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Abstract

Background Diabetic retinopathy is a sight-threatening ocular complication of diabetes. Screening is an effective
way to reduce severe complications, but screening attendance rates are often low, particularly for newcomers and
immigrants to Canada and people from cultural and linguistic minority groups. Building on previous work, in partner-
ship with patient and health system stakeholders, we co-developed a linguistically and culturally tailored tele-retinop-
athy screening intervention for people living with diabetes who recently immigrated to Canada from either China or
African-Caribbean countries.

Methods Following an environmental scan of diabetes eye care pathways in Ottawa, we conducted co-develop-
ment workshops using a nominal group technique to create and prioritize personas of individuals requiring screening
and identify barriers to screening that each persona may face. Next, we used the Theoretical Domains Framework

to categorize the barriers/enablers and then mapped these categories to potential evidence-informed behaviour
change techniques. Finally with these techniques in mind, participants prioritized strategies and channels of delivery,
developed intervention content, and clarified actions required by different actors to overcome anticipated interven-
tion delivery barriers.

Results We carried out iterative co-development workshops with Mandarin and French-speaking individuals living
with diabetes (i.e., patients in the community) who immigrated to Canada from China and African-Caribbean coun-
tries (n=13), patient partners (n=7), and health system partners (n =6) recruited from community health centres in
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as delivery channels.

uptake among two under-served groups.

Ottawa. Patients in the community co-development workshops were conducted in Mandarin or French. Together, we
prioritized five barriers to attending diabetic retinopathy screening: language (TDF Domains: skills, social influences),

retinopathy familiarity (knowledge, beliefs about consequences), physician barriers regarding communication for screen-
ing (social influences), lack of publicity about screening (knowledge, environmental context and resources), and fitting

screening around other activities (environmental context and resources). The resulting intervention included the follow-
ing behaviour change techniques to address prioritized local barriers: information about health consequence, providing
instructions on how to attend screening, prompts/cues, adding objects to the environment, social support, and restructuring
the social environment. Operationalized delivery channels incorporated language support, pre-booking screening and
sending reminders, social support via social media and community champions, and providing using flyers and videos

Conclusion Working with intervention users and stakeholders, we co-developed a culturally and linguistically
relevant tele-retinopathy intervention to address barriers to attending diabetic retinopathy screening and increase

Keywords Diabetic Retinopathy, Retinal Screening, Tele-retinopathy, Health services, Intervention development,
Theoretical Domains Framework, Patient Involvement, Patient oriented research, Stakeholder consultation

Background

Diabetic retinopathy is a leading cause of prevent-
able blindness in working-aged Canadians [1] and
worldwide [2, 3]. Retinopathy involves microvascular
damage to the retina that leads to swelling of the cen-
tral retina and abnormal blood vessel growth that can
lead to vision loss if not detected early and treated
[4]. Early diagnosis and treatment are effective in pre-
venting vision loss associated with diabetes. Canadian
clinical guidelines recommend yearly diabetic retin-
opathy screening (DRS) for people living with diabe-
tes to reduce the risk and progression of vision loss
[5]. Screening for diabetic retinopathy is one of the
most effective and least costly ways to reduce severe
complications associated with this condition [6].
However, diabetic retinopathy screening rates are low
across Canada. For example, in a teleophthalmology
project across 5 provinces in Canada, over 68% of the
study’s cohort of individuals living with diabetes had
not attended screening in the last year, and almost a
third never had [7]. Furthermore, diabetic retinopathy
screening rates are often lower among cultural and lin-
guistic minority groups [8], and among newcomers to
Canada, including people arriving from China, Africa,
and the Caribbean; groups at higher risk of developing
diabetes complications [4].

The 2021 Canadian census showed that 21.9% of the
Canadian population were foreign-born, and recent new-
comers to Canada represented 3.5% of the total popu-
lation [9]. In the capital city of Canada (Ottawa), a 25%
sample of census respondents showed that 17% residents
had immigrated from Africa and 48% from Asia [10].
Those immigrating from Asia were predominantly from
China, making up 17% of the population [10]. Linguisti-
cally, approximately 65% of the immigrant population’s

mother tongue is Mandarin and 8% speak French as their
mother tongue in Ottawa [11].

Tele-retinopathy screening is a potentially useful way to
deliver and improve access to diabetes eye care [12, 13].
Tele-retinopathy screening involves capturing, securely
transmitting, and remotely grading retinal digital images,
and referring individuals living with diabetes by eye spe-
cialists for further care [14]. There is limited work about
tele-retinopathy screening conducted in Canada amongst
key subgroups with ethnocultural and linguistic minor-
ity groups. The present study builds on our foundational
research and studies investigating barriers and enablers
of DRS attendance among newcomers and immigrants
to Canada from China (Mandarin-speaking) and African
and Caribbean (French-speaking) countries [15]. Also,
the current evidence base is relatively silent on interven-
tions targeting specific population groups [16].

Our work has demonstrated that immigrants face spe-
cific barriers and enablers that likely need to be addressed
to create culturally sensitive and effective screening
programs for these groups. In a study conducted with
newcomers and immigrants to Canada from China and
African-Caribbean countries living with diabetes, sev-
eral barriers were identified and prioritized to help these
individuals get their eyes screened [15]. Some of these
barriers included: access to retinopathy screening itself,
language barriers, lack of knowledge about diabetic retin-
opathy, fears about screening harming eyes, and other
barriers, including remembering to get eyes screened,
lack of transparency about costs, and family and health-
care provider influences [15].

Lack of access to DRS is a clear barrier, and tele-
retinopathy screening is a promising and cost-effective
solution [17]. However, improving access and provid-
ing tele-retinopathy screening alone will not ensure
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newcomers and immigrants attend. While tele-retinop-
athy screening addresses access-related barriers, addi-
tional behaviour change and implementation strategies
are needed to address other barriers related to the uptake
of services. These strategies need to be co-developed
with communities and the health services surrounding
them and informed by which strategies have already been
shown to be effective [18].

Our overarching aim was to co-develop, with patient
and health system stakeholders, a linguistically- and cul-
turally relevant tele-retinopathy screening intervention
for immigrants to Canada from China and African-Car-
ibbean countries. Here, we aim to describe the systematic
development of an intervention to improve DRS attend-
ance informed by theory, evidence and patient and stake-
holder involvement.

Methods

Design

Our overall approach is largely consistent with O’Catha
in et al’s [19] broad taxonomy of approaches for devel-
oping interventions, which highlights eight categories
of approaches to intervention development. Among the
identified approaches, we partnered with those who will
engage in the intervention; took a population centered
approach of the views of those engaging in the interven-
tion; used evidence and theory; prioritising real-world
implementation; used a systematic development process;
developed an approach tailored to the given interven-
tion; and combined components into the intervention
[19]. To operationalise these approaches, we combined
a behaviour change theory-based approach to inter-
vention development with a co-development process
involving patients and healthcare system stakeholders.
Our overarching theoretical approach was rooted in
French et al’s [20] process model for developing theory-
based behaviour change interventions, i.e., Who, needs
to do what, differently; identify barriers and enablers
to be addressed; identify potential behaviour change
techniques to overcome the barriers and enhance the
enablers; and determine how behaviour change be meas-
ured and understood. Our co-development process was
rooted in the Framework of User-Centred Design [21],
which emphasizes iterative development with those for
whom an intervention is developed and underscores
three concepts: understand users, develop and refine
intervention prototypes, and observe users’ interactions
with the prototype. User-centred (human-centered)
design is an umbrella term of many design approaches
[22]. We sought to co-develop the intervention, sharing
power and decisional authority with patient partners and
service users while being realistic about health systems
constraints and drawing on evidence wherever available.
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We sought to use a theory-based approach to ensure that
the intervention could best draw from what is already
known in the extent literature about factors that impact
on DRS attendance specifically and behaviour change
generally. This was also done to ensure that future itera-
tions and applications of this intervention could draw
from the benefits of theory, including careful description
of components using agreed terminology and drawing
from evidence and theory supporting the links between
specific barriers/enablers and fit for purpose solutions.
We sought to use a co-development process to recognise
the importance that any intervention developed has the
best chance of being useful and effective if groups who
would engage in the intervention have a hand in inform-
ing its content. The intervention was reported according
to guidance from the TIDieR checklist (Additional file 1).

Participants

The research team consisted of the researchers, patients
in the community, health system stakeholders, and
patient partners.

Inclusion criteria and recruitment

Patients in the community

We aimed to recruit two groups of 8—10 patients living
with diabetes in the city of Ottawa (Canada) from China
whose mother tongue is Mandarin or from African or
Caribbean countries whose mother tongue is French,
over 18 years of age, who had immigrated to Canada
within the past 20 years. Prospective participants were
invited to take part in a series of intervention co-devel-
opment workshops conducted in Mandarin or French
(virtually due to COVID-19 restrictions). We excluded
those who spoke Cantonese but not Mandarin or French
Creole to ensure planned workshops would be conducted
in one primary language. We leveraged our professional
networks via community health centres in Ottawa to
engage interested participants. To recruit patients in the
community, we used direct emails, information sheets,
social media posts to Twitter and Facebook, poster
shared via our networks, and reached out to publicly
identifiable patient groups catering to these communi-
ties. Recruitment materials were shared with community
organizations and distributed to their membership on
behalf of the study team to enable interested participants
to self-refer to the study team. Our target sample size is
consistent with Nominal Group Technique methods that
informed our workshop process [23, 24] and consist-
ent with recommendations that co-development groups
include 6-12 participants to enable participants space to
share their views while providing sufficient diversity [25].
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Health system stakeholders

We sought to include 6—12 individuals involved in deliv-
ering care for patients with diabetes in Ottawa, especially
for newcomers and/or immigrants to Canada, to join a
health system partner Local Advisory Group (LAG). We
invited primary care physicians, nurse practitioners,
primary care and community health centre administra-
tors, diabetes educators, and other relevant health sys-
tem stakeholders involved in providing diabetes care or
familiar with the use of tele-retinopathy screening. We
used posters, email invitations, and information sheets
to allow interested participants to self-refer to the study
team.

Patient partners

We sought to form two groups of 2—4 adults living with
diabetes (or their family members) from China whose
mother tongue is Mandarin or from African or Carib-
bean countries whose mother tongue is French who
could bring their lived expertise and experience with
diabetes to inform the development of the intervention.
We sought individuals who had a connection with their
local community in Ottawa and/or had key role within
the community (such as community leaders or facilita-
tors), and who were at least bilingual (English/French or
English/Mandarin). We reached out to Diabetes Action
Canada’s patient circles and our professional networks
in Ottawa to identity potential patient partners. We used
posters, information sheets, and emails encourage inter-
ested participants to self-refer to the study team.

Processes

Intervention co-development workshops

We held six co-development sessions with patients in
the community (3 workshops per group), patient part-
ners (1 workshop per group), and health system partners
(2 workshops). We conducted co-development sessions
with patients in the community and patient partners
using the Nominal Group Technique (NGT) [23, 24] to
develop the intervention and resources. Materials for
workshops with patients in the community were trans-
lated into Mandarin and French. The NGT is commonly
used for idea generating, problem-solving, and consen-
sus-building, and provides an opportunity to include the
“voice” of all participants and democratized ideas. We
conducted all workshops online (i.e., Zoom), each lasting
about two hours. Detailed steps of the NGT-informed
patient co-development workshops are presented in
Additional file 2.

Workshops with health system partners utilized
prompts informed by Action, Actor, Context, Target,
Time — (AACTT) framework [26] to clarify changes
in practice implied by intervention activities, and the
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Theoretical Domains Framework (TDF) [27-29] to antic-
ipate barriers to intervention delivery from the perspec-
tive of each stakeholder’s role and responsibilities. The
AACTT framework used for pinning down the range of
the details of a specific behaviour, focusing on specifying
who needs to do what differently, when and where. Speci-
fying the relevant AACTTs provides a basis for more spe-
cific assessment of barriers and enablers to engaging in
these AACTTs. The TDF is a framework often used to
assess barriers and enablers to engaging in a given behav-
iour, and reflects a synthesis of constructs of 33 theories
of behaviours into 14 overarching domains.

Language of co-development workshops

Patients in the community co-development workshops
were conducted in Mandarin and French and facili-
tated by an individual fluent in Mandarin (JZ) or French
(MMN). The patient partner co-development workshop
was conducted in English and co-facilitated by an indi-
vidual fluent in Mandarin or French. The health system
partner co-development workshops were conducted in
English. The Mandarin-speaking community patient
group named themselves the “Chinese group’; while the
French-speaking patients called themselves the “French
group”. As such, these terms will be used to refer to the
two groups in this paper.

Table 1 describes activities that occurred within and
between workshops. Details on how the data from each
workshop informed subsequent workshops and inter-
vention development is included in the ‘post-workshop
activity’ column of Table 1.

Iterative project steps
Figure 1 summarizes the project steps and participants
involved.

Step 1: Environmental Scan

We conducted an environmental scan to generate a pre-
liminary map of the available diabetes programs and
the associated care pathways for eye screening avail-
able for individuals with diabetes in Ottawa. We used a
structured online search followed by discussion with
our health system partners to identify programs that
were discoverable to people living with diabetes [30].
We assumed the Google Canada search engine is one of
the main approaches prospective patients would use to
identify and connect with diabetes eye care programs
on their own. We conducted a search on June 12, 2021
and reviewed the top 10 Google search results (1** page
of results) for each search that provided information
about the programs available in Ottawa. We used a com-
bination of search terms including “Diabetes, retinopathy
screening, and Ottawa” (Additional file 3). We included
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Step 1: Environmental Scan

Google search by Researchers and discussion with Health System Partners

Step 2: Building of Personas

Patients in the Community

Step 3: Identifying and Prioritizing Barriers/Enablers

|¢

Patients in the Community and Researchers

A 4

Step 4: Prioritizing and Operationalizing Solutions

Patients in the Community and Researchers

Step 5: Anticipating Delivery Barriers

Health System Partners

Step 6: Optimizing Intervention Content

|¢

Patient Partners and Researchers

|¢

Step 7: Optimizing Delivery

Health System Partners

Fig. 1 Project steps and participants involved

search outputs that mentioned diabetes and eye screen-
ing programs offered in Ottawa. Discussion with our
health system partners served to fill any gaps in programs
identified online to help develop a more comprehensive
description of diabetes eye care programs and pathways
in the city. An understanding of the geographic landscape
of diabetes eye care situated the project. It enabled the
identification of possible sites for conducting a commu-
nity-based tele-retinopathy screening intervention for
immigrants from China and Africa and the Caribbean
countries in Ottawa, Canada.

Step 2: Patients in the community co-development workshop
1

In the first co-development workshop, we co-developed
personas to understand barriers to screening better. We
presented examples of personas to the patient groups to
support their creation of additional personas. The soci-
odemographic factors included in the example personas

were informed by previous DRS work with ethnocultural
groups in Ottawa [15] and the sociodemographic factors
associated with the risk of diabetic retinopathy detected
by a tele-ophthalmology program in Toronto, Canada:
language, ethnic background, citizenship status, educa-
tion level, household income and housing situation [31].
At the end of the first workshop, three (3) personas were
generated in each group to cover known barriers/ena-
blers to attending screening in each group.

Step 3: Patients in the community co-development workshop
2

At the second workshop, participants were provided with
examples of barriers/enablers to DRS previously identi-
fied in the literature and from previous work with the
same population [15, 32]. Participants brainstormed any
additional barriers/enablers relevant to attending tele-
retinopathy screening for each persona created in the
first workshop and prioritized the barriers/enablers for
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attending screening. At the end of the second workshop,
five (5) barriers relevant to all personas were prioritized
in each group (Additional File 2). Participants did not pri-
oritize the barriers indicated by the same population in
our previous work [15]. Following the second co-devel-
opment workshop, recognizing that barriers to screen-
ing may not limited to a top five identified in a workshop,
the research team (researchers and patient partners)
decided to draw on literature on barriers to screening
attendance prioritized by the same population in a pre-
vious study [15] to complement the barriers of focus of
the intervention. All prioritized solutions generated from
the patients in the community workshops were incorpo-
rated and operationalized in the intervention. For exam-
ple, the solution, “The doctor must encourage patients
to be tested and then make reminders by email (doctor’s
assistant) or via telephone messaging” was included in
the intervention by providing prompts/cues to patients to
attend DRS.

Step 4: Patients in the community co-development workshop
3

Before the third co-development workshop with patients
in the community, the research team matched the bar-
riers to attending DRS identified in patient co-devel-
opment workshop 2 to domains from the TDF and
potential effective Behaviour Change Techniques (BCT)
most likely to target the barriers identified in a Cochrane
review that identified effective BCTs associated with
greater DRS attendance for patients and health care pro-
viders [16]. BCTs are strategies that help to change the
health behaviours of individuals [20]. First, we summa-
rized and combined similar barriers generated from the
French and Chinese patients in the community work-
shop groups to focus on five distinct barriers that the
intervention would address (there were no key barriers
specific to only one group). Secondly, we identified a
long list of BCTs that are evidenced to address specific
barriers (TDF-domains) informed by the online Theory
and Techniques Tool [33]. This tool clarifies which BCTs
may be best suited to address which TDF-informed
barriers and enablers (and which are not well suited or
have inconclusive links), providing a basis for select-
ing BCTs fit-for-purpose to address prioritized barriers.
We focused on BCTs with established links in this tool.
Thirdly, from the long list, we selected BCTs reported
in the Cochrane review [16] that were more likely to be
effective in increasing diabetic retinopathy screening
attendance to create a short list of BCTs. We then created
a list of potential strategies and channels of delivery most
likely to be effective for each population group (where
delivered, who delivered, how delivered). This process
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yielded a set of potential behaviour change strategies for
promoting diabetic retinopathy screening attendance in
both patient groups.

In the third co-development workshop, participants
were presented with the personas, prioritized barriers,
and proposed BCTs (simplified using plain language).
This provided the foundation for discussions on how
to operationalize the BCTs meaningfully. We provided
examples of how BCTs, such as “information about
health consequences’, could be delivered based on con-
sultation with our patient partners. Patients in the com-
munity used these examples to brainstorm, generate,
and prioritize channels of delivery i.e., who should pro-
vide the information and instruction, how, where, using
what resources, and how often. At the end of this co-
development workshop, we prioritized solutions to DRS
barriers (Additional file 2) and produced a draft inter-
vention to inform prototyping resources and health-sys-
tem stakeholder discussions. The three “Patients in the
community” workshops were conducted in French and
Mandarin.

Step 5: Health system partners co-development workshop 1
We conducted the first workshop with health system
partners to identify any practice changes needed to
deliver the intervention, who would be involved, and
anticipate barriers to its implementation. We began by
presenting DRS screening rate data, introducing tele-
retinopathy screening (process, cost-effectiveness) and
personas, barriers, and initial solutions from Step 2 &
3. We asked participants to describe (using the Action,
Actor, Context, Target, Time — AACTT framework) [26]
who would need to do what differently to deliver the
intervention as described, and whether any alterations
would enhance the feasibility of delivery. We focused
on clarifying practical considerations such as, how to
invite individuals living with diabetes to attend tele-
retinopathy screening, feasible community delivery set-
tings for screening, and exploring referral for screening
options. At the end of this phase, we identified solutions
that could be addressed within the health system and
anticipated delivery barriers to inform further patient
partner and health system co-development.

Step 6: Patient partner co-development workshop

Between phases, the research team (researchers, patient
partners, and health system partners) developed draft
resources to operationalize the prioritized strategies
identified during the patient in the community work-
shops. The patient partner co-development workshops
occurred over four meetings. The proposed interven-
tion strategy was presented to the patient partners, and
they identified gaps in the intervention and proposed
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solutions. They identified and developed the content to
be included in resources, shared their suggestions for
additional resources, and ensured clarity of the content.
We conducted the meetings with the French and Chi-
nese groups separately. We used NGT to ensure that all
patient partners could provide their input and changes
to the various aspects of the intervention. For instance,
changes to the content in the resources were made dur-
ing the meetings in real time. At each meeting with the
patient partners, there was a formal consensus process on
decisions made. By the end of this co-development phase,
we reached agreement on the resources to develop, its
content, format, prototypes of resources, and mode and
settings for delivery. This was presented to the health sys-
tem partners in a final workshop.

Step 7: Health system partners co-development workshop 2
The research team presented the intervention and opti-
mized resources based on suggestions from previous
steps. Health system partners identified any remaining
anticipated barriers and develop implementation solu-
tions to address them. Patient partners were also invited
and attended this workshop to ensure patient perspec-
tives were included. At the end of this co-development
workshop, we had a co-developed tele-retinopathy
screening intervention optimized as best as could be
anticipated for delivery.

Data collection and analysis

Data collection, analysis, and development of the tele-
retinopathy screening intervention were iterative, ie.,
data from each step informed the next step. For exam-
ple, following each workshop, data were analyzed,
interpreted, and findings informed both the content of
subsequent workshops and intervention development.

Environmental scan

We grouped similar programs into service categories
and locations, which included 1) Diabetes service deliv-
ery and 2) Diabetes eye care service delivery. We sum-
marized discussions with the health system partners
and combined information provided with data from
the Google search. The environmental scan notes were
shared with our health system partners for further feed-
back and input.

Patients in the community co-development workshops

Using the NGT, the co-development workshops yielded
rapidly generated results. Data on the sum of scores for
each idea generated and voting frequency informed the
ranked priority based on each of these measurements
for each group. Participants provided one or more solu-
tions for each persona across the five barriers from the
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previous sessions. Responses to the solutions generated
for the five barriers were collated and each participant
assigned a score for the preferred solutions/channels of
delivery. The total scores for each aspect were calculated,
and the top-ranked were prioritized (Additional file 2).
Following each session, a summary of the priority list was
generated and presented to participants for feedback.
Audio recordings of the group sessions provided insight
into the intricacies, context, and rationale with which
group consensus was achieved and was used to back-
check the data utilized.

Patient partners and health system partners
co-development workshops

The patient and health system partners co-development
workshops were audio recorded. We summarized the
workshop discussions and shared the abridged notes
with patient and health system partners for feedback. In
addition, we verified their input on the resources devel-
oped, roles and behaviours for the implementation of
the proposed intervention, and decisions towards opera-
tionalization of the solutions and channels of delivery
generated.

Results

Environmental scan

We identified that in 2021, there was no specific pro-
gram for diabetes eye-care operating at any Community
Health Centres (CHC) in Ottawa. Central intake to dia-
betes education programs was offered at locations across
Ottawa. The programs were often provided in various
languages including French and Mandarin and were open
to self-referral and physician referral [34, 35]. Individuals
with diabetes could access retinopathy screening either
via self-referral to an optometrist or referral from a pri-
mary care practitioner to an optometrist or ophthalmol-
ogist. From our scan, there was no pathway specifically
available to persons immigrating to Canada from China
and African-Caribbean countries for diabetic retinopathy
screening in Ottawa. Health system partners indicated
that health practitioners typically referred patients to
optometrists that are conveniently located for patients.
Additionally, they mentioned that some health practi-
tioners chose to send patients to places that have both an
optometrist and ophthalmologist but, patients generally
made the final decision on whom to consult.

Patients in the community co-development workshop

Patients in the community contributed to three co-devel-
opment workshops conducted from November 2021 to
January 2022. Participants representing African-Carib-
bean (n=6) and Chinese (n=7) immigrants to Canada
were involved in all three different co-development
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workshops. The Chinese group was more alike due to
similarities in culture, whereas the French group was
more heterogeneous and consisted of individuals from
different African and Caribbean countries with varying
cultures but sharing a common language. Participants
demographic data are presented in Table 2.

Outputs from each patient co-development workshop
are presented in Tables 3. The tables summarize the per-
sonas and top five prioritized barriers and generated
solutions selected by each group.

Health system partners and patient partner
co-development workshops
Health system partners consisted of 6 health practition-
ers, i.e., a Nursing Practitioner, diabetes educator, social
support worker, endocrinologist, clinical manager, and
diabetes program director. All provide services in differ-
ent capacities at a CHC designated as a potential site for
the diabetic retinopathy screening intervention. Patient
partners consisted of French-speaking (n=3) and Man-
darin-speaking (n =4) individuals living with diabetes (3)
or family members/carers of a person with diabetes (4).
Health system and patient partners highlighted and
generated possible operationalized strategies/solutions
and channels of delivery perceived to be feasible, practi-
cal, safe, affordable, and equitable to address [36] (iden-
tify those targeting patients and health care providers
separately). We identified the modes and settings of deliv-
ering behaviour change interventions [37, 38], agreed

Table 2 Patients in the community workshop participants
demographic data (n=13)

Characteristics N
Language Spoken

French 6

Mandarin 7
Gender

Male 8

Female 5
Age group (years)

18-49 3

50-69 3

70+ 7
Years since diabetes diagnosis

1-4 years 4

5-9 years

10+ years 7
Years in Canada

0-4 years 3

5-9 years 7

10-19 years 3
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on materials to create, prototypes, and how to integrate
other barriers and effective strategies not identified in the
co-development workshops.

Workshop participants decided the intervention should
target individuals with diabetes and healthcare providers.
The summary of the operationalized solutions for the pri-
oritized barriers and outputs from the health system and
patient partner co-development workshops are presented
in Table 4.

Intervention development and components

Informed by the co-development workshops and the lit-
erature on effective strategies for increasing DRS, we
designed the final diabetes tele-retinopathy screening
intervention to be piloted. Our intervention is tailored
to the linguistic and cultural preferences of Mandarin-
speaking and French-speaking individuals from China
and African-Caribbean countries living with diabetes.
After discussions with patient and health system part-
ners, the intervention was named “Diabetes Eye Screen-
ing Ottawa (DESO)” The logic model of the intervention
development is outlined in Figs. 2 and the targeted TDF
Domain, BCT and Mode of Delivery by Action, Actor,
Context, Target and Time in implementation of the inter-
vention is summarized in Additional file 4.

The intervention was designed to be free to patients at
the point of care and primarily based on co-developed
solutions and channels of delivery to barriers to attend-
ing DRS prioritized by Mandarin-speaking and French-
speaking individuals from China and African-Caribbean
countries living with diabetes. The barriers to screening
and solutions identified in the literature but not prior-
itized during the patient workshops were nevertheless
integrated in the intervention either in the tele-retinopa-
thy screening care pathway or in the resources developed
following discussions with the patient and health system
partners. For example, views about harms caused by
screening, forgetting, lack of transparency on screening
costs, wait times, and making/getting to appointments
were not specifically in the top five prioritised barri-
ers in the co-development workshops but were key bar-
riers identified in previous research [15], and were thus
were also addressed in the flyers and information sheets
developed. In addition, strategies such as monitoring and
providing feedback on outcomes of screening and prob-
lem solving to address barriers to screening [16] were
not prioritized in the patient workshops but nonetheless,
they were integrated into the intervention’s care pathway
given the evidence supporting their utility in addressing
barriers in the extant literature.

Our intervention will include operationalizing BCTs
that focus on patient behaviour (via social support)
using social media such as WeChat and Community
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Fig. 2 Diabetes Eye Screening Ottawa logic model

Champions that include our patient partners who will
act as liaison with the population groups and the health
providers delivering the intervention. Other BCTs tar-
geting patient behaviours include screening attendance
reminder messages, and patient-facing resources such as
posters, flyers, and videos).

Our intervention will also focus on healthcare provider
behaviour (via providing language support, pre-book-
ing screening, prompts, and health practitioner faced
resources). The healthcare provider-facing intervention is
comprised of BCTs, including Instruction on how to per-
form behaviour, Information about health consequence,
Prompts/cues, Adding objects to the environment, Social
support, and Restructuring the social environment.
Resources developed included flyers, information sheets,
videos, posters, presentation slides, and a TV screen
poster. The content of the developed resources was
informed by information from the National Eye Health
[39] and Diabetes Canada [40]. The content was tailored
based on cultural and linguistic feedback from the patient
partners and health system partners. Patient partners
were involved in developing the intervention materials

and the resources went through multiple levels of itera-
tive modifications. The first prototype was presented in
English and reviewed by both patient partner groups and
health system partners. They recommended reducing
the text included, changing the images to more cultur-
ally representative ones, using more neutral colors, and
changing the format of the resources. A second modified
prototype in English, French and Chinese was presented
to the partners for feedback. Some advised changes were
regarding the accuracy and simplification of the transla-
tions. The final prototype incorporated suggestions from
the consultations.

Since the barriers identified in both groups were simi-
lar, the research team decided that tailoring decisions
of the resources could draw from suggestions from one
group to the other. For instance, the Chinese patient part-
ner group requested an explanation of key diabetic retin-
opathy screening terms in the flyer in Mandarin. This was
similarly tailored in the French flyer.

Nonetheless, there are some nuances where aspects
of the intervention distinctly reflect cultural contexts.
Culturally-tailored aspects of the intervention included
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specific channels and settings of delivery of the interven-
tion resources aimed at encouraging reach. For example,
the use of WeChat was included as a delivery channel for
the Chinese individuals since this platform is commonly
used for communication and enabling activities of daily
living. In addition, representative photos embedded in
the resources that resonated more with individual groups
were unique and culturally-tailored. Resources were
designed using a colour theme consistent with the com-
munity health centre that would house the tele-retinopa-
thy screening intervention.

Patients in the community perceptions

of the co-development process

At the end of the “Patients in the community” co-devel-
opment workshop 3, participants were invited to com-
plete an online questionnaire (Additional file 5) informed
by a similar diabetes NGT co-development workshop
in Ireland [41]. Patients were asked to provide feedback
on how interesting, useful, and agreeable/enjoyable
they found the workshops and to provide suggestions
about how the workshop could have been improved.
Seven participants completed the post-workshop feed-
back questionnaire. On a scale from 1 to 5 (where higher
scores indicate higher levels), the mean scores for how
interesting, useful, and enjoyable participants found the
workshops were 4.9, 4.9, and 5.0 respectively. Common
suggestions for improvement were to include other par-
ticipants in the workshops, such as ophthalmologists and
family doctors, and using online and in-person format for
the workshops.

Discussion

Herein, we report the iterative co-development of inter-
vention to encourage greater attendance to DRS amongst
under-screened and under-served linguistic and cultural
minority groups in the capital city of Canada. Our inter-
vention draws on previously identified barriers and ena-
blers to attendance and behaviour change techniques
shown to be effective in supporting attendance. We spe-
cifically prioritized and sought to develop an intervention
to address patient, provider, and institutional barriers to
DRS, such as language barriers, cultural competency, lack
of understanding of diabetic retinopathy, patient-physician
interaction on DRS, conflicting priorities, and problems
scheduling appointments [8, 15, 42]. The result is a com-
bination of potentially effective BCTs including providing
instructions on how to perform behaviour, information
about health consequences, prompts/cues, adding objects
to the environment, social support, and restructuring the
social environment [16, 43], and channels of delivery to
improve diabetic retinopathy screening attendance among
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French-speaking and Mandarin-speaking individuals liv-
ing with diabetes from African-Caribbean and China.

Our study serves to demonstrate how we worked and
engaged with diverse stakeholders and patient and health
system partners in a consensus process to co-develop a
culturally and linguistically tailored intervention. We
ensured that patients in the community, patient partners,
and health system partners were involved at different
steps throughout the co-development process [18] and
possessed decisional authority over the development of
the intervention [22]. For example, patients in the com-
munity and patient partners had decisional influence on
the settings and channels of delivery. The health system
partners possessed decisional weight on the logistics
around the operationalization of the intervention. The
ownership, relevance, and responsibility established from
the co-development process with health partners and
service users is likely to support the successful implemen-
tation of the intervention. Given the differential uptake of
diabetic retinopathy screening amongst immigrants to
Canada relative to the wider population of eligible peo-
ple with diabetes, interventions tailored to support par-
ticular communities may better serve the overall goal of
increasing DRS attendance [43]. Our theory-informed
intervention will focus on both healthcare provider and
patient behaviour operationalizing BCTs, and resulting
channels of delivery such as providing information and
instruction via videos, flyers, and information sheets.
Our hope is that the methods described herein serve
as an exemplar to inform the design of health services/
interventions for linguistic and cultural minority groups.
The co-development processes with patients and health
system partners to identify barriers/enablers and gener-
ate and operationalize solutions can be adapted to other
contexts in Canada.

Now developed, this intervention will be piloted from
December 2022 to June 2023 for feasibility and accept-
ability. We will use a multimethod approach to assess
the feasibility, fidelity, and acceptability of the interven-
tion with the healthcare providers delivering the inter-
vention and individuals with diabetes who attend the
intervention (Umaefulam V, Wilson M, Boucher MC,
Brent MH, Dogba M]J, Drescher O, et al.: Assessing the
feasibility, acceptability, and fidelity of a teleretinopa-
thy-based intervention to encourage greater attendance
to diabetic retinopathy screening in immigrants living
with diabetes from China and African-Caribbean coun-
tries in Ottawa, Canada, submitted).

Strengths and limitations

Intervention co-development was strengthened by
having multidisciplinary research team consisting
of patients and caregivers with lived experience of
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diabetes, as well as health system partners, clinicians
(eye specialists), implementation scientists, health
services researchers, and behavioural scientists. This
diverse expertise enabled the co-development of an
intervention feasible for implementation in practice
and reflective of the newcomers’ and immigrant com-
munity needs. The intervention considers the popula-
tion groups’ heterogeneity of the population groups
to increase its cultural and linguistic appropriateness.
Patient partners ensured cultural appropriateness and
adequate representation in intervention resources
(such as in photos) and relevant settings and channels
of delivery for the population groups. For example, we
included WeChat as a channel of delivery and included
religious, retail and/or community settings specific to
the two groups. Likewise, we provided different ver-
sions of the intervention resources (English, French,
and Chinese).

There is the potential that we missed or overlooked
existing diabetes eye care programs using Google alone
for executing the search strategy for the environmen-
tal scan. Nonetheless, our data extraction relied on both
source materials taken directly from online websites and
information obtained from health care practitioners pro-
viding diabetes eye care and involved at different levels
of diabetes programming in Ottawa’s primary, secondary,
and tertiary care. As such, we captured the scope of pro-
grams not exclusively listed on the websites accessed. The
environmental scan highlighted some gaps (and opportu-
nities for improvement) in the existing diabetic retinopa-
thy screening programs available in Ottawa. Additionally,
we identified possible CHCs suitable for conducting a
community-based tele-retinopathy screening for French-
speaking African Caribbean and Mandarin-speaking
Chinese individuals living with diabetes.

Patients in the community and patient partners self-
declared their diabetes status and immigration status.
As such, we could have included individuals not repre-
senting the desired group in the study. However, patient
participants were identified by community networks that
cater to individuals living with diabetes. Our ability to
observe user interactions [22] with the prototypes of the
resources developed was limited, given the virtual nature
of the design process. Also, the patients in the commu-
nity groups were not able to review the intervention after
the health system and patient partners’ input. However,
the patient partners had various opportunities to alter
the resources during their development.

Some barriers and strategies were additionally incor-
porated without involving patients in the community. We
took an approach that supplements what our patients in
the community helped us to co-develop with strategies
that are known in the trial literature to be effective at
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addressing barriers that are common in the literature, to
round out the range of approaches included in the inter-
vention. We worked with our patient partners in bringing
in this additional content, and thus we did not remove
the content co-developed with patients in the commu-
nity, but rather we supplemented it.

We identified several contextual factors and challenges
during the co-development process, which have broader
methodological relevance for implementation science.
Personas generated at the workshops were closely con-
nected to the participants themselves and their lived
experiences, more subjective, and may not reflect the
broader experiences of the population groups in Ottawa.
Thus, to provide a holistic representation of the factors
to address, we integrated the barriers to attending tele-
retinopathy screening identified by patients in the com-
munity workshops with the input of patient and health
system partners and our previous research with simi-
lar populations in Ottawa and Montreal [32]. Also, the
dynamics of the patients in the community and patient
partner groups were different influencing the approach
needed to facilitate the workshops. Case in point, the
Chinese patients in the community and partners regu-
larly interacted via a WeChat group created for pro-
ject participants, as such a working relationship existed
throughout the co-development phases. French partici-
pants did not have a common forum or platform of which
they were part, and relationships were not developed
prior to the co-development sessions. By conducting the
co-development activities virtually, we experienced some
challenges in facilitating the workshops, such as limited
internet access for some participants during the work-
shops. The facilitator used various formats for communi-
cation, such as typing thoughts in the zoom chat, sending
text messages, or speaking out during the workshop ses-
sions to encourage participation and enhance interaction.
Utilizing the NGT in the workshops ensured that each
participant had the opportunity to contribute.

Although our health system partners possessed differ-
ent professional backgrounds, most of them had work-
ing relationships with each other, which assisted with the
dynamics of the workshops and advanced the collabora-
tive work in designing the intervention. The health sys-
tem partners provided insight into current pathways of
care and programs available for individuals with diabetes
to get their eyes screened in Ottawa. As a result of the
ongoing working relationship among the health system
partners, there was ready consensus on the changing
roles, processes, and tools required to operationalize the
tele-retinopathy screening intervention. As such, recruit-
ing health system partners who work in some capacity
within similar environments, may enhance the co-devel-
opment process.
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Conclusion

We highlight the co-development of a linguistically and
culturally tailored tele-retinopathy intervention with
patient and health system partners to improve the attend-
ance of DRS for immigrants to Canada from China and
African-Caribbean countries. By integrating behaviour
change theory with user involvement and various levels of
engagement, our intervention is well placed to be accepta-
ble, relevant, and able to equitably deliver and facilitate the
uptake of the tele-retinopathy screening intervention. Our
intervention will fit within community health care practice
workflow and leverage existing networks and processes to
advance its implementation. This study will inform future
implementation initiatives within existing infrastructure
and programs in Ottawa and provide an opportunity to
assess the intervention’s feasibility, fidelity, and acceptabil-
ity. Our study will also inform co-developing interventions
that fit local contexts in different locations.
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