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Objective. To develop a set of disease activity 
measures for use in rheumatoid arthritis (RA) clinical 
trials, as well as to recommend specific methods for 
assessing each outcome measure. This is not intended to 
be a restrictive list, but rather, a core set of measures 
that should be included in all trials. 

Methods. We evaluated disease activity measures 
commonly used in RA trials, to determine which mea- 
sures best met each of 5 types of validity: construct, 
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face, content, criterion, and discriminant. The evalua- 
tion consisted of an initial structured review of the 
literature on the validity of measures, with an analysis of 
data obtained from clinical trials to fill in gaps in this 
literature. A committee of experts in clinical trials, 
health services research, and biostatistics reviewed the 
validity data. A nominal group process method was used 
to reach consensus on a core set of disease activity 
measures. This set was then reviewed and finalized at an 
international conference on outcome measures for RA 
clinical trials. The committee also selected specific ways 
to assess each outcome. 

Results. The core set of disease activity measures 
consists of a tender joint count, swollen joint count, 
patient’s assessment of pain, patient’s and physician’s 
global assessments of disease activity, patient’s assess- 
ment of physical function, and laboratory evaluation of 
1 acute-phase reactant. Together, these measures sam- 
ple the broad range of improvement in RA (have content 
validity), and all are at least moderately sensitive to 
change (have discriminant validity). Many of them 
predict other important long-term outcomes in RA, 
including physical disability, radiographic damage, and 
death. Other disease activity measures frequently used 
in clinical trials were not chosen for any one of several 
reasons, including insensitivity to change or duplication 
of information provided by one of the core measures 
(e.g., tender joint score and tender joint count). The 
committee also proposes specific ways of measuring each 
outcome. 

Conclusion. We propose a core set of outcome 
measures for RA clinical trials. We hope this will 
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730 FELSON ET AL 

decrease the number of outcomes assessed and stan- 
dardize outcomes assessments. Further, we hope that 
these measures will be found useful in long-term studies. 

Clinical trials are our main source of knowledge 
about the comparative efficacy of drugs used to treat 
rheumatoid arthritis (RA). In RA trials, at least 10 
measures of disease activity are usually assessed, 
often, many more. Since changes in disease activity 
(e.g., tender joint count, erythrocyte sedimentation 
rate [ESR]) reflect patient outcomes, disease activity 
measures are often called “outcome measures,” or 
“end points.” While the Cooperative Systematic 
Studies of Rheumatic Disease (CSSRD) and other 
groups that conduct multicenter trials have provided 
sets of disease activity measures that are used widely 
by other researchers, there is still a disconcerting 
heterogeneity in the measures assessed in RA trials. 
The US Food and Drug Administration’s Center for 
Drug Evaluation and Research has also provided 
guidelines, suggesting 4 primary disease activity mea- 
sures in RA clinical trials: swollen joint count, tender 
joint count, and physician’s and patient’s global as- 
sessments. It is surprising, however, that most clinical 
trials do not even incorporate all of these 4 variables 
(l), yet still assess multiple outcome measures. 

Why is the reliance on multiple outcome mea- 
sures and, moreover, the use of various sets of mea- 
sures in different RA trials a problem? First, given the 
plethora of therapies available and under develop- 
ment, it is highly unlikely that all therapies will be 
directly compared. The use of dissimilar outcome 
measures to assess drugs in different trials makes it 
impossible to judge therapies against a common stan- 
dard. Second, since statistical significance often arises 
by chance when multiple statistical tests are per- 
formed, the use of many outcome measures makes it 
likely that any therapy will be statistically significantly 
efficacious on some measure. Third, the absence of a 
core set of outcome measures allows the selection of 
which measures to report, and this can result in 
reporting only those outcomes which showed impres- 
sive results. Finally, clinical trials continue to include 
outcomes that are insensitive to change, even in the 
presence of a demonstrated treatment effect. 

Our goal was to develop a specific set of disease 
activity measures that should be used to assess out- 
come in all RA clinical trials, regardless of the therapy 
being evaluated, whether a nonsteroidal antiinflamma- 
tory drug (NSAID), a second-line drug, a new bio- 

ACR Committee 
OMERACT 

Conference 

Figure 1. Process for selection of core measures of rheumatoid 
arthritis (RA) disease activity. ACR = American College of Rheu- 
matology ; OMERACT = Outcome Measures in Rheumatoid Arthri- 
tis Clinical Trials. 

logic agent, or even a nonpharmacologic treatment. 
Our intent was not that the set of outcome measures 
would serve as a restrictive list, but rather, as a list of 
core measures that would be included in all trials. 

Our choice of outcome measures was influ- 
enced by such complex factors as whether each mea- 
sure is sensitive to change, whether each measure 
predicts an important end point in RA (e.g., disability), 
and whether, as a set, the measures are comprehen- 
sive and nonredundant. Each of these issues is, to 
some degree, addressable by analysis of patient data; 
however, critical judgment is required for weighing 
together the issues that affect the selection of out- 
comes to be measured. We therefore used a method 
whereby the committee critically reviewed evidence 
about the issues before attempting to arrive at a 
consensus. This technique has been shown to improve 
agreement among participants in consensus meetings 
(2). We reviewed pertinent literature and analyses 
prior to the meetings of the nominal groups, so as to 
inform them about each of the specific issues affecting 
the overall decision. To achieve consensus, we used a 
formal nominal group process, which provides an 
orderly procedure for obtaining information from tar- 
get groups who are most closely associated with a 
problem area. 

The initial meeting of the American College of 
Rheumatology (ACR) Committee on Outcome Mea- 
sures in Rheumatoid Arthritis Clinical Trials was fol- 
lowed by an international meeting (Outcome Measures 
in Rheumatoid Arthritis Clinical Trials [OMERACT]) 
at which the set of core measures was slightly revised, 
a revision the ACR committee accepted by consensus. 
The selection process is illustrated in Figure 1. 

Our work represents an advance over previous 
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ACR CORE DISEASE ACTIVITY MEASURES FOR RA 73 1 

attempts by individual investigators (3-7), including 
some of our group, to devise a set of outcome mea- 
sures for RA clinical trials. First, rather than focusing 
on selected aspects of the outcome measure’s perfor- 
mance, such as sensitivity to change (3,6,7) or concur- 
rent validity (4), we tried to evaluate all issues that 
may be relevant. For example, the ability of a measure 
to predict important end points in RA (e.g., disability, 
death) has not, to our knowledge, been previously 
considered when selecting such measures. Further- 
more, rather than a purely statistical (3,4,6,7) or a 
purely consensual (5 )  approach, we combined the two, 
recognizing that the selection of measures requires 
both evidence and judgment. 

We present here the data-driven consensus 
process we followed. Until now, ACR diagnostic and 
classification studies have entailed testing of clinical 
diagnostic impressions in a large group of patients, 
with subsequent analysis of data to determine which 
diagnostic tests best differentiate patients who have 
the disease in question from those who do not. The 
goals and methods of our committee were different. 
Because the selection of measures for the core set 
depended on multiple qualities of these measures (e.g., 
their individual sensitivity to change, their predictive- 
ness of mortality, and their lack of redundancy), we 
could not perform an analysis of all of these qualities 
simultaneously in a large data set. Furthermore, ana- 
lysis of a single data set would not have been as 
generalizable as marshalling the results of all previous 
studies, including those containing large data sets. 

Some issues, such as predictors of mortality, 
would not have been easy to address in any clinical 
trial data. Therefore, after reviewing data on the 
validity of outcome measures, we used consensus 
methods similar to those used to develop practice 
guidelines for hemodynamic monitoring (8), appropri- 
ateness criteria for postponing surgery (9), and evalu- 
ation outcomes for total hip arthroplasty (10) to arrive 
at consensus on a core set of measures. While space 
does not permit a complete review of all the data, we 
attempt to present sufficient information for the reader 
to understand what data the committee evaluated and 
how. In the Discussion section, we delineate the 
specific reasons for each selection. 

METHODS 
We followed a framework for the selection of clinical 

trial indices proposed by Tugwell and Bombardier ( l l ) ,  who 
suggested several criteria by which to choose end points for 

Table 1. Methodologic framework for selection of disease activity 
measures in rheumatoid arthritis (RA) clinical trials* 

Type of validity Meaning 

1 .  Construct validity Do the results using these 
outcome measures change in 
proportion to clinical 
change? 

2. Face validity Credibility: Are the outcomes 
sensible? 

3. Content validity Comprehensiveness: Do the 
outcomes sample multiple 
domains of improvement in 
RA? 

correlate with “gold 
standard” measures of RA 
outcomes (e.g., death, 
disability, radiographic 
evidence of damage)? 

5. Discriminant validity Sensitivity to change: Do the 
outcomes detect the smallest 
clinically important 
improvement? 

4. Criterion validity Do the outcomes predict or 

* Adapted, with permission, from Journal of Rheumarology (11). 

clinical trials (see Table 1). For criterion validity, we chose 
3 “gold standards”: death, physical disability, and radio- 
logic evidence ofjoint damage. To have criterion validity, an 
outcome measure should correlate with or predict 1 or more 
of these 3. Separate from the 5 validity criteria, we focused 
on whether selected outcome measures had high reliability 
and whether certain measures duplicated others, and would 
therefore suggest that both would not need to be assessed. 

To capture all studies addressing the validity of RA 
outcome measures, we conducted MEDLINE searches, 
bibliographic reviews, and sought additional sources from 
experts in the field. For some issues, especially content 
validity and redundancy of outcome measures, there was 
scant literature. For these, we reviewed factor analyses of 
CSSRD second-line drug trials (3) and analyzed 2 large 
NSAID trials in RA (12). 

We then held a 2-day meeting (attended by all 
coauthors), at which we evaluated the structured literature 
review of RA outcome measures and examined additional 
data analyses that filled in gaps in the literature. Here, 
because of space constraints, we present a distilled review of 
the evidence on validity. For criterion validity, the reader is 
referred to several recent reviews (refs. 13-15) and for 
discriminant validity, other reviews (refs. 1,3,16). 

After reviewing data on the validity, reliability, and 
redundancy of outcome measures, the group broke into 2 
equal-sized subgroups, each including experts in RA clinical 
trials, health services and epidemiology, and biostatistics. 
We followed guidelines for nominal group processes devel- 
oped by Delbecq et al (17), making decisions based on 
literature review, data analyses, and discussion. The reliabil- 
ity and validity of this technique have been established 
through repeat evaluations using different groups (18-20) and 
through applying the recommendations arrived at by this 
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732 FELSON ET AL 

process to subsequent research (8). Each group was facili- 
tated by an individual with content expertise and assisted by 
an individual with nominal group technique expertise. 

The written question presented to each group mem- 
ber was, “Which outcome measures should be used as core 
outcomes in RA trials?” Participants were instructed to 
write down as many as they wished to recommend. In the 
manner of a “round robin,” the leader of the nominal group 
recorded the outcome measures specified by each partici- 
pant. Equivalent disease activity measures were combined, 
and the definition of each was clarified. Next, each group 
ranked the various outcome measures, giving the highest 
scores to the items they most believed should be in RA trials. 
The leaders then summed the scores and tallied the number 
of times each outcome measure was ranked. The lowest- 
ranking measures were dropped from the list. Each measure 
on the residual list was discussed to clarify reasons for 
disagreements in ranking, and the residual-list measures 
were then ranked. 

Ultimately, each group arrived at a list of core 
measures recommended for use in all trials. The 2 groups 
then met together to present their results. Further discussion 
ensued, and consensus was reached. 

The ACR committee presented the results to an 
international conference on RA clinical trial outcome mea- 
sures, OMERACT, held in Maastricht, The Netherlands, in 
April and May, 1992. The ACR committee later reconvened 
to discuss the recommendations from the OMERACT con- 
ference and to reach consensus on the final list of measures. 
The ACR committee then decided how each of the final 
disease activity measures should be assessed. Further liter- 
ature review and data analyses which focused on the sensi- 
tivity to change of each different assessment technique were 
considered. 

RESULTS 
Review of the validity of RA disease activity 

measures. Construct, face,  and content validity. Out- 
come measures in rheumatoid arthritis should have 
construct validity; that is, disease activity measures 
should change in proportion to clinical change. In 
addition, outcome measures in clinical trials ought to 
have face validity; that is, they should seem sensible. 
Disease activity measures currently in use generally 
have face validity and construct validity. The set of 
outcome measures should also have content validity, 
meaning that it should sample the broad range of 
clinical change in RA. Some subsets of patients may 
experience clinical improvement in some measures of 
disease activity (e.g., pain), yet not in others (e.g., 
swollenjoints). A core set of outcome measures ought 
to be broad enough to capture all patients who im- 
prove. 

Criterion validity. Criterion validity is the abil- 
ity of a disease activity measure to predict an impor- 

tant aspect of the patient’s clinical status, especially a 
long-term outcome of importance. In the short course 
of a clinical trial, neither death nor the development of 
radiographic evidence of joint damage occurs fre- 
quently enough to be useful as  an outcome measure. 
We reviewed the association of outcome measures 
with 3 important long-term end points in RA: disabil- 
ity, death, and radiographic damage. The following is 
a brief summary of these issues. 

A recent review of risk factors for disability in 
RA (13) suggests that prior disability is a strong 
predictor, and that most clinical trial outcome mea- 
sures are correlated with either concurrent or  subse- 
quent disability. Spiegel et a1 (21) found that walk time 
and grip strength correlated, respectively, with con- 
current lower and upper extremity disability. Van der 
Heijde and coworkers (14) found that most conven- 
tionally assessed outcome measures in RA trials, 
including pain, tender and swollen joints, morning 
stiffness, ESR, and grip strength, correlated with 
physical disability. Wolfe and Cathey (22) reported 
that initial levels of physical function, physician’s 
global assessment, duration of morning stiffness, and 
grip strength, but not tender joint count, were signifi- 
cant predictors of the development of physical disabil- 
ity in RA patients. 

Some disease activity measures predict the 
likelihood of overall premature death better than oth- 
ers. Many factors associated with increased mortality 
among RA patients, such as extraarticular manifesta- 
tions and seropositivity (15), are not clinical trial 
outcome measures. Of potential trial end points, Pin- 
cus et a1 (23) found that certain measures of functional 
capacity were strong predictors of prolonged survival 
or premature mortality, a finding that has been con- 
firmed by other investigators (15,24,25). Steinbrocker 
functional class (25-27) and patient’s self-report of 
functional status, using instruments such as the Health 
Assessment Questionnaire (HAQ) (28,29) and the Ar- 
thritis Impact Measurement Scales (AIMS) (24), have 
been used in several studies. In the largest prospective 
study of mortality in RA, evaluating more than 3,500 
patients, Wolfe et a1 (30) confirmed the findings of 
smaller studies, reporting that, of disease activity 
measures, physical functional capacity was the stron- 
gest predictor of mortality. As for other clinical trial 
outcome measures, all of those assessed, including 
tender joint count, ESR, radiographic abnormalities, 
grip strength, and morning stiffness, were significantly 
correlated with risk of premature mortality. In general, 
these measures were significant univariate predictors 
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Table 2. Which clinical end points are associated with radiographic evidence of change?* 

Correlated with Not correlated with Longitudinal 
Author, year (ref.) radiographic change radiographic change study 

Scott et al, 1985 (32) ESR, CRP Ritchie articular index Yes 

Mottonen, 1988 (33) Number of clinically active - Yes 
(a tender joint score) 

joints, swollen joints, 
ESR, hemoglobin, 
morning stiffness, pain, 
grip strength 

joints, functional status 
Fuchs et al, 1988 (34); Joint deformity; swollen Tender joints No 

Pincus et al, 1989 
(35) 

1992 (36) grip strength? morning stiffness$ 
Van der Heijde et al, Swollen joints, CRP, ESR, Tender joints, pain, Yes 

* ESR = erythrocyte sedimentation rate; CRP = C-reactive protein. 
‘t Correlation with subsequent radiograph >0.30. 
$ Correlation with subsequent radiograph <0.20. 

of mortality; after adjusting for functional capacity, 
however, most were no longer predictors. Pincus et a1 
(31) also reported that, although the tenderjoint count 
was significantly associated with mortality risk as a 
univariate measure, it was not a statistically significant 
predictor when functional capacity was already in the 
model. 

In reviewing factors associated with radio- 
graphic changes in the hand (or foot) or predictive of 
subsequent radiographic changes (see Table 2), 3 
studies reported that swollen joint counts were corre- 
lated with radiographic abnormalities (33-36). Two of 
these studies (34-36) (one longitudinal and one cross- 
sectional) found that the swollen joint count was a 
much stronger predictor of radiographic damage than 
was the tender joint count. Two studies, both longitu- 
dinal (32,36), suggested that the ESR predicted the 
development of radiographic damage better than did a 
count or a score of tender joints. Mottonen (33) also 
commented on the predictive value of the ESR, and 
Dawes et a1 (37) found that treatment that controls 
levels of acute-phase reactants reduces radiographic 
progression. When evaluated, low grip strength values 
also foreshadowed radiographic abnormalities. 

Discriminant validity. An outcome measure is 
sensitive to change (discriminant validity) if it can 
detect important clinical changes in disease activity 
over time. Sensitivity to change is a critical quality for 
RA trial outcome measures, for several reasons. With- 
out sensitive measures of disease activity, important 
clinical change may go undetected. Choosing such 
measures in preference to less sensitive ones markedly 
improves statistical power, thus reducing the number 
of subjects required in a study. In fact, a doubling of 

sensitivity to change (measured as efficiency, which 
equals the mean change divided by its standard devi- 
ation) reduces the number of subjects needed by 2.5-4 
times. Last, measures with poor test-retest reliability 
are less likely to be sensitive to change because of the 
“noise” in their measurement. 

Several recent studies (1,3,38) (see Table 3) 
have evaluated which outcomes are sensitive to 
change in RA clinical trials, comparing the change in 
treatment groups with the change in the control group. 
While each study focused on a different group of trials 
and even different outcomes, some common findings 
emerge. First, the end points most sensitive to change 
include global assessments by physician and patient. 
Second, the patient’s assessment of pain, the tender 
joint count, and, less so, the swollen joint count, are 
moderately sensitive to change. Third, in trials of 
second-line drugs, the ESR is sensitive to change, but 
that is not the case in trials of NSAIDs. Fourth, walk 
time, grip strength, morning stiffness, and proximal 
interphalangeal joint circumference are all relatively 
insensitive to change. Self-reported functional status 
was moderately sensitive to change in at least 3 trials 
(38-40). Studies from clinical practice have corrobo- 
rated these results. In a 6-month followup study of 
patients attending an RA clinic, Hawley and Wolfe 
(41) showed that the end points most sensitive to 
change were pain, global assessment, tender joint 
count, and functional status as assessed on the HAQ 
instrument. Grip strength and morning stiffness were 
relatively insensitive to change. Also in a study of 
patients in a practice setting who were starting second- 
line drug therapy, Dixon et al (7) suggested that the 
Ritchie articular index (a tender joint score), patient’s 
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734 FELSON ET AL 

Table 3. 
clinical trials* 

Sensitivity to change (most sensitive to least sensitive) of disease activity measures in RA 

Author, year (ref.); type of study 

Anderson et al, 1989 (3); 
3 clinical trials of DMARDs 

Bombardier et al, 1991 (38); 
1 large trial of 

(CSSRD) auranofin t (metaanaly sis) 

Gotzsche, 1990 (1); 
130 RA NSAID trials 

Tender joint count 
ESR 
Swollen joint count 
Physician’s global assessment 
Tender joint score 
Platelet count 
Swollen joint score 
Grip strength 
Patient’s global assessment 
Pain (1-5 scale) 
Morning stiffness 
Hemoglobin 
Functional class 
PIP circumference 
Walk time 

Patient’s global assessment 
Overall health (6 days) 
Keitel index 
ESR 
Pain (10-cm line) and 

Tender joint count 
Swollen joint count and 

Quality of Well Being 
Grip strength and 

Rand current health 
Walk time 
Morning stiffness 

Patient’s global assessment 
Pain 
Tender joint count 
Ritchie index 
Morning stiffness 
Swollen joint count 
Grip strength 
Walk time 
ESR 
Digital joint size 

Measures not evaluated 

Functional status measures 
Radiograph 

Joint scores 
Laboratory other than ESR 
Physician’s global assessment 
Radiograph 

Functional status measures 
Radiograph 

~~~ ~ 

* Measures are listed in descending order of sensitivity to change. RA = rheumatoid arthritis; 
DMARDs = disease-modifying antirheumatic drugs; CSSRD = Cooperative Systematic Studies of the 
Rheumatic Diseases group; NSAID = nonsteroidal antiinflammatory drug; ESR = erythrocyte 
sedimentation rate; PIP = proximal interphalangeal joint. 
t Multiple measures of pain and health status were used. Only those most sensitive to change are 
listed. 

global assessment, and the ESR were sensitive to 
change over 24 weeks, whereas grip strength and 
digital joint circumference were not. 

Using CSSRD trial data (3) and new data ana- 
lysis from 2 RA NSAID trials (12), we confirmed these 
general findings and explored whether outcome mea- 
sures were equally sensitive to change when assessing 
different subgroups of patients. The same end points, 
as noted above, were sensitive to change in those with 
early disease (53 years) compared with those without 
early disease (>3 years). Among patients with low and 
moderate initial tender joint counts (520 tender 
joints), the tender joint count measures were less 
sensitive to change than in patients with higher initial 
joint counts. However, in both those with low and 
those with high initial tender joint counts, patient’s 
report of pain, the swollen joint count and score, and 
patient’s and physician’s global assessments demon- 
strated sensitivity. 

Other methodologic issues: reliability and redun- 
dancy. High test-retest reliability has been demon- 
strated for most RA outcome measures, including 
patient-assessed pain, global assessment by patient 
and by physician, physical function, grip strength, 
walk time, and ESR. Although one study found poor 
interobserver reliability for tender and swollen joint 
counts (21), standardization can substantially reduce 
the interobserver variability of this measure (42,431. 
Assessment of other disease activity measures is often 
highly reproducible, especially if standardized before- 
hand (43). Joint evaluations in which each joint is 
graded for tenderness often have lower test-retest and 
interobserver reliability than do simple counts in 
which each joint is evaluated as either tender or not 
tender (44). However, a greater change in effect size or 
relative efficiency does not always occur with joint 
counts. 

Analyses of different data sets produced differ- 
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ent factor loadings, suggesting no consistent redun- 
dancy of outcome measures, except for collinearity of 
joint counts with their respective scores. For example, 
changes in the tender joint count and the tender joint 
score correlate highly, and in factor analyses (3), these 
2 end points loaded on the same factor, suggesting 
they are duplicative. In factor analyses, the tender 
joint count and swollen joint count also usually ap- 
peared in the same factor, suggesting a high correla- 
tion between the two. However, an analysis of pa- 
tients whose tender or swollen joint counts improved 
by 50% (see Table 4) showed a substantial lack of 
overlap. 

Results of the ACR nominal group meetings and 
international meeting. Each of the nominal groups 
chose a set of outcome measures to be used in all RA 
clinical trials. Reassuringly, each group chose exactly 
the same outcome measures (items 1-6, Table 5). 
When the groups rejoined, these outcome measures 
were selected unanimously as the official preliminary 
set. One nominal group suggested that imaging studies 
also be included for long-term trials. After further 
discussion, imaging was recommended in some cir- 
cumstances (see Table 5).  This set of measures and 
selected background data were then presented to the 
OMERACT group (an international conference on RA 
trial outcome measures sponsored by the International 
League Against Rheumatism, the ACR, and other 
regional and national organizations). After discussion 
and presentation of additional data by European and 

Table 4. Numbers of RA patients with at least 50% improvement 
in either the tender joint count or the swollen joint count, according 
to treatment with NSAlDs or second-line agents* 

50% improvement in 
swollen joint count 

50% improvement in 
tender joint count No Yes Total 

~ 

All patients taking 
NSAIDst 

No 128 20 148 
Yes 52 113 165 
Total 180 133 313 

All patients taking second- 
line drugs$ 

No 156 30 186 
Yes 40 73 113 
Total 196 103 299 

* RA = rheumatoid arthritis; NSAIDs = nonsteroidal antiinflam- 
matory drugs. 
t Data derived from additional analyses performed on the 2 RA 
trials reported by Kolodny (see ref. 12). 
$ Data derived from additional analyses performed on the 3 RA 
trials reported by Anderson et a1 (see ref. 3). 

Table 5. ACR disease activity measures for rheumatoid arthritis 
clinical trials: core set* 

Disease activity measure 

1. Tender joint count 
2. Swollen joint count 
3. Patient’s assessment of pain 
4. Patient’s global assessment of disease activity 
5. Physician’s global assessment of disease activity 
6. Patient’s assessment of physical function 
7. Acute-phase reactant value 

For trial duration 2 1  year and agent being tested as a “DMARD” 
(see ref. 4 3 ,  also perform: 

8. Radiography or other imaging technique 

* See Table 6 for recommended assessment techniques. ACR = 
American College of Rheumatology ; DMARD = disease-modifying 
antirheumatic drug. 

American investigators, OMERACT conferees se- 
lected a core set, which in addition to the 6 compo- 
nents noted above, contained a measure of 1 acute- 
phase reactant. A description of the presentations, 
discussions, and selection process at the OMERACT 
meeting will be published separately. The addition of 
an acute-phase reactant to the core set of measures 
was later unanimously accepted by the ACR commit- 
tee. The core set is presented in Table 5. 

DISCUSSION 
In proposing this core set of outcome measures 

for rheumatoid arthritis clinical trials, we seek to 
promote uniformity in the measurement and reporting 
of outcomes in rheumatoid arthritis trials. Our en- 
deavor was facilitated by the methodologic investiga- 
tions into the validity, reliability, and sensitivity to 
change of outcomes in RA, which have been published 
during the last 5 years. 

The set of outcome measures chosen has con- 
tent validity, in that it samples from a broad range of 
improvement in RA, from the perspectives of both 
patient and clinician. It contains measures of symp- 
toms and measures which, independent of symptoms, 
may reflect the biology of the disease (swollen joints, 
acute-phase reactant levels). Also, the set consists of 
individual disease activity measures which are predic- 
tive of important outcomes in RA, such as disability, 
radiographic abnormalities, and overall premature 
death. Furthermore, each outcome measure is at least 
moderately sensitive to change. We did not select end 
points that are not likely to detect clinical improvement. 

One review of the sensitivity to change of RA 
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736 FELSON ET AL 

outcome measures in trials of disease-modifying anti- 
rheumatic drugs which was published after our meet- 
ings, corroborates our findings, and suggests that the 
tender joint count, patient’s report of pain and of 
functional status, and the ESR were the outcome 
measures most sensitive to change (16). Also, a re- 
cently published study of factors predicting the risk of 
disability in RA has confirmed that, among conven- 
tional disease activity measures, functional status is by 
far the most potent (46). 

Some outcome measures were selected for spe- 
cific reasons. For example, while the tender joint 
count and swollen joint count are correlated, improve- 
ment in one does not necessarily mean improvement in 
the other. Furthermore, while the tender joint count is 
generally more sensitive to change than is the swollen 
joint count, the number of swollen joints correlates 
better with later radiographic disease (either new 
abnormalities or progression of existing damage), and 
may be a better predictor of disability. 

Physical disability measures were chosen be- 
cause of their sensitivity to change and because they 
themselves are outcomes of importance. Furthermore, 
in RA, the patient’s physical disability status strongly 
predicts premature mortality and eventual physical 
disability. 

Physician’s and patient’s global assessments 
and patient’s report of pain were chosen, in part, 
because of their face validity and, in part, because 
these measures are among the most sensitive to 
change among RA outcomes. 

An acute-phase reactant should also be mea- 
sured. Those most frequently measured are the ESR 
and the C-reactive protein (CRP) level. Although the 
response of the ESR to different therapies is thought to 
be inconsistent, it is very sensitive to change among 
patients treated with second-line drugs, and it is a 
predictor of radiographic damage. The CRP level is 
also very sensitive to change in disease activity. 

While there were many published studies on 
criterion and discriminant validity, we found few pub- 
lished data about the redundancy of outcome mea- 
sures. This was an important issue if our goal was to 
avoid including 2 measures of essentially the same 
thing. We analyzed several large data sets from differ- 
ent sources to assess redundancy, but our results 
(some of which are depicted in Table 4) may not be 
generalizable to all trials. 

While this core set of outcomes should be 
included in all current trials, new RA outcome mea- 
sures may become important for future trials. Mea- 

surement of the patient’s valuation of functional im- 
provement (patient utilities) may be recommended. 
Psychosocial outcomes and economic costs of ther- 
apy, which include both actual costs of treatment and 
monitoring as well as toxicity costs, should be studied. 
In addition, reporting of the frequency and severity of 
medication side effects is critical, as is the description 
of any deaths that occur during a trial. 

Our advocacy of the general use of a uniform 
set of outcome measures is not intended to divert 
attention from other essential factors in the design of 
RA clinical trials. These include such matters as 
clearly defined trial objectives, selection of appropri- 
ate patients, and sufficient duration of the trial to 
achieve study objectives. We have begun using this 
core set of disease activity measures to develop crite- 
ria for clinical improvement in RA trials and to test 
combinations of these measures as end points. 

In conclusion, we propose a core set of disease 
activity measures to be used in rheumatoid arthritis 
clinical trials. We have also proposed specific ways of 
measuring each outcome. We hope that the wide 
acceptance of this core set of measures will lead to 
uniformity of measurement and reporting across rheu- 
matoid arthritis trials. 

RECOMMENDATION OF METHOD FOR 
ASSESSING EACH OUTCOME 

The ACR committee reviewed literature and 
analysis and came to consensus regarding specific 
ways to measure each outcome (see Table 6). We hope 
that this will further promote uniformity in trial assess- 
ment, but acknowledge that these specific methods 
may not be widely used in other regions of the world. 

While joint scores were not included as core 
outcomes, it was recommended that investigators in 
clinical trials assess and grade the tenderness of each 
joint, but ultimately report only whether each joint is 
tender or not tender. This encourages the observer to 
examine the joint more carefully than if only the 
presence or absence of tenderness is ascertained. The 
tender joint count correlates highly with the Ritchie 
articular index (48), which is widely used in Europe. 
Available information about limited joint counts sug- 
gests that they save time, with little, if any, decrease in 
sensitivity to change (49). If certain limited joint 
counts prove as capable of detecting change as do the 
full ACR counts, they may become appropriate sub- 
stitutes. 
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ACR CORE DISEASE ACTIVITY MEASURES FOR RA 

Table 6. ACR recommendations of specific ways to assess each disease activity measure in the core 
set* 

Disease activity 
m e a s u r e 

Method of 
assessment 

1. Tender joint count? 

2. Swollen joint count$ 

3. Patient’s assessment of pain 

4. Patient’s global assessment of 
disease activity 

5 .  Physician’s global assessment 
of disease activity 

6. Patient’s assessment of 
physical function 

7. Acute-phase reactant value 

ACR tender joint count (see ref. 47), an assessment of 68 
joints. The joint count should be done by scoring 
several different aspects of tenderness, as assessed by 
pressure and joint manipulation on physical 
examination. The information on various types of 
tenderness should then be collapsed into a single 
tender-versus-nontender dichotomy. 

ACR swollen joint count (see ref. 47), an assessment of 
66 joints. Joints are classified as either swollen or not 
swollen. 

A horizontal visual analog scale (usually 10 cm) or Likert 
scale assessment of the patient’s current level of pain. 

The patient’s overall assessment of how the arthritis is 
doing. One acceptable method for determining this is 
the question from the AIMS instrument: “Considering 
all the ways your arthritis affects you, mark ‘X’ on the 
scale for how well you are doing.” An anchored, 
horizontal, visual analog scale (usually 10 cm) should 
be provided. A Likert scale response is also 
acceptable. 

scale measure of the physician’s assessment of the 
patient’s current disease activity. 

Any patient self-assessment instrument which has been 
validated, has reliability, has been proven in RA trials 
to be sensitive to change, and which measures physical 
function in RA patients is acceptable. Instruments 
which have been demonstrated to be sensitive in RA 
trials include the AIMS, the HAQ, the Quality (or 
Index) of Well Being, the MHIQ, and the MACTAR. 

C-reactive protein level. 

A horizontal visual analog scale (usually 10 cm) or Likert 

A Westergren erythrocyte sedimentation rate or a 

737 

* ACR = American College of Rheumatology (formerly, the American Rheumatism Association); 
AIMS = Arthritis Impact Measurement Scales; HAQ = Health Assessment Questionnaire; MHIQ = 
McMaster Health Index Questionnaire; MACTAR = McMaster Toronto Arthritis Patient Preference 
Disability Questionnaire. 
t The 68 joints to be examined for tenderness are: temporomandibular (n = 2), sternoclavicular (n = 
2), acromioclavicular (n = 2), shoulder (n = 2), elbow (n = 2), wrist (n = 2), metacarpophalageal (n 
= lo), interphalangeal of thumb (n = 2), distal interphalangeal (n = 8), proximal interphalangeal (n = 
8), hip (n = Z), knee (n = 2), ankle mortise (n = 2), ankle tarsus (n = 2), metatarsophalangeal (n = lo), 
interphalangeal of great toe (n = 2), and proximal/distal interphalangeal of the toes (n = 8). 
$ The 66 joints to be examined for swelling are the same as those examined for tenderness, except the 
hip joints are not included. 

For the assessment of the patient’s level of pain 
and the patient’s and physician’s global assessments of 
disease activity, visual analog scales and Likert de- 
scriptive scales were found to be similarly sensitive to 
change (50). The committee recommended that change 
scores or measures of change (e.g., “Have you no- 
ticed a change since starting the trial?”) not be utilized 
in clinical trials because their validity and reliability 
have not yet been fully demonstrated. Furthermore, in 
a long trial, patients may not accurately recall their 
status at trial onset. Rather, the committee recom- 
mended that current pain and current global assess- 

ments (e.g., “How is the patient doing today?”) be 
ascertained both before and after treatment. 

Physical function should be assessed by patient 
self-report. Several instruments, which either focus 
entirely on physical function (short HAQ, Toronto 
Functional Capacity Questionnaire, Lee Functional 
Status Questionnaire, McMaster Toronto Arthritis Pa- 
tient Preference Disability Questionnaire [MACTAR]) 
or contain questions about physical function, have 
been found to be highly valid and reliable. The group 
recommended only those instruments which have 
demonstrated sensitivity to change in RA clinical 
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738 FELSON ET AL 

trials. At present, these instruments are the HAQ (39), 
the AIMS (40,51,52), the Quality of Well-Being Ques- 
tionnaire (38), the McMaster Health Index Question- 
naire (53,54), the MACTAR ( 5 4 3 3 ,  and the Toronto 
Functional Capacity Questionnaire (56). For compre- 
hensive functional status measures, the physical func- 
tion portions of these instruments, and not necessarily 
the entire instruments, are recommended as core 
outcome measures. We, of course, recognize that the 
validity of these separate portions of instruments 
which assess more than just physical function may 
differ from the validity of the overall instrument. Of 
these instruments, the MACTAR ( 5 3 ,  which focuses 
on selected patient-specific functional priorities, may 
be especially sensitive to change (54), but because it 
does not necessarily sample functions which may 
deteriorate, it may best be used to complement con- 
ventional functional status instruments. Other instru- 
ments that may yet be found to be sensitive to change 
in RA trials could also be used. 

To assess acute-phase reactants, investigators 
should measure the ESR, using the method of West- 
ergren, or the CRP level. 
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