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Abstract

By involving stakeholders to identify issues, co-design facilitates the creation of solutions
aligned with the community’s unique needs and values. However, genuine co-design with
consumers across all stages of nutrition intervention research remains uncommon. The aim of
this review was to examine notable examples of interventions to improve diets in rural settings
that have been co-designed by rural communities. Six studies were identified reporting on
community-based and digital interventions to improve diets in rural settings that have been co-
designed by rural communities. The level of co-design used varied, with two interventions
describing co-design workshops and focus groups over a period of between 6 and 11 months,
and others not reporting details on the co-design process. Collectively, most interventions
demonstrated positive impacts on dietary markers, including an increase in purchase of fruit
and vegetable, an increase in percentage energy from nutrient dense foods and a decrease in
intake of high fat meats. While these interventions show promise for improving diets in these
under-served communities, it is widely recognised that there is a lack of dietary interventions
genuinely co-designed with and for rural communities. Future research should build on these
studies to co-design dietary interventions that integrate the benefits of both community-based
and digital interventions.

Co-design practices

Co-design is an active collaborative approach that involves stakeholders, including community
members, in creating new knowledge and solutions!’). Co-design aligns with traditional
participatory action research by involving stakeholders in a reflective inquiry process to generate
actionable knowledge®. However, it goes further by enabling recipients to achieve practical
outcomes, such as designing and implementing interventions. A recent scoping review led by
Meloncelli and colleagues on the use and extent of co-design in nutrition interventions with
consumers®® identified co-design as aligning with the ‘collaborate’ and ‘empower’ levels on the
spectrum defined by The International Association of Public Participation®. Co-design
operates on the principles of valuing the expertise and lived experiences of all participants,
fostering equal and reciprocal relationships'®. These principles emphasise shared decision-
making, where stakeholders actively contribute to identifying issues, analysing needs, defining
priorities and designing and implementing interventions. This process aims to promote power-
sharing, trust and mutual dependence, ensuring that interventions are contextually relevant,
culturally sensitive and sustainable.

By involving stakeholders to identify issues, co-design facilitates the creation of solutions
aligned with the community’s unique needs and values(®. This participatory approach has been
heralded in the research and health communities as a valuable approach, especially for priority
populations, such as rural communities, where interventions must consider local knowledge,
social dynamics and available resources®. While co-design for nutrition interventions has
become more prevalent in recent years, genuine partnerships with consumers across all stages of
nutrition intervention research remain uncommon®.

Aim
The aim of this review was to examine notable examples of interventions to improve diets in
rural settings that have been co-designed by rural communities.
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Table 1 Examples of co-designed community-based and digitally delivered interventions in rural communities to improve dietary intakes

Intervention
Study, author, Co-design
year Population method Co-design participants Study design Description Dietary outcome Results
Community-based
Neqa n 76 middle Two An Elder, tribal council 9 months, Activities in the cafeteria, Diet quality, fish intake and Significant improvements
Elicarvigmun and high phases: members, city government, school-based, classroom and community attitudes and beliefs around in diet quality (Beta = 4-57;
or the Fish-to-  school focus teachers, parents, high multilevel traditional foods (specifically fish) P < 0-05) and fish intake
School students, groups and school and university intervention (Beta =0-16; P < 0-05)
Program remote Alaska, work group  students, representatives pre-post compared to the control
Bersamn et al.  USA meetings from the fishing and business ~ comparison
2019 development sector group design
SHOP@RIC Indigenous Not Remote food retail and 6-month Intervention: 20 % price discount Fruit and vegetable purchases Price discount alone was
Stores peoples living reported public health expertise, stepped on fruit and vegetable purchases associated with a 12-7 %
Brimblecombe  rural and trained local community wedge with and without consumer (4-1-22-1) increase in
et al. 201768 remote NT residents, store managers randomised education Control: Waitlist purchases of fruit and
indigenous and public health controlled intervention (8 months). vegetables
communities, nutritionists who worked in trial
Australia the communities
Healthy Foods Six remote Interviews Inuit and Inuvialuit 12-month Intervention: healthy breakfasts, Consumption of de-promoted Significant decrease in de-
North communities in  and community members quasi- healthy meal planning and foods: high-fat meats; high-fat promoted foods, such as
intervention Nunavut and workshops experimental cooking and education sessions dairy; refined grains; high sugar high fat meats (-27-9 g)
program the Northwest intervention on consuming sufficient amounts drinks; unhealthy snacks; and and high fat dairy products
Kolahdooz Territories, of vitamins and minerals, among unhealthy additions (such as high (-19-8 g) among
et al. Canada other activities to promote fat powdered creamer added to intervention communities
201461 healthy diet. Implementation sites  coffee). (all P<0-05).
included food stores, health
clinics, offices, as well as at
community special events
Control: delayed intervention
Digitally delivered
OL@-OR@ n 1451 adults Focus Maori and Pasifika 12-week, two- Intervention: information on Adherence to fruit and vegetable No significant improvement
mobile health in Maori and groups and  communities arm, cluster- healthy eating; culturally relevant recommendations (5 or more
programme Pasifika group randomised information; links to local serves/day)
Mhurchu et al. ~ communities, meetings controlled activities and services, goal
2019141 New Zealand over 11 trial setting, lifestyle trackers;
months Control: control version of the app
Healthy rural n 105 adults at User- Adults and dietitians based in  12-month Intervention: Personalised Percentage total energy intake Significant increases in %E
hearts risk of heart centred rural and remote New South cluster nutrition report and two hours of (%E) derived from core/non-core from nutrient-dense core
telehealth disease living design Wales (Modified Monash 3-7) randomised medical nutrition therapy from a foods and fats/saturated fats; foods compared to the
program in rural and controlled dietitian via telehealth and usual daily intake of fibre and added control group (P < 0-05)
Herbert et al. remote New trial CVD care; sodium
202443:4) South Wales, Control: usual CVD care and
Australia automated feedback on diet-
related CVD risk factors
Veg4Me study n 116 adults in Workshops Young adults (18-35 years) 12-week, two Intervention: personalised recipes, Vegetable intakes (serves/day) Evaluation ongoing
Livingstone regional, rural over 6 living in regional, remote and arm information on healthy eating; and eating habits (perceived
etal and remote months remote Victoria (Modified randomised personalised local food change in vegetable intake,
20244245 Victoria, Monash 2-7), local rural controlled environment map, goal setting; confidence to eat vegetables,
Australia governments, national health trial Control: non-personalised recipes confidence to eat healthy foods)

promotion organisation

and information about local food
initiatives
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Diets in rural communities

Populations who live outside major cities and urban areas, such as
rural communities experience, unequal health when compared to
their urban/metropolitan counterparts, with many examples
around the world7~'9, For example, remoteness influences CVD
mortality above and beyond the impact of socio-economic status
for those outside of major cities in Australia®").

Minimal progress has been made in addressing rural health
inequities, despite calls for action’>'®, and a focus on rural
communities as priority populations in countries such asAustralia,
Canada and New Zealand'*"'). Although the factors leading to
these health inequities are complex, such as inadequate access to
health care, nutrition and food environments have been shown to
play a role in disparities in chronic disease in rural areas!>!%!7), Of
concern, nutrition research has been under-funded and under-
valued, translating into a lack of knowledge around potential
approaches to improve nutrition in rural areas®. Urgent action is
needed to understand potential solutions, with involvement of
rural communities'®), to prevent rural health disparities from
continuing to widen.

Addressing nutrition issues such as access to healthy foods in
addition to individualised nutrition care, provides a key
opportunity to progress health in rural communities for present
and future generations!”). Evidence suggests that interventions
addressing rural nutrition do not often include co-design or
involve local community members in the implementation of
interventions®”,

Co-design of dietary interventions

Community-based interventions

Growth in community-based interventions reflects a paradigm
shift away from individual-focused interventions to those that
emphasis the merits of addressing the complex and dynamic
drivers of unhealthy behaviours!. Community-based interven-
tions take a systems approach by employing multiple interventions
addressing both systemic, social and environmental drivers of
behaviour in an effort to improve health of the community®?. The
potential effectiveness of community-based interventions on
supporting healthy weight'>*?% and improving dietary outcome
measures'>” through the use of various strategies (e.g. health
promotion, education, community engagement and structural
changes) has been demonstrated. Emphasis has been placed on the
importance of community-based interventions being context-
specific®® with research incorporating participatory approaches to
co-design strategies that meet the specific needs, preferences and
challenges faced by the community®®. In rural communities the
need for context specific multicomponent community-based
interventions is profound given the unique challenges these
communities face in relation to the availability, adequacy and
accessibility of foods that can support a healthy diet®”?®. Co-
design of dietary interventions could assist in addressing the
interconnected public health concerns in populations undergoing
a nutrition transition by developing programs that support overall
well-being by taking an indigenous worldview®?).

Digital health interventions

Digital health interventions leverage a variety of information and
communication technologies to reach people outside of traditional
healthcare pathways. Increasingly ubiquitous ownership or access
to these technologies allows delivery of flexible, accessible and
personalised support to communities in almost any location®®?).

While digital health interventions should not replace in-person
care, they can play important complementary roles by addressing
unmet needs of people who cannot access in-person interventions
and providing additional support between or beyond in-person
visits®). Potential to improve dietary outcomes has been
demonstrated by a meta-analysis that showed digital dietary
interventions improved diet quality and fruit and vegetable intake
among people with chronic health conditions including CVD,
diabetes mellitus and/or renal disease; moreover, there was some
evidence that higher frequency interventions were more effec-
tive®?. While digital dietary interventions show promise, it is
important to consider how their design and use may contribute to
health inequalities. Some evidence suggests digital interventions
can help to improve dietary behaviours and knowledge among
disadvantaged populations®®?; however, mechanisms underlying
digital health adoption, engagement and effectiveness are not well
understood®?). Capability, opportunity and motivation for people
living in rural areas to use digital health interventions may be
influenced by factors such as varied broadband coverage, digital
literacy and reduced access to healthcare professionals as a source
of advice about digital health interventions®®®. Co-designing with
people living in rural areas could help to ensure interventions are
socially as well as geographically accessible, although this has not
been common to date®®?.

Overview of selected interventions

This review includes selected examples of community-based and
digitally delivered interventions conducted in Australia, New
Zealand, Canada and the USA. These countries were selected as
they are high-income countries with distinct geographic distribu-
tions of population groups, such as indigenous peoples, that impact
on diet and heath inequities. This review defines community-based
interventions as those delivered primarily face-to-face and digital
interventions as those delivered primarily online via digital devices.

Community-based interventions
Three studies®>3>*® have explored the effectiveness of
community-based interventions aimed at improving dietary
behaviours in underserved populations, including Inuit and
Inuvialuit populations in Canada and remote communities in
the USA and Australia (Table 1).

In Canada, Kolahdooz and colleagues® evaluated the
12-month Healthy Foods North intervention program tailored
to the Inuit and Inuvialuit populations (Canadian Indigenous
populations) in remote and semi-remote areas in Nunavut and
Northwest Territories to reduce risk of chronic disease. The
intervention participants had access to healthy breakfasts, healthy
meal planning and cooking and education sessions, while the
control received delayed access to the intervention. The
multicomponent intervention was developed through community
participatory approaches including extensive stakeholder collabo-
ration enabling the development of a culturally appropriate
program®”). Key elements of Healthy Foods North included
promotion of healthier food preparation methods and the benefits
of traditional foods and point of purchase activities to increase the
availability, accessibility and visibility of healthiness foods in
stores®®. In this quasi-experimental intervention evaluation four
communities (two each from Nunavut and Healthy Foods North)
received the intervention and two comparison control commun-
ities (one from each Nunavut and Northwest Territories) received
the delayed intervention following data collection. Pre and post
food frequency questionnaires measured consumption patterns
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and Adult Impact Questionnaires determined food acquisition and
preparation behaviours and sociodemographic factors (both using
validated surveys)©?. A significant decrease in the consumption of
high-fat meat and high-fat dairy, unhealthy drinks and refined
grain products and an increase in healthier food preparation was
observed in the intervention group compared to the control.
Control groups had a significant increase in refined grain product
and unhealthy drink consumption; increase in frequency of
unhealthy additions intake was reported across both groups®>.
The predominantly female sample (80-82 %), lower response rates
from some communities, temporal factors that relate to data
collection and limited data of potential confounders may have
limited the strength of findings©”.

In a stepped-wedge trial, Brimblecombe and colleagues*®)
tested the effect of price discount of 20% on purchasing of fruit,
vegetables, bottled water and artificially sweetened drinks with and
without a consumer education strategy. The intervention was
applied at the population level in remote Indigenous communities
in Australia across twenty stores (n 20) located 20 km or more from
any other food outlet in communities of concentrated socioeco-
nomic disadvantage. Using a 6-month stepped wedged rando-
mised controlled trial, the intervention group received 20 % price
discount on fruit and vegetable purchases with and without
consumer education, while the control group received a waitlist
intervention (8 months). Following the 24-week intervention
results (objectively measured store sales 24 weeks pre/during and
post intervention) indicated discount alone stores resulted ina
12-7 % (95 % CI 4-1, 22-1) increase in fruit (mostly) and vegetable
purchasing®®®. There were inconsistencies in the delivery of the
consumer education across combined (discount and education)
intervention stores, but a small benefit was observed (7-6 %; 95 %
CI -3-6, 20-2) on vegetable purchasing®®. Following (24 weeks
post) the removal of the discount the increased purchasing of fruit
and vegetables persisted somewhat. Findings also indicated an
increase in bottled water purchasing because of the discount (no
difference between stores) but not diet soft drinks. Total food and
drink sales, total energy of foods and sodium and increased during
the intervention period (discount alone) and after.

Bersamin and colleagues® reported on a multi-level school-
based (middle and high) intervention (Fish-to-School Program) in
two remote Alaska Native communities in southwestern Alaska,
USA. The intervention was designed via participatory approach®®
and included activities delivered in the classroom (lessons
demonstrating the environmental, nutrition and economic
impacts of local and non-local supply chain usage), community
(intergenerational cooking competition) and cafeteria. ‘Farm-to-
schools’®” is an approach used in North America to reconnect
adolescents with local agriculture by integrating locally grown
foods into the school cafeteria to improve diet. Through the
participatory intervention design salmon was selected as a focus
due to it being an important traditional Yup’ik food and a
commercial local product that is caught and processed by Native
and independently owned and operated local fish business and
could be served in the school cafeteria lunches weekly®. Being a
centralised service, all schools received the cafeteria intervention
and only the indirect effects of the classroom and community
components were examined between baseline and 4 months
(time 1) and between 4 months and 9 months (time 2 and end of
intervention). Diet measured from students (intervention »n 38 and
comparison n 38) through a single 24 hr recall and a validated
biomarker of fish and marine mammal intake indicated improved
overall diet quality of the intervention participants (after time 2)

C. Needham et al.

with a decline in diet quality among comparison participants. The
extent to which the students were engaging with the traditional
norms and values (i.e. enculturation)®? was measured via 15 item-
survey with outcomes indicating an increase in positive believes in
the benefits of salmon and Yup’ik food amongst other aspects of
traditional life.

Across these three studies moderate benefits of community-
based interventions are demonstrated from short-term (24 weeks
to 12 months) interventions>*>3). All interventions involved
participatory approaches in the design phase which may have
contributed to their success®*>3), Of interest across two of the
studies was the decline in dietary health of the control group®>*>).
One study suggested that the findings may reflect a trend in people
eating less healthy in general it is possible that intervention may
serve to keep intervention group’s diets from getting
unhealthier®”. Given this insight the longer-term impact and
sustainability of interventions such as these would be of interest to
policymakers internationally.

Digital interventions

Three recent studies*!~*>) have explored the effectiveness of digital
interventions aimed at improving dietary behaviours in under-
served populations, specifically focusing on Maori and Pasifika
communities in New Zealand and rural populations in Australia
(Table 1). These studies leveraged digital platforms to deliver
personalised nutrition advice, with varying nutrition and feasibility
outcomes*1~43),

The OL@-OR@ mobile health (mHealth) programme was
designed to support healthy behaviours among Maori and
Pasifika communities in New ZealandY. This 12-week, cluster-
randomised controlled trial provided co-designed culturally
relevant health information, goal-setting tools and lifestyle trackers
via a mobile app and website. Although this intervention was not
exclusively conducted in rural areas, a large proportion of
participants were rural-dwelling. Adherence to health-related
guidelines, measured using a composite health behaviour score
which included fruit and vegetable intake, improved over time,
however, it was not significantly different to the control group, who
received a control version of the app that collected baseline and
outcome data only“). A notable feature of this smartphone
intervention was personalised health behaviour goal setting and
action planning. Adherence to health-related guidelines was higher
among those who engaged with the goal-setting feature (meaning
they set at least one behaviour change goal); however this only
represented 26 % of participants. This highlights a key challenge
for multi-component mHealth interventions - even if the
technology is accessible, use of individual features can vary and
this may impact programme effectiveness.

The Healthy Rural Hearts telehealth program, implemented in
rural New South Wales, Australia, used telehealth to deliver
personalised medical nutrition therapy to individuals at risk of
CVD"*4), The 12-month cluster randomised controlled trial
tested whether a personalised nutrition report and two hours of
medical nutrition therapy from a dietitian via telehealth led to
changes in diet compared with usual CVD care. This intervention
demonstrated the potential of digital health in improving dietary
behaviours in rural populations. Participants received five tele-
health consultations from Accredited Practising Dietitians over a
6-month period, with dietary intake and progress tracked using
digital tools such as the Australian Eating Survey Heart version.
The intervention showed significant improvements in the
percentage of energy intake from nutrient-dense core foods
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compared to the control group. The high attendance rate (around
90 %) for telehealth consultations and positive acceptability ratings
(mean score of 9-5/10) suggest this was a feasible and well-accepted
model for delivering nutrition care in rural settings. However,
intentions to use telehealth consultations outside the study, if
available, were lower (6-0/10). This study shows the potential of
digital health interventions to improve access to personalised
nutrition support in remote communities but raises concerns
about long-term adherence and translation into practice.

The Veg4Me study focused on increasing vegetable intake among
young adults in rural Victoria, Australia, using a personalised web app
that was co-designed with rural community members*>4?. A 12-week
randomised controlled trial was conducted from August 2023 until
April 2024 to determine the feasibility of the intervention. Participants
in the intervention group received personalised content including
tailored National Heart Foundation of Australia recipe suggestions,
goal-setting features and information on local food environments (e.g.
farmers markets; community gardens), while the control group
received non-personalised versions. This study highlights the
importance of co-design in digital health interventions, ensuring the
technology is relevant and engaging for users. The personalised
features, such as goal setting and behaviour change support, were
tailored to individual preferences, which has been shown to be an
important component of effective digital interventions®*¥. However,
the effectiveness and engagement rates are yet to be fully evaluated, as
the data analysis for the study is ongoing.

Across these studies*!™), the digital elements, including
mobile apps, telehealth or personalised web platforms played a
central role in delivering health interventions. These studies
illustrate the potential for digital health tools to provide accessible,
tailored support in rural and underserved populations, though
challenges with user engagement and effectiveness remain. Co-
designing interventions and ensuring they are personalised to meet
the preferences of the specific population may improve both
engagement and health outcomes. As preferences may vary within
specific populations, use of individual intervention features may
also vary. Digital health interventions offer a promising way to
address dietary health issues but continued evaluation and
iteration are necessary to optimise their impact. Understanding
how varying preferences among sub-groups of rural populations
can influence intervention usage may provide context to better
understand how engagement impacts on effectiveness.

Recommendations for research, policy and practice

This review highlights that utilising both community-based and
digital interventions will undoubtedly be key to improving the
health of rural communities into the future, with each study
showing improvements in rural nutritional intakes. Small changes
in rural diets can have a big impact®®), and given the limited
funding resources available to fund nutrition interventions®
researchers must maximise every opportunity to engage with
rural communities through co-design.

Although this review highlights the promise of community-based
and digital nutrition interventions in rural areas, limited reporting on
co-design makes it challenging to understand the best ways this can
be done with and for rural communities. Only three out of these six
key examples, provided detailed and replicable descriptions of the co-
design processed utilised in their target rural communities*1%%), In
line with the literature, reporting on co-design has been highlighted
as being inconsistent outside the context of nutrition intervention
research, and broadly across health studies”).

Nutrition researchers must take steps to ensure co-design
methods are systematically reported, to enable learnings and
replication of methodologies across communities. Transparent
and detailed reporting will also assist with upscaling and
sustainability of nutrition interventions in future. This review
highlights the limited evidence to guide intervention co-design and
delivery in the context of rural communities. Examples in this
review focused mainly on indigenous populations and although
these populations are of the highest priority due to dispropor-
tionate health disparities, it still leaves much unanswered about
rural communities more broadly, and the best ways to engage
them. Reporting on co-design methods and community partici-
pation at all stages of the research process is of clear importance
when working with indigenous communities; to ensure researchers
minimise any ongoing harms of colonisation and maximise the
health benefits of research in these areas. However, evidence
suggests that there are still large inadequacies in engagement by
researchers with indigenous communities broadly across all stages
of research including co-design®. This must be a key consid-
eration for future nutrition research in rural areas, and researchers
have an ethical responsibility to undertake and transparently
report their progress with engagement.

Finally, rural health bodies and experts have called for place-
based research and the involvement of local community members
and nutrition professionals in all stages of research to ensure
successful outcomes!34%. Rural communities have intricate social
fabrics, passionate health professionals and community members
that can promote ideal conditions for impactful research®”; but
this must be harnessed by researchers to ensure the greatest impact.
Although this can be challenging for researchers in the context of
low funding resources, it is the ethical responsibility of researchers
to ensure they engage with the rural community resources on the
ground. Based on this review we recommend researchers consider
reporting on both co-design methods, engagement outcomes and
the effectiveness of the overall intervention to enable the highest
impact and empowerment of rural communities. This will ensure
that every opportunity is maximised through co-design with rural
communities, with promising and much needed health impacts to
follow suit.

Conclusions

While interventions discussed in this review show promise for
improving diets in these under-served communities, it’s widely
recognised that there is a lack of dietary interventions co-designed
with and for rural communities and clear reporting on co-design
methods. Future research should build on these studies to co-
design dietary interventions that integrate the benefits of both
community-based and digitally delivered interventions.
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