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Objective: To evaluate radiological damage and to explore characteristics associated with radiological progression in 
rheumatoid arthritis (RA) treated to the target of remission in a real-world setting.
Method: Baseline to 6 year follow-up data were used from an observational early RA cohort. Radiographs of hands 
and feet at baseline, 6 months, and 1, 3, and 6 years were scored using the modified Sharp/van der Heijde score (SHS). 
The threshold for rapid radiological progression (RRP) after 6 months was based on the calculated smallest detectable 
change of 3.95. Negative binomial generalized linear mixed model and logistic regression analyses were performed to 
examine which variables were associated with RRP and 6 year radiological progression.
Results: Most radiological damage occurred in the first year of treatment [median 2.0 interquartile range (IQR) 1.0– 
4.0 SHS points] compared to the subsequent 5 years of follow-up (median 3.0 IQR 1.0–5.0 SHS points). While low 
disease activity was achieved within 6 months on average, 18.8% of the patients developed RRP. Anti-cyclic 
citrullinated peptide (anti-CCP) positivity [incidence rate ratio (IRR) 1.42, p = 0.03], baseline erosive disease (IRR 
1.60, p = 0.02), and RRP (IRR 3.28, p < 0.001) were associated with 6 year radiological progression. Erosive disease 
was the strongest predictor of RRP (odds ratio 8.8, p < 0.001).
Conclusion: Long-term radiological outcome is limited in most real-world RA patients treated to the target of 
remission, but RRP still occurs. Anti-CCP positivity, baseline erosive disease, and RRP remain associated with 
long-term radiological outcome. 

Rheumatoid arthritis (RA) is characterized by chronic 
polyarticular joint inflammation. When left untreated, 
the disease may lead to severe permanent disability (1). 
Functional capacity in patients with RA is mainly deter-
mined by inflammatory disease activity early in the 
disease and by joint destruction later in the disease 
(2). Therefore, treatment goals for patients with RA 
are to both quickly and adequately suppress disease 
activity and thereby to prevent long-term joint damage. 
Treat-to-target (T2T) treatment strategies, using (com-
binations of) conventional synthetic disease-modifying 
anti-rheumatic drugs and biological disease-modifying 

anti-rheumatic drugs (bDMARDs) in combination with 
close clinical monitoring of the course of the disease 
activity, have been shown to result in improved sup-
pression of inflammation and reduced progression of 
radiological damage (3–7).

However, despite intensive treatment, progression of 
radiological damage may still occur in some patients (8, 
9). Even in well-managed patients in randomized con-
trolled trials, rapid radiological progression (RRP) in the 
first year of treatment is still associated with unfavour-
able radiological outcome and future functional disability 
(10). Although early RRP occurs in only a minority of 
patients, it is probably important to identify these patients 
and treat them more intensively to reduce accumulation 
of damage. Over the past few decades, many predictive 
factors for radiological damage have been identified, 
such as smoking, rheumatoid factor (RF) seropositivity, 
the presence of anti-citrullinated peptide (anti-CCP) 
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antibodies, the number of swollen joints, elevated inflam-
matory markers [erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) levels], and higher numbers 
of erosions at baseline (11–17). However, more recent 
studies show that these identified risk factors lose their 
impact when RA is diagnosed and treated early and 
consistently according to T2T principles (18, 19). Con-
sequently, knowledge is lacking on the risk factors for 
unfortunate radiological outcome in real-world RA 
patients in the current era of T2T.

Observational studies of unselected real-world 
patients are most appropriate to identify risk factors 
for the course of a disease. The Dutch Rheumatoid 
Arthritis Monitoring (DREAM) remission induction 
study is a multicentre cohort study that aims to evaluate 
the effectiveness of modern T2T treatment strategies in 
RA patients in the real world (6, 20). This population- 
based inception cohort provides useful information 
about the course of T2T in early RA. In this study, we 
aim to examine the development and predictors of radi-
ological damage over 6 years of T2T treatment.

Method

Patients

This study used data from the observational DREAM 
remission induction cohort, in which all consecutive 
newly diagnosed RA patients from two participating 
hospitals in the Netherlands (Medisch Spectrum Twente 
Hospital Enschede and Isala Hospital Zwolle) between 
January 2006 and March 2012 were invited to partici-
pate. Inclusion criteria were age > 18 years, clinical 
diagnosis of RA, symptom duration (defined as the 
time from the first reported symptoms to the diagnosis 
of RA) < 1 year, and a Disease Activity Score based on 
28-joint count (DAS28; calculated using the ESR (21)] 
> 2.6. Ethical approval for this observational study was 
waived by the Medical Ethics Committees of both hos-
pitals (Dutch trial register: NTR578). Informed consent 
was obtained from all patients. Patients were treated 
according to a protocolized T2T strategy aiming at 
remission, defined as DAS28 < 2.6. The treatment strat-
egy is published elsewhere (20).

Assessments

Patients were assessed for various clinical and patient- 
reported outcome measures at the time of study entry 
and at every follow-up visit at weeks 8, 12, 20, and 24, 
and every 3 months thereafter. Radiographs of the 
hands and feet were obtained at baseline, after 6 and 
12 months, and annually thereafter. Radiographs were 
consensus scored in chronological order by two obser-
vers together (GAV and LMMS) according to the ori-
ginal methodology developed and published as the 
modified Sharp/van der Heijde method (22). The 

threshold for RRP after 6 months was based on the 
calculated smallest detectable change (SDC) of 5.38 
using the standard deviation (sd) of the change scores 
between baseline and 6 months described by Bruynes-
teyn et al (23). Because the sd (and therefore the SDC) 
was highly influenced by one outlier with a progression 
of 39 units on the Sharp/van der Heijde score (SHS) 
after 6 months, we also calculated the SDC after exclud-
ing this outlier, which resulted in an SDC of 3.95. 
Erosive disease was defined – using the current Eur-
opean League Against Rheumatism (EULAR) definition 
accompanying the 2010 RA criteria – as at least three 
erosions in separate joints (24). Data collection, includ-
ing DAS28 assessment, was performed by well-trained 
rheumatology nurses and was facilitated by a web-based 
monitoring application which was accessible for the 
healthcare providers as well as for the patients.

Analysis

Mean disease activity scores according to the DAS28 
and mean SHS over the first 6 years of follow-up were 
estimated using a linear mixed model with an unstruc-
tured covariance matrix for repeated measures, which 
accounts for missing values. Changes in median SHS 
scores over time, both the total score and the erosion 
score and joint space narrowing (JSN) score separately, 
were analysed at group level using non-parametric Wil-
coxon signed-rank tests. Individual progression scores 
of radiological damage after 6 years were visualized as 
cumulative probability plots (25). To examine which 
patient and clinical characteristics were associated 
with 6 year radiological progression, negative binomial 
generalized linear mixed model (GLMM) analyses were 
performed to take into account missing values and the 
zero-inflated and positively skewed distribution of the 
progression data (26). As dependent variables, all four 
change scores at the different measurement time-points 
(6 months, and 1, 3, and 5 years) were used. The models 
were fitted with a first order autoregressive covariance 
structure for the repeated measurements as this structure 
provided the best fit to the data according to the Akaike 
and Bayesian information criteria and likelihood ratio 
tests. Variables marginally associated with progression 
(p < 0.10) in univariate analyses were entered simulta-
neously into the multivariable GLMM regression ana-
lysis model. In case of multicollinearity (r > 0.5), the 
variable with the strongest univariate association with 
progression was entered in the multivariate model. 
Results were expressed as incidence rate ratios (IRRs) 
with 95% confidence intervals (CIs). Next, logistic 
regression analyses were performed to explore which 
patient characteristics were related to RRP. Continuous 
predictors were evaluated for the suitability of the line-
arity assumption by plotting each predictor variable 
against the logit of the outcome. Variables found to be 
related marginally (p < 0.10) in the univariate analysis 
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were entered into a multivariable logistic regression 
analysis as independent variables. Results were 
expressed as odds ratios (ORs) with 95% CIs. The 
final logistic model was additionally tested for goodness 
of fit using the Hosmer and Lemeshow test, where 
a non-significant result indicates support for the 
model. The explained variance of the model was exam-
ined using Nagelkerke’s pseudo-R2. Analyses were per-
formed with both RRP of at least 4 units (based on the 
SDC without the outlier) and RRP of at least 6 units 
(based on SDC with the outlier) as the dependent vari-
able. All statistical calculations were performed using 
version 25 of the SPSS statistical package for Windows.

Results

Patient characteristics

For this study, we were able to use the data of 219 
patients from whom radiographs of hands and feet were 
available at baseline and who had at least one additional 
pair of radiographs during 6 years of follow-up. The 
baseline characteristics of the study population are 
shown in Table 1, representing a typical early RA 
population with active disease. Patients without avail-
able DAS28 or SHS data after a certain time-point were 
considered as lost to follow-up (77/219, 35.2%). Speci-
fied reasons for loss to follow-up after 6 years were 

unknown (43/77), drug-free remission (16/77), death 
(11/77), patient’s own decision (4/77), other diagnosis 
(2/77), and moving out of the region (1/77). The 
patients lost to follow-up were more often men (48.% 
vs 30.3%, p = 0.009), had a higher age at the moment of 
diagnosis (mean ± sd 63.0 ± 15.7 vs 54.3 ± 12.8, 
p < 0.001), and were less often anti-CCP positive 
(46.7% vs 65.9%, p = 0.006) or RF positive (51.9% vs 
66.2%, p = 0.039) than the patients who continued in 
the cohort.

Disease activity

Estimated marginal mean disease activity, according to 
the DAS28, decreased from 4.91 (95% CI 4.76–5.06) at 
baseline to 3.29 (95% CI 3.16–3.24) at 3 months 
(p < 0.001). After 6 months, the mean DAS28 was 
2.81 (95% CI 2.67–2.95) and on average reached remis-
sion (DAS28 = 2.48, 95% CI 2.33–2.63) at 12 months. 
Thereafter, mean disease activity remained stable below 
the threshold of remission throughout the 6 year follow- 
up [data not shown; further details regarding disease 
activity and other disease and patient-reported outcomes 
have been reported elsewhere (27)].

Radiological outcome

Table 2 displays the observed median total SHS scores 
as well as the observed median erosion and JSN scores 
at the subsequent time-points. Most radiological 
damage occurred in the first year of treatment [median 
ΔSHS from baseline to year 1 (IQR) 2.0 (1.0–4.0)] 
compared to the subsequent 5 years of follow-up [med-
ian ΔSHS from year 1 to year 6 (IQR) 3.0 (1.0–5.0] 
(Δscores not shown in Table 2). There were no sub-
stantial differences in median progression rates between 
erosions and JSN. Estimated marginal mean SHS 
increased from 4.69 (95% CI 3.78–5.84) at baseline to 
14.99 (95% CI 12.10–18.58) at 6 years (main effect of 
time: p < 0.001). Of the 192 patients with available SHS 
data after 6 months, 36 (18.8%) developed RRP. The 
number of patients with erosive disease increased from 
35 (16%) at baseline to 126 at 6 years (58%). These 
erosive patients had a mean age at baseline of 
59.1 years; 63.5% were female; and 69.4% were anti- 
CCP positive and 67.5% RF positive. Their mean 
DAS28 at baseline was 4.93, and 38 (30.9%) of them 
reached DAS28 remission at 3 months and 28 (22.2%) 
reached DAS28 remission at 6 months. Figure 1 repre-
sents the cumulative probability plots of the individual 
SHS progression scores after 6 years’ follow-up. This 
figure confirms the absent or modest radiological 
damage in most patients and the nearly equal increase 
in erosive damage and JSN over time. One patient 
shows a massive increase in radiological damage of 
108 SHS units. This outlier concerned a 66-year-old 

Table 1. Baseline characteristics of the patients (n = 219).

Gender, female 139 (63.5)

Age (years) 57.4 ± 14.5
BMI (kg/m2) (n = 210) 26.4 ± 4.6
Symptom duration (weeks) 13.0 (8.0–26.0)
RF positive 134 (61.2)
Anti-CCP positive 126 (57.5)
Fulfilling ACR 1987 criteria 170 (77.6)
DAS28 4.9 ± 1.1
TJC28 5.0 (2.0–10.0)
SJC28 8.0 (4.0–12.0)
ESR (mm/h) 28.0 (16.0–42.0)
CRP (mg/L) 12.0 (5.0–28.8)
Patient’s assessment of general 

health (0–100 VAS)
50.0 (30.0–66.0)

Erosive disease 35 (16.0)
SHS total 2.0 (0.0–6.0)
SHS erosion 0.0 (0.0–2.0)
SHS JSN 1.0 (0.0–4.0)

Data are shown as n (%), mean ± sd, or median (interquartile 
range). 
Except where indicated otherwise, values concern the total 
number of patients included. 
BMI, body mass index; RF, rheumatoid factor; anti-CCP, anti- 
cyclic citrullinated peptide; ACR, American College of Rheu-
matology; DAS28, Disease Activity Score based on 28-joint 
count; TJC28, tender joint count including 28 joints; SJC28, 
swollen joint count including 28 joints; ESR, erythrocyte sedi-
mentation rate; CRP, C-reactive protein; VAS, visual analogue 
scale; SHS, Sharp/van der Heijde score; JSN, joint space 
narrowing. 
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woman with anti-CCP-positive RA and moderate dis-
ease activity (8 swollen joints) and an erosion score of 8 
(total SHS = 13) at baseline. This patient was in DAS28 
remission during most of the follow-up time (16 of the 
22 DAS28 scores < 2.6). She had been treated with 
methotrexate only, in accordance with the T2T treat-
ment protocol.

Variables associated with 6 year radiological 
progression

Anti-CCP positivity, higher ESR, CRP, total SHS, SHS 
erosion score and SHS JSN score, and baseline erosive 
status and RRP were univariately significantly or mar-
ginally associated with radiological progression over 
6 years (Table 3). Because RRP is also part of the 
6 year radiological progression, we also determined 
the relationship between RRP and the increase in SHS 
between 6 months and 6 years, which remained signifi-
cant (IRR = 3.93, 95% CI 2.83–5.46, p < 0.001). 
Because of multicollinearity between the different com-
ponents of baseline damage, only baseline erosive dis-
ease was included in the multivariable analysis. Anti- 
CCP positivity, baseline erosive disease, and RRP 

remained independently associated with radiological 
progression over 6 years. Of these, RRP turned out to 
be the strongest predictor, with an IRR of 3.28 (Table 
4). This means that patients with RRP had a more than 
three-fold increase in radiological progression over 
6 years compared with those without RRP.

Variables associated with RRP

Except for the SHS scores at baseline, none of the inde-
pendent variables violated the assumption of linearity. 
Therefore, we excluded total SHS, erosion SHS, and 
JSN SHS at baseline from the logistic regression ana-
lyses. Higher age, higher swollen joint count, higher 
CRP, and erosive disease (p < 0.001) at baseline, and 
not reaching DAS28 remission after 3 months (p = 0.08) 
were significantly or marginally univariately associated 
with developing RRP as defined as an increase of at least 
4 units on the SHS (Table 5). These variables were 
simultaneously entered into multivariable logistic analy-
sis. The resulting multivariable model showed an ade-
quate fit to the data [Hosmer and Lemeshow test: χ2 

(8) = 3.38, p = 0.91] (Table 6). The model as a whole 
explained 28.7% of the variance in developing RRP and 

Table 2. Radiological outcomes over 6 years of follow-up.

Baseline 6 months 1 year 3 years 6 years

Available DAS28, n 219 219 215 197 142
Available SHS, n 219 192 210 200 129
Erosive disease*, n 35 55 74 97 89
Erosive disease cumulative, n 35 62 78 103 126
Erosion score, median (IQR) 0.0 (0.0–2.0) 1.0 (0.0–4.0) 2.0 (0.0–4.3) 3.0 (1.0–7.0) 4.0 (2.0–10.0)
JSN score, median (IQR) 1.0 (0.0–4.0) 1.0 (0.0–5.0) 2.0 (0.0–6.0) 3.0 (1.0–8.0) 5.0 (2.0–11.5)
Total SHS, median (IQR) 2.0 (0.0–6.0) 3.0 (1.0–8.0) 5.0 (2.0–10.0) 7.0 (3.0–15.0) 12.0 (6.0–22.0)
Total SHS, mean (95% CI)† 4.7 (3.8–5.8) 6.8 (5.5–8.4) 8.1 (6.5–10.0) 10.9 (8.8–13.5) 15.0 (12.1–18.6)

All change scores p < 0.001. *Only patients with available SHS data. †Estimated marginal mean SHS values using a linear mixed 
model. 
DAS28, Disease Activity Score based on 28-joint count; SHS, Sharp/van der Heijde score; IQR, interquartile range; JSN, joint space 
narrowing; CI, confidence interval. 

cumulative probability %

SH
S

Figure 1. Probability plot of change from base-
line in Sharp/van der Heijde score (SHS) at 
6 years.

4                                                                                                                                       GA Versteeg et al

www.scandjrheumatol.se                                                                                                                               



correctly classified 85.0% of cases. As shown in Table 6, 
only higher baseline CRP and baseline erosive disease 
remained independently associated. The variable most 
strongly associated with developing early clinically rele-
vant progression was baseline erosive disease, with an 
OR of 8.77. This indicated that the odds for patients with 
at least three erosions in different places at baseline of 
developing RRP was over eight times greater than the 
odds for patients with fewer than three or no erosions at 
baseline. In the multivariable model using an increase of 
at least 6 units on the SHS as definition of RRP, higher 
age and not reaching DAS28 remission after 3 months 
were no longer significantly associated with RRP, and 
CRP was only marginally associated in univariate analy-
sis. In the resulting multivariable model, only baseline 
erosive disease remained an independently associated 
variable, and together the predictors explained 17% of 
the variance in developing RRP. In Figure 2, radiological 

progression between 6 months and 6 years is plotted 
separately for erosive and non-erosive patients with and 
without RRP. This figure, representing only patients with 
available data at all three time-points (baseline, 6 months, 
and 6 years), illustrates three groups of patients with 
different rates of progression. Patients who were erosive 
at baseline and experienced RRP developed the most 
radiological damage between 6 months and 6 years. 
Patients with no erosions at baseline and no RRP had 
the most favourable course with respect to 6 year radi-
ological progression.

Discussion

Our study shows the course of radiological damage in 
a real-world RA population which was treated to the 
target of remission. Despite quickly achieving low 

Table 3. Univariate negative binomial generalized linear mixed model (GLMM) for radiological progression (change from baseline) 
at 6 month, 1 year, 3 year, and 6 year follow-up.

Estimate se t IRR 95% CI p

Age 0.010 0.007 1.531 1.010 0.997–1.023 0.126
Gender, female 0.134 0.196 0.683 1.143 0.778–1.678 0.495
BMI −0.005 0.021 −0.213 0.995 0.955–1.038 0.831
Symptom duration > 6 weeks 0.069 0.250 0.275 1.071 0.655–1.751 0.784
Anti-CCP positive 0.495 0.184 2.692 1.641 1.143–2.355 0.007
RF positive 0.011 0.196 0.057 1.011 0.688–1.487 0.955
DAS28 0.083 0.086 0.964 1.087 0.918–1.286 0.335
TJC28 −0.008 0.017 −0.444 0.992 0.960–1.026 0.657
SJC28 0.025 0.016 1.546 1.026 0.993–6.052 0.123
ESR 0.009 0.005 1.883 1.009 1.000–1.018 0.060
CRP 0.009 0.004 2.330 1.009 1.001–1.017 0.020
VAS general health −0.005 0.004 −1.158 0.995 0.988–1.003 0.247
SHS total baseline 0.049 0.009 5.773 1.050 1.033–1.068 < 0.001
SHS erosion baseline 0.101 0.016 6.373 1.107 1.073–1.142 < 0.001
SHS JSN baseline 0.057 0.015 3.775 1.058 1.028–1.090 < 0.001
Baseline erosive disease 1.127 0.201 5.601 3.088 2.080–4.584 < 0.001
RRP (ΔSHS ≥ 4 after 6 months 1.439 0.187 7.771 4.217 2.923–6.083 < 0.001
DAS28 remission < 3 months −0.105 0.210 −0.499 0.901 0.597–1.359 0.618
DAS28 remission < 6 months −0.100 0.231 −0.431 0.905 0.575–1.425 0.667
Biological use during follow-up 0.200 0.236 0.847 1.221 0.768–1.941 0.397

IRR, incidence rate ratio; CI, confidence interval; BMI, body mass index; anti-CCP, anti-cyclic citrullinated peptide; RF, rheumatoid 
factor; DAS28, Disease Activity Score based on 28-joint count; TJC28, tender joint count including 28 joints; SJC28, swollen joint 
count including 28 joints; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual analogue scale; SHS, Sharp/van 
der Heijde score; JSN, joint space narrowing; RRP, rapid radiological progression. 

Table 4. Multivariable negative binomial generalized linear mixed model (GLMM) for radiological progression (change from 
baseline) at 6 month, 1 year, 3 year, and 6 year follow-up.

Estimate se t IRR 95% CI p

Anti-CCP positive 0.353 0.159 2.226 1.424 1.043–1.944 0.026
CRP 0.003 0.003 0.859 1.003 0.997–1.009 0.391
Baseline erosive disease 0.473 0.228 2.070 1.604 1.025–2.551 0.024
RRP (ΔSHS ≥ 4 after 6 months 1.187 0.203 5.845 3.276 2.199–4.880 < 0.001

IRR, incidence rate ratio; CI, confidence interval; anti-CCP, anti-cyclic citrullinated peptide; RRP, rapid radiological progression; 
SHS, Sharp/van der Heijde score. 
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disease activity on average, a substantial proportion of 
patients developed RRP and erosive disease. Elevated 
CRP and baseline erosive disease at baseline were inde-
pendently associated with RRP. Anti-CCP positivity, 
baseline erosive disease, and RRP were significant inde-
pendent predictors of radiological progression over the 
course of 6 years.

In comparison with historical data from before the 
use of modern T2T treatment strategies, the overall 
radiological progression at group level was limited. 
Our data extend previous findings of reduction in radi-
ological damage in RA over recent decades (28, 29). 
Carpenter et al evaluated data from 10 longitudinal 
observational studies, which recruited patients between 
1965 and 2000 and followed them up for a duration of 

5–10 years. They found that baseline radiological scores 
did not differ significantly between cohorts recruiting 
patients pre- and post-1990; however, the annual rate of 
progression was significantly reduced in the post-1990 
cohort (29). Our data show a further improvement in the 
treatment of RA patients, probably caused by the intro-
duction of bDMARDs and the implementation of T2T. 
Another study, comparing radiological outcomes 
between two inception cohorts in the UK, found that 
patients with early RA with onset between 2002 and 
2013 had significantly lower baseline and radiological 
progression compared to those with onset between 1986 
and 2001. This reduction was also clinically meaning-
ful; whereas 74% of patients in the earlier cohort pro-
gressed on average more than the minimal clinically 

Table 6. Multivariable logistic regression for rapid radiological progression (RRP).

SHS ≥ 4 after 6 months SHS ≥ 6 after 6 months

OR 95% CI p OR 95% CI p

Age 1.010 0.978–1.042 0.551 n/a n/a n/a
SJC28 1.048 0.979–1.123 0.179 1.038 0.958–1.125 0.36
CRP 1.017 1.001–1.033 0.037 0.996 0.973–1.019 0.729
ESR n/a n/a n/a 1.026 0.996–1.056 0.087
Baseline erosive disease 8.773 3.328–23.128 < 0.001 5.215 1.871–14.536 0.002
DAS28 remission < 3 months 0.479 0.180–1.278 0.142 n/a n/a n/a

Nagelkerke’s R2 = 0.287 Nagelkerke’s R2 = 0.170

SHS, Sharp/van der Heijde score; OR, odds ratio; CI, confidence interval; SJC28, swollen joint count including 28 joints; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; DAS28, Disease Activity Score based on 28-joint count; n/a, not applicable. 

Table 5. Univariate logistic regression for rapid radiological progression (RRP).

SHS ≥ 4 after 6 months (36/192) SHS ≥ 6 after 6 months (21/192)

OR 95% CI p OR 95% CI p

Age 1.028 1.001–1.056 0.039 1.015 0.983–1.048 0.351
Gender 0.852 0.407–1.780 0.669 1.650 0.610–4.646 0.324
BMI 0.962 0.888–1.042 0.342 1.002 0.902–1.112 0.978
Symptom duration > 6 weeks 0.545 0.228–1.303 0.172 0.469 0.167–1.316 0.15
Anti-CCP positive 1.196 0.566–2.529 0.639 1.626 0.624–4.238 0.32
RF positive 0.625 0.302–1.295 0.206 0.902 0.361–2.256 0.825
DAS28 1.166 0.845–1.608 0.349 1.166 0.781–1.739 0.452
TJC28 0.993 0.930–1.060 0.835 0.935 0.845–1.034 0.188
SJC28 1.081 1.020–1.145 0.009 1.063 0.991–1.140 0.09
ESR 1.014 0.997–1.032 0.114 1.026 1.006–1.047 0.012
CRP 1.022 1.008–1.036 0.002 1.015 0.999–1.030 0.064
VAS general health 0.995 0.980–1.011 0.531 0.991 0.972–1.011 0.376
Baseline erosive disease 9.600 3.972–23.205 < 0.001 6.000 2.236–16.101 < 0.001
DAS28 remission < 3 months 0.467 0.198–1.097 0.08 0.394 0.126–1.230 0.109
DAS28 remission < 6 months 1.490 0.652–3.406 0.344 1.132 0.389–3.293 0.82

SHS, Sharp/van der Heijde score; OR, odds ratio; CI, confidence interval; BMI, body mass index; anti-CCP, anti-cyclic citrullinated 
peptide; RF, rheumatoid factor; DAS28, Disease Activity Score based on 28-joint count; TJC28, tender joint count including 28 joints; 
SJC28, swollen joint count including 28 joints; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual analogue 
scale. 
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important difference (MCID) of ≥ 5 SHS units per year 
over the 5 year period of follow-up considered, just 
27% of patients in the later cohort did (30).

Our study confirms anti-CCP positivity as 
a significant and independent predictor of long-term 
radiological damage. This in line with data from 
a Swedish real-world RA cohort (2006–2009), which 
showed that anti-CCP positivity was associated with 
more radiological damage during 3 years of follow-up 
(16). Our study shows that about one in five patients 
developed RRP (18.8%) in the first 6 months despite 
quickly achieving low disease activity at the group 
level. These patients also developed more radiological 
damage in subsequent years than the patients without 
this early joint damage. This finding is in line with 
previously found associations between early radiolo-
gical progression and long-term damage (10, 31). 
Remarkably, this concerns both data from the time 
before the implementation of T2T treatment strategies 
and data from a recent clinical trial with remission- 
steered treatment. Other prospective cohort studies 
have also demonstrated that even in clinical remis-
sion, some patients still experience radiological pro-
gression (9).

Over the past decade, correlating and predictive fac-
tors for baseline erosions and RRP have been identified 

in data from observational studies and randomized clin-
ical trials. Rydell et al found that a history of smoking, 
RF and/or anti-CCP positivity, early erosions, and high 
initial disease activity increased the risk of RRP 
(defined as an increase of 5 or more SHS points 
per year) (17). Patients with baseline erosions had 
higher levels of interleukin-6 and were more often 
immunoglobulin A-RF positive (32). In addition, the 
prevalence of baseline erosive disease appeared to be 
particularly increased in patients with positive autoanti-
bodies combined with smoking habits (33). Composite 
prediction models, arranged in matrices, were con-
structed to identify patients at risk for RRP (13, 14, 
34). Predictive factors used in these matrices are swol-
len joint count, autoantibody status, inflammatory para-
meters ESR and CRP, baseline erosions, gender, and 
smoking. The Leiden Early Arthritis Clinic (a popula-
tion-based prospective observational cohort) also iden-
tified older age, male gender, longer symptom duration 
at first visit, and the involvement of lower extremities as 
risk factors (12). More recently, some studies found 
a predictive value of a multi-biomarker disease activity 
score on early radiological progression (35, 36). Except 
for baseline erosive disease and CRP, we did not find 
independent associated factors for RRP. We also 
showed this in our previous study, which compared 

Figure 2. Course of median Sharp/van der Heijde score (SHS) over time plotted separately for each group. Lines are logarithmic fits to the data. The 
number of patients represents only the patients with available radiological data at all three time-points (baseline, 6 months, and 6 years). Number of 
total patients = 117 (the difference from 129 available SHS at 6 years in Table 2 is explained by the exclusion of patients with available SHS at 
6 years, but missing SHS at 6 months). Number of patients with rapid radiological progression (RRP) = 27 (the difference from 36 in Table 4 is 
explained by exclusion of patients with available SHS at 6 months, but missing SHS at 6 years). RRP is defined as increase in SHS ≥ 4 after 
6 months; nErosive, non-erosive at baseline; nRRP, non-rapid radiological progression.
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different treatment strategies in the real world (19). In 
this study, only the treatment strategy appeared to be an 
important predictor for the occurrence of radiological 
progression after controlling for other potential associa-
tions. Also, as previously mentioned by Heimans et al, 
traditional risk factors disappear in modern well-treated 
early RA cohorts (18). Heimans et al showed that pre-
diction models for joint damage based on data from 
previous trials and patient populations, in eras with 
less strict treatment strategies, may no longer be rele-
vant for current and future patients.

Strengths of the current study are the real-world set-
ting and consecutive inclusion of non-selected patients, 
which is most appropriate for identifying risk factors for 
the disease course, making the results generalizable. 
Strict T2T and tight control treatment was consistently 
applied and adherence to the protocol was high (37). 
The proportion of patients lost to follow-up is compar-
able to that in clinical trials. Finally, the calculated SDC 
in our cohort data corresponds closely to the most 
widely used MCID of ≤ 5 SHS points (38).

However, our research is also subject to some limita-
tions. Although a strict T2T strategy was applied, the 
medication and dosages used in the current study are 
not quite up to date. For example, the targeted synthetic 
DMARDs are not yet included in the treatment proto-
col. Furthermore, our database does not contain all 
possible predictors of radiological damage, such as 
smoking status, bone marrow oedema, or biomarkers. 
In addition, radiological follow-up is not available for 
all participants. Because of the limited number of 
patients with RRP, the statistical power of the multi-
variable logistic regression models for RRP may be 
a potential limitation for these exploratory models. 
Also, the method of variable selection (only factors 
with a univariate association with p < 0.10) in the 
multivariable analyses can lead to biased estimates and 
model overfitting. Therefore, the findings from these 
analyses need to be replicated in larger samples. Never-
theless, our data confirm one already known predictor 
for RRP, i.e. baseline erosive disease. Finally, in real- 
world treatment settings, patients and their physician 
make shared decisions that sometimes deviate from 
the protocol, and it is well known that non-adherence 
in the real world remains an issue in a considerable 
number of patients (39).

The introduction of early diagnosis and treatment, 
T2T, and tight control treatment strategies, including 
the introduction of bDMARDs, have been shown to 
inhibit progression of radiological damage for most 
patients. This makes it increasingly difficult to identify 
patients with RRP and unfortunate radiological out-
come. However, our study shows that patients with 
baseline erosive disease are still at risk for developing 
RRP and that baseline erosive disease, anti-CCP posi-
tivity, and RRP predict radiological damage in the long 
term. Routine monitoring of radiological progression, 

especially for patients with anti-CCP positivity and 
erosive disease at baseline, in the first year of treat-
ment, may be useful to identify patients at risk for 
unfortunate radiological outcome and eligible for 
intensification of DMARD therapy. The additional 
value of frequent radiological monitoring, and treat-
ment intensification on indication, in patients at risk for 
unfortunate radiological damage remains to be demon-
strated.

Conclusion

Compared to historical data, the overall radiological 
damage is limited in real-world RA patients treated to 
the target of remission. However, RRP still occurs in 
about one out of five patients and is most strongly 
predicted by baseline erosive disease. Together with 
anti-CCP positivity, baseline erosive disease and RRP 
remain significantly associated with long-term radiolo-
gical outcome.
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