
A comparison of short-term efficacy and toxicity of 2 glucocorticoid
bridging strategies in 2 clinical trials in early rheumatoid and
undifferentiated arthritis
Pol, J.A. van der; Brilman, E.G.; Jong, P.H.P. de; Weel, A.E.A.M.; Lard, L.R.; Molenaar, E.T.;
... ; Allaart, C.F.

Citation
Pol, J. A. van der, Brilman, E. G., Jong, P. H. P. de, Weel, A. E. A. M., Lard, L. R., Molenaar,
E. T., … Allaart, C. F. (2025). A comparison of short-term efficacy and toxicity of 2
glucocorticoid bridging strategies in 2 clinical trials in early rheumatoid and
undifferentiated arthritis. Seminars In Arthritis And Rheumatism, 73.
doi:10.1016/j.semarthrit.2025.152748
 
Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/4253215
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/4253215


A comparison of short-term efficacy and toxicity of 2 glucocorticoid 
bridging strategies in 2 clinical trials in early rheumatoid and 
undifferentiated arthritis

J.A. van der Pol a,*, E.G. Brilman a, P.H.P. de Jong b, A.E.A.M. Weel b,c, L.R. Lard d,  
E.T. Molenaar e, T.W.J. Huizinga a, S.A. Bergstra a, C.F. Allaart a

a Department of Rheumatology, Leiden University Medical Center, Leiden, the Netherlands
b Department of Rheumatology, Erasmus Medical Center, Rotterdam, the Netherlands
c Department of Rheumatology, Maasstad Hospital, Rotterdam, the Netherlands
d Department of Rheumatology, The Hague Medical Centre, The Hague, the Netherlands
e Department of Rheumatology, Groene Hart Hospital, Gouda, the Netherlands

A R T I C L E  I N F O

Keywords:
Prednisone dose
Rheumatoid arthritis
Combination therapy
Monotherapy
DMARD

A B S T R A C T

Objectives: To compare short-term outcomes of initial methotrexate therapy with higher or lower-dose gluco
corticoid (GC) bridging in patients with early rheumatoid or undifferentiated arthritis.
Methods: We compared two trials: a ‘higher-dose GC’-study starting with methotrexate and 60 mg/day predni
sone, tapered in 7 weeks to 7.5 mg/day (IMPROVED trial) and a ‘lower-dose GC’-study, starting with metho
trexate and prednisone 15 mg/day tapered in 10 weeks to nil (arm C of the tREACH trial). After multiple 
imputation, we compared the DAS and HAQ, rates of DAS-remission (DAS<1.6) and low disease activity 
(DAS≤2.4) at the first follow-up visit after 3 to 4 months with linear and logistic regression models, adjusted for 
baseline DAS/HAQ, age, gender, symptom duration, ACPA positivity, BMI and damage.
Results: Baseline symptom duration, DAS and HAQ were comparable, but more patients in the lower-dose GC- 
study arm C fulfilled the 2010 criteria for RA. After correction for confounders, patients in the lower-dose GC- 
study arm C had a significantly higher DAS (0.62 higher (95 % CI 0.43; 0.80) and HAQ (0.28 higher (95 % CI 
0.17; 0.39) at the first follow-up visit compared to patients in the higher-dose GC-study, and less often DAS- 
remission (63.4 % versus 28.9 %) and low disease activity (80.6 % versus 55.7 %). Fewer adverse events 
were reported in the higher-dose GC-study.
Conclusion: In patients with early RA or UA, a study with higher dosed glucocorticoids as part of initial treatment 
was associated with significantly better early clinical outcomes compared to a study with lower dosed gluco
corticoids, and fewer early side effects. These results should be interpreted with caution due to risk of bias when 
comparing two distinct clinical trials instead of performing one trial.

Key messages

● What is already known on this topic

Glucocorticoids are often used in early rheumatoid arthritis as bridging 
until slower acting csDMARDs take effect. ACR and EULAR guidelines 
have opposing views on GC application. The optimal dose and duration 
of initial bridging are unknown.

● What this study adds

In our analyses, a higher-dose (60 mg, tapered to and maintained at 
7,5 mg) of GC bridging leads to more short-term efficacy, without 
increased risk of short-term toxicity when compared to a lower-dose 
scheme (15 mg, tapered to nil).

● How this study might affect research, practice or policy

In patients requiring rapid suppression of symptoms, a higher dose of 
glucocorticoids can be safely applied, without more short-term side- 
effects.
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Introduction

In recent decades, early initiation of treatment followed by treat-to- 
target has resulted in remarkable clinical and radiological improve
ments in patients with rheumatoid arthritis (RA) [1–6]. Furthermore, it 
has become clear that the rapid suppression of inflammation affects both 
short-term restoration of functional ability and prevention of long-term 
damage [7]. Compared to conventional synthetic antirheumatic drugs 
(csDMARDs), glucocorticoids (GCs) have a rapid anti-inflammatory ef
fect, and can be used as bridging until csDMARDs take effect [8–11].

However, GCs in high (cumulative) dosages or prolonged duration 
can have considerable adverse effects, such as weight gain, osteoporosis, 
diabetes mellitus, hypertension and cardiovascular events [12]. Thus, 
the application of glucocorticoids in the treatment of RA is a topic of 
longstanding debate. The 2022 EULAR recommendations state that GC 
bridging therapy should be started when initiating or changing 
csDMARD therapy and should be stopped as rapidly as clinically feasible 
(within 3 months) [13,14]. The 2021 ACR guideline for the treatment of 
RA conditionally recommends starting and switching csDMARD therapy 
without glucocorticoid bridging [15]. In several clinical trials and in 
daily practice, variable dosages of oral or parenteral glucocorticoids 
have been applied [2,6,16–20]. The best strategy to optimize the bal
ance between potential side effects, while maintaining GC effectivity 
remains to be determined [21,22].

To provide insight into the optimal early bridging strategy, we 
compared the early clinical response and toxicity after a lower-dose GC 
tapering schedule or a higher-dose GC tapering schedule in the treat
ment of early undifferentiated (UA) or rheumatoid arthritis by using 
data from the tREACH (Treatment in the Rotterdam Early Arthritis 
CoHort) and IMPROVED (Induction therapy with Methotrexate and 
Prednisone in Rheumatoid Or Very Early arthritic Disease) studies. Both 
were initiated in 2007 in The Netherlands, utilizing different glucocor
ticoid bridging schedules in patients with early UA and RA [16,17].

Methods

Study populations

The tREACH study (‘lower-dose GC-study’)
The tREACH study (trial register ISRCTN26791028) was a multi

centre, stratified single-blinded trial in adult patients with arthritis less 
than one year and a high risk of early RA based on a prediction model 
developed by Visser et al. [23]. This model assigns points for symptom 
duration, morning stiffness, arthritis in >3 joints, bilateral compression 
pain in the metatarsophalangeal joints, rheumatoid factor (RF)/anti-
citrullinated protein antibody (ACPA) positivity and erosions. Patients 
with a score ≥ 6 points out of 13 (>70 % risk of persistent arthritis) were 
included between July 2007 and April 2011 and randomized to three 
treatment arms: arm A, initial triple DMARD therapy consisting of 
methotrexate (MTX, 25 mg/week reached after three weeks), sulfasa
lazine (SSZ, 2 g/day) and hydroxychloroquine (HCQ, 400 mg/day) with 
a single intramuscular injection of GC (either methylprednisolone 120 
mg or triamcinolonacetonide 80 mg); arm B, initial triple DMARD 
therapy with an oral GC tapering scheme (prednisolone 15 mg/day, 
tapered to nil in 10 weeks); arm C, initial MTX monotherapy (25 
mg/week reached after three weeks) with oral GCs as in arm B. The first 
evaluation visit occurred after approximately three months.

The improved study (‘higher-dose GC-study’)
The IMPROVED study (trial register ISRCTN11916566) was a mul

ticentre two-step randomized clinical trial in adult patients with recent 
onset DMARD naive RA (2010 classification criteria, symptom duration 
< one year) or UA, included between March 2007 and September 2010. 
All patients started treatment with methotrexate (25 mg/week reached 
after four weeks) and prednisone bridging (initially 60 mg/day, tapered 
in seven weeks to and continued at 7.5 mg/day, supplementary file 1) 

[16]. The first evaluation visit occurred after approximately four 
months. As a result of the different study protocols, the planned cumu
lative dose of prednisone was higher (1715 mg) in the higher-dose GC 
study than in the lower-dose GC study arm C (665 mg) at the second 
study visit. At the first evaluation visit, patients not in Disease Activity 
Score (DAS)-remission were randomised to two study arms. For the 
current analyses, we only utilised data until this point in time. Further 
details regarding the IMPROVED study have been published previously 
and have no influence on the analyses until the first evaluation visit in 
our current manuscript.

Outcomes

The DAS was calculated based on a clinical assessment of 53 joints 
for pain (Ritchie Articular Index) and 44 joints for swelling [24]. 
DAS-remission was defined as a DAS<1.6 and DAS≤2.4 was considered 
to represent low disease activity [25,26]. Functional ability was assessed 
with the Health Assessment Questionnaire (HAQ). A decrease in HAQ 
score of >0.21 was considered a clinically relevant improvement [27]. 
Radiologic damage was scored blind for treatment allocation in both 
studies, but with radiographs ordered chronologically in the lower-dose 
GC-study and in time-random order in the higher-dose GC-study. 
Adverse events were reported based on semi structured interviews, 
self-reported in questionnaires and routine safety laboratory tests (as 
appropriate for the medication used) and categorized retrospectively.

Statistical analysis

As initial step, we compared arm C of the lower-dose GC-study to the 
higher-dose GC-study, as co-treatment in both studies was similar. In 
addition, we compared the higher-dose GC study to arms A and B of the 
lower-dose GC-study (with better outcomes than arm C in the original 
tREACH study) to investigate early outcomes of initial triple DMARD 
therapy versus initial therapy with higher-dosed GCs. Baseline and 
follow-up results were compared with descriptive statistics. Measures 
with a Gaussian distribution were analysed with one-way analysis of 
variance. Outcome measurements with a non-Gaussian distribution 
were analysed by the Kruskal-Wallis test for groupwise comparisons. 
Categorical variables were compared between treatment groups with 
the Pearson Chi-square test. Incidence rates of (serious) adverse events 
((S)AEs) were reported per 100 patient years and compared with the 
binominal probability test. As a sensitivity analysis, we compared (S)AE 
incidence rates in patients fulfilling the 2010-classification criteria for 
RA.

Multiple imputation was performed with multivariate normal 
imputation with 20 imputation cycles (equal to the percentage of pa
tients with ≥ 1 missing value in any of the variables in our models). 
Variables used in multiple imputation were DAS, HAQ, days until the 
first study visit after baseline, ACPA, RF, BMI, joint damage (Sharp/van 
der Heijde Score), study arm, symptom duration, 2010 classification 
criteria fulfilment, age and gender (some variables without missing 
values were used to impute variables with missingness).

For our main analyses, linear and logistic regression models were 
performed to compare short-term outcomes of the different treatment 
strategies (DAS, remission, LDA, HAQ) at the first follow up visit (3 to 4 
months from baseline). These models were adjusted for baseline dif
ferences between studies and other potential confounders, based on 
previous literature and clinical reasoning. Models with outcome DAS, 
remission and low disease activity were adjusted for baseline DAS, age, 
gender, symptom duration, ACPA positivity and BMI [28–32]. Models 
with outcome HAQ were adjusted for baseline HAQ, age, gender, 
symptom duration, ACPA positivity and baseline SHS damage [28,29,
33,34]. Collinearity was tested by calculating the variance inflation 
factor (VIF) of study type (4 options: higher-dose GC-study and 3 arms of 
the lower-dose GC-study) and time to the first follow up visit when both 
are included in a model. A VIF <5 means low correlation, a VIF between 
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5 and 10 moderate correlation and a VIF > 10 indicates intolerable 
correlation between model predictors [35]. Additionally, to assess the 
effect of variability of time to first evaluation visit, within each study we 
estimated the association between actual time in days until the first 
follow up visit and change scores for DAS and HAQ (deltaDAS and 
deltaHAQ from baseline) as outcome with linear regression analyses.

To test whether the models are sensitive to outliers, we imputed the 
minimum or the maximum values for each variable instead of multiple 
imputation and compared the outcomes to the corrected models. 
Furthermore, we tested whether addition of fulfilment of the 2010-clas
sification criteria for RA as a confounder changed any of our models and 
we performed sensitivity analyses in patients who fulfil these criteria to 
improve comparability of patient groups. Similarly, we tested all of our 
models in ACPA-positive patients only.

All data were analysed with Stata 16.0 (TX: StataCorp LLC).

Results

In the higher-dose GC-study, 598/610 patients completed the first 
evaluation visit. In the lower-dose GC-study, 264/281 patients (arm A; 
85/91, arm B; 89/93, arm C; 90/97) completed the first evaluation. The 
average missingness per variable used in any of the models was 3.3 %, 
ranging from 0 % (age, gender) to 13.7 % (baseline SHS damage, a 
potential confounder).

Table 1 shows the baseline characteristics of both studies. Patients in 
the higher-dose GC-study had shorter symptom duration, were less often 
ACPA or RF positive and included more patients who did not fulfil the 
2010 criteria for RA (UA patients 20 % vs 4 %) compared to the lower- 
dose GC-study. Also, baseline radiographic damage as measured with 
the Sharp/van der Heijde score (SHS) was less in the higher-dose GC- 
study compared to the lower-dose GC-study. Baseline DAS was compa
rable among both studies, but baseline HAQ was significantly higher in 
the higher-dose GC-study (difference 0.13 to 0.19, depending on 
comparator group, none clinically relevant).

As a result of the different study protocols, the mean (SD) number of 
days until the first follow-up visit was different between the studies: 
higher-dose GC-study 122 [11] days vs lower-dose GC-study 94 [14] 
days, supplementary file 2. Collinearity testing for study type and days 
until the first follow up visit showed a VIF of 44.1, which indicates 
intolerable correlation between the model predictors. Thus, no adjust
ment for time from baseline to follow up visit was done in our models. 
Within each study separately, we did not find a significant association 
between the number of days until the first follow-up visit and our pri
mary outcomes. In the higher dose GC-study, a difference of one month 
extra until the first follow up visit was associated with a reduction in 
DAS of 0.03 (p = 0.82) and a reduction in HAQ of 0.08 (p = 0.29). In the 
lower-dose GC study, one month extra until the first follow up visit was 
associated with a reduction in DAS of − 0.2 (p = 0.21) and a reduction in 
HAQ of 0.05 (p = 0.63) (supplementary file 3).

Comparison of DAS and HAQ at first follow-up visit

At the first follow-up visit, mean (SD) DAS had decreased by 1.7 (1.0) 
in the higher-dose GC-study (from 3.2 at baseline to 1.5 at first follow-up 
visit) and by 1.2 (1.0) in the lower-dose GC arm C (from 3.4 at baseline 
to 2.2 at first follow up visit, p < 0.001), see Table 2. The median (IQ) 
HAQ decreased by 0.75 (0.25; 1.13) in the higher-dose GC-study (from 
1.13 at baseline to 0.25 at first follow up visit) and by 0.25 (0.0; 0.63) in 
the lower-dose GC-study arm C (from 1.00 at baseline to 0.56 at first 
follow up visit, p < 0.001). After adjustment for potential confounders, 
DAS and HAQ at the first follow up visit were significantly higher in the 
lower-dose GC-study arm C compared to the higher-dose GC-study: DAS 
was 0.62 (95 % CI 0.43; 0.80) higher and HAQ was 0.28 (95 % CI 0.17; 
0.39) higher than in the higher-dose GC study (Table 3).

Low disease activity and DAS-remission at first follow-up visit

Low disease activity (DAS≤2.4) at the first follow-up visit was ach
ieved by 80.6 % in the higher-dose GC-study and 55.7 % in the lower- 
dose GC-study arm C. DAS-remission (DAS<1.6) was achieved in 63.4 
% of the patients in the higher-dose GC-study and 28.9 % in lower-dose 
GC-study arm C. After adjustment for potential confounders, patients in 
the lower-dose GC arm C were significantly less likely to achieve low 

Table 1 
Baseline characteristics of the higher-dose GC-study and subgroups of the lower- 
dose GC-study.

Higher- 
dose GC 
(n =
610)

Lower- 
dose GC 
arm A 
(n = 91)

Lower- 
dose GC 
arm B (n 
= 93)

Lower- 
dose GC 
arm C (n 
= 97)

p* p(C)

Age, mean 
(SD)

52 (14) 53 (15) 54 (14) 54 (14) 0.582 0.289

Gender 
female, %

68 60 72 70 0.353 0.661

BMI, 
median 
(IQ)

25.2 
(22.8; 
28.2)

25.6 
(23.2; 
28.1)

25.9 
(22.7; 
29.8)

25.5 
(23.4; 
28.8)

0.423 0.191

Smoking, % 29 35 33 33 0.606 0.424
Symptom 

duration 
(weeks), 
median 
(IQ)

18 (9; 
32)

21 (12; 
30)

27 (16; 
36)

20 (13; 
27)

0.017 0.336

ACPA pos, 
%

56 81 72 77 <0.001 <0.001

RF pos, % 58 76 70 67 0.002 0.096
RA 1987 

criteria 
pos, %

60 76 61 65 0.027 0.324

RA 2010 
criteria 
pos, %

80 96 95 98 <0.001 <0.001

DAS, mean 
(SD)

3.21 
(0.91)

3.28 
(0.82)

3.40 
(1.1)

3.39 
(0.98)

0.121 0.076

ESR, 
median 
(IQ)

25 (11; 
39)

27 (14; 
40)

22 (13; 
40)

24 (14; 
42)

0.790 0.680

Global 
health, 
median 
(IQ)

48 
(27.5; 
63)

52 (34; 
70)

55 (29; 
69)

53 (38; 
70)

0.003 0.003

TJC53, 
median 
(IQ)

6 (4; 9) 8 (4; 14) 9 (5; 15) 10 (4; 
14)

0.001 0.001

SJC44, 
median 
(IQ)

5 (3; 10) 8 (5; 12) 7 (4; 12) 7 (4; 12) 0.001 0.044

HAQ, 
median 
(IQ)

1.13 
(0.75; 
1.63)

0.94 
(0.31; 
1.50)

0.94 
(0.38; 
1.38)

1.00 
(0.50; 
1.50)

0.016 0.172

SHS, 
median 
(IQ)

0.0 (0.0; 
0.0)

0.5 (0.0; 
2.0)

0.5 (0.0; 
2.0)

1.0 (0.0; 
2.5)

<0.001 <0.001

p*: groupwise comparison of all four treatment categories;.
p(C): higher-dose GC-study vs. only lower-dose GC-study arm C (main anal
ysis).
ACPA: anti-citrullinated peptide antibody, BMI: body mass index, DAS: Disease 
Activity Score, GC: glucocorticoid, HAQ: Health Assessment Questionnaire, IQ: 
inner quartiles, RF: rheumatoid factor, RA: rheumatoid arthritis, SD: standard 
deviation SHS: Sharp/van der Heijde score.
Higher-dose GC-study: treated with methotrexate and cumulative oral predni
sone 1715 mg;.
Lower-dose GC-study arm A: treated with methotrexate, sulfasalazine and 
hydroxychloroquine with one intramuscular injection with GC;.
Lower-dose GC-study arm B; treated with methotrexate, sulfasalazine and 
hydroxychloroquine and cumulative oral 665 mg;.
Lower-dose GC-study arm C: treated with methotrexate and cumulative oral 
prednisone 665 mg.
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disease activity (OR 0.27, 95 % CI 0.16; 0.48) and DAS-remission (OR 
0.25, 95 % CI 0.15; 0.43) compared to the higher-dose GC-study.

Analyses in other arms of the lower-dose GC-study vs higher-dose GC- 
study

In arms A (initial triple DMARD therapy with a single IM GC injec
tion) and B (initial triple DMARD therapy and lower-dose GC), signifi
cantly less patients achieved DAS-remission than in the higher-dose GC- 
study (40.7 and 40.9 % vs 63.4 %). In the lower-dose GC-study arm B a 
comparable percentage achieved low disease activity compared to the 

higher-dose GC-study (75.3 % vs 80.6 %, Table 2). Corrected for po
tential confounders, the DAS at the first follow-up visit was significantly 
higher in both arm A and arm B compared to higher-dose GC-study. 
Similarly, HAQ was significantly higher in both arms A and B compared 
to the higher-dose GC-study (Tables 2 and 4).

Reanalysis after imputing missing data with high or low values did 
not produce relevantly different estimated associations for all above 
mentioned analyses. Likewise, sensitivity analyses in ACPA-positive 
patients and in patients fulfilling the 2010 ACR/EULAR criteria for RA 
produced similar results for all aforementioned analyses (supplementary 
files 4 to 7).

(Serious) adverse events

Table 5 shows a summary of adverse events until the first follow up 
visit. The incidence rate of all adverse events combined was higher in 
lower-dose GC-study arm C than in the higher-dose GC-study (202 per 
100 patient years vs 376 per 100 patient years in the lower-dose GC 
study). Malaise, gastrointestinal symptoms, skin rashes, headaches and 
self-reported ‘depression’ (including “feeling sad” in the lower-dose GC- 
study arm C), bone marrow depression and elevated serum creatinine 
levels (based on the local lower limits of normal) were recorded 
significantly more often in the lower-dose GC-study arm C. Other dif
ferences in incidence rates were not significantly different between the 
two studies (Table 5). Hypertension and hyperglycaemia were reported 
more frequently in the higher-dose GC-study, but this was not 
significant.

Six serious adverse events were reported in the lower-dose GC-study 
arm C and 16 in the higher-dose GC-study (incidence rate per 100 pa
tient years 23.4 in the lower-dose GC-study arm C versus 8.0 in the 
higher-dose GC-study, p = 0.04, Table 5). Details of these SAEs have 
been published earlier and are summarized in supplementary file 8 [16,
17]. In sensitivity analysis in patients fulfilling the 2010-classification 
criteria for RA, (S)AE incidence rates were similar, with the exception 
of gastro-intestinal side effects and serious adverse events. Both rates are 
no longer significantly lower in the higher-dose GC-study versus the 
lower-dose GC-study arm C (supplementary file 9).

When we extend the adverse events analysis to the other two arms of 
the lower-dose GC-study, infections were reported more frequently in 
the higher-dose GC-study compared to arm A. There were no differences 
in the frequency of hypertension, hyperglycaemia, hair loss, depression/ 
feeling sad, nor of elevated liver enzymes and dyspnea. In all study arms 
of the lower-dose GC-study, significantly more malaise, gastrointestinal 
symptoms, skin rashes, headache, and bone marrow depression were 

Table 2 
Follow up visit characteristics of higher-dose GC-study and subgroups in the lower-dose GC-study.

Higher-dose GC (n =
598)

Lower-dose GC arm A (n =
85)

Lower-dose GC arm B (n =
89)

Low -dose GC arm C (n =
90)

p* p(C)

DAS, median (IQ) 1.29 (0.82; 2.1) 1.80 (1.2; 2.3) 1.81 (1.2; 2.3) 2.19 (1.3; 3.1) <0.001 <0.001
ΔDAS from baseline, mean 

(SD)#
− 1.7 (1.0) − 1.39 (1.00) − 1.54 (0.98) − 1.19 (1.0) <0.001 <0.001

DAS-remission (<1.6), % 63.4 40.7 40.9 28.9 <0.001 <0.001
DAS≤2.4, % 80.6 71.4 75.3 55.7 <0.001 <0.001
HAQ, median (IQ) 0.25 (0.0; 0.75) 0.38 (0.00; 0.88) 0.38 (0.0; 0.88) 0.56 (0.13; 1.13) 0.008 <0.001
ΔHAQ from baseline, median 

(IQ)
− 0.75 (− 1.13; − 0.25) − 0.25(− 0.75; − 0.13) − 0.38(− 0.75; 0.0) − 0.25(− 0.63; 0.0) <0.001 <0.001

GC cumulative dose (mg) 1715 MPS 120 or TAC 80 i.m. 665 665 ​ ​

p*: groupwise comparison of all four treatment categories;.
p(C): higher-dose GC vs. only lower-dose GC arm C (main analysis).

# : ΔDAS was calculated on patient level, only including patients with both a baseline and follow up DAS measurement. 
DAS: Disease Activity Score, GC: glucocorticoid, HAQ: Health Assessment Questionnaire, IQ; inner quartiles, MPS: methylprednisolone, SD: standard deviation, 

TAC: triamcinolonacetonide. 
Higher-dose GC-study: treated with methotrexate and oral cumulative prednisone 1715 mg; 
Lower-dose GC-study arm A: treated with methotrexate, sulfasalazine and hydroxychloroquine with one intramuscular injection with GC; 
Lower-dose GC-study arm B; treated with methotrexate, sulfasalazine and hydroxychloroquine and cumulative oral 665 mg; 
Lower-dose GC-study arm C: treated with methotrexate and cumulative oral prednisone 665 mg.

Table 3 
Main analysis: logistic and linear regression models comparing arm C of the 
lower-dose GC-study to the higher-dose GC-study, outcomes DAS, HAQ, remis
sion and LDA.

Linear regression, outcome DAS1 β 95 % CI p

Higher-dose GC-study ref – –
Lower-dose GC-study arm C 0.65 0.47; 0.83 <0.001

Linear regression, outcome HAQ2 β 95 % CI p

Higher-dose GC-study ref – –
Lower-dose GC-study arm C 0.30 0.19; 0.41 <0.001

Logistic regression, outcome remission1 OR 95 % CI p

Higher-dose GC ref – –
Lower-dose GC-study arm C 0.22 0.13; 0.38 <0.001

Logistic regression, outcome LDA1 OR 95 % CI p

Higher-dose GC ref – –
Lower-dose GC-study arm C 0.25 0.14; 0.44 <0.001

1 : adjusted for baseline DAS, age, gender, symptom duration, ACPA positivity 
and BMI*.

2 : adjusted for baseline HAQ, age, gender, symptom duration, ACPA positivity 
and SHS damage* 

*: additional adjustment for 2010-RA criteria positivity did not change the 
models 

ACPA: anti-citrullinated protein antibodies; BMI: body mass index;; GC: 
glucocorticoid; HAQ: Health Assessment Questionnaire; LDA: low disease ac
tivity, OR: odds ratio; SHS: Sharp/van der Heijde. 

Higher-dose GC-study: treated with initial methotrexate and cumulative oral 
prednisone 1715 mg; 

Lower-dose GC-study arm C: treated with methotrexate and cumulative oral 
prednisone 665 mg; 

Study visit: after three months in the lower-dose GC-study and four months 
in the higher-dose GC-study.
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reported than in the higher-dose GC-study. Serious adverse events were 
reported numerically less often in lower-dose GC arm A (incidence rate 
3.37 per 100 patient years) and more often in arm B (16 per 100 patient 
years) compared to the higher-dose GC study (incidence rate 7.96 per 
100 patient years).

Discussion

High and low dosages of glucocorticoids have been tested in various 
studies as part of the initial treatment for patients with RA and UA, but 
the best combination of starting dose, duration and tapering strategy 
remains uncertain. We compared the clinical results of two initial 
treatment regimens in two Dutch strategy trials that started in 2007, in 
patients with recent onset RA or UA, using methotrexate 25 mg/week as 
initial treatment, with either a higher-dose (60 mg/day tapered to 7.5 
mg/day in seven weeks) or a lower-dose GC bridging therapy regimen 
(15 mg/day tapered to nil in 10 weeks). We found that, after correcting 
for potential confounders, the higher-dose GC strategy was associated 
with more improvement in DAS and HAQ at the first follow up visit. 
Adverse events, calculated as incidence rate per 100 patients years, were 
overall reported less often in patients treated with the higher-dose GC 

study than in the lower-dose GC arm C study.
Our study is an attempt to compare results of two studies that were 

not initially designed to be compared. There were apparent similarities, 
both starting in the same year in the western part of The Netherlands, 
both included patients with recent onset RA or UA and starting treat
ment with a similar dose of methotrexate but a different prednisone 
bridging scheme, which was at the centre of our study question. It has 
been established that adding a course of GC (‘bridging’) to initial 
treatment with slower acting csDMARDs results in earlier suppression of 
disease activity and functional improvement [6,9]. Also, a high dosed 
bridging scheme results in significantly less radiologic damage, 
compared to non-bridging, despite similar treat-to-target efforts during 
long term follow up [36,37]. However, the optimal dosing scheme has 
yet to be determined and no direct comparison between the current 
higher-dose and lower-dose GC schemes in this study has been trialled. 
The COBRA-light and CareRA trials have directly compared prednisone 
60 mg vs 30 mg with tapering schemes) in combination with csDMARDs 
in the initial treatment of RA. Both studies showed that csDMARDs in 
combination with prednisone 30 mg per day were comparably effective 
(CareRA) or non-inferior (COBRA-light) to the combination with pred
nisone 60 mg per day after 4, 8, 16 and 26 weeks when comparing de
creases in disease activity and remission rates [19,20]. In the recently 
published CORRA trial, an initial high dose prednisone comparable with 
our higher-dose GC study, but with shorter tapering scheme (60 mg 
tapered to 10 mg in 6 weeks and further tapered to nil at week 12) was 
compared to a low dose tapering scheme (10 mg for 4 weeks, 7.5 mg for 
4 weeks and 5 mg for 4 weeks) bridging schedule, or placebo, in addition 
to initial MTX 15 mg/week. DAS was shown to decrease more rapidly in 
both prednisone groups until week 12 when compared to placebo, but 
this did not lead to significant differences in SHS at month 12, poten
tially due to overall less damage progression due to targeted treatment, a 
lower MTX dose and a lower cumulative prednisone dose than in the 
COBRA trial (2345 mg in the COBRA compared to 1435 mg and 630 mg 
in the subgroups of the CORRA trial).

In our comparison, we found more improvement in DAS and HAQ at 
the first evaluation timepoint in the higher-dose GC study than in the 
lower-dose GC study, potentially due to baseline differences between the 
patients in both studies. Patients in the higher-dose GC-study had a 
shorter symptom duration, were less often antibody positive and fewer 
fulfilled the classification criteria for RA. Possibly related to that, 
radiologic damage (Sharp/van der Heijde score) was less at baseline 
compared to the lower-dose GC-study. Overall, the low-dose GC study 
comprised a group of patients with an less favourable prognosis 
compared to patients in the high-dose GC study, although autoanti
bodies and baseline damage are associated with long term outcomes, 
and not with short-term outcomes that were our current focus [38]. 
Simply put; a comparison of two different trials is methodologically 
inferior to one original randomised controlled clinical trial in terms of 
reliability and potential bias. We attempted to address differences be
tween the trials by adjusting our models and performing sensitivity 
analyses, which resulted in similar outcomes as the main analyses. Still, 
other unknown residual confounding may influence our conclusions. An 
important side note is that we did not include time to the first evaluation 
visit as confounder in our analyses. The fact that the studies were 
initially designed to have the first evaluation visit at different timepoints 
(3 or 4 months from baseline) precludes correcting this variable in the 
analyses due to the high collinearity with the studies itself, as demon
strated by the high VIF. Several other studies have demonstrated that 
initial strategies which include prednisone result in a rapid decline in 
disease activity in the first weeks, followed by stable disease activity in 
the months afterward [39,40]. This would suggest that timing of effect 
measurement may be more important in later (and not earlier) months, 
and the disease activity in the higher-dose GC-study would already have 
been similar after 3 months to the disease activity recorded at 4 months. 
Another factor may be that longer exposure to methotrexate, not just 
prednisone, may result in continued lowering of disease activity over 

Table 4 
Adjusted logistic and linear regression models comparing all arms of the lower- 
dose GC-study to the higher-dose GC-study, outcomes DAS, HAQ, remission and 
LDA.

Linear regression, outcome DAS1 β 95 % CI p

Higher-dose GC-study ref – –
Lower-dose GC-study arm A 0.41 0.23; 0.60 <0.001
Lower-dose GC-study arm B 0.27 0.08; 0.45 0.004
Lower-dose GC-study arm C 0.65 0.47; 0.83 <0.001

Linear regression, outcome HAQ2 β 95 % CI p

Higher-dose GC-study ref – –
Lower-dose GC-study arm A 0.19 0.08; 0.31 0.001
Lower-dose GC-study arm B 0.17 0.07; 0.28 0.001
Lower-dose GC-study arm C 0.30 0.19; 0.41 <0.001

Logistic regression, outcome remission1 OR 95 % CI p

Higher-dose GC ref – –
Lower-dose GC arm A 0.34 0.21; 0.57 <0.001
Lower-dose GC arm B 0.42 0.26; 0.70 0.001
Lower-dose GC arm C 0.22 0.13; 0.38 <0.001

Logistic regression, outcome LDA1 OR 95 % CI p

Higher-dose GC ref – –
Lower-dose GC arm A 0.44 0.24; 0.82 0.010
Lower-dose GC arm B 0.82 0.43; 1.53 0.528
Lower-dose GC arm C 0.25 0.14; 0.44 <0.001

1 : adjusted for baseline DAS, age, gender, symptom duration, ACPA positivity 
and BMI*.

2 : adjusted for baseline HAQ, age, gender, symptom duration, ACPA positivity 
and SHS damage* 

*: additional adjustment for 2010-RA criteria positivity did not change the 
models 

ACPA: anti-citrullinated protein antibodies; BMI: body mass index; DAS: 
Disease Activity Score; GC: glucocorticoid; HAQ: Health Assessment Question
naire; LDA: low disease activity, OR: odds ratio; SHS: Sharp/van der Heijde 
score. 

Higher-dose GC-study: treated with methotrexate and cumulative oral 
prednisone 1715 mg; 

Lower-dose GC-study arm A: treated with methotrexate, sulfasalazine and 
hydroxychloroquine with one intramuscular injection with GC; 

Lower-dose GC-study arm B; treated with methotrexate, sulfasalazine and 
hydroxychloroquine and cumulative oral prednisone 665 mg; 

Lower-dose GC-study arm C: treated with methotrexate and cumulative oral 
prednisone 665 mg. 

Study visit: after three months in the lower-dose GC and four months in the 
higher-dose GC 

Note: results for study arm C are identical to Table 3, our main analyses.

J.A. van der Pol et al.                                                                                                                                                                                                                         Seminars in Arthritis and Rheumatism 73 (2025) 152748 

5 



time, although we found no trials to corroborate a large effect. One may 
speculate that patients who respond earlier or better may postpone the 
first evaluation timepoint compared to patients who do not respond and 
seek treatment adjustment. However, in the separate studies we did not 
find a significant association between time to the first evaluation visit 
and outcomes DAS and HAQ. Although we have offered arguments 
against a large effect (since treatment with GCs mostly provides a rapid 
decline in the first weeks, followed by stable disease in the months af
terward), the continued use of 7.5 mg of prednisone in the higher-dose 
GC-study may have contributed to the greater decrease in DAS (and 
thus, HAQ), when compared to the lower (and shorter) dosed GC study.

The recent drive to find the lowest effective initial GC bridging 
scheme is motivated by the fear for adverse events associated with use of 
oral GC. Therefore, the 2022 EULAR recommendations advise to pre
scribe GCs for a short-time period and to stop as rapidly as clinical 
feasible (within 3 months) [13]. The 2021 ACR guidelines even advise 
against all use of initial GC, as they consider the risk of prolonged 
continuation of GC too high [41]. The adverse events reported in pa
tients using GC are varied and appear to be dose and duration depen
dent. Not all reports derive from patients with RA, where adverse effects 
similar to those of GC use have been associated with persistent disease 
activity of RA. A sub-analysis of the BeSt study has shown that the same 
initial prednisone bridging scheme as used in the higher-dose GC scheme 
analysed in the current study, was associated with a similar loss of bone 
mineral density in the first year of treatment compared to DMARD 
treatment arms without prednisone bridging where disease activity was 
less rapidly suppressed [42].

We compared reported adverse events in the higher- and lower-dose 
GC studies, with the same caveat that goes for comparison of other 
outcomes in two different studies. Semi-structured interviews and self- 
reporting of adverse events may be especially sensitive to differences 
in reporting or interpreting perceived adverse events in two different 
populations. Our finding that there appeared to be fewer adverse events 
reported in the higher-dose GC study may be based on these differences. 
However, earlier reports on adverse events in the BeSt study may sup
port the possibility that more rapid suppression of disease activity and 
more rapid clinical improvement, and even prednisone itself, may 

suppress some adverse effects associated with disease activity and use of 
methotrexate and analgesics [42,43]. A theoretical explanation for 
fewer gastro-intestinal side-effects in the higher-dose GC-study could be 
decreased requirement of non-steroidal anti-inflammatory drugs due to 
more rapid pain relief related to the higher dose of GCs patients received 
[44]. Unfortunately, data regarding comedication was not available in 
our current analyses. This difference in side effects may originate from 
the patients not fulfilling the 2010-classification criteria for RA. In 
sensitivity analyses in patients who fulfill these criteria, gastro-intestinal 
side effect (and serious adverse events) incidence rates are no longer 
significantly lower in the higher-dose GC-study. In theory, this could 
suggest these side effects are related to the disease burden rather than 
the treatment. Exploratory analyses were done to compare adverse 
events that are reputed to be specifically associated with GC use. Of 
note, there were numerically higher incidence rates of hypertension and 
hyperglycaemia in the higher-dose GC-study. In accordance with this, 
the CORRA study found no differences in adverse events except for an 
increase in HbA1c in the high-dose group (6.9 % vs 1.6 %, p = 0.04). In 
the lower-dose GC-study, there were three serious infections (one in 
each study arm), in the higher-dose GC-study there were seven serious 
infections. There were significantly more SAEs per 100 patient years in 
the lower-dose GC-study arm C, but similar rates in the other arms 
versus the higher-dose GC-study. Ideally, the answer towards which is 
the optimal initial treatment strategy should come from randomized 
controlled trials. However, because there would be so many variations in 
GC dose and duration possible, observational data can be used to pro
vide some insights. This comes with limitations. We have compared 
neither long term efficacy nor long term adverse events. Both studies 
had protocolized treatment adjustments in case of inadequate treatment 
response, and it would be interesting to compare the number of treat
ment adjustments required, and any long-term effect of the initial 
treatment weeks both on clinical and radiographic outcomes (though it 
would be challenging to disentangle the effect of initial treatmen and 
subsequent changes of treat-to-target strategies). Doing so could provide 
an opportunity to evaluate the impact of suppression of disease activity 
by GC bridging on the occurrence of adverse outcomes usually attrib
uted to GC.

Table 5 
(Serious) adverse events per 100 patient years in higher-dose GC-study and subgroups of the lower-dose GC-study (until first follow up visit).

Higher-dose GC (n =
610)

Lower-dose GC arm A (n =
91)

Lower-dose GC arm B (n =
93)

Lower-dose GC arm C (n =
97)

p(A) p(B) p(C)

Malaise 9.45 40.4 36.0 42.9 <0.001 0.003 <0.001
Gastrointestinal 

symptoms
48.7 155 188 97.6 <0.001 <0.001 0.004

Hypertension 9.95 3.37 8.00 0.00 0.283 0.838 0.090
Hyperglycaemia 8.45 0.00 4.00 0.00 0.096 0.515 0.130
Infections 39.8 13.5 24.0 46.9 0.016 0.225 0.582
Skin rashes 7.96 30.3 32.0 27.3 0.004 0.004 0.014
Hair loss 9.45 10.1 8.00 23.4 0.863 0.894 0.074
Headache 8.95 27.0 40.0 31.2 0.018 0.001 0.008
Depression$ 11.9 13.5 36.0 31.2 0.782 0.010 0.031
Bone marrow depression 0.00 43.8 20.0 15.6 <0.001 <0.001 <0.001
High creatinine 0.00 0.00 24.0 11.7 1.000 <0.001 0.001
Elevated liver enzymes 22.4 13.5 28.0 35.1 0.337 0.563 0.229
Dizziness 5.47 3.37 28.0 3.90 0.723 0.003 0.837
Dyspnea 3.49 0.00 0.00 0.00 0.381 0.441 0.432
Total AE incidence rate 202 362 495 376 0.000 0.000 0.000
Serious adverse events* 7.96 3.37 16.0 23.4 0.434 0.235 0.040

Higher-dose GC-study: methotrexate in combination with higher-dose oral prednisone (cumulative dose 1715 mg).
Lower-dose GC-study arm A: methotrexate, sulfasalazine, hydroxychloroquine and an injection of methylprednisolone (120 mg) or triamcinolonacetonide (80 mg).
Lower-dose GC-study arm B: methotrexate, sulfasalazine, hydroxychloroquine and lower-dose oral prednisone (cumulative dose 665 mg).
Lower-dose GC-study arm C: methotrexate and lower-dose oral prednisone (cumulative dose 665 mg).
p(A): higher-dose GC-study vs. lower-dose GC-study arm A.
p(B): higher-dose GC-study vs. lower-dose GC-study arm B.
p(C): higher-dose GC-study vs. lower-dose GC-study arm C (main analyses).

$ including ‘feeling sad’ in the lower-dose GC study.
* More details in supplementary file 7.
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Comparing adverse events may be sensitive to the method of data 
collecting. In this study, the largely interview based acquisition of data 
on adverse events may have been influenced by differences in wording 
and interpretation thereof, or on background differences in comorbid
ities or general health in the different trial populations. Missing data 
could potentially influence results of any study, though we suspect this is 
minimal in our analyses since the average missingness per variable used 
in any of the models was 3.3 %, ranging from 0 % (age, gender) to 13.7 
% (SHS damage). Lastly, participants in clinical trials may be poor 
representatives of the general population, which may limit the gener
alizability of our findings.

In conclusion, in a comparison of two Dutch strategy trials, after 
correction for potential confounders we found that a high dose of 
prednisone was associated with better early clinical improvement with 
overall similar toxicity when compared to a lower dose glucocorticoid 
bridging strategy. It remains to be determined whether this is due to the 
initial higher-dose of prednisone, the total cumulative dose or the 
continued maintenance dose of prednisone 7.5 mg/d in the higher-dose 
GC study. The optimum initial treatment strategy remains to be deter
mined, taking into account the interplay between patient characteristics, 
disease severity, drug related effects and disease activity related effects 
of GC. It may be worth exploring the best initial GC dose by designing a 
randomised trial with multiple initial GC bridging doses and multiple 
taper-to-stop schedules to investigate the short-term clinical efficacy and 
toxicity.
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[13] Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha D, 
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(1):3–18.

[14] Smolen JS, Landewe R, Bijlsma J, Burmester G, Chatzidionysiou K, Dougados M, 
et al. EULAR recommendations for the management of rheumatoid arthritis with 
synthetic and biological disease-modifying antirheumatic drugs: 2016 update. 
2017;76(6):960–77.

[15] Fraenkel L, Bathon JM, England BR, St Clair EW, Arayssi T, Carandang K, et al. 
2021 American College of Rheumatology Guideline for the treatment of 
rheumatoid arthritis. Arthritis Rheumatol (Hoboken, NJ) 2021;73(7):1108–23.

[16] Wevers-de Boer K, Visser K, Heimans L, Ronday HK, Molenaar E, Groenendael JH, 
et al. Remission induction therapy with methotrexate and prednisone in patients 
with early rheumatoid and undifferentiated arthritis (the IMPROVED study). Ann 
Rheum Dis 2012;71(9):1472–7.

[17] de Jong PH, Hazes JM, Barendregt PJ, Huisman M, van Zeben D, van der Lubbe PA, 
et al. Induction therapy with a combination of DMARDs is better than methotrexate 
monotherapy: first results of the tREACH trial. Ann Rheum Dis 2013;72(1):72–8.

[18] Svensson B, Boonen A, Albertsson K, van der Heijde D, Keller C, Hafstrom I. Low- 
dose prednisolone in addition to the initial disease-modifying antirheumatic drug 
in patients with early active rheumatoid arthritis reduces joint destruction and 
increases the remission rate: a two-year randomized trial. Arthritis Rheum 2005;52 
(11):3360–70.

[19] den Uyl D, ter Wee M, Boers M, Kerstens P, Voskuyl A, Nurmohamed M, et al. 
A non-inferiority trial of an attenuated combination strategy (’COBRA-light’) 
compared to the original COBRA strategy: clinical results after 26 weeks. Ann 
Rheum Dis 2014;73(6):1071–8.

[20] Verschueren P, De Cock D, Corluy L, Joos R, Langenaken C, Taelman V, et al. 
Methotrexate in combination with other DMARDs is not superior to methotrexate 
alone for remission induction with moderate-to-high-dose glucocorticoid bridging 
in early rheumatoid arthritis after 16 weeks of treatment: the CareRA trial. Ann 
Rheum Dis 2015;74(1):27–34.

[21] Chatzidionysiou K, Emamikia S, Nam J, Ramiro S. Efficacy of glucocorticoids, 
conventional and targeted synthetic disease-modifying antirheumatic drugs: a 
systematic literature review informing the 2016 update of the EULAR 
recommendations for the management of rheumatoid arthritis. 2017;76(6): 
1102–7.

J.A. van der Pol et al.                                                                                                                                                                                                                         Seminars in Arthritis and Rheumatism 73 (2025) 152748 

7 

https://doi.org/10.1016/j.semarthrit.2025.152748
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0001
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0001
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0002
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0002
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0002
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0003
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0003
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0004
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0004
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0004
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0004
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0005
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0005
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0005
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0006
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0006
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0006
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0006
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0007
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0007
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0008
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0008
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0008
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0009
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0009
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0009
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0010
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0010
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0010
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0010
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0011
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0011
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0011
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0012
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0012
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0012
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0013
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0013
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0013
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0013
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0015
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0015
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0015
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0016
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0016
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0016
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0016
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0017
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0017
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0017
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0018
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0018
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0018
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0018
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0018
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0019
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0019
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0019
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0019
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0020
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0020
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0020
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0020
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0020


[22] Volkmann ER, Rezai S, Tarp S, Woodworth TG, Furst DE. We still don’t know how 
to taper glucocorticoids in rheumatoid arthritis, and we can do better. J Rheumatol 
2013;40(10):1646–9.

[23] Visser H, le Cessie S, Vos K, Breedveld FC, Hazes JM. How to diagnose rheumatoid 
arthritis early: a prediction model for persistent (erosive) arthritis. Arthritis Rheum 
2002;46(2):357–65.

[24] van der Heijde DM, van ’t Hof M, van Riel PL, van de Putte LB. Development of a 
disease activity score based on judgment in clinical practice by rheumatologists. 
J Rheumatol 1993;20(3):579–81.

[25] van Riel PL, van Gestel AM, van de Putte LB. Development and validation of 
response criteria in rheumatoid arthritis: steps towards an international consensus 
on prognostic markers. Br J Rheumatol 1996;35(Suppl 2):4–7.

[26] Prevoo ML, van Gestel AM, van THMA, van Rijswijk MH, van de Putte LB, van 
Riel PL. Remission in a prospective study of patients with rheumatoid arthritis. 
American Rheumatism Association preliminary remission criteria in relation to the 
disease activity score. Br J Rheumatol 1996;35(11):1101–5.

[27] Wells GA, Tugwell P, Kraag GR, Baker PR, Groh J, Redelmeier DA. Minimum 
important difference between patients with rheumatoid arthritis: the patient’s 
perspective. J Rheumatol 1993;20(3):557–60.

[28] Aoki T, Ito H, Ogura T, Hirata A, Nishiwaki Y, Kameda H. Association of age with 
the non-achievement of clinical and functional remission in rheumatoid arthritis. 
Sci Rep 2020;10(1):15277.

[29] Innala L, Berglin E, Moller B, Ljung L, Smedby T, Sodergren A, et al. Age at onset 
determines severity and choice of treatment in early rheumatoid arthritis: a 
prospective study. Arthritis Res Ther 2014;16(2):R94.

[30] Nilsson J, Andersson MLE, Hafstrom I, Svensson B, Forslind K, Ajeganova S, et al. 
Influence of age and sex on disease course and treatment in rheumatoid arthritis. 
Open Access Rheumatol 2021;13:123–38.

[31] van Wesemael TJ, Verstappen M, Knevel R, van der Helm-van Mil AHM, Toes REM, 
van der Woude D. Anti-citrullinated protein antibodies dominate the association of 
long-term outcomes and anti-modified protein antibodies in rheumatoid arthritis. 
Lancet Rheumatol 2022;4(5):e316–e7.

[32] Heimans L, van den Broek M, le Cessie S, Siegerink B, Riyazi N, Han KH, et al. 
Association of high body mass index with decreased treatment response to 
combination therapy in recent-onset rheumatoid arthritis patients. Arthritis Care 
Res (Hoboken) 2013;65(8):1235–42.

[33] Camacho EM, Verstappen SM, Lunt M, Bunn DK, Symmons DP. Influence of age 
and sex on functional outcome over time in a cohort of patients with recent-onset 
inflammatory polyarthritis: results from the Norfolk Arthritis Register. Arthritis 
Care Res (Hoboken) 2011;63(12):1745–52.

[34] Bansback N, Young A, Brennan A, Dixey J. A prognostic model for functional 
outcome in early rheumatoid arthritis. J Rheumatol 2006;33(8):1503–10.

[35] James G, Witten D, Hastie T, Tibshirani R. An introduction to statistical learning. 
Springer texts in statistics. 2013.

[36] Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF, van Zeben D, 
Kerstens PJ, Hazes JM, et al. Clinical and radiographic outcomes of four different 
treatment strategies in patients with early rheumatoid arthritis (the BeSt study): a 
randomized, controlled trial. Arthritis Rheum 2005;52(11):3381–90.

[37] Steunebrink LMM, Versteeg LGA, Vonkeman HE, Ten Klooster PM, Hoekstra M, 
van de Laar M. Radiographic progression in early rheumatoid arthritis patients 
following initial combination versus step-up treat-to-target therapy in daily clinical 
practice: results from the DREAM registry. BMC Rheumatol 2018;2:1.

[38] Dirven L, Visser K, Klarenbeek NB, Ewals JA, Han KH, Peeters AJ, et al. Towards 
personalized treatment: predictors of short-term HAQ response in recent-onset 
active rheumatoid arthritis are different from predictors of rapid radiological 
progression. Scand J Rheumatol 2012;41(1):15–9.

[39] Krause D, Mai A, Klaassen-Mielke R, Timmesfeld N, Trampisch U, Rudolf H, et al. 
The efficacy of short-term bridging strategies with high- and low-dose prednisolone 
on radiographic and clinical outcomes in active early rheumatoid arthritis: a 
double-blind, randomized, placebo-controlled trial. Arthritis Rheumatol (Hoboken, 
NJ) 2022;74(10):1628–37.

[40] Verschueren P, De Cock D, Corluy L, Joos R, Langenaken C, Taelman V, 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 2016.

[41] Fraenkel L, Bathon JM, England BR, St Clair EW, Arayssi T, Carandang K, et al. 
2021 American College of Rheumatology Guideline for the treatment of 
rheumatoid arthritis. Arthritis Care Res (Hoboken) 2021;73(7):924–39.

[42] Guler-Yuksel M, Bijsterbosch J, Goekoop-Ruiterman YP, de Vries-Bouwstra JK, 
Hulsmans HM, de Beus WM, et al. Changes in bone mineral density in patients with 
recent onset, active rheumatoid arthritis. Ann Rheum Dis 2008;67(6):823–8.

[43] Dirven L, Klarenbeek NB, van den Broek M, van Groenendael JH, de Sonnaville PB, 
Kerstens PJ, et al. Risk of alanine transferase (ALT) elevation in patients with 
rheumatoid arthritis treated with methotrexate in a DAS-steered strategy. Clin 
Rheumatol 2013;32(5):585–90.

[44] van Everdingen AA, Siewertsz van Reesema DR, Jacobs JW, Bijlsma JW. The 
clinical effect of glucocorticoids in patients with rheumatoid arthritis may be 
masked by decreased use of additional therapies. Arthritis Rheum 2004;51(2): 
233–8.

J.A. van der Pol et al.                                                                                                                                                                                                                         Seminars in Arthritis and Rheumatism 73 (2025) 152748 

8 

http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0022
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0022
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0022
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0023
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0023
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0023
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0024
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0024
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0024
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0025
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0025
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0025
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0026
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0026
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0026
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0026
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0027
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0027
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0027
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0028
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0028
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0028
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0029
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0029
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0029
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0030
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0030
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0030
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0031
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0031
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0031
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0031
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0032
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0032
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0032
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0032
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0033
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0033
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0033
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0033
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0034
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0034
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0035
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0035
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0036
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0036
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0036
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0036
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0037
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0037
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0037
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0037
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0038
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0038
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0038
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0038
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0039
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0039
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0039
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0039
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0039
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0040
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0040
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0040
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0040
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0040
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0041
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0041
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0041
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0042
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0042
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0042
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0043
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0043
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0043
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0043
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0044
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0044
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0044
http://refhub.elsevier.com/S0049-0172(25)00119-2/sbref0044

	A comparison of short-term efficacy and toxicity of 2 glucocorticoid bridging strategies in 2 clinical trials in early rheu ...
	Introduction
	Methods
	Study populations
	The tREACH study (‘lower-dose GC-study’)
	The improved study (‘higher-dose GC-study’)

	Outcomes
	Statistical analysis

	Results
	Comparison of DAS and HAQ at first follow-up visit
	Low disease activity and DAS-remission at first follow-up visit
	Analyses in other arms of the lower-dose GC-study vs higher-dose GC-study
	(Serious) adverse events

	Discussion
	Contributorship
	Funding, grant/award info
	Ethical approval information, institution(s) and number(s) data sharing statement
	Patient and public involvement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


