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ABSTRACT
Objective Precision medicine in rheumatoid arthritis (RA) 
requires a good understanding of treatment outcomes and 
often collaborative efforts that call for data harmonisation. 
We aimed to describe how harmonisation across study 
cohorts can be achieved and investigate how the observed 
proportions reaching remission vary across remission 
criteria, study types, disease- modifying antirheumatic 
drugs (DMARDs) and countries, and how they relate to 
other treatment outcomes.
Methods We used data from eight existing large- scale, 
clinical RA registers and a pragmatic trial from Sweden, 
Denmark and Norway. In these, we defined three types 
of treatment cohorts; methotrexate monotherapy (as 
first DMARD), tumour necrosis factor inhibitors (TNFi) (as 
first biological DMARD) and rituximab. We developed a 
harmonised study protocol defining time points during 
36 months of follow- up, collected clinical visit data 
on treatment response, retention, persistence and six 
alternative definitions of remission, and investigated how 
these outcomes differed within and between cohorts, by 
treatment.
Results Cohort sizes ranged from ~50 to 22 000 patients 
with RA. The proportions reaching each outcome varied 
across outcome metric, but with small to modest variations 
within and between cohorts, countries and treatment. 
Retention and persistence rates were high (>50% at 
1 year), yet <33% of patients starting methotrexate or TNFi, 
and only 10% starting rituximab, remained on drug without 
other DMARDs added and achieved American Congress 
of Rheumatology/European Alliance of Associations 
for Rheumatology or Simplified Disease Activity Index 
remission at 1 year.
Conclusion Harmonisation of data from different RA 
data sources can be achieved without compromising 
internal validity or generalisability. The low proportions 
reaching remission, point to an unmet need for treatment 
optimisation in RA.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Many patients with rheumatoid arthritis (RA) do not 
reach treatment targets (remission), but how remis-
sion relates to other treatment outcomes (eg, treat-
ment retention) and how remission rates vary with 
treatment context remains less well understood. 
Further, studies of treatment outcomes often use 
different definitions of this target, making compar-
isons difficult.

 ⇒ Studies on personalised medicine in RA often re-
quire collaboration and harmonisation of data to 
reach sufficient size and may be limited to subsets 
of all available data, for example, as defined by the 
availability of blood samples for biomarker analyses, 
the representability of which is often neither investi-
gated nor disclosed.

WHAT THIS STUDY ADDS
 ⇒ We provide concrete examples of how data harmon-
isation may be achieved, and comprehensive data 
on observed estimates for different definitions of 
remission and other treatment outcomes with stan-
dard RA therapies as used in clinical practice, and 
how remission related to, for example, retention.

 ⇒ Two out of three patients on methotrexate as first 
disease- modifying antirheumatic drug (DMARD), 
two out of three patients on TNFi as first biological 
DMARD, and three- quarters of patients initiating 
rituximab, remained on the drug with no switch or 
other DMARDs added at 12 months. At the same 
time point, only some 20% of methotrexate initia-
tors, 15%–20% of TNFi initiators and around 10% of 
rituximab initiators, met the American Congress of 
Rheumatology/European Alliance of Associations for 
Rheumatology, or Simplified Disease Activity Index, 
respectively, remission criteria.

https://www.eular.org
http://rmdopen.bmj.com/
http://orcid.org/0000-0003-3380-5342
http://orcid.org/0000-0003-4229-6818
http://orcid.org/0000-0003-0433-0616
http://dx.doi.org/10.1136/rmdopen-2023-003027
http://dx.doi.org/10.1136/rmdopen-2023-003027
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2023-003027&domain=pdf&date_stamp=2024-02-13


2 Westerlind H, et al. RMD Open 2023;9:e003027. doi:10.1136/rmdopen-2023-003027

RMD OpenRMD OpenRMD Open

INTRODUCTION
With increasing treatment options and a treat- to- target 
approach to rheumatoid arthritis (RA), remission has 
become a realistic treatment goal in clinical practice, 
and, when not reached, reason for treatment modifica-
tion.1–3

Remission has also become a central concept for 
personalised medicine research. So far, however, attempts 
to identify predictive clinical variables for remission have 
yielded few such predictors.4–6 This may in part be due 
to the variety of outcome definitions used (that limits 
comparability across studies) but also due to our limited 
understanding of the underlying biology. Indeed, the 
actual predictive capacity of granular biological and other 
data risks being lost by the use of measures of remission 
that, by their overly holistic or inadequate design, may 
blur important temporal or interindividual differences.7 
This underscores the importance of clarifying what exact 
‘remission’ or other treatment outcome we are trying to 
predict.

In addition, personalised medicine has an inherent 
focus on subsetting and clustering, and therefore, puts 
increasing demands on study size. Collaboration and 
pooling across data collections and countries are often 
needed. Such collaborative approaches call for harmon-
isation of definitions to ensure comparability across data 
sources. This harmonisation may be more or less thor-
ough, but its impact is seldom described (potentially 
causing unnecessary interstudy variability). Similarly, 
often only a subset of a theoretical study population 
(eg, a research cohort) may be available for a specific 
study, for instance, due to the requirement for particular 
patients (eg, new- onset RA), clinical variables or stored 
blood samples.8 Information on how well such subsets 
represent their underlying populations is fundamental 
for the generalisability of any results, but far from always 
investigated or reported.

Therefore, the aims of this study were as follows: (1) to 
describe how data on typical disease- modifying antirheu-
matic drug (DMARD) therapies in RA from different 
sources may be harmonised for collaborative analysis, 
including the level of consistency across and within data 
sources, for example, as defined by calendar period or 
availability of blood samples and (2) to use these harmon-
ised data to comprehensively investigate the proportions 

of patients reaching remission, and in particular how 
these proportions vary across remission metrics, raw data 
type, individual DMARDs and countries, and how they 
relate to other measures of treatment outcomes such as 
treatment retention.

SUBJECTS AND METHODS
Setting
In Sweden, Denmark and Norway healthcare is public and 
tax based. Patients with RA are typically managed within 
specialised rheumatology (hospital- based outpatient 
clinics or other outpatient facilities). The national RA 
treatment guidelines in each country are largely similar 
and adhere to the European Alliance of Associations for 
Rheumatology (EULAR) RA treatment guidelines.9–11 
Access to biological DMARDs (bDMARDs) has been 
relatively similar, and from an international perspective, 
liberal.12 In terms of access to the treatments under study 
and to rheumatologist visits, all data sources in this study 
reflect standard care, which was similar across the coun-
tries.

Data sources
In each country, we used existing large- scale and clini-
cally integrated RA data sources (routine care clinical RA 
cohorts, research cohorts and (Norwegian) pragmatic 
trials) to define populations of patients with RA. In brief, 
in Sweden, we used the Epidemiological Investigation of 
RA (EIRA) study,13 the Swedish Rheumatology Quality 
(SRQ) register and the subset that had provided blood 
samples for SRQ biobank (SRQb).14 In Denmark, we used 
the Danish nationwide clinical registry (Danish Registry 
for Biologic Therapies in Rheumatology, DANBIO)15 
where a subset of patients had provided samples for 
studies within the Danish Rheumatologic Biobank (DRB, 
the Biomarker Protocol16). In Norway, we used the Norwe-
gian Antirheumatic Drug Register (NOR- DMARD),17 the 
Norwegian Very Early Arthritic Clinic (NOR- VEAC)18 
and ULtrasound in Rheumatoid Arthritis patients 
starting BIologic Treatment (ULRABIT)19 cohorts, and 
the Aiming for Remission in rheumatoid arthritis: a 
randomised trial examining the benefit of ultrasound in 
a Clinical TIght Control regimen (ARCTIC) randomised 
trial.20 Table 1 and online supplemental methods provide 
a description of each data source and the healthcare use 
in the Nordic countries.

Harmonisation of treatment cohorts
Within each country and data source, we assembled 
three treatment cohorts based on available information 
on treatment initiations: all patients with RA starting 
(1) methotrexate in DMARD monotherapy and (where 
such information was available:) as first ever DMARD 
within 6 months of RA diagnosis and with less than 
1 year of symptom duration at the time of RA diagnosis 
(for details, see table 2), (2) a tumour necrosis factor 
inhibitor (TNFi) as first ever bDMARD (concomitant 
csDMARD allowed if started within 30 days of TNFi) and 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ Harmonisation of research data for collaborative studies can be 
achieved without compromising internal validity or generalisability 
of baseline, follow- up and outcome data.

 ⇒ Collaborative research into RA treatment outcomes including preci-
sion medicine should use and disclose the harmonisation methods 
used and employ multiple outcome definitions.

 ⇒ The discrepancy between high retention rates, but low remission 
rates observed across remission metrics, cohort types, treatments 
and countries points to unmet clinical needs.
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(3) rituximab (irrespective of previous DMARD treat-
ment history, concomitant csDMARD allowed if started 
within 30 days of rituximab). In these cohorts, oral or 
other cotreatment with corticosteroids was allowed.

Subcohorts of each treatment cohort
To enable investigation of changes in cohort character-
istics and the observed proportions of patients achieving 
remission when additional inclusion criteria were added, 
we defined several subcohorts, nested within each treat-
ment cohort. An example of the data extraction and 
processing is provided in online supplemental figure S1. 
Mainly, criteria for (the timing of) sampling of blood for 
research biobanking were added.

Harmonisation of the handling of clinical variables
We used a predefined study protocol and code- book to 
define all time points and time intervals (=windows) in 
which clinical visit data were collected. For instance, we 
defined a baseline visit among visits occurring in an eval-
uation window from −90 to +30 days from the treatment 
start date, with a preference for the visit closest to time 
0 (=date of treatment start, baseline). The 3- month visit 
was defined as any visits occurring from 31 to 149 days 
from the treatment start date, with a preference for the 
visit closest to 90 days, and the 6- month visit was defined 
as the visit occurring from 150 to 269 days from the treat-
ment start date, with a preference for the visit closest to 
180 days. In case there were several visits within each time 
interval, we defined a hierarchy among these (table 3). 
In an iterative process, each of these operational defi-
nitions was first imposed on each raw dataset, and the 
resultant numbers or proportions were then inspected 
and seeming inconsistencies across cohorts were further 
investigated until any uncertainty regarding the imple-
mentation of each definition or algorithm was resolved 
(typically after 2–3 such iterations) among all investiga-
tors.

Definitions and harmonisation of clinical outcomes
In each treatment (subcohort and at each time point 
of clinical evaluation (3, 6 and 12 months) we captured 
information on: (1) remission through six alternative 
definitions of remission: the original American Congress 
of Rheumatology (ACR)/EULAR Boolean remission, 
Simplified Disease Activity Index (SDAI) remission,21 
ACR/EULAR three- item remission, Disease Activity Score 
28 joints (DAS28) remission, swollen 28 joint count (SJC) 
SJC(28)=0 and patient global health ≤10 mm (see online 
supplemental table S2 for definitions), (2) response as 
defined by EULAR DAS28- erythrocyte sedimentation 
rate (ESR) or DAS28- C reactive protein (CRP), (3) reten-
tion defined as remaining on the drug at the evaluation 
time point and (4) persistence defined as retention but 
with no changes/additions of other DMARDs allowed 
(not including corticosteroids). In some data sources, 
data on retention and persistence could be extracted 
even if there was no recorded visit in the evaluation C

o
un

tr
y

S
w

ed
en

D
en

m
ar

k
N

o
rw

ay

S
o

ur
ce

 c
o

ho
rt

E
IR

A
*

S
R

Q
*

S
R

Q
b

*
D

A
N

B
IO

†
D

R
B

†
N

O
R

- D
M

A
R

D
†

A
R

C
T

IC
*

N
O

R
- V

E
A

C
*

 
 R

et
en

tio
n 

(%
)

19
21

 (8
9%

)
11

 0
27

 (8
9%

)
14

02
 (8

8%
)

83
72

 (8
9%

)
99

1 
(8

7%
)

11
29

 (7
0%

)
18

2 
(9

9%
)

26
2 

(8
2%

)

 
 P

er
si

st
en

ce
 (%

)
14

70
 (6

8%
)

86
87

 (7
0%

)
10

37
 (6

5%
)

65
88

 (7
0%

)
69

8 
(6

1%
)

11
29

 (7
0%

)
13

3 
(7

2%
)

26
1 

(8
2%

)

 
 E

U
LA

R
 g

oo
d

 r
es

p
on

se
88

9 
(4

7%
)

43
96

 (4
3%

)
55

9 
(4

1%
)

24
46

 (4
7%

)
27

6 
(4

1%
)

49
8 

(4
7%

)
14

2 
(7

7%
)

51
 (5

2%
)

C
ha

ra
ct

er
is

tic
s 

of
 S

w
ed

is
h,

 D
an

is
h 

an
d

 N
or

w
eg

ia
n 

tr
ea

tm
en

t 
co

ho
rt

s 
at

 t
he

 s
ta

rt
 o

f m
et

ho
tr

ex
at

e 
(b

as
el

in
e)

 a
nd

 o
ut

co
m

es
 d

ur
in

g 
1 

ye
ar

 o
f f

ol
lo

w
- u

p
. P

er
ce

nt
ag

es
 a

re
 c

al
cu

la
te

d
 b

as
e 

on
 

av
ai

la
b

le
 d

at
a,

 fo
r 

p
ro

p
or

tio
ns

 o
f m

is
si

ng
 d

at
a,

 s
ee

 o
nl

in
e 

su
p

p
le

m
en

ta
l t

ab
le

 S
4.

*F
or

 E
IR

A
, S

R
Q

, S
R

Q
b

, A
R

C
TI

C
 a

nd
 N

O
R

- V
E

A
C

 d
at

a 
p

er
ta

in
 s

p
ec

ifi
ca

lly
 t

o 
p

at
ie

nt
s 

d
ia

gn
os

ed
 w

ith
 R

A
 w

ith
in

 1
2 

m
on

th
s 

of
 s

ym
p

to
m

 o
ns

et
.

†F
or

 D
A

N
B

IO
, D

R
B

 a
nd

 N
O

R
D

M
A

R
D

, i
nf

or
m

at
io

n 
on

 R
A

 s
ym

p
to

m
 o

ns
et

 a
t 

d
ia

gn
os

is
 w

as
 n

ot
 u

ni
fo

rm
ly

 r
eg

is
te

re
d

. F
or

 t
he

se
 c

oh
or

ts
, t

he
 d

at
a 

he
re

 p
re

se
nt

ed
 r

ef
er

 t
o 

m
et

ho
tr

ex
at

e 
tr

ea
tm

en
t 

st
ar

t 
w

ith
in

 6
 m

on
th

s 
of

 R
A

 d
ia

gn
os

is
 (i

rr
es

p
ec

tiv
e 

of
 in

fo
rm

at
io

n 
on

 R
A

 s
ym

p
to

m
 d

ur
at

io
n 

at
 R

A
 d

ia
gn

os
is

).
‡S

er
op

os
iti

vi
ty

 d
efi

ne
d

 a
s 

d
ia

gn
os

ed
 w

ith
 IC

D
 c

od
e 

M
05

.8
 o

r 
M

05
.9

 a
nd

 s
er

on
eg

at
iv

e 
d

efi
ne

d
 a

s 
d

ia
gn

os
ed

 w
ith

 M
06

.0
 o

r 
M

06
.8

 (a
nd

, i
f a

va
ila

b
le

, n
eg

at
iv

e 
fo

r 
an

ti-
 C

C
P

 a
nd

 Ig
M

 R
F)

.
A

C
R

, A
m

er
ic

an
 C

on
gr

es
s 

of
 R

he
um

at
ol

og
y;

 A
R

C
TI

C
, A

im
in

g 
fo

r 
R

em
is

si
on

 in
 r

he
um

at
oi

d
 a

rt
hr

iti
s:

 a
 r

an
d

om
is

ed
 t

ria
l e

xa
m

in
in

g 
th

e 
b

en
efi

t 
of

 u
ltr

as
ou

nd
 in

 a
 C

lin
ic

al
 T

Ig
ht

 C
on

tr
ol

 r
eg

im
en

; 
C

R
P,

 C
 r

ea
ct

iv
e 

p
ro

te
in

; D
A

N
B

IO
, D

an
is

h 
R

eg
is

tr
y 

fo
r 

B
io

lo
gi

c 
Th

er
ap

ie
s 

in
 R

he
um

at
ol

og
y;

 D
M

A
R

D
, d

is
ea

se
- m

od
ify

in
g 

an
tir

he
um

at
ic

 d
ru

g;
 D

R
B

, D
an

is
h 

R
he

um
at

ol
og

ic
 B

io
b

an
k;

 E
IR

A
, 

E
p

id
em

io
lo

gi
ca

l I
nv

es
tig

at
io

n 
of

 R
A

; E
S

R
, e

ry
th

ro
cy

te
 s

ed
im

en
ta

tio
n 

ra
te

; E
U

LA
R

, E
ur

op
ea

n 
A

lli
an

ce
 o

f A
ss

oc
ia

tio
ns

 fo
r 

R
he

um
at

ol
og

y;
 IC

D
, I

nt
er

na
tio

na
l C

la
ss

ifi
ca

tio
n 

of
 D

is
ea

se
s;

 N
O

R
- 

D
M

A
R

D
, T

he
 N

or
w

eg
ia

n 
A

nt
irh

eu
m

at
ic

 D
ru

g 
R

eg
is

te
r;

 N
O

R
- V

E
A

C
, N

or
w

eg
ia

n 
Ve

ry
 E

ar
ly

 A
rt

hr
iti

c 
C

lin
ic

; R
A

, r
he

um
at

oi
d

 a
rt

hr
iti

s;
 S

JC
(2

8)
, s

w
ol

le
n 

28
 jo

in
t 

co
un

t;
 S

R
Q

b
, S

R
Q

 b
io

b
an

k;
 V

A
S

, 
V

is
ua

l A
na

lo
gu

e 
S

ca
le

.

Ta
b

le
 2

 
C

on
tin

ue
d

https://dx.doi.org/10.1136/rmdopen-2023-003027
https://dx.doi.org/10.1136/rmdopen-2023-003027
https://dx.doi.org/10.1136/rmdopen-2023-003027
https://dx.doi.org/10.1136/rmdopen-2023-003027


6 Westerlind H, et al. RMD Open 2023;9:e003027. doi:10.1136/rmdopen-2023-003027

RMD OpenRMD OpenRMD Open

window. Thus, treatment episodes with no clinical data 
but information on treatment start and stop dates could 
still contribute to analyses of retention and persistence.

For all assessments of treatment outcomes, treatments 
discontinued before the clinical evaluation visit in ques-
tion (eg, methotrexate treatment stopped month 4, with 
the next intended evaluation visit at month 6) we applied 
the following rules: (1) patients changing treatment 
(stopping due to lack of effect, death, patient decision 
or adding another DMARD) were categorised as non- 
responders/not in remission, (2) If the reason for with-
drawal was an adverse event or pregnancy, the individuals 
were excluded from the analysis. (3) If the treatment 
was stopped due to remission or inactive disease and 
the patient did not start any other DMARD and fulfilled 
the outcome criteria at the evaluation time point (in the 
above: the 6- month visit), the patient was considered to 
fulfil the remission criteria under study, otherwise catego-
rised as a non- responder.

Descriptive statistics
For each treatment cohort, subcohort and evaluation 
time point, we calculated the number and proportion 
of patients with an available visit, and the proportions 
reaching each treatment outcome. These data were then 
tabulated but since we did not address any specific hypoth-
esis regarding differences across cohorts, and since the 
cohorts differed considerably in size, we did not perform 
any formal statistical comparisons across cohorts.

Each country uploaded their data to a central remote 
access data storage infrastructure at Karolinska Institutet, 
where the analyses were performed.

Exploratory analysis
As an exploratory analysis, we used our largest cohort 
(SRQ, methotrexate treatment cohort) and compared 
the 2012 EULAR/ACR Boolean remission criteria to 
the very recently updated version that uses 20 mm as 
compared with the original 10 mm as threshold for 
patient’s global assessment.22 Further, among the patients 
in the SRQ MTX cohort with available data on all remis-
sion outcomes at 3 months, we cross- tabulated the 
proportion of patients reaching each remission criteria 
at that time point to investigate how the different criteria 
correlated to each other. Finally, for each of the remission 

criteria (apart from the criterion SJC(28)=0), we further 
attempted to quantify the proportion of patients who 
did not reach that criterion but who at least seemingly 
were in inflammatory remission (defined as SJC(28)=0 
and CRO below 0 mg/mL or ESR below 20 mg/mL for 
women and 15 mg/mL for men).

RESULTS
Initiators of methotrexate
Online supplemental table S1 displays the numbers 
of eligible patients in each of the source cohorts when 
successive criteria to define each treatment cohort and 
subcohorts were added. Demographics and clinical char-
acteristics for each treatment cohort, and the number 
and proportion meeting each outcome definition (other 
than remission) at the different evaluation time points 
are summarised in table 2 (online supplemental table S3 
provides information on additional subcohorts). Missing 
data are shown in online supplemental table S4.

The smallest methotrexate cohort comprised 230 
patients and the largest encompassed over 17 000 patients. 
The proportion of women (two- thirds), age at treatment 
start (typically: late 50s), the proportion of seropositive 
disease (around two- thirds) and the median calendar 
year of inclusion (around 2013–2014) showed a non- 
negligible variation across cohorts and their subcohorts 
(table 2, online supplemental table S3). By contrast, the 
proportion of current smokers (overall approximately 
25%) displayed a larger range of variation across subco-
horts from the same source cohort. The proportion of 
patients who were registered with oral corticosteroids 
varied markedly across the three countries, from 12% to 
14% in the Danish cohorts to 50% in the Swedish and 
around 70% in the Norwegian cohorts, but less across 
cohorts and their subcohorts within each country. The 
clinical disease activity measures at treatment start were 
similar across countries, source cohorts and subcohorts.

The proportion of patients in each of the eight cohorts 
reaching each remission outcome is depicted in figure 1. 
Detailed numbers for these cohorts and for the subco-
horts of EIRA, SRQ, SRQb, DANBIO and DRB are 
provided in online supplemental table S5. At 3 months, 
the retention and persistence were both above 95%, and 
varied little across cohorts. The proportion of EULAR 

Table 3 Hierarchy for selection of an evaluation visit in case multiple visits were available within the time period of interest

Priority Criteria

1 Select the visit with the highest completeness of the outcome measures included (ie, swollen 28 
joint count, tender 28 joint count, C reactive protein, erythrocyte sedimentation rate, patient global 
health on a Visual Analogue Scale).

2 Select the visit closest to the time point of interest by calculating the absolute difference between 
the visit and the target number of days (3 months: 90 days, 6 months: 180 days, 1 year: 365 days)
For baseline visits, visits occurring before the start of treatment are prioritised.

3 In case a patient stops treatment within the given time interval, select only visits that actually 
occur during treatment. Thus, visits at a given time point are only available if the patient is still on 
treatment within the time- window for data- capture of that time point.

https://dx.doi.org/10.1136/rmdopen-2023-003027
https://dx.doi.org/10.1136/rmdopen-2023-003027
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good responders was around 50% (higher (64%) in the 
Swedish SRQ subcohort sampled in conjunction with 
methotrexate start, online supplemental tables S3 and 
S5). For remission (online supplemental table S5), a 
much larger variability was observed, and two patterns 
emerged at 3 months and at the later time points: First, 
across remission definitions, there was a consistent differ-
ence in the proportions of patients reaching each defi-
nition, with the highest proportions achieving DAS28 
remission, followed closely by remission defined as no 
SJC(28)=0, then by Patients Global Visual Analogue 
Scale (VAS)≤10 mm, SDAI and finally the original ACR/
EULAR Boolean remission. Second, for each definition 
of remission, there was a reasonably high consistency 
in the proportions reaching the outcome under study 
across cohorts and their subcohorts, although the abso-
lute proportions in the Norwegian cohorts were a few 
percentage points higher than the Swedish and Danish 
cohorts.

At 6 months, the retention to methotrexate was above 
90%, but the persistence decreased to 80%–85%, with 
little variation across subcohorts. The proportion of 
EULAR good responders remained around or just below 
50% and the pattern of remission was largely similar to 
that at 3 months, though the proportions reaching remis-
sion were slightly higher in some (Norwegian) cohorts.

At 12 months, retention had dropped to just below 
90% and persistence was down to around 70%, again 
with relatively low variation across cohorts. Close to 50% 
of patients remained on drug and had achieved EULAR 
good response by month 12 (online supplemental table 
S3). For remission, the variation between the different 
definitions remained similar to that at 6 months, as did 
the absolute proportions in each cohort, although the 
proportions reaching the various remission criteria during 
follow- up increased more in the Norwegian than in the 

Swedish and Danish cohorts. For instance, at 12 months 
between one third (Denmark), via 40% (Sweden) to up 
to 80% (Norway) reached no swollen joints. At the same 
time point, the proportion of patients with patient global 
health score on a VAS (patient global VAS) ≤10 mm was 
generally lower than those reaching remission as defined 
by SJC28=0 and varied from around 10% to around 50% 
(online supplemental table S5). Save for the Norwegian 
trial cohort, less than 20% had reached ACR/EULAR 
remission by month 12.

Initiators of TNF inhibitors
Table 4 summarises key elements for patients who initi-
ated TNF inhibitors (TNFi) as first ever bDMARD treat-
ment, and online supplemental table S6 summarises 
all subcohorts. Missing data are presented in online 
supplemental table S7. The (sub)cohorts ranged from 
52 to 22 486 patients. The proportion of females was just 
above three- quarters, the median age at treatment start 
was around 55 years, and in most cohorts (except the 
Norwegian NORDMARD cohort) the median RA disease 
duration was relatively short (2–3 years). The propor-
tion of seropositive patients varied from close to 90% 
(Norwegian cohorts), via 80% (Danish cohorts) to three- 
quarters (Swedish cohorts). The proportion of patients 
treated with oral corticosteroids concomitantly with TNFi 
was around 45% in Sweden and Norway, but considerably 
lower in Denmark (one quarter or less).

The clinical characteristics at start of TNFi were 
similar, apart from lower levels of disease activity in the 
Norwegian trial cohort of early RA (vs all other cohorts) 
as defined by the SJC(28), tender 28 joint count, CRP, 
ESR and patient global VAS. The patterns for reten-
tion, persistence, response and remission (online 
supplemental table S8) mirrored those observed in the 
cohorts of patients initiating methotrexate therapy (both 

Figure 1 Patients with early RA initiating methotrexate in Swedish, Danish and Norwegian treatment cohorts. Proportion 
reaching remission at 0, 3, 6 and 12 months according to six outcome definitions. ACR, American Congress of Rheumatology; 
ARCTIC, Aiming for Remission in rheumatoid arthritis: a randomised trial examining the benefit of ultrasound in a Clinical TIght 
Control regimen; DANBIO, Danish Registry for Biologic Therapies in Rheumatology; DAS28, Disease Activity Score 28; DRB, 
Danish Rheumatologic Biobank; RA, rheumatoid arthritis; NOR- VEAC, Norwegian Very Early Arthritic Clinic; SDAI, Simplified 
Disease Activity Index; SJC28, swollen 28 joint count; SRQ, Swedish Rheumatology Quality; VAS, Visual Analogue Scale.
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regarding the internal ranking among remission defini-
tions and the intercountry pattern). At 12 months, about 
two- thirds of patients remained on drug with no new 
DMARD added. The proportions reaching the remission 
outcomes at each time point are shown in figure 3 (exact 
numbers in online supplemental table S8), and included 
10%–25% reaching ACR/EULAR remission at 1 year 
(higher in the Norwegian trial cohort).

Initiators of rituximab
Table 5 summarises key characteristics of the rituximab 
treatment cohorts and online supplemental table S9 
summarises their subcohorts. Missing data are shown in 
online supplemental table S10. The rituximab initiator 
(sub)cohorts ranged from 43 through 5232 patients. 
The proportion of females was above three- quarters. 
The median age, disease duration and the proportions 
of seropositive disease were all higher than for metho-
trexate and TNFi initiators. Likewise, higher proportions 
were smokers and on oral corticosteroids. Also, the clin-
ical disease activity metrics appeared higher than those in 
the TNFi and methotrexate initiator cohorts.

Figure 3 shows the proportion reaching remission in 
each cohort (exact figures in online supplemental table 
S11) and online supplemental table S9 the proportion 
reaching remission in each subcohort. The proportions 
reaching remission with rituximab during follow- up were 
generally somewhat lower than for patients with RA initi-
ating TNFi and methotrexate, as were the retention and 
persistence, but the pattern of small or modest variations 
between cohorts and subcohorts and larger variations 
across remission definitions remained the same with 
rituximab as that observed for TNFi and methotrexate. 
For instance, at 12 months, some two- thirds of patients 
remain on drug with no other DMARD added, but less 
than 15% met the ACR/EULAR remission criteria.

Exploratory analysis using data from the Swedish SRQ 
methotrexate cohort
When changing the definition of EULAR/ACR Boolean 
remission criteria to patient’s global assessment up to 
20 mm instead of 10 mm of the 0–100 VAS scale, the 
proportion meeting this remission definition in the SRQ 
methotrexate cohort increased from 17% at 3 months 
to 26%, from 16% to 22% at 6 months and from 17% to 
24% at 12 months.

When cross- tabulating the different remission criteria, 
patients reaching ACR/EULAR Boolean remission or 
SDAI remission had in general the highest proportion 
of patients meeting also other criteria (67%–99%), 
while the proportion of patients meeting patient’s global 
remission or having no swollen joints generally fulfilled 
less other remission criteria (37%–80%), online supple-
mental figure S2.

Among those not reaching a specific remission crite-
rion (and among patients not reaching any of the remis-
sion criteria) the proportion who were in inflammatory S
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remission (defined as SJC(28)=0 and a normal acute 
phase reactant) was around 10%.

DISCUSSION
We provide examples and results of how raw data from 
eight RA data sources from three countries may be 
harmonised for collaborative analyses. Using these data, 
we provide a comprehensive overview of rates of remis-
sion with standard DMARD therapies for RA and their 
relation to other treatment outcomes in RA and demon-
strate that (1) the proportions reaching each treatment 
outcome varied by treatment and by outcome metric, 
but, within and between (sub)cohorts of the same treat-
ment and metric, the variation was small to modest, (2) 
patients reaching more stringent remission criteria such 
as ACR/EULAR Boolean remission or SDAI remission 
in general fulfilled most remission criteria. By contrast, 
less than half of patients who reached SJC(28)=0 fulfilled 
remission based on patient’s global assessment, SDAI or 
ACR/EULAR Boolean remission, (3) around 10% of 
patients (on methotrexate as first DMARD in early RA 
(Swedish data) who did not achieve remission by any 
given criterion had no swollen joints and normal acute 
phase reactants at that same time point, (4) the modest 
difference between (the generally high) drug retention 
(remaining on drug) and persistence (remaining on drug 
with no new DMARDS added) was in sharp contrast to 
the much lower proportions reaching remission, not only 
at 3 months, but throughout the first year. For instance, 
while around two- thirds of the patients who had started 
a first- line methotrexate monotherapy remained on that 
drug and had no other DMARD added 1 year later, only 
20%–30% were in remission at that time point. Similar 
discrepancies between retention/persistence and various 
measures of remission were noted for TNF inhibitors and 

for rituximab, (5) although the absolute proportions 
reaching the treatment outcomes under study varied by 
drug, the above patterns of similarities and discrepan-
cies was a consistent finding across methotrexate, TNFi 
and rituximab, and also across the three countries and 
(6) the treatment outcomes from the protocolised clin-
ical trial data source were superior to those from obser-
vational cohorts reflecting a higher effectiveness of the 
same intervention (methotrexate as first treatment in 
early RA) in a similar source population.

With respect to baseline characteristics in the RA 
cohorts, these were inconspicuous (compared with the 
existing literature) within each treatment but displayed 
some variation across country, data source and subco-
horts. With a code- book and harmonised definitions, this 
variation was generally low (a few percentage units). Since 
our harmonisation was mainly achieved by agreement 
on the definitions and implementation of operational 
measures, for example, of time- windows, response and of 
individuals at risk, it does not readily provide quantita-
tive information on the counterfactual situation (where 
all investigators would have used the same raw data to 
compile treatment cohorts at their own discretion). 
Importantly, however, restrictions to subcohorts defined 
by, for example, the availability of blood samples gener-
ally only had a modest, if any, effect on their aggregate- 
level baseline characteristics, indirectly testifying to the 
robustness of the level of harmonisation. We did, however, 
observe a difference in the use of oral corticosteroids at 
baseline between the countries, with a range 12%–16% 
in Denmark, 40%–60% in Sweden and 57%–75% use 
in Norway (excluding ARCTIC where prednisolone was 
added to MTX in all patients as part of the treatment 
algorithm). This is likely to represent a true difference 
between the countries.9–11 Thus, in Denmark, there is 

Figure 3 Patients with RA initiating rituximab in the Swedish, Danish and Norwegian treatment cohorts. Proportion reaching 
remission at 0, 3, 6 and 12 months according to six outcome definitions. ACR, American Congress of Rheumatology; ARCTIC, 
Aiming for Remission in rheumatoid arthritis: a randomised trial examining the benefit of ultrasound in a Clinical TIght Control 
regimen; DANBIO, Danish Registry for Biologic Therapies in Rheumatology; DAS28, Disease Activity Score 28; DMARD, 
disease- modifying antirheumatic drug; DRB, Danish Rheumatologic Biobank; NOR- VEAC, Norwegian Very Early Arthritic Clinic; 
RA, rheumatoid arthritis; SDAI, Simplified Disease Activity Index; SJC28, swollen 28 joint count; SRQ, Swedish Rheumatology 
Quality; ULRABIT, ULtrasound in Rheumatoid Arthritis patients starting BIologic Treatment; VAS, Visual Analogue Scale.
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widespread use of intra- articular steroid injections based 
on the tradition and results from previous randomised 
controlled trials (RCTs) successfully applying this 
approach.23–28 This observed and remaining difference 
exemplifies the importance of harmonisation of data 
within and between countries and cohorts, specifically 
of involving clinical experts from each country familiar 
with the clinical work- flow, as well as data specialists with 
knowledge of the variables and their representations and 
definitions, in all analytical steps, from data preparation 
to interpretation.

With respect to remission and other treatment 
outcomes, previous studies have indicated that the 
observed proportions of patients reaching remission 
vary substantially depending on the definition of remis-
sion,29–31 which may be a result of artificial differences 
related to handling of the data within each study. Our 
results negate the hypothesis that lack of study harmon-
isation is a main explanation of these intermetric differ-
ences. Instead, such variation is likely a result of the 
handling (here: inclusion or exclusion) of individual 
components of composite- measure definitions of remis-
sion.1 For instance, VAS pain and global health capture 
not only RA- specific inflammation but also capture other 
health aspects, related or not to concurrent RA inflam-
matory activity. Similarly, the inclusion or exclusion of 
components for which there may be drug- specific effects, 
such as CRP, may impact the observed comparative effec-
tiveness of DMARDs.30 32 33 Our exploratory analysis in 
which we applied the very recently updated ACR/EULAR 
Boolean remission criteria22 to the SRQ methotrexate 
cohort demonstrated that the proportion reaching 
remission with the new criteria went from about one 
in six patients to closer to one in four, also resulting in 
better alignment with the other remission criteria under 
study. Our exploratory analyses further demonstrated 
that around 10% of patients not achieving any given 
composite remission criteria had normal ESR/CRP and 
no swollen joints in the SJC(28). The latter observation 
does of course not preclude that these patients had other 
manifestations (eg, MTP- joint involvement) of active RA, 
but offers a rough quantification of the proportion of 
patients whose failure to meet remission might primarily 
reside with other factors than concomitant RA- related 
inflammatory activity.

The internal variation in, and ranking of, propor-
tions reaching each of the six remission criteria in our 
study (figures 1–3) is largely in line with previous obser-
vations.34 35 With regard to the absolute percentages 
reaching each of the treatment outcomes under study, we 
note that the proportion of patients reaching remission 
with methotrexate was comparatively high compared 
with other studies. For TNFi and rituximab (that are 
more often used as second, third or more DMARD) the 
observed proportions were more in keeping with those 
reported from previous studies (eg, as compiled in).35 
The protocol- driven Norwegian RA data collections (the 
ARCTIC trial) had treatment outcomes superior to those C
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cohorts reflective of treatment decisions as in clinical 
practice. Whether this reflects the advantage of protocol- 
based treat- to- target strategies, selection of patients into 
clinical trials, or both, remains unclear and beyond the 
scope of this study.

With respect to variation within and across cohorts, 
we noted only modest variation in the observed treat-
ment outcomes across subcohorts defined based on, 
for example, a stored blood sample, versus the entire 
cohort. This was somewhat surprising since for some of 
these patients and samplings, the methotrexate cohorts 
in particular, there was an implicit conditioning on non- 
response to methotrexate. For instance, in Sweden, 
patients were eligible for biobanking in SRQb at start 
of a bDMARD (often after failing methotrexate), and 
in Denmark inclusion in the DRB was conditioned 
on survival/follow- up up until a certain calendar year. 
Importantly, this similarity in treatment outcomes across 
subcohorts suggests that, for example, biomarker anal-
yses performed in (these) subcohort of patients with 
available samples might be extrapolated to their whole 
underlying cohorts.

Our study has some limitations. Several of the included 
data sources, such as SRQ and DANBIO, are clinically 
integrated systems that capture data as part of stan-
dard care in a quality- controlled manner.15 As such they 
include visits as they occur rather than at predefined time 
points specific to each cohort, and capture only the infor-
mation available to the patient and rheumatologist at the 
time point of the visit. To maximise comparability and to 
minimise missing data, we used harmonised algorithms 
to define the visits to be used for this study. While the 
use of such algorithms should not have led to a selec-
tive inclusion of visits with high or low disease activity, we 
cannot formally exclude this possibility. Further, although 

several of the treatment cohorts represent some of the 
world’s largest longitudinal clinical RA data collections, 
others were small limiting precision and the possibility 
to compare across cohorts. We initially set out to employ 
strict definitions of certain cohorts (eg, ‘newly diagnosed 
RA’) which might have excluded many patients for whom 
the necessary information was not uniformly collected. 
This would have reduced in particular the Danish and 
NOR- DMARD MTX cohorts, but it was eventually 
decided to relax this criterion for these specific cohorts 
(it was kept in the Swedish cohorts). With respect to 
treatment data, our study was based on clinical visit and 
registered start/stop dates, which may or may not equal 
actual drug intake or use. Finally, it should be noted that 
although some of the included data sources (such as 
DANBIO and SRQ) have a high national coverage, not 
all cohorts should be seen as reflective of the character-
istics of the average patients with RA in each of the three 
Scandinavian countries. For example, in the ARCTIC 
RCT, the visit frequency was higher (nine visits during 
the first year) than that of standard of care in the Nordic 
countries (around twice) as well as obligation to follow 
a strict algorithm for treatment escalation. However, it 
is important to note that access to treatment/drugs did 
not differ between any of the cohorts. Further, data on 
retreatment with rituximab were not available within 
the data sources, making distinctions between retreated 
and not retreated for the longer- term rituximab data 
uncertain. Common to many observational studies, our 
methods for data collection were based on clinical data 
on treatment, which is not necessarily similar to actual 
drug intake (compliance).

Certain strengths should be mentioned. We included 
multiple cohorts, from several sources and countries, 
and performed a detailed harmonisation of their data to 

Figure 2 Patients with RA initiating TNFi as first ever biological DMARD in Swedish, Danish and Norwegian treatment cohorts. 
Proportion reaching remission at 0, 3, 6 and 12 months according to six outcome definitions. ACR, American Congress of 
Rheumatology; ARCTIC, Aiming for Remission in rheumatoid arthritis: a randomised trial examining the benefit of ultrasound 
in a Clinical TIght Control regimen; DANBIO, Danish Registry for Biologic Therapies in Rheumatology; DAS28, Disease Activity 
Score 28; DMARD, disease- modifying antirheumatic drug; DRB, Danish Rheumatologic Biobank; NOR- VEAC, Norwegian Very 
Early Arthritic Clinic; RA, rheumatoid arthritis; SDAI, Simplified Disease Activity Index; SJC28, swollen 28 joint count; SRQ, 
Swedish Rheumatology Quality; ULRABIT, ULtrasound in Rheumatoid Arthritis patients starting BIologic Treatment; VAS, Visual 
Analogue Scale.
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ensure that the study data would be conceptually compa-
rable and that any variation across datasets would not 
simply be due to differences in data handling and defini-
tions. Our inclusion of cohorts from both routine care and 
randomised strategy trials is of value as previous studies 
have demonstrated that patients in trials and in clinical 
practice differ on a range of parameters.36 37 Further, we 
could include and compare the pattern across cohorts 
and subcohorts for three commonly used DMARDs, 
and the performance and internal relation of several 
different definitions of treatment outcomes (retention, 
persistence, response and six definitions of remission). 
For future studies, addition of information from the 
national patient registries38 in the Nordic countries on, 
for instance, death, hospitalisations (comorbidities and 
adverse outcomes) and socioeconomics, combined with 
biological material samples for biomarker analyses, prom-
ises huge potentials for precision medicine research in 
RA.

In conclusion, we exemplify how different RA raw data 
sources can be harmonised for joint analyses and provide 
comprehensive results on response, remission, retention 
and persistence to methotrexate, TNFi and rituximab 
in (tens of) thousands of patients from clinical practice- 
based and other RA cohorts. With regard to harmon-
isation, our results demonstrate a variation related to 
the choice of outcome metric, for example, a twofold 
variation between the proportions reaching different 
remission criteria. Our results further demonstrate that 
judicious harmonisation of the raw data can bring down 
variation across datasets to a minimum, for example, for 
many metrics less than a 10% unit variation across cohorts 
and subcohorts, with regard to baseline, follow- up and 
response data, and therefore, without compromising 
generalisability. With regard to the observed treatment 
outcomes, our results quantify the (modest) variations 
in each treatment outcomes measure across cohorts and 
countries, and the (marked) variation across remission 
metrics. The high retention rates but low remission rates 
underscore the large unmet need for treatment optimis-
ation: only 15%–20% of patients initiating first- line meth-
otrexate monotherapy or TNFi treatment, and only 1 in 
10 patients on rituximab, remain on drug and in ACR/
EULAR or SDAI remission at 12 months.

With no single gold standard for remission in RA, it 
will now be an important task for collaborative research 
in RA precision medicine to investigate commonalities 
and differences in the predictors and prediction models 
for different definitions (and thus, types) of treatment- 
induced remission.
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