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Objectives: To assess 5-year progression of erosions and Joint Space Narrowing
(JSN), and their associations with RF status in two large, multi-centre early-RA
cohorts spanning 25-years.
Methods: Radiographic joint damage was recorded using the Sharp/van der Heijde
(SvdH) method in the Early RA Study (ERAS) 1986-2001, and the Early RA Network
(ERAN) 2002-2013. Mixed-effects negative-binomial regression estimated changes in
radiographic damage over 5-years, including erosions and JSN separately.
Rheumatoid Factor (RF), along with age, sex and baseline markers of disease activity
were controlled for.
Results: 1,216 patients from ERAS and 446 from ERAN had radiographic data.
Compared to ERAS, ERAN patients had a lower mean total SvdH score at baseline
(ERAN=6.2 vs. ERAS=10.5, p<0.001), and mean annual rate of change (ERAN=2.5 vs.
ERAS=6.9 per year, p<0.001). 74% of ERAS and 27% of ERAN patients progressed ≥5
units. Lower scores at baseline in ERAN were largely driven by reductions in JSN
(ERAS=3.9 vs. ERAN=1.2, p<0.001), along with erosions (ERAS=1.9 vs. ERAN=0.8,
p<0.001). RF was associated with greater progression in each cohort, but the
absolute difference in mean annual rate of change for RF positive patients was
substantially higher for ERAS (RF+= 8.6 vs. RF-= 5.1, p<0.001), relative to ERAN (RF+=
2.0 vs. RF-= 1.9, p=0.855).
Conclusion: Radiographic progression has significantly reduced between the two
cohorts, associated with lower baseline damage and other factors, including changes
in early DMARD use. The impact of RF status as a prognostic marker of clinically
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meaningful change in radiographic progression has markedly diminished in the
context of more modern treatment.
Significance and Innovations
•

Radiographic damage at baseline and progression over the first 5-years has
reduced over the last 25-years.

•

Joint space narrowing is the main driver for reductions in radiographic
progression early after diagnosis, with reductions in erosions contributing
later in the disease course.

•

RF+ RA remains a significant predictor of increased radiographic damage,
however in the context of overall reductions, it is no longer associated with
clinically-meaningful changes in radiographic damage.
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Published literature has suggested that the incidence of Rheumatoid Arthritis (RA)
has declined over the last three decades1–9. This corresponds with reports of declines
in disease activity10,11 , functional disability12,13, orthopaedic surgery14 and
radiographic progression12,15,16.
While the causes are not entirely clear, it is hypothesised that these declines in
disease severity are related to widespread changes in treatment strategies during
the 1990s17. Data from randomised controlled trials (RCTs) have demonstrated that
early initiation of conventional synthetic Disease Modifying Anti-Rheumatic Drugs
(DMARDs) can significantly improve patient outcomes, particularly the increased use
of methotrexate in combination with other DMARDs18–21, and indeed biologic
DMARDs22–25.
Radiographic joint damage is often used in RCTs as a primary outcome, and has been
shown to be strongly related to levels of functional disability26 and disease activity27.
Although commonly expressed as a global score28, radiographic joint damage
comprises two main components, erosions and joint space narrowing (JSN). While
related, they are thought to be the result of two distinct pathophysiological
mechanisms29,30. Possible causes of erosive joint destruction are the products of
invading synovium into the boney structures of the joints, and increased osteoclast
activity31. In contrast, JSN has been hypothesised to reflect cartilage damage as a
result of metalloproteinases, which are upregulated by pro-inflammatory
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cytokines32. JSN is common to a range of pathologies, including osteoarthritis (OA),
which is a common comorbid condition in people with RA33. Despite this, much of
the focus of longitudinal data concerning radiographic damage has reported the
combination of these two processes as one composite score29,30, for example using
the radiographic scoring methods of Ratingen or Larsen, that lack the ability to
distinguish progression of erosions and JSN as separate domains12,15,16.
Further still, rheumatoid factor (RF) status has been strongly associated with worse
radiographic progression34–36, however, to date no study has looked at whether the
relative strength of this association has changed given the wider demographic
changes seen in many other aspects of RA, including disease severity. It might be
hypothesised that radiographic measures of RA will show significant changes given
declines in disease activity, but whether previously demonstrated risk factors for
progression continue to be influential remains unclear.
This study therefore aims to investigate long-term radiographic progression by
comparing data from two UK, multi-centre inception cohorts, the Early RA Study
(ERAS), which collected patient data from 1986-2001, and the Early RA Network
(ERAN), which collected data from 2002-2013. Specifically, this study 1) compares
the total SvdH, erosion and JSN scores at baseline and the rate of progression over
the first 5-years between the two cohorts, and 2) estimates the association between
RF status and radiographic damage at baseline and progression over the first 5-years
in ERAS and ERAN.
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Patients and Methods
The data used for this study were collected from two longitudinal inception cohorts,
ERAS and ERAN. ERAS recruited 1,465 patients from 9 centres across the UK
between 1986-2001, while ERAN recruited 1,236 patients from 25 centres between
2002 and 2013. Two centres recruited to both cohorts. All patients had a confirmed
diagnosis of RA and were recruited within 3 years of symptom onset, typically prior
to conventional DMARD initiation. Maximum follow-up for ERAS was 25 years
(median 10 years) and for ERAN was 11 years (median 3 years). All patients were
treated based on standard clinical practice of the time.
Standard clinical, laboratory and radiographic data were collected at baseline, 3 to 6
months, 12 months, and then yearly thereafter. These included the original three
variable 44-joint Disease Activity Score (DAS) for ERAS and the DAS28 for ERAN, the
Health Assessment Questionnaire (HAQ), Rheumatoid Factor Positivity and
haemoglobin level. To enable comparison of disease activity across the two cohorts,
the original DAS in ERAS was converted to DAS28 using the formula DAS28 =
(1.072*DAS) + 0.93837.
Radiographic scoring
Structural joint damage was assessed from plain radiographs using the SvdH scoring
method38. All 32 centres collected yearly plain x-rays of hands and feet. Radiographs
from all 9 centres recruiting from ERAS, and 7/25 (28%) centres from ERAN scored
films using the SvdH method.
The SvdH rates radiographic damage based on the prevalence and severity of the
erosions in 32 joints in the hands and 12 joints in the feet, and the prevalence and
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severity of JSN in 30 joints in the hands and 12 joints in the feet. Each joint was rated
from 0-5 (or 0-10 for erosions in the joints of the feet) giving a maximum score of
280 for the erosion score and 168 for the JSN score. These scores were combined to
give a total SvdH score ranging from 0 to 448.
One person (KJ) scored the radiographs for ERAS, while another person (DMcW)
scored the radiographs for ERAN. Each scorer rated the radiographs in chronological
order. To assess agreement between the two, both scored a random sub-sample
of thirty-nine radiographs from twenty patients from the ERAS cohort at two timepoints (baseline and 5 years). An Intra-class Correlation Coefficient (ICC) of
0.95 (95% confidence intervals 0.90-0.97) was calculated for the erosion score, and
0.98 (95% CI 0.95-0.99) calculated for both the JSN score and total SvdH score. The
ICC is an estimate of the proportion of the total variability in ratings for the sample
that are due to variability between x-rays, rather variability within x-rays between
readers. The high values in our assessment of agreement confirm the risk
of systematic bias due to two readers is low, and as such the level of agreement
acceptable for the comparison of trends over time.
Statistical analysis
To assess differences in the use of first-line conventional DMARDs between the two
cohorts, the cumulative incidence of time to first DMARD within the first 12 months
from first outpatient appointment was estimated. This was estimated for any
DMARD use, as well as separate estimates for the two most commonly used first-line
DMARDS, methotrexate and sulphazalasine.
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The skewed distributions of radiographic scores derived by the SvdH method renders
linear regression inappropriate39. Generalised linear regression with a negativebinomial distribution, henceforth negative binomial regression (NBR), was found to
achieve best fit to the data, compared with linear and Poisson distributions.
Mixed-effects NBR (MENBR) models allowed for the longitudinal structure of the
data to be modelled appropriately, whereby random intercept and time slope
parameters were estimated. Cohort membership (either ERAS or ERAN) was the
main covariate of interest. Baseline scores, along with yearly measures of SvdH were
used in the models to estimate rates at presentation and over the 5-year follow-up.
Missing data is inherent in longitudinal studies. To probe potential selection bias
based on the availability of radiographs, baseline characteristics of those with and
without radiographic data were compared. Furthermore, protecting against
confounding due to missing longitudinal data, mixed-effects models use full
information maximum likelihood making use of all available data under the missing
at random assumption, so that all patients with data are included.
Time was defined as years from enrolment and was included as a continuous
variable with a random slope to allow for the estimation of the annual rate of
progression for each patient. RF status was the secondary covariate of interest and
entered as a main effect, along with a three-way interaction term with cohort and
time to allow for progression rates to be estimated separately by RF status for each
cohort. Sensitivity analysis, which substituted cohort membership for year of
diagnosis in the model, was used to investigate the effect of calendar year on longterm radiographic progression. Sex, age, DAS28, HAQ, low Hb (<12 for females /<13
for males), months from symptom onset to first rheumatology visit, steroid use prior
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to first assessment and DMARD use within first 12-months were all entered into the
model to control for any potential confounding effects.
Exponentiated regression coefficients of an NBR model are incidence rate ratios
(IRR), which are interpreted as the relative increase in the log-count of the
dependent variable (i.e. the SvdH score) given a one-unit increase in the respective
covariate (e.g. age). To aid interpretation, the results from the models were also
expressed as an absolute change in the SvdH score using the estimated mean SvdH,
along with 95% Confidence Intervals [95% CI]. This allowed for a more direct
interpretation of the effect that each factor had in terms of absolute difference in
SvdH units, the percentage of maximum possible damage, and annual progression
greater than the minimum clinically important difference of 5 units40.
These models were estimated separately for the total SvdH score, JSN and erosion
score. All analyses were conducted using Stata (version 14; StataCorp LP, USA).
Results
Of the 2,701 total patients recruited, 1,662 had SvdH data: 1,216 from ERAS and 446
from ERAN. The demographic and baseline clinical characteristics of both ERAS and
ERAN patients, including only those with radiographic data, are shown in Table 1.
Reasons for missing radiographic data included loss of records, unreadable
radiographs and loss to follow-up. Patients from ERAS were marginally younger at
presentation and had higher DAS28, ESR, HAQ and were more likely to be anaemic at
baseline, but the median time from first symptom to first visit was the same. Patient
characteristics with recorded radiographic data were similar to the total patients in
their respective cohort.
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Table 1 - Summary Statistics for each Cohort
Differences in treatment strategies between the two Cohorts
For all DMARDs, ERAS reported a 12-month cumulative incidence of 71.6% [95%CI
69.2-73.8] and for ERAN 95.3% [95%CI 93.9-96.4] (See Figure 1). The 12-month
cumulative incidence of sulfasalazine (SSZ) use was higher in ERAS (55% [95%CI 52.457.5]) than ERAN (33.1% [95%CI 30.4-35.8]), while methotrexate (MTX) use was
substantially lower in ERAS (1.4% [95%CI 0.9-2.1]) compared to ERAN (52.1% [95%CI
49.2-55.0]).
Figure 1. 12-month Cumulative Incidence of DMARD use for ERAS and ERAN
Radiographic progression rates of ERAS and ERAN
For the MENBR analysis a total of 1,508 patients contributing 5,430 observations
(mean observations per patient = 3.6) were included. Overall, the ERAN cohort
exhibited a 41% lower total SvdH score at baseline compared to ERAS (IRR 0.59
[95%CI 0.50-0.70], p<0.001), along with a 65% slower annual rate of progression
over the first 5-years (IRR 0.35 [95%CI 0.24-0.47], p<0.001) (See Figure 2A). The
differences in absolute and relative scores for both cohorts are shown in Table 2.
When expressed as a proportion of maximum possible damage, the estimated values
indicated an increase of 1.5% [95%CI 1.4-1.7] per year for ERAS and 0.6% [95%CI 0.40.7] per year for ERAN. The total proportion of patients who had annual progression
estimated to be greater than the MCID (≥5 SvdH units) was 74% for ERAS and 27%
for ERAN. Sensitivity analysis modelling calendar year, rather than cohort, indicated
that each additional calendar year decreased the risk of radiographic progression by
3% (IRR 0.97 [95%CI 0.96-0.99], p<0.05). Additional sensitivity analysis also
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controlling for baseline BMI found that while increased BMI at baseline was
protective of increased radiographic damage over the first 5 years, it did not alter
the main cohort effect (results not shown).

Table 2. Mean and relative difference in baseline level and annual rate of
progression for Total SvdH, JSN and erosion scores between 1986-2001 (ERAS) and
2002-2013 (ERAN). Estimates based on fixing the values of the covariates to the
sample means. Controlling covariates = age, sex, RF status, baseline DAS28,
baseline HAQ, low Hb (<12/13) at baseline, months from symptom onset to first
rheumatology visit, steroid use prior to first assessment and DMARD use
Similar results were seen for the JSN score, with ERAN participants displaying lower
scores at baseline (IRR 0.49 [95%CI 0.41-0.58], p<0.001) and a slower annual rate of
progression over the first 5-years compared to ERAS (IRR 0.31 [95%CI 0.21-0.42],
p<0.001) (See Figure 2B).
For the erosion score, the score at baseline was similar for both cohorts (IRR 0.94
[95%CI 0.73-1.19], p=0.593), however, ERAN exhibited a slower annual rate of
progression over the first 5-years compared to ERAS (IRR 0.43 [95%CI 0.25-0.61],
p<0.001) (See Figure 2C). See Table 2 for absolute and relative changes in both JSN
and erosion scores between the two cohorts.
Figure 2 - Progression of A) Total SvdH, B) JSN and C) Erosion score for 1986-2001
(ERAS) and 2002-2013 (ERAN)
Association of RF status with radiographic progression in ERAS and ERAN
The absolute and relative difference in total SvdH scores for RF+ and RF- patients in
both cohorts are given in Table 3 and displayed graphically in Figure 3. For the total
SvdH score, RF+ RA was not significantly associated with increased radiographic
damage at baseline, compared to RF- RA, in either ERAS or ERAN. RF+ RA was
associated with a 70% increased annual rate of progression, compared to RF- RA, in

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 12 of 32

Page 13 of 32

Arthritis Care & Research

Radiographic progression over 25-years 12

ERAS, which was statistically significant. The annual rate of progression for RF+ RA,
compared to RF- RA, in ERAN was increased by 9%, which was not significant. This
relates to decreases in the relative impact of RF+ RA on the annual rate of
progression of 36% for ERAN compared to ERAS, which although considerable was
non-significant (IRR 0.64 [95%CI 0.29-1.07], p=0.224). This related to the proportion
of RF+ patients with an annual progression greater than the MCID of 80% for ERAS
and just 29% for ERAN.
Investigation of the association between RF+ RA in both the cohorts for the separate
JSN and erosion score indicated similar results to the total SvdH (See Supplementary
Material 1).
Figure 3 - Progression of Total SvdH score for ERAS and ERAN stratified by RF status

Table 3. Mean and relative difference in baseline level and annual rate of
progression for Total SvdH based on RF status between 1986-2001 (ERAS) and
2002-2013 (ERAN). Estimates based on fixing the values of the covariates to the
sample means. Controlling covariates = age, sex, baseline DAS28, baseline HAQ,
low Hb (<12/13) at baseline, months from symptom onset to first rheumatology
visit, steroid use prior to first assessment and DMARD use
Discussion
The findings from the present study indicate that patients with early RA with onset
from 2002-2013 (ERAN) had significantly lower baseline and annual rates of
radiographic progression compared to those with onset from 1986-2001 (ERAS).
Examination of the separate erosion and JSN scores indicate that the reduction in
the total SvdH score was largely driven by less JSN. Strikingly, the strong association
of RF status and increased radiographic progression in the earlier time period (ERAS)
was markedly diminished in the later time period (ERAN). Those with RF+ RA from
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2002-2013 had markedly better radiographic outcomes at 5 years than those with
RF- RA in 1986-2001.
Previous research has indicated that a change of 5 SvdH units indicates a minimal
clinically important difference40,41, therefore a difference of 5 units per year for
ERAN compared to ERAS on total SvdH score observed in this study demonstrates
not only a statistically significant change in progression, but also a clinically
meaningful reduction. Whereas 74% of patients in the earlier cohort progressed on
average ≥5 units per year over the 5-year period of follow-up considered, just 27% of
patients in the later cohort did.
Our data extend previous findings of reductions in radiographic damage in RA over
recent decades 12,15,16. There are two plausible explanations for these findings, both
of which are likely to contribute to the reduction in radiographic damage over time.
Firstly, RA may have become milder, and secondly, earlier more intensive treatment
may have improved disease outcomes. Our models adjusted for disease severity at
baseline, but it remains possible that lower rates of progression in the more recent
cohort reflect milder disease. This is supported by the observation of lower SvdH
scores in ERAN compared to ERAS at baseline, prior to DMARD initiation, even
though the median time from first symptom to first visit was the same for both
cohorts. However, the reduction in radiographic progression is likely to also reflect
improvements in the treatment of RA, given the earlier and increased use of
methotrexate as the first line DMARD observed in ERAN in this study, which is in line
with other reports 12,15,16,36. Increasing evidence from RCTs also support the
hypothesis that early, intensive treatment has an important effect on reducing
radiographic progression42–46.
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Separate investigation of the erosion and JSN components of radiographic damage
scores showed that JSN was the primary driver for the overall reductions seen in the
total SvdH score between the two cohorts. This finding reiterates the importance of
reporting both the erosion and JSN score separately in clinical trials. Data from
ASPIRE show that more patients with early RA have either erosions alone (8.5%) or
JSN alone (4.4%), than both (3.7%) at baseline visit30, and that JSN may be more
strongly associated with irreversible disability29. Despite this, the separate scores are
still rarely reported28. If early treatment with MTX was the primary cause for the
reduction in total SvdH in ERAN, this could indicate that the mechanism by which
this is achieved is through the reduction of JSN and preservation of the surrounding
cartilage. However, what is not clear is whether the JSN is directly attributable to RA
JSN, or OA JSN. A high prevalence of radiographic OA has been documented at
baseline in the ERAN cohort in the hands and feet, indicating that high levels of
comorbid OA could potentially confound any radiographic assessment of RA33. High
JSN scores are strongly associated with increased severity of OA osteophytosis and
OA JSN47. More studies are needed to quantify the exact effect that co-morbid OA
could be having on RA radiographic scoring.
Seropositive RA has been consistently associated with increased radiographic
damage35,36. This study also found that RF+ RA was highly associated with increased
radiographic progression. However, when investigating the absolute change in
radiographic score between RF+ and RF- patients across the two cohorts, RF+
patients between 2002-2013 no longer represented a patient sub-group with
clinically meaningful increases in radiographic progression, at least within the first 5years of disease. Aletaha et al.48 analysed the effect of seropositive status on
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radiographic progression and found seropositive patients displayed higher
radiographic progression, compared to seronegative patients39,49. The estimated
change in median SvdH score of 0.6 units per year for seropositive over that of
seronegative patients provides an estimate similar to this study.
Many RCTs are restricted to seropositive patients only, and previous research has
not focused on the effect of seropositivity in the context of reduced radiographic
progression in more recent years. The two long-term observational cohorts
examined in this study provide a ‘real-world’ account of patients typically seen in
secondary care, and the high patient numbers over the full 5-year follow-up also
provides a unique opportunity to provide precise estimates using the modelling
techniques outlined39. The use of the SvdH score also provides a first look at the two
principle components of radiographic damage, erosions and JSN, in detail. Further
data from observational studies are needed to ascertain whether reductions in
radiographic progression have also resulted in the diminished association with RF
status, particularly in the context of anti-CCP seropositive RA, which could be more
predictive of radiographic progression when compared to RF36,50,51.
Our research is subject to a number of limitations inherent in cohort studies.
Recruiting centres were hosted by enthusiastic clinicians within the UK and, although
they might not necessarily reflect people with RA in other contents, or subjected to
different treatment regimens, the multicentre recruitment for these cohorts from
district general hospitals is likely to be representative of people with RA in the UK.
Radiographs were not available for all participants, and it is possible that those with
more severe disease were more likely to have x-rays, increasing the risk of selection
bias in our study. However, baseline variables indicated minimal differences
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between the whole cohorts, and those for whom radiographic data were available.
The impact of such a selection bias would overestimate rates of progression,
particularly for ERAN, where data were less complete; hence our estimates should
be treated as conservative.
This study provides further evidence into the marked reduction in radiographic
damage over the last 25-years, while providing accurate, quantified estimates of the
extent of that reduction. JSN was the major driver for the overall reductions seen,
and highlights the importance of investigating JSN and erosions separately when
investigating radiographic damage. Advances in treatment are likely to be the main
cause for the decline, and adequate DMARD treatment might remove the predictive
value of RF status for radiographic progression in early RA. Further research should
seek other predictors and mediators if residual radiographic progression despite
DMARD treatment is to be halted. The impact of these reductions on patients of
varying disease severity, and whether these reductions have an impact on improved
long-term functional disability will be crucial in fully realising the impact of these
results on clinical care.
Declarations
The authors declare no conflicts of interest.

References
1.

Doran MF, Pond GR, Crowson CS, O’Fallon WM, Gabriel SE. Trends in
incidence and mortality in rheumatoid arthritis in Rochester, Minnesota, over
a forty-year period. Arthritis Rheum. 2002;46(3):625-631.

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Radiographic progression over 25-years 17

2.

Odegård S, Kvien TK, Uhlig T. Incidence of clinically important 10-year health
status and disease activity levels in population-based cohorts with rheumatoid
arthritis. J Rheumatol. 2008;35(1):54-60.

3.

Silman AJ. Are there secular trends in the occurrence and severity of
rheumatoid arthritis? Scand J Rheumatol Suppl. 1989;79:25-30.

4.

Hochberg MC. Changes in the incidence and prevalence of rheumatoid
arthritis in England and Wales, 1970-1982. Semin Arthritis Rheum.
1990;19(5):294-302.

5.

Spector TD, Hart DJ, Powell RJ. Prevalence of rheumatoid arthritis and
rheumatoid factor in women: evidence for a secular decline. Ann Rheum Dis.
1993;52(4):254-257.

6.

Symmons DPM. Epidemiology of rheumatoid arthritis: Determinants of onset,
persistence and outcome. Best Pract Res Clin Rheumatol. 2002;16(5):707-722.

7.

Kaipiainen-Seppänen O, Aho K, Isomäki H, Laakso M. Incidence of rheumatoid
arthritis in Finland during 1980-1990. Ann Rheum Dis. 1996;55(9):608-611.

8.

Symmons DP, Barrett EM, Bankhead CR, Scott DG, Silman a J. The incidence of
rheumatoid arthritis in the United Kingdom: results from the Norfolk Arthritis
Register. Br J Rheumatol. 1994;33(8):735-739.

9.

Dugowson CE, Koepsell TD, Voigt LF, Bley L, Nelson JL, Daling JR. Rheumatoid
arthritis in women. Incidence rates in group health cooperative, Seattle,
Washington, 1987-1989. Arthritis Rheum. 1991;34(12):1502-1507.

10.

Bergström U, Book C, Lindroth Y, Marsal L, Saxne T, Jacobsson L. Lower
disease activity and disability in Swedish patients with rheumatoid arthritis in
1995 compared with 1978. Scand J Rheumatol. 1999;28(3):160-165.

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 18 of 32

Page 19 of 32

Arthritis Care & Research

Radiographic progression over 25-years 18

11.

Aho K, Tuomi T, Palosuo T, Kaarela K, Von Essen R, Isomäki H. Is seropositive
rheumatoid arthritis becoming less severe? Clin Exp Rheumatol.
1989;7(3):287-290.

12.

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):1192-1197.

13.

Porter DR, Capell HA, Mcinnes I, et al. Is Rheumatoid Arthritis Becoming a
Milder Disease? Or Are We Starting Second-Line Therapy in Patients with
Milder Disease? Rheumatology. 1996;35(12):1305-1308.

14.

Nikiphorou E, Carpenter L, Morris S, et al. Hand & foot surgery rates in RA
have declined from 1986-2011, but large joint replacements remain
unchanged. Results from two UK inception cohorts. Arthritis Rheumatol.
2014:n/a - n/a.

15.

Fiehn C, Belke-Voss E, Krause D, Wassenberg S, Rau R. Improved radiological
outcome of rheumatoid arthritis: The importance of early treatment with
methotrexate in the era of biological drugs. Clin Rheumatol.
2013;32(12):1735-1742.

16.

Sokka T, Kautiainen H, Hakkinen A, Hannonen P. Radiographic progression is
getting milder in patients with early rheumatoid arthritis. Results of 3 cohorts
over 5 years. J Rheumatol. 2004;31(6):1073-1082.

17.

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):10091019.

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Radiographic progression over 25-years 19

18.

Dougados M, Combe B, Cantagrel A, et al. Combination therapy in early
rheumatoid arthritis: a randomised, controlled, double blind 52 week clinical
trial of sulphasalazine and methotrexate compared with the single
components. Ann Rheum Dis. 1999;58(4):220-225.

19.

Emery P, Breedveld FC, Lemmel EM, et al. A comparison of the efficacy and
safety of leflunomide and methotrexate for the treatment of rheumatoid
arthritis. Rheumatology (Oxford). 2000;39(6):655-665.

20.

Möttönen T, Hannonen P, Leirisalo-Repo M, et al. Comparison of combination
therapy with single-drug therapy in early rheumatoid arthritis: a randomised
trial. Lancet. 1999;353(9164):1568-1573.

21.

Choy EH, Scott DL, Kingsley GH, et al. Treating rheumatoid arthritis early with
disease modifying drugs reduces joint damage: a randomised double blind
trial of sulphasalazine vs diclofenac sodium. Clin Exp Rheumatol.
2002;20(3):351-358.

22.

Emery P, Breedveld FC, Hall S, et al. Comparison of methotrexate
monotherapy with a combination of methotrexate and etanercept in active,
early, moderate to severe rheumatoid arthritis (COMET): a randomised,
double-blind, parallel treatment trial. Lancet. 2008;372(9636):375-382.

23.

Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PREMIER study: A
multicenter, randomized, double-blind clinical trial of combination therapy
with adalimumab plus methotrexate versus methotrexate alone or
adalimumab alone in patients with early, aggressive rheumatoid arthritis who
had not had previo. Arthritis Rheum. 2006;54(1):26-37.

24.

St Clair EW, van der Heijde DM, Smolen JS, et al. Combination of infliximab

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 20 of 32

Page 21 of 32

Arthritis Care & Research

Radiographic progression over 25-years 20

and methotrexate therapy for early rheumatoid arthritis: a randomized,
controlled trial. Arthritis Rheum. 2004;50(11):3432-3443.
25.

Goekoop-Ruiterman YP, Vries-Bouwstra JK, Allaart CF, et al. Clinical and
radiographic outcomes of four different treatment strategies in patients with
early rheumatoid arthritis (the BeSt study): a randomized, controlled trial.
Arthritis Rheum. 2005;52(11):3381-3390.

26.

Bombardier C, Barbieri M, Parthan A, et al. The relationship between joint
damage and functional disability in rheumatoid arthritis: a systematic review.
Ann Rheum Dis. 2012;71(6):836-844.

27.

Navarro-Compán V, Gherghe AM, Smolen JS, Aletaha D, Landewé R, van der
Heijde D. Relationship between disease activity indices and their individual
components and radiographic progression in RA: a systematic literature
review. Rheumatology (Oxford). 2014:1-14.

28.

Lillegraven S, Van Der Heijde D, Uhlig T, Kvien TK, Haavardsholm EA. What is
the clinical relevance of erosions and joint space narrowing in RA? Nat Rev
Rheumatol. 2012;8(2):117-120.

29.

Aletaha D, Funovits J, Smolen JS. Physical disability in rheumatoid arthritis is
associated with cartilage damage rather than bone destruction. Ann Rheum
Dis. 2011;70(5):733-739.

30.

Smolen JS, van der Heijde DM, Aletaha D, et al. Progression of radiographic
joint damage in rheumatoid arthritis: independence of erosions and joint
space narrowing. Ann Rheum Dis. 2009;68(10):1535-1540.

31.

Redlich K, Hayer S, Ricci R, et al. Osteoclasts are essential for TNF-alphamediated joint destruction. J Clin Invest. 2002;110(10):1419-1427.

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Radiographic progression over 25-years 21

32.

Goldring SR. Pathogenesis of bone and cartilage destruction in rheumatoid
arthritis. Rheumatology (Oxford). 2003;42 Suppl 2(suppl_2):ii11-ii16.

33.

McWilliams D, Michelle M, Jayakumar K, et al. Erosive and osteoarthritic
structural progression in early rheumatoid arthritis. Rheumatol. 2016;In Press.

34.

Scott DL. Prognostic factors in early rheumatoid arthritis. Rheumatol. 2000;39
Suppl 1:24-29.

35.

Scott DL, Smith C, Kingsley G. Joint damage and disability in rheumatoid
arthritis: an updated systematic review. Clin Exp Rheumatol. 2003;21(5 Suppl
31):S20-S27.

36.

Carpenter L, Nikiphorou E, Sharpe R, et al. Have radiographic progression
rates in early rheumatoid arthritis changed? A systematic review and metaanalysis of long-term cohorts. Rheumatology (Oxford). 2016:kew004

37.

Anderson JK, Zimmerman L, Caplan L, Michaud K. Measures of rheumatoid
arthritis disease activity: Patient (PtGA) and Provider (PrGA) Global
Assessment of Disease Activity, Disease Activity Score (DAS) and Disease
Activity Score With 28-Joint Counts (DAS28), Simplified Disease Activity Index
(SDAI), Cl. Arthritis Care Res (Hoboken). 2011;63(S11):S14-S36.

38.

van der Heijde D. How to read radiographs according to the Sharp/van der
Heijde method. J Rheumatol. 1999;26(3):743-745.
http://www.ncbi.nlm.nih.gov/pubmed/10090194. Accessed January 21, 2011.

39.

Park GS, Wong WK, Khanna D, Gold RH, Paulus HE. Examining radiographic
outcomes over time. Rheumatol Int. 2014;34(2):271-279.

40.

Bruynesteyn K, van der Heijde DD, Boers M, et al. Determination of the
minimal clinically important difference in rheumatoid arthritis joint damage of

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 22 of 32

Page 23 of 32

Arthritis Care & Research

Radiographic progression over 25-years 22

the Sharp/van der Heijde and Larsen/Scott scoring methods by clinical experts
and comparison with the smallest detectable difference. Arthritis Rheum.
2002;46(4):913-920.
41.

Bruynesteyn K, Van Der Heijde D, Boers M, et al. Detecting radiological
changes in rheumatoid arthritis that are considered important by clinical
experts: influence of reading with or without known sequence. J Rheumatol.
2002;29(11):2306-2312.

42.

Boers M, Verhoeven AC, Markusse HM, et al. Randomised comparison of
combined step-down prednisolone, methotrexate and sulphasalazine with
sulphasalazine alone in early rheumatoid arthritis. Lancet.
1997;350(9074):309-318.

43.

Landewé RB, Boers M, Verhoeven AC, et al. COBRA combination therapy in
patients with early rheumatoid arthritis: long-term structural benefits of a
brief intervention. Arthritis Rheum. 2002;46(2):347-356.

44.

Maillefert JF, Combe B, Goupille P, Cantagrel A, Dougados M. Long term
structural effects of combination therapy in patients with early rheumatoid
arthritis: five year follow up of a prospective double blind controlled study.
Ann Rheum Dis. 2003;62(8):764-766.

45.

Emery P, Kvien TK, Combe B, et al. Combination etanercept and methotrexate
provides better disease control in very early (<=4 months) versus early
rheumatoid arthritis (>4 months and <2 years): post hoc analyses from the
COMET study. Ann Rheum Dis. 2012;71(6):989-992.

46.

Smolen JS, Van Der Heijde DMFM, St Clair EW, et al. Predictors of joint
damage in patients with early rheumatoid arthritis treated with high-dose

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Arthritis Care & Research

Radiographic progression over 25-years 23

methotrexate with or without concomitant infliximab: results from the ASPIRE
trial. Arthritis Rheum. 2006;54(3):702-710.
47.

Khanna D, Ranganath VK, Fitzgerald J, et al. Increased radiographic damage
scores at the onset of seropositive rheumatoid arthritis in older patients are
associated with osteoarthritis of the hands, but not with more rapid
progression of damage. Arthritis Rheum. 2005;52(8):2284-2292.

48.

Aletaha D, Alasti F, Smolen JS. Rheumatoid factor determines structural
progression of rheumatoid arthritis dependent and independent of disease
activity. Ann Rheum Dis. 2013;72(6):875-880.

49.

Landewe R, van der Heijde D. Presentation and analysis of radiographic data in
clinical trials and observational studies. Ann Rheum Dis. 2005;64 Suppl 4:iv48iv51.

50.

Forslind K, Ahlmén M, Eberhardt K, Hafström I, Svensson B. Prediction of
radiological outcome in early rheumatoid arthritis in clinical practice: Role of
antibodies to citrullinated peptides (anti-CCP). Ann Rheum Dis.
2004;63(9):1090-1095.

51.

Vallbracht J, Rieber J, Oppermann M, Förger F, Siebert U, Helmke K. Diagnostic
and clinical value of anti-cyclic citrullinated peptide antibodies compared with
rheumatoid factor isotypes in rheumatoid arthritis. Ann Rheum Dis.
2004;63(9):1079-1084.

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.

Page 24 of 32

Arthritis Care & Research

Page 26 of 32

Radiographic progression over 25-years 25

Tables and Figures
Table 1 - Summary Statistics for each Cohort

Total
n=1465

ERAS
With SvdH
n=1216

Total
Missing
n(%)

Total
n=1236

ERAN
With SvdH
n=446

Total
Missing
n(%)

ERAS+ERAN
Total
With SvdH
n=2701
n=1662

Demographics
Year of Recruitment
Age at Onset (Mean (SD))
Female (%)
Clinical Markers
Rheumatoid Factor + (%)
Baseline DAS (Mean (SD))
Baseline ESR (Median (IQR))
Baseline HAQ (Mean (SD))

1986-2001
55.3 (14.6)

1986-2001
54.9 (14.5)

0 (0)
0 (0)

2002-2013
57.1 (14)

2002-2013
58 (13.5)

0 (0)
0 (0)

1986-2013
56.1 (14.4)

1986-2013
55.7 (14.3)

66

66

0 (0)

68

65

0 (0)

67

65

63
6.32 (1.33)

64
6.32 (1.33)

9 (0.1)
13 (0.1)

60
4.53 (1.58)

61
4.5 (1.64)

142 (11)
46 (4)

62
5.51 (1.7)

63
5.84 (1.62)

37 (44)
1.15 (0.8)

38 (44)
1.15 (0.8)

7 (0.1)
5 (0.1)

24 (29)
1.08 (0.8)

21 (28)
1.03 (0.8)

183 (15)
37 (3)

30 (39)
1.12 (0.8)

34 (41)
1.12 (0.8)

Baseline Anaemia (%)
41
42
5 (0.1)
28
24
32 (3)
35
37
Months from symptom
onset to First Visit (Median
6 (7)
6.5 (7)
0 (0)
6 (8)
6 (8)
91 (7)
6 (8)
6 (8)
(IQR))
Treatment
DMARD use (12 months (%))
73
73
38(3)
96
98
276(22)
82
79
Methotrexate
2
2
57
64
24
17
Sulphazalzine
55
55
31
28
46
49
Hydrochloroquine
14
13
3
3
9
11
Other
2
2
4
2
3
2
Numbers represent means (SD), medians (IQR) and proportions were used where indicated.
SvdH = Sharp/van der Heijde, DAS=Disease Activity Score-28, ESR=Erythrocyte Sedimentation Rate, HAQ = Health Assessment Questionnaire.
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Table 2. Mean and relative difference in baseline level and annual rate of
progression for Total SvdH, JSN and erosion scores between 1986-2001 (ERAS) and
2002-2013 (ERAN). Estimates based on fixing the values of the covariates to the
sample means. Controlling covariates = age, sex, RF status, baseline DAS28, baseline
HAQ, low Hb (<12/13) at baseline, months from symptom onset to first
rheumatology visit, steroid use prior to first assessment and DMARD use
Estimated
means

ERAS

Total SvdH at
baseline
Total SvdH
annual rate
JSN score at
baseline
JSN score
annual rate
Erosion score
at baseline
Erosion score
annual rate

ERAN

Absolute
Difference

Relative
Difference (IRR)
[95% CI]

P-Value

10.5

6.2

4.3

0.59 [0.50-0.70]

<0.001

6.9

2.5

4.5

0.35 [0.24-0.47]

<0.001

7.4

3.6

3.8

0.49 [0.41-0.58]

<0.001

3.9

1.2

2.7

0.31 [0.21-0.42]

<0.001

1.8

1.7

0.1

0.94 [0.73-1.19]

0.593

1.9

0.8

1.1

0.43 [0.25-0.61]

<0.001

Table 3. Mean and relative difference in baseline level and annual rate of
progression for Total SvdH based on seropostive (RF+) status between 1986-2001
(ERAS) and 2002-2013 (ERAN). Estimates based on fixing the values of the covariates
to the sample means. Controlling covariates = age, sex, baseline DAS28, baseline
HAQ, low Hb (<12/13) at baseline, months from symptom onset to first
rheumatology visit, steroid use prior to first assessment and DMARD use

RF-

ERAS

ERAN

RF+

Difference

Relative
Difference (IRR)
[95% CI]

P-Value

Total SvdH
at baseline

9.5

11

1.5

1.16 [1.00-1.35]

0.056

Total SvdH
Annual rate

5.1

8.6

3.6

1.70 [1.42-1.97]

<0.001

Total SvdH
at baseline

6.0

6.2

0.2

1.04 [0.76-1.42]

0.811

Total SvdH
Annual rate

1.9

2.0

0.2

1.09 [0.51-1.67]

0.855
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Figure 1. 12-month Cumulative Incidence of DMARD use for 1986-2001 (ERAS) and
2002-2013 (ERAN)

Figure 2 - Progression of A) Total SvdH, B) JSN and C) Erosion score for 1986-2001
(ERAS) and 2002-2013 (ERAN)
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Figure 3 - Progression of Total SvdH score for 1986-2001 (ERAS) and 2002-2013
(ERAN) stratified by RF status
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