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ABSTRACT

Patient centered research encourages incorporating patient perspectives to inform the pursuit of
clinical questions, the conduct of clinical research, the benefit-risk assessments and decision-
making, as well as the delivery of appropriate health care. Researchers have thus increasingly
adopted Patient-reported outcomes measurements (PROMs)—the instruments that capture patient-
reported outcomes (PROs)—to gather the important outcomes from patients’ viewpoint without
outside interpretation from anyone else, such as quality of life, mental health, and physical function.
Typically, researchers use pre- and post-event PROM results to measure the impacts of an
intervention, informing benefit-risk assessments and decision-making. The interpretation of the
PROM results involves deciding whether a particular treatment effect is trivial, small but important,
moderate or large. To aid such interpretation, researchers proposed anchor-based minimal
important difference (MID): the smallest important difference or change, either beneficial or
harmful, that patients perceive as important. The trustworthy interpretation, however, relies largely
on the choice of an optimal anchor-based MID. With the widespread recognition of the usefulness
of anchor-based MIDs, the number of published anchor-based MIDs for PROMs has grown rapidly.
Though all the published MIDs have gone through peer review, considerable difficulties for
optimal MID selection exist because the MIDs for a given PROM vary widely and are not equally
trustworthy in one way or another. This thesis aims to address the use of anchor-based MIDs in
enhancing the interpretation of PROMs, with particular focuses on the methodological issues
related to selecting an optimal MID and the development of a systematic approach to selecting an

optimal MID. To start with, we conducted a systematic survey of the literature addressing the
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issues related to selecting optimal MIDs. Subsequently, based on the survey information, we
refined the existing anchor-based MID credibility instrument by adding the construct proximity
assessment, which supplemented the MID methodology assessments. Then, informed by the work
above, we developed the systematic approach to selecting an optimal anchor-based MID for a
given PROM, which is geared by both the methodology rigor and application contexts. Finally,
this thesis concludes with insights to the application of the selection approach and the opportunities

for future research.
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Chapter 1: Introduction of the Thesis
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Current health research has been shifting the focus from the perspectives of researchers or
clinicians to the perspectives of patients, referring to as patient-centered research '**. Patient-
centered research believes that patients have unique perspectives that can change the pursuit of
clinical questions and thus improve clinical research . Patients’ perspectives provide pivotal
information of the patients’ unmet needs and the treatments effects known only to patient for heath
researchers, health care professionals and policy makers to refine health research, form high

quality treatment guidelines and finally deliver appropriate care !.

While many authorities have increasingly recognized the importance of patient perspectives and

advocated the use of patient perspectives >

, Incorporating patient perspectives in health research
remains challenging. Patient-reported outcomes (PROs), measured by patient-reported outcomes
measurements (PROMs) via a set of items, directly capture the information on the important
outcomes, including symptom status, physical function, mental health, social function and
wellbeing, from the patients’ and caregivers’ viewpoint without outside interpretation from anyone

else °. Using PROMs thus constitutes an effective strategy to incorporate patient perspectives *!1.

We can collect PROM information at various levels for a range of different purposes, from clinical
to policy making (Figure 1) '! 12, In some cases, using pre- and post-event PROMs can help
measure the impacts of an intervention. The systematic use of such PROM information in daily
clinical practice contributes to better communication and decision making between clinicians and
patients and improves quality of care '°'3-13, In clinical research, the results of PROMs lead clinical
guideline developers, authorizations of medicines and health system policymakers to make more

informed benefit-risk assessments for the candidate interventions '6-13,
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Figure 1. PROM Information Pyramid

Administrative
Level

Clinical Level

Time >

Source
Canadian Institute of Health Information "

The trustworthy interpretation of PORM results is, however, challenging. Typically, PROMs,
either generic (applied across different populations) or condition-specific (used to assess outcomes
that are specific or unique to particular diseases or sectors of care), assess a patient’s health status
at a particular point in time, of which the change scores between two time points reflect
improvement or deterioration of the patient’s health status. Though we can easily obtain the change
scores by simply administrating the PROMs twice, how much importance patients attach to these

changes—trivial, small but important, moderate or large changes—proves difficult to interpret.

To aid such interpretation, researchers proposed the minimal important difference (MID): the
smallest important difference or change, either beneficial or harmful, that patients perceive as

important 120, When estimating MIDs, investigators commonly use two approaches: anchor-based
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and distribution-based methods. Anchor-based MIDs relate a difference in the target PROM to an
independent measure (i.e., the anchor) that is itself interpretable !°. Distribution-based methods
rely on statistical characteristics of PROM scores in a study sample, providing no clear relation to
the importance of the change in PROM scores to patients 2!. Anchor-based MIDs therefore

represent a far better approach to aid the interpretation 2! 22,

With the widespread recognition of the usefulness of anchor-based MIDs, the number of published
studies providing anchor-based MIDs for PROMs has grown rapidly 3. As a result, for a given
PROM, multiple anchor-based MIDs exist ** 25, As we have discovered in developing a
comprehensive inventory of anchor-based MIDs for PROMs 2°, however, those MID estimates
differ substantially (see the example in Figure 2), which in turn, adds difficulties to the trustworthy

interpretion of PROM results.

Previously, we developed the anchor-based MID credibility assessment instrument 27, aiming to
differentiate trustworthy from untrustworthy anchor-based MIDs. The development of the
credibility instrument did not, however, solve the problem of choosing an optimal MID estimate
for the interpretation of the PROM results: when a number of widely varying MID estimates are

available, credibility may be similar across the estimates (see the example in Figure 3).

Therefore, to enhance the interpretation of PROM results and better understand patients’
perspectives in clinical research and evidence-based decision-making, a need still exists for a
guidance on how to identify, from among the many, the optimal MID. This thesis aims to address

the use of anchor-based MIDs, with particular focuses on the methodological issues related to
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selecting an optimal MID and the development of a systematic approach to selecting an optimal

MID.

Figure 2. Wide variation among all available anchor-based MIDs for WOMAC-pain (up to
2018)

12
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Note: Data were drawn from the anchor-based MID inventory °°. A total of 45 absolute MIDs.
WOMAC= The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC).

Figure 3. Wide variation among all available anchor-based MIDs with the highest credibility
ratings for EQ-5D (up to 2018)
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Note: Data were drawn from the anchor-based MID inventory %%. A total of 10 absolute MIDs with the highest
credibility ratings.
EQ-5D= EuroQol-5D Utility Index.

Chapter 2 documents a systematic survey of the literature addressing the reporting of studies
estimating anchor-based MIDs and the choice of optimal anchor-based MIDs. This systematic
survey qualitatively summarized the literature and identified the items related to selecting optimal
MIDs. These items provide a conceptual framework to inform the following refinement of the

MID credibility assessment as well as the development of a selection approach for optimal MIDs.

Chapter 3 informed by the information from Chapter 2, reports the refinement of the existing
anchor-based MID credibility assessment instrument ?’. We extended the anchor-based MID
credibility instrument by adding an item addressing construct proximity as an alternative to the
correlation item—the correlation between the PROM and the anchor—to resolve the deficiency of

the assessments of the correlation item due to the underreporting in most MID studies.



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

Chapter 4, informed by information from Chapter 2 and 3, describes the methods of the
development of the systematic approach to selecting an optimal anchor-based MID for a given
PROM, the rationale for the approach, and the detailed steps to selecting the optimal MID from
available MID estimates. The approach is geared to explaining the variability of the MIDs for the
PROM of interest by the methodological rigor and contextualized factors influencing the MID
application, and where appropriate, provides a single optimal MID, i.e., the median of the selected

estimates in a relatively narrow range.

This thesis ends with Chapter 5, which is a discussion of the previous chapters, summarizing the
main findings, listing the strengths, and addressing the limitations, providing implications for

practice and an exploration of opportunities and directions for future research.
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ABSTRACT

Objective: To systematically survey the literature addressing the reporting of studies estimating
anchor-based minimal important differences (MIDs) and choice of optimal MIDs.

Study design and Setting: We searched Medline, Embase and PsycINFO from 1987 to March
2020. Teams of two reviewers independently identified eligible publications and extracted
quotations addressing relevant issues for reporting and/or selecting anchor-based MIDs. Using a
coding list, we assigned the same code to quotations capturing similar or related issues. For each
code, we generated an ‘item’, i.e. a specific phrase or sentence capturing the underlying concept.
When multiple concepts existed under a single code, the team created multiple items for that
code. We clustered codes addressing a broader methodological issue into a ‘category’ and
classified items as relevant for reporting, relevant for selecting an anchor-based MID, or both.
Results: We identified 136 eligible publications that provided 6 categories (MID definition,
anchors, patient-reported outcome measures, generalizability, and statistics) and 24 codes. These
codes contained 34 items related to reporting MID studies, of which 29 were also related to
selecting MIDs.

Conclusion: The systematic survey identified items related to reporting of anchor-based MID
studies and selecting optimal MIDs. These provide a conceptual framework to inform the design
of studies related to MIDs, and a basis for developing a reporting standard and a selection
approach for MIDs.

Keywords: Patient-reported outcome measure, minimal important difference.

11
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Key findings
We identified 34 items related to reporting studies estimating anchor-based minimal important

differences (MIDs), of which 29 were also related to selecting MIDs.

What this adds to what was known?
In contrast to previous MID reviews, in addition to pointing out methodological issues of anchor-
based MIDs, this systematic survey used qualitative synthesis to identify and summarize relevant

items related to reporting and selecting anchor-based MIDs.

What is the implication and what should change now?
The systematic survey comprehensively summarizes reported methodological issues in
estimating MIDs and thus provides a conceptual framework to inform development of a

reporting standard and a systematic selection approach for anchor-based MIDs.
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1. Introduction

To address outcomes of importance to patients, clinical trials, systematic reviews, and clinical
practice guidelines increasingly rely on patient-reported outcomes (PROs) captured by PRO
measures (PROMs). Interpreting PROM results requires understanding whether changes in
patients’ scores represent trivial, small but important, moderate or large changes. Defining a
threshold that represents the smallest important difference or change, either beneficial or harmful,
that patients perceive as important - the minimal important difference (MID) — can greatly aid

interpretation of study results [1,2].

When estimating MIDs, investigators commonly use two approaches: anchor-based and
distribution-based methods [3]. Anchor-based MIDs relate a difference in the target PROM to an
independent measure (i.e., the anchor) that is itself interpretable [1]. Distribution-based methods
rely on statistical characteristics of PROM scores in a study sample [3]. Because of variability in
the relation between anchor-based and statistical methods, and the expectation that statistical
approaches will not relate in a predicable way to what patients consider important, anchor-based

methods represent the optimal approach to deriving MIDs [4-6].

Increasingly, multiple anchor-based MID estimates exist for popular PROMs. If, however, those
estimates differ substantially — and, as we have discovered in developing a comprehensive
inventory of anchor-based MIDs for PROMs, they typically do [7]— interpretating PROM results
becomes problematic. With an increasing number of published MID estimates, a growing need

exists for guidance on how to identify, from among the many, the optimal MID. When ascertaining
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the credibility of available MIDs for the inventory [8], we also noted a second problem: inadequate

reporting that often made assessments of credibility impossible [9].

Though urgently needed to remedy these problems, a systematic approach to selecting the optimal
MIDs from the available estimates, and a reporting standard to which authors of studies estimating
anchor-based MIDs could adhere, remain unavailable. With the aim of informing both the selection
of optimal MIDs and standards for reporting of MID studies, we conducted a systematic survey of
the literature addressing methodological issues in reporting studies estimating anchor-based MIDs

and selecting optimal MIDs from a range of options.

2. Methods

The systematic survey consisted of 3 phases: identifying potentially informative articles; data
abstraction; and code and item development. A steering committee (ACL, BT, CT, GG, MK, MW,

TD, TF and YW) developed the protocol and provided oversight of the review process.

2.1. Eligibility criteria

The steering group formulated the following inclusion criteria:

1. publications developing methods to estimate an anchor-based MID;

2. publications addressing specific methodological issues in estimating an anchor-based MID, such
as the validity of anchor questions, statistical calculation methods, interpretation of results, and
variability and application of MIDs. For original studies, we required a clear statement of exploring

the issues in study objectives;
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3. commentaries and critiques focusing on particular anchor-based MIDs and discussing
methodological issues;

4. literature reviews, including systematic or narrative reviews, with or without meta-analysis, of
established anchor-based MIDs for a PROM including discussions addressing (in)consistency
across summarized MIDs or authors’ views regarding MID credibility or applicability;

5. publications providing guidance on reporting anchor-based MIDs and/or aiding the choice of an
established anchor-based MID among multiple established MIDs.

We excluded conference abstracts, textbooks and non-English language publications.

2.2. Search strategy and article selection

We searched publications in Medline, Embase and PsycINFO from 1987 to March 2020 using the
term MID and its variations as key words (Appendix 1). Prior to publication selection, reviewers
underwent training and calibration exercises in which they screened the same sample of 10
citations, discussed discrepant choices, and developed instructions to minimize subsequent
disagreement. Teams of two reviewers independently performed title and abstract screening of
citations identified from the literature search and, to determine final eligibility, full-text screening
of potentially eligible articles. An arbitrator (YW, TD, or GG) resolved discrepancies during the

screening process.

2.3. Data extraction and Code development
Data extraction involved collecting the direct quotations addressing issues relevant for selecting
and/or reporting anchor-based MIDs and then assigning a code for each issue. Through detailed

review of 21 eligible studies identified from a previous review [8], TD and YW developed draft
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codes with detailed instructions for data abstraction. The codes provided a label capturing a

collection of similar or related issues.

The steering committee provided feedback and suggestions to reach a first draft of the coding
system. After participating in calibration exercises, the reviewers (AQ, MB, MP, QH, YW, VW),
working in pairs according to level of experience (i.e., more experienced reviewers (AQ, QH, YW)
were paired with less experienced reviewers), identified relevant quotations from eligible
publications and matched them to an existing code. When reviewers could not match a quotation
to a code, YW and TD determined whether a new code was needed, and if so, added it to a shared
online data extraction form accessible to reviewers. This method allowed dynamic updating of the
coding system as new data emerged. When the more experienced reviewers considered a question
particularly fundamental or challenging, a third investigator (GG, TD) adjudicated. Appendix 2

presents the workflow of quotation abstraction and code development.

Reviewers also extracted the following information: 1) authors, 2) publication year, 3) country, 4)
type of publication: original study, systematic review or methodological article (any eligible article

that is neither original study nor systematic review).

2.4. Item Development

To further ensure all concepts had been accurately captured, YW, following data abstraction,
checked all codes against the abstracted quotations. Consulting with a senior investigator (GG),
YW added new codes to capture any that had been overlooked, and discarded codes that on further

reflection provided redundant or insufficiently relevant material. To capture the concept underlying
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the codes, the team generated, for each code, a more specific phrase or sentence that we called an
“item”. When multiple concepts existed in the quotations under a single code, the team created
more than one items for that code. At least one quotation supported each item. The team then
decided which items were relevant for reporting, selecting an anchor-based MID or both. The
committee reviewed the penultimate code and item list, and the final codes and items included
their suggestions. Following suggestions from the committee, we clustered different codes

addressing a same broader methodological issue for anchor-based MID into a “category”.

3. Results

3.1. Search results

Of 34,725 records from Medline, Embase and PsycINFO, 22,040 proved, after removing
duplicates, unique; of these, reviewers deemed 464 articles eligible for full-text screening,
ultimately resulting in 136 eligible publications (Figure 4). We included 21 systematic reviews
with discussions regarding anchor-based MID methodology and the variability of different MIDs
for a given PROM; 40 original studies exploring anchor-based MID methodological issues; and
75 methodological articles including literature reviews, commentaries, critiques and simulation

studies (Table 1).
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Figure 4. Study selection flow chart.

34,725 studies retrieved from
databased
(Medline=12,027, Embase=20,402,
and PsycINFO =2,296)
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l » 12685 duplicates removed

22040 articles screened

|
l
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v

21576 irrelevant articles

328 studies excluded:

Conference Abstract:121

No full text: 27

Irrelevant: 141

Duplicate: 5

SR with only 1 MID

reported or without further

discussion about  the

identified MID estimates:

25

o Textbook: 3

e Original studies without
clear aim of exploring MID
methodology: 3

e Non-English: 3

v

136 eligible articles included

3.2. Items for reporting and/or selecting an anchor-based MID
Most publications appeared after 2010 and provided up to 16 codes (7able I). The team created 61

codes for the initial coding system, adding 2 codes during data abstraction. The codes were
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saturated — that is, no new codes emerged - after 30 publications. By checking the initial codes in
relation to the abstracted quotation, we discarded 6 codes as irrelevant, and eliminating redundancy
led to the reduction in the number of codes from 43 to 10 codes (see Appendix 3 for details). The
refinement of the initial codes thus resulted in 24 final codes. These codes contained 34 items
grouped into six categories: definition (2 codes and 2 items); anchor issues (10 codes and 14 items);
PROM issues (1 code and 2 items); generalizability of MID (3 codes and 5 items); statistical issues
(6 codes and 7 items) and other issues (2 codes and 4 items) (7able 2). Definition, anchor issues,
generalizability of MIDs, and statistical issues proved the categories most frequently addressed:
each was identified in more than 10 articles (Table 2). A median of 18 quotations supported the

items.

Table 2 presents each category, code, item and Appendix 4 provides a characteristic example of a
quotation for each item. Most items were related to both reporting and selecting anchor-based MID;
the team classified 5 items as related only to reporting: MID definition, standardized MID
terminology, possible anchors, expressing MID in relative or absolute terms and possible anchor-

based MID calculation approaches (7able 2).
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Table 1. Characteristics of the 136 eligible articles.

Characteristics

Number of articles

Decade of publication
2010s (up to 2020)
2000s
1990s
1980s

Type of publication
Original studies
Systematic reviews

Other Methodological articles

Number of codes
1-5
6-10
11-16

89
41
5
1

40
21
75

76
48
12

Table 2. List of identified Items relevant to reporting and/or selecting anchor-based MID

Category Code Item Nt
Definition MID definition MID definition * 95
MID terminology  Standardize MID terminology 6
Anchor issues Anchor type Possible anchors' 30
Anchor The change being perceived as minimally 30
perspective important on the anchor would be perceived as
beneficial from the patient's viewpoint.
Proxy perspective is acceptable if patients cannot 4
make decisions.
Estimating MID should use clinical evaluationas 19
anchor.
Anchor threshold The choice of what constitutes an MID on the 38
anchor should reflect a small but important
difference
Anchor Anchor should be easily understandable. 18
interpretability
Correlation At least moderate correlation between PROM 36
between PROM and anchor.
and anchor
Transition scale should correlate equally strongly 6
with the pretest and posttest PROM scores but
with opposite signs.
The correlation of transition scale with change 4

scores on PROM should be at least 0.2 greater
(in absolute terms) than the correlations with
either the baseline or the follow-up test scores.
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range of plausible
MIDs

appropriate for many PROMs

Anchor construct Anchor and PROMs should measure the same or 20
closely related constructs.

Recall time of The recall time should not be too long when 33

transition scale using transition scale as anchor.

Unchanged group  The use of unchanged group when using 5

of transition scale transition scale as anchor.

Number of anchors Multiple anchors should be used to measure 10
MID, rather than single anchor.

Measurement Satisfactory anchor measurement properties 35

properties of (validity, reliability and responsiveness) are the

anchor prerequisite of an optimal anchor.

PROM issue Measurement Required measurement properties for PROM 4
properties of when measuring MID: reliability, validity and
PROM responsiveness.

Ordinal scales do not support the mathematical 5
calculations required for MCID calculation.

Generalizability = MID varying by MID may vary depending on patient 86

of MID contexts characteristics.

MID may vary depending on follow-up length. 15
MID may vary depending on intervention. 28
MID direction Distinguishing MID for improvement vs 31
deterioration.
Generic For generic instruments, MID should not vary 3
instruments depending on the contexts.

Statistical issues  Precision of MID Precision of MID 19
MID in relation to ~ MID should be beyond measurement error. 16
measurement error
Triangulation Triangulation of distribution-based and anchor- 15

based methods.
Representative Representative sample 14
sample
Relative or Expressing MID in relative or absolute terms T 19
absolute MID
Analytical method  Possible anchor-based MID analytical methods T~ 78
MID may vary depending on the analytical 33
method used.

Others MID selection MID selection: match study context 8
MID selection: evidence-based and consensus 6
processes
MID selection: MID levels 1

A single MID or A single value or range of plausible MIDs is 29

Note: “see Appendix 4 for best example of quotation for the items.
T Apply to anchor-based MID reporting only.

& Number of citations

MID=minimal important difference; PROM= patient-reported outcome measures.

21




Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

We found the following issues of particular note. The quotations under item ‘MID definition’
indicated that most articles that offered a definition (65 out of 95) of MID as ‘the smallest
difference in score in the outcome of interest that informed patients or informed proxies perceive
as important, either beneficial or harmful’ [10], representing a modification of the original
definition by deleting the phrase ‘in the absence of troublesome side-effects and excessive cost, a

change in patient management’ .

Possible anchors included objective clinical measurement, other validated PROMs, global rating
of change (also referred as transition scales), and combinations of different anchors. Three items
related to the perspective of anchor: that is, who should respond to the anchor question. Two items
suggested relying on the perspectives of patients or informed proxies to measure MID, while one

item recommended using clinical evaluation (7able 2).

The items also reflected methodological criteria for a credible MID: 1) the choice of what
constitutes an MID on the anchor should reflect a small but important difference; 2) anchor should
be easily understandable; 3) at least moderate correlation between PROM and anchor, which was

reported to be at least 0.3 [11] and as high as 0.7 [12]; and 4) precise MID estimates (7able 2).

When using transition scales as anchors, additional requirements identified by authors included: 1)
relatively shorter recall time, up to 4 weeks [13-15]; 2) transition scale should correlate equally
strongly with the pretest and posttest PROM scores but with opposite signs [13]; and 3) the
correlation of the transition scale with change scores on PROM should be at least 0.2 greater (in

absolute terms) than the correlations with either the baseline or follow-up test scores [13,16] (7able
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2). Some items captured other credibility criteria, including the same or closely related constructs
between anchor and PROM, use of multiple anchors, and satisfactory measurement properties of

the anchor (7able 2).

When applying an MID to a particular healthcare condition, authors often pointed out that that
MIDs may vary across contexts. Of the eligible articles, 91 identified contextual factors including
patient characteristics (i.e., age, sex, baseline score, socioeconomic status, locations, disease or
conditions), follow-up length, and intervention (7able 2, Appendix 4). Authors frequently
commented on methodological issues that may influence the application of MID. These included,

the direction of MIDs (improvement or deterioration), and the analytical method used to establish

MIDs (Table 2).

Authors of 15 articles explicitly addressed the selection of optimal MIDs from a candidate pool
(Table 2). Eight articles recommended that researchers should choose an MID established from a
same or similar intervention and patient population to the one to which the MID would be applied.
Six articles suggested that the selection should involve expert consensus after review of all
available estimates. Based on the methodological rigor of MID generation process, one article

categorized MIDs into four levels and suggested using the most rigorous.

Other suggestions for choosing optimal MIDs from a larger pool proved less specific. For example,
some authors argued that the MID should be triangulated from distribution-based and anchor-based
MID estimates, but without specifying systematic methods for such triangulation (7able 2).

Similarly, fourteen publications advocated recruiting a representative patient sample to estimate
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the MID without providing suggestions on what constitutes a representative sample (Zable 2,

Appendix 4).

4. Discussion

The current literature presents crucial issues potentially relevant for reporting studies estimating
anchor-based MIDs and selecting optimal MIDs. The systematic survey identified 34 items related
to reporting MIDs, of which 29 items were also related to selecting MIDs. The items summarized
quotations from the articles that addressed issues of MID definition and terminology, anchor,
PROM, generalizability of MID and statistical issues (7able 2). The research team identified at
least one direct quotation to support the generation of each item, with a median of 18 quotations

per item.

Selecting an MID for use should prioritize MIDs with the greatest credibility [17]. This highlights
the need for methodological credibility criteria for anchor-based MID, which investigators could
use not only to filter out invalid MIDs but also to guide optimal conduct and reporting of MID
studies. Authors of eligible articles suggested credibility issues similar to items in a recently

developed anchor-based MID credibility assessment tool [8](7able 2).

Beyond the items in that instrument, the systematic survey identified three potentially additional
factors that may influence MID credibility: number of anchors used, measurement properties of
an anchor, and construct proximity of an anchor to the target PROM. Using multiple anchors may
not, however, be necessary, especially when they are all supposed to lead to one common MID.

That is, one anchor, if suitable, may be sufficient.
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Further, the suitability of an anchor may be reflected in its correlation with the scores on the PROM
under consideration. Indeed, satisfactory correlations may be both the best way of assessing
construct proximity and the key measurement property of the anchor for the purpose of MID
estimation. However, in the absence of reported correlations — most available MID studies omit

this information [7]— subjective assessments of construct proximity may be necessary [18].

The systematic survey identified three potential factors for selecting MIDs: contextual factors,
MID direction and analytical method used to estimate MID. However, the importance of each of
these factors in explaining MID variability remains uncertain. Exploration of this issue in an

established MID inventory [7] may prove enlightening.

Strengths of the systematic survey include the comprehensive search, transparent eligibility criteria,
and a protocol detailing criteria and methods for data abstraction. To minimize the possibility of
missing relevant articles, and subsequently missing relevant quotations from eligible articles, all
reviewers, before screening and data abstraction, underwent calibration exercises. More
experienced reviewers resolved any subsequent disagreements. We developed codes to help with
quotation abstraction and dynamically added new codes, as necessary, during abstraction. Two
investigators (GG, TD) adjudicated challenging discrepancies and uncertainties during data
abstraction and, to further ensure the accuracy of final codes, a senior investigator (GG) supervised
the cleaning of abstracted codes and quotations. Our steering committee provided oversight for the

whole process of the systematic survey.
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The systematic survey has limitations. The process of coding, item development as well as code
grouping introduced subjectivity, and we did not formally measure agreement between reviewers.
Other reviewers may have generated a different list of code and items. Similarly, eligibility
decisions involved subjective judgment. The detailed development of criteria, the duplicate
decision-making process at each step, and the extensive oversight and checking, may mitigate
these concerns. It is also possible that we missed some publications. However, the code system
proved saturated after abstraction of 30 eligible publications, reducing the likelihood that we
missed key codes and items. Some readers may be interested in the extent to which authors
addressed issues in empirical studies versus reviews and commentaries. We did not classify codes

in this way, and so cannot provide this information.

The systematic survey used qualitative synthesis to identify methodological issues regarding
reporting and selecting anchor-based MIDs. These items may serve as a starting point for further
development of a reporting standard for anchor-based MID studies, as well as a systematic
selection approach for optimal MIDs. The purpose of the systematic survey was to summarize
what has been reported or discussed in current literature: distinguishing suitable from unsuitable
items is beyond the scope of this study. Thus, the identified items do not necessarily reflect the
best practice for reporting or selecting MIDs — indeed, many items represent mutually exclusive
approaches. Therefore, when future investigators refer to the items, they will not adopt all the items
for developing a reporting guideline or selecting approaches. Further discussion around what are
appropriate items may well be warranted and an ultimate consensus in the expert community

would undoubtedly be helpful.
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Appendix 1. Searching strategies

Embase/Medline/PsycINFO

1.

2.

(clinical* important difference? or clinical* important improvement? or clinical* important
deterioration? or clinical* important worsening? or clinical* meaningful difference? or
clinical* meaningful change? or clinical* meaningful improvement? or clinical* meaningful
deterioration? or clinical* meaningful worsening? or clinical* relevant mean difference? or
clinical* significant change? or clinical* significant difference? or mcid or minim* clinical*
important or minim* clinical* detectable or minim* clinical* significant or minim*
important change? or minim* important difference?).tw.

limit 1 to yr="1987 -March.2020 "
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Appendix 2. Workflow of Data abstraction and code development.

Carefully read the 21 relevant
articles (TD,YW)

l

Conduct coding (TD, YW)

l

Online Coding system (TD, YW)

l

Data Abstraction (Pairs of

A

Reviewers) add new codes
to coding
l system and
inform all

Highlight relevant quotations for
selecting and/or reporting anchor-
based MID (Pairs of Reviewers)

VRN

Choose suitable codes Create new codes
(Pairs of Reviewers) (TD, YW)

l l

Review and check all codes and
abstracted quotations (YW,
consulting with GG)

l

Final list of codes

reviewers (YW)
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Appendix 3. The refinement of the initial 63 codes.

Cateogry Initial code (n=63) Final Code (n=24)
Definition MID reporting' MID terminology
MID definition MID definition
Anchor issues Anchor criteria® /
: GROC? /
Anchor type Anchor type
Anchor criteria: perspective Anchor perspective
GROC: patient perspective Anchor perspective

Anchor criteria: relevance to

patients

Anchor perspective

Anchor criteria: clinical relevance

Anchor perspective

Anchor criteria: address

. Anchor threshold
importance of change
Anchor criteria: choice of what
constitutes an MID on the anchor

Anchor threshold
should reflect a small but
important difference
Anchor criteria: interpretability Anchor interpretability
GROC: easily understandable Anchor interpretability

Correlation between anchor and

PROM

Correlation between PROM and

anchor

Correlation between anchor and

PROM: GROC

Correlation between PROM and

anchor

Anchor criteria: construct

Anchor construct

GROC: construct

Anchor construct

GROC: recall bias

Recall time of transition scale

Response shift

Recall time of transition scale

Anchor criteria: single vs multiple

anchors

Number of anchors

GROC: PROM score in

unchanged group

Unchanged group of transition

scale
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Anchor criteria: measurement
properties (i.e. validity, reliability,

responsiveness)

Measurement properties of anchor

GROC: reliability

Measurement properties of anchor

GROC: validity

Measurement properties of anchor

GROC: responsive to change

Measurement properties of anchor

Established PROM measurement

Measurement properties of

PROM issue properties PROM
Generalizability of MID MID variability: age MID varying by contexts
MID variability: baseline health )
MID varying by contexts
status
MID variability: disease or )
- MID varying by contexts
condition
MID variability: nationality MID varying by contexts
MID variability: patient )
o MID varying by contexts
characteristics
MID variability: sex MID varying by contexts
MID variability: socioeconomic )
MID varying by contexts
status
MID variability: follow-up .
. MID varying by contexts
duration
MID variability: intervention MID varying by contexts
MID for improvement vs
MID direction
deterioration
MID variability* Generic instruments
MID variability: anchor® /
MID variability: PROM domain® | /
Statistical issues Precision of MID Precision of MID
Precision of MID: sample size Precision of MID

MID in relation to measurement

error of PROM scores

MID in relation to measurement

CIror

Triangulation

Triangulation

Representative patient sample

Representative sample

Expressing MID in relative or

absolute terms

Relative or absolute MID
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MID variability: analytical
ethod Analytical method
MID calculation method Analytical method
Mean change: method Analytical method
Mean change: criteria Analytical method
Mean change: limitation/strength | Analytical method
Mean difference: method Analytical method
Mean difference: criteria Analytical method
Mean difference: )
limitation/strength Analytical method
Regression: method Analytical method
Regression: criteria Analytical method
Regression: limitation/strength Analytical method
ROC: method Analytical method
ROC: criteria Analytical method
ROC: limitation/strength Analytical method
Others MID selection: evidence-based )
and consensus processes’ MID selection
Single MID or range of plausible | A single MID or range of
MIDs plausible MIDs
Between or within patient
approaches conceptual issues® /
Group or individual level MID® /

Notes: 1. The initial code 'MID reporting' was used as a broad code to capture any general issues regarding MID
reporting elements. When refining the code, we deleted irrelevant quotations, assigned relevant quotations to existing
codes and created codes for new issues. Finally, we had 6 quotations to support the creation of a new code 'MID
terminology'.

2. The initial code 'anchor criteria' was used as a broad code to capture quotations related anchor when reviewers were
not very sure which specific anchor code to assign. When refining the code, we deleted irrelevant quotations and
assigned relevant quotations to existing codes. Finally, this code was dropped.

3. The initial code 'GROC' was used as a broad code to capture quotations related to GROC anchor when reviewers
were not very sure which specific anchor code to assign. When refining the code, we deleted irrelevant quotations and
assigned relevant quotations to existing codes. Finally, this code was dropped.

4. The initial code 'MID variability' was used as a broad code to capture quotations related MID variability when
reviewers were not very sure which specific MID variability code to assign. When refining the codes, we deleted
irrelevant quotations, assigned relevant quotations to existing codes and created codes for new issues. Finally, the code
MID variability was dropped, and we had 3 quotations to support the creation of a new code 'generic instruments'.

5. We dropped this code because the issues about anchor have been captured by other anchor codes.

6. We dropped this code because this is irrelevant since it is reasonable to consider different PROM domains as
different measurements.
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7. The initial code included 3 items: MID selection: match study context; MID selection: evidence-based and
consensus processes; and MID selection: MID levels. We finally decided to use a broad code ‘MID selection’ for all

instead.
8. We finally considered that even though the initial code captured important MID methodological issues but is

irrelevant for either selecting or reporting MID.
9. We finally considered that even though the initial code captured important MID methodological issues but is

irrelevant for either selecting or reporting MID.
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correlate equally strongly
with the pretest and posttest
PROM scores but with
opposite signs.

working in the way they should, one would anticipate an equal and opposite correlation of
the transition measure with the pretest score and the post test score °.

Category Code Item Best Example of quotation N
iti 1t ition T We now define the MID as the smallest difference in score in the outcome of interest that
Definition MID definition efinition 5
informed patients or informed proxies perceive as important, either beneficial or harmful,
and which would lead the patient or clinician to consider a change in the management '.
MID terminology Standardize MID Several terminologies were used to identify the MID. However, using a standardized term
terminology T and acronym referring to the MID should be investigated in future studies to avoid
variability in terminology and to obtain more accurately the maximum number of articles
needed for future analysis 2.
Anchor issues Anchor type Possible anchors’ These criteria, or anchors, may be clinical endpoints (i.e., laboratory measures, 30
physiological measures, clinician ratings), patient-rated global improvement or other
PROs with established responsiveness, or some combination of clinical and patient-based
outcome >.
Anchor The change being perceived Research on the ifnterpretabilit}i1 of HRQL instruments should ifocfus grimarilifi on the 30
. ‘s : patient’s view...If one accepts that HRQL measurement must be fundamentally patient-
perspective alf mlnl;in aHy miportant on centered, the first choice for establishing the MID should be a patient-based
the an_c or would be. approach...Thus, readers, when they interpret the results of research on the MID, must
percelved as beneficial from  attend to who rated the importance of an HRQL change ... !
the patient's viewpoint.
Proxy perspective is To further qualify this definition of the MID, only if the MID for informed patients is 4
accentable if patients cannot unknown, if informed patients cannot make decisions about the management of their
P . . p disease, or if patients prefer informed proxies to make these decisions would one consider
make decisions. the MID estimates of informed proxies *.
Estimating MID should use Clinicians also may be appropriate candidates to provide an external assessment of 19
clinical evaluation as patient change, although without proper training and rigor in making judgments about
anchor change, large variations may occur °.
Anchor threshold The choice of what Once an anchor is determined, someone then decides what parts of that anchor will be 38
constitutes an MID on the considered “important change” or “small and important change™ °.
anchor should reflect a small
but important difference
Anchor Anchor should be easily An appriopriate anchor should be both interpretable and appreciably correlated with QOL 18
interpretability understandable. change ’.
Correlation At least moderate Anchor-based methods require at least moderate correlation of the change on the anchor 36
between PROM correlation between PROM with the change on the target instrument .
and anchor and anchor.
Transition scale should If the variability of the pre and post test scores are equal, were transition measures 6
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The correlation of transition  There should be a negative correlation between the GRC and the baseline instrument 4
: score...there should be a positive correlation between the GRC and the follow-up

scale with change scores on instrument score...and the correlation of the GRC with the difference between follow-up

PROM S'hould be at least 0.2 and baseline score should be at least 0.2 greater (in absolute terms) than the correlations

greater (in absolute terms) with either the baseline or the follow-up test scores .

than the correlations with

either the baseline or the

follow-up test scores.

Anchor construct Anchor and PROMs should If an anchor-based external criterion is to be used, then the criterion needs to be an 20
measure the same or closely independent measure of the same construct, not just another related self-report measure '.
related constructs.

Recall time of The recall time should not It se;:lms .cleag, therefo;e,'that patie?tshcan sorne(:itirlrlles reg?lllt)thgir prior staﬁ:, thit this 53

.. . recollection bears on their rating of change, and there will be instances when they can
transition scale E‘thlz?[llc?r?gc\;,vl};e; L;S;?l%or retain this memory for periods of up to 4 weeks in duration °.

Unchanged group The use of unchanged group Ig it tur(rjls out tha}t1 the I(ihange for the no-change group is similfarh to that 01}“1 the minima(ljly 5

e : i changed group, then the MID estimate is suspect. However, if the MID change exceeds

of transition scale when using transition scale that of the no-change group, the MID estimate is useful and does not need to be adjusted
as anchor. by the HRQOL change observed in the no-change group 2.

Number of anchors Multiple anchors should be This also means that several anchors are needed to accurately assess the MID and to 10
used to measure MID. rather check the robustness and complementarity of the results obtained using different anchors

B 12
than single anchor. ]

Measurement Satisfactory anchor The anchor’s validity and reliability are crucial for determination of a valid MCID . 35

properties of measurement properties

anchor (validity, reliability and
responsiveness) are the
prerequisite of an optimal
anchor.

PROM issue Measurement Required measurement For e;ln outcome measure t(} bellclLr_lli‘cally gsef?_lc,l _the ];neasucrle 1rqulusthﬁrst reflect smind 4
. : psychometric proper ties of reliability and validity. Beyond this, the outcome tool must
properties of p ropert%es $12R0¥ zvilfn demonstrate an ability to accurately detect change, otherwise known as responsiveness '.

PROM measuring . relability,
validity and responsiveness.

Ordinal scales do not Measures with an interval level of scaling are required because with such measures the 5
support the mathematical change score will indicate the same degree of change regardless of the initial level on the
. ) measure. Ordinal measures can be transformed to interval scaling through Rasch or other
calculations reqmred for item response theory procedures *°.
MCID calculation.
Generalizability MID Varying by MID may vary depending Clinic_ianihmtus}: be aware thtat M;D val;t;; for a measure ha\{e l_imizf:d_ genteralizabilit_);, 86
: f ot meaning that they may not transter to ditferent patient population (injury type, severity,
of MID contexts on patient characteristics. sex. athletic level, etc) 1.
MID may vary depending Difference]s7in MCID in previously reported studies can also be explained by duration of 15
on follow-up length. follow-up .
MID may vary depending Researchers who incorporate minimally important differences into their methods or 28

on intervention.

evidence users who incorporate minimally important differences into their judgments
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should be careful to select a minimally important difference that was derived from a
similar cohort of patients who underwent a similar intervention '8,

MID direction Distinguishing MID for It is possible that the same change in QOL score on a target instrument warrants different 31
impr ovement Vs interpretation if it is an improvement, rather than a deterioration .
deterioration.
Generic For generic instruments, ..., as a generic instrument measures the generic health status, its MID should not vary 3
instruments MID should not vary across different populations and contexts...?
depending on the contexts.
Statistical issues Precision of MID Precision of MID Anchor—based approaches in particular suffer frorp imprecision due to small sample sizes, 19
as this approach uses only a part of all data to estimate the MCID 2.
MID in relation to MID should be beyond It is our 1?pinil(l)n that any sound MCIde_alﬁe should fulfill (tiwo (l:lriteria}: it has to bg at li:cast 16
measurement error. greater than the measurement error and 1t has to correspond to the patient perception o
measurement error importance of change 2
Triangulation Triangulation of Early delscriptions r}elcobmmen;ied using multiple meffhods to determine t};le zi\/IfCIDhand then 15
s gl . “triangulating” on the best value. However, a specific or systematic method for this
g;%;f:ggggﬁzghizi trianglgllationghas not been suggested '°. ’ Y
Representative Representative sample To be maximally informative, representative samples of informed patients or if necessary, 14
sample their proxies should provide estimates of the MID *.
Relative or Expressing MID in relative We found no evidenczi to suggest consistent or convincing superiority of the relative or 19
absolute MID or absolute terms ' absolute approaches **.
Analytic al method  Possible anchor-based MID The most cLirect method is to simply cal((:julate th;tl meari1 PROM score change (fior patien;s 78
. T reporting the transition rating corresponding to the anchor question MCID and equate that
analytical methods value to the PROM’s MCID *.
MID may vary depending There is no consensus in the literature on the most appropriate technique for determining 33
on the analytical method the MCIC; different methods to estimate the MCIC result in different values >°.
used.
Others MID selection MID selection: match study Researchers using previously established MCID cutoff values when setting up new trials 8
context are also strongly discouraged if the intervention, outcome measure and patient population
are not similar to the settings in which the MCID cut-off was established .
MID selection: evidence- However, there is a variability among the different estimates from different studies and 6
based and consensus the choice of the value to be used subsequently is difficult. It should be data-driven and
expert-based to have a good face validity ?’.
processes
MID selection: MID levels The 4-level approach for classifying the MCID evidence is summarized...level 1. MCID 1
following specific methodological requirements; level 2. MCID deduced from evidence-
based data or RCTs; level 3. MCID deduced from an evaluation of available general
databased or methods; level 4. MCID defined by consensus panels or individual
opinions...Ideally, level 1 MCID evidence should be used during all stages of a drug
development program 2%,
A single MID or A single value or range of There was debate about whether MICs should be expressed as a single value or asarange 20

range of plausible
MIDs

plausible MIDs is
appropriate for many
PROMs

that includes all reasonable values. Ranges, however, require the user to know when to
use the larger or smaller values. Many may be tempted to use the smallest MIC in order to
demonstrate more improvement, but that may not be most appropriate to the patient group
or intervention .

Note: T apply to anchor-based MID reporting only. ¢ Number of citations. MID=minimal important difference; PROM= patient-reported outcome measures.
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ABSTRACT

Objective: Minimal important difference (MID), the smallest change or difference that patients
perceive as important, aids interpretation of change in patient-reported outcome measure (PROM)
scores. A credibility instrument that assesses the methodological rigor of an anchor-based MID
includes one core item addressing the correlation between the PROM and the anchor. However,
the majority of MID studies in the literature fail to report the correlation. To address this issue, we
extended the anchor-based MID credibility instrument by adding an item addressing construct
proximity as an alternative to the correlation item.

Study design and Setting: Informed by an MID methodological survey, we added an alternative
item—a subjective assessment of similarity of the constructs (i.e., construct proximity) between
PROM and anchor—to the correlation item and generated principles for the assessment. We
sampled 101 MIDs and analyzed the assessments performed by each pair of raters. By calculating
weighted Cohen’s kappa, we assessed the reliability of the assessments.

Results: Construct proximity assessment is based on the anticipated association between the
anchor and PROM constructs: the closer the anticipated association, the higher the rating. Our
detailed principles address the most frequently used anchors: transition ratings, measures of
satisfaction, other PROMSs, and clinical measures. The assessments showed acceptable agreement
(weighted kappa 0.74, 95% CI 0.55 to 0.94) between raters.

Conclusion: In the absence of a reported correlation coefficient, construct proximity assessment
provides a useful alternative in the credibility assessment of anchor-based MID estimates.
Keywords: anchor-based minimal important difference, credibility assessment, patient- reported
outcome measure, correlation, construct proximity, reliability.

Running title: An alternative item of the correlation item for MID credibility assessment
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Key findings

As an alternative to the correlation item in the existing anchor-based MID credibility instrument,
we added a credibility item addressing construct proximity between anchor and PROM. Our
judgement principles will facilitate others achieving the reliable construct proximity assessment

we demonstrated.

What this adds to what was known?
In the absence of reported correlations between anchor and PROM, the extension of the anchor-
based MID credibility instrument by an item addressing construct proximity of anchor and

PROM can usefully supplement MID credibility assessment.

What is the implication and what should change now?

When original authors fail to report correlations between the anchor and the PROM,
investigators using our credibility instrument can use the alternative item--construct proximity
assessment; and assign higher credibility to MIDs generated from studies using the anchor of
which the construct is more closely related to the PROM construct. When reporting correlations
between the anchor and the PROM becomes uniform practice, the alternative item will no longer

be necessary.
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1. Introduction

Patient-reported outcomes (PROs), often measured by a variety of patient-reported outcome
measures (PROMs), capture the patient perspectives regarding treatment effects and are
increasingly adopted in clinical trials !-3. Scores on PROMs represent the patients’ status regarding
constructs under assessment at the time of measurement. Interpreting PROM scores requires
understanding whether changes in patients’ scores represent trivial, small but important, moderate

or large changes *. Knowledge of the minimal important difference (MID), the smallest change or

difference that patients perceive as important, greatly aids such interpretation 3.

Typically, to estimate an MID, investigators correlate the difference in PROM scores to an anchor
that is itself easily interpretable °. Anchor-based MIDs may, however, carry a variety of
methodological flaws; for example, the anchor correlates poorly with the PROM (i.e., very low
correlation coefficient), which undermine MID credibility 7. To help distinguish flawed from
trustworthy MIDs, the existing anchor-based MID credibility instrument includes 5 core items to
assess anchor-based MID credibility 7. The assessment involves whether it is the patient who
responds to the PROM and anchor; the interpretability and relevance of the anchor to patients; the
correlation between the PROM and the anchor; the precision of the MID estimate; and whether
the chosen threshold for determining the MID on the anchor reflects a small but important

difference .

One of the core items, the correlation between the PROM and the anchor, provides crucial

information: any anchor, to provide valid information to generate a credible MID, must have at

least a moderate correlation with the PROM *!!. The higher the correlation, the more confident
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the inferences regarding MID credibility, and low correlations, certainly below 0.3 and possibly

below 0.5, will not inform credible MID estimates 8 1113

. We previously developed an MID
inventory that includes 5324 anchor-based MID estimates from 585 primary studies and applied
the credibility instrument to each study !°. About 66% of the studies, however, failed to report the

correlations 413,

In a linked systematic survey, we qualitatively synthesized methodological issues related to the
reporting of studies estimating anchor-based MIDs '¢. In addition to the items in the original
credibility instrument 7, researchers frequently noted that the extent to which the PROM and
anchor are measuring the same construct — what we will call construct proximity — could affect the
credibility of anchor-based MIDs: MIDs estimated from very closely related constructs of the
anchor and PROM (e.g., both measure pain) would likely result in a higher correlation than those
estimated from anchors with constructs that differ from the PROM (e.g., physical function
limitation vs change in hemoglobin levels) '°. Therefore, if constructs are similar and other
credibility criteria are met, it is likely MIDs will be credible; if constructs are very different, it is

unlikely credible MIDs will emerge.

Subsequently, in reviewing the methods of studies estimating MIDs included in the MID inventory
13" we noted a spectrum of construct proximity between the PROM and the anchor: from very
similar constructs to egregiously different constructs. When investigators fail to report correlations
between the PROM and the anchor, the addition of a subjective assessment of construct proximity
between PROM and anchor as an alternative to the correlation item would supplement MID

credibility assessment. To implement the assessment, we developed detailed judgement principles,
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applied the principles to a sample of MIDs, and determined the inter-rater reliability of the resulting

ratings. In this article, we report the methods and results of this effort.

2. Methods

2.1 Development of the wording of the alternative credibility item, response options and
judgement principles

Through brainstorming, example-based discussions and iterative refinement of ideas, a core team,
consisting of clinicians, health research methodologists and clinical epidemiologists (AC-L, AQ,
GHG, TD, and YW) developed the initial draft of the alternative item, the response options, and
the judgement principles for construct proximity assessment. We designed judgement principles
for different anchor types, chosen on the basis of the frequency with which they appeared in the
MID inventory, including transition ratings, measures of satisfaction, other PROMSs, and clinical
measures 2. An additional group of investigators (BT, CT, MK, MW, TAF, YT) reviewed
suggestions from the core team, and ultimately approved the final response options and judgement

principles.

2.2 Inter-rater reliability of the construct proximity credibility item

2.2.1 Data source and rater training

The data were drawn from the MID inventory '4. The raters’ assignment was to judge the extent to
which the anchor construct matched that of the PROM. Prior to the assessment, the core team
developed detailed instructions with illustrative examples for the judgement principles. Two
members of the core team (YW and TD) presented these examples to the raters (AQ, EK, QH, ND)

and discussed them thoroughly. After the instruction session, raters completed a calibration
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exercise assessing a sample of 13 MID studies. Subsequently, raters, working in pairs,
independently applied the judgement principles to evaluate the construct proximity of PROMs and

their associated anchors.

2.2.2 Sample size and sampling

Because the main concern for the reliability of the alternative item was the consistency of
implementing the judgement principles among raters, we tested inter-rater reliability. We used an
expected reliability of 0.7 from a weighted Cohen’s kappa with a fixed width of the 95%
confidence interval (CI) of 0.2 for sample size calculation. For two raters assessing the same MIDs,
achieving this level of precision would require at least 101 MIDs !”.

To ensure independent observations, for the studies with multiple estimates, we selected only the
first MID estimate appearing in the inventory. We randomly sampled 101 MID studies from our

inventory '# and analyzed the assessments performed by each pair of raters.

2.2.3 Reliability Analysis

To assess inter-rater reliability, we calculated a weighted Cohen’s kappa and the associated 95%
CI (http://www.vassarstats.net/kappa.html). Assuming the response options as ordinal and
equidistant, calculations used quadratic weights based on the formula: wi=1-(i%/(k-1)?), where i is
the distance between categories of response options and k is the total number of categories. We
combined the response of ‘impossible to tell’ and ‘definitely not related’ (see results section below)

and considered a minimum reliability coefficient of 0.7 as acceptable ©.

3. Results
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3.1 Wording of the alternative item and response options

Item 3.1. To what extent is the construct of the anchor closely related to the construct of the PROM?
The following five-point adjectival scale frames the response options, including ‘definitely closely
related’; ‘to a great extent’; ‘not so much’; ‘definitely not related’; and ‘impossible to tell’. Raters
base their judgements on the extent of the similarity and anticipated associations between the
PROM construct and the anchor construct: the more similar and closer the anticipated association,
the higher the rating. For example, a response of ‘definitely closely related’ means the two
constructs of PROM and anchor are very similar or very closely related, while the option ‘definitely
not related’ means that the two constructs are different and unrelated. In the absence of sufficient

details to make an informed judgment, raters use a response of ‘impossible to tell’.

3.2 Judgement principles
Below, we provide detailed judgement principles for the most frequently used anchors, including
transition ratings, measures of satisfaction, other PROMs, and clinical measures !4, to guide raters
to an optimal response option in a systematic and logic way. In Appendix 5, we provide worked
examples to further explain the application of the judgement principles.
3.2.1 Transition rating anchor
1. If assessors judge the two constructs of the PROM and transition rating anchor as the
same or very similar, use a rating of ‘definitely closely related’.
2. When the two constructs refer to different targets of measurement, the rating should be
lower. Depending on the likelihood of the two different constructs changing in parallel (i.e.,
the anticipated association), assessors can choose a rating ranging from ‘definitely not

related’ to ‘to a great extent’.
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3. Often, the anchor construct description is vague, for example ‘health status’; the
assessors must take into account the clinical condition(s) and any interventions
administered, and make inferences regarding how the participants in an MID study would
perceive the construct (Appendix 5, example ).

4. Because health states are essentially subjective experiences best assessed by patients
rather than by clinicians, the anticipated association between a PROM and a clinician-rated
transition anchor would likely be lower than with a patient-rated anchor. Although we have
captured ‘who responds to PROM and anchor’ in another credibility item ©, to infer the
likely magnitude of the association between the PROM and the transition anchor for the
judgement of construct proximity, we still need to consider who completes the transition
ratings. Therefore, after applying the first three principles, assessors should further rate

down for clinician-rated transition ratings (Appendix 5, example 2).

3.2.2 Anchor measuring patient satisfaction

Some consider patient satisfaction a measure related to quality of health care rather than outcomes.

» 18

However, when one asks, for instance, “How satisfied are you with your shoulder function” *°,

there is no reference to the quality of care but only to the outcome. We included such satisfaction

measures as PROMs in our inventory. When judging the construct proximity, details regarding the

target of the anchor measuring satisfaction (i.e., with exactly ‘what’ is the respondent satisfied or

dissatisfied) is important. As noted below, the anchor may refer to outcomes or quality of care, and

if quality of care, there is likely poor construct proximity.

1. When a satisfaction anchor does not specify the satisfaction target (e.g., are you satisfied?

without further specification), because participants could perceive the satisfaction target
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very differently, leading to possibly great variations in the perceived constructs of the
anchor, regardless of the PROM construct, raters should choose ‘definitely not related’.
2. For anchors measuring satisfaction and PROMs that also address satisfaction, if both
share the same satisfaction target, raters should choose ‘definitely closely related’. If,
however, the targets differ (e.g., the anchor asks about satisfaction with quality of care
whereas the PROM asks about satisfaction with pain relief), depending on the anticipated
association between the two targets, raters can give a rating of ‘fo a great extent’, ‘not so
much’, or ‘definitely not related’.
3. For anchors measuring satisfaction and PROMs that address something other than
satisfaction, the construct proximity rating could be, at highest, ‘o a great extent’. Then,
details regarding the satisfaction target of the anchor should inform the final rating. Below,
as illustrations, we provide two commonly used targets of anchors measuring satisfaction.
3.1 A typical target is the experienced outcome after an intervention. For example,
an anchor might ask patients their willingness to have the intervention again given
the experienced outcome. By taking into account the clinical condition(s), raters
could be able to infer the experienced outcome to which the anchor refers. If it is
the same as the construct of the PROM (e.g., pain relief), raters should choose the
highest rating of ‘fo a great extent’. If different, depending on the anticipated
association between the target and PROM construct, raters can assign a rating of
‘not so much’ or ‘definitely not related’ (Appendix 5, example 3).
3.2 Another typical target is care management or satisfaction with an intervention.
For example, an anchor might ask patients whether they are satisfied with the care

they received. When anchors refer to satisfaction with quality of care, participants
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may consider issues, including the experienced outcome, costs, care center
environment, satisfaction with the behavior of the care provider. Because these
issues may or may not related to the construct the PROM addresses, raters should

choose ‘not so much’ or ‘definitely not related’ (Appendix 5, example 4).

3.2.3 Other PROM as an anchor

Knowledge of at least the subdomains and possibly the items of the anchor PROM and the target

PROM are necessary to judge the constructs they are addressing and thus make an accurate rating

of their construct proximity.
1. For an anchor PROM measuring the same or very similar construct(s) as the target
PROM, if the two PROMs are designed for the same condition or disease, raters can choose
a highest rating of ‘definitely closely related’. 1f, however, the two PROMs are designed
for different conditions or diseases, because it is likely that even the same constructs might
cover different domains and mean different things to patients, raters should choose a
highest rating of ‘fo a great extent’. Then, raters may use the details of the two PROMs -
the summary of subdomains and items - to inform a more accurate rating. When the
subdomains and items of the two PROMs address very similar aspects, raters should choose
“to a great extent’; otherwise, they should rate down further (Appendix 5, example 5).
2. For an anchor PROM measuring different construct(s) than the target PROM, a highest
possible rating should be ‘to a great extent’. Depending on the likelihood of the two
different constructs changing in parallel, or how similar the subdomains (and items) are,

assessors may or may not rate down further.
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3.2.4 Clinical measure as an anchor
1. The ratings would depend on the biological relation between the clinical measures (e.g.,
physiologic measures) and the PROM construct (Appendix 5, example 6).
2. The clinical conditions and interventions administered in an MID study may affect the
biological relation. Assessors may also need clinical input to infer the biological relation.
3. As clinical measure tends to be poorly correlated with PROs ! 2, assessors should seldom
choose ‘definitely closely related’.
3.2.5 Multiple anchors
If investigators have used multiple anchors to estimate an MID, unless investigators specify, there
is no assurance that they have put greater weight on one anchor or other; and raters should assume
that they weighted all anchors equally. Raters should then give a final rating lying between the
ratings for the most related constructs of the PROM and anchor and the least related. When a
majority rating exists (e.g., two out of three anchors with a rating of ‘not so much’), raters should

choose the rating of the majority as the final rating.

3.3 Reliability analysis

Three pairs of reviewers (ND and TD, 30 assessments; EK and YW, 34 assessments; and AQ and
QH, 37 assessments) conducted the construct proximity assessment. The sample anchors included
transition ratings (N=66), satisfaction measures (N=8), PROMs (N=7), clinical measures (N=0),
multiple anchors (N=3), and others (clinician-reported outcome measure (N=3), age group (N=1),
disease related outcome (N=4), and comparison to another patients (N=3)). The inter-rater

reliability was 0.74, with a 95% CI of 0.55 to 0.94 (Table 3).
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Table 3. Concordance in the construct proximity assessment between raters.

N=101 MIDs Rater 1
Definitely — not Not so To a Definitely Weighted
related/impossib  much great closely kappa
le to tell extent related (95%CI)
Rater 2 Definitely 4 0 0 0 -
not
related/imp
ossible  to
tell
Not so 0 11 4 0 -
much
To a great () 8 29 8 -
extent
Definitely 0 1 11 25 -
closely
related
0.74
(0.55-0.94)

4. Discussion

4.1 Main findings

To address situations in which investigators do not report correlations between the PROM under
consideration and an anchor, we developed an alternative item addressing the construct proximity
between the PROM and the anchor. We developed detailed principles for making proximity
judgments for various types of anchors used by investigators in studies estimating MIDs. Guided
by the judgement principles, raters showed acceptable agreement on the assessments (7able 3),
demonstrating acceptable inter-rater reliability (weighted Cohen’s kappa=0.74). Future users can
use the judgement principles described here, with reference to examples (4Appendix 5), to conduct

the assessment for this alternative credibility item.

4.2 Strengths and limitations
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14 as well as the

The paucity of reported correlation coefficients between PROMs and anchors
existence of instances in which the target concept of the anchor bore little relation to the target
concept of the PROM, established the need to add an alternative item for assessing credibility. A
comprehensive systematic survey on anchor-based MID methodology !¢ informed the suitability
of assessing construct proximity as a substitute for the correlation coefficient between the PROM
and the anchor. The team developing the judgement principles included developers of credibility
instruments ¢ and the MID inventory '3, and methodologists having rich experience in anchor-
based MID estimation. Examples in the MID inventory informed the refinement of judgement
principles. The acceptable inter-rater reliability attests to the usefulness of this alternative item.

The major limitation of construct proximity assessment is its subjectivity: inferences regarding
anticipated correlations involve rater subjectivity. The assessment may require a level of
knowledge about PROM and anchor, which may affect final judgements. The acceptable

agreement among our raters, however, indicates that explicit principles and training can result in

satisfactory calibration of raters.

4.3 Implications

MIDs aid the interpretation of PROM results in clinical trials. If MID estimates do not, however,
actually reflect underlying true MIDs, interpretation of the magnitude of treatment effects will be
flawed. Such misleading estimates likely occur when the methodology of MID estimation is
seriously flawed. Thus, selecting an MID estimate for clinical trials should consider its credibility.
The choice of an anchor plays a crucial role in determining the credibility of MID estimates. The
appropriateness of an anchor depends on how well it captures the same construct as the target

PROM 12 1921 A guitable anchor measures a construct similar to that of the target PROM, but
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unsuitable anchor will not. To achieve a trustworthy estimation of anchor-based MIDs,
investigators should therefore choose anchors that measure constructs as similar as possible to the
target PROM 22,

Construct proximity between the PROM and the anchor is best quantified by correlations. Close
anchor-PROM construct proximity does not guarantee a satisfactory correlation between the
PROM and the anchor. It therefore remains critical that investigators in future report correlations
between PROM and anchor — when this becomes uniform practice, our alternative item will
become obsolete. If correlations are, however, not reported, investigators using our credibility
instrument should now include the alternative item and assign higher credibility to MIDs generated
from more closely related constructs 2324, Our judgement principles will facilitate the assessment

of the extent to which the two constructs are similar or related.

5. Conclusions

In the absence of reported correlations between the PROM and the anchor, construct proximity
assessment represents a useful alternative in the anchor-based MID credibility instrument. The
judgement principles facilitate reliable construct proximity assessment for the PROM and the
anchor. Although adding construct proximity assessment in the credibility instrument to some
extent remedies the failure of investigators to report the correlation coefficients, the only fully

satisfactory solution is for investigators to uniformly report the correlations.
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Appendix 5. Worked examples for assessing the construct proximity.

e Transition ratings

Example 1:

Investigators calculated the minimal important difference (MID) for the physical
function domain of the Western Ontario and McMaster University Osteoarthritis
Index (WOMAC) for patients with femoroacetabular impingement undergoing
operation and used a transition rating anchor asking patients ‘How much did the
operation help your hip problem: helped a lot, helped, helped only little, didn’t help,
made things worse’.

Rating: 70 a great extent

Rational: The two constructs were different: the PROM was ‘physical function’ and
the anchor was ‘hip problem’. The rating would thus depend on the likelihood of the
two constructs changing in parallel. However, we need to infer how patients would
perceive ‘hip problem’. Since the patient condition was femoroacetabular
impingement, ‘hip problem’ could be mainly about two aspects: functional limitation
and pain. Therefore, the two different constructs, to some extent, were related. We
should thus rate it as a ‘to a great extent’.

Example 2:

Investigators calculated the minimal important difference (MID) of VAS-pain for the
patients with osteoarthritis and used a transition rating anchor asking the attending
surgeon to evaluate the overall status of patients following surgery.

Rating: not so much

Rational: Since the condition of the included patients was osteoarthritis, we
assumed ‘overall status’ mainly referring to ‘pain and function limitation’. Although
the two constructs of the PROM and the anchor were different, we suspected a
moderate correlation and rate the construct proximity as a ‘to a great extent’. But the
anchor was assessed by the attending surgeon. We should further rate down and give
a final rating of not so much.

e Satisfaction anchor

Example 3:

Investigators calculated the MID for the Pain visual analogue scale (VAS-Pain) for
patients with low back pain undergoing surgery and used a satisfaction anchor asking
their willingness to have the surgery again given the experienced outcome.

Rating: 7o a great extent

Rational: The PROM was measuring pain but not a satisfaction scale, so that the
highest rating was set as ‘to a great extent’. Considering the patient condition was
low back pain, we could infer that the patients perceived ‘the experienced outcome’
after surgery as ‘relief of pain’. The anchor was thus about the satisfaction with ‘relief
of pain’. Because the anchor satisfaction target was same as the PROM construct —
‘pain’, we rated it as ‘fo a great extent’.

Example 4:
Investigators calculated the minimal important difference (MID) for the pain domain
of the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) for
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patients with Knee osteoarthritis undergoing total knee replacement and used a
satisfaction anchor asking ‘What is your global level of satisfaction with surgical
management?’.

Rating: not so much

Rational: The PROM was measuring pain but not a satisfaction scale, so that the
highest rating was set as ‘fo a great extent’. However, the satisfaction target of the
anchor is about ‘surgical management’. The patients would refer to quality of care
and consider issues including the experienced outcome (may include pain), costs,
satisfaction with the behavior of the care provider. In this case, the anchor construct
could potentially have no or a low correlation with the PROM construct--pain. We
should thus rate down and rate it as ‘not so much’.

e PROM anchor

Example 5:

Investigators calculated the MID for St George’s Respiratory Questionnaire (SGRQ)
for patients with chronic obstructive pulmonary disease and used EuroQol-5
Dimensions (EQ-5D) instrument as the anchor.

Rating: not so much

Rational: Both SGRQ and EQ-5D measure quality of life, but the two PROMs were
not designed for a same condition. SGRQ is disease-specific instrument designed for
patients with obstructive airways disease, while EQ-5D is a generic instrument
applicable for all people. Therefore, at most, we should give a rating of ‘fo a great
extent’. By comparing the summary of subdomains (SGRQ: symptoms, activities,
impact; EQ-5D: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression), we considered further rating down because few overlaps
between the subdomains and rated it as ‘not so much’.

e Clinical measurement

Example 6:

Investigators calculated the MID for Perform Questionnaire (PQ)-physical limitation
for patients with cancer receiving conservative cancer therapies and used change in
hemoglobin (Hb) level as the anchor.

Rating: definitely not related

Rational: We considered that the change in Hb level (e.g., a change of 2 g/l) was not
relevant to the change in physical function and questioned the existence of biological
relation between them. Therefore, a rating of ‘definitely not related’ was suitable.
*These examples are from the real examples of the MID inventory *°.
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Abstract

Researchers proposed the minimal important difference (MID), the smallest change or difference
that patients perceive as important, to aid interpretation of patient-reported outcomes measure
(PROM) scores. When multiple MIDs for a given PROM differ substantially, selecting an optimal
MID to aid interpretation may prove challenging. To address the problem, we developed a
systematic, step-by-step selection approach. An optimal MID, at least, should be methodologically
sound and secondarily, should, as far as possible, match the intended application contexts.
Therefore, this approach is geared to explaining the variability of the MIDs for the PROM of
interest by the methodological rigor and contextualized factors influencing the MID application,
and where appropriate, provides a single optimal MID, i.e., the median of the selected estimates

in a relatively narrow range.

Summary points

e A systematic step-by-step approach has been developed to select an optimal, anchor based,
minimal important difference (MID) from various MID estimates of a given patient reported
outcomes measure (PROM).

e This approach relies on information on credibility and contextualised factors of all available
anchor based MIDs of a target PROM to select the optimal anchor based MID.

e The approach resolves the difficulties in choosing an optimal MID among multiple MIDs to
interpret PROM results, which will prove helpful for clinical trials, systematic reviews, and
clinical practice guidelines that use PROMs.

e An optimal MID should be credible and should, as far as possible, match the intended

application contexts.
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Background

When measuring a health state experienced and best known by patients, physiological measures
and clinicians’ estimates have serious limitations. Thus, directly measuring the patient perspective
represents the only satisfactory approach. Clinicians and researchers can measure patient
experience - including symptom status, physical function, mental health, social function, wellbeing,
and quality of life - using patient reported outcome measures (PROMs). Use of PROMs enhances
understanding of the effects of interventions designed to impact disease status and course on
patients’ lives !3. Authorities thus advocate for using PROMs as endpoint measures in clinical

trials examining treatment effects 43,

It is challenging, however, to interpret PROM results. Provided large enough sample size, small
differences in PROM scores within or between groups that may not be important to patients could
achieve statistical significance °. Researchers proposed the minimal important difference (MID),
the smallest change or difference that patients perceive as important (on average), to aid
interpretation of PROM scores '°!'!. The MID has clear implications for interpreting differences
between groups in randomized trials: the smaller the mean differences in relation to the MID, the
less likely differences represent important and substantial effects, and the larger the difference the
more likely. Thus, when presenting results as mean difference in scores between groups, MIDs
inform judgements as to whether mean treatment effects represent trivial, small but important,
moderate, or large effects 2. MIDs can also work as a threshold for responder analyses in which

trialists estimate the proportion of patients who have achieved an important treatment benefit 3.

63



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

Researchers can choose between two approaches for estimating an MID: anchor-based and
distribution-based methods. Anchor-based methods examine the relation between a PROM of
interest and an anchor that is itself easily interpretable (Box. Glossary) '°. Distribution-based
methods use the statistical characteristics of PROM scores to estimate MIDs, thus providing no
clear relation to the importance of the change in PROM scores to patients 4. Anchor-based MIDs

therefore represent a far better approach to aid interpretation of the magnitude of treatment effects

14-16

Conducting a clinical trial or systematic review using PROMs requires a predefined MID at the
stage of developing the protocol >7. For a given PROM, however, multiple anchor-based MIDs
differing substantially from one another are often available '"-'°. Currently, researchers may
assume all MID estimates from published studies that have undergone peer review are equally
trustworthy, and randomly choose one for their use 2°22. Such a practice risks choosing a

misleading MID estimate, and thus misinterpretation of results.

In response to this problem, the MID research community has sought approaches to selecting
optimal MIDs. Some have suggested using MIDs meeting specific methodological requirements
23, Others have suggested MID selection be context-dependent and therefore encouraged using an
MID established in contexts similar to the trial '3 2* 25, When variability exists among available

2627 or one might triangulate

MID estimates, a consensus process could inform MID selection
different MIDs to generate one single MID 28-3°, These suggestions all have limitations including

narrowness of perspective, lack of specification and, until recently, lack of criteria to define

methodology that will produce a trustworthy MID.
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Our team developed an instrument to evaluate the credibility of anchor-based MIDs 3!. The
instrument and its recent extension 2 provide a systematic approach to deal with the
methodological assessment for anchor-based MIDs. We have also developed a living anchor-based
MID inventory (Patient Reported Outcome Minimal Important Difference (PROMID) Database)
that includes all available estimates of known PROMs from the literature and includes credibility

assessment of each MID estimate (www.promid.org) 3.

The development of the inventory and assessment of credibility did not, however, solve the
problem of choosing an optimal MID estimate: when a number of widely varying MID estimates
are available, credibility may be similar across estimates. Thus, a systematic approach to selecting
the optimal anchor-based MID remains unavailable. To address this deficiency, we have developed
an approach. Here, we describe the methods of development, the rationale for the approach, and

the steps to select the optimal MID from available MID estimates.
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Box. Glossary terms regarding minimal important differences (MIDs)

Anchor-based MID

MID refers to the smallest difference in score in the outcome of interest that informed patients
or informed proxies perceive as important, either beneficial or harmful. Anchor-based MIDs
relate a difference in the target PROM to an independent measure (i.e., the anchor) that is itself
interpretable. For example, investigators use a transition rating scale (i.e., global rating of
change) as the anchor (e.g., Since last month when we started the new treatment, are you feeling
better or worse and, if so, to what extent?”, with responses of ‘very much better, much better,
moderately better, slightly better, about the same, slightly worse, moderately worse, much worse,
very much worse’) and establish the anchor-based MID for a PROM by estimating the average
change in the small but importantly improved group (i.e., MID group) on the anchor (e.g.,
‘slightly better’ group), where the changes in the PROM score should at least have a moderate
correlation (i.e., correlation coefficient=0.5) with the transition rating scale.

The most credible MID estimates

The most credible MID estimates refer to the available MID estimates that receive the highest
ratings across the five core credibility criteria (i.e., the highest credibility rank, see Appendix §).
Consistency among MID estimates

Consistency is defined as 80% of the MID estimates lying within an absolute value of 10% of

the PROM score above or below the median (i.e., within a range of 20% of the median).
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Box. Glossary (continued)

Near the median of the whole distribution

The absolute difference between the median of the selected MID estimates and the median of
the whole distribution is less than an absolute value of 10% of the PROM score.

Enough MID estimates

Analogously to subgroup analysis, we will use the same threshold for enough MID estimates.
That is, at least 3 estimates per contextualized factor.

Explained MID variability

For binary contextualized factors, we categorize the MID estimates into two groups (e.g.,
surgical group vs non-surgical group), and to test whether variability is explained by the factors,
we compare the medians of the two groups using Wilcoxon Rank Sum Test with a threshold p

value 0of 0.10.
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Methods

Following formation of a steering committee, the development of the selection approach consisted
of 3 stages: conducting a systematic survey to identify issues related to selecting MID; gathering
expert views on the general selection framework; reaching consensus on the details under the

selection framework; and formulating a systematic, step-by-step selection approach.

Steering Committee

Prior to the start of the project, we established a steering committee including clinicians, health
research methodologists and clinical epidemiologists (AC-L, BT, CBT, GHG, MTK, MW, TD,
TAF and YW), a number of whom have rich experience in health status measurement and MID
research. The steering committee regularly attended virtual meetings to discuss outstanding issues
and decide the next steps of the development. We recorded the meetings and circulated summaries

of discussions.

Systematic survey identified candidate items related to MID selection

We conducted a systematic survey, searching up to March 2020, to qualitatively summarize items
researchers and methodologists have offered to select optimal MID estimates. We have previously
reported a detailed description about the systematic survey 4. Briefly, the survey identified 29
items that constituted candidate criteria for selecting an optimal MID. They covered MID
methodology issues, including anchor, PROM and MID-related statistical issues, as well as the
factors impacting the generalizability of MID estimates, including the contexts in which the

estimates were developed 4.
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Expert views on the selection framework and decisions on the candidate items

In parallel with the systematic survey, we collected the committee’s views on the selection
framework. Through discussions, the committee agreed on two key broad criteria: MID
methodological rigor and generalizability. That is, to develop the selection approach for an optimal
MID, the most crucial and first criterion is the methodological rigor of MID estimate development.

Secondarily, the optimal MID should, as far as is possible, match the intended application contexts.

Then, we reached consensus on items identified from the survey 3*to be included in the selection
framework, which informed the following development of the systematic selection approach. A
core team (AC-L, GHG, TD and YW) first conducted intensive discussions on the candidate items
identified from the survey and made preliminary decisions on the candidate items. The core team
circulated the suggested items to the committee. The steering committee reached the agreements

on the relevant items (see Appendix 6 for details).

Development of the step-by-step selection approach

Guided by the consensus on the selection framework and corresponding items, the core team
developed a tentative step-by-step selection approach and tested it using the data of the Western
Ontario and McMaster Universities Arthritis Index (WOMAC) obtained from the MID inventory
database (up to 2018) 3. The entire committee then, in a series of meetings, provided feedback to
refine the selection approach. When the committee identified concerns and provided suggestions,
we tested the revised version with a number of MID estimates in the inventory (e.g., Pain visual
analogue scale (VAS), Knee injury and Osteoarthritis Outcome Score (KOOS)) 33. This iterative

process continued through six committee meetings and concluded with the committee members
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agreeing on a definitive process of optimal MID selection. During the example-based refinement,
the committee reached agreements on issues related to relative and absolute MIDs, and how to
deal with the MIDs for the same PROM (or subdomain) that used different scales (see Appendix 6

for details).

Results

The rationale of the selection approach
As the most important aspect for selecting an anchor-based MID, the committee prioritized the
methodological rigor. Thus, we first apply the credibility assessment for all available MID

3132 and choose the most credible MIDs (Figure 5, Step 1; Appendix 7 presents the

estimates
criteria for choosing the most credible estimates) for a given PROM (or subdomain). The median

of the most credible MIDs for that PROM (or subdomain) constitutes the initial best guess as to an

optimal MID 13,

The committee recognized that optimal MIDs may vary by contexts 3*. If such differences exist,
the median of the most credible MIDs will not be applicable to all contexts. Evidence suggesting
contextual differences might exist include: the most credible MIDs are inconsistent, or the most
credible MIDs are consistent with one another but their median is not near the median of all MIDs.
Either of these findings requires seeking contextualized factors that can explain the variability

among MID estimates (Figure 5, Step 2).
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If investigators identify such contextualized factors, they will select the median of the most
credible MIDs under each context as the optimal MIDs. If, however, they fail to identify
contextualized factors that explain MID variability, they choose the median of the most credible

MIDs as the optimal MID.

Explanation of the details of the selection approach
Figure 5 presents the complete processes of the selection approach and Appendix 7 provides a
more detailed narrative description for the selection process. Here follows a summary of the

process.

The process begins with identifying the most credible MIDs. To do so, investigators apply the
credibility instrument 3!, count the number of the five core credibility criteria met, and select the
MID estimates with the highest count (Figure 5, box 1-4; Appendix 7). The most credible MIDs
are those with the highest ratings across the five core credibility criteria (i.e., the highest credibility

rank, Appendix §8).

Appendix 7 elaborates on how one can assess each credibility criterion and select the most credible
MID. Briefly, criterion 1 is rated ‘yes or no’. All other criteria are rated on a 5-point adjectival
scale with response options for ‘definitely yes’(or ‘definitely closely related’) (highest credibility);
‘to a great extent’; ‘not so much’; ‘definitely no’ (or ‘definitely not related’)’ and ‘impossible to
tell’ (lowest credibility). The best MIDs are those meeting five ‘definitely yes/yes/definitely closely
related’ for the five core criteria (Figure 5, box 1). To identify the most credible MIDs, however,

investigators may progressively relax the criteria (Figure 5, box 4; Appendix 7) until they find
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available MIDs with the highest credibility rank (higher rank means higher credibility, Appendix
8). For example, no MIDs for KOOS-quality of life (Qol) met five ‘definitely yes/yes/definitely
closely related’ (i.e., rank 1). We thus relaxed our criteria and found 2 MIDs with highest credibility
rank, referring to them as the most credible MIDs, which were those meeting five ‘definitely

yes/yes/definitely closely related’ or ‘to a great extent’ (i.e., rank 2) (Appendix 8,9).

Investigators will then check the consistency of the selected MID estimates (Figure 5, box 5) and
compare their distribution to the distribution of all available MIDs (Figure 5, box 9). The
committee suggested that MIDs be considered consistent with one another if 80% of the estimates
lie within an absolute value of 10% of the PROM score above or below their median (i.e., within
a range of 20% of the median) (Box. Glossary). When the most credible MIDs are consistent
(Figure 5, box 7), and the median of the most credible MIDs is near the median of the whole
distribution (Figure 5, box 13) (the definition for ‘near’ being the absolute difference between the
median of the most credible MIDs and the median of the whole distribution is less than an absolute
value of 10% of the PROM score) (Box. Glossary), investigators can be confident that the median
of the most credible MIDs represents the optimal MID (Figure 5, box 19; Appendix 7). For example,
we identified the most credible MIDs for the Pain visual analogue scale (VAS-pain) (0-100) were
17, 13.5, 12, 15, 13,16, 14,17 and 20.4, of which the median was /5. By definition, they were
consistent. Because their median was near the median of the whole distribution (i.e., 15.7)— the
absolute difference between them was within 10—we selected the median of the most credible,

which was 135, as the optimal MID (Appendix 9).
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The most credible estimates may, however, be inconsistent and excessive variability may exist. If
that is the case, investigators should try to explain the variability by further consideration of the
credibility criteria. The most important credibility criterion addresses the anchor validity: the
correlation between the anchor and the PROM of interest 3! 34. Therefore, when the most credible
estimates are inconsistent (Figure 5, box 6), investigators will prioritize the correlation criterion to
explain the remaining variability and among the most credible estimates, select MIDs with high

correlations with the anchor (r>0.5) 3! (Figure 5, box 8; Appendix 7).

The credibility assessment instrument has four additional extension credibility criteria that
specifically address the validity of transition rating anchors (Appendix 7) 3! 33, After restricting to
MIDs with high correlations with the anchor (r>0.5) 3!, if substantial variability among the
estimates remains (Figure 5, box 17) - or if no MIDs with high correlations are available (Figure
5, box 10), because MIDs were often estimated on transition rating anchors (more than half in the
MID inventory) 3, investigators could further consider the additional credibility criteria 3!. We
suggest assessing the recall period for the transition rating anchors because except follow-up length,
the relevant data for the other three additional criteria were rarely reported 3! 3¢, Investigators could
remove the estimates anchored to transition ratings with a long recall period (>4 weeks) 3! (Figure
5, box 14), and determine if the remaining most credible estimates prove consistent (Figure 5, box
16, Appendix 7). If, however, no selected estimates are anchored to transition ratings or all the
selected estimates anchored to transition ratings are with long recall period (>4 weeks),
investigators would skip the assessments (i.e., skip the dotted boxes 14, 16, 20, 21, 23, 26, 27, and

29 in Figure 5).
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The further consideration of the credibility criteria regarding the anchor validity above, however,
may not be necessary. Because there may be few estimates with a high correlation of 0.5 between
the PROM and the anchor; it is possible that all the estimates using transition anchors have long
recall period; more often, the most credible estimates would appear to be consistent. For example,
in our worked examples (Appendix 9, 10), we did not further consider the correlation and recall
period criteria. After applying the five core credibility assessments, the most credible MIDs were

consistent (Appendix 9, 10).

At this juncture, investigators will face one of three situations:

1) The (newly) identified most credible MIDs are consistent, and their median is near the
median of all MIDs (Figure 5, box 13, box 25 or box 27; Appendix 7). If this is the case
(referring to the VAS-pain example above), the median of these (newly) identified most
credible MIDs represents the optimal MID, applicable to all contexts (Figure 5, box 19,
box 28 or box 29; Appendix 7).

i1) The (newly) identified most credible MIDs are consistent but their median differs
considerably from the median of the whole distribution (Figure 5, box 12, box 24, box 26,
Appendix 7).

ii1) The (newly) identified most credible MIDs are inconsistent (Figure 5, box 6, box17,

or box 20; Appendix 7).

Intuitively, for situation ii), the substantial differences of the two medians may be attributed to

MID credibility alone. It is, however, possible that contextualized factors play a role. For example,

all the most credible MIDs may be established in a same context (see the worked example below),
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and the different estimate in another context may be due to the lower credibility or rather due to
the different context. Therefore, because either situation ii) or situation iii) suggests the MIDs may
be context-dependent, further exploration seeking contextualization as an explanation of

variability is required (Figure 5, box 30; Appendix 7).

Investigators will use the most credible MID estimates for exploring variability (Figure 5, box 31).
When, however, the number of credible estimates is insufficient for this exploration (Figure 5, box
33) - that is, less than three estimates per contextualized factor (Box. Glossary) - investigators will
then use all available estimates for the exploration (Figure 5, box 35). If the search for
contextualized factors yields an explanation for the variability, the optimal MID will be context-
dependent: one optimal MID for each context (Figure 5, box 40 or box 44,; Appendix 7). If no
contextual explanation is found, investigators will select the median of the most credible estimates

among all available MIDs as the optimal MID. (Figure 5, box 45, Appendix 7).

75



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

Figure 5. the complete selection process for an optimal anchor-based MD.

Step 1: Choose the most credible MIDs by credibility.
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Step 2: Explore contextualized factors.

30. Explore contextualized factors

. 4

31. Are there enough most credible estimates
for analyzing contextualized factors?m

v v
32.YES 33.NO
v v
34. Can variability among the most credible 35. Are there enough all available estimates for
estimates be explianed by contextualized facors?t analyzing contextualized factors?w®
A 4 \ 4 \ 4 \ 4
36. YES 37.NO —— 38.YES 39.NO
¥ v
40.select the median of all the most 41.Can variability among all available estimates
credible estimates under each be explianed by contextualized facors?t
contextualized factor as the optimal
MID (context-dependent application) ‘ v v
42.YES 43.NO
Y
\

45.select the median of the most
credible estimates from all

avaliable estimates as the optimal

MID (applicable to all contexts)

44 select the median of all the most
credible estimates under cach
contextualized factor as the optimal
MID (context-dependent application)

Footnote:

"Box 1: This is the first step of the selection, where we aim to find the MID estimates with 5 ‘definitely
yes/yes/definitely closely related’ ratings across the 5 core credibility criteria. The 5 core credibility criteria include:
Q1. Is the patient or necessary proxy responding directly to both the PROM and the anchor?; Q2. Is the anchor easily
understandable and relevant for patients or necessary proxy?; Q3. Has the anchor shown good correlation with the
PROM? (Or, Q3.1 if the correlation is not reported, to what extent is the construct of the anchor closely related to the
construct of the PROM?); O4. Is the MID precise?; O5. Does the threshold or difference between groups on the
anchor used to estimate the MID reflect a small but important difference? Response options for Q! are yes or no. All
other criteria are rated on a 5-point adjectival scale with response options for ‘definitely yes’ (‘definitely closely related’

for 03.1), ‘to a great extent’, ‘not so much’, ‘definitely no’ (‘definitely not related’ for Q3.1), and ‘impossible to tell’
(Appendix 7).
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“Box 4: The ‘most credible estimates’ refers to the available MID estimates that receive the highest ratings across the
5 core credibility criteria. To arrive at the most credible estimates, we progressively relax the criteria as follows: first,
choose MID estimates with 5 ‘definitely yes/yes/definitely closely related’ across the credibility core criteria (Q1, Q2,
Q3 (or Q3.1 if correlation coefficient is not reported), Q4 and Q5 ); if, however, there are no estimates meeting 5
‘definitely yes/yes/definitely closely related’ ratings, we relax our definition of ‘most credible’ MIDs, and include
MIDs that are rated as five ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ across the 5 core criteria.
If there are no MIDs meeting this relaxed definition, we further relax our criteria to select the estimates in lower
credibility rank (see Appendix 8 for the credibility ranks, higher rank means higher credibility), that is, the estimates
with ratings of four ‘definitely yes/yes/definitely closely related’ across the core criteria. If not available again, we
select MIDs with ratings of four ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ across the core
criteria and so on (Appendix §). When MIDs with higher rank are available, do not go down the ranking system to
select the MIDs with lower rank. For example, if we have one estimate at rank 1, this estimate would be the only one
we will use.

% Box 5,15 or 16: consistency is defined as 80% of the MID estimates lying within an absolute value of 10% of the
PROM score above or below the median (i.e., within a range of 20% of the median).

£ Box 9, 22 or 23: ‘near the median of the whole distribution’ means that the absolute difference between the median
of the selected MID estimates and the median of the whole distribution is less than an absolute value of 10% of the
PROM score.
& Box 14: only applicable when, among the most credible MID estimates, there are estimates anchored to transition
ratings. If, however, no estimates are anchored to transition ratings or all the estimates anchored to transition ratings
are with long recall period (>4 weeks), we will skip this step and its downstream steps (i.e., the dotted boxes 14,16,
20, 21, 23, 26, 27 and 29).

© Box 31 or 35: At least 3 most credible estimates per contextualized factor.

"Box 34 or 41: to test whether variability is explained by contextualized factors: compare the distributions; for binary

factors, use Wilcoxon Rank Sum Test with a threshold p=0.10.
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A worked example for the selection approach
To further illustrate the selection approach, we describe a worked example--the pain subdomain of
the WOMAC. In Appendix 9, we present more worked examples, including VAS-pain, KOOS-Qol

and the 36-item Short Form Survey-mental component summary (SF-36-MCS).

The WOMAC-pain data were obtained from the MID inventory, PROMID (up to 2018) 3. We
described the detailed process for generating the database elsewhere 3. Briefly, we searched all
relevant database to summarize all available anchor-based MIDs of PROMs from primary studies
33, We identified 13 studies (up to 2018) estimating MIDs for WOMAC-pain. By using different
chosen thresholds on the anchor, different anchors, more than one set of participants with different
conditions or different analytical anchor-based methods to estimate MID within one study, the 13
studies generated 67 estimates, of which authors expressed 45 MID estimates in absolute terms
and 22 MID estimates relative to baseline scores (Appendix 11) 3. Our approach suggests selecting
the optimal MIDs from absolute MIDs (Appendix 6). We thus conducted the selection for the 45
absolute MIDs. Appendix 10 presents the entire selection process and Appendix 12 provides the

relevant data for conducting the selection. Below we describe the selection process.

Typically, the WOMAC has five items for pain subdomain assessed on a 0 to 4 scale with a total
score ranging from 0 to 20. Although using the same instrument, authors used different scoring
system or made conversion of the scores and thus expressed the results with different scales (scales
ranging from 0 to 10, 0 to 20, 0 to 50 and 0 to 100, Appendix 11). Therefore, we transformed each
estimate into a scale of 0 to 100. Following this transformation, the MIDs ranged from 0 to 35

(Appendix 11).
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After assessing MID credibility (Figure 5, box 1), no estimates met five ‘definitely
yes/yes/definitely closely related’ ratings across the five core credibility criteria (Appendix 10, 12).
By relaxing the criteria (Figure 5, box 4); we found 5 estimates meeting five ‘definitely
yes/yes/definitely closely related’ or ‘to a great extent’ (Appendix 10,12). Table 4 presents the
absolute value of these most credible MID estimates. Using our definition for consistency (Box.
Glossary), these most credible MID estimates were consistent (Figure 5, box 7; Appendix 10).
Because the median of the most credible estimates (28./) was not near the median of the whole
distribution (12.5) (Box. Glossary; Figure 5, box 12; Appendix 10), we postulated that the MIDs
for WOMAC-pain could be context-dependent. We therefore explored the possibility that

contextualized factors could explain MID variability.

Because the number of most credible MID estimates, five, was not sufficient for the exploration
(Figure 5, box 33, Appendix 10), we instead used all available estimates (Figure 5, box 35;
Appendix 10). We explored the impact of patient condition (knee complaints vs hip complaints) on
the variability of the MID estimates by comparing the medians of the two groups using Wilcoxon
Rank Sum Test. We found the patient condition did not explain the variability. We then explored
whether the intervention (surgical vs non-surgical intervention) explained the variability and found
a significant difference between MIDs generated in surgical versus non-surgical intervention

settings (p=0.009, Table 4; Appendix 10,12).

Therefore, the selection and application of the optimal MID for WOMAC-pain was context-

dependent—the optimal MID differed depending on whether the patients were undergoing surgical
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intervention (Figure 5, box 44, Appendix 10). That is, there proved to be two optimal MIDs: one
selected from the MIDs estimated under the context of surgical intervention that should be
exclusively used in the context of surgical intervention; and the other selected from the MIDs
estimated under the context of non-surgical intervention that should be exclusively used in the

context of non-surgical intervention.

Under the context of surgical intervention, we found the most credible estimates were those
meeting 5 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ across the five core
credibility criteria, including 29.26, 29.9, 20.5, 28.1, 23.5, with a median of 28.1 (Table 4). The
most credible estimates for non-surgical intervention were those meeting 4 ‘definitely
yes/yes/definitely closely related’ or ‘to a great extent’ across the five core credibility criteria,
including 11.8, 12.9, 6.4, 8.3, 13.51, 8.74, 15, 8.74, 7.09, 4.1, with a median of 8.7 (Table 4).
Correspondingly, the optimal MID for surgical intervention was 28.7 applicable to the context of
surgical intervention, and the optimal MID for non-surgical intervention was 8.7 applicable to the

context of non-surgical intervention.

Table 4. The optimal anchor-based MIDs expressed in absolute terms for WOMAC-pain (up
to 2018).

N Point estimates” Median”

All MIDs 45 - 12.0%

‘Most credible’ MIDs 5 29.26,29.9, 20.5, 28.1, 23.5. 28.1
All MIDs under the context of 17 - 23.5
surgical intervention

‘Most credible’ MIDs 5 29.26,29.9, 20.5, 28.1, 23.5. 28.1

The optimal MID - 28.1 -
All MIDs under the context of non- 28 9.0
surgical intervention

‘Most credible’ MIDs 10 11.8,12.9, 6.4, 83", 13.51,8.74, 15, 8.7

8.74,7.09, 4.1
The optimal MID - 8.7 -
Footnote:
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See Appendix 11 for all MID estimates. The most credible estimates for all MIDs and MIDs under the context of
surgical intervention were those meeting 5 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ across
the five core credibility criteria, while the most credible estimates under the context of non-surgical intervention were
those meeting 4 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ across the five core credibility
criteria.

*We used the absolute value of the estimates for calculating the median. All the estimates were transformed into a 0 to
100 scale.

& There was an estimate (14.66) that the authors did not report the lower and upper value of the scale. We excluded it
and thus a total of 44 available estimates was used to for calculation the median. If add the excluded estimate (14.66)
and use all the 45 estimates, the median was 12.1.

*This estimate was -0.83 estimated on a 0-10 scale. We used the absolute value and transformed it into a 0 to 100 scale
and got 8.3.
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Discussion

Main findings

Based on expert experience, a systematic survey, and example-based refinement, we developed
the first systematic step-by-step approach for selecting an optimal anchor-based MID from various
MID estimates of a given PROM. We have successfully applied the approach to several PROMs

in the MID inventory ** (dppendix 9,10).

This approach bases the selection on explaining the variability of all available MID estimates for
the PROM of interest. We prioritize the methodological rigor of MID estimation and, through
credibility assessment 3!, select the most credible MID estimates (Figure 5, Step 1). If the most
credible MIDs fall in a relatively narrow range, investigators choose the median as the optimal

MID.

If, however, the most credible MIDs are consistent but their median differs substantially from the
median of all the MIDs, or the most credible MIDs are inconsistent, credibility alone cannot
explain the variation and there may exist contextualized factors influencing MID estimates **. Our
approach mandates further exploring contextualized factors to explain the variability among all
the MIDs (Figure 5, Step 2). The potential contextualized factors that deserve a consideration could
come from the suggestions of previous researchers and include intervention (e.g., surgical vs
conservative treatments), patient condition (e.g., knee vs hip osteoarthritis), baseline disease

severity, patient age, follow-up duration, socioeconomic status, geography, and sex 3.
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When the process identifies contextualized factors, the median of the most credible MIDs under a
specific context represents the optimal MID and we arrive at context-dependent MIDs. If the
process fails to identify contextualized factors that explain MID estimate variability, investigators
will still select the median of MIDs with highest credibility as the optimal MID and apply it to all

contexts.

Strength and limitations
Strengths of the study include the range and depth of expertise of the study team, the systematic

survey that informed the process 34

, iterative modification of the selection approach based on
expert feedback and the application of the approach to PROMs in our MID inventory 33, and the

resultant transparent workable process. The approach worked well in selecting optimal MIDs for

common PROMs in the inventory 3* (4dppendix 9,10).

Our study has limitations. The selection process is complex and may be burdensome. Before
navigating the selection process, users must collect all available MID estimates for the PROM of

interest. Our MID inventory online platform (www.promid.org), can however, provide the

necessary material.

Suboptimal reporting of MID estimation studies (e.g., the lack of the upper and lower limit of the
PROM scale and all the relevant information about MID credibility) may lead to the difficulties in
the selection. Because the data for exploring contextualized factors may be limited, there could be
some factors that are important but not measured or reported by authors that in fact are responsible
for differences between MIDs. If such unmeasured or unreported differences exist and are

substantial, they would limit the applicability of the optimal MID selected by our approach. The
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selection may not work well when only a few yet divergent MID estimates are available. Having
established an optimal MID, when new estimates emerge, investigators may need to review the
process. The selection approach includes thresholds that are somewhat arbitrary. For instance, we
considered a difference less than an absolute value of 10% score of the PROM scale as a relatively
narrow range (i.e., the definition of ‘consistency’ and ‘near the median’, see Box. Glossary). Our
steering committee, a small group of experts, may not be representative. The committee members,
however, were diverse in geography and sex, and a number (GHG, MTK, CBT, TAF, BT) have
enormous experience in health measurement and have been working with the health measurement
research community for decades. Finally, because no consensus on the gold standard of ‘optimal
MID’, exists, future insights on anchor-based MID may require the modification of the selection

approach.

Implications

In recent years, PROMs have become increasingly popular in clinical practice and clinical trials
3742 PROMs provide crucial information regarding treatment efficacy from patients’ perspectives
that cannot be captured by other outcomes. Along with the use of PROMs, the number of anchor-
based MID estimates, as well as the demand for a suitable MID to aid the interpretation of
treatment effects, has increased considerably 20-22 4!, Failure to identify an optimal MID might
result in serious misinterpretations of PROM results. Further, available MID estimates often vary

42-44 " presenting a dilemma for those conducting clinical trials, authors of systematic

widely
reviews, guideline developers, clinicians, funders, and policy makers: how to choose the best MID?

The selection approach described here addresses that issue by providing a logical and systematic

way to select an optimal MID for a PROM when multiple discrepant MIDs exist.

85



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

The selection process is geared to explaining the variability among available MID estimates and
where appropriate, to provide a single optimal MID, i.e., the estimate taking the median of the

selected estimates in a relatively narrow range '

. Two parts, the methodological rigor, and the
generalizability (i.e., factors influencing the MID application), frame the selection process. The
selection covers the important issues about estimation and application of anchor-based MIDs,

however, does not address the analytical methods used to estimate anchor-based MID (e.g., mean

change method, ROC method) 4.

We could have used a formal Delphi process to choose candidate items to inform the first draft of
the selection approach that subsequently underwent iterative example-based refinement. Indeed,
it might have been preferable to do so. The choice of candidate items was, however,
straightforward, and it is unlikely that appreciable differences would have emerged from the

Delphi panel (see Appendix 6, eTable 1).

Typically, if an intervention has more associated burdens and adverse effects, people will require
a larger effect or improvement and thus a larger MID. This scenario is what the data of WOMAC-
pain demonstrated: the MIDs for surgery were larger than non-surgery. Thus, to use responder
analysis for analyzing the benefits of the interventions, researchers should dichotomize the
participants using the MIDs specific to the intervention they received. When researchers use an
MID in the process to choose a target difference to calculate sample size 4° % and interpret results
measured by mean difference for clinical trials ¢, they should take the interventions into account.
For example, for a trial measuring the effects of surgery vs non-surgery on WOMAC-pain, because

the treatment difference between the interventions would reflect the demand of an improvement
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for surgery, using the optimal MID for surgical intervention would be more appropriate, and the

sample size calculated accordingly.

In our worked examples, only a small proportion of MIDs proved of high credibility (e.g.,
WOMAC-pain had 5 highly credible estimates out of 45 published estimates). This finding
highlights the need for more high-quality studies to establish new credible MID estimates and
better reporting of MID studies 3°. The criteria in our credibility tool 3! provide key methodological

rigor for developing trustworthy anchor-based MIDs.

Ideally, after selection, the optimal MID would not change as new evidence emerges and thus
become a unique standard to aid the interpretation for a given PROM. When that occurs, generating
new estimates for such a PROM would be a poor use of limited research resources. The larger the
number of high credibility, consistent MIDs, the more compelling the case that a definitive optimal
MID has been established. What threshold one should use for this conclusion remains, however,

open to debate and therefore another potential area for subsequent research.
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Appendix 6. Additional methods for developing the selection approach.

Decisions on the candidate items

After we gathered the committee’s view on the selection framework—MID methodological rigor
and generalizability, we reached consensus on items identified from the survey ! to be included in
the selection framework (eTable 1), which informed the following development of the systematic
selection approach. A core team (AC-L, GHG, TD and YW) first conducted intensive discussions
on the candidate items identified from the survey and made preliminary decisions on the candidate
items. The core team circulated the suggested items to the committee. The steering committee

reached the following agreements.

1. MID methodological rigor

The literature review revealed that the existing anchor-based MID credibility assessment tool
captures the key issues for a credible MID estimate ! 2. These include, the five core criteria (patient-
rated anchor; interpretable and relevant anchor; precise MID estimate; good correlation between
the anchor and the PROM (at least 0.5); and a threshold on the anchor reflecting a small but
important difference) and the four additional criteria for transition rating anchors (the optimal
follow-up length; satisfactory correlation between transition item and PROM score at follow-up;
the correlation between transition item and PROM score at baseline being equal but opposite to
the correlation between transition item and PROM score at follow-up; and appreciably greater
correlation of the transition item with PROM change score than the correlation of the transition
item with PROM score at follow-up) (dppendix 7) 2.

The committee identified one limitation: if the correlation between anchor and PROM is

unavailable, assessment must include the assessment of construct proximity between the anchor
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and the PROM to substitute for the correlation criterion !. That is, MIDs estimated from very
closely related constructs of the anchor and PROM (e.g., both measure pain) would likely result
in a stronger correlation than those estimated from anchors with constructs that differ from the
PROM (e.g., PROM measures pain vs anchor measures how worthwhile is the surgery) (Appendix

7). Our parallel work has addressed this issue °.

2. MID generalizability

2.1. Contextualized factors

Investigators could identify contextualize factors from the MID estimation studies and explore the
impacts of these contextualized factors on MID variability. When evidence suggests contextualized
factors could explain the variability of the MID estimates, to ensure the MID applicable to the
contexts of interest, the committee agreed that selecting and applying the MID must be context-
dependent !. According to the survey !, patient and intervention characteristics, could be the

possible contextualized factors for exploration.

2.2 MIDs for improvement and deterioration

The survey identified that several authorities advocate for distinguishing MID for improvement
and deterioration'. However, authors of papers reporting the development of MIDs often do not
consider the direction; instead, they estimate the absolute value of change scores *°. If compelling
evidence of a difference is available, separate MIDs for improvement and deterioration are
necessary. If there is no evidence for a difference, the committee suggests not distinguishing
between the MIDs for improvement and deterioration, and thus using the absolute value of the two

MIDs interchangeably.
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The additional issues addressed during the example-based refinement

When developing the step-by-step selection approach based on the real data from the MID
inventory 7, we iteratively refined our selection approach. During the example-based refinement,
the committee reached agreements on issues related to relative and absolute MIDs, and how to

deal with the MIDs for the same PROM (or subdomain) that used different scales.

1. Relative and absolute MIDs

There are two ways to establish an anchor-based MID: using absolute measures of change or using
relative measures of change (i.e., change as a percentage of baseline score) . When investigators
established MIDs using both the absolute and relative approaches, an optimal MID for each is
possible. Because of the likely advantages of the absolute approach over the relative 89, the

committee suggested using, if available, the optimal MIDs established from absolute approach.

2. The same PROM (or subdomain) in which authors use different scoring approaches

PROMs are typically designed to be treated as continuous outcomes. For a same PROM or
subdomain of a PROM, investigators may use different scoring algorithms and thus report scores
with different scale ranges (e.g., the pain subdomain of the WOMAC has scale range of 0 to 50
and 0 to 100). When this is the case, the committee suggested, before the selection, transforming

all the estimates into a same scale.
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eTable 1. The list of identified Items relevant to selecting anchor-based MID"

transition scale as anchor.

Code 29 candidate Items Item included for the Reasons for
relevant to MID development of the inclusion/exclusion
selection identified selection approach
from the survey (yes/ no)

Anchor The change being perceived Yes Under the MID selection

perspective as minimally important on the framework of MID
anchor would be perceived as methodology: an MID
beneficial from the patient's credibility criterion (Q1%)
viewpoint.

Proxy perspective is Yes Under the MID selection

acceptable if patients cannot framework of MID

make decisions. methodology: an MID
credibility criterion (Q1%)

Estimating MID should use Yes Under the MID selection

clinical evaluation as anchor. framework of MID
methodology: an MID
credibility criterion (Q1%)

Anchor threshold The choice of what Yes Under the MID selection
constitutes an MID on the framework of MID
anchor should reflect a small methodology: an MID
but important difference credibility criterion (Q5%)

Anchor Anchor should be easily Yes Under the MID selection

interpretability understandable. framework of MID

methodology: an MID
credibility criterion (Q2%)

Correlation At least moderate correlation | Yes Under the MID selection

between PROM between PROM and anchor. framework of MID

and anchor methodology: an MID

credibility criterion (Q3%)
Transition scale should Yes Under the MID selection
correlate equally strongly framework of MID
with the pretest and posttest methodology: additional
PROM scores but with MID credibility criteria
opposite signs. for transition anchors”
The correlation of transition Yes Under the MID selection
scale with change scores on framework of MID
PROM should be at least 0.2 methodology: additional
greater (in absolute terms) MID credibility criteria
than the correlations with for transition anchors*
either the baseline or the
follow-up test scores.

Anchor construct Anchor and PROMs should Yes Under the MID selection
measure the same or closely framework of MID
related constructs. methodology: an MID

credibility criterion
(Q3.1%
Recall time of The recall time should not be | Yes Under the MID selection
transition scale too long when using framework of MID

methodology: additional
MID credibility criteria
for transition anchors”
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Unchanged group | The use of unchanged group | NO The additional MID
of transition scale | when using transition scale as credibility criteria for
anchor. transition anchors have
captured the assessments
of the validity of transition
anchors.
Number of Multiple anchors should be NO Few anchor-based MIDs
anchors used to measure MID, rather were established from
than single anchor. multiple anchors.
Measurement Satisfactory anchor NO Reliability is rarely
properties of measurement properties reported; the MID
anchor (validity and reliability) are credibility criteria have
the prerequisite of an optimal captured the assessment of
anchor. anchor validity.
Measurement Required measurement NO We select optimal MIDs
properties of properties for PROM when from existing MIDs
PROM measuring MID: reliability, assuming that all the
validity and responsiveness. corresponding PROMs
were well established.
Ordinal scales do not support | NO The selection approach
the mathematical calculations will choose optimal MIDs
required for MCID from exiting MIDs,
calculation. assuming that to calculate
the MIDs, the
corresponding PROMs
have interval scales.
MID varying by MID may vary depending on | Yes Under the MID selection
contexts patient characteristics. framework of MID
application contexts
MID may vary depending on | Yes Under the MID selection
follow-up length. framework of MID
application contexts
MID may vary depending on | Yes Under the MID selection
intervention. framework of MID
application contexts
MID direction Distinguishing MID for Yes Under the MID selection
improvement vs framework of MID
deterioration. application contexts
Analytical method | MID may vary dependingon | NO The main analytical
the analytical method used. methods used to estimate
MID include mean
difference, mean change
and ROC approaches. It
remains uncertain whether
ROC approaches are
superior or inferior to
mean change and/or mean
difference methods. Thus,
analytical methods cannot
yet stand as a selection
criterion.
Generic For generic instruments, MID | NO The MID selection
instruments should not vary depending on framework considers the

the contexts.

impact of the
contextualized factors.
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Whether the impact of
contextualized factors
matters for generic
instruments will be
decided by the evidence.

Precision of MID

Precision of MID

Yes

Under the MID selection
framework of MID
methodology: an MID
credibility criterion (Q4%)

MID in relation to
measurement error

MID should be beyond
measurement error.

NO

For anchor-based MIDs,
authors rarely reported the
associated measurement
error, making it difficult to
decide the relationship
between MID and
measurement error. Thus,
this cannot yet stand as a
credibility criterion.

Triangulation

Triangulation of distribution-
based and anchor-based
methods.

NO

We select optimal MIDs
from anchor-based MIDs.

Representative
sample

Representative sample

NO

No detailed guidance on
what constitute a
representative sample
from which an optimal
MIDs should be
calculated.

MID selection

MID selection: match study
context

Yes

Under the MID selection
framework of MID
application contexts

MID selection: evidence-
based and consensus
processes

NO

No detailed guidance on
the processes.

MID selection: MID levels

NO

No clear guidance on the
MID levels; the MID
credibility criteria
distinguish trustworthy
and untrustworthy MIDs.

A single MID or
range of plausible
MIDs

A single value or range of
plausible MIDs is appropriate
for many PROMs

Yes

The selection considers
the median of the most
credible MID.

*This table was reproduced from the Table 2 of the systematic survey '.

# See Appendix 7 for all the MID credibility criteria.

99




Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

Reference

1. Wang Y, Devji T, Qasim A, et al. A systematic survey identified methodological issues in studies estimating
anchor-based minimal important differences in patient-reported outcomes. J Clin Epidemiol
2022;142:144-51. doi: 10.1016/j.jclinepi.2021.10.028

. Devji T, Carrasco-Labra A, Qasim A, et al. Evaluating the credibility of anchor based estimates of minimal
important differences for patient reported outcomes: instrument development and reliability study. Bmj
2020;369:m1714. doi: 10.1136/bmj.m1714

. Wang Y, Devji T, Carrasco-Labra A, et al. An extension MID credibility item addressing construct proximity
is a reliable alternative to correlation item. J Clin Epidemiol 2023 doi: 10.1016/j.jclinepi.2023.03.001

. Haley SM, Fragala-Pinkham MA. Interpreting change scores of tests and measures used in physical therapy.
Phys Ther 2006;86(5):735-43.

. King MT. A point of minimal important difference (MID): a critique of terminology and methods. Expert Rev
Pharmacoecon Outcomes Res 2011;11(2):171-84. doi: 10.1586/erp.11.9

. Jayadevappa R, Cook R, Chhatre S. Minimal important difference to infer changes in health-related quality
of life-a systematic review. J Clin Epidemiol 2017;89:188-98. doi: 10.1016/j.jclinepi.2017.06.009

. Carrasco-Labra A, Devji T, Qasim A, et al. Minimal important difference estimates for patient-reported
outcomes: A systematic survey. J Clin Epidemiol 2021;133:61-71. doi: 10.1016/j.jclinepi.2020.11.024

. Zhang Y, Zhang S, Thabane L, et al. Although not consistently superior, the absolute approach to framing the
minimally important difference has advantages over the relative approach. J Clin Epidemiol
2015;68(8):888-94. doi: 10.1016/j.jclinepi.2015.02.017

. Terluin B, Roos EM, Terwee CB, et al. Assessing baseline dependency of anchor-based minimal important

change (MIC): don't stratify on the baseline score! Qual Life Res 2021;30(10):2773-82. doi:

10.1007/s11136-021-02886-2

100



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

Appendix 7. Detailed narrative description for the selection approach.

Summary

This approach is geared to explaining the variability of all available anchor-based MID estimates
for a given PROM by the methodological rigor and contextualized factors influencing the MID
application, and where appropriate, provides a single optimal MID, i.e., the median of the selected

estimates in a relatively narrow range.

We prioritize the methodological rigor of MID estimation and, through credibility assessment,
select the most credible MID estimates (Figure 5, Step 1). If the most credible MIDs fall in a

relatively narrow range, we select the median as the optimal MID.

If, however, the most credible MIDs are consistent but their median differs substantially from the
median of all the available MIDs, or the most credible MIDs are inconsistent, credibility alone
cannot explain the variation and there may exist contextualized factors influencing MID estimates.
This approach then mandates further exploring contextualized factors, including patient and

intervention characteristics, to explain the variability among the MIDs (Figure 5, Step 2).

Before the selection

There are two ways to establish an anchor-based MID: using absolute measures of change or using
relative measures of change (i.e., change as a percentage of baseline score) '. When MIDs for a
given PROM established from both the absolute and relative approaches, our selection approach

suggests using the optimal MIDs established from the absolute approach.

For a same PROM or subdomain of a PROM, investigators may use different scoring algorithms
and thus report scores with different scale ranges (e.g., the pain subdomain of the WOMAC has
scale range of 0 to 50 and 0 to 100). When this is the case, our approach suggests, before the

selection, transforming all the MID estimates into a same scale.

101



Ph.D. thesis —Yuting Wang; McMaster University — Health Research Methodology

The users could formulate a prior hypothesis of the important contextualized factors and abstract
the factors from the MID estimation studies. When evidence suggests contextual differences might
exist among the MIDs, users can further explore the impact of these contextualized factors on
MIDs. The potential contextualized factors that deserve a consideration could come from the
suggestions of previous researchers, including intervention (e.g., surgical vs conservative
treatments), patient condition (e.g., knee vs hip osteoarthritis), baseline disease severity, patient
age (e.g., young vs old), follow-up length, socioeconomic status, geography, and sex 2. It is likely,
however, so far, the data to explore the factors are limited. Users should take advantage of all the
data that are available for the factors and acknowledge that there may be other factors that could

impact the MID variability, but the data are not available.

Detailed narrative description of the selection approach

Step 1. Choose the most credible MIDs by credibility.

A. MID credibility assessment

We use a validated instrument to evaluate the credibility of anchor-based MIDs for PROMs 3 4.
The instrument provides a systematic approach to deal with the methodological assessment for
anchor-based MIDs. The instrument includes two components: 1) the five core criteria applicable
to any anchor-based MID estimation and 2) four extension criteria addressing transition rating —

also referred to as global ratings of change — anchors.

1. Core criteria
Q1.  Is the patient or necessary proxy responding directly to both the PROM and the
anchor?
Elaboration: Q! is rated ‘yes or no’. Patient reported anchors are more desirable than clinical
measures or those that are assessed by a clinician. Situations where the patient cannot directly
provide information to inform the outcome (eg, elderly individuals with dementia) require a proxy

respondent. We suggest both patient or necessary proxy responses are credible.
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Q2.  Is the anchor easily understandable and relevant for patients or necessary proxy?
Elaboration: Q2 is rated on a 5-point adjectival scale with response options for ‘definitely yes’
(highest credibility); ‘to a great extent’; ‘not so much’; ‘definitely no’ and ‘impossible to tell’
(lowest credibility). A suitable anchor is one that is easily understandable and is highly relevant
to patients. Typical appropriate anchors are global ratings of change in health status, status on an
important and easily understood measure of function, the presence of symptoms, disease severity,
response to treatment, or the prognosis for future events, such as death, use of healthcare facilities,

or job loss.

Q3.  Has the anchor shown good correlation with the PROM?
Elaboration: Q3 is rated on a 5-point adjectival scale with response options for ‘definitely yes’
(r>0.7; highest credibility); ‘to a great extent’ (r > 0.5 to r <0.7); ‘not so much’(r >0.3 tor
<(0.5), ‘definitely no’ (r <0.3) and ‘impossible to tell’ (lowest credibility).

Q3.1 if the correlation is not reported, to what extent is the construct of the anchor closely

related to the construct of the PROM)?
Elaboration: Q3.1 is an alternative assessment for Q3. When the authors did not report the
correlation between anchor and PROM. We assess Q3.1 instead. Q3.1lis rated on a 5-point
adjectival scale with response options for ‘definitely closely related’; ‘to a great extent’; ‘not so
much’; ‘definitely not related’ and ‘impossible to tell’ (lowest credibility). Raters base their
Jjudgements on the extent of the anticipated associations between the PROM construct and the
anchor construct: the closer the anticipated association, the higher the rating. For example, when
both the anchor and the PROM measure pain, we will rate Q3.1 as ‘definitely closely related’. Our
parallel work provided detailed principles addressing the assessments of Q3.1 for the most
frequently used anchors: transition ratings, measures of satisfaction, other PROMs, and clinical

measures ?.

Q4.  Is the MID precise?
Elaboration: Precision around the MID estimate is quantified by the difference between the point

estimate and the boundaries (lower and upper) of the CI and expressed as a percentage. In many
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cases, the authors may not report any measure of variability (SD, SE, CI, range, etc.). In these
situations, we ask that you consider the sample size used to estimate the MID. Q4 is rated on a 5-
point adjectival scale with response options for ‘definitely yes’ (<10% or > 200 patients, highest
credibility); ‘to a great extent’ (11-25% or 150-199 patients); ‘not so much’(26-49% or 100-149
patients); ‘definitely no’(= 50% or <100 patients) and ‘impossible to tell’ (lowest credibility).

Q5. Does the threshold or difference between groups on the anchor used to estimate

the MID reflect a small but important difference?
Elaboration: Q5 is rated on a 5-point adjectival scale with response options for ‘definitely yes’
(highest credibility); ‘to a great extent’; ‘not so much’; ‘definitely no’ and ‘impossible to tell’
(lowest credibility). We judge whether the chosen threshold or groups compared on the anchor
reflect a small (rather than moderate or large) but important difference. In addition, whether the
chosen method of analysis calculates an MID need to be determined. A framework for make these
Jjudgements include: ‘1. What is the original scale of the anchor, and it is transformed on any way?
2. Does the scale (or transformed scale) of the anchor capture variability in the underlying
construct? 3. What is the threshold used or comparison being made on the anchor? Does this
threshold or comparison represent a difference that is minimally important? 4. Does the analytical
method ensure that the minimal important difference represents a small but important difference?

Our previous report has more detailed description for the judgement’3.

2. Extension criteria exclusively for transition rating anchors
Q6.  Is the amount of elapsed time between baseline and follow-up measurement for
MID estimation optimal?
Elaboration: Q6 is rated on a 5-point adjectival scale with response options for ‘definitely yes’ (<
4 weeks or 1 month; highest credibility),; ‘to a great extent’ (1 to 2 months); ‘not so much’(>2 to
3 months), ‘definitely no’ (>3 months) and ‘impossible to tell’ (lowest credibility). This criterion
is to capture the recall bias of transition anchors. As time extends into months, patients are more

likely to confuse change over time with current status.
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Judgments for Q7-9 requires knowledge of the directional characteristics of the patient reported
outcome measure and transition scale. In the following elaboration, we assume that higher values

on the anchor and PROM represent the same state (i.e., both represent a better or worse condition).

Q7.  Does the transition item have a satisfactory correlation with the PROM score at
follow-up?
Elaboration: Ideally, the correlation between the transition rating with the score at baseline and
the transition rating with the score at follow-up would be equal and opposite °. To the extent that
the score at follow-up shows at least some correlation with the transition, the MID estimate is
more credible than if there were no correlation. Q7 is rated on a 5-point adjectival scale with
response options for ‘definitely yes’ (=0.2, highest credibility); ‘to a great extent’ (0.1 to 0.2); ‘not

somuch’(0to 0.1); ‘definitely no’ (negative correlation) and ‘impossible to tell’ (lowest credibility).

Q8.  Does the transition item correlate with the PROM score at baseline?

Elaboration: Ideally, the correlation between the transition rating with the score at baseline and
the transition rating with the score at follow-up would be equal and opposite °. If the score at
baseline correlates with the transition rating, we are more confident that patients are taking their
baseline status into account when scoring the transition rating. Q8 is rated on a 5-point adjectival
scale with response options for ‘definitely yes’ (negative correlation, highest credibility); ‘to a
great extent’ (0 to 0.1); ‘not so much’ (0.1 to 0.2); ‘definitely no’ (>0.2) and ‘impossible to tell’
(lowest credibility).

Q9. s the correlation of the transition item with the PROM change score appreciably

greater than the correlation of the transition item with the PROM score at follow-up?
Elaboration: 4 correlation of at least 0.5 between the transition rating and the change in patient
reported outcome measure is necessary but insufficient to confirm that the transition rating is
measuring change, as opposed to current health status. A correlation of the transition item with
the PROM change score that is appreciably greater than the correlation of the transition item with
the PROM score at follow-up is less likely to reflect current status, and thus more confidence in

the MID estimate®. Q9 is rated on a 5-point adjectival scale with response options for ‘definitely
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ves’ (0.2, highest credibility); ‘to a great extent’ (0.1 to 0.2); ‘not so much’ (0 to 0.1); ‘definitely

no’ (negative correlation) and ‘impossible to tell’ (lowest credibility).

B. Select the most credible MIDs (Figure 5, box 1-4)

The selection process begins with identifying the most credible MIDs (Figure 5, box 1-4). To do
so, we apply the credibility instrument described above and count the number of the five core
criteria met and select the MID estimates that satisfy the greatest number of criteria. The most
credible MIDs are those with the highest ratings across the 5 core credibility criteria (i.e., the

highest credibility rank, Appendix §8).

The best MIDs are those meeting five ‘definitely yes/yes/definitely closely related’ for the five
core criteria (Figure 5, box I). To arrive at the most credible MID estimates, however, we may
progressively relax the criteria until they find available MIDs with the highest credibility rank
(Appendix 8). The detailed process is as follows (Figure 5, box 1-4): first, choose MID estimates
with 5 ‘definitely yes/yes/definitely closely related’ across the credibility core criteria (Q1, Q2, Q4,
QS5 and either correlation criterion (Q3) or construct criterion (Q3.1) if correlation coefficient is
not reported) (i.e., Figure 5, box 1); if, however, there are no estimates meeting 5 ‘definitely
yes/yes/definitely closely related’ ratings, we relax our definition of ‘most credible’ MIDs, and
include MIDs that are rated as ‘definitely yes/ves/definitely closely related’ or ‘to a great extent’
across the 5 core criteria. If there are no MIDs meeting this relaxed definition, we further relax our
criteria to select the estimates in lower credibility rank (see Appendix 8 for the credibility ranks,
higher rank means higher credibility), that is, the estimates with ratings of ‘definitely
ves/ves/definitely closely related’ in 4 core criteria. If not available again, we select MIDs with
ratings of ‘definitely yes/yes/definitely closely related” or ‘to a great extent’ in 4 core criteria and
so on (Appendix 8). Of note, when MIDs with higher rank are available, we would not go down
the ranking system to select the MIDs with lower rank. For example, if we have one estimate at

rank 1, this estimate would be the only one we will use.

Then, we will check the consistency* of the most credible MID estimates (Figure 5, box 5). MIDs

are considered consistent with one another if 80% of the estimates lie within an absolute value of
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10% of the PROM score above or below their median (i.e., within a range of 20% of the median).
Then, we will compare the distribution of the most credible MIDs to the distribution of all available
MIDs (i.e., all MIDs irrespective of their credibility) (Figure 5, box 9). The consistency and
distribution of the MIDs determines the next steps of the selection process (Figure 5, box

6,7,12,13).

C. When the most credible estimates are consistent with each other (Figure 5, box 7)

When the most credible MIDs are consistent with each other (Figure 5, box 7), we will check if
the median of the most credible MIDs is near the median of all MIDs reported for a given PROM
(Figure 5, box 9).

If the absolute difference between the median of the most credible MID and the median of the
whole distribution is less than an absolute value of 10% of the PROM score, the median of the

most credible MID is considered as ‘near*’ the median of all MIDs reported for the PROM.

When the median of the most credible MIDs is near the median of all MIDs reported for a given
PROM (Figure 5, box 13), we can be confident that the median of the most credible MID
represents the optimal MID (Figure 5, box 19). In this scenario, the optimal MID is applicable
to all contexts. Our worked examples, VAS-pain and SF-36-MCS, apply to this scenario (Appendix
9).

D. When the most credible estimates are not consistent with each other (Figure 5, box 6)
When the most credible MIDs are not consistent with each other, which indicates excessive
variability may exist, we will try to explain the variability by further consideration of the credibility
criteria.

D.1 Correlation criterion (Q3)

The most important credibility criterion addresses anchor validity: the correlation between the

anchor and the PROM of interest >. We, however, at the very beginning, treat all the 5 core criteria
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equally, including the correlation criterion (Q3) and its alternative construct proximity criterion
(Q3.1). When the most credible MIDs are not consistent, we will therefore prioritize the
correlation criterion (Q3) to explain the remaining variability and among the most credible MIDs,

select the MIDs with high correlations with the anchor (r>0.5) (Figure 5, box 8).

If such estimates are available (Figure 5, box 11), we will check the consistency of these MIDs
(Figure 5, box 15,17,18) and compare the distribution of these MIDs with the distribution of all
available MIDs for the PROM of interest (Figure 5, box 22,24,25).

When the MID estimates with high correlation with the anchors are consistent (Figure 5, box 18)
and their median is near the median of all MIDs (Figure 5, box 25), the median of the MID
estimates with high correlation with the anchors represents the optimal MID (Figure 5, box

28).

D.2 Recall period criterion (Q6)

If, however, substantial variability among the MID estimates with high correlations with the anchor
(r>0.5) remains (Figure 5, box 17), or if no MIDs with high correlations are available (Figure 5,
box 10), because MIDs were often estimated on transition rating anchors (more than half in the
MID inventory), investigators could further consider the additional extension credibility criteria
that are exclusively important to address the validity of transition rating anchors 3 3. We suggest
assessing the recall period (Q6, see above) for the transition rating anchors because except follow-
up length, the relevant data for the other three additional criteria were rarely reported 3. We will

remove the estimates anchored to transition ratings with a long recall period (>4 weeks) (Figure 5,

box 14).

We then determine if the remaining most credible estimates are consistent (Figure 5, box 16,20,21)
and compare the distribution of the remaining most credible MIDs with the distribution of all

available MIDs for the PROM (Figure 5, box 23,26,27).
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When the remaining most credible MID estimates are consistent (Figure 5, box 21) and their
median is near the median of all MIDs (Figure 5, box 27), the median of the remaining most

credible MID estimates represents the optimal MID (Figure 5, box 29).

If, however, among the most credible estimates, no MIDs are anchored to transition ratings, or all
the most credible estimates anchored to transition ratings are with long recall period (>4 weeks),

we will skip Step 1.D2 (i.e., the dotted boxes in Figure 5, box 14,16,20,21,23,26,27,29).

D.3 Notes for further consideration of the credibility criteria

The further consideration of the credibility criteria regarding the anchor validity (D.1 and D.2),
however, may not be necessary. Because there may be few estimates with a high correlation of 0.5
between the PROM and the anchor; it is possible that all the estimates using transition anchors
have long recall period; more often, the most credible estimates would appear to be consistent. For
example, in our worked examples (Adppendix 9, 10), we did not further consider the correlation and
recall period criteria. After applying the five core credibility assessments, the most credible MIDs

were consistent (Appendix 9, 10).

*NOTE

1. ‘Consistency’: Consistency is defined as 80% of the MID estimates lying within an absolute
value of 10% of the PROM score above or below the median (i.e., within a range of 20% of the
median).

For example: WOMAC-function (0-100): the most credible MIDs are 26.54,33.5 and 23.

The median of the most credible MIDs is 26.54

Then the consistency range would be 16.54-36.54

In the example, 80% MIDs fall in the consistency range and we consider the most credible
estimates are consistent.

2. ‘Near’: The absolute difference between the median of the selected MID estimates and the
median of the whole distribution is less than an absolute value of 10% of the PROM score.
For example: WOMAC-function (0-100)

median of the most credible MIDs=26.54

median of the overall MIDs=12

26.54-12=14.54 >10

In the example, the median of the most credible is not near the median of the overall.
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Step 2: Explore contextualized factors.

After Step 1, we may end up with the following situations, which support the MIDs for a PROM
could be context-dependent. In this case, when selecting and applying optimal MID, we will
require further exploration seeking contextualization as an explanation of MID variability (Step 2).
The potential contextualized factors that deserve a consideration could come from the suggestions
of previous researchers, including intervention (e.g., surgical vs conservative treatments), patient
condition (e.g., knee vs hip osteoarthritis), baseline disease severity, patient age (e.g., young vs

old), follow-up length, socioeconomic status, geography, and sex 2.

Situation 1: The most credible MIDs (see Step 1. B, Figure 5, box 12) or the newly identified most
credible MIDs (see Step 1.C, D; Figure 5, box 24, 26) are consistent but their median differs
considerably from the median of the whole distribution (see WOMAC-pain (Appendix 10) and
KOOS-Qol examples (Appendix 9)).

Situation 2: The most credible MIDs (see Step 1.B; Figure 5, box 6) or the newly identified MIDs
are inconsistent (see Step 1.C, D; Figure 5, box 17, 20).

In Step 2, we place an order of using the available estimates for the exploration:
1. when there are a sufficient number# of the most credible MIDs, use the most credible

estimates (i.e., the estimates from Figure 5, box 5) to explore the MID variability (Figure 5,
box 31).

2. when there are insufficient number of the most credible MID estimates, use all available
MID estimates to explore the MID variability (Figure 5, box 35).

Based on the contextualized factors (usually binary factor), we categorize the MID estimates into

two groups (e.g., surgical group vs non-surgical group), and to test whether the MID variability
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could be explained by the factors, we compare the medians of the two groups using Wilcoxon

Rank Sum Test with a threshold p value of 0.10 (Figure 5, box 34, 41).

The final choice and application of the optimal MID will be determined by whether the
contextualized factors can explain the MID variability.

a. If the search for contextualized factors yields an explanation for the variability in MIDs
(Figure 5, box 36, 42), the optimal MID will be context-dependent, and we will identify
one optimal MID for each context (Figure 5, box 40, 44). The application of the optimal
MID will also be context- dependent.

For instance, the MID estimate of a particular PROM s different for surgical and non-surgical
interventions. In this case, there are two optimal MIDs for the PROM: one MID that should be
used exclusively in the context of surgical interventions, and another to be used in the context of
non-surgical intervention. (see WOMAC-pain (Appendix 10) and KOOS-Qol examples (Appendix
9).

b. If no contextual explanation is found (Figure 5, box 37, 39, 43), we will still select the
median of the most credible estimates (Figure 5, box 5) among all available MIDs as the
optimal MID. In this case, the optimal MID is applicable to all contexts (Figure 5, box 45).

*NOTE
Analogously to subgroup analysis, we will use the same threshold for ‘sufficient number’ of
estimates. That is, at least 3 estimates per contextualized factor.
For example, to explore the impact of surgical versus non-surgical interventions on MID
variability, there should be at least 6 estimates.
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Appendix 8. The ranks for MID credibility.

Rank 1. 5 ‘definitely yes/yes/definitely closely related’
Rank 2. 5 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any
combinations).

Rank 3. 4 “definitely yes/yes/definitely closely related’
Rank 4. 4 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any

combinations).

Rank 5. 3 ‘definitely yes/yes/definitely closely related’

Rank 6. 3 “‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any
combinations).

Rank 7. 2 ‘definitely yes/yes/definitely closely related’

Rank 8. 2 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any
combinations).

Rank 9. 1 ‘definitely yes/yes/definitely closely related’

Rank 10. | 1 “‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any
combinations).

Rank 11. | O ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ (any
combinations).

*The rank is based on the 5 core criteria in the MID credibility assessment instrument. Higher rank means
higher credibility.
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Appendix 9. The selection process for Knee injury and Osteoarthritis Outcome Score-
quality of life (KOOS-Qol) and Pain visual analogue scale (VAS-pain) and the 36-item
Short Form Survey-mental component summary (SF-36-MCS) (up to 2018).

1. The selection of optimal absolute MID for KOOS-QOL (0-100 scale).

1. Are there estimates meeting 5 ‘definitely yes/ves/definitely closely related’ for
the 5 core credibility critiera ?

v
2.NO

v
4. Progressively relax critiera and we found two most
credible MIDs that met 5 ‘definitely yes/ves/definitely : 3 : :
5 : 4 4 "f Vel » 5. Are the most credible estimates consistent with each other?
closely related’ or ‘to a grest extent’: 27.3,17.5 (0- :
100 scale)

v
7. Yes

9. Ts the median of the most credible
estimates near the median of the whole
distribution?

v

12.NO: the median of the overall
was 9.8, while the median of the
most credible estimates was 22.4.

30. Explore contextualized factors

A

¥

31. Are there enough most credible estimats
for analyzing contextualized factors?

v
33.NO: only 2 most credible estimates

v
35. Are there enough all avaliable estimates for
analyzing contextualized factors?

v
38.Yes:29 estimates were
avaliable
v

41.Can variability among all avaliable estimates
be explianed by contextualized facors?

\ 4
42.YES: the surgical vs non-surgical intervention explained, tested
using Wilcoxon rank sum test and p value was less than 0.001.

v
44 .select the median of all the most credible

estimates under each contextualized factor as the
optimal MID (context-dependent application)

. — Y. . .
1). The optimal MID for surgical intervention: the median of the most credible MID
estimates under the context of surgical intervention (i.e., the estimates meeting 5
‘defintely yes’ or ‘to a great extent’ ): 22.4

2).The optimal MID for non-surgical intervention: the median of the most credible
MID estimates under the context of non-surgical intervention ( i.e., estimates
meeting 4 ‘defintely yes’ or ‘to a great extent’ ) : 7.6
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Elaboration:

We selected the optimal MID from the absolute MID estimates. There were 29 absolute MID estimates (up
to 2018) for KOOS-QOL (0-100), ranging from 3 to 27.3. The median of all the MIDs was 9.8. After
assessing the five core credibility criteria, no estimates met 5‘definitely yes/ves/definitely closely related’.
We therefore relaxed our criteria and found that the MIDs with highest rank available, referring to the most
credible MIDs, were those meeting 5 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’. We
then stopped searching for MIDs in lower ranks. The most credible MIDs were 27.3 ! and 17.5 !, which
were consistent. We thus went to check if the median of these most credible MIDs (i.e., 22.4), is near the
median of all the available MIDs (i.e., 9.8). Because the KOOS-QOL was on a 0-100 scale, the absolute
difference between the two medians were above a score of /0. We considered the two medians were not
near, which indicated that it was possible that contextualized factors would further impacting the MID

variability.

We then went to explore the contextualized factors impacting the MID variability using all available MIDs
because we only had 2 most credible MIDs. We found that the intervention (surgical vs non-surgical
interventions) has impacted the MID variability for KOOS-QOL (p<0.001). Therefore, the selection and
application of the optimal MID for KOOS-QOL was context-dependent—the optimal MID differed

depending on whether the patients were undergoing surgical intervention.

Under the context of surgical intervention, the point estimates for the most credible MIDs that met 5
‘definitely yes/ves/definitely closely related’ or ‘to a great extent’ were 27.3 ' and 17.5 !. We took the

median—22.4—as the optimal MID, which was applicable to the context of surgical intervention.

Under the context of non-surgical intervention, we did not find MIDs met neither 5 ‘definitely
yes/yes/definitely closely related’ nor 5 ‘definitely yes/ves/definitely closely related’ or ‘to a great extent’.
But the MIDs met 4 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’ were available, which
were considered as the most credible estimates. There were 11 most credible estimates that met 4 “definitely
yes/yes/definitely closely related’ or ‘to a great extent’, including 9.9 %,6.6 2,9.4° 34,34 11.62% 767 3
“,3%.9.87 7.87 We took the median—7.6—as the optimal MID, which was applicable to the context of

non-surgical intervention.
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2. The selection of optimal absolute MID for VAS-pain (0-100 scale).

1. Are there estimates meeting S “definitely yes/yes/definitely closely related’ for
the 5 core credibility critiera ?

2.NO

v
4. Progressively relax critiera and we found the
most credible estimates: estimates meeting
S‘definitely yes/yes/definitely closely related’ or
‘to a great extent’.

» 5. Are the most credible estimates consistent with each other?

v
7. Yes

v
9. Is the median of the most credible
estimates near the median of the whole
distribution?

\ 4

13.YES: the median of the overall was 15.7, while the median of
the most credible estimates was 15 (on a 0-100 scale).

4
19. The median of the most
credible estimates, 15, was
chosen as the optimal MID and
is applicable to all contexts.

Elaboration:

We selected the optimal MID from the absolute MID estimates. There were 118 absolute MID estimates
(up to 2018) for VAS-pain (0-100), ranging from 0.95 to 88.7. The median of all the MIDs was 15.7. After
assessing the five core credibility criteria, no estimates met 5 definitely yes/ves/definitely closely related’.
We therefore relaxed our criteria and found that the MIDs with highest rank available, referring to the most
credible MIDs, were those meeting 5 ‘definitely yes/ves/definitely closely related’ or ‘to a great extent’. We
then stopped searching for MIDs in lower ranks. The most credible MIDs were 177, 13.5°% 127,155 13
816° 1411711 20.4 12, which, by definition, were consistent with each other. We thus went to check if
the median of these most credible MIDs (i.e., /5), is near the median of all the available MIDs (i.e., 15.7).
Because the VAS-pain was on a 0-100 scale, the absolute difference between the two medians were within
a score of /0. We thus considered the two medians were near, which indicated that there were no
contextualized factors further impacting the MID variability. Therefore, the MIDs of VAS-pain was
considered as non-contextualized. We took the median of the most credible MIDs—15—as the optimal

MID, which was applicable to all contexts.
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3. The selection of optimal absolute MID for SF-36-MCS (0-100 scale).

1. Are there estimates meeting 5 ‘definitely yes/ves/definitely closely related’ for
the 5 core credibility critiera ?

2.NO

v
4. Progressively relax critiera and we found the
most credible estimates: estimates meeting
S*definitely yes/ves/definitely closely related’ or
‘to a great extent’.

» 5. Are the most credible estimates consistent with each other?

v
7. Yes

. \ 4 .
9. Is the median of the most credible
estimates near the median of the whole
distribution?

\ 4

13.YES: the median of the overall was 3.3, while the median of
the most credible estimates was 6.7 (on a 0-100 scale).

A 4
19. The median of the most

credible estimates, 6.7, was
chosen as the optimal MID and
is applicable to all contexts.

Elaboration:

We selected the optimal MID from the absolute MID estimates. There were 45 absolute MID estimates (up
to 2018) for SF-36-MCS ranging from 0.11 to 49.5. The median of all the MIDs was 3.3 (on a 0-100 scale).
After assessing the five core credibility criteria, no estimates met 5°definitely yes/yes/definitely closely
related’. We therefore relaxed our criteria and found the MIDs with highest rank available, referring to the
most credible MIDs, were those meeting 5 ‘definitely yes/yes/definitely closely related’ or ‘to a great extent’.
We then stopped searching for MIDs in lower ranks. The most credible MIDs were, 7.25 13, 6.7 3, 5.0 %,
which were consistent. We thus went to check if the median of these most credible MIDs (i.e., 6.7), is near
the median of all the available MIDs (i.e., 3.3). Because the SF-36-MCS was on a 0-100 scale, the absolute
difference between the two medians were within a score of /0. We considered the two medians were near,
which indicated that there were no contextualized factors further impacting the MID variability. Therefore,
the MIDs of SF-36-MCS was considered as non-contextualized. We took the median of the most credible

MIDs—6. 7—as the optimal MID, which was applicable to all contexts.
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Appendix 10. The selection process of optimal MID for WOMA C-pain.

1. Are there estimates meeting S ‘defintely yes/yes/definitely closely related’ for the ;
5 core credibility critiera ?

2.NO
v
4. Progressively relax critiera and we found the most

credible estimates: estimates meeting S ‘defintely
yes/yes/definitely closely related’ or ‘to a great extent’)

» 5. Are the most credible estimates consistent with each other?

2 4
7. Yes: the median of the most credible estimates was 28.1 and all the
estimates fell in the range of 18.1-38.1 (0-100 scale)

9. Is the median o¥ the most credible
estimates near the median of the whole
distribution?

Y
12.NO: the median of the whole distribution
was 12.0 and the abosute difference between
the two medians was 16.2 (0-100 scale).

¥

30. Explore contextualized factors
(surgical vs non-surgical intervention)

\ 4

31. Are there enough most credible estimates
for analyzing contextualized factors?

v
33.NO: only 5 most credible estimates

v
35. Are there enough all avaliable estimates for
analyzing contextualized factors?

v
38.Yes

v

41.Can variability among all avaliable estimates
be explianed by contextualized facors?

v
42.YES: the surgical vs non-surgical intervention explained, tested
using Wilcoxon rank sum test and p value was 0.009.

\ 4
44.select the median of all the most credible
estimates under cach contextualized factor as the
optimal MID (context-dependent application)

. V—— Y . :
1). The optimal MID for surgical intervention: the median of the most credible MID
estimates under the context of surgical intervention (i.e., the estimates meeting 5
‘defintely yes/ves/definitely closely related’ or ‘to a great extent’ ): 28.1

2).The optimal MID for non-surgical intervention: the median of the most credible

MID estimates under the context of non-surgical intervention ( i.e., estimates
meeting 4 ‘defintely yes/yes/definitely closely related’ or ‘to a great extent’ ) : 8.7
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Appendix 11. Characteristics of all anchor-based MIDs for the WOMAC-pain
(up to 2018).

Characteristic N (total=67)
Anchor-type
Transition rating 64
Satisfaction rating 4
PROM score range
0-10 3
0-20 1
0-50 6
0-100 56
Not reported 1
MID direction
improvement 63
deterioration 4
MID expressed in absolute terms 45
MID expressed relative to baseline scores 22
MID estimation contexts
intervention 21
surgical intervention 46

non-surgical intervention
Patient condition

Knee related complaints 36
Hip related complaints 16
Knee or hip related complaints 15
MID estimation follow-up length
<6 months 51
>6 months 16
MID credibility rated as ‘definitely yes ™*
Ql 67
Q2 56
Q3 0
Q3.1 8
Q4 5
Q5 8
NOTE:

*For credibility criterion Q1, the highest rating is ‘yes’ and for credibility criterion Q3. 1, the highest
rating is ‘definitely closely related’.
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Appendix 12. All relevant data of WOMAC-pain absolute MIDs for the selection.

Contexts of the study PROM scale MID information Credibility assessment”
Absolut MID Core | Core Core Core | Core | Credibility
Ref MID SO | follow- | Cred | Cred | Cred | Cred | Cred | Ranking
Lower | Upper value of
& s q 3
NO. Condition Intervention Limit | Limit pfnnt T et up Q1 Q2 | Q3/Q3.1 | Q4 Q5
estimate 5 « | length
estimate
(months)
arthroscopic surgery with
Femoroacetabular labral preservation or
1 o limited anterolateral 0 100 28 28 6 1 3 2 1 2 4
impingement .
open surgery with labral
resection
) hip ostlfoarthritis, primary or revision total 0 20 33 16.5 6 1 3 3 0 0 5
nee hip or knee replacement : :
osteoarthritis
3 Hip complaints usual care 0 100 0 0 3 1 3 1 0 2 6
3 Hip complaints usual care 0 100 7.4 7.4 3 1 3 1 0 2 6
3| hiposworthrivis | oSRMOREREE |0 | 100 | 112 | 112 3 1| 3 1 1| 2 6
. . behavioral-graded
3 hip osteoarthritis activity or usual care 0 100 12.1 12.1 3 1 3 1 0 2 6
3 hip osteoarthritis Total hip replacement 0 100 8.3 8.3 6 1 3 1 0 3 5
3 hip osteoarthritis Total hip replacement 0 100 22.4 22.4 6 1 3 1 0 3 5
3 Knee pain usual care 0 100 7.4 7.4 18 1 3 0 0 1 7
3 Knee pain usual care 0 100 3.5 3.5 18 1 3 0 0 1 7
3 knee complaints usual care 0 100 11.8 11.8 12 1 3 2 1 2 4
3 knee complaints usual care 0 100 12.9 12.9 12 1 3 2 0 2 4
3 knee complaints usual care 0 100 5.3 5.3 3 1 3 1 0 2 6
3 knee complaints usual care 0 100 11 11 3 1 3 1 0 2 6
knee behavioral-graded
3 osteoarthritis activity or usual care 0 100 10.4 10.4 3 1 3 1 1 2 6
knee behavioral-graded
3 osteoarthritis activity or usual care 0 100 0.1 0.1 3 1 3 1 0 2 6
3 ostel(::ri;ritis total knee replacement 0 100 133 13.3 6 1 3 1 0 3 5
3 ostel(:llri;ritis total knee replacement 0 100 294 29 .4 6 1 3 1 1 3 5
inpatient rehabilitation
Osteoarthritis of intervention, which
4 the Lower consisted of: passive 0 100 6.4 6.4 3 1 3 2 0 2 4
Extremities physical therapy, such as
electrotherapies,
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hydrotherapies,
thermotherapies,
massage, and others, and
of especially active
physical therapy to
strengthen and stretch
the musculature and
passive structures, and to
reestablish regular joint
mobility.
inpatient rehabilitation
intervention, which
consisted of: passive
physical therapy, such as
electrotherapies,
hydrotherapies,
Osteoarthritis of thermotherapies,
4 the Lower massage, and others, and 0 10 -0.83 83 3 1 3 2 1 2 4
Extremities of especially active
physical therapy to
strengthen and stretch
the musculature and
passive structures, and to
reestablish regular joint
mobility.
5 hip osteoarthritis total hip replacement NR NR 14.66 14.66 6 1 2 2 4 4 6
6 Hip osteoarthritis Total hip replacement 0 100 29.26 29.26 6 1 3 2 2 2 2
Surgical treatment
(shaving, drilling,
articular cartilage aut Ol ghondrocyte
7 defect of the knoe implantation (ACD), 0 100 17.5 17.5 6 1 3 2 0 1 6
abrasion arthroplasty,
microfracture, and cell
therapy (or))
8 sstone® | total knee replacement 0 100 | 299 29.9 12 1 3 2 3 2 2
8 sstenme= | total knee replacement 0 100 | 205 20.5 12 1 3 2 3 2 2
8 o tef;ﬁﬁri - total knee replacement 0 100 28 28 12 1 3 1 2 0 6
8 A stef;fliri i total knee replacement 0 100 25.2 25.2 12 1 3 1 2 2 4
8 ostel(farﬁﬁritis total knee replacement 0 100 28.1 28.1 12 1 3 2) 3 ) 7
8 sstennee | total knee replacement 0 100 | 235 23.5 12 1 3 2 3 2 2
8 - tel(felilr:ﬁri tio total knee replacement 0 100 25.6 25.6 12 1 3 1 2 0 6
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8 ostel(farﬁﬁritis total knee replacement 0 100 27.5 27.5 12 3 1 2 ) 4
i T, physical therapy or usual
9 knee oy 0 50 | 25 5 2.25 1 2 0 | 2 6
osteoarthritis
il @ieTai s, hysical therapy or usual
9 knee Py 0 50 4.5 9 225 1 2 0 2 6
.\ medical care
osteoarthritis
) RO T, physical therapy or usual
9 knee i ke 0 50 5.5 11 225 1 2 0 | 2 6
osteoarthritis
hip osteoarthritis, hysical th 1
9 knee S I 50 5 10 2.25 1 2 0 | 2 6
. medical care
osteoarthritis
iy @i g b, physical therapy or usual
9 knee S 0 50 9 18 225 1 2 0 | 2 6
osteoarthritis
I TR, physical therapy or usual
9 knee S 0 50 11 22 2.25 1 2 0 | 2 6
osteoarthritis
knee Rehabilitation
10 osteoarthritis intervention 0 100 13.51 13.51 3 3 3 1 2 4
knee Rehabilitation
10 osteoarthritis intervention 0 100 8.74 8.74 3 3 3 0 2 4
knee Rehabilitation
10 osteoarthritis intervention 0 100 15 15 3 3 3 1 2 4
10 knee Rehabilitation 0 100 | 8.74 8.74 3 3 3 0 | 2 4
osteoarthritis intervention . .
knee Rehabilitation
10 osteoarthritis intervention 0 100 7.09 7.09 3 3 3 0 2 4
hip osteoarthritis, non-steroidal anti-
11 knee inflammatory drug 0 100 9 9 1 1 2 1 2 6
osteoarthritis (NSAID)
multimodal conservative
treatment (comprised
hip osteoarthritis, education, physical
12 knee therapy, step-up 0 100 4.1 4.1 3 2 2 4 2 4
osteoarthritis analgesics, and advice on
weight reduction if
needed)
13 hip fractures rehabilitation program 0 100 35 35 2 3 1 1 1 7
Notes:
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Chapter 5: Discussion and Opportunities for Future Research
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Overview

This thesis compiles a series of investigation focusing on anchor-based methodology with a
particular aim of developing a systematic, logical approach for selecting an optimal anchor-based
MID to enhance the interpretation of PROM results in the context of incorporating patients’
perspectives in clinical research and evidence-based decision-making. This concluding chapter
discusses the main findings, the strengths and limitations, as well as an exploration of opportunities

and directions for future research.

Important Findings

This thesis aimed to address a critical issue for those who use anchor-based MID to aid the
interpretation of PROM results: when a number of widely varying MID estimates are available,
how to identify, from among the many, the optimal MID? Failure to identify the optimal MID may
result in serious misinterpretations of the PROM results though obtained from well-designed trials

and meta-analyses.

We began this thesis by comprehensively summarizing the reported methodological issues in
estimating anchor based MIDs among the current literature (Chapter 2). We used qualitative
synthesis to identify items related to selecting anchor-based MIDs. These items listed a spectrum
of potential issues important to selecting MIDs, including MID methodology issues related to
anchor and PROM, MID statistical issues, generalizability of MID and existing suggestions for
MID selection. We did not distinguish suitable from unsuitable items for selecting MIDs in this
study. These items, however, provided a conceptual framework to inform the following

development of a systematic selection approach for optimal MIDs.
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The systematic survey suggested that selecting an MID for use should prioritize MIDs with the
greatest credibility. Informed by the systematic survey above, however, to better assess anchor-
based MID credibility, the existing credibility instrument needs an extension. Though the
instrument has captured most credibility criteria for a trustworthy MID !, we should also consider
the extent to which the PROM and anchor are measuring the same construct —construct proximity,
which could also affect the credibility of MIDs. MIDs estimated from very closely related
constructs of the anchor and PROM would likely result in a higher correlation than those estimated
from anchors with constructs that differ from the PROM. When assessing MID credibility, if
investigators did not report the correlation between PROM and anchor, the subjective assessment
of construct proximity between PROM and anchor would be a potential alternative. We thus
supplemented the existing credibility instrument ! by adding the construct proximity assessment
item as an alternative item for the correlation item (i.e., the correlation between PROM and anchor)
and tested the reliability of this extension item, which showed acceptable inter-rater reliability

(weighted Cohen’s kappa=0.74) (Chapter 3).

In Chapter 4, we presented the systematic step-by-step approach for selecting an optimal MID.
Informed by the systematic survey and expert views, we have iteratively refined the selection
approach using real-world examples from the MID inventory 2. An optimal MID, at least, should
be methodologically sound. For the selection, we thus prioritize the methodological rigor. Through
credibility assessment!, we select the most credible MID estimates. If the most credible MIDs fall
in a relatively narrow range, investigators choose the median as the optimal MID. Secondarily, an

optimal MID should, as far as possible, match the intended application contexts. Evidence
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suggesting contextual differences might exist include: the most credible MIDs are inconsistent, or
the most credible MIDs are consistent with one another but their median is not near the median of
all MIDs. In our approach, either of these findings mandates further exploring contextualized
factors to explain the variability among the MIDs. The potential contextualized factors that deserve
a consideration could come from the suggestions of previous researchers and include intervention
(e.g., surgical vs conservative treatments), patient condition (e.g., knee vs hip osteoarthritis),
baseline disease severity, patient age, follow-up duration, socioeconomic status, geography, and
sex (Chapter 2). When we find evidence to confirm the impacts of contextualized factors on the
variability of the MID estimates, to ensure the MID applicable to the contexts of interest, selecting

and applying the MID must be context dependent.

Strengths and Limitations

The major strength of this thesis is its innovation, which improves the application of PROs and
anchor-based MID. The important advances presented here include the refinement of the existing
MID credibility assessment instrument and the development of the selection approach of an
optimal MID, which facilitate the appraisal and identification of MID estimates for researchers to
enhance the interpretation of PROM results in clinical research and evidence-based decision
making. By far, our systematic survey represents the most comprehensive qualitative summary of
the methodological issues of anchor-based MID. While no known standards of an optimal MID,
through collecting rich information—from both the systematic survey and the expert committee—
to inform the development of the selection approach, we first proposed the framework of an

optimal MID. That is, being methodologically sound and contextually applicable.
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Beyond the limitations noted in the individual chapters, this thesis does not address the
development of knowledge translation (KT) and implementation strategies for the selection
approach we have created. The potentially relevant stakeholders who will benefit from the
selection approach could include anyone who wants to incorporate patients’ perspectives or PROs
in their research or practice, for example, clinicians, systematic reviewers, guideline developers
and policy makers. As a starting point of promoting the application of the selection approach, we
have published our work in medical journals, of which the audiences include most of the
stakeholders. Future work with research communities focusing on patient reported outcomes could

help further identify the barriers and facilitators of the dissemination of the selection approach.

Implications and Opportunities for Future Research

This thesis provided the important considerations to researchers who aim to estimate anchor based
MIDs. To obtain a trustworthy estimate, in addition to follow the methodological standards
suggested by our systematic survey, researchers should pay further attention to the issues about
anchor. We use anchor to reflect the important change of the latent construct of the PROM 373,
When the two constructs of the PROM and the anchor are substantially different, though with high
correlation, inferring the change on the anchor to the change on the PROM violates intuitive
interpretation, challenging the usefulness of the anchor to estimate MIDs for the PROM ¢7. On
the other hand, unequivocally, a modest correlation is the prerequisite of a valid anchor 8°. MIDs
estimated from very closely related constructs of the anchor and PROM would likely result in a
higher correlation than those estimated from anchors with constructs that differ from the PROM.
Therefore, the future design of anchor should include the consideration of construct proximity and

use anchors with constructs as similar to the constructs of the PROMs as possible.
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With the growing emphasis on patient-centered care, using PROMs to directly assess patient's
health conditions gradually become a common practice %!2, MIDs, as an important benchmark to
aid the interpretation of the magnitude of treatment effects for PROMs, constitute a crucial part to
assess the benefits received after an intervention from the patients’ viewpoint 3. An optimal MID
would contribute to more trustworthy interpretation and guide the clinicians, researchers, guideline
developers, health policy makers and regulatory authorities to make more informed benefit-risk
assessments for interventions. The selection approach proposed here helps the choice of such
optimal MID and avoid the risk of choosing MIDs at discretion to fit the research purposes,

improving the transparency of health research.

Ideally, after selection, the optimal MID would not change as new evidence emerges and thus
become a unique standard to aid the interpretation for a given PROM. We, however, should bear
in mind that due to the limited available data of MIDs for certain PROMSs, when new estimates
emerge, the optimal MIDs may be different. It is, however, possible that the larger the number of
high credibility, consistent MIDs, the more compelling the case that a definitive optimal MID has
been established; the less impacts of contextualized factors on MID variability, the more likely
that the optimal MID would be stable. Currently, the assessment of the optimal MID remains
uncertain and open to debate. Grading the certainty of the optimal MID, therefore, could be a
potential area for subsequent research. Once we establish the grading standards, we would not only
interpret the PROMs based on the optimal MID available, but know the certainty of the

‘optimality’, leading to more trustworthy interpretation and evidence-based decision-making.
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