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ABSTRACT
Objectives A treat- to- target (T2T) strategy has been 
shown to be superior to usual care in rheumatoid arthritis 
(RA), but the optimal target remains unknown. Targets are 
based on a disease activity measure (eg, Disease Activity 
Score- 28 (DAS28), Simplified Disease Activity Indices/
Clinical Disease Activity Indices (SDAI/CDAI), and a cut- off 
such as remission or low disease activity (LDA). Our aim 
was to compare the effect of different targets on clinical 
and radiographic outcomes.
Methods Cochrane, Embase and (pre)MEDLINE databases 
were searched (1 June 2022) for randomised controlled 
trials and cohort studies after 2003 that applied T2T in 
RA patients for ≥12 months. Data were extracted from 
individual T2T study arms; risk of bias was assessed with 
the Cochrane Collaboration tool. Using meta- regression, 
we evaluated the effect of the target used on clinical 
and radiographic outcomes, correcting for heterogeneity 
between and within studies.
Results 115 treatment arms were used in the meta- 
regression analyses. Aiming for SDAI/CDAI- LDA was 
statistically superior to targeting DAS- LDA regarding DAS- 
remission and SDAI/CDAI/Boolean- remission outcomes 
over 1–3 years. Aiming for SDAI/CDAI- LDA was also 
significantly superior to DAS- remission regarding both 
SDAI/CDAI/Boolean- remission (over 1–3 years) and mean 
SDAI/CDAI (over 1 year). Targeting DAS- remission rather 
than DAS- LDA only improved the percentage of patients 
in DAS- remission, and only statistically significantly after 
2–3 years of T2T. No differences were observed in Health 
Assessment Questionnaire and radiographic progression.
Conclusions Targeting SDAI/CDAI- LDA, and to a lesser 
extent DAS- remission, may be superior to targeting DAS- 
LDA regarding several clinical outcomes. However, due to 
the risk of residual confounding and the lack of data on 
(over)treatment and safety, future studies should aim to 
directly and comprehensively compare targets.
PROSPERO registration number CRD42021249015.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic 
autoimmune disorder characterised by 

inflammation of synovial joints, although 
other organ systems can also be involved.1 
Treatment is aimed at limiting and controlling 
disease activity, as prolonged high levels of 
activity increase the risk of progressive joint 
damage and mortality.2–4 In the proactive 
treat- to- target (T2T) strategy, disease activity 
is frequently and systematically assessed using 
a validated measure, which is then compared 
with a prespecified treatment target. If the 
target is not reached within a particular time 
frame, treatment is intensified accordingly.5

Targets are commonly based on a composite 
Disease Activity Score with a cut- off value 
for remission or low disease activity (LDA).6 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Although a treat- to- target- strategy has been shown 
to be superior to usual care in rheumatoid arthri-
tis (RA), there is a lack of evidence and consensus 
about the optimal treatment target. Consequently, 
different targets are used in clinical practice and 
recommended in international guidelines.

WHAT THIS STUDY ADDS
 ⇒ Results of our indirect comparison using meta- 
regression analysis show that the target of Simplified 
Disease Activity Indices/Clinical Disease Activity 
Indices- low disease activity (LDA), and to a less-
er extent Disease Activity Score (DAS)- remission, 
performed better than DAS- LDA regarding disease 
activity, but not functioning or radiographic pro-
gression. Insufficient data were available to analyse 
safety or medication use.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The results of this study may inform future studies 
comparing treatment targets head to head, and may 
subsequently further improve RA care.
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Examples of composite scores include the DAS (counting 
28 or 44 joints in the DAS28/DAS44 respectively), the 
Simplified and the Clinical Disease Activity Indices 
(SDAI/CDAI).7 The DAS variants are based on tender 
and swollen joint counts (TJC/SJC), the erythrocyte sedi-
mentation rate (ESR) or C reactive protein (CRP), and 
the patient’s global assessment of disease activity (PGA) 
on a Visual Analogue Scale (VAS).8 Although the DAS 
is well established and validated, it has been criticised 
for allowing a high SJC while fulfilling the definition 
of remission, due to calculation effects.9 The SDAI and 
CDAI weigh the individual components equally and have 
added the physicians assessment of disease activity. The 
CDAI does not include any laboratory marker, making it 
easier to apply in clinical practice, but also less objective.

Alternative to the composite scores, a target may also 
be defined using a Boolean definition, for example, 
American College of Rheumatology / European Alli-
ance of Associations of Rheumatology (ACR/EULAR) 
remission. Here, a set of core variables (TJC/SJC, PGA 
and CRP) must all have a value of ≤1. As the original 
Boolean criteria were criticised for being too stringent, 
the recently revised criteria have loosened the maximal 
PGA to 2 cm on a 10 cm VAS.10

While T2T has been shown to be superior to the 
(previous) standard of usual care, the direct comparison 
of different treatment targets is insufficiently studied.5 11–13 
Therefore, it remains unknown what the optimal target 
in a T2T strategy is, and thus different targets are used 
in clinical practice and recommended in international 
guidelines.5 13 14 Specifying the optimal treatment target 
is important: too lenient a target may result in under-
treatment and a higher disease burden. Conversely, too 
stringent a target may lead to overtreatment, side effects, 
patient dissatisfaction and unnecessary costs. Both situ-
ations may negatively impact patients’ quality of life. 
Accordingly, determining the optimal treatment target 
has been included in the research agenda of the 2022 
EULAR recommendations.13

As the T2T strategy has been generally accepted and 
recommended for some time, many recent clinical 
studies evaluating a specific drug or treatment strategy as 
primary objective apply a T2T approach.5 15 In the current 
study, we exploited this available evidence by performing 
a systematic literature review and meta- regression anal-
ysis. Our aim was to compare the effect of different treat-
ment targets on clinical and radiographic outcomes in 
patients with RA.

METHODS
Protocol and registration
Prior to commencing this study, the protocol was regis-
tered at the International Prospective Register of System-
atic Reviews (PROSPERO, number: CRD42021249015). 
This systematic review was performed and reported 
in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta- Analyses (PRISMA) guide-
lines.16

Literature search
The databases (pre)MEDLINE, Cochrane and Embase 
were searched, combining synonyms and MeSH terms for 
T2T and RA. Studies published in English (due to lack 
of fluency in other languages) after 2003 were included, 
as after this date the use of biological disease- modifying 
antirheumatic drugs (bDMARDs) and the T2T- principle 
became common in clinical studies. In addition to orig-
inal research papers, reviews were included for reference 
screening of other relevant articles. For a full overview 
of the search strategy as performed on 1 June 2022, see 
online supplemental figures S1–S4.

Study selection
Identified articles were deduplicated and uploaded 
to a reference management programme (Rayyan), 
where MAM and FEM independently performed title, 
abstract and subsequent full- text screening. Randomised 
controlled trials (RCTs) and cohort studies were included 
if they applied a T2T- strategy in RA patients for ≥12 
months. T2T was defined as the frequent (≤4 monthly) 
assessment of disease activity using a validated measure 
(ie, DAS28/44- ESR/CRP, SDAI, CDAI, RADAI, RAPID3, 
Boolean remission or a SJC), which is compared with a 
prespecified treatment target. If the target is not met, 
DMARD- treatment should be intensified. Studies with 
a sample size of ≥50 patients and ≥1 T2T- treatment arm 
could be included. Outcomes of interest were disease 
activity, radiographic progression, functional status, 
bDMARD use and safety after ≥12 months of T2T. 
These measures could be expressed continuously or as 
a response percentage. Disagreements were discussed 
among FEM, MAM, PMJW and AAdB until consensus was 
reached.

Data extraction
Data extraction was performed independently by MAM 
and EM using a predefined form; discrepancies were 
double- checked with the source data. Data extraction was 
performed per treatment arm that applied a T2T strategy 
(eg, if an RCT reported 2- year results for 3 T2T- treatment 
arms, these were extracted separately). Only time points 
when T2T treatment was continued were considered. 
When outcomes were present at multiple time points (eg, 
1 and 2 years) these were extracted as separate arms. See 
table 1 for an overview of the extracted data.

Risk of bias assessment
Risk of bias (RoB) assessment was performed inde-
pendently by FEM and MAM using the Cochrane Collab-
oration tool.17 All domains were assessed, except the 
randomisation domain for cohort studies as this is not 
applicable to this design. Disagreements were discussed 
among FEM, MAM, PMJW and AAdB until consensus was 
reached.
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Data preprocessing for meta-regression analysis
To prepare the data for meta- regression analysis, we 
selected arms that reported the same outcome measure 
(eg, DAS- remission) at the same time point (ie, ‘1’, 
‘2–3’, ‘4–6’ or ‘>6’ years) for each analysis. A minimum 
of 10 arms was deemed required for a relevant anal-
ysis. Treatment targets that were used in ≤2 studies 
were excluded from analysis, which was the case for 
Boolean- remission and SDAI- remission and an SJC of 
0. The targets SDAI- LDA and CDAI- LDA were grouped 
together, as these were uncommon and were deemed 
sufficiently similar.18 Similarly, for the targets of DAS- 
remission and DAS- LDA, the different DAS- variants were 
combined (ie, DAS28/44 using ESR or CRP). Regarding 

outcome measures, SDAI- remission, CDAI- remission and 
Boolean remission were grouped together, for which we 
corrected in the meta- regression analysis (see below). Of 
note, the trials included in this study did not yet incor-
porate the revised 2022 ACR/EULAR Boolean criteria.10 
To standardise scales of different DAS variants, mean 
DAS44- ESR and DAS28- CRP measures were converted to 
DAS28- ESR according to published translation formulae, 
as DAS28- ESR was most commonly reported (27 of 
52 mean DAS analyses).19 20 For the SHS outcome, the 
mean change per year was calculated in order to correct 
for limited differences in the duration of follow- up, as 
the SHS is a cumulative measure and can typically only 
increase over time.

Changes from baseline in disease activity/Health Assess-
ment Questionnaire (HAQ)/SHS were transformed to 
outcome values at endpoint when needed using the base-
line value. The SD of the score at endpoint was calcu-
lated using a correlation coefficient, in accordance with 
the Cochrane handbook for systematic reviews (needed 
for 78 of 165 arms).21 For the HAQ, a correlation coef-
ficient of 0.6 was assumed to determine the SD of the 
outcome due to insufficient data for 17 of 58 arms. When 
only medians and IQRs were reported (28 of 165 mean 
outcome analyses), means and SDs were estimated based 
on the formulas provided by Wan et al.22

Meta-regression analysis
Meta- regression analyses were performed with the R 
package ‘metafor’ ( rma. mv function) for multilevel 
meta- analytic regression models. Both ‘study’ and ‘arm’ 
were added as random effects in all analyses, where 
‘study’ refers to an overarching clinical trial (eg, BeST 
or OPERA) and ‘arm’ refers to the individual treatment 
arms. This was done to account for the heterogeneity 
between and within studies, as often multiple arms from 
one study were included. In the metaregression analyses, 
each arm is attributed a weight based on the SE, thus 
correcting for small sample sizes.

We first estimated the effect of the treatment target on 
the outcome at a certain timepoint in a univariate model. 
Subsequently, a full (adjusted) model was composed, 
adding the following covariates: early or established 
RA, the availability of bDMARDs, the baseline value of 
the outcome variable, and whether the treatment inten-
sifications were formalised in a protocol. For remis-
sion outcomes, we corrected for the baseline DAS and 
the specific type of remission (eg, DAS44- ESR or SDAI 
based), for which we also performed subgroup analyses. 
For yearly SHS progression, a non- linear association for 
baseline SHS was also explored using a squared term, 
given its importance and the known ceiling effect of 
the SHS.23 The selection of covariates was based on clin-
ical expertise, variables’ availability and impact on the 
outcome in bivariate analyses from the extracted variables 
(see the Data extraction section). The primary variables 
of interest for the full model (ie, target, outcome, covari-
ates: early/established RA, availability of bDMARDs, 

Table 1 Overview of extracted data from included articles

Study 
characteristics

Baseline 
characteristics

Outcome 
measures*

Title Mean/median

Publication year SDAI, CDAI or 
DAS and their 
components

(Change in) SDAI, 
CDAI or DAS and 
their components

Study type (RCT or 
cohort)

SF- survey SF- survey

Treatment target Fatigue and pain 
on a VAS

Fatigue and pain 
on a VAS

Drug treatment 
protocol

HAQ- score HAQ score

Interval between 
assessments

SHS- score and 
components

SHS- score and 
components

No of patients Age and symptom 
duration

Proportion of patients

Female Remission (drug- 
free, Boolean, 
DAS, SDAI or 
CDAI) and LDA

Early† vs 
established RA

Relevant 
radiographic 
progression

Erosions Erosions

RF/ACPA positive 
patients

AE/SAE

Use of bDMARDs

*Regarding outcome measures, the time point, the outcome value 
and the measure of spread (ie, SD, CI or IQR) were extracted.
†Early RA was based on the definition given in the articles, which 
was usually either <1 year or <2 years disease duration.
ACPA, anticitrullinated protein antibody; AE, adverse events; 
bDMARD, biological disease- modifying antirheumatic drug; CDAI, 
Clinical Disease Activity Index; DAS, Disease Activity Score; HAQ, 
Health Assessment Questionnaire; LDA, low disease activity; 
RA, rheumatoid arthritis; RCT, randomised controlled trial; RF, 
rheumatoid factor; SAE, serious adverse event; SDAI, Simplified 
Disease Activity Index; SF, Short Form Health Survey; SHS, Sharp 
van der Heijde score; VAS, Visual Analogue Scale.  on A
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baseline value outcome variable and presence of a formal 
treatment protocol) were available for all arms included 
in this study.

If there was no need to correct for one or two of the 
selected covariates due to a lack of variation (eg, if all 
treatment arms were early RA), the mean percentage RF 
and/or ACPA- positive patients and symptom duration 
were explored as covariates. This was the case for three 
analyses: SHS progression at year 1, mean DAS28- ESR at 
2–3 years and DAS remission at 4–6 years.

From the full model, a parsimonious model was 
derived in which covariates with little effect were 
removed from the model. Covariates with a p>0.2 were 
removed, starting with the covariate with the highest p 
value. If this removal resulted in a change of (any of) the 
regression coefficient(s) for the treatment target(s) of 
≥15% with a minimum absolute effect of 0.05/0.005 for 
means/proportions respectively, the covariate was kept in 
the model. If these criteria were not met, the covariate 
was removed. Subsequently, the next covariate with the 
highest p>0.2 was removed and evaluated in the same 
way. This process was iterated until no more variables 
could be removed, resulting in the parsimonious model. 
The baseline value of the outcome variable was always 
retained.

Although normal distributions of the outcome variables 
are to be expected based on the central limit theorem, a 
natural log transformation was performed if the residuals 
of the parsimonious model had a skewness exceeding 
−2/+2 or kurtosis exceeding −7/+7, in addition to an 
untransformed sensitivity analysis.24–26 Subgroup anal-
yses were performed for early vs established RA, remmi-
sion types and RCT versus cohort studies, if ≥5 arms per 
subgroup were available. Additionally, we performed 
sensitivity analyses, using the parsimonious models, by 
excluding high RoB papers and by performing ‘leave- 
one- out’ analyses. In the latter, the same analysis is 
performed numerous times, excluding one arm in each 
analysis, in order to assess the influence of individual 
arms. The minimum and maximum effects of the ‘leave- 
one- out’ analyses are reported.

RESULTS
Study selection and characteristics
Of the 3879 articles identified through the literature 
search, 66 articles were selected after title, abstract, full- 
text and reference screening (figure 1).27–92 Character-
istics of selected articles including RoB assessments are 
shown in online supplemental table S1. These 66 selected 
articles concerned results from 40 studies, and from these 
the data of 169 treatment arms were extracted. Of the 66 
articles/169 arms extracted, the data of 52 articles/114 
arms were used in the meta- regression analyses. Reasons 
not to use treatment arms in the analysis are stated in 
online supplemental table S1 and include: reported 
outcome measure was present in an insufficient number 
of arms (<10, eg, bDMARD use and adverse events 

(AEs)), insufficient arms at a particular time point (eg, 
after >6 years of T2T), or duplicate results with another 
arm (eg, 2 arms that both report mean DAS after 1 year in 
the BeSt- trial). The characteristics of the 114 treatment 
arms used in the meta- regression analyses are shown in 
table 2.

Meta-regression analyses
For a full overview of the target regression coefficients 
and confidence intervals of the parsimonious, full and 
univariate models, see online supplemental tables S2–
S10.

Outcome mean DAS28-ESR
Targeting either SDAI/CDAI- LDA or DAS- remission 
rather than DAS- LDA gave a non- statistically significant 
improvement of the mean DAS28- ESR after 1–3 years of 
T2T, see figure 2A. There were no differences between 
the target of SDAI/CDAI- LDA and DAS- remission 
(online supplemental tables S2 and S3).

Outcome percentage DAS-remission
Aiming for SDAI/CDAI- LDA rather than DAS- LDA 
significantly improved the percentage of patients in 

Figure 1 Flow chart of article selection. DMARD, disease- 
modifying antirheumatic drug.
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DAS- remission after 1–3 years of T2T, see figure 2B. 
There were no differences between the SDAI/CDAI- LDA 
and DAS- remission targets (online supplemental tables 
S2 and S3). Compared with DAS- LDA, the target of 
DAS- remission significantly improved the percentage 
of patients in DAS- remission at 2–3 years with 21% 
(percentage points, eg, from 50% to 71%, p=0.03). At 
year 1, only a trend was observed (p=0.11), with only a 
statistically significant effect on the outcome DAS44- 
ESR- remission (38%, p<0.0001). After 4–6 years, no 

significant improvement was observed when targeting 
DAS- remission versus DAS- LDA (10%, p=0.53, online 
supplemental table S4).

Outcome mean SDAI/CDAI
After 1 year of T2T, targeting SDAI/CDAI- LDA compared 
with DAS- remission significantly improved the mean 
SDAI/CDAI with 5.08 units (p=0.03), see online supple-
mental table S2). Compared with to DAS- LDA, only a 
non- statisically significant mean improvement of 2.03 
units (p=0.23) was observed (figure 2C). Targeting 
DAS- remission compared with DAS- LDA, gave a non- 
statistically significant deterioration of mean SDAI/CDAI 
of −3.05 (p=0.06).

Outcome percentage SDAI/CDAI/Boolean remission
Targeting SDAI/CDAI- LDA significantly improved the 
percentage of patients in SDAI/CDAI/Boolean remis-
sion compared with both DAS- LDA and DAS- remission 
targets, after 1 year (borderline significant for DAS- LDA) 
and 2–3 years (year 1: 34% p=0.05 and 35% p=0.03 for 
comparison to DAS- LDA and DAS- remission respec-
tively, year 2–3: 31% p=0.0002 and 36% p<0.0001) (see 
figure 2D and online supplemental tables S2 and S3). 
There were no clear differences between the targets 
of DAS- remission and DAS- LDA, nor did the subgroup 
analysis of the remission outcome types (SDAI/CDAI vs 
Boolean remission) differ substantially from the overall 
analysis.

Outcome yearly progression of SHS
No differences between targeting DAS- remission and 
DAS- LDA were found for yearly SHS progression, 
although surprisingly, a numerical deterioration was 
found for targeting DAS- remission versus DAS- LDA, 
after both 1 year of T2T (−0.09, p=0.66) and 2–3 years of 
T2T (−0.20, p=0.26). See figure 2E. A similar trend was 
present in the untransformed sensitivity analyses at years 
1 and 2 (−0.19, p=0.75 and −0.40, p=0.21 respectively). 
For the analysis of SHS progression at year 1, one arm 
that did not report the mean percentage RF nor ACPA- 
positive patients was removed from the primary analysis, 
in order to add this covariate to the model. As a sensitivity 
analysis, we added this arm to the model, and left out the 
RF/ACPA variable, which did not greatly affect results 
(−0.09 p=0.66 to −0.15 p=0.44).

Outcome mean HAQ
We observed no differences between targets at years 1–3 
for the mean HAQ (see figure 2F).

Outcome mean CRP
Given the subjective nature of many of the outcome 
measures, we also analysed the more objective outcome 
of CRP. The target of SDAI/CDAI- LDA but not the target 
of DAS- remission non- significantly reduced mean CRP at 
year 1 (−2.01, p=0.54 and −0.01, p=0.99) compared with 
the DAS- LDA target.

Table 2 Characteristics of treatment arms used in the 
meta- regression analyses

Arms used in analyses, n 114

  Arms with T2T target DAS28/44- LDA, n 
(%)

71 (62.3)

  Arms with T2T target DAS28/44- 
remission, n (%)

36 (31.6)

  Arms with T2T target SDAI- CDAI LDA, n 
(%)

7 (6.1)

Publication year

  2003–2009, n(%) 13 (11.4)

  2010–2015, n(%) 35 (30.7)

  2016–2022, n(%) 66 (57.9)

% Female, mean (SD) (115 arms) 70.0 (6.7)

Age, mean (SD) (103 arms) 54.3 (4.6)

%RF positive, mean (SD) (107 arms) 64.7 (15.9)

%ACPA positive, mean (SD) (94 arms) 66.5 (16.2)

Baseline DAS, mean (SD) (109 arms) 5.0 (0.8)

Baseline HAQ, mean (SD) (66 arms) 1.2 (0.3)

Baseline SHS, median (IQR) (57 arms) 3.0 (1.3–7.0)

Early RA*, n (%) (115 arms) 100 (87.7)

bDMARD available, n (%) (115 arms) 80 (70.2)

Formal treatment protocol, n (%) (115 
arms)

89 (78.1)

Outcome DAS28/44 remission, mean % 
(SD) (88 arms)

55.9 (16.8)

Outcome SDAI/CDAI/Boolean remission, 
mean % (SD) (67 arms)

37.2 (14.5)

Outcome DAS28- ESR, mean (SD) (51 arms) 2.8 (0.6)

Outcome SDAI/CDAI, median (IQR) (16 
arms)

4.5 (2.6–5.6)

Outcome HAQ, mean (SD) (66 arms) 0.6 (0.2)

Outcome SHS, median (IQR) (57 arms) 6.0 (1.9–12.4)

*Early RA was based on the definition given in the articles, which 
was usually either <1 year or <2 years disease duration.
ACPA, anticitrullinated protein antibodies; bDMARD, biological 
disease- modifying antirheumatic drug; CDAI, Clinical Disease 
Activity Index; DAS, Disease Activity Score; HAQ, Health 
Assessment Questionnaire; LDA, low disease activity; RA, 
rheumatoid arthritis; RF, rheumatoid factor; SDAI, Simplified 
Disease Activity Index; SHS, Sharp van der Heijde Score; T2T, 
treat to target.
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Figure 2 Effect of the DAS28/44- remission and SDAI/CDAI- LDA treatment targets compared with the target of DAS28/44- 
LDA, on different outcomes and at different time points based on meta- regression analyses (parsimonious models). Results 
are presented in comparison to a treatment target of DAS- LDA. Exact coefficients and CIs can be found in online supplemental 
tables S2–S4. *The natural log of yearly SHS progression was used in the analysis. The models were corrected for the 
following covariates. Mean DAS28- ESR year 1: formal treatment, bDMARD, BL DAS28- ESR, years 2–3: mean RF/ACPA, early/
established RA, BL DAS28- ESR. DAS remission year 1: remission type, bDMARD, early/established RA, BL DAS28- ESR, 
years 2–3: remission type, formal treatment, BL DAS28- ESR, years 4–6: remission type, symptom duration, BL DAS28- ESR. 
Mean SDAI/CDAI year 1: SDAI/CDAI, formal treatment, bDMARD, early/established RA, BL DAS28- ESR. SDAI/CDAI/Boolean 
remission year 1: remission type, formal treatment, early/established RA, BL DAS28- ESR, years 2–3: remission type, bDMARD, 
early/established, BL DAS28- ESR. SHS progression year 1: formal treatment, mean RF/ACPA, symptom duration, log(BL SHS), 
log(BL SHS)∧2, years 2–3: mean RF/ACPA, log(BL SHS), log(BL SHS)∧2. Mean HAQ year 1: bDMARD, early/established RA, BL 
HAQ, years 2–3: BL HAQ. ACPA, anticitrullinated protein antibody; bDMARD, biological disease- modifying antirheumatic drug; 
BL, baseline; CDAI, Clinical Disease Activity Index; DAS(28/44), Disease Activity Score (28/44 indicating the joint count); ESR, 
erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; LDA, low disease activity; RA, rheumatoid arthritis; 
REM, remission; RF, rheumatoid factor; SDAI, Simplified Disease Activity Index; SHS, Sharp van der Heijde Score; T2T, treat to 
target.
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Subgroup analysis early versus established RA
After 1 year of T2T, targeting DAS- remission rather than 
DAS- LDA showed a numerical improvement in mean 
DAS for the subgroup with early RA (0.29, p=0.24), and 
this effect was more pronounced for established RA (1.21, 
p=0.25). The interaction between early versus established 
RA and the target was not significant (p=0.53). The 
percentage of patients in DAS- remission non- significantly 
improved when targeting DAS- remission (8%, p=0.16) or 
SDAI- CDAI LDA (4%, p=0.79) rather than DAS- LDA in 
the early RA subgroup. In the established RA subgroup, 
this effect was again more pronounced: DAS- remission 
versus DAS- LDA (20%, p=0.18), and significant for SDAI- 
CDAI LDA versus DAS- LDA (48%, p=0.003). The inter-
action term for the DAS- remission model was significant 
(p=0.01).

Subgroup analysis RCT versus cohort studies
The beneficial effects of SDAI/CDAI- LDA and DAS- 
remission compared with DAS- LDA were more 
pronounced in the cohort subgroups than in the RCT 
subgroups, when considering the outcomes mean DAS 
and HAQ at year 1, and DAS remission at years 1–3 
(see online supplemental table S11). For the compar-
ison of DAS- remission to DAS- LDA regarding SDAI/
CDAI/Boolean remission at years 1–3, this effect was not 
present. None of the interaction terms were significant, 
except for mean HAQ year 1 (p=0.02).

Comparison of parsimonious and full models
The results of the parsimonious and full models were 
similar regarding the direction and statistical significance 
of the coefficients. The only exception was the improve-
ment in the proportion of patients in DAS- remission 
when comparing the targets of DAS- remission (after 2–3 
years of T2T) and SDAI/CDAI- LDA (after 1–3 years of 
T2T) to DAS- LDA: these did reach statistical significance 
in the parsimonious models, but were not statistically 
significant in the full models (see online supplemental 
tables S2–S7).

High RoB studies
As a sensitivity analysis, we ran the parsimonious models 
excluding the high RoB studies (see online supple-
mental table S1). The improvement in the proportion 
of patients in DAS- remission after 1 year of T2T when 
targeting DAS- remission versus DAS- LDA increased 
from 0.09 (p=0.11) to 0.11 (p=0.06). When targeting 
SDAI/CDAI- remission versus DAS- LDA, the improve-
ment in the proportion of patients in DAS- remission 
remained 0.21 (p value from 0.04 to 0.03). Regarding 
mean HAQ after 1 year of T2T, there were no differences 
between targets, and this did not change when the high 
RoB study was excluded (DAS- remission target versus 
DAS- LDA from 0.00 (p=1.00) to 0.01 (p=0.82), SDAI/
CDAI LDA target versus DAS- LDA from −0.03 (p=0.73) 
to −0.07 (p=0.58)).

Leave-one-out analyses
For the majority of the analyses, the direction and signif-
icance of the effect remained the same after performing 
leave- one- out analyses (see online supplemental table 
S12 for details).

Narrative results AEs and medication use
Insufficient data were available to perform meta- 
regression analysis of serious AE (S)AEs and medica-
tion use. Narratively, the percentages of patients with ≥1 
reported AE at year 1 varied from 35% to 59% for the 
target DAS- LDA,71 74 90 and from 82% to 96% for DAS- 
remission.28 61 For SAEs at year 1, this varied from 5% 
to 19% for DAS- LDA,48 74 90 from 0% to 19% for DAS- 
remission,28 61 69 and from 2% to 15% for SDAI/CDAI 
LDA.39 40 After 2 years of T2T, the SAEs for the target 
of DAS- LDA varied from 6% to 23%,49 58 60 and from 
0.6% to 18.4% for DAS- remission.34 45 52 The reported 
use of bDMARDs during the first 1–2 years of T2T varied 
from 2% to 32% for the target DAS- LDA,43 74 from 7% 
to 17% for DAS- remission,52 73 and from 3% to 8% for 
SDAI- LDA.76 After 5 years of T2T, SAEs varied from 5% to 
21% for DAS- LDA,79 and 17% was reported for the target 
DAS- remission.56

Narrative results target comparison studies
Two studies directly compared treatment targets. Tam 
et al found no significant differences after 1 year when 
targeting SDAI vs DAS28- ESR remission (mean change 
DAS28- ESR: −2.5(SD 1.3) vs −2.3(SD 1.3), p=0.51, mean 
change SDAI: −22.2(SD 12.6) vs −20.0(SD 11.8), p=0.35, 
median change in HAQ: −0.6(IQR −1.1 to −0.38) vs 
−0.5 (IQR −1.1 to 0.0, p=0.25), DAS remission (51% vs 
55%, p=0.66), SDAI- remission: 37% vs 40%, p=0.73).68 
Hodkinson et al found no significant differences after 
1 year when targeting SDAI- LDA vs CDAI- LDA (mean 
DAS28: 3.0 (SD 1.2) vs 3.3 (SD 1.2), p=0.29, DAS28- 
remission: 34% vs 33%, p=1.00, HAQ: 1.0 (SD 0.7) vs 1.0 
(SD 0.7), p=0.94).40

DISCUSSION
In this study, we assessed the effect of different treatment 
targets on clinical and radiographic outcomes using 
meta- regression analyses. Our results indicate that aiming 
for SDAI/CDAI- LDA was superior to targeting DAS- LDA 
regarding the percentages of both DAS and SDAI/CDAI/
Boolean remission. Aiming for SDAI/CDAI- LDA was also 
superior to targeting DAS- remission regarding SDAI/
CDAI based outcomes (SDAI/CDAI/Boolean- remission 
and mean SDAI/CDAI). When comparing the target of 
DAS- remission to DAS- LDA, the former only significantly 
improved the percentage of patients in DAS- remission 
after 2–3 years of T2T, and only a trend was present for 
the improvement in DAS- remission at other time points 
and mean DAS28- ESR. Functioning and radiographic 
damage did not differ between targets.

A strength of the current study is that it is the first to 
perform a quantitative analysis of the optimal treatment 
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target based on the available evidence in literature. The 
technique of meta- regression allows to partly correct for 
heterogeneity between and within studies for measured 
confounders, thus optimally using the available evidence 
on T2T strategies in trials and cohort studies in RA. This 
resulted in the largest number of T2T cohorts and trials 
included in such a review to date.

Limitations of our study first include that our analyses 
are based on an indirect comparison of treatment targets. 
We aimed to correct for at least the most important 
confounders on study level, namely the availability of 
bDMARDs, the use of a formal treatment protocol, 
early versus established RA and the baseline value of the 
outcome. Nevertheless, residual confounding by insuf-
ficiently or unmeasured factors and treatment regimen 
specifics can certainly be present. Furthermore, insuffi-
cient data were available for the analysis of medication 
use, quality of life and AEs. These are important factors 
that should be taken into account when selecting a treat-
ment target for a patient. Based on the limited reported 
evidence, we have no indication to assume that SAEs or 
the use of bDMARDs were increased for DAS- remission 
or SDAI/CDAI LDA versus DAS- LDA as a target, although 
the number of AEs may be higher for DAS- remission. 
However, as these results are from a small number of 
studies, and could not be adjusted for confounding, they 
should be interpreted with caution.

Further limitations include that information bias due to 
systematic differences in the scoring of the disease activity 
and/or SHS between studies could have occurred. Also, 
a certain amount of circularity is inherent to all studies 
evaluating a DAS based treatment target and outcome. 
For example, targeting DAS- remission may inherently 
increase the chance of achieving DAS- remission. Indeed 
in our results targets often performed better on related 
outcomes, although the target of SDAI/CDAI- LDA also 
performed better on DAS- based outcomes. No differ-
ences were observed in the more independent HAQ 
and SHS outcomes, which may be partly due to a limited 
variation in these measures with modern- day intensive 
therapy. Lastly, it is important to bear in mind that in 
routine clinical practice individual patient factors should 
always be considered. The optimal target is therefore a 
piece of the puzzle for clinical decision- making, but it is 
not a replacement of clinical decision- making for indi-
vidual patients.

Interestingly, our results suggest a limited benefit of 
targeting DAS- remission compared with DAS- LDA. We 
unexpectedly even found a negative trend on the SHS- 
score when targeting DAS- remission compared with 
DAS- LDA, which could potentially be due to residual 
confounding. Based on previous studies, it could also be 
hypothesised that a stricter treatment target may cause 
premature drug cycling or reduced therapy adherence, 
both resulting in higher remaining disease activity.60 93 94 
Of note, the SHS is known to have a strong right- skewed 
distribution, making the mean more susceptible to 
outliers despite our efforts to compensate this with a 

natural log transformation. Unfortunately we could not 
analyse the effect of an SDAI/CDAI LDA target on the 
SHS outcome, as this was not reported.39 40 76 Another 
finding of interest arose from our subgroup analysis of 
early versus established RA patients, where it seemed that 
targeting DAS- remission rather than DAS- LDA might 
be more beneficial for established RA than early RA 
patients. This may suggest that a less stringent target may 
be sufficient early in the disease, possibly in part because 
it allows for the effects of treatment adjustments to be 
fully established. Once a steady state has been reached, a 
stricter target may be required to optimise results. This is 
compatible with the ACR- recommendations on T2T, but 
in contrast with the advice of the international T2T task 
force.5 14

From the articles included in this review, two studies 
directly compared treatment targets. Tam et al found no 
difference between the SDAI and DAS28- ESR remission 
targets, a finding which we could not replicate in our study 
as this was the only article applying an SDAI- remission 
target.68 Of note, the DMARD treatment protocol 
differed substantially between the two target arms, and 
this was not corrected for in the analysis. Hodkinson et 
al found no difference between the targets of SDAI- and 
CDAI- LDA, which may not be surprising given these 
targets are quite similar.40 We, therefore, combined these 
uncommon targets in the current review.

Previous reviews have also considered the optimal 
target in a T2T strategy, although only narratively.95 96 
Hock et al report no preference for any particular target. 
Bergstra and Allaart conclude that based on the limited 
available and indirect evidence, aiming for remission 
rather than LDA (types not specified) seemed to result in 
more patients achieving remission, but not better phys-
ical functioning. This is in line with our results regarding 
DAS- remission as a target for treatment steering, but 
SDAI/CDAI- LDA targets appeared to be superior in 
several aspects as described above. Similar to Bergstra 
and Allaart, we found no effects on physical functioning 
as measured with the HAQ. This could potentially be due 
to the known ‘floor- effect’ of the HAQ, as it may be insen-
sitive to changes at the lower end of the spectrum.97

The international T2T task force recommends to 
target a state of clinical remission, described as the 
absence of signs and symptoms of significant inflamma-
tory disease.5 They suggest that ACR- EULAR remission 
(ie, Boolean- remission or SDAI/CDAI- remission10) may 
be the best suitable definition for this criterion. Similarly, 
the EULAR guidelines recommend ACR- EULAR remis-
sion as the main therapeutic target, with LDA (type not 
specified) as an alternative, especially in established RA.13 
Surprisingly, no more than 1 of 66 T2T articles applied an 
SDAI- remission or Boolean remission target, and none 
applied a CDAI- remission target. This was insufficient 
for inclusion in our analyses, and therefore, our results 
cannot support these recommendations. The ACR guide-
lines, in contrast, recommend to initially target LDA, 
and to subsequently consider targeting remission (types 
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not specified).14 Thus, there is no consensus in interna-
tional guidelines regarding the initial treatment target, 
reflecting equipoise. Lastly, once a statisfactory stable 
level of disease activity has been reached after a period of 
T2T (perhaps irrespetive of whether the target was actu-
ally reached), tapering (b)DMARDs may be considered. 
As the ACR and EULAR guidelines differ regarding when 
to initiate tapering (being either remission or LDA), 
determining the optimal target may also be relevant in 
the context of tapering.13 14

To fully determine the optimal treatment target in a 
T2T strategy, an RCT comparing different targets head- 
to- head will be necessary. In line with our results and 
the ACR- guidelines, we would recommend to include 
an LDA target as a reference arm.14 Based on our results 
SDAI- LDA or CDAI- LDA would be the LDA- target of 
choice, although DAS(28)- LDA may be an alternative as 
it is the most commonly used. In addition, DAS28- ESR 
remission may be considered, as our results showed 
a (limited) benefit of DAS- remission over DAS- LDA. 
Based on the EULAR and T2T task force guidelines, a 
target of SDAI or Boolean remission is of interest. Lastly, 
a predefined subgroup analysis regarding early versus 
established RA is recommended.

Contributors PMJW (guarantor) initiated the review, supervised the work of 
MAM and is responsible for the final manuscript. MAM drafted the study protocol, 
performed the search, study selection, data- extraction, risk of bias assessment, 
analyses, and drafted the manuscript. AAdB contributed to the study protocol, 
study selection and this manuscript. FEM contributed to study selection and risk 
of bias assessment. EM contributed to the data- extraction. AAdB, PV, DA, JT and 
FEM provided feedback on the manuscript. All authors read and approved the final 
manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests MAM, AAdB, FEM, EM, JT and PMJW have no competing 
interests. PV is a board member or has reveived grants from Pfizer, Galapagos, 
Gilead, Sidekick Health, Eli Lilly, MSD, Roularta, ABBVIE, Nordic Pharma, Celltrion, 
BMS, UCB and the Belgian Royal Society for Rheumatology. DA received grants, 
speaker fees, or consultancy fees from Abbvie, Gilead, Galapagos, Eli Lilly, Janssen, 
Merck, Novartis, Pfizer, Sandoz, and Sanofi.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. 
Template data collection forms, extracted data and statistical code are available 
upon request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Marianne A Messelink http://orcid.org/0000-0002-6291-3134

P Verschueren http://orcid.org/0000-0002-0340-3580
Daniel Aletaha http://orcid.org/0000-0003-2108-0030

REFERENCES
 1 Guo Q, Wang Y, Xu D, et al. Rheumatoid arthritis: pathological 

mechanisms and modern pharmacologic therapies. Bone Res 
2018;6:15. 

 2 Book C, Saxne T, Jacobsson LTH. Prediction of mortality in 
rheumatoid arthritis based on disease activity markers. J Rheumatol 
2005;32:430–4.

 3 Mikuls TR, Fay BT, Michaud K, et al. Associations of disease activity 
and treatments with mortality in men with rheumatoid arthritis: 
results from the vara registry. Rheumatology (Oxford) 2011;50:101–9. 

 4 Listing J, Kekow J, Manger B, et al. Mortality in rheumatoid arthritis: 
the impact of disease activity, treatment with glucocorticoids, TNFα 
inhibitors and rituximab. Ann Rheum Dis 2015;74:415–21. 

 5 Smolen JS, Breedveld FC, Burmester GR, et al. Treating rheumatoid 
arthritis to target: 2014 update of the recommendations of an 
international Task force. Ann Rheum Dis 2016;75:3–15. 

 6 Fleischmann RM, van der Heijde D, Gardiner PV, et al. DAS28- CRP 
and DAS28- ESR cut- offs for high disease activity in rheumatoid 
arthritis are not interchangeable. RMD Open 2017;3:e000382. 

 7 Aletaha D, Smolen JS. The simplified disease activity index 
(SDAI) and clinical disease activity index (CDAI) to monitor 
patients in standard clinical care. Best Pract Res Clin Rheumatol 
2007;21:663–75. 

 8 Fleischmann R, van der Heijde D, Koenig AS, et al. How much 
does disease activity score in 28 joints ESR and CRP calculations 
underestimate disease activity compared with the simplified disease 
activity index? Ann Rheum Dis 2015;74:1132–7. 

 9 Jacobs JWG, Ten Cate DF, van Laar JM. Monitoring of rheumatoid 
arthritis disease activity in individual patients: still a hurdle when 
implementing the treat- to- target principle in daily clinical practice. 
Rheumatology (Oxford) 2015;54:959–61. 

 10 Studenic P, Aletaha D, de Wit M, et al. American College of 
rheumatology/EULAR remission criteria for rheumatoid arthritis: 
2022 revision. Ann Rheum Dis 2023;82:74–80. 

 11 Wailoo A, Hock ES, Stevenson M, et al. The clinical effectiveness 
and cost- effectiveness of treat- to- target strategies in rheumatoid 
arthritis: a systematic review and cost- effectiveness analysis. Health 
Technol Assess 2017;21:1–258. 

 12 Stoffer MA, Schoels MM, Smolen JS, et al. Evidence for treating 
rheumatoid arthritis to target: results of a systematic literature search 
update. Ann Rheum Dis 2016;75:16–22. 

 13 Smolen JS, Landewé RBM, Bergstra SA, et al. EULAR 
recommendations for the management of rheumatoid arthritis with 
synthetic and biological disease- modifying antirheumatic drugs: 
2022 update. Ann Rheum Dis 2023;82:3–18. 

 14 Fraenkel L, Bathon JM, England BR, et al. 2021 American College 
of rheumatology guideline for the treatment of rheumatoid arthritis. 
Arthritis Care Res (Hoboken) 2021;73:924–39. 

 15 Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR 
recommendations for the management of rheumatoid arthritis with 
synthetic and biological disease- modifying antirheumatic drugs: 
2019 update. Ann Rheum Dis 2020;79:685–99. 

 16 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
BMJ 2021;372:n71. 

 17 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ 2011;343:d5928. 

 18 Fleischmann R, Strand V, Wilkinson B, et al. Relationship between 
clinical and patient- reported outcomes in a phase 3 trial of tofacitinib 
or MTX in MTX- naïve patients with rheumatoid arthritis. RMD Open 
2016;2:e000232. 

 19 Carpenter L, Norton S, Nikiphorou E, et al. Validation of methods for 
converting the original disease activity score (DAS) to the DAS28. 
Rheumatol Int 2018;38:2297–305. 

 20 Leong KP, Tan JWL, Gao X, et al. Conversion among the 28- joint 
count activity indices for rheumatoid arthritis. Eur J Rheumatol 
2020;7:105–11. 

 21 Higgins JPT, Chandler J, Cumpston M, et al, eds. Cochrane 
Handbook for systematic reviews of interventions, version 6.3. 
Cochrane, 2022. Available: www.training.cochrane.org/handbook

 22 Wan X, Wang W, Liu J, et al. Estimating the sample mean and 
standard deviation from the sample size, median, range and/or 
interquartile range. BMC Med Res Methodol 2014;14:135. 

 23 Kuper IH, van Leeuwen MA, van Riel PL, et al. Influence of a 
ceiling effect on the assessment of radiographic progression in 

 on A
pril 4, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2023-003196 on 28 A
pril 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6291-3134
http://orcid.org/0000-0002-0340-3580
http://orcid.org/0000-0003-2108-0030
http://dx.doi.org/10.1038/s41413-018-0016-9
http://dx.doi.org/15742433
http://dx.doi.org/10.1093/rheumatology/keq232
http://dx.doi.org/10.1136/annrheumdis-2013-204021
http://dx.doi.org/10.1136/annrheumdis-2015-207524
http://dx.doi.org/10.1136/rmdopen-2016-000382
http://dx.doi.org/10.1016/j.berh.2007.02.004
http://dx.doi.org/10.1136/annrheumdis-2013-204920
http://dx.doi.org/10.1093/rheumatology/keu334
http://dx.doi.org/10.1136/ard-2022-223413
http://dx.doi.org/10.3310/hta21710
http://dx.doi.org/10.3310/hta21710
http://dx.doi.org/10.1136/annrheumdis-2015-207526
http://dx.doi.org/10.1136/ard-2022-223356
http://dx.doi.org/10.1002/acr.24596
http://dx.doi.org/10.1136/annrheumdis-2019-216655
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1136/rmdopen-2015-000232
http://dx.doi.org/10.1007/s00296-018-4184-0
http://dx.doi.org/10.5152/eurjrheum.2020.19199
www.training.cochrane.org/handbook
http://dx.doi.org/10.1186/1471-2288-14-135
http://rmdopen.bmj.com/


10 Messelink MA, et al. RMD Open 2023;9:e003196. doi:10.1136/rmdopen-2023-003196

RMD OpenRMD OpenRMD Open

rheumatoid arthritis during the first 6 years of disease. J Rheumatol 
1999;26:268–76.

 24 Kwak SG, Kim JH. Central limit theorem: the cornerstone of modern 
statistics. Korean J Anesthesiol 2017;70:144–56. 

 25 Hair J, Black WC, Babin BJ, et al. Multivariate data analysis. 7th ed. 
Upper Saddle River, New Jersey: Pearson Educational International, 
2010.

 26 Byrne BM. Structural equation modeling with amos: basic concepts, 
applications, and programming. 3rd ed. New York: Routledge, 
2016: 460. 

 27 De Cock D, Vanderschueren G, Meyfroidt S, et al. Two- Year clinical 
and radiologic follow- up of early RA patients treated with initial step 
up monotherapy or initial step down therapy with glucocorticoids, 
followed by a tight control approach: lessons from a cohort study in 
daily practice. Clin Rheumatol 2014;33:125–30. 

 28 Urata Y, Uesato R, Tanaka D, et al. Treating to target matrix 
metalloproteinase 3 normalisation together with disease 
activity score below 2.6 yields better effects than each alone 
in rheumatoid arthritis patients: T- 4 study. Ann Rheum Dis 
2012;71:534–40. 

 29 Bosello S, Fedele AL, Peluso G, et al. Very early rheumatoid arthritis 
is the major predictor of major outcomes: clinical ACR remission and 
radiographic non- progression. Annals of the Rheumatic Diseases 
2011;70:1292–5. 

 30 Brenol CV, da Chakr RMS, Andrade NPB, et al. Daily practice 
feasibility and effectiveness of treating long- standing rheumatoid 
arthritis to target with synthetic disease- modifying antirheumatic 
drugs: a prospective cohort study. Clin Rheumatol 2015;34:1781–5. 

 31 Castrejón I, Pincus T, Soubrier M, et al. GUEPARD treat- to- target 
strategy is significantly more efficacious than ESPOIR routine care 
in early rheumatoid arthritis according to patient- reported outcomes 
and physician global estimate. Rheumatology 2013;52:1890–7. 

 32 Soubrier M, Lukas C, Sibilia J, et al. Disease activity score- driven 
therapy versus routine care in patients with recent- onset active 
rheumatoid arthritis: data from the GUEPARD trial and ESPOIR 
cohort. Ann Rheum Dis 2011;70:611–5. 

 33 Brinkmann GH, Norvang V, Norli ES, et al. Treat to target strategy in 
early rheumatoid arthritis versus routine care- a comparative clinical 
practice study. Semin Arthritis Rheum 2019;48:808–14. 

 34 Norvang V, Brinkmann GH, Yoshida K, et al. Achievement of 
remission in two early rheumatoid arthritis cohorts implementing 
different treat- to- target strategies. Arthritis Rheumatol 
2020;72:1072–81. 

 35 Kuijper TM, Luime JJ, de Jong PHP, et al. Tapering conventional 
synthetic dmards in patients with early arthritis in sustained 
remission: 2- year follow- up of the treach trial. Ann Rheum Dis 
2016;75:2119–23. 

 36 Wabe NT, Sorich MJ, Wechalekar MD, et al. Effect of adherence 
to protocolized targeted intensifications of disease- modifying 
antirheumatic drugs on treatment outcomes in rheumatoid arthritis: 
results from an Australian early arthritis cohort. J Rheumatol 
2016;43:1643–9. 

 37 Maksymowych WP, FitzGerald O, Østergaard M, et al. Outcomes 
and findings of the International rheumatoid arthritis (rA) BIODAM 
cohort for validation of soluble biomarkers in RA. J Rheumatol 
2020;47:796–808. 

 38 Ramiro S, Landewé RB, van der Heijde D, et al. Is treat- to- target 
really working in rheumatoid arthritis? A longitudinal analysis of a 
cohort of patients treated in daily practice (RA BIODAM). Ann Rheum 
Dis 2020;79:453–9. 

 39 Harrold LR, Reed GW, John A, et al. Cluster- randomized trial of a 
behavioral intervention to incorporate a treat- to- target approach 
to care of US patients with rheumatoid arthritis. Arthritis Care Res 
(Hoboken) 2018;70:379–87. 

 40 Hodkinson B, Musenge E, Tikly M. Tight control of rheumatoid 
arthritis in a resource- constrained setting: a randomized controlled 
study comparing the clinical disease activity index and simplified 
disease activity index. Rheumatology 2015;54:1033–8. 

 41 Akdemir G, Markusse IM, Bergstra SA, et al. Comparison between 
low disease activity or das remission as treatment target in patients 
with early active rheumatoid arthritis. RMD Open 2018;4:e000649. 

 42 Allaart CF, Goekoop- Ruiterman YPM, de Vries- Bouwstra JK, et al. 
Aiming at low disease activity in rheumatoid arthritis with initial 
combination therapy or initial monotherapy strategies: the best 
study. Clin Exp Rheumatol 2006;24:S–77.

 43 Goekoop- Ruiterman YPM, de Vries- Bouwstra JK, Kerstens PJSM, 
et al. DAS- driven therapy versus routine care in patients with recent- 
onset active rheumatoid arthritis. Ann Rheum Dis 2010;69:65–9. 

 44 van der Kooij SM, Goekoop- Ruiterman YPM, de Vries- Bouwstra JK, 
et al. Drug- Free remission, functioning and radiographic damage 
after 4 years of response- driven treatment in patients with recent- 

onset rheumatoid arthritis. Annals of the Rheumatic Diseases 
2009;68:914–21. 

 45 Bijlsma JWJ, Welsing PMJ, Woodworth TG, et al. Early rheumatoid 
arthritis treated with tocilizumab, methotrexate, or their combination 
(U- act- early): a multicentre, randomised, double- blind, double- 
dummy, strategy trial. The Lancet 2016;388:343–55. 

 46 Nam JL, Villeneuve E, Hensor EMA, et al. Remission induction 
comparing infliximab and high- dose intravenous steroid, followed by 
treat- to- target: a double- blind, randomised, controlled trial in new- 
onset, treatment- naive, rheumatoid arthritis (the idea study). Ann 
Rheum Dis 2014;73:75–85. 

 47 Brahe CH, Dehlendorff C, Østergaard M, et al. Circulating serum 
interleukin- 6, serum chitinase- 3- like protein- 1, and plasma vascular 
endothelial growth factor are not predictive for remission and 
radiographic progression in patients with early rheumatoid arthritis: 
post- hoc explorative and validation studies based on the cimestra 
and opera trials. Scand J Rheumatol 2018;47:259–69. 

 48 Hørslev- Petersen K, Hetland ML, Junker P, et al. Adalimumab added 
to a treat- to- target strategy with methotrexate and intra- articular 
triamcinolone in early rheumatoid arthritis increased remission rates, 
function and quality of life. The opera study: an investigator- initiated, 
randomised, double- blind, parallel- group, placebo- controlled trial. 
Ann Rheum Dis 2014;73:654–61. 

 49 Hørslev- Petersen K, Hetland ML, Ørnbjerg LM, et al. Clinical 
and radiographic outcome of a treat- to- target strategy using 
methotrexate and intra- articular glucocorticoids with or without 
adalimumab induction: a 2- year investigator- initiated, double- 
blinded, randomised, controlled trial (opera). Ann Rheum Dis 
2016;75:1645–53. 

 50 Grigor C, Capell H, Stirling A, et al. Effect of a treatment strategy of 
tight control for rheumatoid arthritis (the TICORA study): a single- 
blind randomised controlled trial. Lancet 2004;364:263–9. 

 51 Saunders SA, Capell HA, Stirling A, et al. Triple therapy in early 
active rheumatoid arthritis: a randomized, single- blind, controlled 
trial comparing step- up and parallel treatment strategies. Arthritis 
Rheum 2008;58:1310–7. 

 52 Haavardsholm EA, Aga A- B, Olsen IC, et al. Ultrasound in 
management of rheumatoid arthritis: arctic randomised controlled 
strategy trial. BMJ 2016;354:i4205. 

 53 Steunebrink LMM, Versteeg GA, Vonkeman HE, et al. Initial 
combination therapy versus step- up therapy in treatment to the 
target of remission in daily clinical practice in early rheumatoid 
arthritis patients: results from the DREAM registry. Arthritis Res Ther 
2016;18:60. 

 54 ten Klooster PM, Versteeg LGA, Oude Voshaar MAH, et al. 
Radiographic progression can still occur in individual patients 
with low or moderate disease activity in the current treat- to- target 
paradigm: real- world data from the Dutch rheumatoid arthritis 
monitoring (DREAM) registry. Arthritis Res Ther 2019;21:237. 

 55 Vermeer M, Kuper HH, Hoekstra M, et al. Implementation of a treat- 
to- target strategy in very early rheumatoid arthritis: results of the 
Dutch rheumatoid arthritis monitoring remission induction cohort 
study. Arthritis Rheum 2011;63:2865–72. 

 56 Versteeg GA, Steunebrink LMM, Vonkeman HE, et al. Long- term 
disease and patient- reported outcomes of a continuous treat- to- 
target approach in patients with early rheumatoid arthritis in daily 
clinical practice. Clin Rheumatol 2018;37:1189–97. 

 57 Stouten V, Westhovens R, Pazmino S, et al. Response to: 
'Correspondence on 'five- year treat- to- target outcomes after 
methotrexate induction therapy with or without other csdmards 
and temporary glucocorticoids for rheumatoid arthritis in the 
carera trial’'' by Jain and Dhir et al. Ann Rheum Dis 2021. 10.1136/
annrheumdis-2021-220857 [Epub ahead of print 30 Jun 2021].

 58 Stouten V, Westhovens R, Pazmino S, et al. Effectiveness of different 
combinations of DMARDs and glucocorticoid bridging in early 
rheumatoid arthritis: two- year results of carera. Rheumatology 
(Oxford) 2019;58:2284–94. 

 59 Verschueren P, De Cock D, Corluy L, et al. Effectiveness of 
methotrexate with step- down glucocorticoid remission induction 
(cobra slim) versus other intensive treatment strategies for early 
rheumatoid arthritis in a treat- to- target approach: 1- year results of 
carera, a randomised pragmatic open- label superiority trial. Ann 
Rheum Dis 2017;76:511–20. 

 60 Møller- Bisgaard S, Hørslev- Petersen K, Ejbjerg B, et al. Effect 
of magnetic resonance imaging vs conventional treat- to- target 
strategies on disease activity remission and radiographic 
progression in rheumatoid arthritis. JAMA 2019;321:461. 

 61 ter Wee MM, den Uyl D, Boers M, et al. Intensive combination 
treatment regimens, including prednisolone, are effective in 
treating patients with early rheumatoid arthritis regardless 
of additional etanercept: 1- year results of the COBRA- light 

 on A
pril 4, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2023-003196 on 28 A
pril 2023. D

ow
nloaded from

 

http://dx.doi.org/9972957
http://dx.doi.org/10.4097/kjae.2017.70.2.144
http://dx.doi.org/10.4324/9781315757421
http://dx.doi.org/10.4324/9781315757421
http://dx.doi.org/10.1007/s10067-013-2398-9
http://dx.doi.org/10.1136/annrheumdis-2011-200108
http://dx.doi.org/10.1136/ard.2010.142729
http://dx.doi.org/10.1007/s10067-015-2915-0
http://dx.doi.org/10.1093/rheumatology/ket230
http://dx.doi.org/10.1136/ard.2010.137695
http://dx.doi.org/10.1016/j.semarthrit.2018.07.004
http://dx.doi.org/10.1002/art.41232
http://dx.doi.org/10.1136/annrheumdis-2016-209272
http://dx.doi.org/10.3899/jrheum.151392
http://dx.doi.org/10.3899/jrheum.190302
http://dx.doi.org/10.1136/annrheumdis-2019-216819
http://dx.doi.org/10.1136/annrheumdis-2019-216819
http://dx.doi.org/10.1002/acr.23294
http://dx.doi.org/10.1002/acr.23294
http://dx.doi.org/10.1093/rheumatology/keu443
http://dx.doi.org/10.1136/rmdopen-2018-000649
http://dx.doi.org/17083767
http://dx.doi.org/10.1136/ard.2008.097683
http://dx.doi.org/10.1136/ard.2008.092254
http://dx.doi.org/10.1016/S0140-6736(16)30363-4
http://dx.doi.org/10.1136/annrheumdis-2013-203440
http://dx.doi.org/10.1136/annrheumdis-2013-203440
http://dx.doi.org/10.1080/03009742.2017.1376107
http://dx.doi.org/10.1136/annrheumdis-2012-202735
http://dx.doi.org/10.1136/annrheumdis-2015-208166
http://dx.doi.org/10.1016/S0140-6736(04)16676-2
http://dx.doi.org/10.1002/art.23449
http://dx.doi.org/10.1002/art.23449
http://dx.doi.org/10.1136/bmj.i4205
http://dx.doi.org/10.1186/s13075-016-0962-9
http://dx.doi.org/10.1186/s13075-019-2030-8
http://dx.doi.org/10.1002/art.30494
http://dx.doi.org/10.1007/s10067-017-3962-5
http://dx.doi.org/10.1136/annrheumdis-2021-220857
http://dx.doi.org/10.1093/rheumatology/kez213
http://dx.doi.org/10.1093/rheumatology/kez213
http://dx.doi.org/10.1136/annrheumdis-2016-209212
http://dx.doi.org/10.1136/annrheumdis-2016-209212
http://dx.doi.org/10.1001/jama.2018.21362
http://rmdopen.bmj.com/


11Messelink MA, et al. RMD Open 2023;9:e003196. doi:10.1136/rmdopen-2023-003196

Rheumatoid arthritisRheumatoid arthritisRheumatoid arthritis

open- label, randomised, non- inferiority trial. Ann Rheum Dis 
2015;74:1233–40. 

 62 Brown Z, Metcalf R, Bednarz J, et al. Modifiable factors associated 
with response to treatment in early rheumatoid arthritis. Arthritis and 
Rheumatology 2019;71:4198–200.

 63 El Miedany Y, El Gaafary M, Ahmed I, et al. Us guided treat- to- target 
approach in early RA: implications for uncoupling of disease activity 
and structural joint damage. Curr Rheumatol Rev 2015;11:18–27. 

 64 Fedele AL, Petricca L, Tolusso B, et al. Interleukin- 6 and iga- 
rheumatoid factor are crucial for baseline erosiveness, and anti- 
citrullinated peptide antibodies for radiographic progression in early 
rheumatoid arthritis treated according to a treat- to- target strategy. 
Scand J Rheumatol 2018;47:351–9. 

 65 Montecucco C, Todoerti M, Sakellariou G, et al. Low- dose oral 
prednisone improves clinical and ultrasonographic remission rates 
in early rheumatoid arthritis. Results of a 12 month open- label 
randomized study. Arthritis Res Ther 2012;14:R112. 

 66 Pope JE, Haraoui B, Rampakakis E, et al. Treating to a target in 
established active rheumatoid arthritis patients receiving a tumor 
necrosis factor inhibitor: results from a real- world cluster- randomized 
adalimumab trial. Arthritis Care & Research 2013;65:1401–9. 

 67 Song JJ, Song YW, Bae SC, et al. Treat- to- target strategy for Asian 
patients with early rheumatoid arthritis: result of a multicenter trial in 
Korea. J Korean Med Sci 2018;33:e346. 

 68 Tam LH- P, Shang Q, Li EK- M, et al. Effect of treat- to- target strategies 
aiming at remission of arterial stiffness in early rheumatoid arthritis: a 
randomized controlled study. J Rheumatol 2018;45:1229–39. 

 69 Teh CL, Wong JS. Impact of tight control strategy on rheumatoid 
arthritis in Sarawak. Clin Rheumatol 2011;30:615–21. 

 70 Verschueren P, Esselens G, Westhovens R. Daily practice 
effectiveness of a step- down treatment in comparison with a tight 
step- up for early rheumatoid arthritis. Rheumatology (Oxford) 
2008;47:59–64. 

 71 Zhao J, Wang Y, Geng Y, et al. Intensive therapy alleviates subclinical 
synovitis on ultrasound and disease activity and reduces flare in 
rheumatoid arthritis patients who have achieved clinical target- a 
randomized controlled trial. Semin Arthritis Rheum 2020;50:673–9. 

 72 Bugatti S, Manzo A, Benaglio F, et al. Serum levels of CXCL13 
are associated with ultrasonographic synovitis and predict power 
Doppler persistence in early rheumatoid arthritis treated with non- 
biological disease- modifying anti- rheumatic drugs. Arthritis Res Ther 
2012;14:R34. 

 73 Horton SC, Tan AL, Freeston JE, et al. Discordance between the 
predictors of clinical and imaging remission in patients with early 
rheumatoid arthritis in clinical practice: implications for the use of 
ultrasound within a treatment- to- target strategy. Rheumatology 
(Oxford) 2016;55:1177–87. 

 74 Sugihara T, Ishizaki T, Hosoya T, et al. Structural and functional 
outcomes of a therapeutic strategy targeting low disease activity in 
patients with elderly- onset rheumatoid arthritis: a prospective cohort 
study (crane). Rheumatology 2015;54:798–807. 

 75 Sugihara T, Ishizaki T, Onoguchi W, et al. Effectiveness and safety 
of treat- to- target strategy in elderly- onset rheumatoid arthritis: a 
3- year prospective observational study. Rheumatology (Oxford) 
2021;60:4252–61. 

 76 Huang H, Xie W, Geng Y, et al. Towards a better implementation of 
treat- to- target strategy in rheumatoid arthritis: a comparison of two 
real- world cohorts. Rheumatol Ther 2022;9:907–17. 

 77 de Andrade NPB, da Silva Chakr RM, Xavier RM, et al. Long- term 
outcomes of treat- to- target strategy in established rheumatoid 
arthritis: a daily practice prospective cohort study. Rheumatol Int 
2017;37:993–7. 

 78 Allaart CF, Breedveld FC, Dijkmans BAC. Treatment of recent- onset 
rheumatoid arthritis: lessons from the best study. J Rheumatol Suppl 
2007;80:25–33.

 79 Klarenbeek NB, Güler- Yüksel M, van der Kooij SM, et al. The impact 
of four dynamic, goal- steered treatment strategies on the 5- year 
outcomes of rheumatoid arthritis patients in the best study. Ann 
Rheum Dis 2011;70:1039–46. 

 80 Markusse IM, Akdemir G, Dirven L, et al. Long- term outcomes 
of patients with recent- onset rheumatoid arthritis after 10 years 
of tight controlled treatment: a randomized trial. Ann Intern Med 
2016;164:523–31. 

 81 van den Broek M, Lems WF, Allaart CF. Best practice: the success of 
early- targeted treatment in rheumatoid arthritis. Clin Exp Rheumatol 
2012;30:S35–8.

 82 van der Kooij SM, de Vries- Bouwstra JK, Goekoop- Ruiterman YPM, 
et al. Patient- reported outcomes in a randomized trial comparing 
four different treatment strategies in recent- onset rheumatoid 
arthritis. Arthritis & Rheumatism 2009;61:4–12. 

 83 van der Woude D, Visser K, Klarenbeek NB, et al. Sustained drug- 
free remission in rheumatoid arthritis after DAS- driven or non- DAS- 
driven therapy: a comparison of two cohort studies. Rheumatology 
2012;51:1120–8. 

 84 Teitsma XM, Jacobs JWG, Welsing PMJ, et al. Radiographic 
joint damage in early rheumatoid arthritis patients: comparing 
tocilizumab- and methotrexate- based treat- to- target strategies. 
Rheumatology (Oxford) 2018;57:309–17. 

 85 Verhoeven MMA, Tekstra J, Welsing PMJ, et al. Effectiveness 
and safety over 3 years after the 2- year U- act- early trial of the 
strategies initiating tocilizumab and/or methotrexate. Rheumatology 
2020;59:2325–33. 

 86 Schipper LG, Vermeer M, Kuper HH, et al. A tight control treatment 
strategy aiming for remission in early rheumatoid arthritis is more 
effective than usual care treatment in daily clinical practice: a study 
of two cohorts in the Dutch rheumatoid arthritis monitoring registry. 
Ann Rheum Dis 2012;71:845–50. 

 87 Versteeg GA, Steunebrink LMM, Vonkeman HE, et al. Early 
radiological progression remains associated with long- term joint 
damage in real- world rheumatoid arthritis patients treated to the 
target of remission. Scand J Rheumatol 2022;51:87–96. 

 88 Gullick NJ, Ibrahim F, Scott IC, et al. Real world long- term impact of 
intensive treatment on disease activity, disability and health- related 
quality of life in rheumatoid arthritis. BMC Rheumatol 2019;3:6. 

 89 Ebrahimian S, Salami A, Malek Mahdavi A, et al. Can treating 
rheumatoid arthritis with disease- modifying anti- rheumatic 
drugs at the window of opportunity with tight control strategy 
lead to long- term remission and medications free remission 
in real- world clinical practice? A cohort study. Clin Rheumatol 
2021;40:4485–91. 

 90 Goekoop- Ruiterman YPM, de 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 
2008;58:S126–35. 

 91 Vermeer M, Kuper HH, Moens HJB, et al. Sustained beneficial 
effects of a protocolized treat- to- target strategy in very early 
rheumatoid arthritis: three- year results of the Dutch rheumatoid 
arthritis monitoring remission induction cohort. Arthritis Care Res 
(Hoboken) 2013;65:1219–26. 

 92 Allaart CF, Markusse IM, Lems WF. What have we learned from best? 
Clin Immunol 2018;186:74–8. 

 93 Dale J, Stirling A, Zhang R, et al. Targeting ultrasound remission 
in early rheumatoid arthritis: the results of the taser study, a 
randomised clinical trial. Ann Rheum Dis 2016;75:1043–50. 

 94 Akdemir G, Markusse IM, Goekoop- Ruiterman YPM, et al. 
Rheumatologists’ adherence to a disease activity score steered 
treatment protocol in early arthritis patients is less if the target is 
remission. Clin Rheumatol 2017;36:317–26. 

 95 Hock ES, Martyn- St James M, Wailoo A, et al. Treat- to- target 
strategies in rheumatoid arthritis: a systematic review and cost- 
effectiveness analysis. SN Compr Clin Med 2021;3:838–54. 

 96 Bergstra SA, Allaart CF. What is the optimal target for treat- to- 
target strategies in rheumatoid arthritis? Curr Opin Rheumatol 
2018;30:282–7. 

 97 Bruce B, Fries JF. The Stanford health assessment questionnaire: 
a review of its history, issues, progress, and documentation. J 
Rheumatol 2003;30:167–78.

 on A
pril 4, 2024 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2023-003196 on 28 A
pril 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1136/annrheumdis-2013-205143
http://dx.doi.org/10.2174/1573397111666150522095749
http://dx.doi.org/10.1080/03009742.2017.1416668
http://dx.doi.org/10.1186/ar3838
http://dx.doi.org/10.1002/acr.22010
http://dx.doi.org/10.3346/jkms.2018.33.e346
http://dx.doi.org/10.3899/jrheum.171128
http://dx.doi.org/10.1007/s10067-010-1583-3
http://dx.doi.org/10.1093/rheumatology/kem288
http://dx.doi.org/10.1016/j.semarthrit.2020.05.014
http://dx.doi.org/10.1186/ar3742
http://dx.doi.org/10.1093/rheumatology/kew037
http://dx.doi.org/10.1093/rheumatology/kew037
http://dx.doi.org/10.1093/rheumatology/keu395
http://dx.doi.org/10.1093/rheumatology/keaa922
http://dx.doi.org/10.1007/s40744-022-00441-0
http://dx.doi.org/10.1007/s00296-017-3695-4
http://dx.doi.org/17985420
http://dx.doi.org/10.1136/ard.2010.141234
http://dx.doi.org/10.1136/ard.2010.141234
http://dx.doi.org/10.7326/M15-0919
http://dx.doi.org/23078756
http://dx.doi.org/10.1002/art.24367
http://dx.doi.org/10.1093/rheumatology/ker516
http://dx.doi.org/10.1093/rheumatology/kex386
http://dx.doi.org/10.1093/rheumatology/kez602
http://dx.doi.org/10.1136/annrheumdis-2011-200274
http://dx.doi.org/10.1080/03009742.2021.1917161
http://dx.doi.org/10.1186/s41927-019-0054-y
http://dx.doi.org/10.1007/s10067-021-05831-3
http://dx.doi.org/10.1002/art.23364
http://dx.doi.org/10.1002/acr.21984
http://dx.doi.org/10.1002/acr.21984
http://dx.doi.org/10.1016/j.clim.2017.09.017
http://dx.doi.org/10.1136/annrheumdis-2015-208941
http://dx.doi.org/10.1007/s10067-016-3405-8
http://dx.doi.org/10.1007/s42399-021-00727-4
http://dx.doi.org/10.1097/BOR.0000000000000484
http://dx.doi.org/12508408
http://dx.doi.org/12508408
http://rmdopen.bmj.com/

	What is the best target in a treat-to-target strategy in rheumatoid arthritis? Results from a systematic review and meta-regression analysis
	Abstract
	Introduction
	Methods
	Protocol and registration
	Literature search
	Study selection
	Data extraction
	Risk of bias assessment
	Data preprocessing for meta-regression analysis
	Meta-regression analysis

	Results
	Study selection and characteristics
	Meta-regression analyses

	Outcome mean DAS28-ESR
	Outcome percentage DAS-remission
	Outcome mean SDAI/CDAI
	Outcome percentage SDAI/CDAI/Boolean remission
	Outcome yearly progression of SHS
	Outcome mean HAQ
	Outcome mean CRP
	Subgroup analysis early versus established RA
	Subgroup analysis RCT versus cohort studies
	Comparison of parsimonious and full models
	High RoB studies
	Leave-one-out analyses
	Narrative results AEs and medication use
	Narrative results target comparison studies


	Discussion
	References


