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Co-design has been suggested to improve intervention effectiveness and sustainability. However,
digital health intervention co-design is inconsistently reported. This umbrella review aims to
synthesize what is known about co-design of digital health interventions. We searched five databases
from inception. Reviews which reported on co-design methodologies used in digital health were
eligible. Information on review type, health conditions, and reported specifics of co-design were
extracted and synthesized. Methodological quality was assessed using the AMSTAR2 tool. We
included 21 reviews published between 2015 and 2023. Co-design participants included patients,
caregivers and healthcare professionals. The frequency and breadth of participant involvement in co-
design activities were reported in less than half of reviews. Participants evaluated intervention co-
design as a positive process. All reviews were rated as critically low quality. This umbrella review
highlights the inconsistent reporting of co-design in digital health. Here, we emphasize the importance

of creating guidelines to direct co-design activities.

Digital health interventions are health interventions delivered through
digital tools or communication technologies which collect, store, share and
analyze health information for purposes of improving patient health and
health care delivery'. This umbrella term includes health interventions
delivered through a broad range of digital tools including but not limited to
wearable devices, mobile apps, texting through smartphones, and
telehealth'~. The number and popularity of digital health interventions has
rapidly grown over the past decade as part of increased interest in healthcare
digitalization and its potential to improve access to (personalized) care at
lower costs™'. Digital health interventions have been associated with overall
positive changes in disease self-management, clinical outcomes, and quality
of life in patient populations including young adults, pediatrics, and older
adults®™. In addition, many studies have reported these interventions to be
highly acceptable to patients, family members, and clinicians®’. Clinically
implemented digital health interventions can provide actionable data to
support policy making and fiscally responsible allocations of public funding.
Digital health data generated in a structured way also may provide academic
and industry partners with evidence related to real-world innovation utility.
Despite these successes, there is increasing awareness of field-related

challenges including the rarity in which these interventions are subject to
rigorous scientific evaluation, lack of adoption by end-users, and poor
integration into routine clinical care’.

Design and development of digital health interventions is complex and
the lack of end-user involvement in the process is a key contributor to
limited intervention use by end-users—adversely effecting potential impact
on health outcomes and sustained practice integration'*"”. Co-design, a
collective creative approach where varied stakeholders including patients,
clinicians and policy makers are actively involved in the development,
design and implementation of interventions, has been suggested to address
this pitfall””. Co-design enables researchers and designers to embed the
specific needs, attitudes, and values of the end users and key contributors
early in intervention development while simultaneously pre-emptively
identifying and addressing potential barriers to adoption'*""*. Co-design also
addresses, in part, the ethical imperative to engage patients, clients, and
families meaningfully in research related to them.

Despite these potential positive impacts, co-design strategies are
inconsistently implemented in digital health intervention development and
often involve only limited end-user involvement, particularly by vulnerable
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populations'. Further, a clear understanding of how best to conduct co-
design of digital health interventions from a practical point of view, espe-
cially when considering how to engage the diversity of health system users,
remains elusive. This knowledge is critical for key audiences including
health funders, policy makers and practitioners to know which co-design
approaches and activities may be most useful to the development of effective
interventions. This review aims to address this gap by answering the
question: what is known about the practical methods to conduct co-design
of digital health interventions (including setting, population, intervention
details, session length, co-design strategy) and the breadth and depth of end-
user involvement in the process?

Results

Our search identified 3903 titles and abstracts. After excluding duplicates,
we screened 2861 for inclusion and then 37 full-text articles. Twenty-one
were included in the final analysis (Fig. 1). Reasons for exclusion included
outcomes not matching inclusion criteria (1 =6), wrong study design
(n=5), not digital health focused (n = 2) and wrong setting (n = 2).

Study characteristics

Table 1 presents the characteristics of included reviews. Reviews were
published between 2015 and 2023, most often in Australia (n=4)"",
United Kingdom (n=2)"", Canada (n=2)"", United States (n=2)""",
the Netherlands (7 =2)"*° and Denmark (n = 2)*"*. As shown in Fig. 2,
papers were recent, most often published in 2022 (n = 6)'****7!, 2021

(n=3)""%%,2020 (n = 3)**%,2019 (n = 3)'**"**. Most reviews identified as
systematic reviews (n=11)'0'7192322603233 o gcoping  reviews
(n=6)""*">?2%_Other review types include literature reviews (n =2)">",
rapid review (n = 1)”, and practitioner review (1 = 1)*. Reviews identified
between 9% and 433 studies'’. Authors referred to interventions in their
reviews as digital health (n = 6)"**"***"*>*, mobile health (n = 6)'"'***%*1*
or electronic health (n=3)>*%. Other classifications included serious
digital gaming interventions (1 =1)*, information communication tech-
nologies (n=1)*, assistive technology (n=1)", technology-based inter-
ventions (1 = 1)'°, health-related technology (n = 1)* and a combination of
digital and mobile health (n=1)".

Most commonly, reviews focused on co-design of digital intervention
targeted towards individuals with chronic conditions (n = 8)'%*721#2%303220
and a combination of individuals with chronic conditions and health pro-
motion in healthy individuals (1 =8)"*"""*******% Further, one review
identified studies focused broadly on acute and chronic conditions and
health promotion in healthy individuals (1n=1)", health promotion in
healthy individuals (n = 1)** and a combination of acute and chronic con-
ditions (n = 2)**"". Finally, one review did not report on the specific con-
ditions included™.

A variety of terms were used to refer to co-design including co-design
(n=3)"7"", human factor approaches (n=1)", participatory design
(n=3)*"", community-based participatory research (n=1)", human-
centered development (1 = 2)**, patient-centered methods for design and
development (n=1)", involvement of end-users in design and/or test

Fig. 1 | PRISMA flowchart article screening pro-
cess. This flowchart, adapted from the PRISMA [ Identification of studies via databases and registers ]
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Fig. 2 | Number of reviews per year. This bar graph shows the number of studies (y-
axis) published per year (x-axis). The cumulative number of reviews is also depicted
by the line through the bar graph.

phases (n = 1)”. The remaining studies used multiple terms to describe co-
design throughout their reviews (17 = 9)'%'%!%?12328:213220,

Reviews most frequently (n=17)""%?72%9031-3205 aimed to sum-
marize or synthesize the current state of co-design approaches used in their
identified interventions and health conditions. In addition to synthesizing
the current state of co-design activities, four reviews provided more specific
goals including the study by Henni et al.”’, who aimed to investigate the
needs and perceived barriers of people with impairments as they pertained
to user engagement with digital health interventions™.

Co-design participants. Most reviews (n = 19) included a range of co-
design participants such as patients, caregivers, healthcare professionals,
policy makers, teachers, and behavior specialists. The remaining two
reviews”*” reported on studies which only involved patients in co-design
processes. Ten of 21'%2**3202830:3234% reviews discussed co-design session
sample sizes and, when reported by included studies, these ranged from
27 to 1000 participants.

Reviews reported on engaging patients ranging from children to older
adults (ﬂ =7 )13,29,22,24,25,31,34’ older adults (260 years) (I’l — 6)18,23,28,30,32,33’
adolescents to adults (n=2)""", children and young people (n=2)""",
children (<18 years) (n=1)", adults (n=1)", or did not provide data on
participant ages (n = 2)'**°. Specific participant age ranges or definitions of
what was meant by terms such as ‘children’ were often not reported. A single
review presented data on study participant race and ethnicity” and three
reported on gender or sex' ****. The review by Eyles et al., which reported on
race and ethnicity and gender or sex emphasized that in their identified
studies information on age, gender and socioeconomic position of partici-
pants and stakeholders was generally poorly reported”.

Co-design activities

All reviews identified described the co-design activities used by included
studies, with wide variation in the level of detail provided. Surveys were the
most frequently used quantitative approach to enable co-design; reported in
11 reviews'>!7?h22832203435 Focus groups and interviews were also fre-
quent, reported lIl 17l5,177l9,29,22723,27,28,30,20,32,33,34,35 and 1415,17,l9,29,22*2‘3,27,28,30,20,32,34
of reviews respectively. Other qualitative approaches reported in the reviews
were observation (n=10)""7?"¥72803L335 g think-aloud strategies
(n=6)"""*"1"3% Various creative co-design activities were also reported,
including storyboarding (n=6)"""7">"*%" persona/scenario building
(n=6)'%"722%01 " drawing  (n=2)"’, photos/video elicitation
(n=4)"""% storytelling (n=2)"", and role-playing (n=1)". Where
digital prototypes were included in co-design, they were most frequently 2D
or paper-based models (n = 6)">'7'%**** wireframes (1 = 3)""**, or web-
based software (n = 2)***. Reported intervention evaluations were iterative

usability testing (1 = 8)'>'7%****3%%%_ digital health intervention-embedded
engagement metrics including app-tracking (n=2)"", pilot testing
(n=4)"""" and living laboratories (n = 3)"****.

The locations where co-design activities were conducted was discussed
in seven reviews'******>*% Of reviews reporting on co-design location,
one found that of the 25 studies identified, only 11 reported a specific setting.
These settings were laboratories, clinics, homes, community, senior centers,
and virtual; however, the specific number of studies reporting each location
was not provided”. The remaining reviews provided scant detail on
locations.

Reporting on co-design frequency, duration and degree of
participation

The duration and frequency of co-design sessions was reported by less than
half of the reviews; with only eight'****"*%*=*** djscussing session duration
and seven'*??**¥*%% reporting session frequency. Within those studies,
frequency and duration were reported in varying detail. Most reviews
reported a handful of examples from the studies they identified, including a
2-h collaborative design workshop or a half-day co-design workshop™.
Reviews by Eyles et al.” and Woods et al."® reported that the studies they
identified provided inadequate descriptions of both session duration and
frequency.

Seventeen of the studies made attempts to distin-
guish during which part of intervention pre-design, development, evalua-
tion and post-design participants were included in. The review by Cole
etal.” rated level of co-design participation using a framework™ with ratings
being “informed”, “consulted”, “involved”, “in collaboration as a co-leader”
and “empowering oneself and others”. Of the 25 studies, Cole et al. states
that most involved the first three levels of participation. The review by
Orlowski et al.'® also made attempt to classify participant involvement in co-
design through categorizing studies using several different concepts drawn
from participatory based research'®. Overall, they found that 70% of projects
reported predominantly consultative consumer involvement'®.

Twelve of the reviews'>'7'%12262830322035 nravided details on the
aspects of the intervention that end-users participated in co-designing,
although to varying degrees. For example, the review by Bevan Jones et al.
highlighted a study in which discussions with youth patient partners focused
on illustrations, characters, scripts and animation for the digital health
intervention™. The study by Wegener et al. provided a detailed list of specific
contributions older participants provided to identified intervention devel-
opment including content of applications and how censors should be
worn™,

15-17,19,21-28,30,31,20,33,35

Frameworks used to guide co-design and review conduct
Thirteen reviews'®"**'%***%*1% aimed to identify frameworks or theories
which underpinned intervention development including behavioral change,
intervention development and co-design frameworks. Of these thirteen
reviews, all except one identified frameworks used in studies™. Thirty-two
frameworks, models or theories related to co-design were described by
reviews. The most used were variations of the participatory design (PD)
method, user-centered design and human-centered design frameworks.
Authors of reviews also used co-design frameworks or models to synthesize
results, with ten of 21'7'%*"%%%262% reporting such use.

Evaluation of co-design

Co-design was evaluated in terms of (1) overall effectiveness and (2) par-
ticipants’ views of the process. Reviews reported that quantitative evaluation
of co-design effectiveness was overall challenging and only one review
provided a meta-analysis. This meta-analysis did not support the notion
that digital games developed with participatory design improve health
outcomes more than those not co-designed™. The review by Vandekerc-
khove et al.”® reported a series of outcomes including eHealth development
(number of ideas for development), eHealth quality (usability, feasibility)
and user outcome (effectiveness) which were reported in their identified
studies’. Qualitative reports on the potential for co-design to improve
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digital health intervention utility were reported by three reviews'>*"**. These
reviews stated that an end-user advisory group can lend valuable insights
into intervention content and structure, making interventions more user-
friendly and feasible to implement’** and that adoption of participatory
approaches to the design of eHealth interventions and the use of persona-
lized content enhances overall system effectiveness"’. Five reviews'®>*****
reported on participants’ views on participating in co-design and overall
reported high levels of satisfaction; however, most of these reviews
emphasized that this was an infrequently assessed quality metric in iden-
tified studies.

Co-design barriers and challenges

Nine reviews'®'%!***#>2%%03320 reported on challenges to co-design of digital
health interventions. Power imbalances between researchers and partici-
pants were amongst the most cited barriers to co-design conduct. Additional
barriers included time and financial constraints, costs, difficulty recruiting
participants particularly participants from a minority or vulnerable group,
participant “groupthink” at co-design sessions, and the thoughts of medical
and health professionals being privileged than that of patients. Two reviews
reported barriers to specific co-design strategies™’ which included per-
ceived inadequacies of surveys and questionnaires in exploring complex
issues as well as difficulties participants faced in freely talking to strangers in
new settings, including in focus groups™. The review by Sumner et al.” listed
barriers to successful co-design of digital health interventions and proposed
subsequent strategies to address them. These strategies included building
relationships and trust, empowering the end-user, building end-user
knowledge, and establishing value and interest”. It was suggested that
lacking buy-in from researchers and participants, as well as issues with
recruitment, could be addressed through conducting co-design in envir-
onments familiar to participants™.

Accessibility and equity

Eight reviews reported on accessibility and equity’>*"************ Bevan
Jones et al. identified a study which discussed the inclusion of cultural
advisors and hosting formal design opening and closing sessions with
community elders in the Maori and Pacific Islander populations™. Identified
strategies to recruit vulnerable populations discussed in reviews included
using a proactive outreach approach which involved using a combination of
approaching and recruitment strategies. Other reviews highlighted that not
embedding equity and accessibility principles in co-design of digital health
interventions risked worsening the digital divide’" and design failures if
developer biases and stereotypes related to certain groups, such as older
adults, were embedded in products®. A handful of the reviews identified
focused specifically on improving co-design in vulnerable populations
including children with special health care needs and their families*', people
with impairments™, people with dementia” and older people with frailty or
impairment™,

Review quality appraisal

All twenty-one reviews were classified as critically low quality. Very few
studies met the requirements for questions one (1 = 2)***, seven (n = 2)">*,
nine (n=1)*,10 (n=1)"%, 11 (n =1)*, and 13 (n = 1)*. No studies met the
requirements for questions 12 and 15. For additional details and full
questions see Table 2.

Discussion

This umbrella review provides insight into what is known about the practical
methods used in the co-design of digital health interventions, the breadth
and depth of end-user involvement in the process, and the characteristics of
included end-users. Overall, we highlighted the inconsistent and poor
reporting of co-design activities used in digital health intervention design
and in the reviews. Most reviews reported the inclusion of a broad range of
co-design participants including patients, caregivers, healthcare profes-
sionals, policymakers, teachers, and behavior specialists; however, the
demographic profile of participants known to be engaged in designing

digital health interventions is inconsistently reported. All reviews reported
on the co-design activities used in studies, including interviews and surveys,
however very few described specifics of the sessions including underpinning
methodological frameworks, frequency, intensity, and location. Evaluation
of co-design effectiveness, in terms of impact on intervention functionality
and participant views on participating in the process, were infrequently
reported. Reported barriers to co-design included power imbalances and
lack of buy-in by researchers, and relationship building and establishing
participant value and interest were considered mitigating factors to such
challenges. Accessibility and cultural sensitivity were discussed in less than
half of the reviews but, when present, centered on recruiting diverse
populations to improve representation, and the inclusion of cultural advi-
sors to create more welcoming environments and cultural respect.

Reviews were most frequently published in recent years, a finding likely
reflective of the major growth in the field of digital health and the growing
appreciation for the need to involve end users in product design”’. Increased
interest in the principle of co-designing interventions has occurred across
fields, including in artificial intelligence®, non-digital health interventions
and educational interventions™**’, as involving end-users is considered to
reduce biases'’, increase engagement and intervention effectiveness®.
Reviews were also only conducted in high-income countries. Given the
broad potential for digital technologies and artificial intelligence to improve
the access to and acceptability of healthcare, reporting on co-design pro-
cesses from the perspectives of users, particularly those in including in low-
and middle-income countries is required*’.

Terminology used in reviews to describe the principle of co-design
varied and included “patient and public involvement”, “user-centered
design”, “co-creation” and “human factors approaches”. These terms were
used interchangeably by authors and involved very similar methodologies.
This likely reflects how the concept of end-user involvement in design and
development has evolved over time**** and across fields. Standardizing the
term used may minimize confusion, create a sense of cohesion across the
disciplines of healthcare, engineering, and software developments, as well as
ensure methodologies are implemented rigorously and consistently.

All reviews reported on the specific co-design activities used in their
identified studies. Strategies were surveys, interviews, and focus-groups,
among others; however, very little detail was provided about the practical
methods employed, including the intensity and frequency of co-design
sessions or when to best implement these strategies during the design,
development, and evaluation processes. Further, although several reviews
did endeavor to describe the degree of participant involvement in the design,
development, and evaluation process, only two reviews qualified this using a
participatory framework'*”. Such information is critical to an under-
standing of the breadth and depth of meaningful end-user participation in
digital health intervention development and has been recognized as such in
healthcare research more broadly™*. Future research reports should aim to
address these gaps through detailed description of the specific co-design
activities and processes used. In addition, only approximately half of reviews
reported on the specific features of the intervention which participants co-
designed including technical requirements and content. Inclusion of this
detailed information is critical in reviews to ensure future researchers can
use the information as a guide for their own studies.

Reporting on the details of those participants involved in digital health
co-design, including profiles of their age, sex, gender, race, ethnicity, socio-
economic status, and health status were scant. Such reporting is required to
provide evidence regarding health impacts, satisfaction with care, disparities
and inequities experienced across demographic groups and is recom-
mended as best practice in research”*. Historically, design work has
engaged so-called “super-users” (users who frequently contribute to
research projects) due to their comfortability with the research and ability to
contribute’". Such participants are often not representative of the popu-
lation for whom a digital health intervention is designed, potentially
exacerbating digital divides, and shrinking intervention effectiveness'*** for
groups such as older adults, young children, and those with low health or
digital literacy*****. Research is needed to understand how best to recruit
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such groups into co-design work, which co-design methods may be most
appropriate for different groups, and how to support meaningful engage-
ment throughout the process. One way this can be accomplished is through
ensuring that locations and settings/environments of co-design sessions are
accessible for participants, whether in their own community rather than an
academic setting or through virtual means****.

Utilizing a framework or theory to underpin methodological choices is
one way to increase quality research, including co-design methods™. As a
form of participatory research, it is critical researchers maintain congruency
between their epistemological, theoretical, and methodological decisions™
to increase the rigor of their co-design research. Despite this, only half of
reviews either utilized a framework to guide their review or highlighted the
frameworks identified in their studies. Framework-, model- or principles-
based digital health co-design, which is underpinned by empirical evidence,
should be a focus of future research.

Finally, our review indicates a need for improved reporting on the
impact of co-design in terms of the effectiveness of generated digital health
products and participant experiences. This concern could be reflective of
inconsistent reporting at the study level. Previously identified as problematic
within the co-design literature™, efforts have been made to develop robust
tools and frameworks to evaluate patient and public engagement™”’. Rig-
orous and on-going evaluations of co-design activities are required to
determine the degree of end-user engagement and learn how to improve
practices in the future™. Participant involvement in intervention design and
development also has potential to create a sense of empowerment by
building knowledge bases and advocacy skills™.

Considering the quality of included reviews, all were scored using the
AMSTAR 2 tool as critically low. AMSTAR 2 items where reviews scored
particularly low included those related to description of included study
designs. Reviews also provided sparse detail on their constituent studies,
making it difficult to understand who was included in co-design, how co-
design was conducted, and how it evaluated. We focused only on the data
presented in reviews and therefore we cannot report on whether this lack of
detail extends to reporting in the primary studies included in each review.

This review of review is not without its own limitations. We included a
broad range of review types including scoping, systematic and narrative
synthesis which challenged our ability to compare review findings. We also
only included reviews published in English, potentially limiting under-
standing of these co-design understandings in other languages and cultural
contexts.

Our umbrella review has synthesized data reported by reviews focused
on co-designing digital health interventions and summarized what is known
about co-design methods, the breadth and depth of end-user involvement
and the characteristics of included end-users. Although we identified the co-
design activities most frequently used, due to underreporting of information
in reviews, we were limited in our ability to determine the details of these
activities, including who participated. Few reviews reported on the evalua-
tion of co-design activities and we found little consensus on the most
appropriate framework or methodology to guide co-design. This reflects a
lack of standardization and consistency across the field of digital health co-
design. Currently available guidelines for patient and public involvement in
intervention development include the Guidance for Reporting Involvement
of Patients and the Public (GRIPP)* and the GRIPP2%. However, these
guidelines are generic and not specific to co-design in digital health®.
Recommendations for governance and innovation in responsible digital
health development highlight inclusive co-creation as best practice, with co-
design capable of supporting digital healthcare that is clinically, ethically,
and fiscally responsible®*”’. Instruments to rate the quality of end-user
involvement and associated reporting are required to create investigator
accountability as it pertains to digital co-design.

In Table 3 we overlay the major findings of this review with practical
suggestions for digital health co-design practitioners and scientists in the
field. In doing so, we suggest efforts are needed to develop standardized
guidelines for reporting co-design methodologies and to direct specific co-
design methods and processes, with emphasis on guidance around the

strategies that may be most engaging and effective in particular populations
and health conditions. Ultimately, to be truly emblematic of co-design
principles, these guidelines should be co-created with patients and care-
givers and include meaningful involvement of healthcare professionals to
enhance capacity to create clinically relevant health tools*. Such work has
potential to ensure co-design as a principle in digital health development
continues to evolve and leads to effective and sustainable interventions.

Material and methods

Study design, literature search and study selection

A systematic review of reviews was undertaken, which is the recom-
mended approach in instances where the amount of research in an area is
expected to be large”. Our reporting is in accordance for the reporting
guideline for overviews of reviews of healthcare interventions: PRIOR
statement (Supplementary Table 1)*. No ethics approval was needed due
to the nature of the manuscript. With the assistance of three research
librarians (one specialized in nursing research, one in engineering and one
pediatric hospital librarian), we searched PubMed/Medline, Embase,
PsycInfo, Cochrane Reviews and Association for Computing Machinery
(ACM) Digital Library from inception to March 8, 2023. Our search
strategy (Supplementary Table 2) was developed using combinations of
key words for digital health, telemedicine, and co-design. Our search
strategy was created following an initial consultation with a university-
based librarian specializing in healthcare literature. A subsequent con-
sultation meeting was held with a university-based librarian specializing
in engineering, who adapted our search for the ACM Digital database. The
protocol for this umbrella review was not registered, however a detailed
protocol was prepared through group discussion and can be accessed at
request.

Included reviews reported on co-design methodologies used in digital
health interventions. We defined co-design as the active involvement of
end-users in the design and development of digital health interventions'*™*.
Further, we also included studies which assessed end-user involvement in
implementation and evaluation if digital health interventions.

We defined digital health interventions as the use of information and
communication technologies in medicine and other health professions to
manage illness and health risks or promote wellness”. All types of digital
modalities were included. Categories which fall under digital health inclu-
ded, but were not limited to, telemedicine, electronic health, mobile health,
virtual gaming, virtual reality, chat bots, remote monitoring, and wearable
digital devices. We included reviews focused on co-design of an intervention
aimed at managing an acute (sudden onset involving <3 months and a
return to the patient’s baseline likely™) or chronic (lasting >3 months or
occurring three times or more in 1-year and requiring ongoing medical
attention or limiting activities of daily living””) health condition or pro-
moting healthy lifestyle habits. To be included end-users of digital health
interventions must have been patients or the public. However, co-design
activities could involve a wide range of participants including patients,
caregivers, policy makers and software engineers so long as patients or the
public were involved in some capacity.

To be included, reviews could focus on co-design of the health inter-
vention or digital tool itself. Reviews must have: addressed any of co-design
methods, co-design setting, or degree of end-user involvement; been written
in English; and searched one or more databases using a systematic approach
to identify studies. Two authors (A.K. and TCC.H.) piloted our application
of the inclusion and exclusion criteria using 25 randomly selected abstracts
and decision agreement was 100%. All title and abstract, and then full-text,
screening was conducted in duplicate (A.K. and TCC.H.) in Covidence.
Conflicts were resolved by discussion and any remaining were resolved by
an independent third reviewer (L.J.).

Data extraction and data synthesis

Two authors (A.K. and TCC.H.) extracted study data into an author
developed and piloted codebook. Agreement on data extraction was
90% and frequent process meetings were used to resolve
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Table 3 | Lessons and learned and practical suggestions for the development of digital co-design reporting guidance

Category of analysis

Central review finding

Practical suggestions for the development of digital co-
design reporting guidance

Study characteristics

Reviews use varied terms to describe co-design and its activities,
limiting capacity to identify, compare, and contrast literature.

* QOverall, the co-design field of science, would benefit from
standardized terminology for co-design concepts and related
methodology that should be developed using consensus
building between researchers and digital health end-users
(e.g., through a Delphi survey).

Co-design participants

Co-design participants range greatly in characteristics including
health condition and age; however little other sociodemographic
participant data are typically presented.

* Determination of a set of minimally required participant
sociodemographic data to contextualize findings should be co-
created with end-users and implemented in each co-design
project.

* Recommended characteristics include number of participants
engaged in co-design; participant type (e.g., patient, carer,
healthcare professional, policy maker etc.); participant-
identified age, sex, gender, race, ethnicity, education level,
rurality, socioeconomic status, available digital infrastructure,
material hardship, and health status.

Co-design activities

While the types of co-design activities used are reported details
on activity specifics (e.g., location of activity) are underreported.

* End-users should be engaged in decisions related to the nature
of activities used to co-design digital health prior to co-design
sessions.

* The process for engagement and details of activity specifics
should be reported to contextualize findings and allow for
reproducibility where appropriate.

Reporting on co-design
frequency, duration and degree of
participation

Reviews sporadically report on co-design session frequency,
duration and the degree of end-user participation in co-design
activities.

* Recommended reportable co-design activity details include
the frequency and duration of engagement, the specific
aspects of intervention design that included end-users, and
level of end-user co-design participation and decision-making.

 Establish a transparent process for documenting ideas that are
not integrated into the final intervention, including providing
feedback to participants on why certain suggestions were not
used and storing these ideas for potential use in future projects.
Recognizing such contributions fosters respect, encourages
continued engagement, and helps build a repository of ideas
that might inform future design cycles or related projects.

Frameworks used to guide co-
design and review conduct

Several theoretical and methodological frameworks were used to
underpin co-design activities, without explanation for framework
selection.

* Framework-informed co-design research should detail
framework specifics and the rationale for framework selection.

Evaluation of co-design

The effectiveness of co-design activities (i.e., the development of
useful or effective digital interventions) and co-design participant
satisfaction with the process are inconsistently measured or
reported.

e Establish clear success metrics aligned with project goals (e.qg.,
usability, satisfaction) to ensure co-design evaluations are
comprehensive and meaningful.

* An evaluation plan for co-design activities should be developed
a priori and should consider participant satisfaction with the co-
design process.

* Both qualitative and quantitative measures of evaluation should
be considered and results from the plan should be included in
the reporting of the findings.

 Incorporate reflection sessions following co-design to gather
participants’ perspectives on the experience as part of the
evaluation.

Co-design barriers and
challenges

Reviews reported on barriers to co-design, including time and
financial constraints, as well as challenges to the process,
including recruitment and participant groupthink.

¢ Potential barriers and challenges, and related solutions, should
be identified with end-users before co-design activities occur.

* The process and duration of identification and solution building
should be reported, as should any unforeseen challenges
arising during co-design and methods used to mitigate these.

Accessibility and equity

Considerations related to accessible and equitable co-design
are infrequently reported, limiting understanding related to fair
involvement in digital health innovation. Reviews suggested
including cultural advisors, equitable recruitment strategies, and
the creating environments that address varying comfort levels
with digital health.

* Accessibility and equity issues within the population should be
surveyed prior to implementing activities, addressed
accordingly (e.g., accommodating varying access to
technology, scheduling needs, and comfort levels with
research), and reported.

¢ Participants engaged in activities should be surveyed during
the co-design process and after to understand and address
equity concerns or improvement suggestions during co-
design; this process should be reported.

 Fair compensation should be provided to participants, which
can increase accessibility and equity by decreasing financial
barriers, particularly for those from underserved and
underrepresented communities.

disagreements and reach 100% agreement. Data abstraction fields
were grouped according to key data features to enable synthesis.
These fields include study characteristics (publication year, country
of origin, type of review, digital health intervention, etc.), co-design
participants, and co-design activities. In order to understand the

breadth and depth of end-user involvement in co-design we extracted
frequency (how often activities took place), duration of co-design
activities, degree of end-user participation throughout the co-design
or evaluation process and aspects of the intervention (e.g., clinical
content, tool appearance, hardware function) that end-users
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participated in co-designing. Quantitative data were analyzed using
descriptive statistics and presented narratively.

Quality appraisal

The quality of each included review was assessed in duplicate (A.K. and
TCCH) using the A Measurement Tool to Assess Systematic Reviews 2
(AMSTAR-2)". Rating discrepancies were discussed and resolved with the
author group.

Data availability

This study is an umbrella review, and it does not generate any new data.
Questions regarding data access should be addressed to the corresponding
author.
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