (46.2%) of them at baseline, and had completed the first year of fol-
lowup by the time of this analysis. All patients were of Spanish descent. At
baseline, no patient had previously received corticosteroids or DMARD.
Blood samples for laboratory tests were collected and frozen before treat-
ment was begun.

Radiographic measurements. Posteroanterior radiographs of hands, wrists,
and feet were taken at baseline and after 12 months. Radiographs were read
by 2 observers blinded to patients’ data, and agreement between readers

was assessed by means of the interobserver correlation coefficient and its
95% confidence interval (95% CI).

Radiographs were read in concealed time order using the method of
Sharp/van der Heijde (SvdH), which includes a joint space narrowing score
for hands, wrists and feet, an erosion score for hands, wrists and feet, and
a total score54. For this study we evaluated only the SvdH erosion score for
hands, wrists, and feet; 32 joints were examined in the hands and wrists
(graded from 0 to 5) and 12 joints in the feet (graded from 0 to 10); the
maximum possible score for erosions was thus 28054.

Genetic markers. DNA from peripheral blood was obtained using standard
methods. HLA-DRB1 SE alleles were genotyped using a reverse dot-blot
kit with sequence-specific oligonucleotide probes (Dynal ReliTM SSO
HLA-DRB1 typing kits; Dynal Biotech, Bromborough, UK). When neces-
sary, high-resolution typing of HLA-DRB1*01, DRB1*04, and DRB1*14
samples was performed using Dynal AllSetTM SSP DRB1*01, DRB1*04,
and DRB1*14, respectively.

For –308 TNF-α, samples were genotyped using TaqMan 5’ allelic dis-
crimination (Custom TaqMan SNP genotyping assays method; Applied
Biosystems, Foster City, CA, USA). Allele-specific probes were labeled
with VIC and FAM fluorescent dyes. Polymerase chain reaction (PCR) was
carried out in a total reaction volume of 8 µl with the following amplifica-
tion protocol: denaturation at 95°C for 10 min, 40 cycles of denaturation at
93°C for 15 s, and annealing and extension at 60°C for 1 min. After PCR,
the genotype of each sample was automatically attributed using the SDS 1.3
software for allelic discrimination.

Immunologic markers. All patients were tested for anti-CCP antibodies by
second-generation ELISA (Immunoscan RA anti-CCP2 ELISA;
Euro-Diagnostica AB, Malmö, Sweden; positive: > 25 IU/ml) and for RF
by nephelometry (BN II nephelometer; Dade Behring, Marburg, Germany,
with N Latex RF reactant, Dade Behring, Marburg, Germany; positive: > 50
IU/ml).

Treatments. Treatment with corticosteroids and DMARD during the total
followup period was assessed. Treatment with DMARD (methotrexate, sul-
fasalazine, chloroquine, leflunomide, cyclosporine, or azathioprine) was
categorized according to the number of drugs administered (0, 1, 2, or 3).

Statistical methods. The dependent variable was the SvdH score obtained at
12 months. The independent variables were the SvdH score obtained at
baseline; the treatment given throughout the 12 months of followup (corti-
costeroids: yes or no; and DMARD: 0, 1, 2, or 3 drugs); SE, anti-CCP, and
RF status; and –308 TNF-α genotype (GG or AG/AA). As there were few
AG and AA cases, these 2 categories were collapsed.

All data were recorded in an Access 2000 database and then exported
to the Statistical Package for the Social Sciences (SPSS) v.12.0 for analysis.

For an alpha level of 0.05, an anticipated “medium” effect size of 0.15
(according to Cohen’s convention for multiple regression), and an assumed
10% rate of attrition, the minimum sample size required to reach a statisti-
cal power of 0.80 in a multiple regression model with 8 predictor variables
would be 108.

We calculated absolute frequencies and percentages for qualitative vari-
ables, and the mean and standard deviation for quantitative variables.
Variables that predict the SvdH erosion score at 1 year were identified by
univariate and multivariate linear regression models. For univariate analy-
ses we used Student t test or ANOVA, as appropriate. For the multivariate
analysis, Student t test was used for stepwise exclusion of variables that had
a weak association with the dependent variable, as indicated by a p value ≥
0.15. As the SE variable is polytomic, it was analyzed creating a dummy
variable with the first category (–/–) as the reference. Full and reduced
models were compared with the partial multiple F test. The linearity of con-
tinuous variables was checked by the Box-Tidwell test. Potential interac-
tions among the variables in the model were studied. Variables with a
p value > 0.05 were analyzed as potential confounders, and they were con-
sidered such whenever their coefficients showed a percent change > 20%.
Multicollinearity among independent variables was assessed by the vari-
ance inflation factor, independence by the Durbin-Watson test, normality
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by the Shapiro-Wilk test, and homoscedasticity of residues by the disper-
sion diagram among residues and the estimated values. Outliers were iden-
tified by means of Cook’s distance. The goodness of fit was assessed with
the corrected determination coefficient (R2). All contrasts were 2-tailed,
and the significance level was set at p < 0.05.

RESULTS
From January 2002 to June 2006, 364 patients were includ-
ed in the recent-onset IP register. Of these, 134 (36.8%) ful-
filled the 1987 ARA revised criteria for RA53 and had com-
pleted the first year of followup by the time of this analysis.

Interobserver coefficients of correlation for baseline
SvdH erosion score were 0.988 (95% CI 0.984–0.991) for
hands and wrists, and 0.855 (95% CI 0.840–0.917) for feet.
For SvdH erosion score at 1 year they were 0.848 (95% CI
0.796–0.886) for hands and wrists, and 0.842 (95% CI
0.782–0.886) for feet. Since these values were high, we
report the mean values for both readers.

The baseline characteristics of the study population are
shown in Table 1. At study entry, 48 patients (35.8%) had
erosions (SvdH erosion score ≥ 1); only 7 had a baseline
SvdH erosion score ≥ 5. At 1 year, 10 additional patients had
erosions, for a total of 58 (43.2%). The SvdH erosion score
increased from the baseline visit to the 1-year visit not only
in these 10 patients, but also in 39 of the 48 who already had
erosions at baseline, for a total of 49 patients (36.6%); the
increase was ≥ 5 units in 11 of these 49 patients.

G/G genotypes of the –308 TNF-α were present in 115
patients (85.8%), and A/A or A/G genotypes in 19 (14.2%).
Fifty-two patients (38.8%) were heterozygous (–/+) for the
SE allele, and 12 (8.9%) were homozygous (+/+); 65
(48.5%) were RF-positive and 72 (53.7%) were
anti-CCP-positive. Sometime between the baseline visit and
the end of the followup period, 126 patients (94.0%) were
treated with DMARD and 119 (88.8%) received cortico-
steroids.

In the univariate analyses, the mean SvdH erosion score at
1 year showed no statistically significant differences linked
to –308 TNF-α or SE genotypes, RF or anti-CCP status, or
treatment with DMARD or corticosteroids. Only patients
with erosions at presentation had a significantly higher mean
SvdH erosion score at 1 year (p < 0.001; Table 2).

Table 3 shows the results of univariate and multivariate
linear regression for SvdH erosion score at 1 year. As for the
univariate linear regression analyses, only the presence of
erosions at baseline was associated with radiographic pro-
gression (p < 0.001). Multivariate linear regression analysis
resulted in a model in which radiographic outcome at 1 year
of followup was significantly predicted only by SE homozy-
gosity (ß coefficient 1.75; 95% CI 1.54, 2.96; p = 0.005) and
the presence of erosions at study entry (ß coefficient 1.56;
95% CI 1.40–1.71; p < 0.001), but not by any other variable
(partial F test = 0.7206; p = 0.634; df = 6,124). SE het-
erozygosity was not a significant predictor, but it remained
in the model since it was a dummy variable.

In this model there were no significant interactions
among variables, and no variable was a confounder. All cri-
teria for the use of multivariate linear regression were ful-
filled: independence, normality and linearity of the inde-
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Table 1. Baseline characteristics of patients (n = 134).

Baseline Variables N (%) Mean (SD)

Age, yrs — 50.4 (1.3)
Sex

Male 40 (29.8) —
Female 94 (70.2) —

Anti-CCP
Positive 72 (53.7) —
Negative 62 (46.3) —

RF
Positive 65 (48.5) —
Negative 69 (51.5) —

–308 TNF-α
GG 115 (85.8) —
GA/AA 19 (14.2) —

Shared epitope
–/– 70 (52.3) —
–/+ 52 (38.8) —
+/+ 12 (8.9) —

C-reactive protein, mg/l — 13.6 (16.7)
Erythrocyte sedimentation rate, mm/h — 35.6 (23.0)
Swollen joint count — 12.0 (6.7)
Tender joint count — 13.1 (7.2)
DAS28 — 6.1 (1.1)
HAQ — 1.1 (0.6)
SvdH-ES

Hands — 0 (1.4)
Feet — 0 (1.3)
SvdH-ES — 1 (2.1)
SvdH-ES = 0 86 (64.2) —
SvdH-ES ≥ 1 48 (35.8) —

No. DMARD
0 8 (6.0) —
1 23 (17.2) —
2 57 (42.5) —
3 46 (34.3) —

DMARD (%)
Methotrexate (MTX) 116 (86.6)
Leflunomide (LEF) 58 (43.3)
Salazopyrin (SLZ) 42 (31.3)
Chloroquine (CLQ) 51 (38.1)
Cyclosporine (CYC) 12 (8.9)
Azathioprine 1 (0.7)
MTX + SLZ + CLQ 42 (31.3)
MTX + LEF 30 (22.4)
MTX + SLZ 15 (11.2)
MTX + CLQ 13 (9.7)
MTX + CYC 11 (8.2)

Corticosteroids
Yes 119 (88.8) —
No 15 (11.2) —

Anti-CCP: anti-cyclic citrullinated peptide antibodies; RF: rheumatoid fac-
tor; –308 TNF-α: G-to-A polymorphism at position 308 of the tumor
necrosis factor-α gene promoter; DAS28: Disease Activity Score 28; HAQ:
Health Assessment Questionnaire; SvdH-ES: Sharp-van der Heijde erosion
score; DMARD: disease-modifying antirheumatic drugs.
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pendent variables, no multicollinearity among them, and
homoscedasticity of the residues. No patient showed Cook’s
distance > 1. The model explained 78% of the variability of
the dependent variable (R2 = 0.779).

Although the mean SvdH erosion score at 1 year was
higher in patients with the –308 TNF-α AG/AA genotype,
positive RF, or positive anti-CCP (Table 2), these were not
significant predictors of the severity of radiologic changes in
our population.

DISCUSSION
Several cohort studies of populations similar to ours have
investigated the value of different combinations of variables,
including HLA-DRB1 SE alleles, –308 TNF-α gene pro-
moter polymorphism, RF, anti-CCP, and early erosions, for
predicting radiological outcome among patients with recent-
onset RA5-48. These studies differed methodologically in
terms of referral and recruitment procedures, inclusion cri-
teria, disease duration, variables measured at presentation,
followup until assessment of radiological damage, and radi-
ographic scoring methods. Our study is the first to investi-
gate this particular set of 5 variables using multivariate lin-
ear regression models.

Some studies have found a significant association of SE
alleles with radiological progression in recent-onset
RA5,6,10,12,13,17,21-23 and some have not27,31,32. Some have
not used multivariate statistical methods5,31. Our results
show that homozygosity for HLA-DRB1 SE was signifi-
cantly associated with greater erosive damage after 1 year (ß
coefficient 1.75; 95% CI 1.54, 2.96; p = 0.005). These find-
ings are in agreement with the results of previous studies.

However, since RA is a multigenic inflammatory dis-
order, it is likely that other factors are involved in its pro-
gression. The possibility that –308 TNF-α gene promoter
polymorphism may have prognostic implications is current-
ly being debated. In a seropositive RA inception cohort,
regression analysis showed that patients with –308 TNF-α
AA or AG genotypes had significantly higher rates of pro-
gression in erosion scores compared with patients with the
TNF-α GG genotype5. Like ours, other studies not confined
to patients with seropositive RA suggest that the –308
TNF-α gene promoter polymorphism is not a genetic mark-
er for severe radiologic changes in recent-onset RA55,56.

Numerous studies have reported that RF is a good pre-
dictor of radiological severity6,21,24-35 in recent-onset RA. In
our study, baseline RF status was not a predictor of radio-
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Table 2. Univariate analyses for predictors of mean Sharp/van der Heijde
erosion score (SvdH-ES) at 1 year.

SvdH-ES at 1 year p
Baseline Variables Mean (SD) (Student t

or ANOVA)

Anti-CCP
Positive 2.5 (4.1)
Negative 1.6 (3.6) 0.173

RF
Positive 2.2 (3.5)
Negative 1.9 (4.2) 0.653

–308 TNF-α
GG 1.9 (3.8)
GA/AA 2.2 (3.9) 0.738

Shared epitope
–/– 1.7 (3.1)
–/+ 2.1 (4.2) 0.532
+/+ 3.2 (4.7)

SvdH-ES
0 0.2 (0.6)
≥ 1 5.4 (4.9) < 0.001

DMARD
0–1 drugs 2.1 (3.9) 0.808
≥ 2 drugs 1.7 (2.2)

Corticosteroids
Yes 1.2 (1.3)
No 2.1 (3.9) 0.610

Definitions as in Table 1.

Table 3. Univariate and multivariate analyses of predictors for median Sharp/van der Heijde erosion score
(SvdH-ES) at 1 year.

Univariate Multivariate
ß coefficient p ß coefficient p

Baseline Variables (95% CI) (Student t) (95% CI)* (Student t)*

–308 TNF-α (GG vs A/AA) 0.93 (0.85, 1.48) 0.590 — —
SE (–/– vs –/+) –0.34 (–0.86, 1.07) 0.629 0.25 (–0.46, 0.96) 0.482
SE (–/– vs +/+) 1.05 (–1.36, 3.46) 0.384 1.75 (1.54–2.96) 0.005
Anti-CCP (neg vs pos) 0.92 (0.41, 2.25) 0.173 — —
RF (neg vs pos) 0.30 (–1.03, 1.64) 0.653 — —
Corticosteroids (yes vs no) 0.91 (–2.60, 4.40) 0.610 — —
DMARD, number (0–1 vs ≥ 2) 0.26 (–0.56, 1.07) 0.535 — —
SvdH-ES 1.54 (1.39, 1.70) < 0.001 1.56 (1.40, 1.71) < 0.001

Linear regression equation: SvdH-ES at 1 year = 0.38 + 0.25 SE (–/– vs –/+) + 1.75 SE (–/– vs +/+) + 1.56 base-
line SvdH-ES; (R2 = 0.779; F = 132.981; p < 0.001). * Values not shown for variables not included in the model,
i.e., those with p values ≥ 0.15. The exception is SE (–/– vs –/+), retained in the model as a dummy variable.
Definitions as in Table 1.
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graphic damage at 1 year. Similar results have been found in
other cohorts of patients with recent-onset RA, in Spain22,31

and elsewhere11,15,37. However, it is possible that different
results would have been obtained had we used RF concen-
trations instead of RF status, or had we determined the sta-
tus repeatedly26. For instance, in another inception cohort in
our area, RF was significantly associated with the severity of
radiological changes at 10 years only when the quantitative
measurement was used31.

The usefulness of anti-CCP for predicting structural joint
damage in patients with recent-onset RA has also been eval-
uated in several cohort studies. The results suggest that this
marker is associated with radiographic damage22,23,35-44. As
noted for RF, the predictive value may depend on whether
anti-CCP status or titers are considered. In a prospective
study22, positive anti-CCP status at presentation, but not
antibody titers, predicted radiological progression using the
modified Larsen method after 2 years of therapy.
Conversely, in another study42, the presence of anti-CCP2 at
any time during the first 3 years was associated with radio-
graphic progression at 5 years using the SvdH erosion score,
but the presence of anti-CCP2 or RF at baseline was not pre-
dictive for this outcome. In our study, patients who were
positive for RF or anti-CCP2 at presentation had higher
SvdH erosion scores after 1 year than patients who were
negative, but the differences were not significant in the uni-
variate analysis (Table 2), and neither marker was a predic-
tor for this outcome in the linear regression model (Table 3).

Erosions are an important determinant of further damage
and a strong argument for initiating therapy in patients with
recent-onset RA57. Radiographic changes in the small joints
of the hands, wrists, and feet have been shown to be suffi-
ciently reflective of damage in large joints and to provide an
objective outcome measure57. Two major systems (Larsen58

and Sharp59) and a number of modifications to both are
available for scoring radiographic progression in RA. We
used van der Heijde’s modification of the Sharp scoring sys-
tem54; it covers a sufficiently broad spectrum of joints to
provide sensitivity to change, and erosions and joint space
narrowing are scored separately. We evaluated only the sub-
scale for erosions because it is easier to measure than the
total Sharp score (erosions and joint space narrowing) in
clinical practice, because erosions are widely accepted as an
objective and reliable outcome measure, and because the
risk of developing erosions is a clear indication for prompt
and aggressive treatment28.

Higher radiographic scores at presentation have been
associated with progression of joint destruction6,22,38,45-48.
We have also found a significant association between the
SvdH erosion score at 1 year and its baseline value (p <
0.001; Table 3). According to our linear model, a given
patient will have a mean increase of 1.56 units (95% CI
1.40, 1.71) in the SvdH erosion score at 1 year for each
increase of 1 unit in the baseline SvdH erosion score. The

other factor significantly influencing erosiveness at 1 year in
our model was SE genotype: given an identical baseline
SvdH erosion score, patients homozygous for HLA-DRB1
SE (+/+) will have an SvdH erosion score at 1 year that is
1.75 units (95% CI 1.54, 2.96) greater than that of patients
with HLA-DRB1 SE (–/–).

In a similar prospective study of patients with recent-
onset RA, Kaltenhäuser, et al6 also used multivariate tech-
niques to analyze the value of several clinical and laborato-
ry variables, including early erosions and HLA-DRB1 alle-
les, for predicting severe bone destruction at 4 years. The
best predictor was the presence of either an SE-positive DR4
allele or early erosions.

Our results show that erosive damage after 1 year of fol-
lowup in patients with recent-onset RA is significantly influ-
enced by SE homozygosity and the presence of erosive dis-
ease at presentation, the 2 factors explaining 78% of the
variability of the dependent variable. These 2 markers may
be useful in defining a poor outcome in patients with recent-
onset RA and in selecting patients for more aggressive
therapy.
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