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Abstract

Introduction: The aim of this study was to investigate patient reported outcomes (PROs) of functional ability and
health related quality of life (HRQoL) in patients with early (rheumatoid) arthritis during one year of remission
steered treatment.

Methods: In this study, 610 patients with early rheumatoid arthritis (RA) or undifferentiated arthritis (UA) were
treated with methotrexate (MTX) and tapered high dose of prednisone. Patients in early remission (Disease Activity
Score (DAS) <1.6 after 4 months) tapered prednisone to zero and when in persistent remission, also tapered MTX.
Patients not in early remission were randomized to either MTX + hydroxychloroquine + sulphasalazine + prednisone
(arm 1) or to MTX + adalimumab (arm 2). Every 4 months, patients filled out the Health Assessment Questionnaire
(HAQ) and the McMaster Toronto Arthritis Patient Preference Questionnaire (MACTAR), the Short Form 36 (SF-36)
and visual analogue scales (VAS). Change scores were compared between treatment groups. The association with
achieving remission was analyzed using linear mixed models.

Results: During year 1, patients who achieved early remission had the most improvement in PROs with scores
comparable to the general population. Patients in the randomization arms showed less improvement. Scores were
comparable between the arms. There was a significant association between achieving remission and scores of HAQ,
MACTAR and physical HRQoL.

Conclusions: In early arthritis, PROs of functional ability and HRQoL after one year of remission steered treatment
reach normal values in patients who achieved early remission. In patients not in early remission, who were
randomized to two strategy arms, PROs improved less, with similar scores in both treatment arms.

Trial registrations: ISRCTN11916566 and EudraCT2006-006186-16
Introduction
In rheumatoid arthritis (RA), treatment with disease-
modifying antirheumatic drugs (DMARDs) is targeted at
achieving optimal suppression of disease activity. With
that treatment, clinical symptoms as well as radiological
joint damage (progression) are prevented and patient-
reported outcomes (PROs) such as pain, health-related
quality of life (HRQoL) and physical and mental well-
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being improve [1]. Earlier studies have suggested that
the better disease activity is suppressed, the better the
outcomes regarding function and radiological joint dam-
age progression [2,3]. Achieving clinical remission would
ideally be associated with achieving PROs comparable to
those in the general population.
In the Induction therapy with Methotrexate and Pred-

nisone in Rheumatoid or Very Early arthritic Disease
(IMPROVED) study, DMARD treatment was targeted at
achieving remission. Patients with early RA were initially
treated with combination therapy comprising metho-
trexate (MTX) and prednisone. If clinical remission
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(Disease Activity Score (DAS) <1.6) was not achieved
within 4 months, patients were randomized into two
treatment arms: either with a combination of nonbiolo-
gic DMARDs and low-dose prednisone or with MTX
and the TNF-α inhibitor adalimumab (ADA). The aim of
this subanalysis was to measure change in functional
ability and HRQoL during the first year of remission-
steered treatment to compare outcomes between the
randomization arms and to compare study patients with
the general population.

Methods
Study design
The IMPROVED study is a multicenter, randomized,
single-blind trial comparing two combination therapies
in patients with recent-onset arthritis. Its aim is achie-
ving clinical remission, which is defined as a DAS less
than 1.6. The IMPROVED trial was designed and con-
ducted by rheumatologists in the Foundation for Ap-
plied Rheumatology Research and is registered in the
International Standard Randomised Controlled Trial
Register (ISRCTN11916566) and the European Clinical
Trials Database (EudraCT2006-006186-16).
Patients were recruited between March 2007 and

September 2010 from 12 hospitals in the western part of
The Netherlands. The medical ethics committee of each
participating center approved the study protocol (see
Acknowledgements), and all patients gave their written
informed consent to participate. Patients with RA and
patients with undifferentiated arthritis (UA) were inclu-
ded. RA was diagnosed according to the 2010 American
College of Rheumatology and European League against
Rheumatism (ACR/EULAR) classification criteria [4]
with duration of symptoms less than 2 years. UA was de-
fined as arthritis in at least one joint and one other pain-
ful joint in which no definitive diagnosis could be made,
which was considered to be early RA according to the
treating rheumatologist, regardless of symptom duration.
All patients were at least 18 years old and had a DAS of
1.6 or higher. Detailed inclusion and exclusion criteria
have been described previously [5].
All patients were initially treated for 4 months with

MTX 25 mg/wk and a tapered high dose of prednisone,
starting with 60 mg/day and tapered to 7.5 mg/day dur-
ing the course of 7 weeks. For patients in early remission
(DAS less than 1.6 after 4 months), prednisone was
tapered to 0, and, if still in remission after 8 months,
MTX was also tapered to 0. Patients not in early remis-
sion (DAS 1.6 or higher) were randomized using variable
block randomization and stratified per center to ensure
numerical equality of the two treatment groups. The
randomization sequence was obtained by computer. At
the local centers, allocation of UA and RA patients was
performed by drawing opaque envelopes from separate
boxes. Patients were randomized to either a combina-
tion of either (1) MTX 25 mg/wk, hydroxychloroquine
(HCQ) 400 mg/day, sulfasalazine (SSZ) 2,000 mg/day
and prednisone 7.5 mg/day (arm 1) or (2) a combination
of ADA 40 mg/2 weeks and MTX 25 mg/wk (arm 2).
When patients did not achieve remission within 8 months,
those in arm 1 were switched to ADA+MTX and for
those in arm 2, the dosage of ADA was increased to 40
mg/wk. For patients in both arms who achieved remission
within 8 months, treatment was tapered to MTX mono-
therapy. Patients who did not achieve remission but were
not randomized were analyzed as a separate group, called
the outside protocol (OP) subgroup [6].

Outcomes
Functional ability was assessed every 4 months with the
Health Assessment Questionnaire (HAQ) [7]. The HAQ
score of the general Finnish population is 0.25 [8].
The McMaster Toronto Arthritis Patient Preference

Questionnaire (MACTAR) also measures functional
ability. Patients rank five activities in which they are
impaired because of their arthritis. Over time, improve-
ment or deterioration of these five activities can be mea-
sured. The MACTAR is sensitive to change and useful
for the detection of small differences. Compared to the
baseline score, a higher score denotes improvement and
a lower score indicates deterioration. The MACTAR
interview from Canada was translated into Dutch in col-
laboration with the author of the original MACTAR.
The translation was first used in the COBRA study of
combination therapy in rheumatoid arthritis, in which
it was validated and adjudged to be highly responsive
[9-11].
HRQoL was assessed using the 36-Item Short Form

Health Survey (SF-36), focusing on eight domains of
health: physical functioning, role limitations due to
physical or emotional functioning, bodily pain, general
health, vitality, social functioning and mental health. The
total score ranges from 0 (worst) to 100 (best). Two
summary component scores, the Mental Component
Score (MCS) and the Physical Component Score (PCS),
can be calculated from among the eight domains. These
component scores are standardized on the basis of
worldwide population norms to a mean of 50 and a
standard deviation of 10 [12,13]. The minimum clinically
important difference for assessing improvement or de-
terioration is a 5- to 10-point difference from baseline
for the subscales and from 2.5 to 5 points for the com-
ponent scores [14].
Various Visual Analogue Scales (VASs) were used, on

which patients had to indicate on a scale from 0 to 100
mm (0 means none and 100 means the worst) their rat-
ing of their global health (VASgl), pain (VASpain), disease
activity (VASda) and morning stiffness (VASms).
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Statistical analyses
All outcomes were calculated according to the intention-
to-treat principle. All mean outcomes after 4 months, 8
months and 1 year were tested between arms 1 and 2
using Student’s t-test, and we used the χ2 test to test the
difference in remission rates.
HAQ, MACTAR, MCS, PCS and VAS scores were re-

ported separately for patients who achieved early remis-
sion and those who were randomized, and the scores
were compared between the randomization arms. The
results of the study population were compared with
those in the general population, if those data were
available.
Mean score changes over time were tested between

the randomization arms using an independent Student’s
t-test. Clinically relevant improvement or deteriora-
tion in HRQoL after 1 year was assessed per treat-
ment group on the basis of the minimum clinically
important difference.
To assess the relationship between achieving remission

and the PROs PCS, MCS, HAQ and MACTAR, a linear
mixed model (with an unstructured covariance scheme)
was used. The analyses were first performed with an
interaction term for remission achievement and treat-
ment (early remission, arm 1, arm 2 and OP group)
Table 1 Baseline characteristics of all patientsa

Early remission

Baseline characteristics (N = 387)

Mean age (±SD), years 52 ± 14

Females, n (%) 239 (62)

Symptom duration, weeks 17 (9 to 30)

ACPA-positive, n (%) 225 (58)

RA2010, n (%) 297 (77)

Erosive disease, n (%) 63 (16)

DAS, mean ± SD 3.0 ± 0.9

Tender joint count, median (IQR) 5 (2 to 9)

Swollen joint count, median (IQR) 5 (3 to 8)

HAQ, mean ± SD 1.0 ± 0.7

MCS, mean ± SD 51.2 ± 10.2

PCS, mean ± SD 37.6 ± 9.3

Mean MACTAR, mean ± SD 50.1 ± 4.5

Mean VASgl (±SD), mm 43 ± 24

Mean VASda activity (±SD), mm 56 ± 25

Mean VASpain (±SD), mm 50 ± 24

Mean VASms (±SD), mm 56 ± 27
aData are presented as mean ± SD, median (IQR or number (%). ACPA: anticitrullinat
Questionnaire; MACTAR: McMaster Toronto Arthritis Patient Preference Questionnai
OP group: outside protocol subgroup; PSC: Physical Component Score on the 36-Ite
2010 American College of Rheumatology and European League against Rheumatism
VASms: morning stiffness; VASpain: pain.
because the different treatment strategies might influ-
ence remission achievement.
As fixed effects were entered into the model: time (study

visits at 4 months, 8 months and 1 year) and mean base-
line score of the assessed PRO. In cases of a significant
interaction term, the analyses were stratified for treatment.
The association between remission and PROs was assessed
with and without adjustment for the baseline variables
anticitrullinated protein antibody (ACPA) status (positive
or negative), sex (male or female), DAS at baseline, tender
joint count and swollen joint count which were entered in
the model as fixed effects. We used these determinants be-
cause they were identified as predictors for achieving re-
mission after the first 4 months of the study [5]. After the
initial analysis in which remission was defined as a DAS
less than 1.6, we reanalyzed the association with remission
defined according to the provisional Boolean-based remis-
sion definition published by ACR/EULAR with a 44-joint
count DAS [15]. Statistical analyses were conducted using
SPSS for Windows version 20.0 software (SPSS, Inc,
Chicago, IL, USA).

Results
In total, 610 patients were included. During the first
year, 32 patients left the trial (23 withdrew consent, 3
Arm 1 Arm 2 OP group

(N = 83) (N = 78) (N = 50)

48 ± 14 51 ± 14 54 ± 14

63 (76) 64 (82) 42 (84)

22 (9 to 40) 21 (8 to 29) 18 (9 to 42)

40 (48) 36 (46) 25 (50)

66 (80) 64 (82) 40 (80)

10 (12) 13 (17) 3 (6)

3.6 ± 0.9 3.6 ± 1.0 3.6 ± 0.9

6 (3 to 10) 8 (4 to 12) 7 (3 to 13)

8 (6 to 13) 9 (6 to 13) 8 (6 to 14)

1.4 ± 0.6 1.4 ± 0.65 1.3 ± 0.7

46.1 ± 12.4 48.8 ± 11.5 46.5 ± 13.3

33.0 ± 8.8 32.9 ± 8.9 35.2 ± 8.5

47.7 ± 4.6 48.1 ± 4.6 47.7 ± 5.2

54 ± 20 54 ± 22 51 ± 22

66 ± 19 67 ± 22 66 ± 20

63 ± 19 61 ± 20 60 ± 24

69 ± 21 62 ± 25 54 ± 30

ed protein antibody; DAS: Disease Activity Score; HAQ: Health Assessment
re; MCS: Mental Component Score on the 36-Item Short Form Health Survey;
m Short Form Health Survey; RA2010: rheumatoid arthritis according to the
classification criteria [4]; VASda: disease activity; VASgl: global health;
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discontinued because of a revised diagnosis and 6
dropped out because of comorbidity). After 4 months,
387 achieved early remission (DAS less than 1.6). Of the
221 patients who did not achieve early remission, 161
patients were randomized: 83 patients into arm 1 (poly-
DMARDs) and 78 into arm 2 (ADA +MTX). Fifty pa-
tients did not achieve remission but were not randomized
(assigned to the OP subgroup) [6]. Patients who achieved
early remission had lower mean baseline DAS, lower
Table 2 Patient-related outcomes of all patients during 1 yea

Early remission

Patient characteristics at follow-up visits (N = 387)

4 months

DAS 0.97 (0.40)

HAQ 0.23 (0.33)

MACTAR 58.2 (15.7)

MCS 52.4 (8.0)

PCS 51.7 (8.1)

VASgl, mm 14 (14)

VASda, mm 12 (15)

VASpain, mm 10 (14)

VASms, mm 11 (17)

8 months

DAS 1.29 (0.69)

HAQ 0.35 (0.44)

MACTAR 56.4 (15.7)

MCS 52.9 (8.4)

PCS 48.9 (9.1)

VASgl, mm 20 (20)

VASda, mm 22 (23)

VASpain, mm 19 (23)

VASms, mm 24 (26)

1 year

DAS 1.31 (0.78)

HAQ 0.38 (0.49)

MACTAR 63.0 (9.4)

MCS 53.1 (8.6)

PCS 48.6 (9.8)

VASgl, mm 20 (21)

VASda, mm 24 (26)

VASpain, mm 21 (23)

VASms, mm 25 (26)

Remission (DAS <1.6) 263 (68)
aData are means ± SD, medians (IQR) or numbers (%) as appropriate. ACPA: anticitru
Questionnaire; MACTAR: McMaster Toronto Arthritis Patient Preference Questionnai
PSC: Physical Component Score on the 36-Item Short Form Health Survey; RA2010:
and European League against Rheumatism classification criteria; VASda: disease acti
represents the difference in mean scores and remission rates between arms 1 and
values of all DAS components and shorter symptom
duration and included fewer females and more patients
positive for ACPA (Table 1) [5].
At the 1-year follow-up visit, we found that remission

was most often achieved by patients in the early remis-
sion group (68%). Fewer patients randomized to arm 1
had achieved remission at 1 year than patients ran-
domized to arm 2 (25% and 40%, respectively; P = 0.01)
(Table 2).
r of follow-upa

Arm 1 Arm 2 OP group

(N = 83) (N = 78) P (N = 50)

2.49 (0.63) 2.57 (0.68) 0.47 2.31 (0.63)

0.86 (0.57) 0.88 (0.57) 0.77 0.73 (0.68)

52.8 (15.1) 48.9 (18.8) 0.14 51.6 (14.1)

48.8 (9.9) 50.7 (10.8) 0.26 49.8 (10.5)

39.4 (9.7) 38.1 (9.4) 0.44 42.5 (9.4)

37 (21) 39 (21) 0.61 28 (22)

42 (24) 43 (24) 0.74 32 (25)

39 (24) 38 (24) 0.79 27 (24)

40 (27) 39 (27) 0.78 32 (30)

1.97 (0.87) 2.01 (0.91) 0.77 2.02 (0.84)

0.74 (0.61) 0.81 (0.64) 0.51 0.68 (0.59)

55.8 (14.7) 54.5 (16.1) 0.60 48.9 (19.9)

46.6 (17.9) 48.7 (10.3) 0.85 48.5 (13.0)

42.8 (10.9) 42.5 (11.0) 0.26 43.7 (9.5)

33 (23) 34 (21) 0.75 30 (23)

39 (26) 33 (24) 0.20 35 (25)

35 (26) 31 (25) 0.36 32 (24)

34 (29) 37 (28) 0.51 40 (27)

2.07 (0.89) 1.77 (0.90) 0.04 2.20 (0.83)

0.87 (0.66) 0.81 (0.66) 0.60 0.77 (0.65)

59.2 (10.3) 60.4 (11.9) 0.54 59.7 (11.21)

50.5 (10.3) 50.5 (10.1) 0.97 50.4 (11.9)

39.9 (10.3) 43.0 (11.4) 0.10 42.6 (10.9)

33 (23) 27 (20) 0.10 33 (24)

42 (29) 31 (26) 0.02 34 (27)

38 (28) 28 (25) 0.02 28 (25)

41 (31) 33 (27) 0.96 39 (30)

21 (25) 32 (41) 0.01 11 (22)

llinated protein antibody; DAS: Disease Activity Score; HAQ: Health Assessment
re; MCS: Mental Component Score on the 36-Item Short Form Health Survey;
rheumatoid arthritis according to the 2010 American College of Rheumatology
vity; VASgl: global health; VASms: morning stiffness; VASpain: pain. P-value
2.
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Functional ability
HAQ scores in the early remission group were lower,
indicating better functional ability, than in the randomi-
zation arms, both at baseline and after 1 year (Figure 1).
Functional ability improved the most during the first 4
months in all patients (Figure 1). The mean improve-
ment in HAQ during the first year was comparable
between arms 1 and 2 (mean difference = −0.005, 95%
CI = −0.3 to 0.2). In the early remission group, the
mean HAQ score after 1 year, 0.38, was closest to the
general population mean of 0.25 (compared to mean
HAQ scores of 0.87 in arm 1 and 0.88 in arm 2)
(Figure 1 and Table 2).
Functional ability measured by the MACTAR, which is

more sensitive to change than the HAQ, improved in all
groups, together with continuous improvements in mean
DAS (Tables 1 and 2). The mean change in MACTAR in
year 1 was not significantly different between arms 1
and 2 (mean difference = −1.1, 95% CI = −5.2 to 3.1).
The outcomes of the OP group were comparable to
those in arms 1 and 2.

Health-related quality of life
At baseline in all groups, mental HRQoL measured with
the MCS was higher than physical HRQoL measured
with the PCS (Table 1 and Figure 2). Overall, the MCS
Figure 1 Functional ability as measured by the Health Assessment Qu
Preference Questionnaire. Scores in the first year in the general populatio
remission group, arm 1, arm 2 and the outside protocol subgroup. MACTA
at baseline was already close to the population average
of 50, and improvement during the first year was min-
imal (Table 1 and Figure 2), although clinically relevant
in the randomization arms based on the minimal clinic-
ally important difference in mean component scores of
2.5 to 5 points (improvement in arm 1 = 3.8 ±11.4, im-
provement in arm 2 = 2.8 ± 10.0). The mean improve-
ment after 1 year was not significantly different between
arms 1 and 2 (mean difference = 1.0, 95% CI = −2.8 to
4.7). The domains in which the most improvement was
seen were the roles emotional and social functioning
(Figure 3).
For the PCS, baseline scores in all groups were below

the population average of 50 (Table 1 and Figure 2). The
early remission group improved to the population aver-
age during the first 4 months of treatment and stabi-
lized, whereas the patients in the randomization arms
also improved during the first 4 months and stabilized,
but below the population average (Table 2 and Figure 2).
The mean improvement (±SD) at 1 year was clinically
relevant in all groups based on the minimal clinically
important difference of 2.5 to 5 points in the early
remission group, 11.1 (SD 11.7); arm 1, 8.0 (10.9), and
arm 2, 10.1 (12.8). The mean improvement at 1 year be-
tween patients who did versus those who did not achieve
early remission was significantly higher in patients who
estionnaire and the McMaster Toronto Arthritis Patient
n (only for Health Assessment Questionnaire (HAQ)), the early
R: McMaster Toronto Arthritis Patient Preference Questionnaire.



Figure 2 Summary components scores of health as measured by the 36-Item Short Form Health Survey. The 36-Item Short Form Health
Survey (SF-36) Mental Component Score (MCS) and Physical Component Score (PCS) can be calculated from the eight SF-36 domains (physical
functioning, role limitations due to physical functioning, bodily pain, general health, vitality, social functioning, role limitations due to emotional
functioning and mental health) [12,13]. OP: outside protocol subgroup.
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achieved early remission (mean difference = −2.7, 95%
CI = −4.9 to 0.5). There was no significant difference
between arms 1 and 2 (mean difference = −2.1, 95%
CI = −6.3 to 2.1). The domains in which most im-
provement was seen were physical functioning, bodily
pain and role limitations due to physical functioning
(Figure 3). Again, MCS and PCS in the OP group
were comparable to those scores in arms 1 and 2.
Visual Analogue Scale scores
Patients who achieved early remission had lower VAS
scores (indicating better outcomes) at baseline and at 1
year than patients in the randomization arms (Tables 1
and 2). Patients in arm 2 reported lower VAS scores
than patients in arm 1 at 1 year (Table 2). Only the
VASda showed more improvement at 1 year in arm 2
than in arm 1 (mean difference = 13, 95% CI = 2 to 23).
For the other VAS scores, the improvements were com-
parable between the randomization arms (mean difference
(95% CI) VASgl = 7 (−2 to 16), VASpain = 9 (−1 to 19) and
VASms = 7 (5 to 16). The OP group had results similar to
those of patients in arms 1 and 2.
Association of patient-reported outcomes with remission
The analyses of the HAQ score and the PCS were strati-
fied by treatment group because there was an interaction
between treatment group and achieving remission, with
remission defined as DAS less than 1.6. The association
between HAQ and achieving remission and between
PCS and achieving remission was significant in all
groups during the first year of the study (Table 3). The
analyses for MACTAR and MCS were not stratified. In
the total study group, there was a significant association
between MACTAR and achieving remission. There was
also a significant association between MCS and achieving
remission in the total study group, but after adjustment
(for ACPA status (positive or negative), sex (male or
female), DAS at baseline and tender and swollen joint
counts at baseline), this association was no longer found
(Table 3). Results were the same when we used the ACR/
EULAR provisional remission definition (data not shown).
Discussion
We assessed PROs of functional ability and HRQoL in
patients with UA and early RA who were treated with



Figure 3 The eight domains of health measured by the 36-Item Short Form Health Survey. For the eight domains measured by the
36-Item Short Form Health Survey (physical functioning, role limitations due to physical functioning, bodily pain, general health, vitality, social function-
ing, role limitations due to emotional functioning and mental health), the total score ranges from 0 (worst) to 100 (best). OP: outside protocol subgroup.
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Table 3 Association between patient-reported outcomes and remission during 1 year of follow-upa

Measurements All Early remission Arm 1 Arm 2 OP group

Crude β (95% CI)

HAQ – −0.31 (−0.36 to −0.26) −0.43 (−0.57 to −29) −0.45 (−0.58 to −0.32) 0.18 (−0.33 to −0.02)

MACTAR 7.8 (6.9 to 8.9) – – – –

PCS – 6.2 (5.1 to 7.4) 10.2 (7.5 to 12.9) 8.9 (5.8 to 12.0) 4.5 (0.6 to 8.4)

MCS 0.8 (0.01 to 1.6) – – – –

Adjusted β (95% CI)

HAQ – −0.30 (−0.35 to −0.25) −0.43 (−0.57 to −29) −0.45 (−0.58 to −0.32) 0.17 (−0.32 to −0.01)

MACTAR 8.1 (7.0 to 9.2) – – – –

PCS – 6.0 (4.9 to 7.2) 9.9 (7.1 to 12.7) 9.1 (6.1 to 12.1) 4.2 (0.2 to 8.1)

MCS 0.8 (−0.01 to 1.7) – – – –
aCI: confidence interval; HAQ: Health Assessment Questionnaire; MACTAR: McMaster Toronto Arthritis Patient Preference Questionnaire; MCS: Mental Component
Score of the 36-Item Short Form Health Survey; OP: outside protocol subgroup; PCS: Physical Component Score of the 36-Item Short Form Health Survey. Fixed
effects were entered for time (study visits at 4 months, 8 months and 1 year) and mean baseline score of the assessed PRO. The analyses were also performed
with adjustment (adjusted β) for ACPA status (positive or negative), sex (male or female), DAS at baseline and tender and swollen joint counts, and these were also
entered into the analysis as fixed variables. For HAQ score and PCS, we stratified for treatment group (early remission, arm 1, arm 2 and OP subgroup) because
there was a significant interaction between treatment group and achieving remission.
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the aim of achieving remission (DAS less than 1.6). Pa-
tients who had achieved early remission at 4 months had
the best PROs at baseline and during the first year of the
study, and only in these patients did PROs reach levels
comparable to those measured in the general population.
Patients who did not achieve early remission and were
randomized to therapy with multiple DMARDs with
prednisone or a combination of MTX with ADA had
lower, and between arms comparable, PRO scores during
the first year.
At baseline, the IMPROVED study population, which

had a mean age of 52 years, scored lower on all domains
of the physical HRQoL compared to healthy individuals
in the Dutch population older than 70 years of age [12].
Therefore, it seems that the disease burden of early arth-
ritis is substantial. With treatment, the component score
for physical HRQoL showed a clinically relevant im-
provement in all groups, with the most improvement oc-
curring in the early remission group during the first 4
months. The mental HRQoL remained stable around the
population average during the first year of treatment,
which suggests that the impact of early arthritis is
mainly physical. This was also shown in previous pub-
lished studies [1,16]. However, improvement of physical
HRQoL and HAQ scores to the population average in
the first year after diagnosis in a remission-steered treat-
ment protocol was not reported earlier [1,17].
It is generally accepted that remission is the optimal

treatment target in RA. Ideally, remission would result
in patients having no radiological joint damage progres-
sion, no symptoms and no limitations; in other words,
normality, functional ability and quality of life compar-
able to that of the general population. More than DASs,
PROs show whether such improvement can be achieved
if treatment is steered at achieving remission. The
current results indicate that scores comparable to those
in the general population can indeed be achieved, but
mainly in patients who were in early remission after 4
months of initial treatment. There might be a two-sided
relationship between early remission and better PRO
scores, because patients who achieved early remission
had better PRO scores at baseline than patients who did
not. This indicates that a predisposition to achieving re-
mission determines outcomes. Our results indicate that
patients with milder disease or better predisposition to
achieving remission benefit from remission-steered treat-
ment because this allows them to achieve normal levels of
functional ability and quality of life, which may have a sig-
nificant impact on their ability to work and decrease the
personal and societal costs associated with RA [18,19].
The magnitude of the association between remission and
the various PROs was actually bigger in arms 1 and 2 than
in the early remission group, which had better PROs after
1 year as well as better PROs at baseline than the patients
in arms 1 and 2. This suggests that, regardless of baseline
score, achieving remission itself is associated with PRO
improvement.
One may also argue that, without treatment, the arth-

ritis in these patients would have regressed and function
and quality of life would have been restored. However,
we previously showed that a majority of patients who
achieved remission were ACPA-positive, which makes
spontaneous remission less likely [5].
Although significantly more patients in arm 2 than in

arm 1 had achieved remission at 1 year, we found no sig-
nificant differences in improvement of functional ability,
HRQoL and VAS results between arms. Only VASda as
rated by the patient improved more in arm 2 than in
arm 1. Despite continued treatment adjustments tar-
geted at remission, remission percentages in both arms
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remained lower than in the early remission group. Pos-
sibly as a consequence, functional ability and HRQoL in
the physical domain did not reach the same levels as in
the early remission group. In particular, HAQ scores
were higher in the randomization arms than in the early
remission group and physical HRQoL did not reach the
levels found in the general population. Although we
found that PROs were associated with achieving remis-
sion and that significantly more patients in arm 2 than
in arm 1 achieved remission at 1 year, we found no sig-
nificant differences in improvement of functional ability
and HRQoL between arms. Only improvement in VASda
was significantly better in arm 2 patients than in arm 1
patients, which can be explained by significantly lower
mean DASs in arm 2 and may also be related to higher
patient expectations associated with earlier introduction
of the subcutaneous TNF inhibitor ADA in this treat-
ment arm [20,21]. Overall, disease activity was well-
suppressed in both arms, which may explain why we
found no differences in improvement in HAQ score and
HRQoL. The actual DAS, rather than having a score just
above or below the threshold of remission, may be the
main determinant of PROs. The patients in the OP sub-
group had results similar to those of patients in arms 1
and 2, which can be explained by the comparable res-
ponse to initial treatment.
Conclusion
In patients with early RA, there is an association between
achieving remission and having better functional ability,
HRQoL and other PROs, which may in part be bidirec-
tional. The condition of patients who achieve early remis-
sion improves and remains at levels similar to those of the
general population. This finding supports the idea that
early remission-steered treatment could result in complete
suppression of symptoms with normal functioning and
may prevent chronic deterioration in PROs.
Abbreviations
ACPA: Anticitrullinated protein antibody; ACR/EULAR: American College of
Rheumatology/European League against Rheumatism; ADA: Adalimumab;
CI: Confidence interval; DAS: Disease activity score; DMARD: Disease-
modifying antirheumatic drug; HAQ: Health assessment questionnaire;
HCQ: Hydroxychloroquine; HRQoL: Health-related quality of life;
IMPROVED: Study Induction therapy with Methotrexate and Prednisone in
Rheumatoid or Very Early arthritic Disease; MACTAR: McMaster Toronto
Arthritis Patient Preference Questionnaire; MCS: Mental component score;
MTX: Methotrexate; OP: Outside protocol; PCS: Physical component score;
PRO: Patient-reported outcome; RA: Rheumatoid arthritis; SF-36: 36-Item
Short Form Health Survey; TNF: Tumor necrosis factor; UA: Undifferentiated
arthritis; VAS: Visual analogue scale; VASda: Visual analogue scale disease
activity; VASgl: Visual analogue scale global health; VASms: Visual analogue
scale morning stiffness; VASpain: Visual analogue scale pain.
Competing interests
The authors have no competing interests to declare.
Authors’ contributions
LH performed the statistical analyses, interpreted the data and drafted the
manuscript. KB and KV contributed to the acquisition of data. MK
contributed to the statistical analyses. YG, JH, GS, LL and BG participated in
the study design and contributed to the acquisition of data. TH participated
in the study design, contributed to the acquisition of data and revised the
manuscript. CA participated in the study design and contributed to the
acquisition of data, was involved in analyzing and interpreting the data and
helped to draft the manuscript. All authors read and approved the final
version of the manuscript.

Acknowledgements
We thank all patients as well as the following rheumatologists (other than
the authors) who participated in the IMPROVED study group (all locations
are in The Netherlands): WM de Beus (Medical Center Haaglanden,
Leidschendam); C Bijkerk (Reinier de Graaf Gasthuis, Delft); MHW de Bois
(Medical Center Haaglanden, The Hague); M de Buck (Medical Center
Haaglanden, Leidschendam); G Collée (Medical Center Haaglanden, The
Hague); JAPM Ewals (Haga Hospital, The Hague); RJ Goekoop (Haga Hospital,
The Hague); YPM Goekoop-Ruiterman (Haga Hospital, The Hague); BAM
Grillet (Zorgsaam, Terneuzen); JHLM van Groenendael (Franciscus Hospital,
Roosendaal); JB Harbers (Franciscus Hospital, Roosendaal); LR Lard (Medical
Center Haaglanden, Leidschendam); ETH Molenaar (Groene Hart Hospital,
Gouda); M van Oosterhout (Groene Hart Hospital, Gouda); AJ Peeters (Reinier
de Graaf Gasthuis, Delft); N Riyazi (Haga Hospital, The Hague); HK Ronday
(Haga Hospital, The Hague); AA Schouffoer (Haga Hospital, The Hague);
PEH Seys (Lievensberg Hospital, Bergen op Zoom); PBJ de Sonnaville
(Oosterschelde Hospital, Goes); I Speyer (Bronovo Hospital, The Hague); GM
Steup-Beekman (Bronovo Hospital, The Hague); ML Westedt (Bronovo
Hospital, The Hague). We also thank all other rheumatologists and trainee
rheumatologists who enrolled patients in this study, as well as all research
nurses, for their contributions. The medical ethics committee of each of the
following participating centers approved the study protocol: the medical
ethics committees of Leiden University Medical Center and Groene Hart
Hospital; the Medical Ethical Committee of South Holland for Haaglanden
Medical Center, Haga Hospital, Bronovo Hospital and Reinier de Graaf
Hospital; and the local medical ethics committees at Franciscus Hospital,
Lievensberg Hospital, Admiral de Ruyter Hospital and ZorgSaam Hospital.
This work was supported by AbbVie (Hoofddorp, The Netherlands). The study
design, data collection and analysis, trial management and preparation of
the manuscript were performed by the authors.

Author details
1Department of Rheumatology, Leiden University Medical Center,
PO Box 9600, 2300 RC, Leiden, The Netherlands. 2Department of
Rheumatology, Haga Hospital, Leijweg, 275, 2545 CH, The Hague, The
Netherlands. 3Department of Rheumatology, Franciscus Hospital, PO Box 999,
4700 AZ, Roosendaal, The Netherlands. 4Department of Rheumatology,
Bronovo Hospital, Bronovolaan, 5, 2597 AX, The Hague,
The Netherlands. 5Department of Rheumatology, Haaglanden Medical
Center, PO Box 432, 2501 CK, The Hague, The Netherlands. 6Department of
Rheumatology, ZorgSaam Hospital, Wielingenlaan, 2, 4535 PA, Terneuzen,
The Netherlands.

Received: 6 June 2013 Accepted: 11 October 2013
Published: 31 October 2013

References
1. van der Kooij SM, de Vries-Bouwstra JK, Goekoop-Ruiterman YP, Ewals JA,

Han KH, Hazes JM, Kerstens PJ, Peeters AJ, van Zeben D, Breedveld FC,
Huizinga TW, Dijkmans BA, Allaart CF: Patient-reported outcomes in a
randomized trial comparing four different treatment strategies in
recent-onset rheumatoid arthritis. Arthritis Rheum 2009, 61:4–12.

2. Welsing PM, van Gestel AM, Swinkels HL, Kiemeney LA, van Riel PL: The
relationship between disease activity, joint destruction, and functional
capacity over the course of rheumatoid arthritis. Arthritis Rheum 2001,
44:2009–2017.

3. Welsing PM, Landewé RB, van Riel PL, Boers M, van Gestel AM, van der
Linden S, Swinkels HL, van der Heijde DM: The relationship between
disease activity and radiologic progression in patients with rheumatoid
arthritis: a longitudinal analysis. Arthritis Rheum 2004, 50:2082–2093.



Heimans et al. Arthritis Research & Therapy 2013, 15:R173 Page 10 of 10
http://arthritis-research.com/content/15/5/R173
4. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd,
Birnbaum NS, Burmester GR, Bykerk VP, Cohen MD, Combe B, Costenbader
KH, Dougados M, Emery P, Ferraccioli G, Hazes JMW, Hobbs K, Huizinga
TWJ, Kavanaugh A, Kay J, Kvien TK, Laing T, Mease P, Ménard HA, Moreland
LW, Naden RL, Pincus T, Smolen JS, Stanislawska-Biernat E, et al: 2010
rheumatoid arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism collaborative
initiative. Ann Rheum Dis 2010, 69:1580–1588.

5. Wevers-de Boer K, Visser K, Heimans L, Ronday HK, Molenaar E, Groenendael
JH, Peeters AJ, Westedt ML, Collée G, de Sonnaville PB, Grillet BA, Huizinga TW,
Allaart CF: Remission induction therapy with methotrexate and prednisone
in patients with early rheumatoid and undifferentiated arthritis (the
IMPROVED study). Ann Rheum Dis 2012, 71:1472–1477.

6. Heimans L, Wevers-de Boer KV, Visser K, Goekoop RJ, van Oosterhout M,
Harbers JB, Bijkerk C, Speyer I, de Buck MP, de Sonnaville PB, Grillet BA,
Huizinga TW, Allaart CF: A two-step treatment strategy trial in patients
with early arthritis aimed at achieving remission: the IMPROVED study.
Ann Rheum Dis. in press. doi:10.1136/annrheumdis-2013-203243.

7. Siegert CE, Vleming LJ, Vandenbroucke JP, Cats A: Measurement of
disability in Dutch rheumatoid arthritis patients. Clin Rheumatol 1984,
3:305–309.

8. Krishnan E, Sokka T, Häkkinen A, Hubert H, Hannonen P: Normative values
for the Health Assessment Questionnaire disability index: benchmarking
disability in the general population. Arthritis Rheum 2004, 50:953–960.

9. Tugwell P, Bombardier C, Buchanan WW, Goldsmith CH, Grace E, Hanna B:
The MACTAR Patient Preference Disability Questionnaire: an
individualized functional priority approach for assessing improvement in
physical disability in clinical trials in rheumatoid arthritis. J Rheumatol
1987, 14:446–451.

10. Verhoeven AC, Boers M, van der Liden S: Validity of the MACTAR
questionnaire as a functional index in a rheumatoid arthritis clinical trial:
the McMaster Toronto Arthritis. J Rheumatol 2000, 27:2801–2809.

11. Boers M, Verhoeven AC, Markusse HM, van de Laar MA, Westhovens R, van
Denderen JC, van Zeben D, Dijkmans BA, Peeters AJ, Jacobs P, van den
Brink HR, Schouten HJ, van der Heijde DM, Boonen A, van der Linden S:
Randomised comparison of combined step-down prednisolone,
methotrexate and sulphasalazine with sulphasalazine alone in early
rheumatoid arthritis. Lancet 1997, 350:309–318.

12. Aaronson NK, Muller M, Cohen PDA, Essink-Bot ML, Fekkes M, Sanderman R,
Sprangers MAG, te Velde A, Verrips E: Translation, validation, and norming
of the Dutch language version of the SF-36 Health Survey in community
and chronic disease populations. J Clin Epidemiol 1998, 51:1055–1068.

13. Ware JE Jr, Sherbourne CD: The MOS 36-item Short-Form Health Survey
(SF-36). I. Conceptual framework and item selection. Med Care 1992,
30:473–483.

14. Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE Jr: Determining
minimally important changes in generic and disease-specific health-
related quality of life questionnaires in clinical trials of rheumatoid
arthritis. Arthritis Rheum 2000, 43:1478–1487.

15. Felson DT, Smolen JS, Wells G, Zhang B, van Tuyl LH, Funovits J, Aletaha D,
Allaart CF, Bathon J, Bombardieri S, Brooks P, Brown A, Matucci-Cerinic M,
Choi H, Combe B, de Wit M, Dougados M, Emery P, Furst D, Gomez-Reino J,
Hawker G, Keystone E, Khanna D, Kirwan J, Kvien TK, Landewé R, Listing J,
Michaud K, Martin-Mola E, et al: American College of Rheumatology/
European League against Rheumatism provisional definition of remission
in rheumatoid arthritis for clinical trials. Ann Rheum Dis 2011, 70:404–413.

16. Kekow J, Moots R, Khandker R, Melin J, Freundlich B, Singh A:
Improvements in patient-reported outcomes, symptoms of depression
and anxiety, and their association with clinical remission among patients
with moderate-to-severe active early rheumatoid arthritis. Rheumatology
(Oxford) 2011, 50:401–409.

17. Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF, van Zeben D,
Kerstens PJ, Hazes JM, Zwinderman AH, Ronday HK, Han KH, Westedt ML,
Gerards AH, van Groenendael JH, Lems WF, van Krugten MV, Breedveld FC,
Dijkmans BA: Clinical and radiographic outcomes of four different
treatment strategies in patients with early rheumatoid arthritis (the BeSt
study): a randomized, controlled trial. Arthritis Rheum 2008, 58:S126–S135.

18. Hallert E, Husberg M, Skogh T: Costs and course of disease and function
in early rheumatoid arthritis: a 3-year follow-up (the Swedish TIRA
project). Rheumatology (Oxford) 2006, 45:325–331.
19. Neovius M, Simard JF, Klareskog L, Askling J, for the ARTIS Study Group: Sick
leave and disability pension before and after initiation of antirheumatic
therapies in clinical practice. Ann Rheum Dis 2011, 70:1407–1414.

20. Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF, Kerstens PJ, Grillet
BA, de Jager MH, Han KH, Speyer I, van der Lubbe PA, Seys PE, Breedveld
FC, Dijkmans BA: Patient preferences for treatment: report from a
randomised comparison of treatment strategies in early rheumatoid
arthritis (BeSt trial). Ann Rheum Dis 2007, 66:1227–1232.

21. Marshall NJ, Wilson G, Lapworth K, Kay LJ: Patients’ perceptions of
treatment with anti-TNF therapy for rheumatoid arthritis: a qualitative
study. Rheumatology (Oxford) 2004, 43:1034–1038.

doi:10.1186/ar4361
Cite this article as: Heimans et al.: Health-related quality of life and
functional ability in patients with early arthritis during remission steered
treatment: results of the IMPROVED study. Arthritis Research & Therapy
2013 15:R173.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registrations

	Introduction
	Methods
	Study design
	Outcomes
	Statistical analyses

	Results
	Functional ability
	Health-related quality of life
	Visual Analogue Scale scores
	Association of patient-reported outcomes with remission

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

