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Clinical management of patients with rheumatoid arthritis
(RA) remains a challenging problem due to the potential
side effects of immunosuppressive therapy. Treatment deci-
sions would be greatly facilitated by the availability of prog-
nostic markers predictive of both the time course and

severity of joint destruction and of complications due to an
extraarticular course of the disease1.

It has been established that immunogenetic markers are
predictive for the severity of extraarticular disease. The
disease associated HLA-DRB1 alleles (*0401, *0404,
*0405, *0408), particularly in homozygous individuals,
were shown to be predictive for the development of major
organ involvement2,3. Aside from an association of the
shared epitope (SE) with the course of the extraarticular
disease, we and others have shown an influence of immuno-
genetic markers on the radiological progression of joint
destruction in early disease4-11. Controversy remains,
however, on how sustained this influence remains after
more than 2 years of disease duration12. Interestingly, the
acute inflammatory response does not differ in patients posi-
tive or negative for SE positive DRB1*04 alleles as
markedly as radiological progression4,13, or was only
increased in patients homozygous for SE+ DR4+14. On the
other hand, the correlation between C-reactive protein
(CRP) and the progression of joint erosions, although
detectable in most15-17 but not all18 studies, is characterized
by wide interindividual variation19. In some clinical studies,

Immunogenetic Markers and Seropositivity Predict
Radiological Progression in Early Rheumatoid Arthritis
Independent of Disease Activity
SYLKE KALTENHÄUSER, ULF WAGNER, ERNST SCHUSTER, RALF WASSMUTH, SYBILLE ARNOLD,
WOLFRAM SEIDEL, MICHAEL TRÖLTZSCH, MARKUS LOEFFLER, and HOLM HÄNTZSCHEL

ABSTRACT. Objective. A prospective clinical study of patients with recent onset rheumatoid arthritis (RA) to
examine the relationship between inflammatory disease activity and joint destruction in a 4 year
followup, and to evaluate prognostic markers for severe joint erosions early in the disease.
Methods. Eighty-seven patients with RA according to the American College of Rheumatology
criteria and a disease duration < 2 years were followed for an observation time of 2 to 4 years (mean
3.1 yrs). Variables of clinical and laboratory disease activity were monitored, and HLA-DRB1 alleles
were determined. Hand and foot radiographs were taken every 6 months.
Results. Multivariate analysis of independent contributions of covariates to progression of joint
destruction resulted in a mixed effect regression model with significant influences for the presence
of a shared epitope (SE) positive DR4 allele (SE+ DR4+; p = 0.007), rheumatoid factor (RF) IgA (p
= 0.01), and sex (p = 0.059), but not for clinical variables or acute phase reactants. The odds ratio to
reach a Larsen score above 32 during the observation period of 4 years was increased in patients
positive for RF IgM (OR 2.7, p = 0.019), for the shared epitope on a DR4 allele (OR 8.6, p < 0.005),
and in patients with erosions already at study entry (OR 11.9, p = 0.001). The highest sensitivity and
specificity for the prediction of severe bone destruction (84% and 79%) were found when the pres-
ence of either a SE+ DR4 allele or of early erosions was used as a prognostic marker (OR 20.4, 
p < 0.0001).
Conclusion. Our results show the pace of joint destruction in RA to be influenced by the presence
of SE+ DR4 alleles, RF production, and sex and by the presence of erosive disease at presentation.
Those prognostic markers exert their influence independently from the inflammatory disease
activity. (J Rheumatol 2001;28:735–44)
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the association between acute phase response and radi-
ographic progression was most prominent during the first 6
months of disease duration20 or seemed to be less predictive
for the severity of joint destruction than immunogenetic
markers21. Those observations are consistent with disease
models that stem from analysis of cytokine expression in
animal models and that propose a dissociation of the inflam-
matory and the joint destructive component of the disease
process in RA22-24. In some studies, the clinical analysis of
the relationship between synovitis and radiological progres-
sion in individual joints also showed that the correlation
between the 2 disease components is only weak25,26.

The objective of our prospective study was to create a
multivariate model of the destructive process in the disease
that allowed identification of factors prognostic for a more
rapid course of joint destruction. We were particularly inter-
ested in the inflammatory component of disease activity and
its interdependence with the course of bone destruction as
seen in hand and feet radiographs.

MATERIALS AND METHODS
Study design. Since 1992 a prospective, observational study of patients
with early RA has been carried out. Patients were sequentially recruited
from the outpatient clinic of the Department of Rheumatology at Leipzig
University. Informed consent was obtained from all patients. Included were
patients with RA according to the 1987 American College of
Rheumatology (ACR) criteria27 with onset of symptoms less than 2 years
prior to inclusion in the study. Only patients older than 18 years of age were
enrolled. To avoid skewing due to the influence of a previous treatment
patients who received disease modifying antirheumatic drugs prior to
enrolment were excluded. Patients were excluded if a rheumatologic diag-
nosis other than RA could be established during followup, or if they were
lost to followup.

During the study, patients were treated according to standard rheuma-
tological practice. The protocol treatment intended was monotherapy with
2 g sulfasalazine per day or 15 mg methotrexate weekly combined with low
dose prednisone in the dosage required to clinically control disease activity.
In case of discontinuation of treatment due to insufficient response or
adverse side effects, further therapy was modified according to clinical
requirements.

Study documentation. Disease activity and joint destruction were docu-
mented at initial presentation, after 6 months, and after 1, 2 and 4 years. 

For the study of clinical aspects of the disease course, clinical severity
of joint affliction was judged by the number of swollen joints, duration of
morning stiffness, Health Assessment Questionaire, and a functional
mobility score. Joint tenderness was documented using the Ritchie
Articular Index.

The relevant laboratory variables consisted of erythrocyte sedimenta-
tion rate (ESR), CRP, hemoglobin, complete and differential blood count,
and the IgM and IgA rheumatoid factor (RF).

As one major outcome variable of the destructive process, radiological
evaluation of joint erosions was carried out. At study entry and at each
scheduled visit, hand and foot radiographs were taken and scored by 2 inde-
pendent radiologists using the Larsen score28.

HLA-DRB1 typing. HLA typing was performed by oligonucleotide
hybridization of enzymatically amplified DNA as described4. Low resolu-
tion HLA-DRB1 typing comprising the DRB1*01 to DRB1*17 specifici-
ties was performed by sequence-specific hybridization of a panel of
oligonucleotide probes to polymerase chain reaction products. For
DRB1*04 positive individuals high resolution subtyping of the HLA-
DRB1 locus was performed.

Biometric analyses. Differences in medians or means between groups were
analyzed using Mann-Whitney or T test where appropriate. Correlations
were evaluated using the Spearman rank correlation coefficient method.
Rates and proportions were compared by chi-square or Fisher’s exact test.
A level of significance of α = 0.005 was employed in the univariate tests.
For the multivariate regression analysis, a level of significance of α = 0.05
was used. For all calculations, SPSS 8.0 (SPSS Inc., Chicago, IL, USA)
was used. For evaluation of the predictive diagnostic value, odds ratios
were calculated as published4. As response variable for statistic modeling,
changes in the Larsen score in the first and 2nd year and the averaged
yearly change during the 3rd and 4th year of observation were used. The
yearly increase in Larsen score was chosen as the outcome measure of
disease progression for the multivariate analysis, since the radiological
joint destruction measured by the Larsen score is regarded as irreversible.
To accommodate the data from repeated time intervals, a linear regression
model for repeated measurements was chosen. Due to the considerable
variability between patients, a mixed effect regression with a random inter-
cept was introduced that used the main effects as fixed effects.

A step-down elimination procedure using the Bayesian information
criterion was applied29,30. The Larsen score values after 48 months in
patients that had not yet reached that time point of observation can be
assumed to be distributed completely at random. Thus all cases could be
included in the analysis. These calculations were done using S-PLUS 4.5
(MathSoft, Seattle, WA, USA) with the function lme.

The repeated measurement structure was accounted for by a random
intercept, i.e., an estimated individual intercept for each patient, which
modifies the common intercept. A normal distribution with the expected
value zero was assumed. For serial correlations, a model with equal corre-
lation between residuals at the different time points was adopted
(compound symmetry model).

RESULTS
The Patient Cohort
All 87 patients included in the study cohort fulfilled the
1987 ACR criteria at study entry. Five patients that had orig-
inally been included in the study, but in whom rheumato-
logical diagnoses other than RA could be established, were
excluded from the analysis (2 patients with undifferentiated
connective tissue disease, one with psoriatic arthritis, 2 with
systemic lupus erythematosus). Six patients were excluded
from the analysis since they were lost to followup (2
patients died, and 4 refused further participation in the
study). Patients’ participation was high, with more than 95%
of contacted patients agreeing to participate.

Seventy-three patients in the study cohort were women
(84%) and 14 men. The median disease duration before
study entrance (time between establishment of the diagnosis
and enrolment in the study) was 6.1 months (interquartile
range 3.4–11.3 mo). The majority of patients had a disease
duration less than one year (77%) before study entry. All 87
study patients had been followed for 2 years, while data over
4 years of followup were available for 48 patients.

A clinical characterization of the study population is
given in detail in Table 1; 32% of patients had radiographic
evidence of bony erosions at initial presentation. The
median swollen joint count at study entry was 9 (interquar-
tile range 5–14) and the median CRP level was 14.7 mg/l
(interquartile range 0–44.8 mg/l). Fifty-seven patients
(65.5%) had RF IgM seropositive disease, and 53 of them
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(93%) were already seropositive at initial presentation. In
contrast, only 55% of the 40 patients with detectable titers
of RF IgA at least once during the observation period
(46% of the study population) were already RF IgA posi-
tive at study entry. Thirty-three of 40 RF IgA positive
patients (82.5%) were also positive for RF IgM (Figure
1A). The results of genotyping of the HLA-DRB1 locus
are depicted in Figure 1B. Thirty-two patients (36.8%)
expressed the RA associated shared epitope (SE) on a
DR4 allele. An additional group of 21 patients (24.1%)
typed positive for DR1 (in our ethnically very homoge-
neous German population almost exclusively
DRB1*0101), resulting in a total of 53 patients (60.9%)
expressing the RA associated SE on either a DR1 or a
DR4 allele. Compound homozygosity for the SE occurred
in 12 patients, and 6 patients expressed RA associated
DR4 alleles on both chromosomes.

At the final evaluation (for 48 patients after 4 and for
39 patients after 2 years of observation), 52 patients were
treated with methotrexate, 10 with sulfasalazine, 5 with
intramuscular gold salts, 2 with chloroquine, and 5 with a
combination of methotrexate and cyclosporin A. Thirteen
patients received low dose prednisone therapy only. A

detailed analysis of therapy patients received after 2 and 4
years is given in Table 1.

Clinical and Genetic Variables and Radiological Course of
Joint Destruction
Time course of the Larsen score. Despite the short duration
of disease before study entry, one-third of the patients
already had erosions on hand and foot radiographs when
first seen in clinic. This was not, however, associated with a
longer time span between onset of symptoms and study
entry in those patients or significant differences in any other
of the clinical and inflammatory variables analyzed and
does compare to or is even lower than the data obtained in
other studies17,31-33. In addition, we examined the changes in
Larsen score occurring during the observation period with
respect to their clinical relevance in comparison to the
erosive changes already present at study entry. After a
disease duration of 2 years, 60 patients (68.9%) had erosive
disease. In 50 of those 60, the change in Larsen score over
the first 2 years contributed 50% or more of the value
reached after 2 years, so that the Larsen score value at study
entry was in the vast majority of cases lower than the
increase during the study period.
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Table 1. Characteristics of the patient populations at study entry. Clinical and laboratory variables at study entry,
Larsen scores and DMARD usage at the end of the observation periods for the study cohorts followed for 24 and
48 months. Disease duration before study entry = time between the establishment of the diagnosis and study
enrolment. Number of DMARD = number of successive treatment attempts with different DMARD. Percentages
of patients using the different medications refers to current DMARD usage at the time of the 24 and 48 month
analysis.

Patients Followed Patients Followed
24 mo 48 mo

N 87 48
M/F 14/73 10/38
Age at disease onset, yrs Median (25–75%) 54 (37.9–63.2) 50.7 (34.9–57.9)
Disease duration before study entry, mo Median (25–75%) 6.1 (3.4–11.3) 6.0 (3.4–12.3)
ESR, mm Hg Median (25–75%) 30 (21.3–48.3) 30 (21.0–53.5)
CRP, mg/l Median (25–75%) 14.7 (0–44.8) 13.4 (0–32.7)
Swollen joint count Median (25–75%) 9 (5.0–14.0) 10 (5.5–15.0)
Morning stiffness, min Median (25–75%) 60 (5.0–120) 60 (2.5–120)
Ritchie index Median (25–75%) 8 (6.0–13.0) 10.5 (6.0–14.5)
Patients positive for RF IgM, % 65.5 62.5
RF IgM, IU/ml Median (25–75%) 70.6 (0–206) 48.7 (0–162)
Patients positive for RF IgA, % 25.3 16.6
RF IgA, IU/ml Median (25–75%) 0 (0–31.5) 0 (0–0)
Patients with erosions at study entry, % 32.2 29.2
Larsen score at study entry Median (25–75%) 0 (0–4.0) 0 (0–5.0)
Larsen score at the end of
the observation period Median (25–75%) 14.0 (0–32.7) 23.5 (0–40.5)
No. of DMARD Median (25–75%) 2 (1–2) 2 (1–2)
Methotrexate, % 65.6 58.3
Sulfasalazine, % 12.6 10.4
Intramuscular gold salts, % 5.7 4.2
Chloroquine, % 2.3 4.2
Combination of methotrexate and cyclosporin A, % 0 12.5
Steroids only without DMARD therapy, % 13.8 10.4
Steroids in combination with DMARD, % 71.3 56.2
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Larsen scores at study entry showed a significant corre-
lation with the yearly increase in Larsen score during the
first (R = 0.3, p = 0.005) and 2nd year of observation (R =
0.29, p = 0.006), and patients with early erosions had a
higher increase in Larsen scores during the first and second
year of observation (median 4 vs 0; p = 0.001 and median 5
vs 0; p = 0.004, respectively). Patients with the fastest
increase in Larsen score during the first year also continued

to progress faster later in the study, as indicated by the corre-
lation between the yearly increase in Larsen score during the
first year and the yearly increase during the 3rd and 4th
years of observation (R = 0.519, p < 0.001).

In summary, the results indicate a continuously faster
progression of joint destruction during the first 2 years of
observation in patients with very early erosions that were
already present at study entry (Figure 2).

The Journal of Rheumatology 2001; 28:4738

Figure 1. Distribution of rheumatoid factor IgM and IgA production and of immunogenetic markers in the study cohort. A. RF production in 87 patients at
initial presentation (inner circle) and development during the course of the study (outer circle). The exploded slices represent the fraction of patients in whom
RF status changed during the observation period. Percentages of patients in the respective groups are given. B. Percentages of patients carrying the RA asso-
ciated shared epitope sequence on one chromosome on a DR1 allele (SE+DR1+), on one chromosome on a DR4 allele (SE+DR4+), on both chromosomes
with one DR1 and one DR4 allele (SE+DR1+/SE+DR4+), on both chromosomes on a DR4 allele (SE+DR4+/SE+DR4+), and patients negative for the shared
epitope (SE negative).

A

B
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Clinical and laboratory variables and joint destruction. The
acute phase response measured by CRP concentrations at
different time points showed a significant correlation with
the clinical disease activity (number of swollen joints and, to
some extent, Ritchie index; Table 2). There was no correla-
tion, however, of ESR or CRP, neither at study entry nor
after 2 or 4 years of disease duration, with the Larsen scores
after those observation periods (Table 2). Only the increase
in Larsen score during the 2nd year of observation was
found to correlate with the CRP value obtained after 2 years
of observation. While the average CRP values over time
were also found to correlate with the increase in Larsen
scores during the 2nd year of observation, they did not show
a significant relationship with the absolute values of Larsen
score reached after 2 or 4 years of observation or the

increase during the first, 3rd, and 4th year of the study
(Table 2).

With regard to RF production, patients positive for RF
IgM were significantly different in their Larsen scores from
seronegative patients. They had higher Larsen score values
after 2 and 4 years of observation (median 18.8 vs 0; p =
0.017 and median 30.1 vs 2.6; p = 0.031, respectively;
Figure 3B). The detection of a positive titer of RF IgA in a
patient at least once during the observation period was also
associated with a higher Larsen score after 2 and 4 years
(median 19.8 vs 5.2; p = 0.006 and median 33.9 vs 9.9; p =
0.005; Figure 3C).

Sex and immunogenetics. At study entry, no difference was
seen between the percentage of male and female patients
already having bony erosions. The increase in Larsen scores
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Figure 2. Time course of Larsen scores in patients presenting with erosions at study entry. A. Means and SEM
of Larsen scores are given for 0, 12, and 24 months (n = 87) and 48 months (n = 48) for patients negative (�, n
= 59) and positive (�, n = 28) for erosions at study entry. B. Means and SEM of the yearly increase in Larsen
scores for the time intervals 0 to 12, 12 to 24, and 24 to 48 months are shown for patients negative (�) and posi-
tive (�) for erosions at study entry. *p < 0.05, **p < 0.01.

Table 2. Correlation between variables of disease activity and Larsen scores at different time points. Spearman rank correlation coefficients and radiological
findings of the Larsen score are shown for the relationships between variables of disease activity at the time points indicated. Levels of significance shown
in parentheses. Significant correlations are printed in bold.

At Time Point, Swollen Ritchie Larsen Score Progression of Larsen Score
mo Joint Count Index

At Study After After During During During
Entry 24 mo 48 mo 1st yr 2nd yr 3rd/4th yr

ESR 0 0.23 0.06 0.12 0.21 0.02 –0.09 0.06 0.18
(0.03) (0.53) (0.26) (0.14) (0.88) (0.38) (0.54) (0.23)

24 0.38 0.33 0.11 –0.01 0.07 0.01 0.28 0.17
(< 0.001) (0.001) (0.30) (0.88) (0.62) (0.90) (0.008) (0.24)

CRP 0 0.41 0.24 0.03 0.05 –0.006 –0.007 0.11 0.01
(< 0.001) (0.02) (0.75) (0.62) (0.96) (0.95) (0.28) (0.94)

24 0.31 0.32 0.01 0.24 0.22 –0.09 0.36 0.23
(< 0.003) (0.002) (0.89) (0.03) (0.14) (0.40) (< 0.001) (0.11)

Average 0–24 0.02 0.12 0.04 0.17 0.08 0.01 0.33 0.11
CRP (0.02) (0.24) (0.69) (0.10) (0.55) (0.90) (0.001) (0.46)
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during the first year of observation was, however, more
pronounced in male compared to female patients (median 12
vs 0.5; p = 0.003), resulting in a higher Larsen score after
one year (median 19.5 vs 3; p = 0.003). This difference was
less pronounced after 2 years (median 27.5 vs 10; p = 0.017)
and did not reach statistical significance again in the subse-
quent course of disease (Figure 3D).

The presence of the immunogenetic markers analyzed
had a significant effect on radiological progression. Patients
that expressed the SE sequence on a DR4 allele had higher
Larsen scores after one, 2, and 4 years of disease duration
(median 10.5 vs 0; p = 0.016, median 27.5 vs 4; p = 0.001,
and median 39 vs 17.0; p = 0.001; Figure 3E).

The presence of the shared epitope sequence on any DR
allele also resulted in higher Larsen scores after 2 and 4
years for positive patients (median 19 vs 2.0; p = 0.006 and
median 32 vs 22; p = 0.03; Figure 3F). The influence of this

marker, which includes the DR1 allele, only became
apparent after 2 years of disease duration, while no differ-
ence was seen at initial presentation or after one year. When
only patients positive for DR1 were analyzed, they did not
differ significantly from SE negative patients. With regard
to a possible gene dosage effect, no difference in Larsen
score was seen between patients expressing the SE on both
chromosomes and the patients positive for the SE sequence
on only one chromosome.

Multivariate Analysis of Prognostic Factors for the
Radiographic Progression of Joint Destruction
The values of all variables of disease activity at initial
presentation and at the second visit after 6 months were
included into a multivariate model describing the progres-
sion over time as yearly increase in Larsen score and its
dependency on the covariates. In addition, sex and the pres-

The Journal of Rheumatology 2001; 28:4740

Figure 3. Time course of Larsen scores in patients grouped according to quantitative values of the covariates. Means and SEM of Larsen scores are given
for 0, 12, and 24 months (n = 87) and 48 months (n = 48) for groups of patients fulfilling the following criteria. A. Larsen scores in the study population. B.
RF IgM negative (�, n = 30) and positive patients (�, n = 57). C. RF IgA negative (�, n = 47) and positive patients (�, n = 40). D. Female (�, n = 73) and
male (�, n = 14) patients. E. Patients positive (�, n = 55) and negative (�, n = 32) for the shared epitope sequence on a DRB1*04 allele. F. Patients positive
(�, n = 34) and negative (�, n = 53) for the shared epitope sequence. *p < 0.05, **p < 0.01, ***p < 0.005.
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ence of the RA associated shared epitope as well as age at
disease onset, levels of RF IgM and RF IgA, and the Larsen
score at initial presentation were included.

Table 3 gives the effect of all covariates included in the
initial model with their respective 95% confidence intervals
and the significance for their contribution. Variables without
influence on the outcome in yearly increase in Larsen score
(LS) were removed from the model by stepwise deletion. By
this process, the fit of the model was improved, as indicated
by the reduction of the Bayesian information criterion from
1707 to 1605. The resulting final model (Table 3) describes
the influence of the covariates on the radiological progres-
sion of joint destruction as follows:

Yearly increase in LS = 7.23 + 3.24 [for SE+ DR4+
patients] + 0.0126 * initial RF IgA [IU/ml] + 2.92 [for

male patients] – 3.06 [if later than 2 years]

In this model, the progression of disease is indicated by a

yearly baseline increase in the Larsen score of 7.23, which
is described by the intercept (p < 0.0001). The presence of
an RA associated DRB1*04 allele had the strongest effect
on progression, resulting in an additional yearly increase in
LS of 3.24 (p = 0.007). In addition, the level of RF IgA
measured at study entry had a significant influence on the
yearly increase in Larsen score (p = 0.01). For example, a
RF IgA level of 100 IU/ml at study entry resulted in an addi-
tional yearly increase in Larsen score of 1.26.

There was a sex difference, with men having a higher
yearly increase of 2.92 compared to women (p = 0.059). The
covariate sex was included in the final model despite the
failed level of significance, since the fit for both Akaike
information criterion and Bayesian information criterion
was impaired when it was removed. The influence of time
indicates that the yearly increase in Larsen score during the
3rd and 4th year was 3.06 (p = 0.018), lower than during the
first 2 years. Markov chain Monte Carlo (MCMC) methods,
which allow for inclusion of cases with missing covariates

Table 3. Initial and final mixed effect regression model for repeated measurements using covariates at study entry and after an observation period of 6 months.
Covariates included in the mixed effect regression model for repeated measurements for the radiological progression of joint destruction. As independent vari-
able, the yearly increase in Larsen score (LS) was used. The initial model shows all covariates at study entry and after an observation period of 6 months. In
the resulting final model, covariates were reduced to those with a significant effect on radiological joint destruction. Covariates are given with their confidence
interval and level of significance in the initial and final model. SE+DR4+: patients positive for the shared epitope on a DR4 allele; SE+ DR1+: patients for
the shared epitope on a DR1 allele; intercept: the yearly baseline increase in Larsen score in the study population. Time: factor time for observations during
the 3rd and 4th year. Significant findings indicated in bold print.

Factor 95% CI p
Lower Limit Upper Limit

Initial model
Intercept (yearly baseline increase in LS) 4.5248 –2.2336 11.28 0.189
SE+DR4+ 3.824 1.0688 6.5792 0.007
SE+DR1+ 0.9888 –1.8112 3.7856 0.489
Time (1 for 3rd and 4th yr) –3.152 –5.8016 –0.5024 0.020
Male sex 2.8192 6.3328 0.6912 0.115
RF IgA level at study entry, IU/ml 0.016 0 0.0288 0.036
RF IgA level after 6 mo, IU/ml –0.0096 –0.0416 0.0224 0.546
RF IgM level at study entry, IU/ml 0 –0.0032 0.0032 0.634
RF IgM level after 6 mo, IU/ml –0.0032 –0.0096 0.0032 0.478
CRP level at study entry, mg/l –0.0096 –0.0512 0.032 0.648
CRP level after 6 mo, mg/l 0.0416 –0.0384 0.1216 0.308
Morning stiffness at study entry, min 0.0064 –0.0096 0.0192 0.488
Morning stiffness after 6 mo, min –0.0096 –0.0288 0.0128 0.450
Swollen joint count at study entry 0.2528 –0.224 0.7328 0.299
Swollen joint count after 6 mo 0.096 –0.5024 0.6944 0.756
Ritchie index at study entry –0.1728 –0.3872 0.0416 0.112
Ritchie index after 6 mo 0.2784 –0.0768 0.6336 0.123
Larsen score at study entry 0.016 –0.1344 0.1664 0.835
Age at disease onset, yrs 0.0064 –0.08 0.096 0.875

Final model
Intercept (yearly baseline increase in LS) 7.2342 4.1984 10.2624 < 0.001

Time (1 for 3rd and 4th yr) –3.0619 –5.5936 –0.5248 0.018
SE+DR4+ 3.2401 0.8672 5.6128 0.007
RF IgA level at study entry, IU/ml 0.0126 0.0032 0.0192 0.010
Male sex 2.9180 5.9552 0.1152 0.059
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into the analysis, have been applied and are consistent with
the model outlined above. Similarly, when MCMC methods
were used to calculate a robust model assuming a double
exponential distribution instead of a normal distribution of
Larsen score, the covariates included in the mixed effect
regression model again significantly influenced the Larsen
score.

In summary, the mixed effect regression model identified
the covariates presence of SE+ DR4, sex, and RF IgA
concentration as significantly influencing the progression of
the Larsen score over time.

Prognostic Value of the Markers Analyzed 
To assess the diagnostic value of those variables that
showed a significant influence on radiological progression,
the odds ratio of patients for being in the group with the
highest Larsen score after 4 years was calculated, and sensi-
tivity and specificity were analyzed. As a cutoff, we used a
Larsen score of 32, which was reached by one-third of the
study cohort during the observation period15,17,34.

When used as a prognostic marker, neither RF IgM status
nor the presence of the shared epitope was associated with a
significantly increased risk for severe outcome (Table 4).
Patients carrying the SE on a DR4 allele, however, did have
an increased odds ratio to reach a Larsen score > 32 (p <
0.005) after 4 years. While there was no additive effect seen
in the odds ratio of patients positive for both SE+ DR4 and
RF IgM simultaneously (data not shown), the risk of severe
erosions was increased to 9.1 (p = 0.009) for the group of
patients that were positive for either SE+ DR4 or RF IgM or
for both markers.

The presence of erosions already at study entry resulted
in an almost 12-fold increased odds ratio for severe destruc-
tion after 4 years. Again, no additive effect was visible for
patients with early erosions at study entry that were simul-
taneously positive for SE+ DR4. If patients positive for at
least one of the 2 markers were compared to those negative

for both, however, they were found to have an odds ratio of
20.4 to develop a Larsen score > 32 (Table 4).

In summary, the presence of one of the 2 markers SE+
DR4 and erosions at study entry was sufficient to predict the
likelihood of the development of severe erosions in a patient
with high sensitivity and moderate specificity.

DISCUSSION
The purpose of our study involving prospective collection of
clinical, laboratory, and immunogenetic data on patients
with recent onset RA was the identification of prognostic
markers indicative of severe, rapidly progressing joint
destruction in recent onset RA. Using the yearly increase in
Larsen score as a measure of progression of joint disease,
we analyzed the relationship between disease activity,
immunogenetic markers, and joint destruction. As a prereq-
uisite for the identification of prognostic indicators of the
disease course, we created a stable model of the observed
disease progression using the longitudinal data gathered as
covariates. The multivariate analysis resulted in a linear
mixed effect regression model for repeated measurements,
in which the most profound influence was exerted by the
presence of an RA associated DR4 allele on at least one
chromosome, with significant contributions of only 2 other
covariates — sex and the levels of RF IgA. The model
confirmed observations of other groups17,35,36 describing the
most rapid progression of joint destruction during the first 2
years. As early as at study entry, we found clinical and
inflammatory markers of disease activity correlated with
each other. This was true not only for the initial presentation,
but continued during the first 2 years of disease, since the
swollen joint count showed significant correlations with the
CRP level at all time points. Both multivariate analysis and
univariate comparisons revealed, however, that the influ-
ence of disease activity variables on the radiological
outcome was not significant, while the linear model was
dominated by fixed variables (sex, immunogenetics, RF
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Table 4. Odds ratios (OR) of different markers for patients to experience a severe erosive course of disease after
4 years measured by a Larsen score (LS) of 32. Patients were grouped according to Larsen score reached after 4
years, and sensitivity and specificity for clinical and immunogenetic markers were calculated. Comparisons were
made for RF IgM, the presence of erosions already at study entry, the RA associated shared epitope (SE+), the
shared epitope on a DRB1*04 allele (SE+DR4+), and combinations of different disease markers as indicated. For
each comparison odds ratios are given. Yates corrected chi-square and corresponding p value are given in case of
significance.

Sensitivity, Specificity, OR Significance
% % χ2 p

RF IgM 68 55 2.66 1.71, 0.19
Early erosions 57 89 11.91 10.4, 0.0013
SE+ 73 55 3.44 2.80, 0.09
SE+DR4+ 57 86 8.6 8.441, 0.0037
SE+DR4+ and/or RF IgM 89 51 9.1 6.81, 0.0091
SE+DR4+ and/or early erosions 84 79 20.44 16.2, < 0.0001
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seropositivity) independent of disease activity. This is in
contrast to some other studies17,31,37,38, which found the
progression of joint destruction to be dependent upon the
acute phase response, while other authors had results similar
to ours20,21,39. The discrepancies might be explained partly
by the wide interindividual variations between patients19,
but also by the usually very quick response of those vari-
ables after initiation of immunosuppressive therapy. On the
other hand, the time integrated CRP (indicated by the aver-
aged values over time) was found to influence radiological
outcome to some extent in our patient population as well as
in other studies40. While the limited number of cases in the
multivariate analysis does not allow ruling out a relevant,
although minor effect of time integrated inflammatory vari-
ables on radiological progression, we conclude that the
dominant covariates like SE positive DR4 alleles, RF IgA,
and early erosive disease exert their influence independently
from variables of disease activity. Further, the time inte-
grated CRP is not a practical prognostic marker with regard
to its predictive value, since serial measurements over a
longer time interval are required.

The influence of the production of rheumatoid factors on
joint destruction has been described by several
groups16,32,33,38,41-44. We were able to confirm a faster pace of
joint destruction in RF IgM and RF IgA seropositive
patients early in the disease process that resulted in signifi-
cantly higher Larsen scores after 2 and 4 years of disease.
When seropositivity for RF IgM was used as a discrimi-
nating marker in univariate comparison, the detection of RF
of this isotype was associated with higher Larsen scores.
However, the influence of seropositivity for RF IgM did not
reach significance in the multivariate analysis, possibly due
to the greater effect of RF IgA titers in this model, since RF
IgA and RF IgM occurred simultaneously in 82.5% of all RF
IgA positive patients. Alternatively, the presence of RF IgM
seropositivity by itself might be more predictive of faster
joint destruction than the serum concentrations of it, which
were used in the multivariate model. Since almost all
seropositive patients (93%) were positive for RF IgM at
initial presentation, the RF IgM status can be used as a prog-
nostic marker that is available at the onset of disease. For RF
IgA, we found considerable fluctuations in the individual
patients’ levels between different visits in clinic. While in
the multivariate model initial serum levels for RF IgA had a
significant effect on the radiological progression of joint
destruction, its usefulness as a prognostic marker is limited
because seropositivity frequently developed rather late in
the disease course.

The influence of sex in the linear regression analysis and
the results of the univariate analysis are consistent with
more severe joint destruction in male patients. This might
reflect an additional genetic influence on the clinical course
of RA, but due to the comparatively small number of men in
our study those results need to be confirmed in larger
groups.

It has been shown by our group and others that the pres-
ence of the RA associated shared epitope, on either a DR4
or a DR1 allele, and the resulting amino acid cassettes
QKRAA and QRRAA in the binding groove of the MHC
molecule modulate the radiological progression of joint
disease early in the disease course4,7,45. Our data show that
the influence of the RA associated DR4 alleles on the
progression of joint destruction is sustained throughout the
observation period of 48 months. Patients positive for this
marker had an odds ratio of 8.6 to arrive at a Larsen score >
32 after 4 years of disease, which characterizes 34% of the
study population with the most severe radiographic changes.
The risk of patients carrying the SE sequence on either a
DR1 or a DR4 allele to be in this group was only marginally
increased and did not achieve statistical significance. This
seems to be the result of the weak contribution of the DR1
allele toward an increased risk of more severe joint destruc-
tion.

In the univariate analysis, the presence of erosive disease
already at study entry was found to be a strong indicator of
the most destructive courses of disease. Due to the compar-
atively low proportion of early erosiveness in our study
group (30%), the sensitivity of this marker was somewhat
low (Table 4). The multivariate model showed that the effect
of this marker was mainly due to a considerable overlap
with positivity for the epitope sequence on a DR4 allele,
since a high percentage (53.8%) of patients with early
erosions were carrying this marker. When both epitope posi-
tivity on a DR4 allele and presence of early erosions were
used in combination as one marker, the odds ratio was
increased 20-fold and sensitivity rose to 84% (Table 4).

Taken together, the results of our prospective study of
early RA indicate that the independent factors presence of
the shared epitope on a DRB1*04 allele, RF seropositivity,
sex, and presence of early erosive disease allow prediction
of the progression of joint destruction as early as initial
presentation. The influence of these markers remains inde-
pendent from variables of disease activity during the first 4
years of the disease.
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