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ABSTRACT
Pooled indices of several measur es
have been developed to assess and monitor patients with rheumatoid arthritis
in clinical trials and clinical care, as
no single measure can serve as a “gold
standard” in all individual patients.
Early indices of disease activity in clude the Steinbrocker “therapeutic
scorecard in rheumatoid arthritis,” the
Lansbury Index, and Paulus criteria.
The most widely used indices at this
time are the American College of Rheu matology (ACR) Core Data Set and di sease activity score (DAS). A simplified
disease activity index (SDAI) and clini cal disease activity index (CDAI) are
derived from the DAS. The ACR Core
Data Set includes 7 measures – swollen
joint count, tender joint count, patient
assessment of global status, an acute
phase reactant [erythrocyte sedimenta tion rate (ESR) or C-reactive protein
(CRP)], health professional assessment
of global status, physical function, and
pain; the first four of these measures
are included on the DAS. Improvement
criteria for the ACR Core Data Set are
based on improvement of at least 20%
in both tender and swollen joint counts,
and three of the five additional mea sures (ACR 20), and corresponding
“ACR 50,” and “ACR 70.” A pooled
index which includes only the three pa tient self-report questionnaire measures
from the Core Data Set, physical func tion, pain, and patient assessment of
global status performs as well as ACR
20 or DAS to discriminate between effi cacy of active versus placebo treatment
in a clinical trial.
Introduction
As discussed in the first chapter of this
supplement (1), no single measure, such
as blood pressure or serum cholesterol,
can be applied as a “gold standard” to
assess all individual patients with rheuS-109

matoid arthritis (RA) in clinical trials,
clinical research and clinical care. Measures that are abnormal in the majority
of patients may be normal in many
patients. For example, the erythrocyte
sedimentation rate (ESR) is normal in
40% of patients with RA(2), and some
patients with RAmay report no pain.
The absence of a single “gold standard”
measure has led to the development of
pooled indices of several measures,
which may be informative to assess responses in all patients. Goldsmith and
colleagues documented in hypothetical
clinical trials of 10 patients with RA
that no single measure among active
joints, ESR, morning stiffness, grip
strength, and change score could discriminate between active or placebo
treatment, but that a pooled index of
these measures yielded significant results (3). Therefore, a pooled index was
a more powerful approach to the assessment of clinical outcomes than
these individual measures. In this chapter, indices to assess RA are reviewed
briefly (Table I), not including the DAS
(4) [see (5)] and SDAI (6) [see (7),
which are reviewed elsewhere in this
Supplement.
Historical indices of RAdisease
activity
Early efforts to develop indices for the
assessment of RA began almost 50
years ago, with “a therapeutic scorecard” for rheumatoid arthritis (8) (Table I). This index included joint swelling, joint limited motion, joint tenderness, the erythrocyte sedimentation rate
(ESR), hemoglobin, weight, pain, global well-being and functional status. In
retrospect, the therapeutic scorecard
includes most of the measures regarded
to be of importance in the assessment
of RAto this day. The scorecard incorporates the American College of Rheumatology (ACR) Core Data Set, plus
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Table I. Indexes of various measures used to analyze rheumatoid arthritis.
Steinbrocker Therapeutic Scorecard ” (8):
1. Joint Swelling
2. Joint Motion
3. Joint Tenderness
4. Erythrocyte Sedimentation Rate
5. Hemoglobin
6. Weight
7. Pain
8. Well-being
9. Functional Capacity
Lansbury Systemic Manifestations of Rheumatoid Activity (11):
1. Erythrocyte Sedimentation Rate
2. Pain on Motion
3. Muscle Weakness
4. Morning Stiffness
5. Fatigability
6. Anemia
7. Pain at Rest
8. Fever
Paulus Criteria - requires 20% improvement in 4 of 6 measures (13):
1. Morning Stiffness
2. Westergren Erythrocyte Sedimentation Rate
3. Joint Pain/Tenderness Score
4. Joint Swelling Score
5. Five Point Patient Global
6. Five Point Physician Overall Assessment of Current Disease Severity
ACR Core Data Set (14-16):
1. Swollen Joint Count
2. Tender Joint Count
3. Physician Global Status
4. Acute Phase Reactant – ESR or CRP
5. Physical function
6. Pain
7. Patient Global
8. Radiograph, if study includes more than 1 year
Disease Activity Score (DAS) (4):
1. Swollen Joint Count
2. Tender Joint Count
3. Acute Phase Reactant – ESR or CRP
4. Patient Global Assessment
Simplified disease activity index (SDAI) (6)
1. Swollen Joint Count
2. Tender Joint Count
3. Acute Phase Reactant – ESR or CRP
4. Patient Global Assessment
5. Physician Global Assessment
Patient only index (23)
1. functional disability
2. pain
3. global status.

weight, hemoglobin and joint limited
motion. However, it did not become
widely used, perhaps in part due to the
emphasis that came to be placed on laboratory science after the discovery of
rheumatoid factor in 1940 (9) and 1948
(10).
The Lansbury Index (11) (Table I) includes ESR, joint pain on motion, muscle weakness, morning stiffness, fa-

tigue, anemia, pain at rest and fever,
with the joint indices being weighted in
proportion to their surface area. While
a weighted joint count appears to be a
rational approach, weighted indices
have not been found to be superior to
standard indices (12). This method did
not gain widespread use.
Paulus et al. (13) (Table I) developed
an index consisting of morning stiffS-110

ness, ESR, joint pain/tenderness score,
joint swelling score and patient and
physician global overall assessments
on a 1-5 point scale. The “Paulus criteria” of a 20% improvement in 4 of the 6
of these measures were found to discriminate between the relative efficacies of DMARDs and placebo in clinical trials (13).
The ACR Core Data Set
These early indices (11-13) provided
advances for rheumatology. However,
up until the early 1990s, RAclinical trials and clinical research were characterized by many different outcome
measures, ranging from grip strength to
joint counts to laboratory measures.
The situation suggested the need for a
standard core data set of measures
designed for use in RA clinical trials,
and possibly in standard clinical care.
A committee was established by the
American College of Rheumatology
(ACR) to design a Core Data Set of
measures for RA clinical trials (14).
Initially, various measures from the literature were analyzed for construct,
face, content, criterion, and discriminant validity (14). Sensitive candidate
measures identified included the tender
joint count, ESR, swollen joint count,
physician global assessment, platelet
count, grip strength, patient global
assessment, pain, morning stiffness,
hemoglobin, functional class, PIP circumference, walk time, quality of wellbeing, and digital joint size.
These results were compiled into a preliminary Core Data Set, which was presented at the first Outcome Measures in
Rheumatoid Arthritis Clinical Trials
(OMERACT) meeting held in Maastricht, The Netherlands, to the international community of rheumatologists.
Small groups reviewed paper cases to
designate whether patients with changes in various candidate measures had
better, the same, or a worsened clinical
status from baseline to end point. The
ACR committee reconvened after the
OMERACT conference to reach a further consensus, which became the ACR
Core Data Set (14).
The ACR Core Data Set (14-16) (Table
I) includes 7 measures: 3 by an assessor
swollen joint count, tender joint count
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and physician assessment of global status, 3 by patient self-report physical
function, pain and global status on
patient questionnaire, and one acute
phase reactant – ESR or C-reactive protein CRP). A radiograph is included for
studies of one year or longer.
Further analyses led to the ACR preliminary definition of improvement
(17) as improvement of at least 20% in
both the tender and swollen joint
counts, as well as 3 of the 5 additional
measures; this came to be known as the
“ACR 20”. Higher thresholds for improvement such as “ACR 50,” and
“ACR 70” have also been described
(18). The ACR 20 response was found
to distinguish between active treatment
with disease modifying anti-rheumatic
drugs (DMARDs) versus placebo treatment more effectively than the ACR 50
and ACR 70 responses (17, 18).
Assessment of new therapies in RAhas
been substantially improved through
the ACR Core Data Set and the 20%
50% and 70% improvement criteria, as
well as the disease activity score (DAS)
(4) (see 5). The same measures are reported in all contemporary clinical trials, leading to a higher capacity of rheumatologists and regulatory agencies to
interpret results. The convenience of reporting an underlying continuous index
in several categories has proven satisfactory to recognize significant differences in the efficacy of active versus
placebo treatments in clinical trials of
new agents for RA, most notably biological agents. Results are also computed according to the DAS.
The ACR-N Index
The ACR-N Index (19) is derived from
the ACR Core Data Set. Differences between baseline and endpoint are calculated for each of the 7 measures. However, rather than ascertaining whether a
patient has a 20% (or 50% or 70%)
improvement in the number of swollen
joints, tender joints, and 3 of the other 5
measures, ACR-N reports a continuous
variable, as the minimum of percent
change in swollen joints, tender joints,
and median of the other 5 Core Data
Set measures. One advantage of ACRN is that as a continuous variable, data
may be reported at any level, rather

than at arbitrary 20%, 50%, and 70%
levels. A second advantage is that a
continuous index can include recognition of possible deterioration in addition to improvement, which is not included in the ACR improvement criteria.
“Patient only” indices derived
from the ACR Core Data Set
The relative efficiencies of the 7 ACR
Core Data Set measures to detect differences between active and placebo
responses in a randomized controlled
clinical trial of leflunomide versus
methotrexate versus placebo in patients
with active RA was analyzed (20, 21).
Two measures on a patient questionnaire, patient physical function and
patient assessment of global status, had
substantially higher relative efficiencies compared to the tender joint count.
By contrast, the swollen joint count and
erythrocyte sedimentation rate had
lower relative efficiencies than the tender joint count. These observations may
have been unexpected by most rheumatologists, who regard joint count measures as more valuable than patient
questionnaire measures (22).
The high relative efficiency of the patient questionnaire measures suggested
that a pooled index which included
only the three patient-self-report questionnaire measures from the Core Data
Set might perform as well as an ACR
20 or DAS in discriminating between
the efficacy of active versus placebo
treatments in a clinical trial. The advantage of a “patient only” index is that
all data are provided by the patient, as
most rheumatologists do not perform
quantitative joint counts in most patients at most visits (22).
This possibility was tested using four
analytic methods applied to a “patient
only” index, based on scores for physi cal function, pain, and global status
from data in the same clinical trial of
leflunomide versus methotrexate versus placebo (20, 21). Four types of "patient only" indices were developed:
1. "Rescaled average": Based on rescaling each of the Core Data Set measures from 0 to 100, and computing an
average value of 3 measures as the percent change from baseline to one year.
2. "Raw average": Computation of the
S-111

composite average percent change
from baseline for the 3 measures, without rescaling each measure.
3. "Categories": Based on percent
changes for the included 3 measures as
in the “raw average,” but the percent
changes are transformed to 5 ordered
categorical variables: (-1) for more
than 20% worsening from baseline; (0)
for less than 20% worsening or improvement; (+1) for at least 20% but
less than 50% improvement; (+2) for at
least 50% but less than 70% improvement; and (+3) for at least 70% improvement. This classification of averages into categories is similar in spirit
to the ACR20.
4. "Majority": Favorable responses are
defined as at least a 20% improvement
in 2 of 3 components of the indices, in
a manner similar to the ACR 20 (23).
Each of these indices yielded results
similar to the ACR 20, with 20% improvement in a range of 52% to 74%
for patients randomized to leflunomide,
45% to 72% for those who took methotrexate, and 18% to 43% for those
who took placebo (23). Pairwise kappa
statistics ranged from 0.57 to 0.80,
indicating good agreement. Therefore,
an index of “patient only” measures
provided similar levels of greater efficacy for leflunomide or methotrexate
versus placebo as the ACR 20 (as well
as the DAS) (23).
A further variant of a “patient only” index has been to adapt the “majority”
method as a continuous, rather than a
categorical index (24). As noted for
ACR-N, one advantage of this approach is that change can be expressed
at any level rather than at arbitrary
20%, 50%, and 70% levels. A second
advantage is that a continuous index
can include the recognition of possible
deterioration in addition to improvement, which is not included in the ACR
improvement criteria.
For example, an RAclinical trial which
indicates that placebo treatment results
in half the patients showing 25% improvement in Core Data Set Measures
(including the swollen and tender joint
counts) and half showing 25% worsening would be reported as “50% of patients met ACR 20 response criteria,”
rather than as a net mean improvement
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Fig. 1. Probability plots of the distributions of four continuous indices depicting the percent of patients who showed worsening or improvement after treatment with leflunomide, (dotted line), methotrexate (solid line) and placebo (dashed line). The indices are: ACR-N – lowest percent change of swollen joints,
tender joints, and median of the other 5 measures; composite – median percent change of all 7 ACR Core Data Set measures; patient only” – median percent
change of physical function, pain, global status; assessor only – median percent change of swollen joints, tender joints, global status.
These probability plots highlight the 0%, 20%, 50% and 70% levels depicted in Table II, but allow recognition of any level of responses, e.g., 50% responses are seen for 45% of patients with leflunomide, 36% with methotrexate and 13% with placebo for the “patient only” index. Note that positive results are
seen with placebo for about only about 40% of patients according to ACR-N, about 50% for the composite or patient self-report indices, and about 60% for
the assessor derived index.

of “0.” This may overstate the efficacy
of placebo for individual patients in the
computation of group results; indeed,
placebo treatment results in an apparent 15-30% responses according to
ACR 20 and other indices in most RA
clinical trials (13,18).
Therefore, the same clinical trial was
analyzed according to a "majority continuous" index (24). The percent change
was computed for each of the 7 Core
Data Set measures, with changes more
negative than -100% recoded to -100%
so as to avoid extreme outliers of worsening (performed for fewer than 5% of
patients). Mean and median scores according the “patient only” continuous
index of 3 self-report measures were
36% and 43% in patients randomized

to leflunomide, 26% and 27% in patients treated with methotrexate, and
0.4% and 2% in patients treated with
placebo. The median values indicate
that at least half of the patients had at
least 43% improvement in at least 2 of
the patient-derived measures for leflunomide, compared to 27% for methotrexate and 2% for placebo (24).
All differences between leflunomide
versus placebo and methotrexate versus placebo were statistically significant (p < 0.001). Differences in patients
meeting 20%, 50% and 70% improvement with active versus placebo treatment were higher for the “patient only”
index than for ACR 20, 50 and 70 (24).
Probability plots indicated that negative results indicative of clinical worsS-112

ening were seen with placebo for about
50% of patients according to the patient self-report index, in contrast to
26% of placebo-treated patients with
ACR 20 responses (Fig. 1) (24). Similar results were seen for ACR-N, "all
Core Data Set" and "assessor only"
indices (Fig. 1) (24).
These results raise consideration that
the results of drug therapy in RAin clinical trials, observational studies, and
routine clinical care might be assessed
effectively using solely patient questionnaire data. Data from patient questionnaires are correlated significantly
with data from traditional joint counts,
radiographs, and laboratory tests (25)
and are more explanatory of other clinical information than any other data in
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RA (25). Patient questionnaire data are
as effective as any available data in RA
for the documentation of declines in
functional status (26, 27), and to predict work disability (28), costs (29),
and premature mortality (30).
The three Core Data Set measures are
found on one page on the health assessment questionnaire (HAQ) (31), clinical
health assessment questionnaire (CLINHAQ) (32), and one side of one page
on the multi-dimensional health assessment questionnaire (MDHAQ) (33),
which can be completed by a patient in
5-10 minutes or less in a waiting room
(34). The MDHAQ can be scored in
less than 20 seconds. Introduction of a
simple patient questionnaire into clinical trials and the infrastructure of routine rheumatology care (35) would
allow assessment based on a simple
index in order to characterize quantitatively the status and responses to any
therapy of patients with RA.
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