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ABSTRACT

Introduction

Improved health behaviours and help-seeking behaviour reduce morbidity and mortality from non-
communicable diseases (NCDs). Compliance with the recommendations of lifestyle changes for the
management of NCDs has been challenging, as patients find lifestyle behaviours difficult to change and
sustain for a long period of time. Studies have reported that co-created interventions are promising in
addressing negative health behaviours, and improving health outcomes in people with NCDs, however,
no conclusive evidence exists. Therefore, this review aims to evaluate co-creators’ experiences and the

effectiveness of co-created interventions in improving the health behaviours of individuals with NCDs.

Methods and analysis

This review will follow the recommendations described in the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guideline, and the Enhancing Transparency in Reporting the
Synthesis of Qualitative Research (ENTREQ) statement for the synthesis of qualitative data. The
following databases: Co-creation Database (https:/zenodo.org/record/6773028#.Y9h2sezP1pg),
MEDLINE (via OVID), CINAHL (via EBSCO Host), EMBASE (via OVID), PsycINFO (via OVID),

Scopus, Web of Science, Cochrane Library, and grey literature will be searched. The identified studies
will be independently screened by two reviewers to determine their eligibility. The review will target
to include studies that investigated the experiences of co-creators and/or the effectiveness of co-created
interventions on the health behaviour and/or health outcomes of adults with NCDs. Two independent
reviewers will also appraise the quality of the included studies, as well as data extraction. A narrative
synthesis will be used to summarise the findings. Thematic synthesis and meta-analysis will be
conducted for the qualitative and quantitative data respectively. The qualitative and quantitative

findings will be integrated using the parallel result convergent synthesis.

Ethics and dissemination
Ethics approval is not applicable because the review will only use data from published studies. The
findings will be disseminated through publication in peer-reviewed journals, and conference

presentations.

PROSPERO registration
CRDA42023391746.

Keywords: Co-creation, Experience, Physical activity, Non-communicable diseases, Systematic

review


https://zenodo.org/record/6773028#.Y9h2sezP1pg

STRENGTHS AND LIMITATIONS OF THIS STUDY

o In addition to searching conventional databases, the recently developed co-creation database
will be searched to ensure that all relevant studies are identified.

e The study will assess the quality of intervention co-creation studies using the Adapted Checklist
for Reporting Intervention Co-creation (A-CRIC tool).

e Thereview will integrate the quantitative and qualitative findings to have a more robust analysis
of data.

e There is a possibility of not finding enough studies to conduct sub-group meta-analysis for all
the population groups.

e There may be substantial heterogeneity due to varying population groups and intervention

types.

INTRODUCTION

Globally, about 41 million people die each year as a result of non-communicable diseases, and about
15 million of the deaths are recorded among individuals within the age range of 30 to 69 years [1]. Most
of these recorded deaths are among people with cardiovascular diseases, cancers, respiratory diseases,
and diabetes [1]. Adopting lifestyle changes such as optimal physical activity, proper diet, reducing
tobacco and alcohol intake may reduce the morbidity and mortality linked to NCDs [2]. However,
adherence to therapeutic lifestyle changes has been a complex challenge for patients with NCDs, as
they find it difficult to change their lifestyle behaviours or to sustain any lifestyle behaviour change [3].
In developed countries, only about half of the individuals with chronic conditions (e.g., NCDs) adhere
to recommended interventions [4]. This consequently lead to poorer health outcomes and increased cost
of health care [4]. Some of the barriers to lifestyle intervention adherence include personal factors,
socio-economic factors, nature of the disease, accessibility, and the nature of the intervention [5].
Therefore, interventions should be tailored to addressing the specific barriers experienced by the
patients, which varies per patient population group. The usual top-down, conventional pattern of
intervention development and recommendations appear not to be effective in facilitating long-term
improvement in the health behaviours of people with NCDs [6]. The design, content, and mode of
delivery of the conventional interventions may not be best suited to meet the patients’ needs, hence, the

poor adherence [6].

It is becoming increasingly popular in implementation research and health care design to deploy
participatory designs (e.g., co-creation) with patient and public involvement (PPI) in intervention

development [7]. The participatory design paradigm gave birth to the concept of co-creation [8], which



is the process of involving local stakeholders (e.g., end-users, care providers, policymakers) in the
development of interventions [9]. Greenhalgh et al. [10] found that co-creation has a significant positive
influence on health outcomes, suggesting that it could be useful in addressing complex health
behaviours [11]. This approach to intervention design represents a shift away from the traditional "top-
down" health model towards a more inclusive one that allows patients/end-users to take control of
service content and fully engage in the planning and execution of their health management [12]. Co-
creation is promising in improving health behaviours such as PA performance [13]. Co-creation is also
said to be beneficial in improving intervention adherence and facilitating healthcare service quality
improvements [14,15]. Involving a wide range of stakeholders in intervention development has the
potential of methodically addressing real-world problems [16], developing tailor-made interventions
targeted at addressing the specific needs of end users [17], achieving sustainable outputs and effect [18],

and promoting the sustainability and scalability of interventions [18].

The idea of democratizing the health research process appears to be the solution to some of the barriers
of evidence implementation [17]. Consequently, the idea has received considerable acceptance among
health researchers, end-users of interventions (patients and clinicians), and policy makers. Albeit, there
is a need to ensure that co-creation process is rigorous and that it truly holds the projected benefits.
Furthermore, it is important to put into perspective the potential risks of non-rigorous co-creation
processes, which may include exposure of sensitive data, and lack of trust from the public and other
relevant stakeholders [19]. It is assumed that the experiences of co-creators in the process of
intervention development could influence (either positively or negatively) their willingness to be
involved in future co-creations, as well as influence the intervention outcome [20]. Therefore, it is
necessary to evaluate the overall experience of co-creators in the process, the overall effectiveness of
co-created interventions in improving the targeted health outcomes, and the methodological rigour of
the co-creation process for each study. To the best of our knowledge, no existing systematic review has
explored the overall experience of co-creators involved in the development of interventions targeted at
improving health behaviours of individuals with NCDs. Furthermore, some studies have utilized co-
creation in developing interventions targeted at improving health behaviours in people with NCDs and
found positive outcome in terms of improving physical activity, health outcomes and compliance with
intervention [14,21], however, studies on the overall effectiveness of this approach are still scarce,
which necessitated this systematic review. Moreover, the link between how the use of co-creation
design led to the recorded intervention effects and the specific features of the co-creation process that
lead to intervention effectiveness remain unclear. Also, questions around the transferability of co-
creation process and co-creation output (e.g., interventions) to new contexts remain unclear, which also
establishes the need for a synthesis of studies. Three models (distributed, generalizable, and cascade)
of scaling co-created interventions have been recommended [22]. Hence, it will be useful to explore the

model used by existing intervention co-creation studies whilst evaluating the effectiveness of the co-



created interventions. This project, therefore, seeks to evaluate the overall experiences of co-creators,
and the effectiveness of co-created interventions in improving the health behaviours of individuals with

NCDs.

METHODS AND ANALYSIS

Research aim and objectives

The aim of the study is to evaluate the experiences of all stakeholders involved in the process of
intervention co-creation targeted at improving health behaviours and/or health outcomes, and the
effectiveness of co-created interventions in improving the health behaviours and/or health outcomes of
people with NCDs.

The specific objectives of the study are to:

1. Evaluate the experiences of co-creators involved in the process of intervention development
targeted at improving the health behaviours (physical activity, alcohol and tobacco intake, diet,
help-seeking and screening behaviour) and/or health outcomes (e.g., quality of life, biomedical
markers, overall health status, and disease severity) of people with NCDs.

2. Determine the effectiveness of co-created interventions in improving the health behaviours
(physical activity, alcohol and tobacco intake, diet, help-seeking and screening behaviour)
and/or health outcomes (e.g., quality of life, biomedical markers, overall health status, and
disease severity) of people with NCDs.

3. Determine the methodological quality of the studies that co-created interventions targeted at
improving the health behaviours and/or health outcomes of people with NCDs.

4. Describe stakeholders involved, outcomes used, interventions designed and the study designs

used for the co-creation process.

Design

This systematic review will follow the recommendations described in the updated Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 guideline [23], and the Enhancing
Transparency in Reporting the Synthesis of Qualitative Research (ENTREQ) statement for the synthesis
of qualitative data [24]. The review protocol has been registered with the International Prospective

Register of Systematic Reviews (PROSPERO ID: CRD42023391746).

Qualitative review processes
Eligibility criteria
1. Study design: qualitative studies and/or studies describing the process of intervention co-
creation will be considered for inclusion. The qualitative or process-description studies will

include studies that explored the experiences of co-creators involved in the development of



interventions targeted at improving the health behaviour and/or health outcomes of individuals
with NCDs. Only studies published in the English language will be included. Studies like cohort

studies, case reports, reviews, study protocols and conference abstract will be excluded.

For the purpose of this review, co-creation is defined as ‘ ‘the generation of new knowledge that
is derived from the application of rigorous research methods that are embedded into the delivery
of a program or policy (by researchers and a range of actors including service providers, service
users, community organisations and policymakers) through four collaborative processes: (1)
generating an idea (co-ideation); (2) designing the program or policy and the research methods
(co-design); (3) implementing the program or policy according to the agreed research methods
(co-implementation), and (4) the collection, analysis and interpretation of data (co-evaluation)’’
[25]. For this review, a study will only be included if the stakeholders were involved throughout

the stages of the intervention development.

Participants: studies that involved adult (18 years and above) stakeholders who may be
individuals with NCDs, caregivers of people with NCDs, health care providers of people with
NCDs, and policy makers at the national, state, or regional level. NCDs are defined as chronic
diseases caused by a cumulative impact of some factors from the gene, body physiology,
environment, and human behaviours [1]. Cancer, chronic pulmonary illness, cardiovascular
diseases, and diabetes are the four most common NCDs [1], which will be the main focus of
this review. They share the same behavioural risk factors, which include physical inactivity,
poor diet, excessive alcohol intake, and tobacco intake [6]. However, this review will consider
other NCDs in addition to the four most common, since the use of co-creation is still emerging
in health research. The review may be restricted to the four most common NCDs if there are
enough number of studies on them that met the review’s eligibility criteria. The list of NCDs

to be considered in this review is provided in the online supplementary appendix 1.

Setting: all settings, including hospitals, community, health centers, home-based, online,

hybrid. Contextual factors such as low resource settings will also be considered.

Outcomes: studies that explored the experiences (assessed through interviews or
questionnaires) of co-creators involved in the development of interventions targeted at
improving health behaviours and/or health outcomes of individuals with NCDs will be
considered for inclusion. For the purpose of this review, co-creators’ experiences will be
defined as co-creators’ narratives of their participation (e.g., how they valued the process, how
they felt about the co-creation process) and the outcome (i.e., intervention content), and their

perception of the extent the conclusions drawn from the process reflected their own views) [26].



Quantitative review processes

Eligibility criteria

1. Study design: to evaluate the effectiveness of co-created interventions, the review will include

2.

robust Type 1 hybrid implementation study designs such as randomised control trials (RCTs),
and non-RCTs (e.g., controlled before-and-after clinical trials). Randomised control cross over
trials, and/or mixed method RCTs/non-RCTs will also be considered. The studies must have been
targeted at evaluating the effect of co-created interventions on the health behaviours and/or other
health outcomes of individuals with NCDs. Only papers published in the English language will
be included. Studies like cohort studies, case reports, reviews, study protocols and conference

abstract will be excluded.

Participants: studies that involved adults (18 years and above) with NCDs.

Interventions: Studies that explored co-created interventions targeted at secondary, or tertiary
prevention of NCDs. For example, co-created interventions aimed at improving physical
activity, improving quality of life, improving biomedical markers (e.g., lipid profile, blood
pressure, blood glucose, body mass index, inflammatory markers), improving diet, smoking
cessation, reducing alcohol intake, improving help-seeking behaviour, improving screening
behaviour, improving intervention uptake and adherence, reducing complications, reducing

mortality in individuals with NCDs will be considered for inclusion.

Setting: all settings, including hospitals, community, health centers, home-based, online,

hybrid, low resource settings will be considered.

Outcomes: studies that included outcomes that measure secondary, and/or tertiary prevention
of NCDs will be considered. Examples of such outcomes include; health behaviours- PA (e.g.,
self-reported, activity monitor, physical activity questionnaires), tobacco intake, alcohol intake,
sedentary lifestyle, diet, screening behaviour, help-seeking behaviour), and health outcomes-
QoL, biomedical markers (e.g., lipid profile, blood pressure, blood glucose, body mass index,
inflammatory markers), overall health status, disease severity, morbidity and mortality rates.

The review will assess the short-term (<6 months) and long-term (=6 months) effects of co-

created interventions on the above outcomes.

Outcomes prioritization: the experiences of co-creators involved in the development of interventions

targeted at improving health behaviours and/or other health outcomes of individuals with NCDs will be



assessed as the primary outcome. The secondary outcomes will be those targeting effectiveness of the
intervention, including: health behaviours- PA (e.g., self-reported, activity monitor, physical activity
questionnaires), tobacco intake, alcohol intake, sedentary lifestyle, diet, screening behaviours, help-
seeking behaviours); and health outcomes- QoL, biomedical markers (e.g., lipid profile, blood pressure,
blood glucose, body mass index, inflammatory markers), overall health status, disease severity,

morbidity and mortality rates.

Information sources and Search strategy

The search strategy will be three-phased. The first phase will entail searching relevant electronic
databases to identify potentially eligible studies. The search method will be developed and piloted using
the guidance available in the Cochrane handbook for searching qualitative and quantitative studies [27],
as well as the guidance from the Centre for review and Dissemination [28]. The reviewer (E.M.A) will
conduct the database searches in consultation with a Librarian. For searching qualitative studies, the
comprehensive exhaustive approaches that are used for quantitative searches will be used as provided
in the Cochrane handbook [27]. Separate searches will be conducted for qualitative and quantitative.
Search terms and filters specific to qualitative and quantitative studies will be utilized in the search
strategy. The search strategy will be developed using controlled vocabularies (e.g., MeSH terms) and
free text terms related to the review topic. Using Boolean Operators ('OR,' 'AND,' and NOT") the search
strings will be combined. The databases to be searched will include MEDLINE (via OVID), CINAHL
(via EBSCO Host), EMBASE (via OVID), PsycINFO (via OVID), Scopus, Web of Science, Cochrane
Library, and the grey literature (clinical trial registers, and a directory of open-access repository

websites, such as http://www.clinicaltrial.gov and http://www.opendor.org). The databases will be

searched from inception to the date of the search. A draft of the search strategy for MEDLINE (via
OVID) is presented in the online supplementary appendix 2.

The second phase will entail searching the recently developed Co-creation Database

(https://zenodo.org/record/6773028#.Y9h2sezP1pg) [29], which is a curated open-access database

housing the length and breadth of literature around co-creation from various fields and disciplines. The
database currently contains 13,501 co-creation studies published from January 1970 to December 2021,
which were identified from searching and screening studies from multiple databases using both human
and artificial intelligence [30]. The sources of data for the development of the Co-creation Database
included PubMed, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and the 17
databases contained in ProQuest platform. The search terms/keywords used for the search included;
“co-creat* (TARGETS: co-creation, co-create, co-creating, co-creators, Mode 2 co-creation, agile co-
creation, value co-creation); co-conception; co-production; public and patient involvement; public
participation; participatory (TARGETS: participatory action research, Participatory practice,
Participatory health research, Participatory model, Participatory systems approach, Participatory
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design, and participatory research programs); experience based design; co-design; user involvement;

collaborative design; and citizen science” [30].

The third phase of the search strategy will entail using a snowballing technique (hand-searching the
references of included studies) to identify relevant studies that may be omitted in the first two search

phases.

Study selection

The studies will be selected by two independent reviewers based on the review’s inclusion criteria. All
search citations will be gathered, and duplicate citations will be deleted using Covidence. The software
Covidence will also be used to screen the identified studies in two phases. First, two reviewers will
independently screen all titles and abstracts of identified studies. Second, full-text versions of studies
that passed the first step of screening will be independently screened. A third reviewer will be consulted
if there are any inclusion disagreements at any level of study selection. When a conclusion cannot be
reached based on the information available in a study, the corresponding author of the study will be
contacted for a maximum of three email attempts to provide additional information. The study will be
excluded if any of the contacted authors do not respond to the emails, and the reason for exclusion will
be explained clearly. The study process will be tracked and presented using the PRISMA flow chart
[23].

Data collection procedure

Data Extraction & data items

The data extraction will be conducted by two independent reviewers following the guidance from the
Cochrane Consumers and Communication Review Group Data Extraction [31]. An extraction template
will be developed using Microsoft Excel. Considering the first objective interested in evaluating the co-
creators’ experiences, the guidance for qualitative data extraction will be followed [27]. The following
data items will be extracted; author details, country of study, study aim/objective, study design,
recruitment/sampling process, number of co-creators involved, type of stakeholders involved,
theoretical framework underpinning the co-creation, time frame for the co-creation process (number of
sessions, duration of each session, duration of the entire co-creation process), structure of the co-
creation process (e.g., if all the stakeholders were together or there were meetings according to each
type of stakeholder), information on how power dynamics were managed, study setting, context (e.g.,
low-resource area), tools/materials used to facilitate the process, data collection methods, data analysis
process, description of interventions designed, and study findings on co-creators’ experiences .

Considering that data extraction requires an iterative process, the review team will meet regularly to



discuss the extracted data and attain collective understanding [27]. The link to the data extraction excel

sheet for the first objective is provided in the online supplementary appendix 3.

For the second objective interested in the effectiveness of co-created interventions, the guidance for
quantitative data extraction will be followed [27]. The following data items will be extracted; author
details, country of study, study aim, participants’ characteristics (which include disease condition age
range, gender composition, disease duration and chronicity, co-morbidities), study inclusion and
exclusion criteria, study sample size (both intervention and control groups), study design, intervention
co-creation process (e.g., stakeholders involved, duration of the process, structure of the process),
intervention description (components/parameters, context/mode of delivery, intervention and follow-
up duration, follow-up), comparison group intervention, study setting, intervention duration, time of
outcome assessment, outcome(s) assessed, the outcome(s) measurement methods, baseline outcome
values (treatment group), post intervention outcome values (treatment group), short-term (< 6 months)
outcome values (treatment group), long-term (6 months+) outcome values (treatment group), baseline
outcome values (comparison group), post intervention outcome values (comparison group), short-term
(< 6 months) outcome values (comparison group), long-term (6 months+) outcome values (comparison
group), process outcome data (e.g., adherence, cost effectiveness, patient satisfaction), and conclusions.
The link to the data extraction excel sheet for the second objective is provided in the online
supplementary appendix 4. Furthermore, to enable a robust description of the interventions and to
facilitate replicability, the Template for Intervention Description and Replication (TIDieR) Framework
[32] will be used to extract information on the content, context, and intensity of the interventions
reported in the studies. The TIDieR Framework helps with quality reporting of all the necessary
components of interventions, which makes it easily available for use by clinicians, patients, and

policymakers [32].

Quality assessment

For the fourth objective interested in assessing the methodological rigour of the intervention co-creation
studies, the reporting quality of the intervention co-creation studies will be assessed. There are existing
tools to guide the process of intervention co-creation; Checklist for reporting intervention co-creation
[22] and to assess whether reporting has been adequate [33]. However, neither of these tools provided
a scoring system for evaluating the quality of intervention co-creation studies. Furthermore, some
crucial intervention development evaluation items were not adequately described in the existing tools.
Therefore, we developed a tool, adapting the existing tools, to include three items on evaluating equal
participation during co-creation (e.g., setting of ground rules, dividing co-creators into subgroups,
reassuring co-creators of their right of equal status in group), evaluating if the co-created intervention
was adequately described (e.g., intervention content, mode of delivery, dosage), and evaluating the

experiences of co-creators involved in the process (e.g., satisfaction on organization, length of delivery,

10



date(s) of delivery, setting, delivery of activities, facilitators, content of the intervention, mode of
delivery, extent to which intervention reflects co-creators’ input). Furthermore, we developed a scoring
system for grading the quality of intervention co-creation studies. The adapted tool named ‘The Adapted
Checklist for Reporting Intervention Co-creation’ (A-CRIC tool) contains three domains; domain one
assesses the planning of the intervention co-creation project, domain two assesses the conducting of the
intervention co-creation project, while domain three assesses the evaluation of the co-creation project.
Each domain has specific items, numbering to a total of 22 items (see Table 1). For this review, each of
the studies will be rated as either low reporting quality, moderate reporting quality, or high reporting
quality depending on their scores out of the 22 items. A study with a score of < 7 will be regarded as
having low reporting quality, score of 7 to 14 will be regarded as moderate reporting quality, while
score of 15 and above will be regarded as high reporting quality. This is to create a distinction between
the methodological rigour of the studies, which may inform how stakeholders may use the evidence
contained in the individual studies. However, none of the studies will be excluded based on their
reporting quality score for this review. The A-CRIC tool focuses on assessing the quality of the co-
creation process but not the study outcomes. Any disagreement in the screening results will be resolved
through discussion, reflection, and consensus. A third reviewer will be invited if a consensus could not

be reached.

The A-CRIC tool was developed by the research team comprising of experts with experience on co-
creation and health intervention development. The items added to the tool and the scoring system were
discussed and agreed on by the research team, however, a structured consensus panel method (e.g., the
e-Delphi process) was not utilized, which is a limitation. Furthermore, the face validity of the tool was
assessed and confirmed by the research team. For the face validity assessment, the clarity,
comprehensibility, and appropriateness of the items in relation to the intervention co-creation quality

assessment purpose were evaluated and confirmed by the research team.

Table 1: The Adapted Checklist for Reporting Intervention Co-creation (A-CRIC Tool)

Domain ChecKklist item Score
(No=0,
Yes=1)

1 (Planning) |1) Was the study aim adequately framed? (E.g., description of the
problem, objective, design, end-users, co-creators, evaluation).

2) Was the sampling procedure described? (sampling technique,
inclusion criteria, recruitment setting).

3) Was the study setting described?

4) Were the co-creators described? (number, sociodemographic
characteristics).

5) Were the study facilitators described?

11



2 6) Were efforts made to facilitate ownership described? (e.g., study

(Conducting) group branding, identifying the rights and responsibilities of the
group).

7) Were strategies to ensure equal participation described? (e.g.,
setting of ground rules, dividing co-creators into subgroups,
reassuring co-creators of their right of equal status in group).

8) Was the overall aim of the co-creation presented to the co-
creators?

9) Was the goal of each co-creation session/workshop/meeting
presented?

10) Were upskilling sessions conducted and described?

11) Were the previous evidence underpinning the intervention
development process presented to the group and described?

12) Were the prototype intervention and the prototyping process
described?

13) Were the frequency and duration of
meetings/sessions/workshops described?

14) Were the interactive techniques and materials used described?

15) Were fieldwork techniques or methods used described? (e.g.,
testing the prototype intervention with end-users not involved
in the co-creation)

16) Was the iterative process of co-creation described?

3 17) Were co-creators’ experiences evaluated and described? (e.g.,
(Evaluation): satisfaction on organization, length of delivery, date(s) of
Process delivery, setting, delivery of activities, facilitators, content of

the intervention, mode of delivery, extent to which intervention
reflects co-creators’ input)

18) Was the method of evaluation described? (e.g., questionnaires,
interviews, attendance rates)

19) Was the method of result dissemination described?

3 20) Was the co-created intervention described? (e.g., intervention
(Evaluation): content, mode of delivery, dosage).
Outcome 21) Was the method of evaluating the validity of the outcome and

the process described? (e.g., face validation, member checking
of developed prototype).

22) Were plans for the testing of the effectiveness/scalability of the
co-created intervention described?

Risk of bias assessment

For the first objective, it is expected that the study types may be mostly qualitative studies, and some
process studies that describe the process of co-creation. Hence, the Quality Assessment Tool for studies
with Diverse Designs (QATSDD), which was updated to the Quality Assessment with Diverse Studies
(QuADS) critical appraisal tool will be used to appraise the studies [34]. The tool has 16 items for
quality assessment and is rated on a scale from 0 to 3 representing ‘Not at all, Very slightly, Moderately,

and Complete. The ‘0’ represents the lowest quality, while 3’ represents highest quality.
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Given that the secondary outcomes of this review are health behaviours and health outcomes, an
outcome-specific quality assessment tool will also be used to appraise the quality of the studies that
investigated the effectiveness of co-created interventions on the health behaviours, and health outcomes
of individuals with NCDs. For studies that are RCTs, the Cochrane Collaboration risk of bias tool 2
(ROB 2) [35] will be used to assess the potential risk of bias (ROB) in the studies. The tool is divided
into five domains: (1) risk of bias from randomization, (2) deviations from the intended interventions,
(3) missing outcome data, (4) risk of bias in outcome measurement, and (5) risk of bias in outcome
measurement. For all the studies included, each domain will be rated as 'high risk,' 'low risk,' or 'some
concerns.' Depending on the ROB in the five domains, an overall risk of bias judgement will be made
as either 'low risk' or 'high risk." If there is insufficient information to determine the possible ROB in
any study, the corresponding authors will be approached three times through mail, and if no answer or

enough clarification is received, the potential ROB will be labelled as "unclear."

The variant of ROB 2 known as Risk of Bias in Non-randomised Studies - of Interventions tool
(ROBINS-I tool) [36] will be used to assess the quality of non-RCTs. The ROBINS-I tool has seven
domains, and the judgements in each domain culminate to an overall risk of bias judgement. The overall
risk of bias judgement could be low risk, moderate risk, serious risk, critical risk or no information [36].
For both ROB 2 and ROBINS-I, the potential risk of bias will be judged by two independent reviewers.
Disagreements will be discussed in order to reach a consensus, and/or the third reviewer will be

consulted.

Data analysis/ synthesis

A narrative synthesis will be conducted to summarise the results from all the included studies. A
narrative summary of the data addressing the review objectives will be conducted. Findings from
qualitative studies will be synthesised using thematic synthesis method developed by Thomas and
Harden [37]. The method has three stages: a) free line-by-line coding of the results from the included
studies, b) organizing these ‘free codes’ into categories to develop ‘descriptive’ themes, and c)
developing ‘analytical’ themes from interpreting and abstracting the descriptive themes into ‘higher
order’ descriptions. We acknowledge that thematic synthesis method has some cons such complexity
of the synthesis process and limited interpretive power [38]. However, the review team has expertise to

conduct a robust thematic synthesis to minimize the limitations associated with this approach.

For findings from quantitative studies, a narrative summary of the results on the effects of co-created
intervention on PA and other health outcomes will be conducted. Given that there may be substantial
heterogeneity in terms of co-creation process, characteristics of co-creators, intervention content, and
types of NCDs, which may limit the results from meta-analysis. The Cochran's X? test will be used to

measure heterogeneity in included studies, which will be quantified using I? statistic [39]. In addition
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to the I° statistic, heterogeneity will be assessed through visual assessment of the forest plot. The I?
statistic tests the percentage of variability in effect estimates that could be a result of heterogeneity other
than sampling error [27]. For this review, substantial heterogeneity will be determined when the 1
statistic is >50%. In the case of substantial heterogeneity, a sensitivity analysis will be conducted to
determine the factors that led to the variability in the estimates. In any case, the pooling of data in a
meta-analysis will still be conducted. However, homogenous data will be pooled together for meta-
analysis using a fixed-effects model and heterogenous data will be pooled together using a random-
effects model [27]. This approach compares standardized mean differences in the intervention and
control groups for the included studies (95% Cls). A sub-group analysis will be conducted to pool

studies with similar characteristics together. Rev Man 5 software will be used for the meta-analysis.

Meta-biases/publication bias
The funnel plot for asymmetry will be used to examine meta-bias, followed by the Egger regression test

[39].

Integration of findings

Given the review objectives, both qualitative and quantitative data will emerge from the included
studies. This review will follow a parallel result convergent synthesis approach [40] to integrate the
quantitative and qualitative data. This approach is recommended for reviews involving two or more
research questions [41]. The qualitative and quantitative findings will be presented separately in the
result section and integrated in the discussion section [41]. The qualitative and quantitative data will be
juxtaposed in the discussion section and organized into a line of argument to develop an overall
configured analysis [27]. This will facilitate the provision of a robust description of intervention
effectiveness, context (e.g., who it was for, and under what factors), and the mechanisms through which
the co-created interventions impact the targeted outcomes. Furthermore, the integration may help
expose the link between co-creators’ or participant’s experiences and the intervention effects. Findings

will be presented narratively where configuration is not possible.

Reporting of the review

The systematic review will be reported using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement as a guideline [23]. All items that are relevant to the review will
be reported. A PRISMA checklist will be published with the final report. The Preferred Reporting Items
for Systematic Reviews and Meta-analyses Protocols (PRISMA-P) checklist [42] was followed for
drafting the study protocol (online supplementary appendix 5).
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Confidence in cumulative evidence

Two independent reviewers will be involved in assessing confidence in cumulative evidence. For
quantitative studies, the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) system will be used to assess the quality of cumulative evidence from the systematic review
[43]. The quality of evidence will be assessed across five domains, including bias risk, consistency,

directness, precision, and publication bias. The cumulative evidence from the review will be categorised

nn nn

as "high quality," "moderate quality," "poor quality," or "very low quality" evidence [43].

The confidence in qualitative review findings will be assessed using the GRADE-CERQual approach
[44]. The GRADE-CERQual will assess evidence from qualitative review findings based on 4
components: methodological limitations [45], coherence [46], adequacy of data [47], and relevance

"nn

[48]. The cumulative evidence from the review will be categorised as "high quality," "moderate

nn

quality," "poor quality," or "very low quality" evidence (Lewis et al., 2018).

Patient and public involvement

Given that this will be a review of already published data, patients and public stakeholders may not be
involved at the early stage of the review. However, patients and public stakeholders may be consulted
for input during the results interpretation, writing, and dissemination stages of the review. For example,
infographics and summaries of the study results may be presented to stakeholders such as individuals
with NCDs, caregivers of individuals with NCDs, or healthcare providers of individuals with NCDs in
a workshop or via email to get their input on the results and to understand if the findings are applicable
to their context. Furthermore, a dissemination event involving the relevant stakeholders may be

organized.

POTENTIAL AMENDMENTS

To avoid publication bias, there will be no deviations from the review protocol based on the findings
from the included studies. However, when an amendment is very necessary and justifiable, such
amendment(s) will be reported and implemented. Any amendment made will be reported in the review’s

publication manuscript.

DISCUSSION

Co-creation is a promising design concept that may be useful in improving the social, clinical, and
resource effectiveness of health interventions, as well as address issues related to poor uptake and
adherence to interventions. However, it is necessary to evaluate the experiences of stakeholders
involved in co-creation process and evaluate the effectiveness of the design in improving targeted health

outcomes.
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An existing review investigated the merits of involving patients as co-researchers in health research and
concluded that academic skills, methodological quality, and knowledge are often neglected in the bid
to enhance collaborative approaches [49]. The review argued that the traditional methods of patient
involvement as opposed to involving patients as co-researchers may hold more scientific benefits [49].
However, the review included only qualitative studies that merely described the process and merits of
involving patients as co-researchers, and not empirical studies that evaluated the effectiveness of co-
created interventions, which limited the external validity of the review’s findings. The review also did
not focus on the experiences of the stakeholders involved in the collaborative processes; hence, it could
not be determined if stakeholders involved in the primary studies were satisfied with the process and
the extent to which their voices were heard. Hence, our review will evaluate evidence from RCTs and
non-RCTs on the effectiveness of co-created interventions and the experiences of the stakeholders

involved in the intervention development processes.

Another review investigated the effectiveness of co-creation in international health research and
reported that co-creation showed small to moderate effect in improving various health outcomes
including physical health, health-promoting behaviour, accessibility of health services and self-efficacy
[50]. However, the review was not focused on any specific population group and included studies
involving healthy populations alongside studies involving individuals with disease conditions, and there
was no subgroup analysis to explore the possible impact of the group variations on the study outcomes.
This limited the generalizability of the study findings. Furthermore, some of the studies included in the
review merely used participatory designs and only involved stakeholders in one of the four collaborative
processes of co-creation. Hence, some of the methods used in the studies included in the review do not
meet the definition of ‘co-creation’ as a research design. Finally, the review could not determine the
long-term effect of co-created interventions as most of the included studies measured outcomes at
baseline and immediately post-intervention, which limited the possibility of having conclusive evidence
of effect. Therefore, our review will aim to determine both the short-term and long-term effectiveness

of co-created interventions on the target outcomes in individuals with NCDs.

Our systematic review will integrate both qualitative and quantitative data to determine the
effectiveness of co-created interventions in improving the targeted outcomes in individuals with NCDs.
The integrative approach will help for more rigour, facilitate a more thorough and complete analysis,
enhance the external validity of the results, and provide better insights on the mechanisms through
which the co-created interventions have effects [51]. The findings from this review may inform future
research and policies on the use of co-creation in the development of effective, bespoke interventions.
Furthermore, our systematic review will be the first to use a scoring tool (A-CRIC Tool) to appraise the
reporting quality of studies on intervention co-creation, which will set the pace for similar reviews and

trigger quality-assurance for future intervention co-creation studies.
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Considering that contextual factors (e.g., low resource settings) could influence study outcomes, and
sometimes moderate the effect of an intervention [52], this review will evaluate how contextual factors
may have influenced the results of the included studies. Furthermore, the integration of qualitative data

with quantitative data in this review may also provide insight on the impact of contextual factors.

The potential limitation of the review could be the paucity of rigorous clinical trials evaluating the
effectiveness of co-created interventions in improving targeted outcomes in individuals with NCDs.
Hence, there may not be enough studies to conduct disease-specific sub-group meta-analysis for all the
population groups considered in this review. Furthermore, there may be substantial heterogeneity due

to varying population groups and intervention types.
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findings will be disseminated through publication in peer-reviewed journals, and conference
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