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Subjective patient based health outcome measures are now
widely used in rheumatology, partly because they reflect
aspects of disease that are most important to the patient, but
also because they have been validated and appear to provide
outcome data at least as reliable as the more traditional
physician reported data such as joint counts1,2. Some are
disease-specific and some generic. The modified Health
Assessment Questionnaire (MHAQ) has been widely used
to assess functional status in patients with rheumatic
diseases3-5, while the Medical Outcomes Study Short Form
36 (SF-36) is an often-used generic health status
measure3,4,6-11. These generic measures have become critical
to assess and describe cost effectiveness, and are often
known as measures of health related quality of life,
HRQOL, or more simply QOL. They allow comparison of
outcomes across disease states and can be used in policy
decisions. A further development introduced by medical

technology assessment has increased the demand for prefer-
ence based health status measures for application in cost
utility analysis12,13. Attaching economic value to quality of
life rests on game theory, so that a patient preference based
measure of “utility” of health states is intrinsic to an assess-
ment of life quality12-14. Other measures have been devised
to simulate this, but the standard gamble remains the classic
format12. Here, a patient is asked to choose between their
current health state and a lottery that offers, say, a 90%
chance of complete health, but a 10% chance of immediate
death. The odds may be changed in either direction to find
an equivalence point between 0 and 1. Other techniques of
utility measurement are the time tradeoff (not used here
directly)15 and the rating (or feeling) thermometer. It is
important to know if treatment interventions that have been
shown to be efficacious using conventional approaches
result in meaningful improvement as reflected by generic
quality of life measures8,4.

The SF-36 has been validated in healthy and diseased
populations6 and in patients with rheumatoid arthritis
(RA)7,9, although one report suggested it was not as sensi-
tive to change in patients with RA as other similar, generic
measures16, and we found it insensitive in revealing
improvement after isolated treatment of carpal tunnel
syndrome in patients with RA17. Although the SF-36 was
not designed specifically for use in economic evaluation, a
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preference based algorithm for the SF-36 has recently been
derived to form the SF-6D18. The EuroQol (EQ-5D) is a
widely used preference based generic tool designed for eval-
uating health and can be used in cost-utility analysis16,19.
There are many intrinsic assumptions, especially in calcula-
tions of derivatives based on these, i.e., quality adjusted life
years (QALY), that are still controversial13,20. However,
these measures are now used in clinical trials, although not
yet routinely in clinical practice.

These generic measures do not assess functional changes
directly, but rather how these changes affect a patient in
their daily life3,13,21. We assessed the variability of some of
these measures in patients with clinically stable RA, and
compared this to the changes seen in patients successfully
treated with an anti-tumor necrosis factor agent, infliximab.
This should allow us, under optimal practice conditions, to
assess the smallest detectable difference (SDD) and to see if
improvement is adequately reflected in QOL or utility
measures in clinical practice22.

MATERIALS AND METHODS
Patients. The samples consisted of 2 groups of patients attending a rheuma-
tology clinic at the University of Alberta between 1999 and 2001. Group 1
included clinically stable patients taking gold or methotrexate (MTX) treat-
ment attending the clinic for blood test monitoring. All had English as their
first language. Patients volunteered as a result of a notice that was
displayed. This group was used to estimate the test-retest reliability for
each outcome measure at 2 consecutive visits roughly 3 weeks apart. Prior
to the second assessment it was confirmed that no change in therapy had
been introduced. This factor was used as a pragmatic definition of both
stable and acceptable disease control. Group 2 comprised patients with RA,
all of whom had been taking MTX for at least 6 months, but who were to
start taking infliximab because of persistent active disease. They were
assessed before treatment and at 14 weeks of followup, at the time of their
fourth infusion (3 mg/kg rounded up to the nearest 100 mg). Face-to-face
interviews by an experienced interviewer were used to collect standard
gamble utility scores using the rotating wheel chance board (Supplied by R.
Zazulak, Health Utilities Inc., Toronto, Ontario, Canada) as described12.
Questionnaires assessing the following outcome measures were completed
by the patients while they attended the clinic. This group of patients there-
fore had a level of disease activity, deemed unacceptably high, at their first
assessment.

Pain. Self-rated pain over the past week was measured on a 100 mm visual
analog scale (VAS) with anchors of 0 “no pain” and 100 “pain as bad as it
could be.”

Health status. The SF-36 consists of 36 items. Eight subscale scores are
derived from the summation of item scores and transformed to a 0 to 100
scale, with higher numbers representing better health. The physical health
subscales include physical functioning, role physical, bodily pain, and
general health. The mental health subscales include vitality, social func-
tioning, role emotional, and mental health. The SF-36 also includes 2
aggregate scores, the physical component summary (PCS) and the mental
component summary (MCS)6,23.

The SF-6D is a 6 dimensional health status classification system based
on 11 items from the SF-3624. Health states were valued using standard
gamble from a representative sample of respondents from the UK24. The
summative weighted score, the SF-6D index, ranges from 0.26 to 1.0. The
EQ-5D consists of 5 items graded 1 (no problem), 2 (some or moderate
problems), or 3 (unable or extreme problems). Weights were derived using
time tradeoff methods19,25. The sum of the weighted items results in a single

summary score, the EQ-5D index, which ranges from –0.59 to 1. Both the
SF-6D and the EQ-5D provide a measure of health status to which full
health is assigned a value of 1 and death a value of 0. The EQ-5D self-rated
“thermometer” is a visual analog scale (EQ-VAS) indicating a patient’s
own assessment of their health state. It ranges from 0 (worst imaginable
health state) to 100 (best imaginable health state).

Functional status. The MHAQ consists of questions measuring dressing,
arising, eating, walking, hygiene, reach, grip, and activities. Scores range
from 0 (no difficulty) to 3 (unable to do). The summary score, the mean of
all of the items, ranges from 0 (no difficulty) to 3 (unable to do).

Other measures collected for Group 2 included the number of swollen
and tender joints, C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), and hemoglobin (Hb).

Statistical analysis. Test-retest reliability was estimated for each tool using
the intraclass correlation coefficient (ICC). The ICC combines information
from the relative ordering of different cases as well as mean differences.
The ICC ranges from 0 to 1, a higher ICC indicating better reproducibility.

Responsiveness was defined26 as “the ability of an instrument to accu-
rately detect change when it has occurred.” It was assessed for each health
measure using the paired t test, effect size, and standardized response mean
(SRM). Effect size was calculated by dividing the mean difference by the
standard deviation (SD) at baseline. The SRM was calculated by dividing
the mean difference by the SD of difference scores27. As well as assessing
responsiveness at the group level, it is also important to assess the SDD at
the individual level28. The standard error of measurement (SEM) is a func-
tion of both the reliability of a score and the SD of scores and gives us an
indication of how much we would expect an individual’s score to vary from
one occasion to another when there is no actual change in clinical function
or health status. It was computed by taking the square root of 1 minus the
reliability, and multiplying the results by the SD of baseline scores for the
stable group. A 95% confidence interval (CI) using 2 SEM was used to
define the lower boundaries of potentially meaningful change for individ-
uals29. The Bland-Altman limits of agreement have also been used to esti-
mate minimum boundaries for meaningful change28,30. Ninety-five percent
limits of agreement based on the stable group (1.96 × SD of difference
score) were used to define a lower boundary for the SDD. The percentage
of cases that improved for each outcome measure was compared using each
method.

To test the ability of each measure to discriminate between groups,
mean changes in health outcomes were compared in 2 subgroups of patients
taking infliximab based on (1) clinical improvement in self-rated pain, and
(2) improvement in both swollen and tender joint counts. For the first
analysis, patients were split into 2 groups based on improvement of more
than 2 SEM on self-reported pain: those that were “better” and those that
were “the same or worse.” For the second analysis, patients were split into
2 groups based on those that met and did not meet the American College of
Rheumatology (ACR) criteria for a 20% or greater improvement in both
swollen and tender joint counts. To control for type 1 error, multivariate
analysis of variance (MANOVA) was used to assess the overall mean
differences between the subgroups for the health outcome measures.
Dependent health status measures were divided into conceptually similar
groups: physical, mental, and overall health status. If statistical significance
was reached, univariate tests were completed on each of the outcome
measures. We hypothesized that improvement in health outcomes would be
greater in the “better” group than in the “same or worse” group. A 0.05
level of significance was used for all statistical analysis.

RESULTS
Group 1 (stable patients). The test-retest sample consisted
of 24 clinically stable patients with scores on all measures.
Table 1 shows the ICC and SEM for each measure. ICC
ranged from 0.50 to 0.92. The values were not significantly
different between the first and second measurements except
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for pain, which had decreased by a small, but significant
amount. SEM ranged from 0.07 (SF-6D) to 0.10 (EQ-5D)
for the preference based measures, and from 7.05 (mental
health) to 24.78 (role emotional) for the SF-36 subscales.
Ninety-five percent CI were used to estimate the boundaries
for potential meaningful change. For example, for the
MHAQ, a change greater than 0.27 (1.96 * SEM) would
have less than a 5% chance of being change due to chance
alone. Bland-Altman limits of agreement were consistently
larger than the estimated boundaries based on the SEM. For
example, for the SF-6D a difference score greater than 0.14
would be considered a change using 2 SEM, compared with
a change greater than 0.18 using the limits-of-agreement
approach.

Group 2 (infliximab patients). Eighty-four patients taking
infliximab had baseline data. Of these, 77 had time 2 data
(i.e., 14 weeks) and 60 had sufficient data elements to calcu-
late all of the health status indices. Standard gamble was
collected on only 24 of the patients and was not used in the
MANOVA. Baseline measures of function and health status
reflected the high degree of disability in this group (MHAQ
mean 1.25). They were clearly more severely affected than
the stable group, and the MHAQ and pain scores put them
in the most severe quartile based on the data from the
National Databank for Rheumatic Diseases31. Patients
reported low mean SF-36 subscale scores on pain, physical
functioning, role physical, and vitality (Table 2). For the
utility measures, mean EQ-5D index scores (0.43) were 12
points below the SF-6D index (0.55), while mean standard

gamble scores were the highest (0.69). The EQ-5D index
had a bimodal distribution compared with the more
symmetric distribution of the SF-6D and the slightly nega-
tively skewed distribution of the standard gamble. For the
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Table 1. Baseline descriptive statistics, intraclass correlation coefficients (ICC), and standard error of measure-
ment (SEM) for Group 1 (stable disease group).

Measures* Mean SD ICC SEM SD Diff**

Pain 24.75 23.03 0.76 11.28 17.37
MHAQ 0.46 0.41 0.89 0.14 0.20
EQ-5D† 0.70 0.18 0.66 0.10 0.17
SF-6D† 0.70 0.13 0.72 0.07 0.09
Standard gamble† 0.82 0.15 0.73 0.08 0.14
EQ VAS 67.85 19.55 0.57 12.82 16.13
SF-36 PCS 32.10 10.93 0.87 3.94 5.12
SF-36 MCS 56.54 11.90 0.63 7.24 8.46
SF-36 subscales

BP 58.60 19.52 0.59 12.50 17.78
PF 47.25 25.31 0.92 7.16 10.48
GH 46.40 21.32 0.71 11.48 14.62
RP 38.75 40.94 0.86 15.32 22.80
VT 52.00 23.75 0.80 10.62 14.44
RE 83.33 35.04 0.50 24.78 34.20
SF 76.25 24.64 0.53 16.89 23.04
MH 82.20 15.38 0.79 7.05 9.26

* MHAQ: Modified Health Assessment Questionnaire; PCS: Physical Component Summary Scale; MCS:
Mental Component Summary Scale; BP: bodily pain; PF: physical functioning; GH: general health; RP: role
physical; VT: vitality; RE: role emotional; SF: social functioning; MH: mental health.
** Standard deviation of difference scores used in the calculation of Bland-Altman limits of agreement.
† Preference based.

Table 2. Descriptive statistics at baseline for Group 2 (infliximab) (n = 60).

Measures* Mean SD Minimum Maximum

Pain 57.05 22.63 1.00 100.00
MHAQ 1.25 0.65 0.00 3.00
EQ-5D 0.43 0.30 –0.36 1.00
SF-6D 0.55 0.07 0.38 0.80
Standard gamble† 0.69 0.25 0.10 0.95
EQ VAS 50.12 17.56 5.00 85.00
SF-36 PCS 24.66 8.08 9.86 46.79
SF-36 MCS 46.58 11.16 22.71 63.00
SF-36 subscales

BP 33.48 15.77 0.00 74.00
PF 26.90 20.01 0.00 85.00
GH 41.86 19.29 6.25 82.00
RP 7.92 18.69 0.00 75.00
VT 28.64 16.40 0.00 60.00
RE 50.00 46.13 0.00 100.00
SF 48.96 23.39 0.00 100.00
MH 67.69 20.01 12.00 96.00

* MHAQ: Modified Health Assessment Questionnaire; PCS: Physical
Component Summary Scale; MCS: Mental Component Summary Scale;
BP: bodily pain; PF: physical functioning; GH: general health; RP: role
physical; VT: vitality; RE: role emotional; SF: social functioning; MH:
mental health.
† Only 24 of the 60 patients completed the standard gamble.
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EQ-5D index, a gap of 0.16 points existed between those
with and without a 3 level on any one dimension. Mean EQ-
5D VAS scores, a self-reported global assessment of health
status, were 50.12.

For the infliximab group, all mean laboratory values
changed significantly in the expected direction: mean CRP
and ESR values decreased by 12.97 and 6.38, respectively,
and mean Hb increased by 6.40 g/l. All health outcome
measures improved significantly from baseline to 14 weeks
following initiation of treatment (Table 3). Based on
conventional interpretations of effect size of small (0.2),
medium (0.5), and large (0.8)32, large effect sizes were seen
with pain, the SF-6D, EQ-VAS, SF-36 PCS, and both phys-
ical and mental health SF-36 subscales (Table 3). The EQ-
5D improved by 0.20 and the SF-6D by 0.10, while the
SF-6D had the larger effect size. SRM tended to be lower
than the effect sizes but followed a similar pattern. The
percentage of patients that improved using 2 SEM ranged
from 18% (SF-36 MCS) to 58% (MHAQ). Ninety-five
percent limits of agreement based on the Bland-Altman
limits of agreement were generally wider than the ICC
based on 2 SEM.

Patients were divided into 2 groups based first on change
in their self-reported pain. The better group was defined as
those that improved more than 2 SEM from baseline. The
“unchanged” group were those that improved less than 2
SEM. Three patients reported worse pain (a decline > 2

SEM from baseline) but were combined with the
“unchanged” group. Mean changes for CRP and ESR were
significantly different between the 2 groups (Table 4).
Analysis of variance showed that the SF-36 PCS and MCS
improved significantly more for the “better” group than the
unchanged (i.e., the same or worse) group (Table 5). Using
MANOVA, patients in the “better” pain group improved
significantly more on physical status measures [F (5, 54) =
5.70, p = 0.000] and the utility measures [F (3, 56) = 5.29, 
p = 0.003] than did patients in the “same or worse” group.
Univariate tests showed that all physical status and generic
measures differentiated between the 2 groups except SF-36
general health. Mean differences between the 2 groups for
the 2 utility measures were 0.10 (SF-6D) and 0.17 (EQ-5D).
There were no significant differences between groups for
the SF-36 mental health subscales, although difference
scores were consistently greater for the “better” group.

To compare changes in outcome measures for 2 groups
based on a more physician centered measure, patients were
split into 2 groups based on a 20% improvement in both
their tender and swollen joint counts. The 2 groups of
patients were equivalent at baseline in the number of tender
and swollen joint counts. Using t tests, mean changes for Hb
and ESR were significantly different between the 2 groups
(Table 4). Chi-square analysis showed no significant rela-
tionship between improvement in joint counts and improve-
ment in pain. Although the physical health status measures
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Table 3. A comparison of responsiveness indices for outcome measures for Group 2 (infliximab) (n = 60).

Measures* Mean Effect SRM Percentage Percentage Improved
Change** Size Improved by 95%, Bland-Altman

> 2 SEM Limits of Agreement

Pain 24.39†† 1.08 0.93 52 35
MHAQ 0.40†† 0.62 0.74 58 48
EQ-5D 0.20†† 0.67 0.64 43 27
SF-6D 0.10†† 1.40 0.87 35 25
Standard gamble*** 0.12†† 0.49 0.43 33 21
EQ VAS 17.38†† 0.99 0.90 37 25
SF-36 PCS 8.62†† 1.07 0.94 48 37
SF-36 MCS 4.69†† 0.42 0.42 18 10
SF-36 subscales

BP 19.63†† 1.24 0.84 40 22
PF 17.67†† 0.88 1.01 57 40
GH 11.23†† 0.58 0.70 27 13
RP 26.25†† 1.40 0.68 37 37
VT 21.11† 1.29 0.94 50 40
RE 13.89† 0.30 0.28 23 10
SF 18.96†† 0.81 0.68 40 18
MH 6.81†† 0.34 0.35 32 17

* MHAQ: Modified Health Assessment Questionnaire; PCS: Physical Component Summary Scale; MCS: Mental
Component Summary Scale; BP: bodily pain; PF: physical functioning; GH: general health; RP: role physical;
VT: vitality; RE: role emotional; SF: social functioning; MH: mental health.
** Absolute mean changes with results of paired t tests. † p < 0.05; †† p < 0.001. All mean changes are all in
expected direction (improved).
*** Only 24 of the 60 patients completed the standard gamble. SRM: standardized response mean. SEM: stan-
dard error of measurement.
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showed a consistent trend of greater improvement in the
group that improved by 20% or greater, MANOVA showed
no significant differences in outcome measures between
groups (Table 5). 

DISCUSSION
Our objective was to assess the relative responsiveness to
change in a clinical study of several patient centered
outcome measures in individuals with RA. We used the
pragmatic definition of responsiveness of deBruin, et al26:
“The accurate detection of change when it has occurred.”
We used a group of patients before and 14 weeks after initi-
ation of therapy with infliximab. This was chosen because
published experience33 as well as our own has shown that
patients generally respond well to this regime as measured
by objective criteria, e.g., joint counts and radiologic stabi-
lization. As reviewed by Beaton, et al29 our aim was to
determine if, in practice, the measures could readily detect
such differences that were recognized to be clinically impor-
tant and not merely statistically significant. We used a group
of patients with stable and low disease activity for compar-
ison, i.e., to provide a reference point for change as well as
to determine smallest detectable differences (SDD). That
these “smallest detectable differences” may not be equiva-

lent to “minimum clinically important differences” (MCID)
has been reviewed28 and is currently under study by
OMERACT. The stable group had a disease activity deemed
acceptable by the treating physician and no changes in
therapy occurred. While they could have experienced some
clinical changes between the tests, it was felt that this was
closer to reality than repeating the test immediately on the
same occasion. We decided, along with the treating clini-
cians, that changes seen within that group on the 2 occasions
were not “clinically important.” The infliximab group, in
contrast, were to have new therapy initiated because of
persistent active disease. This was illustrated by the
increased severity of the baseline scores in Table 2,
compared to those of the stable patients (Table 1). The
results of the repeated measurements in the stable group
were used to provide a reference point for change. A limits-
of-agreement approach30 (Bland-Altman) was used, as was
the SEM, to assess the SDD. Others have pointed out that
for many clinical measures, e.g., MHAQ, ESR, joint count,
etc., the 95% confidence intervals with the limit-of-agree-
ment approach were much greater than those values consid-
ered important and relevant at a clinical level21. It has also
been pointed out that what is an important degree of change,
in contrast to the SDD, may vary with the baseline severity
and would be larger in our Group 2 patients than in the
stable group8,34.

The relationship between the physician reported assess-
ment of improvement, i.e., joint scores of 20%, and the other
measures was not good, although this has been previously
reported3. The “subjective” assessment of improvement, i.e.,
a decrease in pain by at least 2 SEM, was more closely
related to physical status measures and the 2 preference
based measures, the EQ-5D and the SF-6D. Our results are
consistent with those of Kosinski, et al8, who noted changes
in the SF-36 and HAQ scores to be more strongly related to
changes in patient global and patient pain assessments than
to changes in joint swelling and tenderness counts. Prior
calculations of minimal important changes in the SF-36
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Table 4. Mean change in laboratory values (0 to 14 weeks) in patients with
RA treated with infliximab.

Improvement in Tender and Improvement in Pain†

Swollen Joint Counts
< 20% ≥ 20% Same or Worse Better

CRP 14.85 16.18 5.72* 25.11*
ESR 2.91* 8.66* 5.27* 10.62*
Hemoglobin 2.86* 10.20* 2.54 7.31

† Improvement based on 2 SEM.
* T test significant p < 0.05.

Table 5. Mean difference scores in outcome measures for 2 groups based on improvement in pain, or in joint count.

Improvement Physical Status†** Mental Status† Health Status*
PCS MCS MHAQ BP PF GH RP VT RE SE MH EQ-5D EQ VAS SF-6D

Pain
Better (n = 31) 12.19 8.65 0.54 32.45 23.91 12.39 37.90 26.99 22.58 27.42 8.59 0.28 23.55 0.15
Same or worse (n = 29) 4.81 3.27 0.25 5.93 11.00 9.98 13.79 14.83 4.60 9.91 4.90 0.11 11.03 0.05
F ratio 11.49** 4.47* 4.30* 27.91** 9.40** 0.34 6.47* — — — 5.02* 6.94* 12.26**

Joint 20%, TJC and SJC
Yes (n = 34) 9.26 6.65 0.46 22.40 21.61 9.23 28.57 23.45 17.65 19.49 4.98 0.21 16.97 0.09
No (n = 26) 5.80 5.05 0.27 17.65 10.63 9.73 22.83 21.47 19.23 19.23 9.73 0.23 20.90 0.10

PCS: SF-36 Physical Component Summary Scale; MCS: SF-36 Mental Component Summary Scale; MHAQ: Modified Health Assessment Questionnaire;
SF-36 subscales; BP: bodily pain; PF: physical functioning; GH: general health; RP: role physical; VT: vitality; RE: role emotional; SF: social functioning;
MH: mental health.
* p < 0.05, ** p < 0.005.
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scales35 and the HAQ20 disability scores were also similar to
those calculated from our stable group.

A disadvantage of this study was that no placebo group
was included as a control for the responsiveness, and it is
possible that the use of an open label treatment may have the
effect of increasing pre- and post-differences, particularly in
the subjective assessments.

One could argue that the joint count is the more reliable
and biologic measure, and that as the patient preference
data do not reflect these changes well, they should be put
in second place. However, in outcome studies using ACR
criteria or the Disease Activity Score, self-assessed
patient data (e.g., HAQ) are a critical area of clinical
assessment of change in RA. Patient preference data have
also become a measure of importance and are not merely
critical to but are the essence of the imputation of cost
effectiveness and QALY calculations. Our study did show
that while reduction in joint count was associated with
improvement in some biological measures (ESR and
hemoglobin), so were the patient rated measures (CRP
and ESR) (Table 4).

The calculation of QALY via utility measures and the
assignation of dollar values to these has become an impor-
tant technique for resource allocation12,14,35. The use of
generic QOL measures is critical for this, and there has been
significant criticism of their use in rheumatic diseases. We
chose some of the more frequent measures, as well as the
newer SF-6D, to assess test/retest reliability and responsive-
ness in patients with RA. While the time tradeoff and stan-
dard gamble both determine utilities and the results have
tended to be similar12, the standard gamble was chosen over
the time tradeoff as this is the only measure that incorporates
uncertainty, an important theoretical part of the “utility”
construct. The EQ-5D index relates the scores to utilities
obtained via the time tradeoff approaches, whereas the SF-
6D relates to the standard gamble. The standard gamble did
not perform well, as others have noted4,13,31,36,37. We discon-
tinued its use after the first 24 patients in Group 2 primarily
because of the time requirements. Although this is a small
number on which to base decisions, we also found it to have
a relatively poor responsiveness. Changes in EQ-5D utilities
were roughly twice those for the SF-6D, and similar to other
findings in rheumatology patients38. This is partly due to the
greater range of scores for the EQ-5D index compared with
the SF-6D, but although the mean numerical change is
greater, the effect size is actually smaller because of the
larger variability of scores (and the difference in the numer-
ical range of the scales). The standard deviation of the EQ-
5D at baseline was 0.3 compared with 0.07 for the SF-6D.
Like others21, we found that the use of the Bland-Altman CI
appears to overestimate the threshold for a meaningful
change.

It appears that the newer patient preference indices, espe-
cially that based on the more familiar SF-36 (i.e., the SF-

6D) are effective for use in clinical practice in patients with
RA, and are responsive to clinically important changes.
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