
Osteoarthritis and Cartilage Open 2 (2020) 100110
Contents lists available at ScienceDirect

Osteoarthritis and Cartilage Open

journal homepage: www.elsevier.com/journals/osteoarthritis-and-cartilage-open/2665-9131
Stakeholders’ preferences for osteoarthritis interventions in health services:
A cross-sectional study using multi-criteria decision analysis

Jason Chua a, Paul Hansen b, Andrew M. Briggs c, Ross Wilson a, David Gwynne-Jones a,
J. Haxby Abbott a,*

a Centre for Musculoskeletal Outcomes Research, University of Otago, New Zealand
b Department of Economics, University of Otago, New Zealand
c School of Physiotherapy and Exercise Science, Curtin University, Australia
A R T I C L E I N F O

Keywords:
Knee osteoarthritis
Multi-criteria decision analysis
Conjoint analysis
Interventions
Health system
* Corresponding author.
E-mail address: haxby.abbott@otago.ac.nz (J.H.

https://doi.org/10.1016/j.ocarto.2020.100110
Received 1 August 2020; Accepted 5 October 2020
2665-9131/© 2020 The Authors. Published by Elsev
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
S U M M A R Y

Objectives: To combine cross-sectoral stakeholders’ preferences over interventions for knee osteoarthritis (OA)
with guideline recommendations and evidence about interventions, and to investigate if these preferences differ
by stakeholder group.
Design: A survey based on multi-criteria decision analysis was implemented whereby the stakeholders revealed the
relative importance, represented as weights, of eight criteria for choosing or recommending knee OA in-
terventions. Using data from an OA clinical guideline, 15 recommended interventions were rated on the criteria
and ranked by their total scores, calculated by summing the corresponding weights. Associations between the
weights and stakeholder groups were explored using regression analysis.
Results: Participants comprised 58 consumers with OA, 5 M�aori health advocates, 79 healthcare providers, 24
policy-informants and 12 OA-researchers (N ¼ 178; 63% female, [mean age�SD] 54 � 13 years). Mean weights
on the eight criteria, in decreasing order of importance, are: recommendation: 19.0%; quality of evidence: 17.7%;
effectiveness: 15.0%; duration of effect: 13.2%; risk of serious harm: 12.8%; risk of mild/moderate side-effects:
9.4%; cost: 6.6%; and accessibility: 6.3%. For first-, second- and third-line OA interventions respectively, all
land-based exercise (total score ¼ 71.7%), NSAIDs (topical) (74.2%) and total joint replacement (74.3%) were
ranked first. At all care phases, the recommended core interventions of weight management and self-management
education ranked between 11th and 15th (48.0%–56.0%). Regression analysis identified only small differences in
weights (�5.7%; p < 0.01) between stakeholder groups.
Conclusions: Not all recommended core interventions are preferred by cross-sectoral stakeholders, which may
represent a barrier to their uptake. Stakeholders’ preferences do not appreciably differ by stakeholder group.
1. Introduction

Clinical practice guidelines (CPGs) for managing osteoarthritis (OA)
consistently recommend exercise, education and weight loss (where
indicated) as ‘core’ first-line interventions, followed by second- and
third-line interventions such as drug therapies and other non-
pharmacologic interventions and surgical interventions [1,2]. Howev-
er, the recommended ‘core’ interventions are not systematically deliv-
ered to or taken up by patients [3–7], resulting in missed opportunities
for potential health gains, a tendency to deliver low-value care and
increased downstream health system costs without health gains [8,9].
One reason for poor delivery and uptake may be incompatibility between
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the interventions recommended in CPGs and the preferences of patients
and other stakeholders with respect to interventions they want or would
recommend [10,11].

Stakeholders' preferences for health interventions [12], especially in
primary care settings [13], play an important role in determining their
uptake, highlighting the importance of widely engaging stakeholders in
service co-design and care delivery recommendations [11]. And yet,
when CPG recommendations are being developed, stakeholder engage-
ment is often non-existent or, at best, very limited, with the preferences
and contexts of stakeholders from across the sector often not adequately
considered [14–19]. A better understanding of what matters to stake-
holders, and which interventions more closely align evidence with
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stakeholders’ preferences for what they want or would recommend, may
better support delivery of value-based care [8,9].

An important strategy in the co-design of models of service delivery
may be the prioritisation of interventions based on the level of alignment
between multi-disciplinary and cross-sectoral stakeholders' preferences
for criteria that matter to them, and the performance of interventions on
those criteria. However, this approach has yet to be tested. Multi-criteria
decision analysis (MCDA) is a robust methodology for revealing stake-
holders' preferences, with the potential to enhance the downstream
implementation of evidence into policy and practice [20]. As the name
implies, MCDA (i.e. ‘multi-criteria decision analysis’) is about
decision-making based on considering multiple criteria (or objectives)
together, in order to rank or prioritise the alternatives being evaluated
(here, OA interventions). In effect, MCDA is a structured decision-making
process that involves measuring the inevitable trade-offs when choosing
between alternatives. Using choice-based surveys, stakeholders' prefer-
ences for criteria can be quantified to reveal their relative importance
(weight), as well as the value placed on the alternatives, by which they
can be ranked relative to each other.
Fig. 1. Flow diagram of the study by stage, pri
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In recent times, the use of MCDA has become increasingly widespread
in health care research [21,22]. MCDA has been used to explore OA
patients' preferences for physical activity [23], patients' drug preferences,
[24] and healthcare providers' treatment choices for people with OA
[25]. However, MCDA has not yet been used to explore stakeholders’
preferences for OA interventions across a health system, which may have
the potential to assist in co-design of system-wide health service models.
This study uses MCDA to: (i) discover the relative importance of criteria
relevant to stakeholders when choosing or recommending knee OA in-
terventions; (ii) use this preference information (criteria and weights) to
rank (prioritise) a wide range of interventions from a recent CPG for
first-, second- and third-line OA care; and (iii) to investigate if prefer-
ences differ by stakeholder group.

2. Methods

2.1. Design

This cross-sectional study followed six stages for conducting MCDA
mary activity and outcomes for each stage.
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(Fig. 1), aligned with MCDA good practice guidelines [26]. Ethics
approval was obtained from the Human Research Ethics Committees of
the University of Otago (D16-329) and Curtin University
(HRE2018-0276). The research was undertaken in New Zealand (NZ) and
Australia between October 2017 and June 2018 and is reported here in
accordance with the STROBE statement [27] (Supplement 1).

2.2. Sampling and recruitment

Convenience and snowball sampling were used to invite the survey
participants: consumers (with a diagnosis of OA or symptoms consistent
with the NICE criteria for OA [28]), healthcare providers (clinicians
delivering care to people with OA; e.g. general practitioners, orthopaedic
surgeons, physiotherapists), policy-informants (OA-related health policy,
strategy, health service workforce coordination, delivery or funding for
OA management, and consumer advocacy or representation for OA),
M�aori health (with an active interest in advocacy or consumer repre-
sentation for M�aori health) and OA researchers (having published at least
one academic article related to OA). A characterisation of these groups is
reported elsewhere [29].

M�aori, the indigenous peoples of NZ, are recognised as a priority
group with respect to enhancing healthcare equity and equality of health
outcomes [30]. Because there is only a relatively small pool of eligible
policy-informants and OA researchers within NZ, we included partici-
pants from Australia from these groups – justified on the basis of the two
countries' proximity and the similarity of their health systems (pub-
lic-private mix, with patient co-payments [31]) and socio-cultural char-
acteristics [10]. The Qualtrics platform (Provo, USA) was used to screen
and collect participants’ demographic data.

2.3. Recruitment sources

Healthcare-provider participants from across the public and private
health sectors were sampled from a NZ business directory and an online
health-service database (https://healthpages.co.nz/). Health practitioner
organisations, government and non-government organisations, health-
care delivery organisations and advocacy groups were asked to distribute
invitations to participate to healthcare providers, policy-informants and
M�aori health advocates. OA researchers were initially identified using an
online database (http://expertscape.com/) and screened for potential
eligibility by three authors (JC, AMB, JHA), from which a convenience
sample was invited to participate.

2.4. Stage 1: identifying the criteria and their levels for selecting OA
interventions

Stage 1 was informed by our earlier mixed-methods study [32]
whereby multi-disciplinary and cross-sectoral stakeholders identified
nine criteria influencing their choice or recommendation of OA in-
terventions in the NZ health system. These criteria were: Accessibility
(travel or wait time to access the intervention), Cost (total financial costs
relevant to the use or provision of healthcare for OA), Duration (duration
of treatment effect), Effectiveness (magnitude of treatment effect),
Recommendation (for using the intervention now), Risk of harm, Quality
(quality of the evidence), Treatment Passivity and Immediacy of Treat-
ment Effect. We excluded the last two criteria because in our previous
study they were considered to be the least important to stakeholders
[32]. After stratifying Risk of harm into Risk-Mild (risk of mild adverse
effects) and Risk-Serious (risk of serious adverse effects), eight criteria
were selected – which we deemed to be acceptable with respect to the
time and cognitive burdens imposed on participants (in
healthcare-related MCDAs, the mean number of criteria is eight [33]).

Each criterion was specified with 2–4 levels of ‘performance’ – i.e.
mutually-exclusive and exhaustive levels for differentiating between OA
interventions in terms of their characterisation on each criterion. To
support the definitions of the levels within each criterion, a literature
3

search was undertaken to specify criteria performance (e.g. Cohen's d for
effect size) and their intervals of performance, including plausible upper-
and lower-bound levels [e.g. d � 0.2 (low); 0.2–0.5 (moderate); >0.5
(high)]. The Accessibility criterion was considered to be context specific
such that its levels were specified based on the judgement of three au-
thors (JC, JHA, AMB). Key sources supporting the criteria specifications
are reported in Supplement 2 (Table S1).

2.5. Stage 2: identifying the weights for the criteria and their levels

2.5.1. Choice-based survey
A choice-based survey administered by 1000minds software (www

.1000minds.com) and implementing the PAPRIKA method [34] – an
acronym for ‘Potentially All Pairwise RanKings of all possible Alterna-
tives’ – was used to determine the weights on the criteria and levels,
representing their relative importance, for each participant and on
average across all participants. The PAPRIKA method involves each
participant being asked to answer a series of ‘pairwise-ranking questions’
based on choosing between two hypothetical OA interventions defined
on just two criteria at a time and involving a trade-off (Fig. 2).

The ‘pairwise-ranking questions’ are repeated with different combi-
nations of the criteria, two at a time, until all possible questions are
answered by each participant, either directly or indirectly. The consis-
tency of each participant's answers was checked by three questions being
repeated at the end of their survey. Real-time computer adaptation, based
on applying the participant's previous answers and the logical property of
‘transitivity’ (e.g. if OA intervention ‘X’ is preferred to ‘Y’ which is
preferred to ‘Z’, then ‘X’must be preferred to ‘Z’), serves to minimise the
number of questions the participant is required to answer directly (with
the remainder answered indirectly via transitivity). For technical details,
see Hansen and Ombler (2008) [34].

From the questions answered directly by a participant, PAPRIKA uses
quantitative methods to derive weights for the criteria and their levels,
representing their relative importance to the participant. The weights for
each participant were averaged across all participants to obtain mean
weights for the sample. The weight for a level on a criterion represents
both the relative importance of the criterion overall and the level's degree
of achievement or performance on the criterion [34]. The lowest level on
a criterion represents the minimum/worst performance on the criterion
and is assigned zero points. The highest level on a criterion represents the
maximum/best performance of the criterion and the relative importance
(weight) of the criterion overall. These weights sum across the criteria to
1 (100%).

To assist participants’ understanding of the choice-based exercise and
reduce their cognitive burden, two Supplementary materials, a 30-s
YouTube instructional video and a definition sheet for the criteria,
were included with the survey (Supplement 3). Participants were asked
to complete the survey within two weeks, and reminders were sent to
encourage completion.

2.5.2. Pilot-testing
Before being launched, the survey and accompanying Supplementary

materials were pilot-tested with a convenience sample of 17 in-
terviewees. The pilot-testing approach is included in Supplement 4.

A response verification and process evaluation was also undertaken to
evaluate the extent to which survey participants’ results aligned with
their overall expectations about the relative importance of the criteria
and the usability characteristics of the choice-based survey (Supplement
7).

2.6. Stage 3: rating interventions on the criteria

2.6.1. Data extraction
Data for 75 OA interventions and evidence about their performance

on the criteria established from Stage 1 were extracted from the 2018
Royal Australian College of General Practitioners guideline for hip and

https://healthpages.co.nz/
http://expertscape.com/
http://www.1000minds.com
http://www.1000minds.com


Fig. 2. Example of the 1000minds pairwise-ranking question.
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knee OA (RACGP CPG) [35]. This information provided the most com-
plete, rigorous, NZ-relevant and up-to-date evidence at the time to rate
the interventions on six of the criteria: Duration, Effectiveness, Recom-
mendation, Risk-Mild, Risk-Serious and Quality. Accessibility was esti-
mated via a Delphi exercise involving a nationally representative panel of
NZ OA researchers, independent from participants in our earlier study
[32]. Cost was estimated using data and methods described in a sys-
tematic review [36]. A GRADE evaluation was conducted for total joint
replacement (TJR), which was not included in the guideline evidence
tables, to inform its performance on the criteria.

2.6.2. Rating performances
Each intervention was rated on the criteria and summarised into three

‘performance matrices’ for first-, second- and third-line OA care [37]. To
align the CPG recommendations with first-, second- and third-line OA
care, the authors (JC, AMB, JHA) developed a rubric to transform the
guideline-assigned levels of recommendation (for any OA) into three
categories for first-, second- and third-line OA care (Supplement 5;
methods detailed in Supplement 2, page 14).

2.7. Stage 4: scoring the OA interventions and ranking them

A ‘total score’ for each intervention was calculated using a weighted-
sum model [38]: the sum of the mean weights from Stage 2 corre-
sponding to the intervention's ratings on the criteria (Stage 3) for first-,
second- and third-line care. The interventions were ranked (prioritised)
according to their total scores, representing their alignment with par-
ticipants' preferences overall, for each phase of OA care.

Although we scored 75 interventions in the RACGP guideline [35],
our analysis hereinafter will focus on the 15 “recommended” in-
terventions (p. 65): 3 first-line (core) interventions, 11 s-line (optional
adjunctive and advanced pharmacological attempts) interventions, and 1
third-line (surgical) intervention (TJR). The interventions were scored
and then ranked in decreasing order of priority for first-, second- and
third-line care.

2.8. Stage 5: data analysis (criteria weights)

2.8.1. Response consistency
We assessed if inconsistent responses biased the weights by

comparing the mean weights for the total sample and the mean weights
of respondents who answered none of the three questions consistently.
4

2.8.2. Association with stakeholder group
To investigate if participants' weights on the criteria differed by

stakeholder group, fractional multinomial logistic regression (FMNL)
[39–41] was performed using Stata (ver.15.1, StataCorp, TX), with the
weights as dependent variables. The independent variables were stake-
holder group (consumers, providers, policy-informants, OA researchers),
controlling for NZ/Australian status, age, gender, working for a gov-
ernment agency, and years’ work experience in primary role. Model
robustness was assessed using ordinary least squares (OLS) regression.

Kendall's W, ranging from no agreement to perfect agreement (0–1),
was also used to assess if the relative importance of interventions differed
by stakeholder group.

2.8.3. Selection bias
Selection bias in the criteria weights was explored in two ways. First,

to determine if the FMNL regression results were influenced by unequal
stakeholder group size, we performed an adjusted FMNL regression,
weighting group size to achieve equal stakeholder representativeness.
Second, we interrogated the relative importance of the interventions by
assessing the level of agreement between the unadjusted and adjusted
rank order of interventions weighted for equal representativeness using
mean Spearman's rank correlation.

2.9. Stage 6: uncertainty analysis (intervention scores)

2.9.1. Evaluating uncertainty in the intervention ratings
We explored the extent to which uncertainty in the ratings of the 15

guideline-recommended interventions for first-line care (Stage 3) on the
criteria may have affected the interventions’ total scores and hence their
ranking by examining the evidence used to assign ratings. We referred to
the original studies cited in the RACGP CPG and determined plausible
upper- and lower-uncertainty ratings on the criteria. The rules defining
whether the criteria were up- or down-rated, on the basis of the evidence
available are described in Supplement 2.

3. Results

3.1. Stage 2: identifying the criteria weights and process evaluation

3.1.1. Participants
Invitations were sent to 422 people, of whom 272 consented to

participate; 178 (42.2%) completed the choice-based survey, and 147



Table 1
Socio-demographic characteristics of the participants who completed the choice-
based survey (N ¼ 178).

Socio-demographic
characteristics

n (%) Mean years
experience � SD
[range]

Works in a
government health
agency n (%)

Gender
Male 64 (36) 18.1 � 11.4 [1–42] –

Female 114 (64) 14.7 � 11.0 [1–55] –

Region
Australia 13 (7) 24.4 � 12.1 [1–38] –

New Zealand 165 (93) 15.5 � 11.1 [1–55] –

Age (years)
18-34 16 (9) 29 � 2.9 [23–34] –

35-54 70 (39) 45.7 � 5.6 [35–54] –

55 and over 92 (52) 63.7 � 6.1 [55–82] –

Primary work area
Consumers* 58 (33) 13.0 � 11.7 [1–55] 0 (0)
M�aori health advocates 5 (3) 17.6 � 12.8 [1–31] 3 (60)
Providers 79 (44) 18.5 � 10.8 [1–43] 42 (54)
Policy-informantsy 24 (13) 15.3 � 11.5 [1–35] 4 (17)
OA researchersyy 12 (7) 13.8 � 7.9 [2–30] 10 (83)

*Years living with OA; Australian stakeholders yn ¼ 7, yyn ¼ 6.
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completed the data verification and process evaluation. Their socio-
demographic characteristics are summarised in Table 1.

3.1.2. Choice-based survey
The weights for the criteria and levels are reported in Table 2. The

relative importance of the criteria, in decreasing order of importance
(weights in parentheses), are: Recommendation (19.0%), Quality
(17.7%), Effectiveness (15.0%), Duration (13.2%), Risk-Serious (12.8%),
Risk-Mild (9.4%), Cost (6.6%) and Accessibility (6.3%). Of the 178
participants who completed the survey, 145 (81%) answered at least two
of the three repeated questions consistently. Participants spent a median
of 4 s per question and answered a mean of 45 questions (range 20–92)
each in total (median 15 min in total).

3.2. Stage 3: rating interventions on the criteria

The results of the Delphi exercise and the GRADE evaluation are
summarised in Supplement 2. The assigned performance ratings across
the criteria at each OA care phase are reported in the performance
matrices (Supplement 6).

3.3. Stage 4: intervention scores and rankings

The total scores of the 15 guideline-recommended interventions are
reported in Fig. 3, ranked in decreasing order of importance for first-,
second- and third-line care. For first-, second- and third-line OA in-
terventions respectively, ‘all land-based exercise’ (total score ¼ 71.7%),
‘NSAIDs (topical)’ (74.2%), and ‘TJR’ (74.3%) were ranked first. Core
interventions recommended in the CPG, ‘weight management’ and ‘self-
management education’, were ranked in 11th to 15th place (48.0%–

56.0%). The lowest ranked CPG-recommended intervention for first- and
second-line care was ‘TJR’ and ‘self-management education’ (44.1% and
48.0% respectively); for third-line care, it was ‘mobilisation and manip-
ulation’ (47.0%). Rating changes on the Recommendation criterion for
second- and third-line care drove the change in total scores for ‘NSAIDs
(topical)’ and ‘TJR’. The difference in total scores between the first- and
seventh-ranked recommended interventions (the top half) at first-line
care was 11.1%, while the difference in total scores between the
eighth- and fifteenth-ranked interventions at first-line care was 15.8%.

Considering all 75 interventions (Supplement 7, Table S5), at first-,
second- and third-line care, ‘Tai Chi’ was the highest ranked (total
score ¼ 76.9%), due to its strong performance on the Recommendation
and Quality criteria. Several non-recommended interventions are more
preferable to stakeholders than the core interventions ‘weight
5

management’ and ‘self-management education’: e.g. nutraceuticals
including ‘collagen’ (69.9%), ‘pycnogenol’ (69.9%) and ‘curcuma’
(66.4%).

3.4. Stage 5: relationships between weights and stakeholder groups

3.4.1. Regression analysis
For the analysis of theweights on the criteria, we chose to combine the

M�aori health advocate group (n¼5)with the consumer stakeholder group
due to a poor level of agreement previously reported for the M�aori group
[32]. Average partial effects (APEs) of the FMNL regression revealedweak
evidence of associations between weights and stakeholder groups
(Table 3). The APEs were relatively small after accounting for other
socio-demographic characteristics (no more than 5.7%, aligning with the
robustness check, Supplement 7 Table S11), suggesting that weights did
not differ meaningfully by stakeholder group (or within consumer or
healthcare provider groups – see Supplement 7, Tables S8–S10).

The level of agreement across groups by ranked interventions was
very strong (N ¼ 75, W ¼ 0.990, p < 0.000; Supplement 7 Table S6).

3.4.2. Selection bias
The adjusted FMNL regression weighted for equal stakeholder group

sample size, detected APEs that were statistically significant (p < 0.01).
However, the APEs remained small (<5.1%), consistent with the unad-
justed FMNL regression (Supplement 7, Table S7). We also calculated the
correlation between the ranked interventions by importance (Stage 4),
before and after adjusting weights for equal sample size; the correlation
between the adjusted and unadjusted ranked interventions was very
strong (rs ¼ 1.00, n ¼ 75, p < 0.01). We interpret this to mean that se-
lection bias had a negligible effect on the relative importance of the
scored interventions.

3.5. Stage 6: uncertainty analysis

3.5.1. One-way sensitivity analysis
The uncertainty analyses at each phase of OA care (first-line care

shown in Fig. 4) illustrate the aggregate effect of the uncertainty in the
performance ratings assigned to the 15 guideline-recommended in-
terventions. ‘All land-based exercise’ could plausibly achieve the highest
score (relative to the other interventions) driven by the ratings on the
Accessibility, Duration, Cost, Effectiveness and Quality criteria. For
‘NSAIDs (topical)’ the large uncertainty in its total score was driven by
the neutral rating for the Recommendation criterion, and the evidence
informing its ratings on the Risk-Serious and Effectiveness criteria. The
uncertainty intervals for the interventions were the same for second- and
third-line care, except for ‘TJR’ at second-line care, where the inter-
vention's total score varied byþ4.2% and�6.5% – due to the uncertainty
caused by the ‘neutral’ rating on the Recommendation criterion (dis-
aggregated intervention scores are shown in Supplement 8).

4. Discussion

This study has systematically combined the preferences of stake-
holders for OA interventions with CPG recommendations [35] and
intervention performance data. Our main findings are that although the
relative importance of the criteria differed by socio-demographic char-
acteristics, these differences were small and did not translate to a
meaningful effect on the relative importance of the interventions, and
unequal group representation had little effect on the weights on the
criteria. With respect to the first-line (core) interventions, ‘all land-based
exercise’ aligned strongly with stakeholders' preferences for first-line
care; however, ‘weight loss’ and ‘self-management education’ are less
preferred than most, if not all, recommended second-line interventions.
‘TJR’ is preferable but only for third-line care.

Our results show that stakeholders valued criteria often considered in
systematic reviews of evidence, such as GRADE [42]. Participants valued



Table 2
Criteria definitions and their sample mean criteria weights produced from the choice-based survey (N ¼ 178), in decreasing order of relative importance. Criterion
weights at their best performance level sum to 1 (or equivalently, 100%).

Criteriab (most to least important)
Performance levels (worst to best)

Definition Full sample mean
weightc (n ¼ 178)

Mean weightc by group

Consumers
(n ¼ 63)

Providers
(n ¼ 79)

Policy-informants
(n ¼ 24)

OA Researchers
(n ¼ 12)

Recommendation to use the intervention now Recommendation for using
the intervention at first-line
OA care.

Strong against 0.0 0.0 0.0 0.0 0.0
Conditional against 0.0647 0.0645 0.0618 0.0720 0.0697
Neutrala 0.1108 0.1073 0.1118 0.1116 0.1213
Conditional for 0.1529 0.1462 0.1581 0.1462 0.1678
Strong for 0.1904 0.1848 0.1947 0.1851 0.2038

Quality of the evidence about the intervention The extent to which one can
be confident that the effects of
the reatment or service
described are real.

Very low 0.0 0.0 0.0 0.0 0.0
Low 0.0587 0.0526 0.0607 0.0704 0.0546
Moderate 0.1319 0.1145 0.1377 0.1549 0.1389
High 0.1765 0.1560 0.1835 0.2100 0.1709

Effectiveness of the intervention The clinical effect of the
intervention on pain.Low (d < 0.2) 0.0 0.0 0.0 0.0 0.0

Moderate (d < 0.5) 0.0983 0.0865 0.1021 0.1205 0.0911
High (d � 0.5) 0.1501 0.1376 0.1559 0.1720 0.1335

Duration of the intervention effect The duration of follow up
demonstrating a meaningful
effect on pain.

Short (up to 6hrs) 0.0 0.0 0.0 0.0 0.0
Short-mediuma (<3 months) 0.0392 0.0421 0.0371 0.0300 0.0561
Medium (3–12 months) 0.0748 0.0817 0.0704 0.0592 0.0993
Long (>12 months) 0.1318 0.1506 0.1218 0.1145 0.1339

Risk of serious harm (Risk-Serious) Treatment side-effects that
have significant medical
consequences, e.g. lead to
death, permanent disability
or prolonged hospitalisation.

High (1 in 50 chance; >0.5%) 0.0 0.0 0.0 0.0 0.0
Medium (1 in 200 chance; 0.2%–0.5%) 0.0795 0.0864 0.0763 0.0701 0.0826
Low (1 in 500 chance; <0.2%) 0.1282 0.1325 0.1223 0.1179 0.1651

Risk of mild to moderate side effects (Risk-Mild) Treatment side-effects that
are not serious (see risk of
serious harm).

High (3 in 4 chance; >50%) 0.0 0.0 0.0 0.0 0.0
Medium (2 in 4 chance; 25–50%) 0.0527 0.0513 0.0610 0.0396 0.0319
Low (1 in 4 chance; <25%) 0.0941 0.0980 0.1016 0.0720 0.0686

Cost of the intervention Total financial costs relevant
to he use or provision of
healthcare for OA.

High (>$1000 per month or >$15,000 one-off) 0.0 0.0 0.0 0.0 0.0
Medium ($100-$1000 per month or $1500-$15,000
one-off)

0.0407 0.0450 0.0354 0.0513 0.0326

Low (<$100 per month or $1500 one-off) 0.0661 0.0735 0.0584 0.0760 0.0582
Accessibility to the intervention The extent to which the

intervention can be accessed
by people with OA.

Inconvenient travel, or wait time (>3 months) 0.0 0.0 0.0 0.0 0.0
Neither convenient or inconvenient travel,
or wait timea

0.0313 0.0335 0.0309 0.0263 0.0331

Convenient travel, or wait time (<1 week) 0.0627 0.0670 0.0618 0.0526 0.0661

a Interpolated criterion level using a B�ezier curve; d ¼ Cohen's d for effect size.
b Refer to Supplement 2 for a complete description of the criteria, including how interventions' were rated on the criteria.
c The weights, multiplied by 100, are equivalent to per cent points and at their best level sum to 1 (100%).
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Recommendation, Quality, Effectiveness, Duration and Risk-Serious
approximately 2.5–3 times more than the two least important criteria,
Cost and Accessibility. These findings suggest that stakeholders’ are
willing to forego intervention Cost and Accessibility in favour of superior
performance on the other criteria. Ultimately, the weights show that the
choice of OA interventions is influenced by some criteria more than
others, yet these differences may not accurately reflect the complexity of
their real-world implementation.

Weights on the criteria did not differ meaningfully by stakeholder
group (or by subgroup, Supplement 7). The regression analysis detected
only small associations (�5.7%; Table 3) between weights and stake-
holder group. Accounting for variance in group size made virtually no
difference to the relative importance of the scored interventions (rs ¼ 1,
p < 0.01), while the level of agreement in intervention rankings across
groups also confirmed that small weight differences were not meaningful
(W ¼ 0.990, p < 0.000). The outcomes of these different analytic ap-
proaches confirm our assertion that weights were not meaningfully
heterogeneous with respect to the sample characteristics collected in this
study. However, it would be prudent to re-evaluate these properties in a
larger sample, as subgroup differences has been reported elsewhere.

Of the three core interventions, only ‘all land-based exercise’ aligned
strongly with stakeholders' preferences whereas ‘weight management’
6

and ‘self-management education’ did not (Fig. 3) due to poor perfor-
mance on the Quality and Effectiveness criteria (Supplement 8 shows
disaggregated total scores). This finding suggests that stakeholders'
preferences for the performance of the latter two interventions may
contribute to their poor uptake in practice [43]. Weight management and
the application of active self-management strategies for OA require
substantial behaviour change for patients, which is often challenging to
sustain [44]. We also note that the performance ratings on these in-
terventions may not capture the broader benefits of engaging in them,
such as reduction in the impact of other noncommunicable diseases
which may feature alongside OA. Therefore, the value of these core in-
terventions may be under-estimated in the current study.

For OA CPGs, broader stakeholder engagement is needed [2,17,45]. A
number of studies have investigated consumer or provider preferences
for the characteristics of OA interventions using MCDA methods [23–25,
46–48]. However, none has incorporated stakeholders' preferences
across a health system. Broader engagement may lead to more effective
implementation strategies [19,49,50], particularly in primary care set-
tings and in relation to policy change [13,51]. Yet, only about 2% of CPGs
tailor guidelines to local health system user preferences. [52] Although
stakeholders’ preferences did not meaningfully differ across the health
system for OA interventions in the current study, the method used in this



Fig. 3. RACGP guideline recommended OA interventions (N ¼ 15) ranked by the full sample mean preference weights at first-, second- and third-line OA care.

Table 3
Average partial effects (APE) of the fractional multinomial logit model. APEs measure the change of a mean criterion weight, relative to the other criteria, given a change
in the level of a socio-demographic characteristic. Negative coefficients indicate less importance. For example, healthcare providers, on average, place 4.3% (equiv-
alently 0.043 APE) more importance on Recommendation, whereas policy-informants place 4.9% more importance on Quality and 4.7% less importance on Duration,
relative to the other criteria and compared to consumers.

Average Partial Effects

Socio-demographic
characteristics

Recommend-ation to
use the intervention
now

Quality of the
evidence

Effectiveness of
the intervention

Duration of the
intervention effect

Risk of
serious harm

Risk of mild to
moderate harm

Cost of the
intervention

Accessibility to
the intervention

Providers 0.043** 0.016 �0.003 �0.042* �0.008 0.014 �0.010 �0.009
(ref: Consumers) (0.015) (0.012) (0.015) (0.018) (0.018) (0.014) (0.01) (0.012)
Policy-informants 0.028 0.049* 0.016 �0.047** �0.019 �0.024 0.010 �0.012
(ref: Consumers) (0.016) (0.019) (0.015) (0.016) (0.018) (0.017) (0.01) (0.015)
OA Researchers 0.057* 0.007 �0.029 �0.030 0.034 �0.020 �0.010 �0.009
(ref: Consumers) (0.024) (0.02) (0.019) (0.026) (0.026) (0.017) (0.011) (0.017)
Female 0.018 �0.015 �0.009 �0.014 0.009 0.002 0.002 0.005
(ref: Male) (0.011) (0.01) (0.009) (0.012) (0.011) (0.009) (0.006) (0.009)
Australian �0.028 �0.012 0.024 0.025 0.032 �0.008 �0.020 �0.014
(ref: New Zealander) (0.019) (0.015) (0.015) (0.015) (0.018) (0.023) (0.013) (0.015)
Gov. employee �0.026* 0.003 0.020 0.014 0.001 �0.018 �0.004 0.011
(ref: other employer) (0.013) (0.01) (0.013) (0.016) (0.014) (0.01) (0.006) (0.009)
Age 0.001* 0.001 �0.001 0.000 0.000 0.000 0.000 0.000
(at mean age 54yrs) 0.001 (0.000) (0.000) (0.001) (0.001) (0.000) (0.000) (0.000)
Work experience 0.000 0.001 0.000 0.000 0.000 �0.001 0.000 0.000
(at mean exp. 16yrs) (0.000) (0.001) (0.000) (0.001) (0.001) (0.000) (0.000) (0.000)
Pairwise comparisons between stakeholder groups
Policy-informants �0.014 0.033* 0.019 �0.006 �0.011 �0.038* 0.020* �0.003
(ref: Providers) (0.014) (0.016) (0.012) (0.014) (0.014) (0.017) (0.008) (0.012)
OA Researchers 0.014 �0.009 �0.026 0.012 0.042 �0.034** 0.001 0.000
(ref: Providers) (0.02) (0.019) (0.013) (0.021) (0.022) (0.012) (0.008) (0.014)
OA Researchers 0.029 �0.042 �0.045** 0.018 0.053* 0.004 �0.020 0.003
(ref: Policy-informants) (0.023) (0.024) (0.016) (0.024) (0.025) (0.02) (0.01) (0.017)

Standard errors are in parentheses.
Unadjusted *p < 0.05, **p < 0.01; Gov ¼ Government; exp ¼ experience; yrs ¼ years.
Separate regressions were run for the provider and policy�maker reference categories (italicised).
p¼<0.0010goodness-of-fit’ Wald Chi-square for each regression, indicating at least one of the coefficients has a significant impact on the criteria.
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study may help cultivate more trustworthy decision-making and
strengthen health systems by supporting decision-makers to focus on
delivering what people value. Given that intervention success is influ-
enced by interdependent factors across the health system, a multi-level
approach to strengthening the health systems is needed [11,53]. For
developers of health strategies, for example Models of Care [11]
(currently absent in NZ [54]) or Models of Service Delivery [53], the
approach outlined in this paper may help support better co-design and
7

confirm consistency of cross-sectoral preferences, prior to upscaling such
models nationally. Potential downstream effects could be realised
through systemwide approaches such as better: health outcomes, patient
and provider experiences, and use of healthcare resources – the
quadruple aim of value-based health care [55].

Strengths of our study include the mixed-methods design [32] used to
inform the criteria selection and the independent source of evidence [35]
used to inform the performance ratings. A limitation of our study is that



Fig. 4. Error bars representing the aggregate uncertainty in the 15 guideline-recommended interventions' total scores across all performance ratings for first-line
OA care.
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the criteria were not strictly non-overlapping and potentially
non-independent; however, our criteria selection was informed by
empirical data from local stakeholders, and we included pilot-testing and
a response-verification and process evaluation to validate our
choice-based survey. Our sample size was also modest, such that
re-evaluation in a larger sample would be important to validate the
findings to confirm that disease severity does not influence stakeholders'
preferences, or the associations in stakeholders’ sociodemographic
characteristics and preferences we identified. The RACGP CPG also did
not have an evidence-quality threshold for including evidence. This
absence may have inflated the relative importance of some interventions,
such as alternative medicines. The mean weights may also be at risk of
bias due to the sampling method (which may underrepresent minority
groups) and modest sample size.

This study provides a framework for exploring cross-sectoral prefer-
ences for OA care in NZ due to the stakeholder-informed criteria selec-
tion, the representativeness of multi-level NZ stakeholders surveyed and
the contextualised performance ratings for the Cost and Accessibility
criteria. The framework is likely to be generalisable to other developed
countries with similar health system funding schemes, access to health
care and patterns of delivering lower-value OA care. However, the
preference data should be interpreted cautiously due to the risk of sam-
pling bias.

5. Conclusion

Stakeholders' preferences for eight criteria influencing their choice of
OA interventions in decreasing order of importance are: Recommenda-
tion, Quality, Effectiveness, Duration, Risk-Serious, Risk-Mild, Cost and
Accessibility. Stakeholders' weights did not appreciably differ by stake-
holder group. Not all core recommended interventions are preferred by
stakeholders; ‘all land-based exercise’ was highly valued for first-line OA
care, but ‘weight-management’ and ‘self-management education’ are less
preferred than most second-line interventions. The performance of TJR
was most preferred for third-line OA care. These findings could help
support greater delivery and uptake of value-based OA care across a
health system.
8

Author contributions

JHA conceived the study idea; JC, PH, AMB & JHA conceived the
study design; JC was responsible for acquisition of data, analysis, inter-
pretation and initial draft manuscripts; RW & DGJ contributed to
acquisition of data; JC, PH, AMB, RW, DGJ & JHA contributed to the
interpretation of data, initial draft manuscripts, and approved the sub-
mitted version of the manuscript, for which they are accountable for its
integrity.

Role of the funding source

This study is supported by the Health Research Council of New Zea-
land (grant 15/263). AMBwas supported by a fellowship from Australian
National Health and Medical Research Council (113548) and received
travel support funding from the University of Otago (<$10,000).

Ethics approval and consent to participate

Approval for the research was obtained from the Human Research
Ethics Committees of the University of Otago, New Zealand, (D16-329)
and Curtin University, Australia, (HRE2018-0276).

Availability of data and materials

The datasets for the study are available from the corresponding
author on request.

Declaration of competing interest

PH co-invented the software used in the study, which the software's
owners made available for the research. AMB was a member of the
development group for the clinical guideline used in the research.

Acknowledgements

Thank you to the study participants for their time and expertise.



J. Chua et al. Osteoarthritis and Cartilage Open 2 (2020) 100110
Appendix A. Supplementary data

Supplementary data to this article can be found online at https
://doi.org/10.1016/j.ocarto.2020.100110.

References

[1] A.E. Nelson, K.D. Allen, Y.M. Golightly, A.P. Goode, J.M. Jordan, A systematic
review of recommendations and guidelines for the management of osteoarthritis:
the Chronic Osteoarthritis Management Initiative of the U.S. Bone and Joint
Initiative, Semin. Arthritis Rheum. 43 (2014) 701–712.

[2] P.J. Larmer, N.D. Reay, E.R. Aubert, P. Kersten, Systematic review of guidelines for
the physical management of osteoarthritis, Arch. Phys. Med. Rehabil. 95 (2014)
375–389.

[3] N. Østerås, K.P. Jordan, B. Clausen, C. Cordeiro, K. Dziedzic, J. Edwards, et al., Self-
reported quality care for knee osteoarthritis: comparisons across Denmark, Norway,
Portugal and the UK, RMD Open 1 (2015).

[4] L.C. Li, E.C. Sayre, J.A. Kopec, J.M. Esdaile, S. Bar, J. Cibere, Quality of
nonpharmacological care in the community for people with knee and hip
osteoarthritis, J. Rheumatol. 38 (2011) 2230–2237.

[5] A. Dhawan, R.C. Mather Iii, V. Karas, M.B. Ellman, B.B. Young, B.R. Bach Jr., et al., An
epidemiologic analysis of clinical practice guidelines for non-arthroplasty treatment of
osteoarthritis of the knee, Arthrosc. J. Arthrosc. Relat. Surg. 30 (2014) 65–71.

[6] T. Egerton, L.E. Diamond, R. Buchbinder, K.L. Bennell, S.C. Slade, A systematic
review and evidence synthesis of qualitative studies to identify primary care
clinicians' barriers and enablers to the management of osteoarthritis, Osteoarthritis
Cartilage 25 (2017) 625–638.

[7] A.M. Kanavaki, A. Rushton, N. Efstathiou, A. Alrushud, R. Klocke, A. Abhishek, et
al., Barriers and facilitators of physical activity in knee and hip osteoarthritis: a
systematic review of qualitative evidence, BMJ Open 7 (2017), e017042.

[8] S. Brownlee, K. Chalkidou, J. Doust, A.G. Elshaug, P. Glasziou, I. Heath, et al.,
Evidence for overuse of medical services around the world, Lancet 390 (2017)
156–168.

[9] P. Glasziou, S. Straus, S. Brownlee, L. Trevena, L. Dans, G. Guyatt, et al., Evidence
for underuse of effective medical services around the world, Lancet 390 (2017)
169–177.

[10] A.M. Briggs, R.S. Hinman, B. Darlow, K.L. Bennell, M. Leech, T. Pizzari, et al.,
Confidence and attitudes toward osteoarthritis care among the current and
emerging health workforce: a multinational interprofessional study, ACR Open
Rheumatol. 1 (2019) 219–235.

[11] R. Speerin, C. Needs, J. Chua, L.J. Woodhouse, M. Nordin, R. McGlasson, et al.,
Implementing Models of Care for musculoskeletal conditions in health systems to
support value-based care, Best Pract. Res. Clin. Rheumatol. (2020), https://doi.org/
10.1016/j.berh.2020.101548.

[12] S. Ferreira de Meneses, F. Rannou, D.J. Hunter, Osteoarthritis guidelines: barriers to
implementation and solutions, Ann. Phys. Rehabil. Med. 59 (2016) 170–173.

[13] R. Lau, F. Stevenson, B.N. Ong, K. Dziedzic, S. Treweek, S. Eldridge, et al.,
Achieving change in primary care–causes of the evidence to practice gap:
systematic reviews of reviews, Implement. Sci. 11 (2016) 40.

[14] A. Boivin, K. Currie, B. Fervers, J. Gracia, M. James, C. Marshall, et al., Patient and
public involvement in clinical guidelines: international experiences and future
perspectives, Qual. Saf. Health Care 19 (2010) 1–4.

[15] C.A. Chong, I.J. Chen, G. Naglie, M.D. Krahn, How well do guidelines incorporate
evidence on patient preferences? J. Gen. Intern. Med. 24 (2009) 977–982.

[16] A.Y. Lim, M. Doherty, What of guidelines for osteoarthritis? Int. J. Rheum. Dis. 14
(2011) 136–144.

[17] C.E. Young, F.M. Boyle, K.S. Brooker, A.J. Mutch, Incorporating patient preferences
in the management of multiple long-term conditions: is this a role for clinical
practice guidelines? J. Comorb. 5 (2015) 122–131.

[18] S. Woolf, H.J. Schünemann, M.P. Eccles, J.M. Grimshaw, P. Shekelle, Developing
clinical practice guidelines: types of evidence and outcomes; values and economics,
synthesis, grading, and presentation and deriving recommendations, Implement.
Sci. 7 (2012) 61.

[19] A.C. Tricco, W. Zarin, P. Rios, V. Nincic, P.A. Khan, M. Ghassemi, et al., Engaging
policy-makers, heath system managers, and policy analysts in the knowledge
synthesis process: a scoping review, Implement. Sci. 13 (2018) 31.

[20] R. Salloum, E. Shenkman, J. Louviere, D. Chambers, Application of discrete choice
experiments to enhance stakeholder engagement as a strategy for advancing
implementation: a systematic review, Implement. Sci. 12 (2017).

[21] E.W. de Bekker-Grob, M. Ryan, K. Gerard, Discrete choice experiments in health
economics: a review of the literature, Health Econ. 21 (2012) 145–172.

[22] M.D. Clark, D. Determann, S. Petrou, D. Moro, E.W. de Bekker-Grob, Discrete choice
experiments in health economics: a review of the literature, Pharmacoeconomics 32
(2014) 883–902.

[23] D. Pinto, U. Bockenholt, J. Lee, R.W. Chang, L. Sharma, D.J. Finn, et al., Preferences
for physical activity: a conjoint analysis involving People with chronic knee pain,
Osteoarthr. Cartil. 27 (2) (2019) 240–247.

[24] T.-L. Laba, J-a Brien, M. Fransen, S. Jan, Patient preferences for adherence to
treatment for osteoarthritis: the MEdication Decisions in Osteoarthritis Study
(MEDOS), BMC Muscoskel. Disord. 14 (2013) 160.

[25] N.K. Arden, A.B. Hauber, A.F. Mohamed, F.R. Johnson, P.M. Peloso, D.J. Watson, et
al., How do physicians weigh benefits and risks associated with treatments in
patients with osteoarthritis in the United Kingdom? J. Rheumatol. (2012) 111066,
jrheum.
9

[26] K. Marsh, M. Ij, P. Thokala, R. Baltussen, M. Boysen, Z. Kalo, et al., Multiple criteria
decision analysis for health care decision making-emerging good practices: report 2
of the ISPOR MCDA emerging good practices task force, Value Health 19 (2016)
125–137.

[27] E. von Elm, D.G. Altman, M. Egger, S.J. Pocock, P.C. Gotzsche, J.P. Vandenbroucke,
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies, Lancet 370
(2007) 1453–1457.

[28] National Clinical Guideline Centre, National institute for health and clinical
excellence: guidance, in: Osteoarthritis: Care and Management in Adults, National
Institute for Health and Care Excellence (UK), London, 2014.

[29] J. Chua, A.M. Briggs, P. Hansen, C. Chapple, H. Abbott, Choosing interventions for
hip or knee osteoarthritis - what matters to stakeholders? A mixed-methods study,
Osteoarthr. Cartil. Open 2 (3) (2020) 100062, accepted.

[30] T. Blakely, M. Tobias, B. Robson, S. Ajwani, M. Bonn�e, A. Woodward, Widening
ethnic mortality disparities in New Zealand 1981–99, Soc. Sci. Med. 61 (2005)
2233–2251.

[31] New Zealand Government, Briefing to the incoming minister: Health, in: The
Treasury, 2014. Wellington.

[32] J. Chua, A.M. Briggs, P. Hansen, C. Chapple, J.H. Abbott, Choosing interventions for
hip or knee osteoarthritis - what matters to stakeholders? A mixed-methods study,
Osteoarthr. Cartil. Open (2020) 100062.

[33] K. Marsh, T. Lanitis, D. Neasham, P. Orfanos, J. Caro, Assessing the value of
healthcare interventions using multi-criteria decision analysis: a review of the
literature, Pharmacoeconomics 32 (2014) 345–365.

[34] P. Hansen, F. Ombler, A new method for scoring additive multi-attribute value
models using pairwise rankings of alternatives, J. Multi-Criteria Decis. Anal. 15
(2008) 87–107.

[35] Royal Australian College of General Practitioners, Guideline for the Management of
knee and hip Osteoarthritis, RACGP, East Melbourne, Vic, 2018.

[36] R. Welte, T. Feenstra, H. Jager, R. Leidl, A decision chart for assessing and
improving the transferability of economic evaluation results between countries,
Pharmacoeconomics 22 (2004) 857–876.

[37] E.M. Roos, C.B. Juhl, Osteoarthritis 2012 year in review: rehabilitation and
outcomes, Osteoarthritis Cartilage 20 (2012) 1477–1483.

[38] P. Hansen, N. Devlin, Multi-criteria decision analysis (MCDA) in healthcare
decision-making, in: Oxford Research Encyclopedia of Economics and Finance,
Oxford University Press, 2019.

[39] FMLOGIT: Stata Module Fitting a Fractional Multinomial Logit Model by Quasi
Maximum Likelihood [computer Program], Boston College Department of
Economics, 2008. Version Revised 17 Feb 2017.

[40] D. McFadden, The Revealed Preferences of a Public Bureaucracy, Department of
Economics, University of California, Berkeley, 1968.

[41] D. McFadden, The revealed preferences of a government bureaucracy: empirical
evidence, Bell J. Econ. (1976) 55–72.

[42] G. Guyatt, A.D. Oxman, E.A. Akl, R. Kunz, G. Vist, J. Brozek, et al., GRADE
guidelines: 1. Introduction-GRADE evidence profiles and summary of findings
tables, J. Clin. Epidemiol. 64 (2011) 383–394.

[43] K.S. Dziedzic, K.D. Allen, Challenges and controversies of complex interventions in
osteoarthritis management: recognizing inappropriate and discordant care,
Rheumatology 57 (2018) iv88–iv98.

[44] C.A. Pellegrini, G. Ledford, R.W. Chang, K.A. Cameron, Understanding barriers and
facilitators to healthy eating and physical activity from patients either before and
after knee arthroplasty, Disabil. Rehabil. 40 (2018) 2004–2010.

[45] L. Walsh, S. Hill, A.E. Wluka, P. Brooks, R. Buchbinder, A. Cahill, et al., Harnessing
and supporting consumer involvement in the development and implementation of
Models of Care for musculoskeletal health, Best Pract. Res. Clin. Rheumatol. 30
(2016) 420–444.

[46] C. Berchi, P. Degieux, H. Halhol, B. Danel, M. Bennani, C. Philippe, Impact of falling
reimbursement rates onphysician preferences regardingdrug therapy for osteoarthritis
using a discrete choice experiment, Int. J. Pharm. Pract. 24 (2016) 114–122.

[47] J. Ratcliffe, M. Buxton, T. McGarry, R. Sheldon, J. Chancellor, Patients' preferences
for characteristics associated with treatments for osteoarthritis, Rheumatology 43
(2004) 337–345.

[48] L. Fraenkel, L. Suter, C.E. Cunningham, G. Hawker, Understanding preferences for
disease-modifying drugs in osteoarthritis, Arthritis Care Res. 66 (2014) 1186–1192.

[49] L.J. Damschroder, D.C. Aron, R.E. Keith, S.R. Kirsh, J.A. Alexander, J.C. Lowery,
Fostering implementation of health services research findings into practice: a
consolidated framework for advancing implementation science, Implement. Sci. 4
(2009).

[50] A. Fretheim, H.J. Schünemann, A.D. Oxman, Improving the use of research
evidence in guideline development: 3. Group composition and consultation process,
Health Res. Pol. Syst. 4 (2006) 15.

[51] J. Shiffman, S. Smith, Generation of political priority for global health initiatives: a
framework and case study of maternal mortality, Lancet 370 (2007) 1370–1379.

[52] A.R. Gagliardi, M.C. Brouwers, V.A. Palda, L. Lemieux-Charles, J.M. Grimshaw,
How can we improve guideline use? A conceptual framework of implementability,
Implement. Sci. 6 (2011) 26.

[53] A.M. Briggs, M. Chan, H. Slater, Models of Care for musculoskeletal health: moving
towards meaningful implementation and evaluation across conditions and care
settings, Best Pract. Res. Clin. Rheumatol. 30 (2016) 359–374.

[54] J. Baldwin, A.M. Briggs, W. Bagg, P. Larmer, An osteoarthritis model of care should
be a national priority for New Zealand, N. Z. Med. J. 30 (2017) 78–86.

[55] R. Sikka, J.M. Morath, L. Leape, The Quadruple Aim: care, health, cost and meaning
in work, BMJ Qual. Saf. 24 (2015) 608–610.

https://doi.org/10.1016/j.ocarto.2020.100110
https://doi.org/10.1016/j.ocarto.2020.100110
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref1
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref1
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref1
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref1
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref1
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref2
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref2
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref2
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref2
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref3
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref3
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref3
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref4
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref4
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref4
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref4
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref5
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref5
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref5
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref5
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref6
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref6
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref6
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref6
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref6
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref7
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref7
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref7
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref8
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref8
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref8
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref8
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref9
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref9
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref9
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref9
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref10
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref10
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref10
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref10
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref10
https://doi.org/10.1016/j.berh.2020.101548
https://doi.org/10.1016/j.berh.2020.101548
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref12
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref12
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref12
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref13
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref13
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref13
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref14
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref14
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref14
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref14
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref15
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref15
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref15
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref16
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref16
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref16
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref17
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref17
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref17
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref17
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref18
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref18
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref18
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref18
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref19
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref19
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref19
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref20
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref20
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref20
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref21
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref21
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref21
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref22
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref22
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref22
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref22
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref23
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref23
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref23
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref23
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref24
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref24
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref24
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref25
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref25
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref25
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref25
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref26
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref26
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref26
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref26
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref26
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref27
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref27
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref27
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref27
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref27
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref28
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref28
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref28
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref29
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref29
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref29
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref30
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref31
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref31
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref32
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref32
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref32
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref33
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref33
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref33
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref33
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref34
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref34
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref34
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref34
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref35
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref35
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref36
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref36
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref36
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref36
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref37
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref37
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref37
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref38
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref38
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref38
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref39
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref39
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref39
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref40
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref40
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref41
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref41
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref41
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref42
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref42
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref42
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref42
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref43
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref43
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref43
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref43
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref44
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref44
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref44
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref44
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref45
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref45
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref45
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref45
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref45
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref46
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref46
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref46
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref46
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref47
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref47
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref47
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref47
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref48
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref48
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref48
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref49
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref49
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref49
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref49
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref50
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref50
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref50
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref51
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref51
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref51
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref52
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref52
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref52
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref53
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref53
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref53
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref53
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref54
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref54
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref54
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref55
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref55
http://refhub.elsevier.com/S2665-9131(20)30110-2/sref55

	Stakeholders’ preferences for osteoarthritis interventions in health services: A cross-sectional study using multi-criteria ...
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Sampling and recruitment
	2.3. Recruitment sources
	2.4. Stage 1: identifying the criteria and their levels for selecting OA interventions
	2.5. Stage 2: identifying the weights for the criteria and their levels
	2.5.1. Choice-based survey
	2.5.2. Pilot-testing

	2.6. Stage 3: rating interventions on the criteria
	2.6.1. Data extraction
	2.6.2. Rating performances

	2.7. Stage 4: scoring the OA interventions and ranking them
	2.8. Stage 5: data analysis (criteria weights)
	2.8.1. Response consistency
	2.8.2. Association with stakeholder group
	2.8.3. Selection bias

	2.9. Stage 6: uncertainty analysis (intervention scores)
	2.9.1. Evaluating uncertainty in the intervention ratings


	3. Results
	3.1. Stage 2: identifying the criteria weights and process evaluation
	3.1.1. Participants
	3.1.2. Choice-based survey

	3.2. Stage 3: rating interventions on the criteria
	3.3. Stage 4: intervention scores and rankings
	3.4. Stage 5: relationships between weights and stakeholder groups
	3.4.1. Regression analysis
	3.4.2. Selection bias

	3.5. Stage 6: uncertainty analysis
	3.5.1. One-way sensitivity analysis


	4. Discussion
	5. Conclusion
	Author contributions
	Role of the funding source
	Ethics approval and consent to participate
	Availability of data and materials
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


