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A B S T R A C T

The OMERACT Technical Advisory Group recognises that working groups during the process of creating a
core outcome set may identify an outcome domain that would be best represented as a composite that
encapsulates these component outcome domains by bringing them together into a single outcome. A multi-
outcome domain (MOD) is a within-patient combination of component outcomes, and an individual patient’s
evaluation depends on the observation of all of the components in that patient with a single overall rating
determined according to a specified rule; which is often applicable when we consider a disease activity score.
A composite outcome domain (COD) consists of a number of component outcomes and is defined as the
occurrence in a patient of one, some or all of these specified components; which is often applicable when we
consider the risk of adverse events or remission criteria. We review the general benefits, challenges, report-
ing and interpretation of using MODs and CODs. The development of the MOD or COD instrument for an
OMERACT core outcome measurement set is considered through four distinct steps: choosing relevant out-
come domains; finding high quality instruments for each of these outcome domains; weighting the outcome
domain instruments in the MOD/COD instrument; and putting MOD/COD instrument through the OMERACT
Filter. Guidance and training are in preparation for working groups who will be completing the OMERACT
Instrument Selection Algorithm (OFISA). As for other initiatives in OMERACT, we will seek feedback from
OMERACT working groups who complete the development of their MOD/COD, which will then be incorpo-
rated into the refinement of the guidance and training.

© 2021 Elsevier Inc. All rights reserved.
Introduction

In studies of health interventions for a chronic disease, partici-
pants may experience several different outcome domains of interest.
For a patient, the impact of the disease and the response to therapy is
likely not just one of these outcome domains but actually a combina-
tion. An outcome that encapsulates all these outcome domains by
bringing together each outcome domain into a single outcome may
be of interest. This holistic approach to outcomes is appealing and it
can work well in a field such as arthritis where a spectrum of out-
comes and indicators of a multifaceted concept like disease activity
or occurrence of a range of adverse events are of interest. This
approach has been identified by regulatory agencies, among others,
as one of the general approaches for handing ‘multiple endpoints’ [1].

The perspectives of the regulatory agencies on ‘composites’ can be
instructive. Following the FDA guidance for industry on multiple end-
points [1], a ’composite endpoint’ consists of a number of compo-
nents and is defined as the occurrence in a patient of any one of the
specified components. A different type of ‘multi-component end-
point’ is a within-patient combination of two or more components,
and an individual patient’s evaluation depends on the observation of
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all of the components in that patient with a single overall rating
determined according to a specified rule. Regarding the latter, the
EMA guideline on clinical investigation for the treatment for rheuma-
toid arthritis [2] use the term ‘composite disease activity scores’.
However, using the word ‘composite’ leads one to thinking of the
classical ‘composite endpoint’ (i.e., occurrence of any one of its com-
ponents and the composite has occurred), which is often applicable
when we consider the risk of adverse events. However, most of our
combinations of interest at OMERACT are for efficacy (e.g., disease
activity) and are more in alignment with the ‘multi component end-
point’.

To avoid confusion with the word ‘composite’, we will use the
terms ‘composite outcome domain’ (COD) and ‘composite outcome
domain instrument’ when the interest is the occurrence in a patient
of any one, some or all the component outcome domains; such as any
one component occurring when considering the risk of adverse
events or all components occurring by meeting threshold criteria
when considering remission criteria. The terms ‘multi-outcome
domain’ (MOD) and ‘multi outcome domain instrument’ will be used
when an individual patient evaluation depends on the observation of
all of the component outcome domains in that patient with a single
overall score determined according to a specified rule. These latter
terms are more suggestive of our work at OMERACT in that after per-
tinent outcome domains are identified, we may want to combine
these outcomes domains into a single multi-outcome domain. Exam-
ples of these COD and MOD instruments are provided in Table 1.
Table 1
Examples of multi-outcome domain and composite outcome domain instruments.

Multi-outcome domain instrument
(MOD Instrument)

Multi-outcome domain instrument
Index - sum of the measurements of each of the outcome domains
Example
Composite Index of Disease Activity (CDAI) in rheumatoid arthritis
Outcome domains
Joint tenderness
Swollen joints
Patient global sense of disease activity
Provider global sense of disease activity
Outcome domain instruments
TJC28: Tender joint count (0�28)
SJC28: Swollen joint count (0�28)
PtDA: Patient global sense of disease activity (0�10)
PrDA: Provider global sense of disease activity (0�10)
Composite outcome instrument
CDAI = TJC28 + SJC28 + PtDA +PrDA
Multi-outcome domain instrument
Index - formula combining the measurements of each of the outcome domains in a weig
Example
Disease Activity Score in 28 joints (DAS28) in rheumatoid arthritis
Outcome domains
Joint tenderness
Swollen joints
General health
Inflammation
Outcome domain instruments
TJC28: Total joint count (0�28)
SJC28: Swollen joint count (0�28)
GH: General health status (0�100)
ESR: erythrocyte sedimentation rate
Composite outcome instrument
DAS28 = 0.56£x(TJC28) + 0.28£x(SJC28)
+ 0.70£ ln(ESR) + 0.014£GH
Multi-outcome domain (MOD) instrument

More often than not, a MOD instrument will be considered when
efficacy, such as disease activity, is of interest. For such a ‘multi-com-
ponent outcome’ a within-patient combination of two or more out-
come domains with a single overall score is determined according to
specified rule. A MOD instrument is often referred to as a clinical
index. When the outcome domains are measured on an ordinal or
continuous numeric scale, one way of forming an overall score is to
sum or average across the component outcome domain measures.
For example, for rheumatoid arthritis (RA), the Composite Index of
Disease Activity in RA (CDAI) is a MOD consisting of outcomes
domains joint tenderness, swollen joints, patient global sense of dis-
ease activity and provider global sense of disease activity (Table 1)
[3]. Since the MOD instrument is a simple sum of the instruments for
the component outcome domains, it is an unweighted MOD instru-
ment, although there is an internal weighting mechanism based on
the scores of the instruments of the component outcome domains. As
such, it may best be described as a self-weighted MOD instrument.
The CDAI can be visualized as in Table 2.

Another MOD instrument used in RA is the DAS28 score, which is
an example of a weighted MOD instrument (Table 1). The DAS28 con-
sists of the component domain outcomes joint tenderness, swollen
joints, general health status and erythrocyte sedimentation rate,
which are incorporated in the DAS28 in a weighted fashion through a
formula combining the domain outcomes (Table 1). Salaffi and
Composite outcome domain instrument
(COD Instrument)

Composite outcome domain instrument
One or more outcome domains occur vs no outcome domains occur
Example
Major Adverse Cardiovascular Events (MACE)
Outcome domains
Myocardial infarction
Stroke
Death
Outcome domain instruments
Myocardial infarction: occur yes/no
Stroke: occur yes/no
Death: occur yes/no

Composite outcome instrument
1 if any one of myocardial infarction, stroke or death occurs
0 if none occur

hted fashion
Composite outcome domain instrument
All outcome domains occur vs otherwise
Example
ACR/EULAR Remission Criteria in rheumatoid arthritis
Outcome domains
Joint tenderness
Swollen joints
Patient global sense of disease activity
Acute phase reactant
Outcome domain instruments
TJC28: Total joint count (0�28)
SJC28: Swollen joint count (0�28)
PtDA: Patient global sense of disease activity (0�10)
CRP: C-reactive protein
Outcome domain indicators
ITJC28= 1 if TJC28�1; 0 otherwise
ISJC28= 1 if SJC28�1; 0 otherwise
IPtDA= 1 if PtDA�1; 0 otherwise
ICRP= 1 if CRP�1mg/ml; 0 otherwise
Composite outcome instrument (ACR/EULAR Remission)
1 (yes) if ITJC28 +ISJC28+ IPtDA +ICRP =4
0 (no) if ITJC28 +ISJC28+ IPtDA +ICRP <4



Table 2
Tabular Depiction of the Composite Index of Disease Activity (CDAI) in Rheumatoid Arthritis: A Self-weighted MOD Instrument.

Outcome Domain Outcome Domain Instrument Unweighted Multi-Outcome Domain Instrument

Joint tenderness m(TJC28) =Tender joint count (0�28) m(TJC28)
Swollen joints m(SJC28) = Swollen joint count (0�28) m(SJC28)
Patient global m(PtDA) = Patient global sense of disease activity (0�10) m(PtDA)
Provider global m(PrDA) = Provider global sense of disease activity (0�10) m(PrDA)

MOD instrument = CDAI =m(TJC28) +m(SJC28) +m(PtDA) +m(PrDA)
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Ciapett have provided a comprehensive catalogue of weighted MOD
instruments used in assessing clinical disease activity in RA [4]. In
their systematic review of randomized controlled trials in RA, Ibra-
him and colleagues found that the MOD instruments most frequently
reported were the ACR20 responder index, followed by the DAS28-
ESR, DAS28-CRP and the ACR50 [5]. In general, the structure of a
weighted MOD instrument can be viewed as in Table 3.
Composite outcome domain (COD) instrument

More often than not, a composite outcome instrument will be
considered when a risk of adverse events is of interest, and the com-
posite outcome occurs when any one of the components occurs. This
is the situation that is usually associated with ‘composites’ in the lit-
erature. For example, in studies of RA, immunomodulatory agents
have been associated with reduced cardiovascular (CV) events. Solo-
mon and colleagues investigated if patients who had lower RA dis-
ease activity over time suffer fewer CV events, regardless of which
immunomodulatory treatments they had received [6]. In this investi-
gation, they considered the risk of a ‘composite CV endpoint’ MACE
(major adverse cardiovascular events) that included myocardial
infraction (MI), stroke and CV death and analyzed the time to MACE
(i.e., first occurrence of any one of these events) (Table 1). Similarly,
MACE was considered in an integrated long term safety analysis of
tofacitinib for the treatment of rheumatoid arthritis (RA), psoriatic
arthritis (PsA), ulcerative m colitis (UC) and psoriasis (PsO). [7] In
terms of a COD instrument for this COD, it can be visualized as in
Table 4.

These types of CODs have been considered for a variety of arthritic
conditions when considering the risk of adverse events. For example,
composites were considered to evaluate the gastrointestinal effects
of nonsteroidal anti-inflammatory drugs [8, 9], and a COD ‘basket of
predefined designated endpoints in each organ system’ [10] was pro-
posed for primary safety outcomes based on the insights gained from
the Vigor [11] and CLASS [12] coxib trials in which there were statis-
tical power problems with the primary and unexpected endpoints,
and it took years to withdraw rofecoxib from the market. Lampro-
poulos and colleagues [13] compared treatment related adverse
events and infections in patients with RA treated with synthetic dis-
ease-modifying anti-rheumatic drugs (DMARDs) or biologic DMARDs
in a real world setting. The primary outcome studied was the first
adverse event encountered during follow-up within the hospital.

A composite outcome instrument can also be considered when
the occurrence of some or all of the components occur, such as a
Table 3
Tabular schematic for the calculation of an unweighted and weighted multi-outcome dom

Outcome Domain Outcome Domain
Instrument

Unweighted Multi-Outcome
Domain Instrument

O
I

A m(A) m(A) W
B m(B) m(B) W
C m(C) m(C) W
D m(D) m(D) W

MOD instrument =m(A) +m(B) +m(C) +m(D)
disease remission criteria where each of the components is assessed
if it meets a threshold criteria and remission is considered to have
‘occurred’ only if all the components meet their threshold. For exam-
ple, the ACR/EULAR definition of remission in RA clinical trials, the
remission criteria considered is a COD in which all components must
occur for remission to be met [14]. They considered the four outcome
domains joint tenderness, swollen joints, patient global sense of dis-
ease activity and acute phase reactant. For each outcome domain
instrument a threshold of ‘�10 was defined and remission was met
only if all instruments met their threshold (Table 1). In terms of a
COD instrument for this COD, it can be visualized as in Table 5. In gen-
eral, the structure of a COD instrument can be viewed as in Table 6.

What are the benefits of using a MOD or COD?

Several reasons have been identified for using a COD [15] that are
also applicable to MOD, including: to avoid a misleading conclusion
when an intervention reduces a less serious outcome by increasing a
more serious outcome; to avoid unnecessary complexity when out-
comes of identical significance to patients, but different pathophysi-
ology, would otherwise be analyzed separately; to decrease the
necessary sample size and duration of follow-up; to avoid the need
for statistical adjustments for multiple testing of multiple outcomes;
to estimate the net clinical benefit of an intervention; to improve
understanding the effect of the interventions avoiding competing
risks; and to avoid the need to choose a single primary outcome
when many may be of equal importance.

What are the challenges of using a MOD or COD?

In contrast to these positive reasons for using a composite out-
come, there are several challenges. Again, some of the challenges that
have been identified for COD [15] apply as well to MOD. These
include, the practical interpretation could be problematic when com-
ponent outcome domains of the MOD/COD vary appreciable in
patient and/or provider importance; the larger the number of compo-
nents then the more the work to accurately ascertain the COD/MOD;
excessive influence of the more imprecise subjective component out-
come domains; and adjustment of the alpha error to draw confirma-
tory conclusions about the components when multiple statistical
testing is involved. Other challenges that are primarily associated
with COD include: possibility of biases secondary to competing risk;
and a potential masking of an increase in a harmful effect associated
with an intervention [15].
ain instrument.

utcome Domain
nstrument Weights

Weighted Multi-Outcome
Domain Instrument

A WA m(A)
B WB m(B)
C WC m(C)
D WD m(D)

MOD instrument =WA m(A) +WB m(B) +WC m(C) +WD m(D)



Table 5
Tabular Depiction of the ACR/EULAR Remission Criteria for Rheumatoid Arthritis: A
COD Instrument.

Outcome Domain Outcome Domain
Instrument

Indicator for Occurrence of
Outcome Domain Instrument

Joint tenderness m(TJC28) =Tender joint
count (0�28)

ITJC28 = 1 if m(TJC28)�1; 0
otherwise

Swollen joints m(SJC28) = Swollen joint
count (0�28)

ISJC28 =1 if m(SJC28)�1; 0
otherwise

Patient global m(PtDA) = Patient global
sense of disease activ-
ity (0�10)

IPtDA = 1 if m(PtDA)�1; 0
otherwise

Acute phase reactant m(APR) = C-reactive pro-
tein (mg/ml)

IAPR = 1 if m(APR)�1mg/ml; 0
otherwise

(ACR/EULAR Remission)
1 (yes) if ITJC28 +ISJC28+ IPtDA
+ICRP =4

0 (no) if ITJC28 +ISJC28+ IPtDA
+ICRP <4

Table 6
Tabular schematic for the calculation of a composite outcome domain instrument.

Outcome Domain Outcome Domain
Instrument

Indicator for Occurrence of
Outcome Instrument

A m(A) I(m(A))
B m(B) I(m(B))
C m(C) I(m(C))
D m(D) I(m(D))

COD instrument = F[I(m(A)),
I(m(B)), I(m(C)), I(m(D))]

Table 4
Tabular Depiction of the Major Adverse Cardiovascular Events (MACE): A COD
Instrument.

Outcome Domain Outcome Domain
Instrument

Indicator for Occurrence of
Outcome Domain Instrument

MI m(MI) occurs yes/no IMI=1 if MI occurs; 0 if not occurs
Stroke m(Stroke) occurs yes/no IStroke=1 if stroke occurs; 0 if not

occurs
CV death m(CV death) occurs yes/

no
ICV death=1 if CV death occurs; 0 if

not occurs
COD instrument
1 (yes) if any one of myocardial
infarction, stroke or death
occurs = IMI + IStroke + ICV death >0

0 (no) if none occur = =
IMI + IStroke + ICV death = 0
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How should a MOD or COD be reported and interpreted?

A MOD/COD can be the primary or secondary outcome in a ran-
domized controlled trial. Frequently, it is the primary outcome and is
often associated with increased statistical efficiency. Systematic
reviews have been constructed on problems in the defining and
reporting of CODs [15, 16] that are applicable to the reporting of
MODs. When reporting the MOD/COD it should be interpreted as a
whole as the primary outcome and the component outcome domains
should be considered and reported as secondary outcomes [2, 17].
This will help determine if there are any inconsistencies of the effects
of the intervention across components and/or if any one of the com-
ponent outcome domains dominates the MOD/COD [15]. Care must
be taken to avoid the suggestion that individual components of the
MOD/COD have been demonstrated to be effective (the effect on the
components should be interpreted together rather than demonstrat-
ing efficacy of individual components). It can be informative if an a
priori rank order from ‘‘worst’’ to ‘‘best’’ for the component outcome
domains to be considered, and the ‘‘worst’’ outcome domain experi-
enced reported [18]. Some suggest for a more fulsome consideration
of the component outcome domains, and that all possible combina-
tions of the components should be reported [19].

Some pertinent questions to consider to better interpret a COD
include: are the component outcome domains of similar importance
to participants; did the more and less important outcomes occur
with similar frequency; are the components likely to have similar rel-
ative risk reductions; is the underlying biology of the components
similar; are the point estimates of the relative risk reductions similar
and the confidence intervals sufficiently narrow. The extent to which
the answers to these questions are ‘no’ will determine whether you
need to examine the component outcome domains separately.

What is the role of MOD and COD at OMERACT?

The OMERACT Technical Advisory Group (TAG) recognises that
working groups may identify an outcome domain that would be best
represented as a “multiple outcome” during the process of creating a
core outcome set. The core domain set creation defines what the con-
structs or concepts (domains) will be involved in the core outcome
set and the core outcome measure set defines how each of these
domains in the core domain set will be measured by gathering evi-
dence of ‘truth discrimination and feasibility’ of candidate MOD/COD
instruments. After determining the relevant outcome domains and
identifying an instrument for each domain, the next step may be to
choose a scoring approach to federate these outcomes and then to
put this MOD/COD instrument itself through the OMERACT Filter 2.1
to ensure it can be used to represent this MOD/COD in the proposed
context of use. The purpose here is to reach a common understanding
of the concepts and terms used for “composite outcomes” at OMER-
ACT and to understand the key elements in the development and
testing of these multiple outcome concepts of MOD and COD, which
are described respectively in the next two sections.

Multi-Outcome domain (MOD) instrument development at
OMERACT

Core domain sets at OMERACTmay include a clinical phenomenon
that is best captured by a MOD. Disease activity indices [(CDAI, SDAI),
flare (flare RA, flare OA)], and responder indices (ACR20) are all
examples of outcome domain sets that have been nominated for a
core outcome domain set and have been encapsulated within a MOD.

Since the revision of the OMERACT Filter to version 2.1 in 2014,
and going forward, OMERACT looks at the process of adopting a MOD
instrument for a core domain set in a manner similar to any instru-
ment. As a score representing the target domain (i.e., disease activ-
ity), it must pass the Filter of having Truth, Discrimination and
Feasibility in the intended context of use.

Choosing relevant outcome domains

At OMERACT we consider multi-outcome domain to be a “higher
order” domain that is itself comprised of outcome domains. In a MOD
these outcome domains are brought together because they can
describe a level of the target higher order domain like disease activ-
ity, or a response. The first decision in creating or working with a
MOD is to decide on the outcome domains that need to go into the
MOD (Fig. 1).

Outcome domains can come from the approved core domain set,
or they may be unique outcome domains selected based on their rele-
vance to the phenomenon of interest, but it is not something that
would be mandated for every clinical trial, and therefore is not in the
core domain set. If we take the example of Flare in Osteoarthritis, this
higher order domain is made up of five outcome domains: pain, stiff-
ness and swelling from the core domain set for osteoarthritis, but



Fig. 1. Process of developing or considering a multi-outcome instrument for an OMER-
ACT core outcome measurement set.
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also psychological impact and social impact of the flare from outside
of the core domain set.

Outcome domains are chosen by inductive processes to generate
all relevant domains � group work or qualitative interviews, and
decision making approaches such as a Delphi panel or nominal group
processes to determine the final set that should be retained. As for
many activities at OMERACT, we highly recommend the input of our
patient research partners as well as the experience of clinicians/
researchers and other stakeholders. The goal at this stage is to get a
clear description of the outcome domains that should be considered
for the MOD. For those coming from a core domain set, detailed defi-
nitions are likely available in the report for that core domain set. Feel
free to supplement that information if necessary to capture the
essence of the outcome domain within this specific context. For out-
come domains that are outside the core domain set, but deemed rele-
vant for the use of the MOD, we ask for working groups to develop a
detailed definition of the outcome domain, including quotes from
qualitative interviews. This detailed look at each of the outcome
domains often provides information on the way it should be mea-
sured. For example, when looking at pain measures, it became clear
to a working group at an OMERACT meeting that this could be the
Composite Index of Disease Ac�vity in Rheumatoid A

Outcome Domains Instrument used to 
measure this outcome 
domain 

Joint tenderness 28 joint count (0-28)

Swollen joints 28 joint count (0-28)

Pa�ent global sense of 
disease ac�vity

Global scale (0-10)

Provider global sense 
of disease ac�vity 

Global scale (0-10) 

Total score ---

Fig. 2. Example of a multi-outcome domain: Composite In
intensity of pain, or the frequency of pain or the impact of pain as
seen through its effect on daily activities or life roles. This type of
insight will make the next step easier.

As an example, the domains included in the CDAI are joint tender-
ness, swollen joints, patient global sense of disease activity and pro-
vider global sense of disease activity which are identified in column 1
of Fig. 2. Such a figure can be useful to report on the component out-
come domains of a MOD and the other aspects associated with the
multi-outcome domain.
Finding high quality instruments for each of these outcome domains

One of the greatest challenges in developing a multi-outcome
domain is deciding on the instruments that will be used for each
component outcome domain. An unreliable instrument will create
imprecision in the multi-outcome domain score. Similarly choosing
an instrument with poor evidence of validity for it to represent a par-
ticular domain outcome means that you will be misrepresenting one
of the component domain outcomes. Given the challenges facing the
interpretation of a multi-outcome domain, it is important that each
of the component domain outcomes is measured accurately. Groups
can choose instruments that have been passed through the OMERACT
Filter as a starting point, and would want to make sure it also has
validity evidence supporting its use to encapsulate the core outcome
domains � be it disease activity, or flare or clinical response.

As an example, the instruments selected for the domains included
in the CDAI are joint tenderness (28 joint count), swollen joints (28
joint count), patient global sense of disease activity (global scale
0�10) and provider global sense of disease activity (global scale
0�10), and are identified in column 2 of Fig. 2.
Weighting the outcome domain instruments in the multi-outcome
domain instrument

Having decided on the outcome domains, and the instruments
that will be used to measure them, the third column in Fig. 2 will
need to be considered. This involves the weight for each outcome
domain within the multi-outcome domain.
rthri�s - The CDAI (5)

Weight of outcome 
domain within 
composite

Weighted score  
(pa�ent score x weight) 

1

1

1

1

---- SUM: 

dex of Disease Activity (CDAI) in rheumatoid arthritis.



Table 7
Examples of methods to determine weights for outcome domains in a multi-outcome domain.

Method Description Example

Discrete choice experi-
ments - patients

� Patients presented with a scenario that would make them eligible for the study
� Respondents chose among pairs of procedures that differed on the probability of

outcome(s)
� Conjoint analysis derived relative weights for these attributes

Weighting components using a patient discrete choice experi-
ment

(Tong et al., Ann Thorac Surg. 2012) [20]

Delphi panels � clinician
investigator

� External Delphi panel to determine the relative severity of individual compo-
nents of the composite end point

� Net clinical outcome assessed through the incorporation of risk thresholds for
events

Weighting components using a clinician-investigator Delphi
panel

(Armstrong et al., Am Heart J. 2011) [21]

Disability�adjusted life
years (DALY)

� DALY values for the most common major endpoints derived using World Health
Organization Global Burden of Disease Project methodology

Weighting components using disability�adjusted life�years
(Hong et al., Stroke 2011)
[22]
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Several recent approaches for weighting the outcome domains in
a multi-outcome domain can be considered [15]. These approaches
include: patient discrete choice experiments; clinician�investigator
Delphi panels; and disability�adjusted life years (DALY) (Table 7).

For a MODs such as the CDAI, there is built-in ‘weight’ that leads
to the MOD score. In using these built-in weights, it assumed that
they reflect the importance of each domain to the composite end-
point and the weights in Fig. 2 for CDAI are set to ‘10. That is, the
implicit assumption is the four outcome domains (joint tenderness,
swollen joints, patient global sense of disease activity and provider
global sense of disease activity) are all of equal importance and/or
the instruments used to measure these outcome domains provide a
weighting that reflects the relative importance of the outcome
domains. If this is not the case, then a weighting as described in
Table 7 may be needed.

The DAS28 is an example of a weighted MOD instrument and pro-
vides an example of statistical approaches to determine a ‘weighting’
of the outcome domain instruments. The development of the DAS28
involved the following steps: principal component analysis was per-
formed resulting in 5 factors (laboratory measures, joint counts, func-
tional status measures, subjective assessments by the patient and
globulins); canonical discriminant analysis was used to select the var-
iables that best discriminate between high and low disease activity
resulting in 9 variables (pain, hemoglobin, ESR, grip strength, morn-
ing stiffness, 44 swollen joint count, RAI, a2-globuline, b-globuline);
further analysis concentrated on the variables identified in the origi-
nal DAS (Ritchie score, number of swollen joints, ESR and patient
global assessment) based on factor analysis, discriminate analysis
and multiple regression analysis; and for feasibility, the 2 compre-
hensive joint counts were replaced by 28-joint counts and the dis-
criminant function was recalculated [23]. There are many such
statistical modeling procedures that can be considered when deriving
a weighted MOD instrument.

Putting multi-outcome domain instruments through the omeract filter

Multi-outcome domain instruments need evidence of their valid-
ity in adequately representing the target domain in the proposed
patient population and context of use. At OMERACT this means that it
should pass the OMERACT Filter (version 2.2) of have evidence sup-
porting its Truth, Discrimination, and Feasibility in similar patients
and in a similar setting. This process is analogous to the process for
any other outcome domain instrument be it a patient reported out-
come of physical functioning or a clinical observed outcome of joint
count. The process involves moving through the four signaling ques-
tions in the OMERACT Filter Instrument Selection Algorithm (OFISA).
First, ensuring it is a match to the desired target domain, such as dis-
ease activity. Second, to ensure it is feasible to use, that is not depen-
dent on excessive costs, travels, burden to the patient or the
clinicians/researchers. The third and fourth questions relate to gath-
ering or creating enough relevant, high quality evidence of the MOD
instrument’s performance on key measurement properties to feel
confident that the MOD instrument’s score can represent the target
domain in these patients. On balance, the evidence for the MOD
instrument should show consistent, acceptable performance across
low risk of bias studies, with no opposing evidence. To be able to
reach this conclusion, a thorough or systematic review of the litera-
ture is required and any gaps in measurement property evidence
should be identified and new evidence created by a measurement
property study in order to fill the gap.

OFISA follows a stepwise decision making process across the four
signaling questions and at each step a rating is given: RED = evidence
against, stop; AMBER = some concerns, but go ahead; GREEN =met all
criteria, go ahead or WHITE = no evidence available. If at any step a
“red” rating is encountered (i.e., its’ content does not match your con-
ceptualization of the target domain and what should be found in an
ideal MOD for that domain), the working group should consider stop-
ping, setting aside that MOD and moving on to another MOD. AMBER
and GREEN ratings encourage ongoing consideration and moving to
the next signaling question albeit with some caution. WHITE means
an absence of evidence, something that might be encountered in a
MOD. In this case the group may decide to create evidence to fill in
any gaps. In the end, the working group will have a rating for each
measurement property and a completed summary of measurement
properties. The OMERACT algorithm for the final rating for the instru-
ment will be applied (as described in the handbook) and the results
presented first to the Technical Advisory Group for review and then
to the OMERACT community for ratification.

Composite outcome domain (COD) instrument development at
OMERACT

For the development of the COD, the same four steps as for MOD
should be followed. Step 1, on choosing relevant outcome domains, is
similar with outcome domains being selected from the approved
core domain set, or they may be unique outcome domains selected
based on their relevance to the phenomenon of interest. Step 2, on
finding high quality instruments for each of these outcome domains,
is usually straightforward with the scoring simply being an indicator
variable for each component outcome domain occurring versus not
occurring, although the determination of the occurrence should fol-
low a reliable and valid procedure.

Step 3, on weighting the outcome domain instruments in the COD
instrument is a challenge. For a COD instrument, in which the binary
distinction between patients experiencing one or more components
of the composite outcome and those experiencing no components, is
the practical interpretation when: the component outcome domains
are dissimilar in patient importance; the composite outcome is
driven by less important components which are observed more fre-
quently and earlier; or the event rates or relative risk reduction vary
appreciably across components. One solution is weighting the com-
ponent outcome domains in the COD instrument which may improve
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the relevance and interpretation of composite outcome analysis. For
example, the COD Major Adverse Cardiac and Cerebrovascular Events
(MACCE) consists of the outcome domains death, stroke, non-fatal
myocardial infarction and repeat revascularization. The outcome
domain instrument for each domain outcome was 1 (outcome occurred)
and 0 (outcome did not occur). In this setting, each outcome domain
was given the same weight, and a binary composite outcome instru-
ment was considered for MACCE taking the value 1 if any one of
death, stroke, non-fatal myocardial infarction or repeat revasculariza-
tion occurred or 0 if none occur. Using a discrete choice experiment
and conjoint analysis, Tong and colleagues derived relative weights
for the outcome domains and found that the risk of death was most
important (relative weight 0.23), followed by stroke (0.18), myocardial
infarction (0.14) and repeat revascularization (0.11). [20] The authors
concluded that “using a weighted composite endpoint increases the
validity of statistical analyses and trial conclusions.” [20] The potential of
weighting in this setting has been long recognized, but the availability of
satisfactory procedures for determining the weights was also recognised.
[24, 25, 26] More recent application of methods that are feasible have
been proposed (Table 5). [20, 21, 22]

For the last, Step 4, of putting the COD instrument through the
OMERACT Filter, assessing the content and feasibility of a COD may
not fit easily with suggestions made for multi-item scales of a single
domain. A framework for evaluating the COD instrument may be
based on the clinical utility (part of Feasibility in OFISA) of a COD
decided upon for medical decision-making. Three evaluation criteria
were identified by Montori in 2005 in order to avoid misleading con-
clusions about composite outcomes. [27] These criteria have been
expanded on over the years, and, in particular, is that by McCoy in
2018. [28] We adapt here these expanded criteria for use with binary
and continuous composite outcome domains.

1 The component outcome domains of the COD must be of similar
clinical importance to patients. Interpreting the meaning of a
COD is complicated when component outcome domains with a
wide variation in clinical importance to the patient are combined
in a COD. The usefulness of the COD increases as the difference in
importance to the patient between the most and least important
component outcome domains decreases.

2 The frequency of the occurrence of the component outcome domains
over the same time period must be similar; otherwise, the effect on
the CODwill be largely determined by the predominant event. Inter-
preting the meaning of a COD is complicated when component out-
come domains occur with a wide variation in frequency between the
most and least patient-important component outcome domains are
combined. If the more important component outcome domains occur
with far less frequency than the less important ones, the COD
becomes less informative
1 The effect of the intervention must be similar for each compo-
nent outcome domain of the COD. The effect estimates of the com-
ponent outcome domains are similar and precise: Similar treatment
effects among the component outcome domains leads to
increased confidence in using the COD. The effect estimates under
consideration will vary by the measurement level of the outcomes
under consideration, namely: risk ratio, risk difference, odds ratio
(for binary outcomes); mean ratio, mean difference, standardized
mean difference (continuous outcomes); hazard ratio (time to
event outcomes); rate ratios (count outcomes).

The underlying biology of the component outcome domains are simi-
lar enough that their effect estimates are expected to be similar: The
stronger the biologic rationale for the reason an intervention should
have a particular effect on the component outcome domains, then
the more likely that the composite outcome accurately represents
the overall effect of the intervention.
Discussion

The conception and development of MODs and CODs can be quite
complex. We have taken the division of CODs, that primarily combine
outcome domain instruments using Boolean logic, and MODs, that
primarily use arithmetic approaches. However, there are many
instances in which a MOD�COD hybrid approach may be needed. In
particular, relapse is a composite construct which tends to take an
AND structure in its outcome domain definition (for example it might
be framed as: the patient has previously been in remission AND some
measure of disease activity is higher than a certain level AND in the
opinion of investigator that this is due to disease and not another
cause). If a patient needs to have been in remission before they go
into relapse, then remission needs to be defined, and remission also
is a composite. So in fact relapse is a composite of a composite. This
means that the concept of remission must be developed and vali-
dated before attempting relapse, if prior remission is one of the com-
ponents of relapse. The trend towards complexity is a concern. In
some instances, feasibility in using composites could be so compli-
cated that special training may be needed on their scoring. The Sys-
temic Lupus Erythematosus Disease Activity Instrument (SLEDAI) is
such a complex composite and the Glucocorticoid Toxicity Index is a
numerical scale which takes a weighted MOD structure based on a
discrete-choice experiment among clinicians, and attempts to score
both reversible and irreversible aspects of toxicity.

The OMERACT Technical Advisory Committee (TAG) intends to main-
tain a website that will catalogue the various MODs and CODs that cur-
rently exist and those that are subsequently develop. The breadth and
depth of these examples will be instructive for future development of
other composite outcomes and provide a platform on which a more in-
depth framework for composite outcomes delineated.

The first steps in the development of MOD or COD is the identifi-
cation of the core outcome domains and selection of the correspond-
ing instruments assessing the outcome domains. The next important
step is the determination of the appropriate construct of the instru-
ment for the MOD or COD for combining the outcome domains. The
resulting MOD or COD instrument must then be put through the
OMERACT Filter. The final step is choosing the appropriate statistical
and reporting approach. Although the primary analysis is the global
assessment of the MOD or COD, the heterogeneity of treatment
effects across the component outcome domains needs to be consid-
ered. When heterogeneity is detected or when inference on individ-
ual components is desired, individual component outcome domain
analyses are needed. Strategies on reporting and statistical methods
to meet the practical challenges of using MODs and CODs are avail-
able [2, 15, 16, 17, 18, 19]. Also, guides for interpreting and applying
the results of studies that report composite endpoints in clinical prac-
tice are available [29]. Composite outcomes are not without their
controversy. We have highlighted some of the challenges in their
development, interpretation and reporting. Recently McKenna and
Heaney have been highly critical in the use of composite outcomes in
clinical trials, concluding that composite measures fail to apply mea-
surement theory and as a result may produce invalid and misleading
scores [30]. Care must be exercised to help ensure that proper devel-
opment methodology is followed, transparency is maintained and
misleading results are minimized. The TAG plans to provide further
guidance on these issues and mitigating these pitfalls, as well as pro-
viding instruction and training related to the development of com-
posite outcomes. Comprehensive guidelines will be made available in
the OMERACT Handbook on these reporting, interpretation and sta-
tistical considerations related to MODs and CODs.

A number of OMERACT working groups have completed the core
domain identification and selection and some are now considering
the instrument selection phase. After choosing the relevant outcome
domains and high quality instruments for assessing each outcome
domain, the working group may be concerned that the impact of the
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disease and the response to therapy may not just be one of these out-
come domains but actually a combination. This is the role of a MOD
and COD, bringing together scores on each outcome domain into a
single outcome score. As this is a novel methodology being formally
considered by OMERACT, the Technical Advisory Group will develop
a more fulsome guidance on developing MODs and CODs and training
materials in preparation for those working groups who will be com-
pleting OFISA. The guidance will include step-by-step methods for
forming, analyzing and reporting the MOD or COD. The training will
include an online information repository, videos, webinars and work-
shops. As for other initiatives in OMERACT, we will seek feedback
from OMERACT working groups who complete the development of
their MOD/COD, which will then be incorporated into the further
development and refinement of the guidance and training.
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