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ABSTRACT

Introduction: The inclusion of certain variables
in remission formulas for rheumatoid arthritis
(RA) may give rise to discrepancies. An increase
in patient global assessment (PGA), a variable
showing the patient’s self-evaluation of their
disease activity, may alone tilt a patient out of
remission when using certain remission-assess-
ing methods. This study aimed to explore dif-
ferences in remission rates among various
formulas and the impact of PGA and other
clinical variables on the calculation of
remission.
Methods: Data were collected from RA patients
monitored during the years 2015–2019 at an

outpatient clinic in southern Norway. Linear
and logistic regression assessed associations
between PGA, other RA-related variables, and
remission-assessing methods.
Results: Remission rates were 23%, 65%, and
73% in 2019 when assessing the same 502 RA
patients using Boolean remission, Boolean
remission without PGA, and the disease activity
score (DAS) with C-reactive peptide [DAS28(3)-
CRP] method, respectively. Among the same
population that year, 27% reported PGA B 10,
74% had a tender joint count of B 1, 85% had a
swollen joint count of B 1, and 86% had CRP
B 10. Pain (standardized coefficient b = 0.7,
p\0.001) was most strongly associated with
PGA. Pain, fatigue, and morning stiffness were
substantially associated with the remission-
assessing methods that incorporated PGA.
Conclusions: Since PGA is strongly associated
with the patient’s perception of pain and may
not reflect the inflammatory process, our study
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challenges the application of remission-assess-
ing methods containing PGA when monitoring
RA patients in the outpatient clinic. We rec-
ommend using measures that are less likely to
be associated with noninflammatory pain and
psychosocial factors.

Keywords: Rheumatoid arthritis; Disease
activity; Remission; Patient global assessment;
Real-life data

Key Summary Points

Why carry out this study

Several composite measures are recognized
to define remission status in rheumatoid
arthritis, but they do not provide
comparable scores

Most measures incorporate patient self-
evaluation, which, while elevated, can be
solely responsible for not reaching
remission even though the remaining
variables reflect an absence of
inflammation

This study seeks to assess the
comparability of remission rates
calculated using different remission-
assessing methods in a rheumatoid
arthritis outpatient clinic cohort

What was learned from the study

Remission rates calculated for the same
group of rheumatoid arthritis patients
differ when using various remission-
assessing measures, particularly as patient
self-evaluation is integrated into their
calculation

Patient self-evaluation is important when
assessing disease burden; however, this
study challenges the applicability of the
patient self-evaluation variable when
utilizing potent and costly anti-
inflammatory drugs for a
noninflammatory status

INTRODUCTION

In 1981, the American College of Rheumatology
(ACR) defined rheumatoid arthritis (RA) remis-
sion as the absence of any inflammatory RA
disease activity [1]. According to the European
League Against Rheumatism (EULAR) recom-
mendations for managing RA, treatment should
aim for remission or low disease activity [2]. An
analysis by Mian et al. of 22 RA treatment
guidelines (2000–2017) found the disease
activity score-28 (DAS28) to be the most fre-
quently recommended parameter to guide RA
treatment and assess remission [3], despite the
possibility of having multiple swollen joints
while in DAS28 remission [4].

A less frequently recommended [3] and more
stringent alternative for assessing remission
(defined by the ACR/EULAR committee) is
Boolean remission, which has the criteria of a
score of B 1 for the tender 28-joint
count (TJC28), the swollen 28-joint
count (SJC28), C-reactive peptide (CRP) (mg/
dl), and the patient global assessment (PGA)
[visual analog scale (VAS) 0–10] [4]. However, a
recent meta-analysis of randomized clinical tri-
als by Ferreira et al. has questioned the impor-
tance of using PGA in Boolean remission, as it
places greater emphasis on the patient’s per-
ception of disease burden, which may be influ-
enced by noninflammatory mechanisms [5].
The incorporation of PGA scoring into other
remission-assessing methods should also be
questioned, as it may potentially lead to mis-
estimation of inflammatory remission rates and
consequently to overtreatment.

The primary aim of this study was to com-
pare remission rates using different remission-
assessing methods in a RA outpatient clinic
cohort, in particular, to reveal the impact of
PGA. The second aim was to examine associa-
tions of RA-related variables with PGA, and the
third was to explore associations of different
RA-related variables with remission status in
various measures.
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METHODS

Patient Inclusion and Data Collection

Data for this cross-sectional study were obtained
(2015–2019) from a rheumatological outpatient
clinic in southern Norway. Patient monitoring
at the outpatient clinic was standardized using
the computer tool GoTreatIT� Rheuma (www.
diagraphit.com). Data were extracted from the
clinic database using predefined queries. One
query extracted RA patients data who had at
least one registered visit in the analysed year.
The most recent visit was extracted if there were
multiple visits during the same year. The
anonymized data files were analysed using
EXCEL and the Statistical Package for the Social
Sciences (SPSS).

Descriptive variables included age, sex, body
mass index (kg/m2), current smoking status,
years of education, disease duration, rheuma-
toid factor (RF), and anti-cyclic citrullinated
peptide (aCCP). Variables reflecting disease
activity encompassed erythrocyte sedimenta-
tion rate (ESR) (mm/h), CRP (mg/L), SJC28
(0–28 joints), TJC28 (0–28 joints), and investi-
gator global assessment (IGA) (VAS 0–100 mm).
The patient-reported outcome measures
(PROMs) included PGA, pain (VAS 0–100 mm),
fatigue (VAS 0–100 mm), morning stiffness (re-
ported in 15-min units), and the modified
health assessment questionnaire (MHAQ) [6].

Composite Disease Activity Score
and Remission Definitions

The composite disease activity scores (CDASs)
included in this study cover the addition-based
methods, the simple disease activity index
(SDAI) (TJC28, SJC28, CRP, PGA, IGA) [7] and
the clinical disease activity index (CDAI)
(TJC28, SJC28, PGA, IGA) [8], and the algo-
rithm-based DAS28(3) (TJC28, SJC28, CRP) [9]
and DAS28(4) (TJC28, SJC28, CRP, PGA) [9].
Among the assessed CDASs, remission cutoff
values were B 2.6 for both DAS28(3) and
DAS28(4) [9], B 2.8 for CDAI [8], and B 3.2 for
SDAI [7]. Patients were stratified for analysis as
having either remission or non-remission.

ACR/EULAR Boolean remission (4-variable
remission) is defined as scores of B 1 for TJC28,
SJC28, CRP, and PGA [4]. However, since the
extracted CRP is measured in mg/L and the PGA
by a VAS of 0–100 mm, the Boolean remission
CRP and PGA were redefined as B 10. Modified
4-variable remission rates were examined using
different PGA cutoffs of B 20, B 30, B 40,
B 50, B 60, B 70, B 80, and B 90 (Fig. 1). PGA
B 100 was not included, as only 11 patients
(2%) scored a PGA of 91–100. A 3-variable
remission was defined as Boolean remission
without PGA (i.e. TJC28 B 1, SJC28 B 1, and
CRP B 10). Subjective 2-variable remission
(TJC28 B 1 and PGA B 10) and objective
2-variable remission (SJC28 B 1 and CRP B 10)
were also reported (Table 2). RA patients in the
study were also assessed with single-component
cutoffs: TJC28 B 1, SJC28 B 1, CRP B 10, PGA
B 10, PGA B 20, and IGA B 10. Since the dif-
ference in the remission rates between the
assessed years was only minimally statistically
significant, the comparison in Fig. 1 is for 2019
only.

Treatment

The annual data collection (2015–2019) from the
RA patients included information on biological
and targeted synthetic disease-modifying anti-
rheumatic drugs (b/tsDMARDs), which com-
prised tumour necrosis factor inhibitors (TNFi)
(etanercept reference, etanercept SB4, infliximab
reference, infliximab CT-P13, adalimumab,
golimumab, certolizumab pegol), non-TNFi
(rituximab reference, rituximab GP2013, abata-
cept, and tocilizumab), and tsDMARDs (barici-
tinib and tofacitinib). The collected data also
contained information on prednisolone and
conventional synthetic DMARDs (csDMARDs)
such as methotrexate (MTX). Monotherapy for
b/tsDMARDs and TNFi, as well as no treatment,
i.e. neither b/tsDMARD, csDMARDs, nor pred-
nisolone, was also reported.

Statistical Analysis

Categorical variables are reported as numbers
and percentages, and continuous variables as
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means with standard deviations (SDs) or means
with ranges. Changes in and associations
between variables over 5 years were analysed
with SPSS using a one-way analysis of variance
(ANOVA) for continuous variables and the chi-
square test for categorical variables. Only
patients with a complete dataset for TJC28,
SJC28, CRP, PGA, and IGA were analysed. To
examine bias due to missing data, the included
patients were compared with those without a
complete dataset. A p-value of\0.05 was con-
sidered statistically significant.

Univariable and multivariable linear regres-
sion with stepwise variable selection was used to
assess the association between demographic
and disease characteristic variables and PGA.
Logistic regression was used to assess the asso-
ciation between demographic and disease
characteristic variables and various remission-
assessing methods. The variables responsible for
the different calculations or assessments of the
various remissions were omitted in the logistic

regression analysis. For linear regression, the
standardized coefficient b and unstandardized
coefficient B were reported along with the 95%
confidence intervals. For logistic regression, the
odds ratios (OR) were reported along with the
95% confidence intervals. Due to the minimal
differences in the assessed demographics, dis-
ease activity measures, and patient-reported
outcomes among the 5 years of the study per-
iod, we decided to report only the 2019 regres-
sion analysis for clarity purposes.
Supplementary Table 2 shows a variant of the
multivariate regression analysis, albeit sub-
grouped based on the 3-variable remission and
moderate–high disease activity in RA patients
with DAS28(4), CDAI, and SDAI.

Ethics

The study was approved by the Regional Ethics
Committee (REC) of Middle Norway (2010/

Fig. 1 Comparing composite measures of disease activity
and variants of Boolean remission in 2019. Note: data are
presented as percentages of n = 502 in 2019. The
figure compares various cutoffs of the patient global
assessment in Boolean remission with the remission of
composite measures of disease activity and 3-variable
remission in rheumatoid arthritis patients in an ordinary
outpatient clinic in southern Norway. 4-variable remission

is achieved when C-reactive peptide (CRP) B 10, tender
28-joint count (TJC28) B 1, swollen 28-joint
count (SJC28) B 1, and PGA B 10. 3-variable remission
is achieved when CRP B 10, TJC28 B 1, and SJC28
B 1. 4VR 4-variable remission, PGA patient global
assessment, CDAI clinical disease activity index, SDAI
simple disease activity Index, 3VR 3-variable remission,
DAS28 disease activity score with CRP
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3078) and followed the ethical principles of
medical research involving human subjects of
the 1964 Declaration of Helsinki (and its later
amendments). No consent from the patients
was required by the REC of Middle Norway, as
all data were anonymized and collected as part
of routine clinical care.

RESULTS

Demographics, Disease Activity,
and Patient-Reported Outcomes

Table 1 presents the demographic variables, RF,
aCCP, disease activity variables, PROMs, and
treatment for the years 2015–2019. The number
of RA patients in the included dataset ranged
from 613 to 502 (2015–2019). Over the 5 years,
no significant change in the mean values of the
demographic variables, PROMs, aCCP positive
rate (73.8%), RF positive rate (68.8%), TJC28
(1.3), SJC28 (0.9), and CRP (6.1 mg/L) was
observed. The mean changes in ESR (14.6, range
12.6–18.0 mm/h) and IGA (9.6, 7.8–10.6) across
the 5 years were significant; however, no sig-
nificant change was noted for DAS28(3) (2.3),
DAS28(4) (2.4), CDAI (6.4), or SDAI (7.0).

Approximately 40% of the patients did not
have a complete dataset and were excluded
from the analysis. As shown in Supplementary
Table 3, there were only minor differences
between the excluded and included patients.

Comparison of Remission Rates
and the Impact of PGA

Table 2 presents the remission rates based on
DAS28(3), DAS28(4), CDAI, SDAI, ACR/EULAR
Boolean remission, various subgroups of Boo-
lean remission, and individual measures. Over
the 5 years, none of the mean remission rates
were significantly different except for IGA B 10.
The average remission rates ordered from lowest
to highest are shown in Fig. 1. A gradual
increase in the PGA cutoff in Boolean 4-variable
remission was linked to an observable increase
in the remission rate. When comparing these
different remission rates using an increasing

PGA cutoff in 4-variable remission (Fig. 1), the
remission rates based on SDAI and CDAI were
similar to Boolean 4-variable remission with
PGA cutoffs of B 20 and B 30. In comparison,
the 3-variable, DAS28(3), and DAS28(4) remis-
sion rates were located beyond a cutoff of B 90
PGA.

Treatment

The mean 5-year percentage of RA patients who
received any type of b/tsDMARD was 41.3%,
and it was 10.1% for those who received
b/tsDMARDs as monotherapy. Among the same
analysed study population, the 5-year average
percentage of patients who received TNFi (no
csDMARDs or prednisolone) was 21.5%, and it
was 5.0% for those who only received TNFi.
Also, an average of 65.7% of the patients were
registered as receiving csDMARDs, 56.2% were
registered as receiving MTX, and 47.5% were
registered as receiving prednisolone. An average
of 7.3% did not receive either b/tsDMARDs,
csDMARDs, or prednisolone. Both TNFi and
b/tsDMARD monotherapy showed statistically
significant changes over the 5 years. Supple-
mentary Table 3 includes a treatment compar-
ison between the examined and excluded
patients.

Associations of Relevant Variables
with Patient Global Assessment

Table 3 shows the associations of different
variables (univariate and multivariate models)
with PGA in 2019 according to a linear regres-
sion. For a univariable linear regression, only
PROM variables achieved b C 0.5 with a p-
value\0.001; these variables included pain
(b = 0.9), MHAQ (b = 0.7), fatigue (b = 0.7),
and morning stiffness (b = 0.5). In a multivari-
able regression model with all covariates inclu-
ded, only pain (b = 0.7), fatigue (b = 0.2), and
MHAQ (b = 0.1) were significantly associated
with PGA, with pain having the strongest asso-
ciation. Similar outcomes were observed for the
multivariable regression model after stepwise
variable selection. Interestingly, similar findings
were observed for the association between pain

Rheumatol Ther (2022) 9:1531–1547 1535



T
ab
le

1
D
em

og
ra
ph
ic
s,
di
se
as
e
ch
ar
ac
te
ri
st
ic
s,
an
d
tr
ea
tm

en
t
of

rh
eu
m
at
oi
d
ar
th
ri
ti
s
pa
ti
en
ts
du
ri
ng

20
15
–2

01
9

20
15

20
16

20
17

20
18

20
19

M
ea
n
(S
D
/%

)
[r
an
ge
]

M
is
si
ng

da
ta

M
ed
ia
n,

m
ea
n,

ra
ng
e

P
-v
al
ue

O
ri
gi
na
l
da
ta
se
t,
N

10
67

90
8

95
3

82
5

87
1

0.
50
2

In
cl
ud
ed

da
ta
se
t,
N

61
3
(5
7.
5%

)
55
4
(6
1.
0%

)
55
5
(5
8.
2%

)
49
0
(5
9.
4%

)
50
2
(5
7.
6%

)
54
3
(5
8.
7%

)
[5
7.
5—

61
.0
%
]

0%
,0

%
,0

–0
%

D
em

og
ra
ph
ic
s

A
ge

(y
ea
rs
)

62
.8

(1
2.
6)

61
.2

(1
3.
5)
*

62
.0

(1
3.
1)
*

60
.8

(1
3.
8)
*

61
.8

(1
4.
0)
*

61
.7

(1
3.
4)

[6
0.
8–

62
.8
]

0%
,0

%
,0

–0
%

0.
10
2

Fe
m
al
e

41
0 (6
6.
9%

)*

37
7
(6
8.
1%

)
36
2 (6
5.
2%

)*

33
4
(6
8.
2%

)
33
5
(6
6.
7%

)
36
4
(6
7.
0%

)

[6
5.
2–

68
.2
%
]

0%
,0

%
,0

–0
%

0.
84
7

B
M
I
(k
g/
m

2 )
26
.5

(4
.7
)*

26
.2

(4
.4
)

26
.2

(4
.4
)

26
.3

(4
.4
)

26
.4

(4
.5
)

26
.3

(4
.5
)
[2
6.
2–

26
.5
]

1.
8%

,1
.7
%
,1

–2
%

0.
78
0

E
du
ca
ti
on

(y
ea
rs
)

11
.6

(3
.4
)

12
.0

(3
.6
)*

12
.0

(3
.6
)

12
.1

(3
.5
)

12
.2

(3
.5
)

12
.0

(3
.5
)
[1
1.
6–

12
.2
]

1.
4%

,1
.1
%
,0

–2
%

0.
09
0

C
ur
re
nt

sm
ok
er
s

11
8
(1
9.
3%

)
10
1
(1
8.
3%

)
90

(1
6.
4%

)
82

(1
6.
9%

)
78

(1
5.
7%

)
94

(1
7.
3%

)
[1
5.
7–

19
.3
%
]

1.
0%

,0
.8
%
,0

–1
%

0.
50
3

D
is
ea
se

du
ra
ti
on

(y
ea
rs
)

11
.7

(1
0.
0)
*

11
.6

(9
.9
)

12
.1

(1
0.
4)

11
.3

(1
1.
1)

10
.8

(1
0.
9)
*

11
.5

(1
0.
5)

[1
0.
8–

12
.1
]

0%
,0

%
,0

–0
%

0.
37
6

B
io
m
ar
ke
rs

aC
C
P
po
si
ti
ve

42
1
(7
2.
2%

)
39
3
(7
4.
6%

)
38
0
(7
2.
1%

)
35
6 (7
6.
4%

)*

35
7
(7
3.
6%

)
38
1
(7
3.
8%

)

[7
2.
1–

76
.4
%
]

4.
9%

,4
.6
%
,3

–5
%

0.
50
7

R
F
po
si
ti
ve

40
9
(6
9.
1%

)
37
4
(7
0.
3%

)
37
0
(6
9.
5%

)
31
1
(6
8.
1%

)
31
8
(6
7.
1%

)
35
6
(6
8.
8%

)

[6
7.
1–

70
.3
%
]

4.
1%

,4
.8
%
,3

–7
%

0.
80
3

D
is
ea
se

ac
ti
vi
ty

va
ri
ab
le
s

E
SR

(m
m
/h
)

18
.0

(1
5.
1)
*

14
.8

(1
4.
0)
*

13
.5

(1
3.
4)

14
.2

(1
4.
6)
*

12
.6

(1
2.
2)
*

14
.6

(1
3.
9)

[1
2.
6–

18
.0
]

14
.8
%
,1

4.
4%

,

9–
21
%

<
0.
00
1

C
R
P
(m

g/
L
)

6.
5
(1
0.
5)

5.
9
(1
1.
4)
*

6.
2
(1
4.
4)

6.
0
(1
0.
4)
*

5.
8
(1
0.
2)
*

6.
1
(1
1.
4)

[5
.8
–6

.5
]

0%
,0

%
,0

–0
%

0.
86
0

T
JC

28
(0
–2

8)
1.
4
(2
.9
)

1.
4
(2
.9
)

1.
2
(2
.6
)*

1.
3
(2
.9
)

1.
4
(2
.8
)*

1.
3
(2
.8
)
[1
.2
–1

.4
]

0%
,0

%
,0

–0
%

0.
83
7

SJ
C
28

(0
–2

8)
0.
9
(1
.8
)

1.
0
(2
.3
)

0.
9
(2
.3
)*

0.
9
(2
.1
)

0.
7
(1
.9
)

0.
9
(2
.1
)
[0
.7
–1

]
0%

,0
%
,0

–0
%

0.
32
0

IG
A

(V
A
S,

0–
10
0
m
m
)

10
.1

(1
1.
9)

10
.1

(1
2.
6)

9.
2
(1
3.
1)
*

10
.6

(1
3.
7)

7.
8
(1
2.
2)

9.
6
(1
2.
7)

[7
.8
–1

0.
6]

0%
,0

%
,0

–0
%

0.
00
4

1536 Rheumatol Ther (2022) 9:1531–1547



T
a
b
le

1
co
n
ti
n
u
ed

20
15

20
16

20
17

20
18

20
19

M
ea
n
(S
D
/%

)
[r
an
ge
]

M
is
si
ng

da
ta
M
ed
ia
n,

m
ea
n,

ra
ng
e

P
-v
al
ue

C
lin

ic
al
-r
ep
or
te
d
ou
tc
om

e
m
ea
su
re
s

D
A
S2
8(
3)

sc
or
e

2.
3
(0
.9
)

2.
3
(0
.9
)*

2.
2
(0
.9
)*

2.
3
(0
.9
)*

2.
2
(0
.9
)*

2.
3
(0
.9
)
[2
.2
–2

.3
]

0%
,0

%
,0

–0
%

0.
29
4

D
A
S2
8(
4)

sc
or
e

2.
5
(1
.0
)

2.
4
(1
.0
)

2.
4
(1
.0
)

2.
4
(1
.1
)

2.
4
(1
.1
)

2.
4
(1
.0
)
[2
.4
–2

.5
]

0%
,0

%
,0

–0
%

0.
25
5

C
D
A
I
va
lu
e

6.
6
(6
.5
)

6.
5
(6
.9
)

6.
1
(6
.9
)

6.
5
(6
.7
)

6.
1
(6
.6
)

6.
4
(6
.7
)
[6
.1
–6

.6
]

0%
,0

%
,0

–0
%

0.
55
5

SD
A
I
va
lu
e

7.
2
(6
.8
)

7.
1
(7
.3
)

6.
7
(7
.5
)

7.
2
(7
.0
)

6.
7
(7
.0
)

7.
0
(7
.1
)
[6
.7
–7

.2
]

0%
,0

%
,0

–0
%

0.
57
1

Pa
ti
en
t-
re
po
rt
ed

ou
tc
om

e
m
ea
su
re
s

PG
A

(V
A
S,

0–
10
0
m
m
)

33
.4

(2
6.
4)

31
.9

(2
5.
0)

30
.2

(2
4.
4)

32
.5

(2
5.
5)

32
.7

(2
5.
7)

32
.2

(2
5.
4)

[3
0.
2–

33
.4
]

0%
,0

%
,0

–0
%

0.
28
4

Pa
in

(V
A
S,

0–
10
0
m
m
)

32
.5

(2
5.
5)

31
.6

(2
4.
7)
*

32
.1

(2
5.
1)

33
.1

(2
5.
6)
*

32
.6

(2
6.
0)

32
.4

(2
5.
4)

[3
1.
6–

33
.1
]

7.
4%

,7
.9
%
,7

–9
%

0.
91
7

M
H
A
Q

(0
–3

)
0.
5
(0
.5
)

0.
4
(0
.5
)*

0.
4
(0
.5
)

0.
4
(0
.5
)

0.
4
(0
.5
)*

0.
4
(0
.5
)
[0
.4
–0

.5
]

6.
5%

,5
.9
%
,3

–8
%

0.
26
3

Fa
ti
gu
e
(V
A
S,

0–
10
0
m
m
)

36
.7

(3
0.
3)

36
.4

(2
9.
9)

37
.8

(2
9.
4)

38
.1

(3
0.
8)

37
.6

(2
9.
6)

37
.3

(3
0.
0)

[3
6.
4–

38
.1
]

6.
7%

,6
.6
%
,4

–9
%

0.
87
2

M
or
ni
ng

st
iff
ne
ss
(h
)

1.
0
(1
.3
)

0.
9
(1
.3
)

0.
8
(1
.1
)

0.
9
(1
.2
)

0.
9
(1
.3
)

0.
9
(1
.3
)
[0
.8
–1

.0
]

9%
,8

.3
%
,7

–9
%

0.
39
0

T
re
at
m
en
t

b/
ts
D
M
A
R
D
s

25
5 (4
1.
6%

)*

24
7 (4
4.
6%

)*

21
6
(3
8.
9%

)
19
9 (4
0.
6%

)*

20
6
(4
1.
0%

)
22
5
(4
1.
3%

)

[3
8.
9–

44
.6
%
]

0%
,0

%
,0

–0
%

0.
42
1

T
N
Fi

15
5
(2
5.
3%

)
15
3 (2
7.
6%

)*

12
9
(2
3.
2%

)
10
2
(2
0.
8%

)
10
2
(2
0.
3%

)
12
8
(2
3.
5%

)

[2
0.
3–

27
.6
%
]

0%
,0

%
,0

–0
%

0.
02
6

M
on
ot
he
ra
py

b/
ts
D
M
A
R
D
s

40
(6
.5
%
)*

51
(9
.2
%
)

52
(9
.4
%
)

61
(1
2.
4%

)*
65

(1
2.
9%

)
54

(1
0.
1%

)
[6
.5
–1

2.
9%

]
0%

,0
%
,0

–0
%

0.
00
2

M
on
ot
he
ra
py

T
N
Fi

19
(3
.1
%
)*

30
(5
.4
%
)*

26
(4
.7
%
)

31
(6
.3
%
)*

28
(5
.6
%
)

27
(5
.0
%
)
[3
.1
–6

.3
%
]

0%
,0

%
,0

–0
%

0.
12
5

cs
D
M
A
R
D
s

40
5 (6
6.
1%

)*

36
2 (6
5.
3%

)*

36
6 (6
5.
9%

)*

32
5 (6
6.
3%

)*

32
5 (6
4.
7%

)*

35
7
(6
5.
7%

)

[6
4.
7–

66
.3
%
]

0%
,0

%
,0

–0
%

0.
98
5

Rheumatol Ther (2022) 9:1531–1547 1537



T
a
b
le

1
co
n
ti
n
u
ed

20
15

20
16

20
17

20
18

20
19

M
ea
n
(S
D
/%

)
[r
an
ge
]

M
is
si
ng

da
ta
M
ed
ia
n,

m
ea
n,

ra
ng
e

P
-v
al
ue

M
et
ho
tr
ex
at
e

34
6 (5
6.
4%

)*

30
2 (5
4.
5%

)*

31
5 (5
6.
8%

)*

27
5 (5
6.
1%

)*

28
6 (5
7.
0%

)*

30
5
(5
6.
2%

)
[5
4.
5–

57
%
]

0%
,0

%
,0

–0
%

0.
93
2

Pr
ed
ni
so
lo
ne

31
1
(5
0.
7%

)
26
5 (4
7.
8%

)*

26
6
(4
7.
9%

)
22
6
(4
6.
1%

)
22
7
(4
5.
2%

)
25
9
(4
7.
5%

)

[4
5.
2–

50
.7
%
]

0%
,0

%
,0

–0
%

0.
40
5

N
o
tr
ea
tm

en
t

53
(8
.6
%
)*

44
(7
.9
%
)*

42
(7
.6
%
)*

31
(6
.3
%
)*

31
(6
.2
%
)*

40
(7
.3
%
)
[6
.2
–8

.6
%
]

0%
,0

%
,0

–0
%

0.
46
7

A
ll
da
ta

w
er
e
co
lle
ct
ed

fr
om

an
or
di
na
ry

ou
tp
at
ie
nt

cl
in
ic
in

so
ut
he
rn

N
or
w
ay
.C

at
eg
or
ic
al
va
ri
ab
le
s
ar
e
pr
es
en
te
d
as

pe
rc
en
ta
ge
s
(%

)
an
d
co
nt
in
uo
us

va
ri
ab
le
s
as

m
ea
ns

w
it
h
st
an
da
rd

de
vi
at
io
ns

(S
D
s)
.M

is
si
ng

da
ta

ar
e
pr
es
en
te
d
as

th
e
m
ed
ia
n
an
d
th
e
m
ea
n
w
it
h
th
e
ra
ng
e.
T
he

V
2
te
st
w
as

us
ed

fo
r
ca
te
go
ri
ca
l
va
ri
ab
le
s
an
d

on
e-
w
ay

A
N
O
V
A
w
as
us
ed

fo
r
co
nt
in
uo
us

va
ri
ab
le
s
to

te
st
fo
r
di
ff
er
en
ce
s
du
ri
ng

a
fo
llo
w
-u
p
of

5
ye
ar
s.
T
he

as
te
ri
sk

sy
m
bo
l(
*)
re
pr
es
en
ts
a
si
gn
ifi
ca
nt

p-
va
lu
e
w
he
n

co
m
pa
re
d
w
it
h
ex
cl
ud
ed

da
ta

(s
ee

Su
pp
le
m
en
ta
ry

T
ab
le
3)
.B

M
I
bo
dy

m
as
s
in
de
x,
aC

C
P
an
ti
-c
yc
lic

ci
tr
ul
lin

at
ed

pe
pt
id
e,
R
F
rh
eu
m
at
oi
d
fa
ct
or
,E

SR
er
yt
hr
oc
yt
e

se
di
m
en
ta
ti
on

ra
te
,C

R
P
C
-r
ea
ct
iv
e
pr
ot
ei
n,

T
JC
28

te
nd

er
28
-jo
in
t
co
un

t,
SJ
C
28

sw
ol
le
n
28
-jo
in
t
co
un

t,
IG

A
in
ve
st
ig
at
or
s
gl
ob
al
as
se
ss
m
en
t,
V
A
S
vi
su
al
an
al
og

sc
al
e
(m

ea
su
re
d
0–

10
0)
,
D
A
S2
8
di
se
as
e
ac
ti
vi
ty

sc
or
e
w
it
h
C
R
P,

C
D
A
I
cl
in
ic
al

di
se
as
e
ac
ti
vi
ty

in
de
x,

SD
A
I
si
m
pl
e
di
se
as
e
ac
ti
vi
ty

in
de
x,

PG
A

pa
ti
en
t
gl
ob
al

as
se
ss
m
en
t,
M
H
A
Q

m
od
ifi
ed

he
al
th

as
se
ss
m
en
t
qu
es
ti
on
na
ir
e,
b/
tsD

M
A
R
D
s
bi
ol
og
ic
al
an
d
ta
rg
et

sy
nt
he
ti
c
di
se
as
e-
m
od
ify
in
g
an
ti
rh
eu
m
at
ic
dr
ug
s,
T
N
F
tu
m
ou
r

ne
cr
os
is
fa
ct
or
,
cs
D
M
A
R
D
s
co
nv
en
ti
on
al

sy
nt
he
ti
c
di
se
as
e-
m
od
ify
in
g
an
ti
rh
eu
m
at
ic

dr
ug
s,
N
o
tr
ea
tm

en
t
im

pl
ie
s
th
at

th
e
pa
ti
en
t
di
d
no
t
re
ce
iv
e
b/
ts
D
M
A
R
D
s,

cs
D
M
A
R
D
s,
no
r
pr
ed
ni
so
lo
ne

1538 Rheumatol Ther (2022) 9:1531–1547



Table 2 Remission rates in rheumatoid arthritis patients during 2015–2019

2015
(n = 613)

2016
(n = 554)

2017
(n = 555)

2018
(n = 409)

2019
(n = 502)

Mean (%) [range] P-
value

Remission rates

DAS28(4) remission 62.8% 64.4% 66.8% 65.1% 66.7% 353 (65.2%) [62.8–66.8%] 0.581

DAS28(3) remission 70.1% 72.0% 71.7% 70.4% 73.3% 388 (71.5%) [70.1–73.3%] 0.786

CDAI remission 34.4% 33.6% 39.8% 36.1% 37.1% 196 (36.2%) [33.6–39.8%] 0.214

SDAI remission 34.3% 33.9% 39.5% 34.5% 38.2% 196 (36.1%) [33.9–39.5%] 0.178

Boolean-remission-based remission rates (PGA B 10, SJC28 B 1, TJC28 B 1, CRP B 10)

4vRemission

(Normal)

22.2% 19.7% 23.4% 23.1% 23.3% 121 (22.3%) [19.7–23.4%] 0.546

4vRemission (PGA

B 20)

30.8% 31.4% 34.2% 33.3% 33.7% 177 (32.7%) [30.8–34.2%] 0.688

3vRemission (SJC28,

TJC28, CRP)

61.3% 62.8% 64.0% 63.1% 65.1% 343 (63.3%) [61.3–65.1%] 0.753

Objective

2vRemission

(SJC28, CRP)

72.4% 73.5% 73.2% 71.6% 75.7% 398 (73.3%) [71.6–75.7%] 0.660

Subjective

2vRemission

(TJC28, PGA)

25.1% 23.3% 26.1% 25.5% 25.1% 136 (25.0%) [23.3–26.1%] 0.858

Proportion rates of 1-variable cutoffs

SJC28 (0–28) B 1 81.7% 82.1% 82.3% 81.0% 85.3% 448 (82.5%) [81.0–85.3%] 0.449

CRP (mg/L) B 10 85.2% 87.0% 86.8% 84.7% 86.1% 467 (86.0%) [84.7–87.0%] 0.764

TJC28 (0–28) B 1 75.0% 76.7% 77.5% 74.3% 74.1% 410 (75.5%) [74.1–77.5%] 0.626

PGA (0–100) B 10 26.8% 25.3% 27.9% 26.7% 26.9% 145 (26.7%) [25.3–27.9%] 0.907

PGA (0–100) B 20 39.6% 41.3% 42.9% 40.4% 40.2% 222 (40.9%) [39.6–42.9%] 0.829

IGA (0–100) B 10 65.1% 66.6% 71.4% 65.1% 74.3% 371 (68.5%) [65.1–74.3%] 0.002

DAS28 disease activity score with CRP, CRP C-reactive protein, CDAI clinical disease activity index, SDAI simple disease
activity index, PGA patient global assessment, SJC28 swollen 28-joint count, TJC28 tender 28-joint count. All data were
collected from an ordinary outpatient clinic in southern Norway. All remission percentages (compared to non-remission)
were estimated from the total (n). There are no missing data. 4vRemission is achieved when CRP B 10, TJC28 B 1,
SJC28 B 1, and PGA B 10. 3vRemission is achieved when CRP B 10, TJC28 B 1, and SJC28 B 1. Objective
2vRemission is achieved when CRP B 10 and SJC28 B 1. Subjective 2vRemission is achieved when PGA B 10 and
TJC28 B 1
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and PGA in other disease activity subgroups,
including moderate–high disease activity and
3-variable remission (Supplementary Table 2).

Association of Variables with Remission
Status

Supplementary Table 1 reports the associations
as ORs between different variables and remis-
sion assessed through logistic regression. TJC28
had a significant association with objective
2-variable remission, and IGA had significant
associations with all except subjective 2-variable
remission. Among the PROMs, pain had signif-
icant associations with DAS28(4), CDAI, SDAI,
4-variable remission, 4-variable-remission with
a PGA cutoff of B 20 (4-variable remis-
sionPGA20), and subjective 2-variable remission.
Fatigue had significant associations with CDAI
remission, SDAI remission, 4-variable remission,
4-variable remissionPGA20, and subjective
2-variable remission. Morning stiffness had sig-
nificant associations with CDAI remission, SDAI
remission, and 4-variable remissionPGA20. PGA
had no significant associations with scores that
did not incorporate the variable [3-variable
remission, DAS28(3) remission, objective
2-variable remission].

DISCUSSION

The main finding of our study is the large vari-
ation in RA remission rate between the remis-
sion-assessing methods: rates ranged from 23%
for Boolean remission to 73% for DAS28(3)
remission (in 2019). For Boolean remission in
particular, we should highlight the impact of
PGA, which is strongly associated with pain, on
the remission rates.

In Fig. 1, among the remission-assessing
methods incorporating PGA, 4-variable remis-
sion (23%), CDAI (37%), and SDAI (38%) had
substantially lower remission rates than
DAS28(4) (67%). A discrepancy in remission
rate when using different remission-assessing
methods has been reported previously across
Europe [10]. The DAS28(4) calculation differs as
it uses an algorithm that gives PGA much
weaker power, giving it a reduced impact

compared to the other variables. In contrast,
4-variable (Boolean) remission, CDAI, and SDAI
all give equal power to their variables. The
remission-assessing methods without PGA pro-
duced remission rates of 65% and 73% for
3-variable remission and DAS28(3), respectively.
Similar discrepancies between methods have
been demonstrated elsewhere [11, 12]. We
confirmed that attaining remission is depen-
dent on the method of assessment [12–16].

While DAS28 deprioritizes PGA, the same
algorithm allows remission to be attained with
multiple swollen joints, which can conse-
quently lead to radiographic joint damage
despite the patient being ‘‘in remission’’ [17]. As
a reciprocal, a patient must have TJC28, SJC28,
CRP, and PGA B 1.0 to attain a 4-variable
remission [4]. However, this approach may
overemphasize subjectivity, as patients without
active joints and normal CRP levels can still
report elevated PGA scores, which shift disease
activity above the remission threshold due to
noninflammatory causes, e.g. fibromyalgia,
osteoarthritis, depression, psychological pain
and distress, and other comorbidities [18–21]. A
study by Inanc et al. observed an increase in
anxiety, fatigue, and depression among RA
patients who did not attain 4-variable remission
but achieved a DAS28-ESR remission [22].
Among these measures, PGA and depression
were the most important contributors to non-
concordance between DAS28-ESR and Boolean
remission rates. In order to avoid false nonre-
mission and possibly improper targeted treat-
ment, Inanc et al. proposed the implementation
of separate supplementary assessments for anx-
iety, fatigue, fibromyalgia, and depression
among RA patients who do not attain 4-variable
remission [22].

Solutions to lessen the restrictiveness of
4-variable remission include threshold modifi-
cation [23] and 3-component variant remission
definition [24]. The latter is exemplified by
excluding PGA from Boolean remission when
assessing disease activity, albeit restricting it to
disease impact [5]. We evaluated the threshold
modifications, Boolean 3- and 2-variable
remission and the individual Boolean compo-
nents. Figure 1 shows that the remission rates
for 3-variable remission, DAS28(4), and
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DAS28(3) remained highest regardless of the
PGA threshold used in 4-variable remission.

In a meta-analysis by Ferreira et al. (2020)
[25], which included 12 studies reporting indi-
rect 3-variable remission rates, a paper by Furu
et al. [26] reported the highest 3-variable
remission prevalence of 51% in a Japanese
cohort in 2014. The average 3-variable remis-
sion prevalence from the 12 studies in the meta-
analysis was 31% [25]. In other non-single-
timepoint studies, Studenic et al. reported a
3-variable remission rate of 30% after
12 months of treatment for early RA [23].
Interestingly, a study of DMARD-naı̈ve patients
with early RA showed a similar remission rate
when they were only treated with csDMARDs
and prednisolone [27]. Our high 3-variable
remission rate may be explained by the lower
disease activity in our outpatient RA cohort
(mean DAS28 2.4 and CDAI 6.4), where a high
proportion of the patients (* 40%) were treated
with b/tsDMARDs.

When the 4-variable remission was divided
into subjective (PGA, TJC28) and objective
(CRP, SJC28) categories, only 25% of patients
achieved subjective remission, whereas 76%
reached objective remission. During the same
year, among the one-variable cutoffs, PGA B 10
had the lowest rate, 27%, the rate for TJC28 B 1
was 74%, that for SJC28 B 1 was 85%, and that
for CRP B 10 was the highest: 86%. We believe
that these numbers reflect two valuable issues:
(1) despite considering tender joints to be sub-
jective, similar rates are reported for the objec-
tive SJC28 and CRP, and (2) there are
considerable differences in rate between
patients expressing PGA B 10 and TJC28 B 1,
SJC28 B 1, and CRP B 10 (27% vs 74–86%).

Based on these numbers, remission-assessing
methods that use PGA, at least for Boolean cri-
teria, CDAI, and SDAI, do not appear favour-
able. The argument for including PGA was its
ability to help differentiate active treatment
from control treatment, which in turn meant a
significant contribution to defining remission.
Together with CDAI and SDAI, 4-variable
remission was also considered to predict good
radiographic outcomes [4]. In addition, PGA
and CRP were considered a safeguard when
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using the standardized 28 joint count, which
omits ankle and feet joints [4].

However, studies have shown that only
swollen joints and acute phase reactants, not
PGA, are robustly associated with radiographic
progression [17, 23, 28]. This may further
weaken the rationale for incorporating PGA
into remission assessments, since stopping the
progression of joint damage is one of the most
important goals of RA treatment. With the
introduction of modern imaging techniques,
subclinical signs of inflammation have been
demonstrated, highlighting the challenges of
defining true remission in RA [29–32].

Moreover, RA patients in remission by any
established criteria can experience radiographic
progression [33]. A recent study showed that the
increase in tender joints correlated best with
other subjective variables (i.e. pain) but not
with ultrasonographic synovitis, whereas swol-
len joints correlated significantly with ultra-
sonographic synovitis [34]. Furthermore,
Hensor et al. found that a score based on SJC28
and CRP alone had a stronger association with
ultrasonography synovitis and radiographic
progression than the original DAS28 in early RA
[35]. A recently published paper by Sundlisæter
et al. (2022) observed no increase in inflamma-
tion measured with ultrasound and MRI in
patients who failed to attain 4-variable remis-
sion due to PGA and/or TJC compared to those
who achieved 4-variable remission [36]. Brites
et al. (2021) did not observe any significant
changes in inflammation on ultrasound either
when comparing 4-variable remission and
3-variable remission [37]. This again supports
the view that objective measures reflect
inflammatory disease status better than subjec-
tive measures, which may also be impacted by
noninflammatory mechanisms.

To distinguish between patients with treat-
ment failure with and without the presence of
objective inflammation, Buch and colleagues
recently introduced the terms ‘‘persistent
inflammatory refractory RA’’ (PIRRA) and
‘‘noninflammatory refractory RA’’ (NIRRA) [38].
Distinguishing between PIRRA and NIRRA from
a clinical perspective is important, as the two
require different treatments and treatment
strategies. It is particularly relevant in patients

who only fail to attain a 4-variable remission
because PGA [10 [38]. Real-life data, as col-
lected in our study, are thus of great impor-
tance, as they reveal the strength and
weaknesses of the present remission criteria
when they are used to treat patients to remis-
sion in ordinary clinical practice.

In addition, the use of PGA in RA comes with
numerous challenges due to its subjective and
heterogeneous formulation. PGA is often a sin-
gle unstandardized question with global-health-
oriented or disease-activity-oriented wording.
In our study, we used PGA with a more general
description. Khan et al. showed that disease
activity and general PGA could be used inter-
changeably for the calculation of RA activity
when using CDAI, DAS28, and Routine Assess-
ment of Patient Index Data 3 [39]. However,
Gossec et al. reported discordance between the
global-health-formulated and disease-activity-
formulated PGA in Boolean remission for early
arthritis patients [40]. PGA can also be expressed
using various phrases or with an open question,
where the answer is transformed to either a
0–10 or a 0–100 scale. Graphics can also be used,
such as lines (horizontal or vertical) or tick
marks with intervals [20]. In summary, numer-
ous possible results increase the chance of gen-
erating various interpretations.

In the multivariable regression analyses, pain
had the strongest and fatigue the second
strongest association with PGA. When the
analysis was based on disease activity, the
strong association between pain and PGA was
very similar for the subgroups. In the logistic
regression assessment, these two variables were
also only significant when compared with PGA-
incorporated remission-assessing methods. Pain
and fatigue are considered the leading sources
of discomfort among RA patients and key con-
tributing factors for reporting elevated PGA
levels [20, 22, 41–44], especially in near-4-vari-
able remission cases, i.e. in those who only
failed to attain 4-variable remission because PGA
[10 [18, 24, 45]. The three most essential
domains for achieving patient-perceived remis-
sion are pain, fatigue, and independence
[46, 47]. From the patient’s perspective, being in
remission means reducing the impact of RA on
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their life, ‘‘eventually leading to a feeling of
normality’’ [48].

Since PGA is strongly associated with the
patient’s perception of pain, using remission
methods impacted by PGA to guide medical
treatment decisions when monitoring RA
patients in an outpatient clinic may not reflect
the inflammatory disease process. However, a
less restrictive variant in which PGA has only a
weak impact (DAS28 remission) can also cause
the misestimation and omission of swollen
joints.

This study should be seen in the context of
its limitations. Like all observational studies,
there are issues related to a certain level of
missing data, confounding factors, and attrition
bias. Only a selected group of patients without
missing data were included. As shown in Sup-
plementary Table 3, differences between the
included and excluded patients were small and
mostly nonsignificant, indicating a high grade
of internal validity. Another limitation is the
lack of radiographic data. The study’s strengths
are its real-life setting, the application of a
spectrum of RA remission measurements, and
the evaluation of PGA associations for relevant
RA-related variables and remission definitions.

CONCLUSION

In conclusion, our study challenges the value of
the currently used remission-assessing methods.
Based on our results and available data, we
suggest using methods without measures
impacted by noninflammatory pain and psy-
chosocial factors such as PGA when treating
patients to remission with DMARDs. Interest-
ingly, among all the variables used to assess the
remission rate, only the IGA (used in both CDAI
and SDAI) improved significantly, while the rest
of the variables remained stable over the 5-year
period.

Based on growing evidence, as supported by
our study, we suggest that it may be time for a
paradigm shift to develop new remission criteria
and a new definition for use in ordinary clinical
practice, with objective variables and imaging
favoured to avoid treating noninflammatory
pain with DMARDs.
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Mestekemper S, Backhaus M, Aringer M, et al. Per-
formance of the 2011 ACR/EULAR preliminary
remission criteria compared with DAS28 remission
in unselected patients with rheumatoid arthritis.
Ann Rheum Dis. 2013;72(7):1194–9.

12. Mack ME, Hsia E, Aletaha D. Comparative assess-
ment of the different American College of
Rheumatology/European League Against Rheuma-
tism remission definitions for rheumatoid arthritis
for their use as clinical trial end points. Arthritis
Rheumatol. 2017;69(3):518–28.

13. Martins FM, da Silva JA, Santos MJ, Vieira-Sousa E,
Duarte C, Santos H, et al. DAS28, CDAI and SDAI
cut-offs do not translate the same information:
results from the Rheumatic Diseases Portuguese
Register Reuma.pt. Rheumatology (Oxford).
2015;54(2):286–91.

14. Medeiros MM, de Oliveira BM, de Cerqueira JV,
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