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points in the ACPA-negative patient as compared to 14
Ratingen points in the ACPA-positive patient (Figure 2). 

In the former analyses Ratingen score at baseline was
used as a covariate. Next, the difference in association
between DAS and change of Ratingen score between the
ACPA-negative and positive group was analyzed for
patients with and those without baseline erosions separately.
In the subgroup with joint damage at baseline there was a
strong association between DAS and change of Ratingen

score; however, the difference between ACPA-positive and
negative patients disappeared and the regression coefficients
were 5.7 and 5.6, respectively. In contrast, in the group of
patients without baseline erosions, the difference in associ-
ation became larger, with a regression coefficient of 2.4 in
ACPA-negative patients compared to a regression coeffi-
cient of 3.7 in ACPA-positive patients.
DAS and probability for newly damaged joints. The relation
between time-averaged DAS and presence of erosions in at
least 1 joint unaffected at baseline is presented in Table 3.
Disease activity was associated with an increase in affected
joints after 3 years in both ACPA-negative and
ACPA-positive patients. The group of ACPA-negative
patients had a smaller intercept and a larger regression
coefficient and OR than the group of ACPA-positive
patients. This corresponds with a low baseline risk and
strong increase in the probability of newly damaged joints if
inflammation is greater in ACPA-negative patients, while
the baseline risk in ACPA-positive patients is already high
and is not much further increased by an increasing level of
inflammation. This resulted in a net lower risk in
ACPA-negative patients at low or moderate levels of inflam-
mation than in ACPA-positive patients. Figure 1B illustrates
that with an average DAS of 2.4 (low activity), the proba-
bility to develop erosive progression in a previously
unaffected joint was 0.35 in an ACPA-negative patient and
0.80 in an ACPA-positive patient. When stratified by
presence of erosions at baseline, it appeared that the
difference between ACPA-negative and ACPA-positive
patients was larger in the subgroup of patients without
baseline erosions, than in the patients with baseline

Table 2. Four linear regression models for the relation between
time-averaged Disease Activity Score (DAS) and change in Ratingen
score, by anticitrullinated protein antibody (ACPA) status. Baseline
Ratingen score was added as covariate to both models, age and sex were
considered confounders.

Model Beta (95% CI) p

ACPA-negative
DAS 3.32 (1.11–5.53) 0.004
Constant –3.575 (–9.69–2.55) 0.249
DAS 3.87 (2.01–5.74) < 0.001
Baseline score 1.36 (0.98–1.75) < 0.001
Age –0.11 (–0.24–0.01) 0.068
Sex –2.58 (–6.23–1.07) 0.163
Constant 3.81 (–6.52–14.15) 0.465

ACPA-positive
DAS 4.46 (2.70–6.22) < 0.001
Constant –2.17 (–7.46–3.31) 0.421
DAS 4.70 (2.96–6.45) < 0.001
Baseline score 0.81 (0.51–1.11) < 0.001
Age –0.11 (–0.24–0.03) 0.120
Sex –1.77 (–4.98–1.44) 0.278
Constant 3.54 (–5.62–12.69) 0.447

Figure 1.A. Relation between time-averaged Disease Activity Score (DAS) and the amount of joint damage progression, stratified by anticitrullinated protein
antibody (ACPA) status (uncorrected model). B. Relation between time-averaged DAS and the probability of occurrence of newly damaged joints (uncor-
rected model).

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved.

 www.jrheum.orgDownloaded on December 8, 2021 from 



1272 The Journal of Rheumatology 2013; 40:8; doi:10.3899/jrheum.121438

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved.

erosions. ACPA-positive patients without baseline erosions
had a probability of 0.70 at low disease activity (DAS =
2.4), as compared to a probability of 0.25 in ACPA-negative
patients. The probabilities in patients with baseline erosions
were 0.70 and 0.90 in ACPA-negative and ACPA-positive
patients, respectively.

DISCUSSION
According to our results, ACPA-negative patients with RA
had less progression of joint damage compared to
ACPA-positive patients at the same time-averaged level of
disease activity, between baseline and 3-year followup. The
difference between the 2 groups increased with an increase
in disease activity. It was also shown that at low levels of
inflammation, ACPA-positive patients already have a higher
probability than ACPA-negative patients to develop
erosions in new joints, but there is no difference between the
2 groups if disease activity is high. In the absence of joint
damage at diagnosis, these differences between
ACPA-positive and negative patients in the development of
joint damage at similar levels of disease activity became
even more pronounced. 

Based on our results, it can be hypothesized that
treatment targets in disease activity for the prevention of
joint damage progression may be different for
ACPA-negative and ACPA-positive patients with RA. It
appears that most ACPA-negative patients develop no or
little joint damage progression in a state of remission or low
disease activity. Within moderate disease activity, joint
damage progresses, but the probability for an increase in the
number of damaged joints also becomes much higher.
Remission and low disease activity both could thus be
considered acceptable treatment targets for ACPA-negative
RA patients, but moderate disease activity results in
progression of joint damage and increase of the number of
damaged joints. ACPA-positive RA patients already have
measurable progression of joint damage in a low disease
activity state, and the probability for joint damage in previ-
ously undamaged joints is considerable. Remission may be
the most appropriate treatment target to prevent joint
damage progression in that group, according to the
European League Against Rheumatism treatment 
guidelines5.

In the current guidelines, a quick switch to biologics is
advised in cases of DMARD failure in patients with risk
factors for a bad prognosis. However, as a consequence, the
definition of DMARD failure is not equal for all patients,
and is notably dependent on ACPA status. The same concept
has recently been demonstrated for presence of RF23. The
ultimate goal of remission in all patients with RA is very
hard to achieve in practice, and a state of low disease
activity is more feasible12,13,24. Therefore, if symptoms are
acceptable for patients and the risk for progression of joint
damage is limited, the adapted treatment goal in the mainte-
nance phase might be low disease activity instead of
remission in ACPA-negative patients14. However, before we
can generally conclude that joint damage will not progress
even in the swollen joints in an ACPA-negative patient with
low disease activity, other baseline prognostic factors such
as high ESR and presence of erosions should be considered.
From a patient’s perspective, levels of inflammation that are

Figure 2. Mean joint damage progression (Ratingen score), calculated for
an average patient (female, 55 years old, no baseline erosions), by anti-
citrullinated protein antibody (ACPA) status. Remission = Disease Activity
Score (DAS) < 1.6, low = DAS 1.6–2.4, moderate = DAS 2.4–3.7, high =
DAS > 3.7.

Table 3. Four logistic regression models for the relation between
time-averaged Disease Activity Score (DAS) and occurrence of newly
damaged joints, by anticitrullinated protein antibody (ACPA) status.
Baseline Ratingen score was added as covariate to the models, age and sex
were considered confounders.

Model Beta OR (95%CI) p

ACPA-negative
DAS 1.24 3.47 (1.88–6.40) < 0.001
Constant –3.31 0.037 < 0.001
DAS 1.47 4.36 (2.03–9.36) < 0.001
Baseline erosions 0.69 2.00 (1.19–3.36) 0.009
Age –0.01 0.99 (0.95–1.03) 0.643
Sex 0.46 1.59 (0.46–5.51) 0.467
Constant –4.78 0.01 0.008

ACPA-positive
DAS 0.51 1.66 (1.07–2.56) 0.022
Constant 0.15 1.17 0.801
DAS 0.61 1.85 (1.13–3.02) 0.014
Baseline erosions 0.18 1.20 (0.99–1.46) 0.062
Age 0.01 1.01 (0.76–1.05) 0.571
Sex –1.20 0.30 (0.12–0.77) 0.012
Constant 0.99 2.69 0.429
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unlikely to lead to joint damage may very well be
unacceptable or may lead to other negative effects, such as
the development of atherosclerosis25. Therefore, it is
important to discuss prognosis as well as patient preferences
in the management of RA. 

There are some limitations in our study. The Ratingen
score, a variation of the Larsen score20, was used to score
joint erosions. The Ratingen score is used less than the
Sharp-van der Heijde score and therefore is harder for
rheumatologists to interpret. A difference with the
Sharp-van der Heijde score is that the Ratingen score counts
only erosions and not joint space narrowing (JSN).
However, the same joints are evaluated, and owing to the
relative weight given to erosions versus JSN in the
Sharp-van der Heijde score, the Ratingen and Sharp-van der
Heijde erosion scores are closely correlated26,27,28,29.

Because radiographic readings for over 300 patients of
the cohort included until August 2002 were available, we
analyzed this subset. The amount of joint damage
progression in this subset was higher than could be expected
from patients that have been diagnosed with RA more
recently, because of earlier diagnosis, better treatment, and
possibly a milder disease course in the last years30,31.
However, the advantage of an older cohort is that the disease
course of patients who are less intensively treated is more
reflective of the “natural course.” Patients who are
diagnosed more recently have joint damage at baseline less
often, because of the early diagnosis. The difference
between ACPA-positive and negative patients was highest in
the subgroup without joint damage at baseline. This is thus
especially important in recently diagnosed patients. 

There were treatment differences between the
ACPA-negative and ACPA-positive groups. The
ACPA-positive patients were treated somewhat more inten-
sively with DMARD and corticosteroids. These differences,
however, would lead to underestimation rather than over-
estimation of the differences in radiographic progression
that were found. 

We observed that ACPA-negative patients have a lower
progression rate for joint damage and a lower probability
that previously unaffected joints will be damaged after 3
years compared to ACPA-positive patients; this has implica-
tions for clinical treatment and for future research. As a
result of the higher “tolerable” level of disease activity in
ACPA-negative patients, less stringent treatment targets
could be used in these patients and low disease activity
might be an alternative to remission as a target. Future
research is needed to determine the right treatment target for
patients with limited risk for progression of joint damage
when drug-free remission is not attainable, given the ACPA
status and other baseline risk factors, and taking into
account safety, medical costs, and patient’s perceived effect
of disease, for treatment with DMARD as well as with
biologics.
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