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ABSTRACT
Objective: To create a multidimensional composite outcomes endpoint for gouty arthritis treatment in order to consolidate disparate measures of comparative effectiveness. Methods: One solution is to create a multidimensional composite
endpoint that consolidates the complexity of outcomes into a single scale, as was done in this study. The psychometrics
of the multidimensional scale and subgroup differences were investigated. Results: Cronbach’s alpha for the multidimensional composite endpoint created in this study was 0.76, indicating good internal reliability. Similar results were
found across age, race, and gender. Removing any single item did not increase Cronbach’s alpha beyond 0.77, indicating that none of the items were interfering with the reliability of the scale. However, a reduction in serum urate levels
was not significantly correlated with the overall multidimensional endpoint scale with that variable removed, r = 0.03, p
> 0.05. Conclusion: This study demonstrated the feasibility and usefulness of creating a composite multidimensional
endpoint for assessing treatment outcomes among individuals with gouty arthritis.
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1. Introduction
Obtaining a comprehensive assessment of treatment impact usually requires the use of multiple outcome measures such as self-reported pain, physical limitations, flare
frequency, and biochemical markers, but the results of
multiple measures can be challenging to consolidate.
Gouty arthritis (GA) is one such disorder where different
indicators of improvement can be challenging to interpret
when there are different impacts on the multiple outcomes, and GA domains are not all impacted equally
across all treatments and patients who experience improvement in gout symptoms. Management of GA involves medications and lifestyle modification to prevent
flares (attacks) from occurring and medications to treat
acute symptoms such as pain, inflammation, and swelling
when a flare does occur [1-3]. Effectiveness of treatments varies among patients who may have marked response, poor response, no response, and/or adverse reactions to the medications themselves. Different levels of
response or disagreement among multiple outcome measures complicates treatment decisions, therefore causing
action decisions to be based on clinical experience or
Copyright © 2013 SciRes.

pathophysiologic principles [4].
Because GA is a complex disorder that has multiple
impacts on patients’ quality of life [5,6] that differ by
treatment type and individual patient characteristics, it
would be useful to reflect this complexity by using multidimensional response criteria. Physicians and patients
may not always agree on the relative importance of different outcomes [7]. In addition to the difficulties with
interpretation that arise from disparate results from separate statistical tests of different response criteria, there is
also an increase in the probability of making a Type I
error, or a loss of statistical power if Type I error probability is kept constant by adjusting the significance criteria for the individual tests. Further, missing data can
make these challenges even more complex if different
patients are included in different analyses because of systematic biases in the patterns of missing data.
A possible solution is to create a composite scale measuring the multidimensional impact of treatment by combining the different outcome measures. Several studies
have demonstrated the benefits of utilizing composite
scale measures. To quantify and assess the multidimensional impact of asthma severity, this approach was emOJRA
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ployed to develop a Composite Asthma Severity Index
(CASI), which accounts for disease symptoms and impairment, lung function, controller medication usage and
frequency of hospitalizations with oral corticosteroid
bursts. When validated using an independent sample, the
CASI demonstrated a 32% greater magnitude of improvement within the treatment group compared with
measuring symptom days alone [8]. Likewise, this approach was taken with hand osteoarthritis, where researchers combined the responsiveness of patient-reported
measures (e.g. the Australian/Canadian osteoarthritis hand
index [AUSCAN] and visual analogue pain subscale
[VAS]), and counts of distal interphalangeal, proximal
interphalangeal, metacarpophalangeal, and carpometacarpal joints to calculate patient activity and clinical disease
activity composite scores. Researchers found the composite scores to be superior to the AUSCAN score in detecting the difference between the mean change in baseline values of pain, disability, and joint stiffness between
the two treatment groups. The composite scores showed
similar responsiveness to treatment effects as VAS pain
single item measure; however, the use of composite indices appears to improve the ability to capture and quantitate multiple important aspects of disease impact and
activity, and may be more sensitive to detect change over
time [9]. Similarly, in a study of chronic obstructive pulmonary disease (COPD), researchers hypothesized that a
multidimensional grading system that assessed the respiratory, perceptive, and systemic aspects of COPD would
better predict risk of death due to COPD than the use of a
single physiological variable, forced expiratory volume
in one second (FEV1). This was done by assigning point
values from 0 - 3 to four factors that predicted risk of
death (body mass index, degree of airflow obstruction,
dyspnea, and exercise capacity), and then adding up the
points for each factor to create the composite index score.
This study showed that the sensitivity and specificity of
the composite index in classifying patients with COPD as
either dying or surviving was greater than FEV1 alone [C
statistic of 0.74, compared to 0.65 for FEV1 alone] [10].
Because different measures may use different metrics
(e.g. serum urate levels versus categorical responses to
self-reported pain measures), a common metric needs to
be created. One way to do this is by categorizing outcomes into response criteria. For the current study, we
used the dichotomous measure of whether there was a
markedly important difference on each variable, using
criteria previously defined in the literature. For example,
a reduction of more than two points on a 10-point pain
scale or a 25% reduction in urate levels could each be
response criteria. A recent Outcome Measures in Rheumatology (OMERACT) meeting asked members to give
input on multidimensional response criteria for gout [11].
Copyright © 2013 SciRes.

Core-set domains such as serum uric acid, number of
tophi, flare frequency, and health assessment questionnaire disability index (HAQ-DI) that were derived from
prior work with patient profiles were examined using
1000Minds™ by two groups; the gout experts and the
OMERACT registrants. In the present study, we created
a multidimensional composite endpoint that is diseasespecific for gout based on recommendations discussed in
the OMERACT results [11].

2. Materials and Methods
2.1. Participants
This analysis used pooled data from the β-RELIEVED
program, which included patients meeting the American
College of Rheumatology (ACR) 1977 preliminary criteria for acute GA, and contraindicated, intolerant, or unresponsive to non-steroidal anti-inflammatory drugs (NSAIDs) and/or colchicine. Both core studies (β-RELIEVED
[N = 228]; β-RELIEVED II [N = 226]) were 12-week,
multiregional, active controlled, double-blind, parallelgroup, double-dummy, phase 3 studies [12]. Patients were
enrolled to receive a single dose canakinumab 150 mg s.c.
or TA 40 mg i.m. to treat an acute GA attack and were
re-dosed “on demand” on each new attack. Demographic
characteristics of the participants are shown in Table 1.
Table 1. Demographic characteristics of the pooled sample.
Characteristic

Pooled Sample

Gender, n (%)
Male

414 (91.2)

Female

40 (8.8)

Age, years
Mean (SD)
Median (range)

53.0 (11.7)
53 (20 - 85)

Race, n (%)
White

343 (75.6)

Black

50 (11.0)

Asian

25 (5.5)

Other

36 (7.9)

Ethnicity, n (%)
Hispanic or Latino

30 (6.6)

Mixed Ethnicity

12 (2.6)

Weight (kg)
Mean (SD)

98.0 (19.0)

Median (range)

95.5 (57.9 - 170.5)

Height (cm)
Mean (SD)

175.5 (8.6)

Median (range)

176 (140.0 - 200.6)

BMI, kg/m2
Mean (SD)

31.7 (5.2)

Median (range)

30.9 (19.5 - 44.9)
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2.2. Measures
In addition to clinical measures such as serum urate and
recorded flares, patients also reported frequency of flares,
number of flares during the past four weeks, and global
treatment response. They also completed the Gout Impact Scales (GIS) and Short Form-36 v2 (SF-36; Acute
Form). The SF-36 was completed only by patients who
reported GA symptoms in their lower extremities. Due to
the lack of available translations required for all the study
centers, the GIS was completed by participants where
their preferred language was available. In addition to the
two questionnaires, patients also responded to the separate questions pertaining to their overall experience of
gout shown in Table 2.
2.2.1. Gout Impact Scales (GIS)
The GIS contains five scales; three assessing the impact
of GA overall (Gout Concern Overall, Gout Medication
Side Effects, Unmet Gout Treatment Need) and two assessing the impact of GA during an attack [13]. Response
options for GIS items are on a five-point Likert scale (i.e.,
from strongly agree to strongly disagree or all of the time
to none of the time). GIS scales are scored from 0 to 100,
with higher scores on each scale indicating “worse condition” or “greater gout impact”.
2.2.2. Short Form-36 (SF-36)
The SF-36 v2 (Acute Form) is a widely used measure in
clinical trials assessing health-related quality of life by
assessing recent function and symptoms, including pain.
Normative based scoring is used with a scale range between 0 and 100, where higher scores indicate higher
levels of well-being [14].
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change in GA related health outcomes from baseline to
12 weeks included clinical markers (serum urate and
flare activity), patient-reported data from the Gout Impact Scale (GIS) of the Gout Assessment Questionnaire
2.0 (including 6 items related to pain and quality of life),
and the SF-36 bodily pain scale. Variables were chosen
based on expert opinion, including the published literature and the results of the OMERACT meeting [11]. The
12 items representing five domains are shown in Table 3
along with the criteria used as the responder definition.
For each variable, the markedly important difference was
determined based on published research and/or expert
opinion [15-17].
A total score was calculated in two ways for each patient. One composite score was calculated as the percentage of all response criteria met out of the total number of response criteria. However, patients who could not
be evaluated on each response criteria because of missing
values would have scores that might underestimate their
true improvement using this first method. Thus, a second
composite was calculated as the percentage of response
criteria for which data were available for each patient.
This second method of calculating the score is less likely
to be influenced by missing data, assuming that the
amount and nature of missing data is the same between
treatment groups. Reliability of the whole scale including
all response criteria was measured by Cronbach’s alpha,
which was also calculated with each criterion removed.
Corrected item-total correlations were also calculated as
the relationship between each variable and the total number of other criteria met, in order to evaluate how the
variables related to the overall construct of GA improvement.

3. Results
2.3. Procedures
The composite response endpoint representing overall

The correlation between the two ways of handling missing data when calculating the composite scale was 0.63

Table 2. Self-report questions related to patient’s overall experience and impact of gout symptoms.
Item/Question

Response Options

Because of your gout, how would you rate your
physical health in the past 4 weeks?

Very Poor

Poor

Fair

Good

Very Good

Excellent

O

O

O

O

O

O

Because of your gout, how would you rate your
quality of life in the past 4 weeks?

Very Poor

Poor

Fair

Good

Very Good

Excellent

O

O

O

O

O

O

Because of your gout, how would you rate your
mental health in the past 4 weeks?

Very Poor

Poor

Fair

Good

Very Good

Excellent

O

O

O

O

O

O

Considering all the ways gout affects you, circle a
number on the scale for how well you have been
doing for the past 4 weeks.
Circle a number on the scale indicating the severity
of pain you have experienced within the past 4 weeks.

\
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No Disease 1
Activity

2

3

4

5

6

7

8

9

10

Severe Disease
Activity

No Pain

2

3

4

5

6

7

8

9

10

Severe Pain

1
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(n = 454). Cronbach’s alpha for the multidimensional
composite endpoint was 0.76 for the 93 participants who
had no missing data on any of the response criteria, indicating good internal reliability despite the breadth of the
measure.
As shown in Table 3, removing any single item did
not increase Cronbach’s alpha beyond 0.77, indicating
that none of the items were interfering with the reliability
of the scale by not belonging with the others. However,
Table 3 shows that a reduction in serum urate levels was
not significantly correlated with the overall multidimensional endpoint scale with that variable removed (r =
0.03, p > 0.05), indicating that reduction in urate levels
was not associated with changes in other outcome measures used in this study.
Cronbach’s alpha was similar for subgroups, showing
that reliability was consistent across age, race, and gender. People older than 53 (the mean and median for age)
demonstrated a reliability of 0.77 while people up to 53
had a reliability of 0.76. The reliabilities of Caucasian,
Black, and Asian people were 0.76, 0.80, and 0.79, respectively. Cronbach’s alpha indicated that the reliability was 0.76 for males and 0.66 for females.

age, race, and gender groups. By defining dichotomous
endpoints based on markedly important differences and
combining them into a scale, a single metric is created
for judging the difference between treatments, thus addressing the confusion that may arise when outcome
measures show varying levels of evidence of treatment
impact. Consolidation enhances the ability to summarize,
interpret, and communicate the overall treatment impact.
Items making up the composite measure were chosen
based on expert opinion, mostly drawing from recommendations of the OMERACT consensus project [11],
providing face validity for the multidimensional scale.
The scale also showed good internal reliability. Although
less related to the overall scale in this study, serum urate
level change is probably still an important part of any
multidimensional assessment of GA, despite its lack of
relationship to the overall multidimensional composite
endpoint scale in this study. The treatment in this study
was not designed to have its main mechanism through
serum urate levels, but many important GA treatments do
have their impact through serum urate levels and this was
one of the key indicators that came from the OMERACT
participants. It is debatable whether the scale should include serum urate, which is more of a medication “process outcome” that mediates the effect of treatment rather
than a “health outcome” that is experienced by the patient. In this case, very few patients (7.7%) had a change
in serum urate. Indeed, the best future treatment for GA
may not involve lowering serum urate, but rather making
sure excess urate does not impact health by causing GA.

4. Discussion
This analysis supports the creation of a multidimensional
composite outcomes endpoint for GA treatment in order
to consolidate disparate measures of comparative effectiveness. The multidimensional scale was reliable across

Table 3. Response criteria, item-total correlations, and Cronbach’s alpha with criteria removed for the multidimensional
composite endpoint.
Response Criterion

Overall %
responder

>25% reduction

7.7 (n = 403)

0.77

0.03

Flare past 4 weeks

No

79.1 (n = 225)

0.74

0.49

New flare during trial

No

61.2 (n = 454)

0.77

0.24

Use of rescue medications

No

48.5 (n = 454)

0.77

0.20

>2 point reduction

79.6 (n = 226)

0.73

0.50

>10 point reduction

62.5 (n = 373)

0.72

0.57

>2 point reduction

63.7 (n = 226)

0.74

0.47

Global treatment response

Acceptable, good,
or excellent

89.9 (n = 424)

0.74

0.42

GIS Global Control Scale
(GIS, 0 - 100)

>8 points

75.8 (n = 227)

0.76

0.28

Gout related quality of life

>1 point improvement 28.7 (n = 150)

0.73

0.56

Gout related physical health

>1 point improvement 24.5 (n = 143)

0.74

0.45

>1 point improvement 19.4 (n = 139)

0.73

0.53

Domain
Urate

Flare frequency

Pain

Patient global response

HRQoL (Disease specific)

Variable
Serum urate

Gout pain severity past 4 weeks
(GIS, 1 - 10 scale)
Bodily pain
(SF-36, 0 - 100 scale)
How well doing past 4 weeks
(GIS, 1 - 10 scale)

(GIS, very poor - excellent) Gout related mental health

Cronbach’s alpha Corrected item-total
if item removed*
correlation

*

Cronbach’s alpha for the whole scale is 0.76

Copyright © 2013 SciRes.
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When studies do not have sufficient power to show
significance for all endpoints, different conclusions may
be drawn for different endpoints, and this can be exacerbated by the presence of missing data. Creating a multidimensional composite endpoint in this way improves
handling of missing data as well as facilitates interpretation and communication of findings. For example, the
presence of missing data could have been problematic in
this study where different measures were given to different participants, but the composite endpoint allowed
inclusion of all participants despite missing data points,
and enabled the interpretation and communication of the
treatment much more efficiently and effectively. When
using this method to compare treatments, it is important
to verify that the amount and nature of missing data do
not vary by treatment group assignment. Even with random assignment, the treatment differences could be related to differential attrition [18]. If some response criteria are more difficult to meet because of missing data,
then missing data can still bias scores.
The primary strength of this method is the ability to
consolidate disparate results across multiple outcome
measures. A limitation of this study was reliance on a
single sample of patients receiving a specific type of
treatment; results may differ in other patient groups. Like
many instruments, this multidimensional index has multiple measures of some domains. In order to confirm that
the results are not driven by any single domain, results
can be checked by eliminating any item or domain. Decisions to give all items in the composite endpoint the
same weight and to include only disease-specific quality
of life measures are areas open to further investigation.

dridge for contributions to editing the manuscript and
Novartis Pharmaceuticals for funding the study.
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