Relative Efficiencies of Physician/Assessor Global
Estimates and Patient Questionnaire Measures Are
Similar to or Greater Than Joint Counts to Distinguish
Adalimumab from Control Treatments in Rheumatoid
Arthritis Clinical Trials
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ABSTRACT. Objective. To estimate relative efficiencies of the 7 rheumatoid arthritis (RA) Core Data Set measures
to distinguish adalimumab from control treatments in 4 clinical trials.
Methods. Four adalimumab clinical trials were analyzed for arithmetic and percentage changes for each
Core Data Set measure from baseline to endpoint: 3 assessor/physician measures — swollen joints, tender joints, and global estimate; 1 laboratory test — C-reactive protein; and 3 patient measures — physical function, pain, and global estimate. Relative efficiencies of each measure to distinguish adalimumab from control group responses were assessed, with tender joint count as the referent measure.
Results. Relative efficiencies were in a similar range for physician/assessor, patient, and laboratory
measures, with some variation between trials. Among physician/assessor measures, relative efficiencies
for global estimates were greater than for swollen and tender joint counts in 8/8 comparisons. Among
patient measures, relative efficiencies for global estimates were greater than for physical function and
pain scores in at least 6/8 comparisons. Among all measures, relative efficiencies for patient global estimates were greater than for swollen joint counts in 5/8 comparisons, and for tender joint counts in 8/8
comparisons.
Conclusion. Patient and physician/assessor measures distinguished adalimumab from control treatment
groups in similar ranges. Among all measures, physician/assessor global estimate was most efficient,
and tender joint count least efficient, in all 4 trials. This information suggests that while joint counts are
the most specific measure to assess RA, their sensitivity to detect treatment effects in patients with RA
is generally no greater, and usually less, than other measures. (First Release Nov 15 2007; J Rheumatol
2008;35:201–5)
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No single measure, such as blood pressure or serum cholesterol, can serve as a quantitative “gold standard” to assess
individual patients with rheumatoid arthritis (RA). Therefore,
pooled indices such as the American College of Rheumatology (ACR) Core Data Set1, Disease Activity Score (DAS)2,
simplified Disease Activity Index (SDAI)3, and clinical
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RANDOMIZED CONTROLLED TRIAL
PATIENT INDEX

Disease Activity Index (CDAI)3 have been developed. All
these indices include a formal joint count.
The joint count is the most specific measure to evaluate
patients with RA4, and is regarded by rheumatologists as the
most important measure in RA assessment5. However, joint
counts are poorly reproducible6-10, and usually are not performed in standard rheumatology care11. Further, in analyses
of the relative efficiencies of individual measures in the RA
Core Data Set to distinguish active from control treatments,
only one reported that a tender joint count12 was the most efficient measure, while 5 other reports indicated that a physician
or patient estimate of global status or other patient questionnaire measure was as efficient as or more efficient than
swollen and tender joint counts to distinguish active from
placebo treatments13-17.
These observations suggested that further information concerning relative efficiencies of individual measures included
in RA indices would be of value to better understand their performance in indices, and their possible use in regular clinical
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care. Therefore, we analyzed 4 adalimumab clinical trials for
relative efficiencies of the 7 RA Core Data Set measures to
distinguish active from control treatments, as presented in this
report.
MATERIALS AND METHODS

Clinical data from the adalimumab and control arms of 4 clinical trials were
analyzed: ARMADA (DE009)18 and DE01919 — adalimumab plus
methotrexate (MTX) versus placebo plus MTX; DE01120 — adalimumab
monotherapy versus placebo; and STAR (DE031)21 — adalimumab plus
other traditional disease modifying antirheumatic drugs (DMARD) versus
placebo plus traditional DMARD. Analyses of all 4 trials were performed at
24 weeks, although 2 trials were conducted over longer periods, so that comparisons of relative efficiencies would be based on similar periods. If 24-week
data were not available, the last observation that was not beyond the latest
visit during the 24-week time period with sufficient information to determine
ACR 20% response (ACR20) was analyzed. Patients were excluded if any
Core Data Set measure was missing at baseline or if no observation was available during the 24-week time period post-baseline — seen in fewer than 2%
of instances.
Relative efficiencies of each of the 7 RA Core Data Set measures were
calculated using the methods described by Tugwell, et al15. Arithmetic
changes were calculated as differences between mean values for each measure at baseline and endpoint for each treatment group. The standard effect
size was the ratio of the difference between the means for the adalimumab
and control arms (numerator) to the corresponding calculated standard deviation from analysis of variance for the 2 treatment groups (denominator).
Relative efficiency for each Core Data Set measure was obtained by dividing the square of its standard effect size by the square of the standard effect
size of the tender joint count as the referent measure, as described by
Tugwell, et al15.
In addition to arithmetic changes described by Tugwell, et al15, percentage changes for each Core Data Set measure were computed for each individual patient from baseline to endpoint. Percentage change had 0% assigned
for measures with “0” at baseline; “–100%” was assigned for measures with
worsening more extensive than 100% — also observed in fewer than 2% of
instances. Percentage changes may provide further clarification of the relative
efficiencies of each measure, as the percentage changes have the same range
of –100% to 100% for all Core Data Set measures. Further, ACR improvement criteria22 are based on percentage improvement, so that computation of
relative efficiencies for percentage changes of the individual measures may be
more pertinent to interpretation and reporting of clinical trial results than relative efficiencies for arithmetic changes. Baseline adjusted mean values for
percentage changes for each measure were calculated for each treatment
group through the use of analysis of covariance (ANCOVA). For percentage
change, the standard effect size was computed as the ratio of the baselineadjusted difference between the mean percentage changes for the adalimumab and control arms from ANCOVA (numerator) to the corresponding estimated standard deviation from ANCOVA (denominator). Relative efficiencies
were obtained from the standard effect sizes in the same manner as for arithmetic improvement.

RESULTS
Each ACR Core Data Set measure was improved significantly more from baseline to endpoint in the adalimumab versus
control groups in all trials (Table 1). Relative efficiencies were
in similar ranges for physician/assessor, patient, and laboratory measures in all 4 trials (Table 2A). Differences were seen
from one trial to another, but no single RA Core Data Set
measure stood out as substantially more efficient than the others. This finding supports the use of indices to assess RA.
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Relative efficiencies according to arithmetic changes were
greatest for physician/assessor global estimate in all 4 trials
(Table 2A, Figure 1). Among physician/assessor measures,
relative efficiencies for global estimates were greater than for
tender or swollen joint counts in all 4 trials. Among patient
measures, relative efficiencies were greater for global estimates than for physical function or pain in 3 of the 4 trials.
Relative efficiencies for patient global estimates were also
greater than for swollen joint counts in 2 of 4 trials, and for
tender joint counts in all 4 trials.
Relative efficiencies according to percentage changes,
adjusted for baseline values, were greatest for C-reactive protein (CRP) in 3 trials, and for patient global estimate in the
STAR trial (Table 2B, Figure 1). However, relative efficiencies for CRP were not substantially different from other measures, except in ARMADA (Table 2B, Figure 1). Relative efficiencies for physician/assessor global estimates again were
greater than for tender or swollen joint counts in all 4 trials.
Relative efficiencies for patient global estimates were greater
than for pain in all 4 trials, for physical function and swollen
joint count in 3 of 4 trials, and for tender joint count in all 4
trials.
As illustrated in Table 2, the 3 highest relative efficiencies
among the 7 RA Core Data Set measures were seen for assessor global estimate in 8 of 8 comparisons, patient global estimate and CRP in 4 of 8, physical function and pain in 3 of 8,
swollen joint count in 2 of 8, and tender joint count in 0 of 8
comparisons. Relative efficiencies compared to the tender
joint count were greater for assessor global estimate and
patient global estimate in 8 of 8 comparisons, swollen joint
count in 6 of 8 comparisons, and CRP, physical function and
pain in 5 of 8 comparisons. Relative efficiencies compared to
the swollen joint count were greater for assessor global estimate in 8 of 8, physical function in 6 of 8, pain and patient
global estimate in 5 of 8, CRP in 3 of 8, and tender joint count
in 2 of 8 comparisons.

DISCUSSION
The observations presented in this report appear similar to
those of previous reports of relative efficiencies in RA clinical
trials13-17 in 2 respects: (1) No single core data set measure
was substantially more efficient than any other measure. (2) In
particular, joint count measures, the most specific measure in
RA4, appear to be no more sensitive and generally less efficient to detect differences in responses to active versus control
treatments. Several differences seen in the 4 different adalimumab clinical trials and in previous reports of other trials
appear instructive regarding the rationale for an index of multiple measures to assess patients with RA.
Each individual RA Core Data Set measure distinguished
adalimumab from control treatment groups in similar ranges
for both arithmetic and percentage differences. The details
concerning variation are far less important than the evidence
reported here and by others12-17 that joint count measures are
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Table 1. Baseline and endpoint means for adalimumab and control treatment with treatment differences for arithmetic-change means and percentage-change
adjusted means (and their standard errors) in 7 ACR Core Data Set measures in 4 clinical trials.
Trial Measures

ARMADA
Tender joint count (0–28)
Swollen joint count (0–28)
Assessor global estimate (0–10 VAS)
C-reactive protein (mg/dl)
Physical function (HAQ)
Pain (0–10 VAS)
Patient global estimate (0–10 VAS)
DE011
Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate
DE019
Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate
STAR
Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate
Total
Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate

Adalimumab
Baseline
Endpoint
13.9
11.8
5.9
21.3
1.6
5.3
5.7

6.4
4.7
2.8
5.7
0.9
2.8
2.7

17.7
14.3
6.7
52.9
1.8
7.0
7.3

10.5
9.6
4.0
30.6
1.5
4.2
4.4

14.8
13.7
6.0
15.5
1.4
5.5
5.4

6.7
7.4
2.9
9.9
0.9
3.2
3.0

14.2
13.0
6.2
18.2
1.5
5.6
5.2

15.0
13.4
6.2
22.9
1.5
5.8
5.7

5.2
5.2
2.4
8.3
0.9
2.7
2.5

6.8
6.9
2.9
12.5
1.0
3.2
3.1

Control
Baseline
Endpoint
14.6
11.0
5.9
31.0
1.6
5.7
5.8

17.8
14.1
6.8
57.5
1.9
7.0
7.2

15.3
13.5
6.1
17.3
1.5
5.6
5.4

14.8
14.0
6.0
15.4
1.4
5.6
5.3

15.4
13.6
6.1
24.1
1.5
5.8
5.7

11.8
9.1
5.2
31.0
1.4
4.9
4.9

Differences in Groups in Change from Baseline
Arithmetic Diff+
Percentage Diff+
5.0 (1.5)
5.5 (1.1)
2.5 (0.4)
16.5 (3.5)
0.4 (0.1)
1.7 (0.5)
2.1 (0.5)

14.2
12.6
5.8
54.3
1.8
5.9
6.0

3.7 (1.2)
3.2 (0.8)
1.8 (0.4)
18.7 (5.4)
0.3 (0.1)
1.7 (0.4)
1.8 (0.4)

9.8
10.3
4.1
13.6
1.2
4.6
4.3

3.2 (0.6)
2.6 (0.5)
1.3 (0.2)
3.5 (1.4)
0.3 (0.04)
1.3 (0.2)
1.4 (0.2)

9.7
9.5
4.0
13.5
1.2
4.3
4.2

10.6
10.3
4.5
22.1
1.3
4.8
4.6

3.4 (0.7)
3.6 (0.6)
1.6 (0.2)
8.9 (2.4)
0.3 (0.1)
1.5 (0.3)
1.5 (0.3)

3.5 (0.4)
3.3 (0.3)
1.6 (0.1)
8.7 (1.3)
0.3 (0.03)
1.5 (0.2)
1.6 (0.2)

ACR: American College of Rheumatology; HAQ: Health Assessment Questionnaire; VAS: visual analog scale.

not associated with greater relative efficiencies compared to
the other Core Data Set measures. Indeed, in our study, relative efficiencies of the tender joint counts were lowest in all 4
trials, and of the swollen joint counts in the range of patient
questionnaire scores.
Several limitations are seen in these studies. First, the data
were derived from clinical trials, which involve only a small
minority of all patients, on the basis of inclusion and exclusion criteria23,24. For example, the erythrocyte sedimentation
rate or CRP is normal in 40% of patients with RA25,26, many
of whom are excluded from clinical trials. Second, in clinical
trials, patients are informed that they will be randomized to

42.6 (9.7)
41.2 (8.3)
41.9 (7.0)
79.7 (9.3)
25.0 (7.7)
28.5 (9.0)
37.7 (8.5)

22.5 (6.6)
20.0 (6.4)
29.3 (5.6)
39.2 (7.3)
18.9 (4.5)
27.6 (5.7)
27.8 (5.6)

28.3 (4.3)
30.0 (4.5)
26.5 (3.6)
38.1 (4.7)
27.2 (3.9)
29.1 (4.6)
33.1 (4.7)

22.8 (3.7)
19.0 (3.5)
21.4 (3.1)
19.5 (3.7)
19.6 (3.3)
25.0 (3.9)
27.6 (3.9)

26.2 (2.5)
24.6 (2.4)
26.0 (2.1)
33.9 (2.7)
22.1 (2.1)
26.9 (2.5)
30.1 (2.5)

active or control treatment regimens, rather than assigned an
efficacious therapy chosen by a physician. Third, data concerning relative efficiencies remain available for only a few
clinical trials; similar analyses of additional trials would
appear to be of value.
The swollen and tender joint counts remain the most specific measures to depict the status of a patient with RA4,5. The
lower relative efficiency of joint count measures compared to
other measures in no way suggests that a careful joint examination should not be included as a primary activity in any
encounter of a patient with RA and a rheumatologist.
However, quantitative joint counts are not performed by most
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Table 2. Relative efficiencies (t-statistic) of measures to distinguish adalimumab from control treatment in 4 clinical trials based on analysis of variance for
arithmetic change from baseline to endpoint and analysis of covariance for percentage change from baseline to endpoint.
A. Arithmetic Change

Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate
B. Percentage Change

Tender joint count
Swollen joint count
Assessor global estimate
C-reactive protein
Physical function (HAQ)
Pain
Patient global estimate

ARMADA

DE011

1.00 (3.43)
2.20 (5.09)
2.72 (5.66)
1.86 (4.68)
0.94 (3.34)
0.92 (3.28)
1.48 (4.17)

1.00 (3.04)
1.55 (3.78)
2.65 (4.95)
1.30 (3.46)
1.60 (3.84)
2.12 (4.42)
2.14 (4.44)

1.00 (4.40)
1.27 (4.96)
1.84 (5.98)
3.89 (8.59)
0.55 (3.25)
0.52 (3.17)
1.02 (4.45)

1.00 (3.42)
0.83 (3.12)
2.38 (5.27)
2.46 (5.35)
1.53 (4.22)
2.01 (4.84)
2.14 (5.00)

ARMADA

DE011

DE019

STAR

1.00 (4.74)
1.42 (5.65)
2.06 (6.81)
0.60 (3.66)
1.52 (5.85)
1.48 (5.77)
1.36 (5.54)

1.00 (5.38)
1.12 (5.70)
1.66 (6.93)
0.22 (2.51)
1.27 (6.05)
1.17 (5.82)
1.43 (6.44)

1.00 (6.60)
1.02 (6.68)
1.26 (7.42)
1.50 (8.12)
1.13 (7.04)
0.92 (6.35)
1.13 (7.02)

1.00 (6.15)
0.80 (5.50)
1.26 (6.89)
0.72 (5.22)
0.94 (5.96)
1.11 (6.49)
1.33 (7.08)

DE019

No. of Relative Efficiencies
Greater than Tender
Joint Count

STAR

The 3 measures showing the highest relative efficiencies are shown in bold type. NA: not applicable.

NA
4/4
4/4
2/4
3/4
3/4
4/4

NA
2/4
4/4
3/4
2/4
2/4
4/4

No. of Relative Efficiencies
Greater than Swollen
Joint Count
0/4
NA
4/4
0/4
3/4
3/4
2/4

2/4
NA
4/4
3/4
3/4
2/4
3/4

Figure 1. Relative efficiencies of 7 Core Data Set measures to distinguish adalimumab from control treatment in 4 clinical trials according to arithmetic and percentage changes.
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rheumatologists at most visits11, and formal nonquantitative
joint assessments may be adequate to monitor patients in a
busy clinical care setting. Quantitative monitoring may be
accomplished more easily, reliably and efficiently in standard
care using patient questionnaires to assess physical function,
pain, and patient estimate of global status. Patient questionnaires are easily completed, are at least as sensitive to treatment effects as formal joint counts (and often more sensitive),
add minimal burden to the rheumatologist, and might be considered for the infrastructure of a standard care assessment27.
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