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Investigating the Validity of the Minimal Disease
Activity State for Patients with Rheumatoid Arthritis
Treated with Abatacept
GEORGE A. WELLS, MAARTEN BOERS, TRACY LI, and PETER S. TUGWELL

ABSTRACT. Objective. To validate the definitions of minimal disease activity (MDA) in patients with rheumatoid
arthritis (RA) and to compare abatacept to control with respect to patients attaining a state of MDA.
Methods. Two randomized controlled trials comparing abatacept to control in patients with RA were
considered: ATTAIN and AIM. Core set measures, Disease Activity Score 28-joint count (DAS28),
and, for AIM, radiographic scores were available. The core set and DAS-based definitions for MDA
were calculated and the number of patients in the treatment groups meeting the definitions was com-
pared to determine sensitivity of the criteria to treatment differences and patient severity. The num-
ber of times achieving MDA was compared to the change in Health Assessment Questionnaire
(HAQ), and for the AIM study compared to change in radiographic scores.
Results. For both definitions of MDA, the change in radiographic scores showed a continual
decrease in progression the more often a patient was in MDA. The change in HAQ, for both studies,
showed a similar consistent improvement — the longer a patient was in MDA, then the better the
HAQ score. Significantly more patients in the abatacept group met the core set and DAS-based def-
inition of MDA than in the control group.
Conclusion. The presence and persistence of MDA was associated with slowing of radiographic pro-
gression and improvement in the HAQ, providing support for discriminative and predictive validity
of the measure. The MDA results were consistent with other efficacy analyses indicating a treatment
advantage for abatacept. (First Release Jan 15 2009; J Rheumatol 2009;36:260–5; doi:10.3899/
jrheum.080059)
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With recent advances in therapy for patients with rheuma-
toid arthritis (RA), the proportion of patients achieving a
satisfactory state of disease activity is becoming a more
important measure with which to compare different treat-
ment strategies. Minimal disease activity (MDA) is a state
between high disease activity and remission and, by defini-
tion, anyone in remission will also be in MDA. The need for
a definition of MDA arose out of the observation that

achieving and maintaining a satisfactory state of disease
activity is probably more important in the long term than the
improvement from a high level of disease activity docu-
mented in trials, and that remission is not a frequent occur-
rence in regular clinical practice. Describing the number of
patients with RA achieving and maintaining a satisfactory
state of MDA for a specified period of time will add useful
information for the practicing physician and aid in the inter-
pretation of trial and longitudinal results.
The process to come to a definition of MDA consisted of

3 basic steps: consensus on a conceptual definition, devel-
opment of an operational definition, and prospective valida-
tion of the definition1. First, from the conceptual perspec-
tive, the definition of MDA was anchored to the clinical
experience of the physician and personal experience of the
patient. For the physician it is linked to treatment decisions
and to prognosis; and for the patient it is linked to satisfac-
tion and adaptation. At the Outcome Measures in RA
Clinical Trials (OMERACT) 6 conference in 2002, the par-
ticipants agreed on a conceptual definition of MDA: “that
state of disease activity deemed a useful target of treatment
by both the patient and the physician, given current treat-
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ment possibilities and limitations”2. Second, to determine an
operational definition, a data-driven consensus process was
required. The approach taken was the judgmental approach
that gauges the opinion of patients and physicians on a use-
ful target using patient profiles. To prepare for a preliminary
operational definition of MDA for use in clinical trials, a
survey of rheumatologists was conducted in which they
assessed patient profiles describing real patients with RA
seen in routine clinical practice. Based on their responses,
several candidate definitions for MDA were designed and
discussed at the OMERACT 7 conference in 2004.
Feedback from participants and additional on-site analyses
in a cross-sectional database allowed the formulation of 2
preliminary, equivalent definitions of MDA3: one based on
the Disease Activity Score 28-joint count (DAS28) index of
disease activity4; and one based on meeting cutpoints in 5
out the 7 World Health Organisation (WHO)/International
League of Associations for Rheumatology (ILAR) core set
measures5.
Applying these 2 definitions, one first needs to choose

whether to use the DAS28 or the core set definition, because
although each selects a similar proportion in a population,
these are not always the same patients. For both the core set
definition and the DAS-based definition, a decision node is
used to include patients with high pain or Health
Assessment Questionnaire (HAQ) levels but otherwise in
MDA. This initial decision node places all patients in MDA
who have a tender joint count (TJC) of 0, a swollen joint
count (SJC) of 0, and an erythrocyte sedimentation rate
(ESR) not greater than 10 mm. If this condition is not met
then for the core set definition, the core set measures are
assessed and the definition places patients in MDA when
they meet 5 out of 7 of the following criteria: pain (0–10)

≤ 2; SJC (0–28) ≤ 1; TJC (0–28) ≤ 1; HAQ (0–3) ≤ 0.5;
physician global assessment (0–10) ≤ 1.5; patient global
assessment (0–10) ≤ 2; and ESR ≤ 20 mm. For the DAS-
based definition: DAS28 is calculated and the definition
places patients in MDA when DAS28 ≤ 2.85. This cutpoint
value of DAS28 between 2.6 for remission and 3.2 for low
disease activity state was derived empirically at OMERACT
7. These 2 definitions for MDA are displayed in Figure 1.
The concepts and derivation of MDA have been further
described in an article on low disease activity6.
The third step in developing the MDA definition is to

prospectively validate the definition2. For this, datasets will
be required to determine whether being in a state for a peri-
od of time leads to benefits in terms of functional disability
and structural damage. The objective of our study was to
compare abatacept to control with respect to patients attain-
ing a state of MDA, and to validate the 2 preliminary MDA
definitions by determining whether being in a state for a
period of time leads to benefits in terms of functional dis-
ability as assessed by the HAQ and structural damage as
assessed by radiographic progression.

MATERIALS AND METHODS
Datasets. The data from 2 double-blind, randomized controlled trials
(RCT) in patients with active RA were used for this evaluation. The
ATTAIN Study was a Phase III multicenter, 6-month trial evaluating the
efficacy and safety of abatacept on a background of disease modifiying
antirheumatic drug (DMARD) therapy in patients with active RA (RA
functional class I, II, or III) who were anti-tumor necrosis factor (TNF)
therapy failures7. Eligible and consenting patients were randomized 2:1 to
receive abatacept (n = 258) or placebo (n = 133) on a background of
DMARD. The primary objectives were to compare abatacept to placebo
regarding the clinical efficacy as assessed by the American College of
Rheumatology (ACR) 20 response rate at 6 months, and the improvement
in physical function as assessed by the HAQ disability index at 6 months.

Figure 1. The core set definition (A) and the DAS-based definition (B) for minimal disease activity (MDA) for RA. DAS: Disease Activity
Score; ESR: erythrocyte sedimentation rate; HAQ: Health Assessment Questionnaire; Phy Global: physician global assessment; Pat Global:
patient global assessment; SJC: swollen joint count; TJC: tender joint count.
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The AIM Study was a Phase III multicenter, 12-month trial evaluating the
efficacy and safety of abatacept on a background of methotrexate (MTX)
therapy in patients with active RA (RA functional class I, II, or III) who had
an inadequate response to MTX8. Eligible and consenting patients were
randomized 2:1 to receive abatacept (n = 433) or placebo (n = 219) on a
background of MTX. The primary objectives were to compare abatacept to
placebo regarding clinical signs and symptoms of RA as measured by
ACR20 response following 6 months of treatment, physical function as
measured by the HAQ disability index at 12 months, and radiographic pro-
gression as assessed by erosion score using the Genant-modified Sharp
method at 12 months of treatment.

Outcome measures. For both RCT a number of outcomes measures were
assessed at 3, 6, 9, and 12 months for the AIM trial, and at 6 and 12 months
for the ATTAIN study, including the core set measures: TJC (0–68), SJC
(0–68), patient assessment of disease (Pat Global; 0–100), physician assess-
ment of disease (Phy Global; 0–100), pain assessment (Pain; 0–100), HAQ
(0–3), and ESR. The DAS28 and the European League Against
Rheumatism (EULAR) response criteria were calculated. In the AIM trial,
radiographic progression was assessed using joint space narrowing (JSN),
erosion score, and total score at 6 and 12 months.

Analysis. The percentage of patients reaching MDA was calculated based
on the core set definition and the DAS-based definition of MDA. In addi-
tion to calculating this percentage at the end of study, the frequency distri-
bution according to the month achieving MDA was assessed by treatment
group for each of the studies. The relationship of radiographic progression
(erosion score, JSN, total score) and functional progression (HAQ) to MDA
was assessed according to the number of times in MDA (number of assess-
ments times at 3, 6, 9, and 12 mo; 0–4). An analysis of variance (ANOVA)
was used to compare the radiographic and functional progression over the
number of times in MDA. In addition to the overall F-test in the ANOVA,
Tukey’s honest significance difference for all pairwise comparisons was
considered.

RESULTS
The patients with RA included in our analysis had an aver-
age age in their early 50s and were mostly female and
Caucasian (Table 1). Disease duration varied between the 2
studies included in the analysis, with the patients in the
ATTAIN study having a duration of disease approaching 12
years and those in the AIM study being under 9 years in
duration.

For both the ATTAIN and AIM studies, a significantly
greater number of patients in the abatacept group met the
core set and DAS-based definition of MDA than the corre-
sponding control group. For theATTAIN study, 10.6% in the
abatacept group compared to 3.1% in the control group (p =
0.0097) met the MDA core set definition. An even greater
difference was found for the DAS-based definition, with
12.6% in the abatacept group compared to 1.8% in the con-
trol group (p = 0.0007) meeting the definition. Similarly, for
the AIM study, 29.0% versus 9.2% (p < 0.0001) and 21.9%
versus 2.4% (p < 0.0001) met the 2 definitions of MDA.
The percentage of patients being in MDA by the length of
time on treatment for the ATTAIN study was 6.8% versus
1.6%, and 10.6% versus 3.1% at 3 and 6 months of treat-
ment, respectively, for the core set definition (only the 6-mo
assessment available for the DAS-based definition).
Patients in MDA by length of time on treatment for the
AIM study (Figure 2) indicated that for both the core set
and DAS-based definitions, the difference favoring abata-
cept occurred at the early assessments and the difference to
the control became more pronounced for the later assess-
ment times.
Radiographic scores were measured only in the AIM

study. In general, the longer a patient was in MDA then the
better the radiographic scores (Table 2). In particular, there
was a continual decrease in the progression of the total score
for patients as the number of times in MDA increased, with
the change in the total score of 1.68, 1.67, 1.34, 0.80, and
0.49 for patients that were in MDA 0, 1, 2, 3, and 4 times,
respectively, according to the core set definition for MDA.
The erosion scores followed this same pattern, but not the
JSN scores. For the DAS-based definition, fewer times (i.e.,
0, 1, 2) were available, but the pattern was similar over the
number of times in MDA. Although these trends were
strong, they were not statistically significant.
Functional assessment as measured by the HAQ followed

Table 1. Characteristics of patients in the AIM and ATTAIN studies.

Patient Characteristic
Study Group Age*, Sex, Race, RA Duration*,

mean (SD) % female % Caucasian mean (SD)

ATTAIN
Abatacept, n = 258 53 (12.4) 77 96 12 (8.5)
Control, n = 133 53 (11.3) 80 93 11 (8.9)
Both Groups, n = 391 53 (12.1) 78 95 12 (8.6)
AIM
Abatacept, n = 433 52 (12.9) 78 88 9 (7.3)
Control, n = 219 50 (12.4) 82 88 9 (7.1)
Both Groups, n = 652 51 (12.7) 79 88 9 (7.2)
Both Studies
Abatacept, n = 691 52 (12.8) 78 91 10 (7.9)
Control, n = 352 51 (12.0) 81 90 10 (7.9)
Both Groups, n = 1043 52 (12.5) 79 91 10 (7.9)

* in years
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a similar pattern to that for radiographic progression: the
longer a patient was in MDA, the better the HAQ score
(Table 2). For the AIM study the change in the HAQ score
was –0.39, –0.74, –0.83, –1.18, and –1.17 (p < 0.0001) for
patients in MDA 0, 1, 2, 3, and 4 times, respectively, accord-
ing to the core set definition for MDA.A similar pattern was
observed for the DAS-based definition (for number of times
in MDA 0, 1, 2) and for both definitions in the ATTAIN
study. These patterns were significant and, in addition, pair-
wise significance occurred when patients who were catego-
rized the higher number of times in MDA were compared to
those patients never in MDA.
Only one patient was reclassified as in MDA if the initial

node was not included. The patient, a Caucasian woman in
her mid-50s, was enrolled in theAIM study and met the core
set and DAS-based definitions for MDA at only the 12-
month assessment. Her core set profile was pain 42, SJC 0,
TJC 0, HAQ 1.25, Phy Global 22, Pat Global 31, and ESR
6. She was classified as being in MDA since both her SJC
and TJC were 0 and ESR ≤ 10. When the initial node was
not included, she did not meet the core set definition of

MDA since only 3 of the 7 core set measures met the thresh-
old (Figure 1). For the DAS-based definition, she was clas-
sified as being in MDA with or without the initial node since
DAS28 was 1.56 and met the threshold of 2.85 for MDA
(Figure 1). Although the exclusion of the initial node had
only a minor effect on the classification of patients in the
AIM and ATTAIN studies, it did properly include a patient
with chronic pain syndrome and low disease activity as
being in MDA.

DISCUSSION
The objective of the OMERACT 7 module for MDA was to
seek consensus on a definition of MDA that could be rec-
ommended as a secondary endpoint in RCT. Two definitions
for MDA were derived: the core set definition and the DAS-
based definition3. As part of the research agenda, the third
step in developing the MDA definition was to prospectively
validate the definition in high-quality datasets. TheAIM and
the ATTAIN were both well defined and properly conducted
double-blind RCT in patients with active RA, yielding high-
quality data in which to assess MDA.

Figure 2. Patients in the AIM study in minimal disease activity (MDA) by time on treatment
and treatment group: abatacept versus control. A. Core set definitions of MDA; B. DAS-based
definition of MDA.
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The results for MDA mirrored the clinical results of the
abatacept studies, which demonstrated positive and sus-
tained response for the abatacept-treated group in clinical
endpoints, physical function, quality of life (physical and
mental), and various patient-reported outcomes of fatigue,
sleep quality and activity limitation. This confluence of
results provides a level of face validity for MDA.
The ability of MDA to predict something it should theo-

retically be able to predict (predictive validity) and to be dif-
ferent from something that it should theoretically be dissim-
ilar to (discriminative validity) was assessed by considering
the length of time patients were in MDA with respect to 2
important outcomes, radiographic progression and function-
al progression. The time in MDA was determined according
to the number of assessment times over the course of the
study that the patient was determined to be in MDA (num-
ber of assessment times at 3, 6, 9, and 12 mo; 0–4). It was
found that the more often patients were in MDA then the

better were their radiographic progression and functional
progression. The results were consistent for the 2 patient
populations considered in the studies: subjects with an inad-
equate response to MTX and subjects with an inadequate
response to TNF therapies.
During the development of the definitions for MDA, a

concern was raised that patients with chronic pain syndrome
but low disease activity would be misclassified as having
high disease activity due to high scores in pain, TJC, and Pat
Global. To address this issue, an initial decision is made to
classify patients as being in MDA if they have high pain or
HAQ levels, but are otherwise in MDA. As part of the
prospective validation, the importance of this decision node
was to be evaluated. The sensitivity analysis indicated that
this decision node in the definitions did not lead to substan-
tive differences in the results. However, this result was not
expected since the patient groups for both the AIM and
ATTAIN studies had high disease activity and the number of

Table 2. Radiographic and functional progression by length of time being in MDA: mean (standard deviation)
(sample size).

Number of times in MDA
0 1 2 3 4 p

AIM Study
Core set definition
Radiographic progression
Erosion score 0.86 (2.45) 0.75 (1.51) 0.74 (1.31) 0.40 (1.44) 0.20 (0.94) 0.3221

(n = 413) (n = 80) (n = 45) (n = 37) (n = 40)
JSN score 0.51 (0.50) 0.46 (0.50) 0.57 (0.50) 0.56 (0.50) 0.73 (0.45) 0.0748

(n = 459) (n = 84) (n = 49) (n = 41) (n = 40)
Total score 1.68 (4.22) 1.67 (2.97) 1.34 (2.41) 0.80 (2.20) 0.49 (1.90) 0.2571

(n = 413) (n = 80) (n = 45) (n = 37) (n = 40)
Functional progression
HAQ –0.39 (0.58) –0.79 (0.64) –0.83 (0.63) –1.18 (0.66) –1.17 (0.61) < 0.0001

(n = 443) (n = 82) (n = 48) (n = 39) (n = 37) 0 vs 1,2,3,4
1 vs 3,4

DAS-based definition
Radiographic progression
Erosion score 0.85 (2.32) 0.39 (1.41) 0.36 (1.00) 0.1136

(n = 482) (n = 72) (n = 40)
JSN score 0.51 (0.50) 0.64 (0.48) 0.50 (0.51) 0.0874

(n = 519) (n = 78) (n = 46)
Total score 1.71 (4.07) 0.79 (2.44) 0.78 (1.99) 0.0695

(n = 482) (n = 72) (n = 40)
Functional progression
HAQ –0.47 (0.63) –0.95 (0.55) –1.05 (0.64) < 0.0001

(n = 503) (n = 75) (n = 42) 0 vs 1,2
ATTAIN Study
Core set definition
Functional progression
HAQ –0.26 (0.48) –0.96 (0.58) –1.23 (0.67) — — < 0.0001

(n = 344) (n = 24) (n = 13) 0 vs 1,2
DAS-based definition
Functional progression
HAQ –0.29 (0.50) –0.92 (0.72) — — < 0.0001

(n = 287) (n = 28)

MDA: minimal disease activity; JSN: joint space narrowing; DAS: disease activity score; HAQ: health assess-
ment questionnaire.
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patients with chronic pain syndrome but low disease activi-
ty would be exceptional.
Attempting to define MDA is not a new venture. The

DAS28 has identified cutpoints for remission (< 2.6) and
low disease activity (≤ 3.2) and the ACR response criteria
attempt to provide levels of response by using the specific
ACR20, ACR50, and ACR70 criteria. The DAS-based defi-
nition for MDA is closely aligned with DAS28 criteria. In
the empirical work and consensus-building process com-
pleted for the OMERACT 7 conference, the optimal cut-
point for MDA was found to be 2.85 for the DAS28, com-
pared to the current cutpoint of 3.2 for low disease activi-
ty3,6. This new lower cutpoint may reflect a greater refine-
ment in deriving the cutpoint or greater expectations for
treatment to deliver better states of disease activity, as the
new cutpoint is closer to the DAS28 remission of 2.6. The
core set definition is aligned with the ACR response criteria
by involving the same measures and a construction of a sim-
ilar nature requiring 5 of 7 measures to satisfy specified
thresholds. Since the ACR criteria for specific states has not
been formally developed there is no direct comparator of our
work here, and the core set definition for MDA is unique
when working with the core set measures. The simultaneous
development of MDA corresponding to our most important
response criteria provides a common ground on which both
measures can be used to provide insights into minimal dis-
ease activity for users of either response criteria. Further, the
initial decision that must be made regarding chronic pain
syndrome offers an important step in avoiding misclassifica-
tion of these patients. The choice of the tree structure for the
MDA allows for other decisions of this type to be incorpo-
rated as needed to improve classification of patients as being
in MDA.
After deriving the MDA core set and DAS-based defini-

tions, the next step in the planned development was to
prospectively validate the definitions. The objective at this
time was not to choose one of the definitions. Even if this
were the objective, there is very little difference in the
results on which to base such a decision. The 2 definitions
were found to have discriminative and predictive validity,
and had similar results when assessed in terms of functional
disability and structural damage. The initial decision node
was only needed once, for the core set definition, to proper-
ly classify a patient who was in MDA but had high pain and
HAQ levels. Just as we have 2 sets of responder outcome

measures (i.e., the WHO/ILAR core set corresponding to
ACR response criteria and the DAS28 corresponding to
EULAR response criteria), both MDA definitions should
continue to be evaluated until appropriate accrual of empir-
ical evidence is obtained to make a decision. One important
consideration in using the core set definition is that it pro-
vides users of the ACR response criteria with a measure of
state, which is not available, unlike the EULAR response
criteria. Although MDA cannot be recommended as the pri-
mary outcome in a study at this time, with the results of this
analysis and the importance of MDA state, it is recom-
mended that MDA be considered a major outcome in a clin-
ical trial for patients with RA.
The presence and persistence of MDA was associated

with slowing of radiographic progression and improvement
in the function, indicating discriminative and predictive
validity. This is the first study in patients treated with a bio-
logic therapy that has prospectively validated the definition
of MDA as prescribed by OMERACT 7.
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