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Abstract 

Objectives 

The objectives of this systematic review are to evaluate firstly, all published data on 

baseline and annual progression rates of radiographic damage from all longitudinal 

observational cohorts, and secondly, the association of standard clinical and 

laboratory parameters with long-term radiographic joint damage. 

Methods 

A comprehensive search of the literature from 1975 to 2014, using PubMed, 

SCOPUS and Cochrane databases, identified a total of 28 studies that 

investigated long-term radiographic progression, and 41 studies investigating 



predictors of long-term radiographic progression. This was submitted and 

approved by PROSPERO in February 2014 (Registration Number: 

CRD42014007589). 

Results 

Meta-analysis indicated an overall baseline rate of 2.02%, and a yearly increase of 

1.08% of maximum damage. Stratified analysis found that baseline radiographic 

scores did not differ significantly between cohorts recruiting patient’s pre and 

post 1990 (2.01% vs. 2.03%; p>0.01), however the annual rate of progression was 

significantly reduced in the post 1990 cohorts (0.68% vs. 1.50%; p<0.05). High 

levels of acute phase markers, baseline radiographic damage, anti-CCP and 

Rheumatoid Factor positivity remain consistently predictive of long-term 

radiographic joint damage.  

Conclusions 

Critical changes in treatment practices over the last three decades are likely to 

explain the reduction in the long-term progression of structural joint damage.  

Acute phase markers and presence of Rheumatoid Factor/anti-CCP are strongly 

associated with increased radiographic progression. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Introduction 

Radiographic damage is an important outcome in observational studies and 

clinical trials in Rheumatoid Arthritis (RA). Chronic synovitis in RA results in 

irreversible bone and cartilage destruction(1). Erosions are indicators of failure to 

control the disease(2,3) that are associated with increased pain and functional 

disability(4,5). 

 

Previous systematic reviews have shown(5,6) 39-73% of early RA patients to 

develop one or more erosions in the first 5-years, with radiographic damage 

progressing at a constant rate for the first 20-years of the disease(5). Subsequent 

systematic reviews(4,7) concentrated on specific predictors (functional assessment 

and disease activity indices) and their relationship with radiological damage. 



However, to date no review has used quantitative analysis techniques, including 

meta-analysis, to investigate radiographic progression rates. 

 

As structural damage is irreversible(5,8), it would be advantageous to identify 

patients at higher risk of severe damage so their treatment could be tailored 

earlier on. Predictive modelling is a relevant statistical method to identify factors 

associated with primary RA outcomes(8,9). Previous studies have highlighted 

relationships between radiographic progression and functional disability(4) and 

disease activity (7). Other factors like anti-CCP antibodies and genetic factors 

have yet to be fully reviewed. 

 

In this systematic review we have evaluated published data on baseline and 

annual progression rates of radiographic damage from longitudinal observational 

cohorts, and defined their association with standard clinical and laboratory 

variables. To date, this is the first review to use appropriate meta-analysis 

techniques to evaluate both the baseline and annual progression rates of 



radiographic joint damage scores, as well as the predictive markers identified, for 

all long-term observation cohort studies. 

 

Methods 

A systematic review protocol was developed to ensure the objectives and aims 

where outlined from the outset. This was approved by PROSPERO in February 

2014 (CRD42014007589) (PubMed Search in Supplementary Data 1). 

 

Identifying publications 

Publications were identified by computerised searches of PubMed, Cochrane 

Library (incl CENTRAL, CDSR, DARE, HTA) and Scopus. Additional lateral search 

techniques included checking reference lists, performing key word searches in 

Google Scholar and using the ‘cited by’ option in PubMed. Databases were 

searched from January 1st 1975 to February 31st 2014. The search strategy used 

key words and MeSH terms on the title/abstract and full text as appropriate.  

 

Inclusion/exclusion criteria 



Inclusion criteria to select publications comprised of: (1) investigated the 

progression or predictive/prognostic markers of radiographic joint damage, (2) 

patients had a diagnosis of RA, using validated classification criteria like the 

European League Against Rheumatology (EULAR) and/or the American College of 

Rheumatology (ACR) criteria, (3) baseline assessments occurred no later than 3-

years from symptom onset, (4) prospective cohort study design, (5) radiographic 

follow-up data available for at least 5-years for progression rates, and 3-years for 

predictive markers, (6) used Larsen or Sharp van der Heijde method (SvdH) to 

score radiographic damage, and (7) only publications in English. 

 

Publication screening 

One reviewer (LC) screened titles/abstracts identified in searches, using the 

selection criteria to identify potentially relevant papers. A second reviewer (EN) 

independently screened the full text of 10% of all publications identified against 

agreed inclusion criteria. Agreement was achieved in 97% with disagreements 

resolved through discussion. Supplementary Figure 1 shows publications 

identified, screened and included in this review. 



 

Data extraction 

Two reviewers (LC and RS) extracted data using a pre-designed form, piloted to 

ensure all data necessary was captured. It included: cohort name, country of 

study population, scoring method used, number of patients included, years of 

recruitment, length of follow-up, sex, mean age, baseline DAS and HAQ scores, 

proportion of patients on DMARDS, proportion RF positive, number, 

mean/median and standard deviation/interquartile range of radiographic scores 

at each follow-up visit, analysis method used, significant and non-significant 

predictors identified the effect estimate and 95% confidence intervals. In cases 

where the raw data were not given in the published paper, the author was 

contacted to provide this data (n=21). 

 

Quality Assessment 

Studies were rated using the Downs and Blacks instrument for non-randomised 

studies of health care interventions(10). Since the studies did not examine clinical 

effectiveness, checklist items related to comparative groups (e.g. randomisation 



and blinding procedures) were omitted. One reviewer (LC) scored all studies using 

the amended checklist and another reviewer (RS) independently scored 10% of 

studies drawn at random. Discrepancies between reviewers were discussed and 

consensus achieved. 

 

Analysis 

Means and standard deviations of the Larsen or Sharp score were recorded at 

each follow-up time for each study. In cases where only a median score was 

obtained, the median and range was converted into a mean score and standard 

deviation(11). To estimate annual rates of change, with standard errors, a linear 

regression model was conducted with follow-up year as the independent variable. 

Baseline scores and annuals progression rates, with respective standard errors, 

where transformed into percentage maximum damage for each scoring method 

(12,13). Transformed scores were entered into random effects meta-analysis to 

calculate pooled effect estimates for both baseline radiographic scores and 

annual rate of change. 

 



To assess the strength of predictive markers, the regression coefficients and odds 

ratios (OR), with 95% confidence intervals, were collated. Unadjusted effect 

estimates was sought. Where these were not reported the adjusted estimates 

were used. Random effects meta-analysis was used for all models due to the 

likely high level of heterogeneity between studies. Analysis used Stata (version 

13); significance was assumed at p<0.05. 

 

Heterogeneity 

The study entry criteria aimed to include studies as homogenous as possible to 

allow appropriate meta-analysis. Heterogeneity between studies was predicted a 

priori, mainly due to differences in when cohorts started and differences in 

scoring methods. The i-Squared statistic for each model was found to be 

consistently above 80%, and therefore random effects models were used 

throughout. To investigate possible sources of heterogeneity, scoring method and 

recruitment year were entered into meta-regression models and were the basis of 

two separate stratified analyses. Given the low level of studies included in the 

analysis, the ten studies were stratified into two recruitment period groups, 1965–



1989 and 1990–2000. This provided equal groupings for stratified analysis. In 

addition, this marked a change in the clinical management of RA, were from 1990 

the focus moved toward treat-to-target, with more intensive treatment within the 

first three months of disease. 

 

Narrative Synthesis of predictive factors 

Identified markers were recorded and counted to ascertain common associations 

with a separate count of significant predictors. Where possible, meta-analysis was 

used to assess the strength of predictive markers. However, for several predictive 

markers meta-analysis was not possible as too few studies reported results that 

could be pooled. When meta-analysis was inappropriate a narrative synthesis of 

the data was conducted. 

 

Results 

Meta-analysis of long-term radiographic progression 

Of the 28 studies identified, ten provided the necessary data for meta-

analysis(14–22) (Table 1). Patients were recruited from 1965-2000 and follow-up 



ranged from 5-20 years. The number of patients included with baseline 

radiographic data ranged from 73-1121. Four studies used Larsen; six used the 

SvdH scores. Five recruited patients from 1965-1989 and five from 1990-2000.  

 

Table 1. Summary of cohorts stratified by recruitment year 

 

Baseline radiographic score 

The first analysis examined baseline radiographic score across all studies. The 

overall rate of damage at baseline was estimated at 2.02% (95% CI 1.37-2.67) of 

maximum damage. The sub-group pooled estimate for Larsen score was 3.41% 

(95% CI 1.80-5.01) of maximum damage (6.82 units); the sub-group pooled 

estimate for the SvdH score was 1.20% (95% CI 0.60-1.80) of maximum damage 

(5.38 units). Studies recruiting patients between 1965-1989 had a sub-group 

pooled estimate of 2.01% (95% CI 1.14-2.89) of maximum damage; studies 

recruiting between 1990-2000 reported a sub-group pooled estimate of 2.03% 

(95% CI 1.05-3.01) of maximum damage (See Figure 1).  

 



Title: Baseline Radiographic Score Pre and Post 1990 

Caption: Figure 1. Forest plot of baseline radiographic scores stratified by 

recruitment periods 

 

Annual rate of change 

In the second analysis overall annual rate of change was estimated at 1.08% (95% 

CI 0.72-1.44) of maximum damage. The sub-group pooled estimate for Larsen 

score was 1.38% (95% CI 1.80-5.01) of maximum damage (2.76 units/year); the 

SvdH score was 1.20% (95% CI 0.88-1.88) of maximum damage (4.03 units/year). 

Studies recruiting patients between 1965-1989 patients had a sub-group pooled 

estimate of 1.50% (95% CI 1.08-1.92) of maximum damage; for 1990-2000 it was 

0.68% (95% CI 0.47-0.90) of maximum damage (Figure 2).  

 

Title: Annual Rate of Radiographic Progression Pre and Post 1990 

Caption: Figure 2. Forest plot of annual rates of change stratified by 

recruitment periods 

 



Meta-Regression 

The small sample size (10 studies) limited the power to conduct meta-regression 

models with an appropriate number of covariates; however, it was important to 

investigate possible factors influencing the overall effect estimate given the high 

levels of heterogeneity between studies (i-squared score ranging from 90.5%-

98.3%). 

 

The meta-regression indicated that there was a statistically non-significant 

difference for baseline progression rates between recruitment periods (p>0.1), but 

a statistically significant difference for annual progression rates between 

recruitment periods (p<0.05), whilst controlling for scoring method. The models 

indicated that differences between Larsen and SvdH scoring methods were not 

statistically significantly different for annual progression rates (p>0.1), suggesting 

relative increases in either scoring method was comparable. Scoring method was 

a statistically significant factor for baseline progression rates (p<0.05). 

 

Review of predictive markers of long-term radiographic damage 



Forty-one papers were identified that examined predictive markers of 

radiographic joint damage, representing 21 cohort studies. Although several 

papers were based on the same cohort data (Table 2), the analysis techniques 

used were sufficiently different from each other to allow their inclusion in the 

analysis. 

 

Table 2. Table of studies investigating predictors of radiographic progression 

 

Twenty-eight studies used the SvdH (23,15,24–26,19,27–30,21,31–46,1); 13 used 

the Larsen scoring method (47–49,20,50–58). Twenty-four of 41 studies examined 

radiographic damage at a single time point, whilst 17 investigated radiographic 

damage expressed as a change in score over two time points. Thirteen studies 

transformed radiographic scores into binary variables and 27 treated the 

radiographic score as a continuous score. One study treated the radiographic 

score as an ‘event’ in a ‘time-to-event’ analysis(53). Overall 12 different analysis 

methods were used (Table 2). 

 



Title: Number of Significant and Non-Significant Predictive Factors 

Caption: Figure 3. Number of significant and non-significant predictive 

factors 

 

Acute phase Markers 

Acute phase markers (ESR or CRP) were one of the most frequently reported 

covariates (See Figure 3). Fifteen studies included the ESR and 13 found it was a 

statistically significant predictor. Eleven studies included CRP and 10 found it was 

a statistically significant predictor. Although there was sufficient data to conduct a 

meta-analysis, large intra-study differences on how acute phase markers were 

evaluated made formal meta-analysis inappropriate. While studies assessed acute 

phase markers as continuous predictors; other used them as categorical 

predictors, either using pre-defined cut-points or using quartiles. This made direct 

comparison between the effect estimates unfeasible. 

 

Courvoisier et al.(15) reported increased ESR indicated over a three-fold increase 

risk of a radiological damage score above the median at 10 years. Similar effect 



estimates were seen in other studies using similar analysis techniques. An odds 

ratio (OR) of 2.7 (CIs not given) was reported by Fex et al.(48) and an OR of 2.9 

(95% CI 1.01-5.88) was reported by Tanaka et al.(21). Similarly Bukhari et al.(23) 

reported an Incidence Rate Ratio (IRR) of 2.0 (95% CI 1.4-3.0). Using linear 

regression techniques, Lindqvist et al.(51) reported an average increase of 0.42 

(95% CI 0.62-1.04) units of the Larsen Score for every one-unit increase in CRP. 

Mustila et al.(52) reported only ESR was significantly associated with radiographic 

joint damage at 12, 36, 60 and 84-months in univariate analysis, whereas RF was 

only statistically significant at 36-months, and perinuclear Antineutrophil 

Cytoplasmic Antibodies (pANCA), Antikeratin Antibodies (AKA), Antiperinuclear 

Factor (APF) and Age were not associated at any time.  

 

Anti-Cyclic Protein Antibodies (ACPA) and Rheumatoid Factor (RF) 

ACPA, largely anti-CCP, was evaluated in 16 studies and 14 of these reported 

statistically significant associations. Using linear regression, Lindqvist et al.(51) 

reported patients positive for anti-CCP had on average an increase of 37 units on 

the Larsen score compared to anti-CCP negative patients over 10 years. Nyhäll-



Wåhlin et al.(30) reported an increase of 14.74 over 5 years. Anti-CCP positive 

patients were also reported to have between a 2.3 and 9.3 fold increase in risk of 

rapid radiological progression(24,25). 

 

The predictive role of RF was evaluated in 21 studies and 12 reported statistical 

significance. Four studies investigating radiographic progression based on low or 

high radiographic damage groups showed RF positive patients were 1.8-2.8 times 

more likely to have high rates of long-term radiographic joint 

damage(21,23,24,55). 

 

To assess the relative strength of anti-CCP and RF, studies reporting OR and 95% 

confidence intervals were entered into a random effects meta-analysis. Five out of 

the 13 studies reporting anti-CCP and 10/21 studies reporting RF were included 

in the meta-analysis. Reasons for exclusion comprised insufficient data, lack of 

data on measures of variation and no calculated ORs. The overall pooled effect 

estimate for anti-CCP was 2.49 (95% CI 1.96-3.15) and for RF was 2.07 (95% CI 

1.61-2.65) (Figure 4). These findings suggest a moderate difference between the 



two markers, with anti-CCP more strongly associated; but overlapping 95% CIs 

suggest this difference is statistically non-significant. All five studies included in 

the meta-analysis for anti-CCP showed an increased risk. Only one reported a 

statistically non-significant result, which was also the only adjusted effect estimate 

included (49). All but two studies included in the RF analysis reported an 

increased risk (28,49). 

 

Title: Forest Plot of Anti-CCP, RF and HLA-DRB1 

Caption: Figure 4 – Forest plot of Anti-CCP, RF and HLA-DRB1 

 

Genetic Factors 

Sixteen studies investigated the influence of genetic factors on radiographic 

progression and 12 reported statistically significant associations. Four studies 

used follow-up data of >=5years; 12 were restricted to 3-4years follow-up. ORs 

for the presence of HLA-DRB1-SE ranged between 1.31 and 2.6(23,24,34). Two 

studies by Constantin et al showed HLA-DRB1 was associated with increased 

radiographic progression over 4 years(35,36). 



 

Seven of the 16 studies provided sufficient data for meta-analysis. A random 

effects model showed an overall pooled estimate of 1.53 (95% CI 1.09-2.14) 

(Figure 4). Two of the 7 studies reported a decreased risk (15,40). 

 

 

 

Other factors 

There was limited evidence that age and female sex predicted radiographic joint 

damage. Only 4/12 and 4/15 studies respectively reported statistically significant 

findings. The reported effect sizes of both age and sex were low: age gave 

1.14(24) to 1.2(23) times increase in risk, while female sex reduced risk by 25% 

(24). Few studies evaluated joint counts, Disease Activity Score, pANCA, MMP-3 

and functional disability making it impractical to draw conclusions about their 

impact on radiographic damage or to undertake meta-analyses. 

 

Quality Assessment 



All studies were assessed for quality using the Downs and Blacks Quality 

Assessment Checklist (10) (Supplementary Figure 2 and Supplementary Table 1). 

Most studies were of good quality. All studies reported clear aims, objectives and 

outcome measures and recruited representative patients. Only 3 studies (6%) 

reported on missing data and only 7 (15%) reported on losses to follow-up. The 

use of appropriate statistical methods was also lacking, particularly in the 3-5 

year follow-up predictive studies, where only 13 studies (27%) used appropriate 

statistical methods.  

 

Discussion 

This review is the first to use meta-analysis techniques to provide accurate 

estimates of overall radiographic damage at presentation and over a 20-year 

period in early RA patients. Data from 10 studies shows the overall radiographic 

damage rate at presentation was 2.02% of maximum damage, and the overall 

annual progression rate was 1.08% of maximum damage.  

 



Previous reports(5) estimated total annual radiographic progression rates were 

1.9% of maximum damage; the Larsen score progressed 3.8 units/year (2.5% 

maximum damage) and SvdH score progressed 4.3 units/year (1.3% maximum 

damage) over the first 15 years. The present study found similar rates with an 

overall progression rate of 1.08% (95% CI 0.72-1.44) of maximum damage. Split 

by scoring method, the Larsen score progressed 2.76 units/year (1.38% maximum 

damage), and the SvdH score progressed 4.03 units/year (1.20% maximum 

damage) over the first 20-years of disease. The differences in rates between our 

findings and previous reports (5) are likely to be multifaceted. Firstly, meta-

analytical techniques to calculate pooled effect estimates give different rates than 

relying on averages. Meta-analysis is a more robust method as larger studies are 

given a higher weighting, reducing the influence of less precise estimates from 

smaller studies; it also estimates precision (95% confidence intervals). Secondly, 

our inclusion criteria focussed on observational cohorts of early RA patients. This 

ensured a more homogenous study sample as patients in RCTs are highly 

selected with higher levels of disease activity and higher rates of radiographic 

progression(13,40). This review studied patients from ‘true-to-life’ clinical settings. 



 

Stratifying studies by recruitment year showed annual progression rates in studies 

recruiting between 1990-2000 was more than half the rate reported in studies 

recruiting between 1965-1989. However, baseline radiographic damage was 

similar across both recruitment periods. The reduction in radiographic 

progression from 1965-2000 is concordant with data from Finckh et al (59), who 

found decreased progression rates from 1970-1990, and Sokka et al (54), who 

found decreased 5-year radiographic progression rates across three cohorts 

(1983-1985, 1988-1989 and 1995-1996). Finckh et al.(59) suggested this was a 

consequence of more intensive therapies as the temporal effect diminished after 

controlling for DMARD use. More recent data from RCTs show combinations of 

synthetic Disease Modifying Anti-rheumatic Drugs (DMARDs) and biologics are 

highly effective in slowing radiographic progression (60), particularly during the 

‘Window of Opportunity’(12). Reduced rates of radiographic progression was also 

seen in a systematic review of RCTs, where more recent RCTs of patients on 

methotrexate had less radiographic progression compared to RCTs conducted 

earlier(61).  



 

Differences between the two recruitment periods in our review also coincides 

with changes in clinical management, particularly more intensive treatment in the 

1990s with methotrexate the anchor DMARD(62). Pincus et al.(62) reported that 

improvements in radiographic outcomes from 1985 to 2000 were associated with 

better joint scores, functional capacity and mortality outcomes. How much of 

these changes should be attributed to better treatment strategies however, 

remains uncertain due to the non-randomised study designs(54,62).  

 

Interestingly there is an apparent dearth of new large observational cohort 

studies of new unselected RA patients. One factor could be the development of 

national registers of patients treated with biologics, which diverted expertise away 

from other observational cohorts. Other factors include continuing recruitment to 

observational studies and less emphasis on collecting radiographic assessments. 

 

The predictive factors we identified is in agreement with previous findings(5) 

including the importance of acute phase markers and RF positivity. This review 



also found evidence for the association between anti-CCP positivity and long-

term radiological damage. Navarro-Compán et al (7) assessed the relationship 

between radiographic joint damage and Disease Activity Indices (DAI) like the 

Disease Activity Score (DAS). It would appear that while DAIs are clinically useful, 

the individual components of the DAI’s, particularly SJC and acute phase markers, 

were better predictors.  

 

Our review is the first to summarise associations of anti-CCP and genetic factors 

with radiographic progression in long-term cohort studies. De Rooy et al(24) 

found HLA-DRB1 shared epitopes increases the risk of radiographic joint damage 

at 5-years, but they did not include anti-CCP in their models. Recent 

studies(63,64) highlight the importance on the dependence of RA-related genetic 

markers on anti-CCP for associations with radiographic progression. Kaltenhauser 

et al.(49) reported that anti-CCP and DRB1*04 SE, used as a compound marker, 

was statistically significantly associated with increased radiographic damage at 4-

years. However, Kroot et al.(26) found anti-CCP but not HLA-DRB4 was 

statistically significantly associated in multivariate analysis. This evidence suggests 



an association between SE-positive alleles and anti-CCP antibodies, though the 

pathogenetic mechanisms remain unclear(49). Further study of specific HLA-DRB1 

haplotypes may show a prognostic role(63). Currently, genetic markers do not 

provide much additional prognostic information that can be applied clinically. 

 

Several studies included in our review(28,46,49) found RF was not a significant 

predictor in the presence of anti-CCP, suggesting anti-CCP is the superior marker 

of long-term radiographic damage. Our meta-analysis suggests that anti-CCP 

could be more highly associated with increased radiographic damage. However, 

differences in specific RF antibodies and titre levels may explain variations 

between studies. 

 

The heterogeneity of the methods and analysis techniques used meant it was 

impossible to conduct a formal meta-analysis on all predictive markers to allow a 

direct aggregation of these results. One challenge in comparing studies related to 

differences in study design(65). When investigating novel markers in the absence 

of multivariate methods, the importance of well-established factors like 



seropositivity and acute phase reactants may not be appropriately considered. 

Consequently the effect of novel markers may be masked, or over-exaggerated 

when already established factors are not considered (9). Novel markers like MMP-

3(25,53) have potentially strong associations with radiographic joint damage, but 

more evidence is needed with large patient samples using appropriate 

multivariate modelling techniques. 

 

Another limitation is that it was not possible to stratify patients using disease 

markers like seropositivity when modelling radiographic progression rates, since it 

would require more detailed and complex data from each cohort, which would be 

unfeasible to obtain. Consequently, although the review highlighted the potential 

differences in radiographic progression in patients with anti-CCP positivity, we 

could not produce separate rates of radiographic progression for seropositive 

and seronegative RA patients. Furthermore, the direct impact of treatment could 

not be fully assessed. Evaluating recruitment years provides a surrogate marker of 

changes in treatment practices, but we could not directly model the effect of 

treatment. Nevertheless, it is likely patients received standard contemporary care 



based on published guidelines about treatment regimens from the time they 

were being studied. 

 

We conclude the progression of radiographic damage has halved since 1990, with 

improved treatment providing the most likely cause. RF/anti-CCP, along with 

increased markers of acute phase reactants remain strongly associated with 

radiographic damage, however the value of other novel antibodies need further 

study. Finally, while the investigation of different haplotypes is proving hopeful, 

currently the genetic data is of limited additional prognostic value independent 

of anti-CCP positivity. 

 

Key Messages 

 

 Progression of radiographic damage in 2002-2011 is significantly lower 

compared to 1986-2001 in early RA  

 Acute phase markers and RF/anti-CCP positive RA remain important 

predictors of erosive disease in RA. 



 Longitudinal-studies needed on whether Anti-CCP is superior to RF in 

predicting radiographic damage in RA 

Funding 

 

The paper presents independent research funded by the National Institute for 

Health Research (NIHR) as one of its Programme Grants For Applied Research 

(Grant Reference Number: RP-PG-0610-10066). The views expressed are those of 

the authors and not necessarily those of the NHS, the NIHR or the Department of 

Health. 

 

Disclosure statement: The authors have declared no conflicts of interest.  

 

References 

1.  Van Leeuwen MA, van Rijswijk MH, van der Heijde DM, Te Meerman GJ, van 

Riel PL, Houtman PM, et al. The acute-phase response in relation to 

radiographic progression in early rheumatoid arthritis: a prospective study 

during the first three years of the disease. Br J Rheumatol. 1993 Jun;32 Suppl 

3:9–13.  



2.  Landewe R, van de Heijde D. Is radiographic progression a realistic outcome 

measure in clinical trials with early inflammatory arthritis? Clin Exp 

Rheumatol. 2003;21(5; SUPP 31):S37–41.  

3.  Van der Heijde D. Radiographic progression in rheumatoid arthritis: Does it 

reflect outcome? Does it reflect treatment? Ann Rheum Dis. 2001 

Nov;60(Suppl 3):iii47–50.  

4.  Bombardier C, Barbieri M, Parthan A, Zack DJ, Walker V, Macarios D, et al. The 

relationship between joint damage and functional disability in rheumatoid 

arthritis: a systematic review. Ann Rheum Dis. 2012 Jun 1;71(6):836–44.  

5.  Scott DL, Smith C, Kingsley G. Joint damage and disability in rheumatoid 

arthritis: an updated systematic review. Clin Exp Rheumatol. 2003 Oct;21(5 

Suppl 31):S20–7.  

6.  Scott DL, Pugner K, Kaarela K, Doyle DV, Woolf A, Holmes J, et al. The links 

between joint damage and disability in rheumatoid arthritis. Rheumatology. 

2000 Feb 1;39(2):122–32.  



7.  Navarro-Compán V, Gherghe AM, Smolen JS, Aletaha D, Landewé R, Heijde D 

van der. Relationship between disease activity indices and their individual 

components and radiographic progression in RA: a systematic literature 

review. Rheumatology. 2014 Nov 20;keu413.  

8.  Combe B. Progression in early rheumatoid arthritis. Best Pract Res Clin 

Rheumatol. 2009 Feb;23(1):59–69.  

9.  Young A, van der Heijde DMFM. Can we predict aggressive disease? Baillières 

Clin Rheumatol. 1997 Feb;11(1):27–48.  

10.  Downs SH, Black N. The feasibility of creating a checklist for the assessment 

of the methodological quality both of randomised and non-randomised 

studies of health care interventions. J Epidemiol Community Health. 1998 Jun 

1;52(6):377–84.  

11.  Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the 

median, range, and the size of a sample. BMC Med Res Methodol. 2005 Apr 

20;5(1):13.  



12.  Finckh A, Liang MH, van Herckenrode CM, de Pablo P. Long-term impact of 

early treatment on radiographic progression in rheumatoid arthritis: A meta-

analysis. Arthritis Care Res. 2006;55(6):864–72.  

13.  Lassere M. Pooled metaanalysis of radiographic progression: Comparison of 

Sharp and Larsen methods. J Rheumatol. 2000;27:269–76.  

14.  Bridges SL, Causey ZL, Burgos PI, Huynh BQ, Hughes LB, Danila MI, et al. 

Radiographic severity of rheumatoid arthritis in African Americans: results 

from a multicenter observational study. Arthritis Care Res Hoboken. 2010 

May;62:624–31.  

15.  Courvoisier N, Dougados M, Cantagrel A, Goupille P, Meyer O, Sibilia J, et al. 

Prognostic factors of 10-year radiographic outcome in early rheumatoid 

arthritis: a prospective study. Arthritis Res Ther. 2008;10(5):R106.  

16.  James D, Young A, Kulinskaya E, Knight E, Thompson W, Ollier W, et al. 

Orthopaedic intervention in early rheumatoid arthritis. Occurrence and 

predictive factors in an inception cohort of 1064 patients followed for 5 

years. Rheumatol Oxf Engl. 2004 Mar;43(3):369–76.  



17.  Kaarela K, Kautiainen H. Continuous progression of radiological destruction in 

seropositive rheumatoid arthritis. J Rheumatol. 1997 Jul;24(7):1285–7.  

18.  Knevel R, Kwok KY, de Rooy DP, Posthumus MD, Huizinga TW, Brouwer E, et 

al. Evaluating joint destruction in rheumatoid arthritis: is it necessary to 

radiograph both hands and feet? Ann Rheum Dis. 2013 Mar;72:345–9.  

19.  Kuper HH, van Leeuwen MA, van Riel PL, Prevoo ML, Houtman PM, Lolkema 

WF, et al. Radiographic damage in large joints in early rheumatoid arthritis: 

relationship with radiographic damage in hands and feet, disease activity, 

and physical disability. Br J Rheumatol. 1997 Aug;36:855–60.  

20.  Kapetanovic MC, Lindqvist E, Algulin J, Jonsson K, Saxne T, Eberhardt K, et al. 

Early changes in bone mineral density measured by digital X-ray 

radiogrammetry predict up to 20 years radiological outcome in rheumatoid 

arthritis. Arthritis Res Ther. 2011;13:R31.  

21.  Tanaka N, Sakahashi H, Ishii S, Sato E, Hirose K, Ishima T. Synovial membrane 

enhancement and bone erosion by magnetic resonance imaging for 



prediction of radiologic progression in patients with early rheumatoid 

arthritis. Rheumatol Int. 2005 Mar;25(2):103–7.  

22.  S. P. Viatte D, Lunt M, Fu B, Flynn E, Parker BJ, Galloway J, et al. Investigation 

of rheumatoid arthritis genetic susceptibility markers in the early rheumatoid 

arthritis study further replicates the TRAF1 association with radiological 

damage. 2013 Feb;40(2):144–56.  

23.  Bukhari M, Lunt M, Harrison BJ, Scott DGI, Symmons DPM, Silman AJ. 

Rheumatoid factor is the major predictor of increasing severity of 

radiographic erosions in rheumatoid arthritis: results from the Norfolk 

Arthritis Register Study, a large inception cohort. Arthritis Rheum. 2002 

Apr;46(4):906–12.  

24.  Rooy DPC de, Linden MPM van der, Knevel R, Huizinga TWJ, Mil AHM van 

der H. Predicting arthritis outcomes—what can be learned from the Leiden 

Early Arthritis Clinic? Rheumatology. 2011 Jan 1;50(1):93–100.  

25.  Houseman M, Potter C, Marshall N, Lakey R, Cawston T, Griffiths I, et al. 

Baseline serum MMP-3 levels in patients with Rheumatoid Arthritis are still 



independently predictive of radiographic progression in a longitudinal 

observational cohort at 8 years follow up. Arthritis Res Ther. 2012;14:R30.  

26.  Kroot E-JJ, De Jong BA, Van Leeuwen MA, Swinkels H, Van Den Hoogen FH, 

Van’t Hof M, et al. The prognostic value of anti–cyclic citrullinated peptide 

antibody in patients with recent-onset rheumatoid arthritis. Arthritis Rheum. 

2000;43(8):1831–5.  

27.  McQueen F, Lassere M, Edmonds J, Conaghan P, Peterfy C, Bird P, et al. 

OMERACT rheumatoid arthritis magnetic resonance imaging studies. 

Summary of OMERACT 6 MR imaging module. J Rheumatol. 2003;30:1387–

92.  

28.  Meyer O, Labarre C, Dougados M, Goupille P, Cantagrel A, Dubois A, et al. 

Anticitrullinated protein/peptide antibody assays in early rheumatoid arthritis 

for predicting five year radiographic damage. Ann Rheum Dis. 2003 

Feb;62:120–6.  

29.  Meyer O, Nicaise-Roland P, Santos MD, Labarre C, Dougados M, Goupille P, 

et al. Serial determination of cyclic citrullinated peptide autoantibodies 



predicted five-year radiological outcomes in a prospective cohort of patients 

with early rheumatoid arthritis. Arthritis Res Ther. 2006;8:R40.  

30.  Nyhäll-Wahlin BM, Turesson C, Jacobsson LTH, Nilsson J \AA, Forslind K, 

Albertsson K, et al. The presence of rheumatoid nodules at early rheumatoid 

arthritis diagnosis is a sign of extra-articular disease and predicts 

radiographic progression of joint destruction over 5 years. Scand J 

Rheumatol. 2011;(00):1–7.  

31.  Welsing PMJ, Landewé RBM, van Riel PLCM, Boers M, van Gestel AM, van der 

Linden S, et al. The relationship between disease activity and radiologic 

progression in patients with rheumatoid arthritis: a longitudinal analysis. 

Arthritis Rheum. 2004 Jul;50(7):2082–93.  

32.  Wolfe F, Sharp JT. Radiographic outcome of recent-onset rheumatoid 

arthritis: a 19-year study of radiographic progression. Arthritis Rheum. 1998 

Sep;41(9):1571–82.  

33.  Bøyesen P, Haavardsholm EA, Ostergaard M, van der Heijde D, Sesseng S, 

Kvien TK. MRI in early rheumatoid arthritis: synovitis and bone marrow 



oedema are independent predictors of subsequent radiographic progression. 

Ann Rheum Dis [Internet]. 2010 Aug 31 [cited 2010 Nov 5]; Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20810395 

34.  Combe B, Dougados M, Goupille P, Cantagrel A, Eliaou JF, Sibilia J, et al. 

Prognostic factors for radiographic damage in early rheumatoid arthritis: A 

multiparameter prospective study. Arthritis Rheum. 2001 Aug;44(8):1736–43.  

35.  Constantin A, Lauwers-Cances V, Navaux F, Abbal M, van Meerwijk J, 

Mazieres B, et al. Collagenase-1 (MMP-1) and HLA-DRB1 gene 

polymorphisms in rheumatoid arthritis: a prospective longitudinal study. J 

Rheumatol. 2002a Jan;29:15–20.  

36.  Constantin A, Lauwers-Cances V, Navaux F, Abbal M, van Meerwijk J, 

Mazieres B, et al. Stromelysin 1 (matrix metalloproteinase 3) and HLA-DRB1 

gene polymorphisms: Association with severity and progression of 

rheumatoid arthritis in a prospective study. Arthritis Rheum. 2002b 

Jul;46:1754–62.  



37.  De Vries N, Prinsen CF, Mensink EB, van Riel PL, van’t Hof MA, van de Putte 

LB. A T cell receptor beta chain variable region polymorphism associated 

with radiographic progression in rheumatoid arthritis. Ann Rheum Dis. 1993 

May;52:327–31.  

38.  Gourraud PA, Boyer JF, Barnetche T, Abbal M, Cambon-Thomsen A, Cantagrel 

A, et al. A new classification of HLA-DRB1 alleles differentiates predisposing 

and protective alleles for rheumatoid arthritis structural severity. Arthritis 

Rheum. 2006 Feb;54:593–9.  

39.  Kuiper S, van Gestel AM, Swinkels HL, de Boo TM, da Silva JA, van Riel PL. 

Influence of sex, age, and menopausal state on the course of early 

rheumatoid arthritis. J Rheumatol. 2001 Aug;28:1809–16.  

40.  Park GS, Wong WK, Elashoff DA, Khanna D, Gold RH, Paulus HE. Patterns of 

radiographic outcomes in early, seropositive rheumatoid arthritis: A baseline 

analysis. Contemp Clin Trials [Internet]. 2011 [cited 2010 Dec 2]; Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/21078417 



41.  Posthumus MD, Limburg PC, Westra J, van Leeuwen MA, van Rijswijk MH. 

Serum matrix metalloproteinase 3 in early rheumatoid arthritis is correlated 

with disease activity and radiological progression. J Rheumatol. 2000 

Dec;27(12):2761–8.  

42.  Salaffi F, Carotti M, Ciapetti A, Gasparini S, Filippucci E, Grassi W. Relationship 

between time-integrated disease activity estimated by DAS28-CRP and 

radiographic progression of anatomical damage in patients with early 

rheumatoid arthritis. BMC Musculoskelet Disord. 2011 May 30;12(1):120.  

43.  Aken J van, Lard LR, Cessie S le, Hazes JMW, Breedveld FC, Huizinga TWJ. 

Radiological outcome after four years of early versus delayed treatment 

strategy in patients with recent onset rheumatoid arthritis. Ann Rheum Dis. 

2004 Mar 1;63(3):274–9.  

44.  Van der Helm-van Mil AHM, Huizinga TWJ, Schreuder GMT, Breedveld FC, de 

Vries RRP, Toes REM. An independent role of protective HLA class II alleles in 

rheumatoid arthritis severity and susceptibility. Arthritis Rheum. 2005 

Sep;52(9):2637–44.  



45.  Van der Helm-van Mil AHM, van der Kooij SM, Allaart CF, Toes REM, 

Huizinga TWJ. A high body mass index has a protective effect on the amount 

of joint destruction in small joints in early rheumatoid arthritis. Ann Rheum 

Dis. 2008 Jun;67(6):769–74.  

46.  Van Gaalen FA, van Aken J, Huizinga TWJ, Schreuder GMT, Breedveld FC, 

Zanelli E, et al. Association between HLA class II genes and autoantibodies to 

cyclic citrullinated peptides (CCPs) influences the severity of rheumatoid 

arthritis. Arthritis Rheum. 2004 Jul;50(7):2113–21.  

47.  Fex E, Eberhardt K, Saxne T. Tissue-derived macromolecules and markers of 

inflammation in serum in early rheumatoid arthritis: relationship to 

development of joint destruction in hands and feet. Br J Rheumatol. 1997 

Nov;36:1161–5.  

48.  Fex E, Jonsson K, Johnson U, Eberhardt K. Development of radiographic 

damage during the first 5-6 yr of rheumatoid arthritis. A prospective follow-

up study of a Swedish cohort. Br J Rheumatol. 1996 Nov;35:1106–15.  



49.  Kaltenhauser S, Pierer M, Arnold S, Kamprad M, Baerwald C, Hantzschel H, et 

al. Antibodies against cyclic citrullinated peptide are associated with the 

DRB1 shared epitope and predict joint erosion in rheumatoid arthritis. 

Rheumatol Oxf. 2007 Jan;46:100–4.  

50.  Kraan MC, Haringman JJ, Weedon H, Barg EC, Smith MD, Ahern MJ, et al. T 

cells, fibroblast-like synoviocytes, and granzyme B+ cytotoxic cells are 

associated with joint damage in patients with recent onset rheumatoid 

arthritis. Ann Rheum Dis. 2004;63:483–8.  

51.  Lindqvist E, Eberhardt K, Bendtzen K, Heinegård D, Saxne T. Prognostic 

laboratory markers of joint damage in rheumatoid arthritis. Ann Rheum Dis. 

2005 Feb 1;64(2):196–201.  

52.  Mustila A, Paimela L, Leirisalo-Repo M, Huhtala H, Miettinen A. 

Antineutrophil cytoplasmic antibodies in patients with early rheumatoid 

arthritis: an early marker of progressive erosive disease. Arthritis Rheum. 

2000 Jun;43(6):1371–7.  



53.  Roux-Lombard P, Eberhardt K, Saxne T, Dayer JM, Wollheim FA. Cytokines, 

metalloproteinases, their inhibitors and cartilage oligomeric matrix protein: 

relationship to radiological progression and inflammation in early rheumatoid 

arthritis. A prospective 5-year study. Rheumatol Oxf Engl. 2001 

May;40(5):544–51.  

54.  Sokka T, Kautiainen H, Häkkinen A, Hannonen P. Radiographic progression is 

getting milder in patients with early rheumatoid arthritis. Results of 3 cohorts 

over 5 years. J Rheumatol. 2004 Jun 1;31(6):1073–82.  

55.  Dixey J, Solymossy C, Young A. Is it possible to predict radiological damage 

in early rheumatoid arthritis (RA)? A report on the occurrence, progression, 

and prognostic factors of radiological erosions over the first 3 years in 866 

patients from the Early RA Study (ERAS). J Rheumatol Suppl. 2004 Mar;69:48–

54.  

56.  Kaltenhauser S, Wagner U, Schuster E, Wassmuth R, Arnold S, Seidel W, et al. 

Immunogenetic markers and seropositivity predict radiological progression in 



early rheumatoid arthritis independent of disease activity. J Rheumatol. 2001 

Apr;28:735–44.  

57.  Machold KP, Stamm TA, Nell VPK, Pflugbeil S, Aletaha D, Steiner G, et al. 

Very recent onset rheumatoid arthritis: clinical and serological patient 

characteristics associated with radiographic progression over the first years of 

disease. Rheumatology. 2007;46(2):342–9.  

58.  Wagner U, Kaltenhäuser S, Pierer M, Seidel W, Tröltzsch M, Häntzschel H, et 

al. Prospective analysis of the impact of HLA‐DR and ‐DQ on joint 

destruction in recent‐onset rheumatoid arthritis. Rheumatology. 2003 Apr 

1;42(4):553–62.  

59.  Finckh A, Choi HK, Wolfe F. Progression of radiographic joint damage in 

different eras: trends towards milder disease in rheumatoid arthritis are 

attributable to improved treatment. Ann Rheum Dis. 2006;65(9):1192–7.  

60.  Finckh A, Simard JF, Duryea J, Liang MH, Huang J, Daneel S, et al. The 

effectiveness of anti-tumor necrosis factor therapy in preventing progressive 



radiographic joint damage in rheumatoid arthritis: a population-based study. 

Arthritis Rheum. 2006 Jan;54:54–9.  

61.  Rahman MU, Buchanan J, Doyle MK, Hsia EC, Gathany T, Parasuraman S, et 

al. Changes in patient characteristics in anti-tumour necrosis factor clinical 

trials for rheumatoid arthritis: results of an analysis of the literature over the 

past 16 years. Ann Rheum Dis. 2011 Sep;70(9):1631–40.  

62.  Pincus T, Sokka T, Kautiainen H. Patients seen for standard rheumatoid 

arthritis care have significantly better articular, radiographic, laboratory, and 

functional status in 2000 than in 1985. Arthritis Rheum. 2005;52(4):1009–19.  

63.  Viatte S, Plant D, Han B, et al. Association of HLA-DRB1 haplotypes with 

rheumatoid arthritis severity, mortality, and treatment response. JAMA. 2015 

Apr 28;313(16):1645–56.  

64.  Van Steenbergen HW, Raychaudhuri S, Rodríguez-Rodríguez L, Rantapää-

Dahlqvist S, Berglin E, Toes REM, et al. Association of Valine and Leucine at 

HLA-DRB1 Position 11 With Radiographic Progression in Rheumatoid 

Arthritis, Independent of the Shared Epitope Alleles but Not Independent of 



Anti-Citrullinated Protein Antibodies. Arthritis Rheumatol Hoboken NJ. 2015 

Apr;67(4):877–86.  

65.  Van der Heijde DM, van Riel PL, van Rijswijk MH, van de Putte LB. Influence 

of prognostic features on the final outcome in rheumatoid arthritis: a review 

of the literature. Semin Arthritis Rheum. 1988 May;17(4):284–92.  

 


