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Abstract 

Background To compare the 10‑year structural and functional prognosis between patients in sustained remission 
versus patients in sustained low disease activity (LDA) in early rheumatoid arthritis (RA).

Methods We included 256 patients from the ESPOIR cohort who fulfilled the 2010 ACR/EULAR criteria for RA 
and who were in sustained remission using the Simple Disease Activity Index (SDAI) score (n = 48), in sustained LDA 
(n = 139) or in sustained moderate to high disease activity (MDA or HDA, n = 69) over 10 years. The mTSSs progression 
over 10 years and the 10‑year HAQ‑DI scores were compared between the 3 groups. A longitudinal latent process 
mixed model was used to assess the independent effect of SDAI status over time on 10‑year mTSS progression 
and HAQ‑DI at 10 years.

Results Patients in sustained remission group were younger, had lower baseline HAQ‑DI and mTSS scores and were 
less exposed to glucocorticoids, methotrexate or biologic disease‑modifying anti‑rheumatic drugs over 10 years. 
Patients in sustained remission had lower 10‑year structural progression (variation of mTSS in the remission group: 
4.06 (± 4.75) versus 14.59 (± 19.76) in the LDA group and 21.04 (± 24.08), p < 0.001 in the MDA or HDA groups) 
and lower 10‑year HAQ‑DI scores (10‑year HAQ‑DI in the remission group: 0.14 (± 0.33) versus 0.53 (± 0.49) in the LDA 
group and 1.20 (± 0.62) in the MDA or HDA groups, p < 0.001). The incidence of serious adverse events over 10 years 
was low, about 3.34/100 patient years, without any difference between the three groups.

Conclusion RA patients in sustained SDAI remission have better long‑term structural and functional outcomes 
in comparison to patients in sustained LDA.
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Background
The prognosis for rheumatoid arthritis (RA) has 
improved significantly over the past 20  years since 
the introduction of biologic disease-modifying anti-
rheumatic drugs (bDMARDs) and the treat-to-target 
method associated with tight disease control strategies 
[1]. According to the latest EULAR (European League 
Against Rheumatisms) recommendations [1], the goal 
when introducing a DMARD in RA is to achieve remis-
sion at 6  months or at least to achieve a low disease 
activity. The EULAR and ACR (American College of 
Rheumatology) also recommend the use of the Simple 
Disease Activity Index (SDAI) tool or Boolean remis-
sion criteria to assess remission [2]. It is currently well 
demonstrated that achieving disease remission is asso-
ciated with a better long-term structural and functional 
prognosis compared to sustained moderate or high activ-
ity [3–6]. However, there is little evidence in the litera-
ture of the impact of sustained remission on long-term 
prognosis in comparison to sustained low disease activity 
(LDA). Achieving sustained remission may lead to esca-
lation therapies that may be responsible for side effects. 
In a previous study, we had shown that achieving SDAI 
remission 1 year after the introduction of a DMARD was 
associated with a better 3-year structural prognosis com-
pared to achieving an LDA state in RA [7].

The main objective of this study was to compare the 
10-year structural and functional prognosis between 
patients with sustained remission versus patients in sus-
tained LDA in early RA. The secondary objective was to 
compare the incidence of serious adverse events at ten 
years between patients in sustained remission in compar-
ison to patients in sustained LDA.

Methods
Patients
The analysis was based on patient data from the ESPOIR 
(Étude et Suivi des Polyarthrites Indifférenciées Récentes) 
cohort (NCT03666091). The characteristics of patients 
in the whole cohort have been previously reported [8]. 
Briefly, patients were included in the cohort between 
2002 and 2005 if they had at least two occurrences of syn-
ovitis of small joints lasting for more than 6  weeks and 
less than 6  months, if they had not previously received 
any DMARD, and were suspected of having RA accord-
ing to a rheumatologist. These patients were then fol-
lowed prospectively every 6 months for the first 2 years 
and every year up to 10 years.

Demographic, clinical, biological characteristics and 
X-rays were performed at each visit.

Patients meeting the ACR/EULAR criteria during 
cohort follow-up were selected in this study (N = 646). 

Of these, only patients who made at least 60% of the in-
between 10-year follow-up visits were selected.

The institutional review board (ethics committee of 
Montpellier, France, no. 020307) approved the protocol, 
and all patients provided written informed consent. This 
study was performed without direct patient and public 
involvement.

Definition of the groups based on disease activity scores
Disease activity scores were expressed with SDAI and 
calculated as follows: TJC28 + SJC28 + patient global 
VAS (0–10 cm) + physician global VAS (0–10 cm) + CRP 
(mg/dL). We also used the DAS28-ESR criterion to 
repeat the analysis, calculated as follows: 0.56√(TJC28) 
+ 0.28√(SJC28) + 0.70ln (ESR) + 0.014 (patient global VAS 
(0–100 mm)) [9].

Three different methods were used to carry out the 
groups based on disease activity status. We first sought 
to identify patients with an SDAI < 3.3 at all the visits 
comprised between the 1-year and the 10-year visits for 
the sustained remission group and patients with an SDAI 
comprised between 3.3 and 11 at all the visits comprised 
between the 1-year and 10-year visits. This method iden-
tified only seven patients in the sustained SDAI remission 
group and only one patient in the sustained SDAI LDA 
group and appeared as a limiting factor given the longi-
tudinal studies considered. Since disease activity fluctua-
tions are too frequently observed in the ESPOIR cohort, 
we have sought to build up these groups by modifying 
the usual thresholds of SDAI using two other approaches.

We first sought to classify patients according to their 
SDAI trajectory over the 10-year follow-up period. To 
do this, we have created several latent class models [10, 
11] in order to group patients according to several SDAI 
trajectories over 10 years. Details on latent class models 
for identifying patient SDAI trajectories and results are 
described in the Supplementary material (see Supple-
mentary Material Data S1 and Figure S1). After reviewing 
the results of the classification based on SDAI trajecto-
ries, we ultimately did not choose this method of classifi-
cation because of the presence of too many misclassified 
patients (see Supplementary Material Table S1 for exam-
ples of misclassifications).

Using a second approach, we grouped patients 
according to their SDAI with predefined thresholds. 
The objective of defining these new SDAI thresholds 
was to allow for moderate disease activity fluctua-
tions, with the final purpose of aggregating patients 
who mainly remained in sustained SDAI remission 
or in sustained SDAI LDA over the 10-year follow-up 
period. The values of these new SDAI thresholds were 
chosen from the tertiles of the SDAI scores obtained 
after a re-sampling method [12] (see Supplementary 
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Material Table  S2 and Supplementary Figure S2 for 
disease activity trajectories according to the groups). 
Patients with too-significant disease activity fluctua-
tion over time were excluded. A sensitivity analysis 
was performed by modifying these disease activity 
thresholds. Details on the definition of SDAI thresh-
olds and predefined choices to classify patients, as 
well as sensitivity analyses, are described in the Sup-
plementary material (Supplementary Data S2, Supple-
mentary Table S3).

The latter method defined three groups of patients: 
the group of patients in sustained SDAI remission 
(N = 48), a group of patients in sustained SDAI LDA 
(N = 139) and a group of patients with sustained SDAI 
moderate to high disease activity (N = 69). Thus, 271 
patients were excluded from the analysis because they 
had too-large activity fluctuation to be classified among 
these three groups.

These group-building methods were repeated using 
the DAS28-ESR criterion (see Supplementary Tables S2 
and S4 and Figure S3).

Outcomes of interest
The two main outcomes were the 10-year structural 
progression defined on the change in the Total Sharp 
Score modified by Van der Heijde (mTSS) between the 
inclusion visit and the 10-year visit and the 10-year 
functional impairment expressed by the 10-year HAQ-
DI (Health Assessment Questionnaire Disability Index). 
The details of key interpretation to assess mTSS have 
already been reported elsewhere [13].

The secondary outcome was the incidence of serious 
adverse events at 10  years, including severe infectious 
events defined by hospitalisation or parenteral antibi-
otic therapy at 10  years, major cardiovascular events 
(MACEs), including myocardial infarction, stroke, and 
cardiovascular mortality, thromboembolism events 
(including pulmonary embolisms and deep venous 
thrombosis), neoplasia and overall mortality.

In addition to the disease activity criteria collected 
at each visit (SDAI, DAS28, VS, CRP, patient global 
disease activity assessed by a visual analogic scale 
(PatGlob), number of swollen and tender joints), demo-
graphic data (sex, age at diagnosis, smoking), disease 
characteristics (duration of evolution of symptoms at 
inclusion, presence of rheumatoid factors or ACPA at 
inclusion, presence of erosion at inclusion), as well as 
treatments used during follow-up, including synthetic 
DMARDs and biological DMARDs, and the use of cor-
ticosteroids. In case of missing data on these covari-
ables, a standard multiple imputation approach was 
performed [14].

Statistical analysis
The characteristics of the patients included in this analy-
sis were described according to the disease activity group. 
Qualitative variables were expressed in numbers and per-
centages, and quantitative variables were expressed in 
averages and standard deviations. The incidence of seri-
ous adverse events at 10 years was expressed as the num-
ber of events per 100 patient years.

The comparison of the variation of the 10-year mTSS 
scores and the 10-year HAQ-DI scores according to the 
groups based on SDAI or DAS28-ESR was carried out in 
variance analysis by ANOVA. The proportion of serious 
adverse events at 10 years was compared using a univari-
ate χ2 test.

A longitudinal latent process mixed model [15] with 
repeated data in latent classes, including repeated activ-
ity measures over time, was performed to predict the 
structural progression expressed by the variation of the 
mTSS score and included the following covariates: dis-
ease activity group based on SDAI or DAS28-ESR, age, 
sex, smoking, duration of symptoms, centre of inclusion, 
presence of rheumatoid factors and/or ACPA, presence 
of erosion at diagnosis and the exposure to csDMARDs, 
bDMARDs or corticosteroids over the 10-year follow-up 
period. The same model was repeated, using the vari-
ables to explain the HAQ-DI score at 10 years. Slope dif-
ferences over the entire duration of follow-up (10 years), 
and mean differences after 10  years between groups of 
DAS28-ESR were estimated by testing appropriate linear 
combinations from the final model parameters [16]. The 
Wald tests related to these contrasts were implemented 
in the R software via the WaldMult function of the lcmm 
package.

Finally, the association between disease activity and 
the risk of serious adverse events at ten years was evalu-
ated in a Cox model [17, 18]. The covariables used in 
the model were disease activity group based on SDAI 
or DAS28-ESR, sex, age, smoking, use of corticosteroids 
during follow-up (corticosteroids, synthetic or biological 
background DMARD), comorbidities, rheumatoid fac-
tors and/or ACPA, the presence of erosions at diagnosis, 
the HAQ-DI score and the CRP over time.

Details on the constitution of the multivariate model 
for the structural, functional and safety outcomes are 
outlined in the Supplementary material (Supplementary 
Data S3).

Results
Patients
The flow chart of selected patients is presented in Fig. 1.

The characteristics of the patients at inclusion, as well 
as the treatments taken over time, are summarised in 
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Table 1 for the groups defined by the SDAI and Supple-
mentary Table S5 for the groups defined by the DAS28.

Patients in sustained remission were younger (45 years 
for patients in the remission group compared to 52 years 
for patients in the LDA group and 49 years for patients 
in the MDA or HDA groups, p < 0.01) at inclusion in 
the ESPOIR cohort and had a lower baseline HAQ-DI 
(0.78 for patients in the remission group versus 0.94 for 
patients in the LDA group and 1.23 for patients in the 
MDA and HDA groups, p < 0.001) and mTSS score (1.49 
for patients in remission compared to 3.38 for patients 
in LDA and 5.08 for patients in the MDA and HDA 
groups, p < 0.05). They were also less exposed to corticos-
teroids (69% of patients in remission compared to 83% 
for patients in LDA and 87% for patients in the MDA 
or HDA groups, p < 0.05) or DMARDs (75% of patients 
in the remission group compared to 89% in patients in 
LDA and 95% in patients in the MDA or HDA groups, 
p < 0.01) during the 10 years of follow-up. Unsurprisingly, 
patients in sustained MDA or HDA were more exposed 
to bDMARD treatments (92% of patients in MDA or 
HDA compared to 13% of patients in the remission group 

and 24% of patients in the LDA group, p < 0.001). Details 
on DAS28 analyses are provided in the Supplementary 
material (Supplementary Data S4 and Table S5).

Univariate analyses revealed that patients in sustained 
remission had lower 10-year mTSS scores and 10-year 
HAQ-DI scores compared to patients in sustained LDA 
and patients in sustained MDA or HDA (10-year mTSS 
mean in the remission group: 4.06 (SD: 4.75), compared 
to 14.59 (19.76) in the LDA group and 21.04 (24.08) in the 
MDA or HDA group, p < 0.001, 10-year HAQ-DI in the 
remission group: 0.14 (SD: 0.33) compared to 0.53 (SD: 
0.49) in the LDA group and 1.20 (SD: 0.62), p < 0.001).

Association between disease activity groups and variation 
of mTSS within ten years (Table 2)
After multivariate analysis, using contrast method, 
we clearly identified a difference in mTSS progression 
between patients in sustained SDAI remission and 
sustained SDAI LDA (p = 0.001), as well as between 
patients in sustained SDAI remission and in sustained 
SDAI MDA or HDA (p < 0.0001) (Fig.  2). Patients 
in sustained SDAI LDA also had significantly less 

Fig. 1 Flow chart of patients included in this study. ACR/EULAR, American College of Rheumatology/European; RA, rheumatoid arthritis; SDAI, 
Simple Disease Activity Index; DAS28, Disease Activity Score with 28 joints; LDA, low disease activity; MDA, moderate disease activity; HDA, high 
disease activity
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structural progression than patients in MDA or HDA, 
even if the association was lower (p = 0.03). The other 
variables associated with structural progression were 
erosions at baseline (p < 0.0001) and ACPA with inter-
action with time (p < 0.0001) (Table 2).

All these analyses were repeated using DAS28-ESR 
as a disease activity tool and are available in the Sup-
plementary material (Supplementary Figure S6, Sup-
plementary Table  S7). After multivariate analyses, we 
identified a significant difference of 10-year mTSS 
progression in patients in sustained DAS28 remission 
compared to sustained DAS28-ESR MDA or HDA 
(p < 0.0001) and in patients in sustained DAS28-ESR 
LDA versus patients in sustained DAS28-ESR MDA 
or HDA (p < 0.001), but we could not find a difference 
between patients in sustained DAS28-ESR remission 
versus in sustained DAS28-ESR LDA (see Supplemen-
tary Figure S4).

Association between disease activity groups and 10‑year 
HAQ‑DI (Table 2)
After multivariate analysis, the model identified a differ-
ence of 10-year HAQ-DI between patients in sustained 
SDAI remission and sustained SDAI LDA (p < 0.0001), 
as well as between patients in sustained SDAI remis-
sion and in sustained SDAI MDA or HDA (p < 0.0001) 
and between patients in sustained LDA versus sustained 
MDA or HDA (p < 0.0001) (Fig.  3). The other variables 
associated with structural progression were rheumatoid 
factors (p < 0.01), bDMARD exposure (p < 0.0001), any 
DMARD exposure over time (p < 0.05) and corticosteroid 
exposure (p < 0.001) (Table 2).

All these analyses were repeated using DAS28-ESR as a 
disease activity tool and are available in the Supplemen-
tary material (Supplementary Figure S8, Supplementary 
Table  S7). The model identified a significant difference 
among 10-year HAQ in patients in sustained DAS28-ESR 

Table 1 Patient inclusion characteristics and treatments taken over time by their SDAI group during the 10‑year follow‑up in the 
ESPOIR cohort

REM patients in sustained remission, LDA patients in sustained low disease activity, MDA patients in moderate disease activity, HDA patients in sustained high disease 
activity, SD Standard deviation, RF rheumatoid factor, ACPA anti‑citrullinated peptides antibodies, mTSS van der Heijde modified Total Sharp Score, HAQ-DI Health 
Assessment Questionnaire Disability Index, DMARDs disease‑modifying anti‑rheumatic drugs, bDMARDs biologic disease‑modifying anti‑rheumatic drugs

Patient characteristics REM
N = 48

LDA
N = 135

MDA or HDA
N = 69

p‑value

Baseline characteristics
 Age, years, mean (SD) 45.0 (12.1) 52.2 (10.9) 49.7 (11.6)  < 0.01

 Number of female subjects (%) 38 (79) 101 (75) 57 (83) NS

 Disease duration, months, mean (SD) 7.8 (10.3) 7.5 (9.2) 8.5 (9.7) NS

 RF, number (%) 24 (50) 58 (43) 39 (57) NS

 ACPA, number (%) 19 (40) 69 (51) 26 (38) NS

 Typical erosions, number of patients (%) 20 (42) 73 (54) 40 (58) NS

 ESR, mean (SD) 30.2 (27.5) 30.7 (25.8) 32.1 (25.8) NS

 CRP, mean (SD) 23.8 (33.2) 23.1 (32.3) 29.0 (44.8) NS

 mTSS, mean (SD) 1.49 (1.95) 3.38 (5.25) 5.08 (8.03)  < 0.05

 HAQ‑DI, mean (SD) 0.78 (0.59) 0.94 (0.65) 1.23 (0.68)  < 0.001

 Smokers, number (%) 29 (60) 55 (40) 34 (49) NS

Ten‑year characteristics
 Corticosteroids, number of patients (%) 33 (69) 112 (83) 60 (87)  < 0.05

 Corticosteroid cumulative dose, gr, mean (SD) 1.3 (3.5) 4.5 (6.9) 7.4 (11.1)  < 0.001

 DMARDs, number of patients (%) 36 (75) 120 (89) 64 (95) 0.01

 DMARDs exposure duration, months, mean (SD) 45.6 (115.4) 89.6 (42.9) 77.6 (43.2)  < 0.001

 Methotrexate, number of patients (%) 29 (60) 111 (82) 58 (84)  < 0.01

 Methotrexate exposure duration, months, mean (SD) 40 (46.5) 75 (49.6) 60.7 (48.7)  < 0.001

 bDMARDs, number of patients (%) 6 (13) 32 (24) 36 (92)  < 0.001

 bDMARDs exposure duration, months, mean (SD) 7.5 (24.3) 13.4 (28.3) 27.7 (35.9)  < 0.001

 10‑year mTSS, mean (SD) 4.06 (4.75) 14.59 (19.76) 21.04 (24.08)  < 0.001

 10‑year HAQ, mean (SD) 0.14 (0.33) 0.53 (0.49) 1.20 (0.62)  < 0.001
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remission compared to sustained DAS28-ESR LDA 
(p < 0.001), in patients in sustained DAS28-ESR remis-
sion compared to sustained DAS28-ESR MDA or HDA 
(p < 0.0001) and in patients in sustained DAS28-ESR 
LDA versus patients in sustained DAS28 MDA or HDA 
(p < 0.001) (Supplementary Figure S8, Table S9).

Sensitivity analyses
To verify the consistency of the results, we performed 
a sensitivity analysis, changing the threshold defini-
tion of the three SDAI groups and DAS28 groups. The 

description of the sensitivity analysis is provided in 
the Supplementary material (Supplementary Data S4, 
Supplementary Tables S9, S10, S11 and S12). Overall, 
after changing the definition of the groups, the results 
remained consistent with the primary analysis.

Safety
We analysed the 10-year serious adverse events accord-
ing to the three groups (Table 3). In the whole popula-
tion, the incidence of serious adverse events was about 
3.34/100 patient years, including serious infections 

Table 2 Multivariate analysis assessing the 10‑year mTSS progression and 10‑year HAQ‑DI: final models using SDAI as disease activity 
score

mTSS van der Heijde modified Total Sharp Score, SDAI Simple Disease Activity Index, ACPA anti‑citrullinated peptide antibodies, DMARD disease‑modifying anti‑
rheumatic drugs, bDMARDs biologic disease‑modifying anti‑rheumatic drugs. The included variables tested with univariate then multivariate analyses included: 
disease activity group based on SDAI, age, sex, smoking, duration of symptoms, centre of inclusion, presence of rheumatoid and/or ACPA factors, presence of erosion 
at diagnosis, synthetic background treatment, corticosteroids and bDMARD use

Outcome Variables Wald test p‑value

Ten‑year mTSS progression Centre 16.5 NS

Baseline erosions 59.9  < 0.0001

SDAI group 8.1 0.01

SDAI group* time 4.5 NS

SDAI*intercept 0.6 NS

ACPA 0.4 NS

ACPA*time 30.6  < 0.0001

ACPA*intercept 7.3 0.006

Time 1.5 NS

Intercept 1.1 NS

Results of the contrast method Final model:

LDA versus remission 3.2  < 0.01

MDA or HDA versus remission 4.5  < 0.0001

MDA or HDA versus LDA 2.1  < 0.05

Ten‑year HAQ‑DI RF 8.3  < 0.01

bDMARD 11.9  < 0.001

SDAI group 57.5  < 0.0001

SDAI group*time 98.9  < 0.0001

SDAI group*intercept 72.1  < 0.0001

DMARDs use 0.04 NS

DMARDs use*time 6.1  < 0.05

DMARDs use*intercept 7.5  < 0.01

Methotrexate use 0.1 NS

Methotrexate*time 1.7 NS

Corticosteroids use 3.9  < 0.05

Corticosteroids use*time 6.7  <  < 0.01

Corticosteroids use*intercept 5.8  < 0.05

Time 12.7  < 0.001

Intercept 9.5  < 0.01

Results of the contrast method Final model:

LDA versus remission 5.2  < 0.0001

MDA or HDA versus remission 9.0  < 0.0001

MDA or HDA versus LDA 5.6  < 0.0001
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with an incidence of 1.23/100 patient years and MACEs 
with an incidence of 0.44/100 patient years. We did not 
identify any differences between groups (Table  3 for 
groups based on SDAI, Supplementary Table S13 for 
groups based on DAS28-ESR).

Due to the low number of events over 10 years, we only 
considered the overall 10-year serious adverse events for 
the multivariate analysis (see Supplementary Material 
Table S14). Disease activity according to the three groups 
was not associated with 10-year serious adverse events 
in the Cox model (see details in Supplementary Material 
Table S14).

Discussion
The aim of this study was to compare 10-year structural 
progression and 10-year functional impairment between 
a group of patients in sustained remission and a group 
with patients in sustained LDA in an early RA popula-
tion. The study showed a significant difference in 10-year 
structural progression and 10-year HAQ-DI between 
patients in SDAI sustained remission in comparison to 
patients in SDAI sustained LDA. When DAS28-ESR was 
the disease activity tool used to classify the patients, we 
did not identify a significant difference in 10-year struc-
tural progression between patients in sustained remis-
sion compared to patients in sustained LDA, while a 
difference was observed in 10-year HAQ-DI between 
these two groups. Ten-year serious adverse events were 
rare in this population, and we could not observe any dif-
ference between the two groups.

To our knowledge, this is the first study assessing 
the impact of sustained remission in comparison with 

Fig. 2 Predicted mTSS progression over time according to the SDAI 
group. Group 1: sustained SDAI remission group. Group 2: sustained 
SDAI LDA group. Group 3: sustained MDA or HDA group

Fig. 3 Predicted 10‑year HAQ‑DI according to the SDAI group. Group 1: sustained SDAI remission group. Group 2: sustained SDAI LDA group. Group 
3: sustained MDA or HDA group
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sustained LDA on long-term outcomes in a real-life set-
ting. We previously showed in the same cohort that 
patients in SDAI remission at 1 year had better structural 
outcomes at 3  years than patients in SDAI LDA. How-
ever, in our study, we could not show better HAQ-DI 
scores at 3 years in patients in SDAI remission at 1 year 
in comparison with patients in SDAI LDA. Furthermore, 
we were unable to show any differences between the two 
groups when DAS28-ESR was used as a disease activity 
score to classify patients [7]. Nikiphorou et al. [19] aimed 
to compare 5-year structural, functional and quality of 
life outcomes between a group of patients with mean 
DAS28 over the first 5  years that was below 2.6 (mean 
remission group) with a group of patients with mean 
DAS28 over the first five years that was between 2.6 and 
3.2 (mean LDA group) in two cohorts of early RA (ERAN 
and ERAS cohorts). In this study, the patients were clas-
sified by mean DAS28 scores over 5  years without tak-
ing into account disease activity fluctuations over time. 
Indeed, 51% of patients in DAS28 remission were con-
sistently classified in the remission group over the five 
first years, while only 12% of the patients in DAS28 LDA 
were consistently classified in the LDA group. Neverthe-
less, it could be seen with this classification that patients 
in the remission group had better functional and struc-
tural outcomes at 5  years than patients classified in the 
low disease activity group. It also compared patients in 
sustained Boolean remission at 1 and 2 years to patients 
in sustained DAS28 remission or LDA at 1 and 2  years 
and could show better functional, quality of life and 
structural outcomes at 5 years.

In our study, we selected patients with homogene-
ous disease activity trajectories to build the sustained 
remission or LDA groups, taking into account the pos-
sibility of mild disease activity fluctuations over time as 
is frequently observed in observational studies [20]. We 
decided to include patients with few values reasonably 
outside the typical thresholds of remission or LDA in a 
limited number of visits. With our method, we reduced 

the level of disease activity fluctuation and misclassifi-
cation. However, we had to deal with a small number 
of patients with stable disease activity, who had at least 
60% of available data over the 10 years and thus excluded 
around 2/3 of the patients of the ESPOIR cohort. This 
stringent selection process could lead to rare patient pro-
files with stable disease activity over time that may sound 
artificial and unrealistic. However, by including stable 
disease patients, we wanted to demonstrate long-term 
differences that could be explained by the disease activ-
ity status and not by fluctuation of disease activity. We 
had to make a compromise between a rigid definition of 
sustained remission or LDA and a sufficient number of 
patients to perform statistical comparisons. As the pre-
defined rules were subjective, we also performed sensi-
tivity analyses changing the pre-defined rules. We could 
see that when we repeated the analysis with new rules 
of classification, the results remained the same, showing 
the consistency of our findings. However, the rules for 
classifying the patients applied to the dataset of ESPOIR 
cohort and are not supposed to be extrapolated to other 
populations.

In our study, we identified a difference in 10-year radio-
graphic progression between patients in SDAI sustained 
remission in comparison with patients in sustained SDAI 
LDA but not between patients in DAS28-ESR sustained 
remission in comparison with patients in sustained 
DAS28-ESR LDA (see Supplementary material). These 
findings are consistent with our previous analysis on the 
3-year outcomes where no difference was observed when 
using the DAS28-ESR tool [7]. We also showed a differ-
ence in 10-year functional outcomes. This finding is con-
sistent with expert guidelines that recommend using the 
ACR/EULAR definition of remission, including SDAI 
remission or Boolean remission criteria, the most strin-
gent remission criteria instead of other remission tools 
and a better disease activity target as it is associated with 
less long-term radiographic changes and better func-
tional outcomes [21, 22]. Indeed, residual inflammation 

Table 3 Ten‑year serious adverse events according to the three groups of SDAI: 10‑year cumulative incidence for 100 patient years

REM patients in sustained remission, LDA patients in sustained low disease activity, MDA patients in moderate disease activity, HDA patients in sustained high disease 
activity, PY patient years, MACEs major cardiovascular events; all comparisons were non‑significant

All population
(2032 PY)

REM
(361 PY)

LDA
(1128 PY)

MDA or HDA
(532 PY)

Serious adverse events 3.34 3.60 3.01 4.14

Serious infections 1.23 1.93 0.97 1.31

Neoplasia 1.23 1.10 1.24 1.32

MACEs 0.44 0.55 0.18 0.94

Thromboembolism events 0.44 0.83 0.27 0.56

Death 0.49 0 0.53 0.75
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is often observed in patients in DAS28-ESR remission 
that could explain long-term radiographic changes in 
some patients [23, 24].

The impact of achieving remission in comparison with 
moderate or high disease activity on long-term outcomes 
has been already demonstrated in many studies [3–5, 25, 
26]. Here, we confirmed that patients in sustained SDAI 
or DAS28-ESR remission had less structural progression 
over 10 years and less functional impairment at 10 years.

We did not identify any differences of 10-year seri-
ous adverse events between the three groups, but this 
result needs to be interpreted with caution, because we 
observed very few 10-year serious adverse events in our 
population. As associations between disease activity and 
cardiovascular risk [27, 28], serious infection risk [29, 
30], malignancy risk [31] and mortality [27, 28] were 
previously shown, we could expect less serious adverse 
events in the group of patients in sustained remission. 
However, our limited number of events prevent us from 
demonstrating this.

Our study has several limitations. Firstly, we excluded 
a large number of patients with missing data or dis-
ease activity fluctuation and the results can thus be 
extrapolated only to patients with stable disease activ-
ity. Secondly, as it is an observational study, we did not 
demonstrate here a causal effect between the disease 
activity status and long-term outcomes. Indeed, many 
factors could explain such a difference, including treat-
ment strategies, centre effect, disease characteristics or 
patient characteristics. We tried to identify confusion 
factors through multivariable analyses, including patient 
and disease characteristics and treatment, but we cannot 
be sure if a remaining confusion factor has an impact on 
our results. Finally, in the ESPOIR cohort, patients had a 
follow-up visit every 6 months over the first 2 years, then 
yearly. Thus, we could only use the disease activity scores 
collected at these scheduled visits and patients may have 
had disease activity fluctuation between two visits that 
could not be captured. We assume with our method that 
it may not be the case that a patient in remission at two 
visits is also in remission during the whole year.

However, our study has several strengths. Firstly, the 
analyses are based on the ESPOIR cohort, which is one 
of the largest inception cohorts of patients with early RA 
where patients were prospectively followed, with sched-
uled visits where a lot of data could be systematically 
collected over ten years. Sixty-four percent of patients 
included in the ESPOIR cohort completed the 10-year 
visit, with no baseline differences between patients fol-
lowed in the cohort and loss of follow-up patients [8]. RA 
patients were routinely managed according to the stand-
ard of care reflecting real life. Structural progression 
was assessed by a central interpretation performed by 

multi-reader assessment [13] and the database was rigor-
ously built and monitored.

Conclusion
This study identified a clear association between sus-
tained remission and long-term structural and functional 
outcomes in comparison to patients in sustained low dis-
ease activity, without any differences in safety. This study 
gives additional data about the importance of targeting 
sustained SDAI remission when treating an RA patient.
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