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 ABSTRACT
[bookmark: _Hlk190409885][bookmark: _Hlk190409484]Introduction: Older adults living in socially deprived circumstances experience poor health with adverse effects on their quality of life. Community-based interventions focused on food have been proposed to address some of these challenges. Despite the beneficial effects, a limited number of studies have examined the feasibility and acceptability of these interventions, and there is a paucity of data on objective, measurable outcomes. This study aims to determine the feasibility and acceptability of a co-produced community-based intervention on nutrition, health, wellbeing and social engagement with older adults.
[bookmark: _Hlk190410411]Methods and analysis: The  LEMONADE (An incLusivE coMmunity fOod model for health wellbeiNg and sociAl connectedness of olDer pEople) will use community-based participatory research and mixed-methods to co-produce and examine the feasibility and acceptability of a community-based intervention to improve the health and wellbeing of older adults aged ≥60 years. A pre-post study design will be used, and the primary outcome is the feasibility and acceptability of implementing the intervention. This will be assessed using participant recruitment and retention rates, the number of sessions delivered and completed by participants and the acceptability of intervention activities and evaluation methods. Secondary outcomes will include health-related quality of life measured using the EuroQol EQ-5D-5L, dietary intake using Myfood24, Physical Activity Scale for the Elderly (PASE) for physical activity, Social Engagement and Activities Questionnaire (SEAQ) for social engagement and the Age-Friendly Cities and Communities Questionnaire (AFCCQ) to measure ageing friendliness of the community. Objective measures will include blood pressure and body composition. Outcomes will be measured at baseline and at 12 weeks. 
Qualitative data collected using  Photovoice will provide insights into participants’ experiences of the intervention. Participants’ characteristics and measures of feasibility will be analysed using descriptive statistics. The effects of the intervention will be analysed using Parametric or non-parametric equivalent for continuous variables and chi-square statistics for categorical variables. Qualitative data will be analysed using both deductive and inductive thematic analysis.
Ethics and dissemination: Ethical approval has been obtained in line with the Bournemouth University Research Ethics Committee Code of Practice (Ethics ID: 51979). Informed consent will be obtained from participants prior to enrolment in the intervention. Study findings will be shared with a wide range of stakeholders, including participants, community organisations, policymakers and housing organisations through exhibitions, practice events and conferences.
Trial registration number: ISRCTN10147817 (https://doi.org/10.1186/ISRCTN10147817).
Strengths and limitations of this study
· [bookmark: _Hlk190409434]This is a novel study exploring a co-produced approach to co-creation and implementing a community-based intervention with older adults.
· It addresses issues with social isolation, poor quality of life and health in older adults living in an inner-city area.
· A mixed-methods approach will be used to document the impact and co-produce a practical toolkit for future implementation.
· The exclusion of older adults who lack capacity to consent or to participate limit the generalisability of this study.










INTRODUCTION
Life expectancy has significantly improved globally and in the UK, but with considerable inequality in health expectancy and for the majority of the population, increased life expectancy does not equate with healthy life years (1). Variations in deprivation, sex and ethnicity contribute to inequalities in health expectancy (1, 2) and older adults with limited economic and social resources are more likely to experience increased social isolation and loneliness with detrimental effects on their health and quality of life (3-6). 
Research demonstrates strong associations between socioeconomic inequalities, mortality and multimorbidity (7, 8). For example, based on the Office of National Statistics (ONS) data (9), the number of excess deaths associated with inequality compared to the least deprived decile increased over time (9). In a recent population-based study of 17,438 adults aged 50+ from the English Longitudinal Study of Ageing (ELSA), living in a deprived area or having low wealth was associated with frailty in middle-aged and older adults. 
This relationship was independent of the effects of individual demographic characteristics and health behaviours (10). Additionally, socioeconomic disadvantage has been associated with increased risks of developing multimorbidity in a longitudinal analysis of the Twenty-07 cohort (11). This emphasises the need to tackle the social determinants of health, including holistic health and social care, to address the rising burden of multimorbidity in disadvantaged populations.
Inner-cities and urban areas present a unique challenge for older adults in terms of social isolation and community living (12). For older adults living in sheltered or social housing settings in inner-city areas, the feelings of loneliness and loss of purpose may be further exacerbated (12). There is limited evidence on the impact of interventions that facilitate social engagement and network building in such areas. Relationships and ongoing active roles within the community are integral to self-worth, identity and provide security and comfort to older adults (13, 14). Therefore, creating long-term partnerships with the community can create meaningful engagement opportunities and help older people expand their social networks. 
As highlighted in recent policy publications by the Association of Public Health Directors (15), a whole system approach with a renewed focus on prevention across the life course has been suggested for supporting older adults to remain independent, healthy and to delay or prevent the onset of long-term conditions. The World Health Organisation (WHO) action plan for healthy ageing ‘United Nations Decade of Healthy Ageing’ (2021-2030) (16), recommends innovative and inclusive research that engages with older people, connecting stakeholders and building capacity are critical to achieving healthy ageing. 
This highlights the need for novel approaches that remove barriers, address inequities associated with ageing, empower older people to continue to be productive, participate, engage and be an integral part of communities leading to significant impacts on their health and wellbeing. Community-based interventions including communal gardening, social activities, cooking and meal sharing, have been proposed as pathways to address some of these challenges. They offer solutions for reducing loneliness, improve social connectedness and enhance engagement of older people and their communities, with the additional benefit of supporting healthy eating, leading to positive effects on health (17-20). Despite the beneficial effects, a limited number of studies have examined the feasibility and acceptability of these interventions and there is a paucity of data on objective measurable outcomes to show beneficial effects and impacts on older people’s health, wellbeing and social connectedness (21). 
[bookmark: _Hlk190409716]Furthermore, there is a lack of co-produced approaches to the implementation of these interventions, and very few have embedded the perspectives of older adults in the design or implementation. This underscores the need for interventions that are inclusive of all older adults, tailored to their needs to generate new evidence on interventions that suit their needs and aspirations for positive active ageing, shaping policy and practice. This study aims to co-produce and evaluate the feasibility and acceptability of a community-based intervention to improve nutrition, health, wellbeing and social engagement in older adults living in an inner-city area.
METHODS AND ANALYSIS
The LEMONADE (An incLusivE coMmunity fOod model for health wellbeiNg and sociAl connectedness of olDer pEople) project (https://www.bournemouth.ac.uk/research/projects/lemonade) is an intervention co-created with older adults in inner-city London to improve health, wellbeing, and social connectedness through the implementation of socially-inclusive activities around food. The study is designed as  interdisciplinary and mixed-method research using community-engaged research (CER) methods, specifically, participatory action research (PAR) (22, 23) and community-based participatory research (CBPR) methods (24). CER methods will enable fully collaborative partnerships with participants and the community, leading to higher participation rates whilst integrating research and practice as effective strategies for community engagement (25, 26). Based on the PAR cycle, proposed intervention and data collection methods will be co-developed with participants and adapted appropriately to suit the research context. The study design will incorporate guidance as outlined in the Medical Research Council (MRC) framework for developing and evaluating complex interventions (11) to facilitate genuine co-production with other stakeholders to design and conduct the research with diverse perspectives and appropriate methods.
Conceptual model and theory of change
A conceptual framework and theory of change model (Figure 1) co-produced with project advisory groups illustrates the underlying mechanisms, assumptions, outcomes and impact of the community-based intervention. Inputs and resources that will enable effective co-design and implementation include adequate funding, local knowledge and networks, volunteers, expertise in community development and engagement, transportation, trained staff, appropriate community space/facility and equipment or consumables. Mechanisms that would lead to change include building trust with older adults, clear communication using channels suitable to the needs of older adults, supportive accountability between participants and considerations for accessibility and functional capacity. A community focused approach, embedded researcher within the community, and establishing strong relationships with participants and community members will facilitate the identified change mechanisms.
Setting
The research will be set within a community facility and kitchen space located in an ultramodern, independent sheltered housing Almshouse, Appleby Blue Almshouse, in inner-city London. Both residents of the Almshouse and community members will be invited to participate.
Participants
 Older adults  will be recruited from the community using word of mouth, flyers, online posts, project website, social media, posters and through service providers for older adults. Participants will be eligible to take part if they meet the inclusion criteria. Inclusion criteria will be adults 60 years and older living in the catchment area of the community. Consistent with NIHR INCLUDE and MRC guidelines (27, 28) on inclusion of underserved communities in research, there will be no specific exclusion criteria applied and individuals who have capacity to consent and capacity to participate in activities will be allowed to do so.
The intervention
Intervention activities will focus on social activities, communal food growing and gardening activities, food preparation and cooking activities, meal sharing, enjoying and choosing a healthy diet, food-related craft activities and storytelling around food. Specific activities to be implemented within the model will be co-created with participants, tailored to suit the needs and functional capacity of the older adults and the community to ensure high participation rates, ownership and sustainability. Activities will be diverse, reflect differences in ethnicity, and culture, ensuring a range that will be of interest to people from different backgrounds. Activities, specifically the communal cooking and eating elements will be culturally-tailored to  incorporate foods from diverse cultures to ensure a sense of belonging. Activities will consist of four interconnected elements with food as the central theme. The elements will include education around health behaviours, cooking and meal sharing, gardening, growing & wellbeing and social activities. Table 1 outlines the key intervention elements and details of activities under each element. Activities will be delivered by trained professionals and experienced volunteers to ensure they meet the needs of participants. 

Table 1. Overview of the core elements and intervention activities
	Intervention element
	Activities

	Education & health
	· A healthier you in the new year
· Strength and balance and nutrition
· Relaxation techniques
· Protection against scamming
· Brain & heart health session & health check
· Diabetes/foot health
· Food labels & shopping for one
· Self-care & spa day

	Cooking & meal sharing
	· Stews from around the world
· Herbs around the world & their health benefits
· Easter lunch
· Fish dishes from around the world
· Afternoon tea
· Curries from around the world
· Healthy smoothies and juices
· Cheese, nibbles & music from the 70s & 60s
· Spices from around the world cooking session
· Favourite desserts from around the world
· Lunch at bus garage
· Winter immunity, juices and hot drinks
· Jollof rice cooking session

	Gardening, growing and wellbeing
	· Making food collage
· Easter decorations
· Chelsea Physic Garden
· Winter gardening - terrarium, Christmas scents and candles
· Botanical experience

	Social engagement activities
	· Trip to the cinema
· Trip to Borough market
· Visit to local biscuit factory
· Trip to the seaside
· Quiz & Board games
· Trip to the theatre
· Boat trip



Data collection
Consistent with CER methodology, a mixed-methods approach will enable the measurements of the primary and secondary outcomes and will provide unique insights into the contexts and experiences of participants. This will include collecting both qualitative and quantitative data. The quantitative assessments will enable objective measurements of outcomes resulting from the intervention and qualitative assessments will provide additional insights into feasibility, acceptability, and how participants overall experience the project.  Key learning that facilitated success of the project will be documented. 
Quantitative methods
Using a one-group pre-post study design, quantitative data will be collected before and after the intervention to examine effects on health, wellbeing and social engagement. This will include validated questionnaires and objective measures of health outcomes including blood pressure, weight, body mass index (BMI) and diet quality. Participants will be followed up over time and data will be collected at two time points T0 (at baseline) and T1 (at 12 weeks), to map participants’ journey. At baseline (T0), the intervention will be explained to the potential participant, and consent will be obtained. This will be followed by administration of baseline questionnaires and measurement of baseline health metrics and dietary intake. Questionnaires will be piloted to ensure comprehension, clarity of questions and coherence with appropriate modifications made prior to data collection. A standard operating procedure for data collection will be used to ensure accuracy and adherence to international standards for assessing body composition, anthropometry and blood pressure.
Sampling strategy and sample size
Purposive sampling will be used to recruit participants for the research. As a feasibility study, formal sample size calculation may not be appropriate however, based on published literature (29), the median sample size per arm for feasibility studies with dichotomous endpoints was 36 (range 10 to 300). This will be consistent with other feasibility studies conducted in older adults (30).	
Compliance, loss to follow up
 To maximise participation, activities will be co-designed with participants to suit their needs and time pressures. Withdrawals and reasons for exiting the research will be documented.
Demographic data
Data on demographic characteristics including age, sex, level of education, income, ethnicity and marital status, will be collected using questionnaires.
Primary outcomes
The primary outcomes of the study will include the following: 
· Recruitment, participation and retention rates: Data will be collected on attendance and participation, rates of recruitment at baseline and retention at final follow-up.
· [bookmark: _Hlk185745392]Acceptability (e.g., content and delivery) and appropriateness of intervention activities: This data will be collected as part of Photovoice interviews, focus group discussions and qualitative feedback from participants.
· Acceptability and engagement with evaluation measures and procedures: This data will be collected as part of Photovoice interviews, focus group discussions and qualitative feedback from participants.
· Resource and cost requirements to co-produce and deliver intervention: A post-activity evaluation form will be used to collect data on resource requirements to deliver each session including number of staff, cost of consumables, resource requirements and participants’ feedback on the session.
Secondary outcomes
Secondary outcomes focused on nutrition, health, quality of life and social engagement will include the following:
Dietary intake and diet quality: Data on dietary intake will be collected using myfood24 an innovative online dietary assessment tool (31, 32). This is a web-based platform that provides a comprehensive food diary and offers distinct advantages compared to traditional paper-based methods. It consists of a unique food composition database and includes approximately 62,000 products including specific items more commonly consumed by minority ethnic groups, branded items from supermarkets, coffee shops, restaurant chains and fast-food outlets. It provides a vast database of pre-loaded food items (31, 32) and users can search for specific foods, select portion sizes, and add custom recipes. Myfood24 has been validated against a series of independent nutrient biomarkers, has shown to be effective, cost-saving (33) and validated for use in older adults (34). Based on the logged food entries, the platform automatically calculates the macro and micronutrient composition of the user’s diet.
Health-related quality of life: This will be assessed using the five-level EuroQol EQ-5D-5L questionnaire (35). The EQ-5D-5L consists of a short descriptive system questionnaire and a visual analogue scale (EQ VAS) and provides a simple descriptive profile of a respondent’s health state (35). The descriptive system comprises five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has 5 levels: no problems, slight problems, moderate problems, severe problems and extreme problems. The EQ VAS records the participant’s self-rated health on a vertical visual analogue scale where the endpoints are labelled ‘The best health you can imagine’ and ‘The worst health you can imagine’. The VAS can be used as a quantitative measure of health outcome that reflects the patient’s own judgement. The instrument is one of the most widely used globally for measuring health status and has been proven to be valid, reliable, sensitive (36, 37). It has been shown to be suitable for use in older adults (38, 39) with high acceptability owing to ease-of-use and items in the EQ-5D-5L corresponding to the reality of their daily life.
Physical activity: Physical activity will be measured using The Physical Activity Scale for the Elderly (PASE). The PASE is an easily administered and scored instrument that measures the level of physical activity in older adults (40). This questionnaire comprises of self-reported occupational, household and leisure items over a one-week period and can be administered by telephone, mail or in-person. It has been validated as a measure of physical activity suitable for use in assessing physical activity, health, and physical function in older adults (40-42).
Social engagement: Social engagement will be measured using the Social Engagement and Activities Questionnaire (SEAQ) which is a 10-item measure that covers a range of social-group activities, interpersonal interaction activities with family and friends, and solitary activities while taking account of physical and functional health limitations (43). The 10 items, with follow-up open-ended questions are intended to identify the type of activities that older adults engage in.
Health and wellbeing: Self-reported health status will be assessed using 5-item Likert scale consisting of questions asking participants to rate their general health, physical health over the past 30 days and health compared to other people of the same age.
[bookmark: _Hlk184281720]Age-friendliness of the community: This will be assessed using the Age-Friendly Cities and Communities Questionnaire (AFCCQ) validated, psychometrically sound comprehensive 23-item questionnaire (44). This questionnaire is appropriate for measuring older adults’ experiences regarding the eight domains of the WHO Age-Friendly Cities model, and an additional financial domain. The AFCCQ allows practitioners and researchers to capture the age-friendliness of a city or community in a numerical fashion and enables monitoring of community age-friendliness and the potential impact of policies or social programmes.
Body composition and blood pressure: Health measurements, including body composition and blood pressure, will be measured. Body composition measures (weight, body fat percentage, BMI, visceral fat, skeletal muscle and resting metabolic rate) will be measured using the TANITA BC-401 (TANITA Europe) body composition monitor, a clinically validated device using Bio-electric Impedance Analysis (BIA) Technology to assess body composition (45-48). Body composition will be measured according to standard operating procedure with minimal clothing and without shoes. Height will be measured using a stadiometer (Model number: Seca 213, Seca UK) according to standard procedure for measuring height to the nearest 0.1 cm.
Qualitative data
[bookmark: _Hlk63074002]Qualitative data will be obtained from participants using Photovoice. Photovoice is a community-based participatory research (CBPR) technique which enables participants to identify, represent, and enhance their community through photographs and narratives (49). It provides an alternative to traditional qualitative methods and is suited for use with populations who have been disenfranchised by traditional research methods (50-52). As a methodology, it has been used extensively in research to explore wellbeing and enabled participants to identify activities and places that enhanced their wellbeing (53). Photovoice has been used to study a wide range of topics in older adults, ranging from health issues and the impact of the environment on health and wellbeing (53, 54). Using photovoice is empowering, facilitates interaction, reflection and connection with participants and enables researchers to capture lived experiences and perceptions of older adults (55). The method has been shown to act as a catalyst, bringing impacts ranging from an increased sense of accomplishment to a deeper understanding of the reality of participants’ daily lives (50). Using participatory visual methods will enable the participants to be creators of their own stories. 
Participants will be able to exercise control over the presentation of themselves and using visual images such as photographs can empower participants to recognise their autonomy (50, 51). Within the LEMONADE project, a subset of 15 participants purposively sampled will be encouraged to take up to 7 images documenting their experiences of the project using a pre-specified brief. These photos will be further discussed in a semi-structured interview to obtain insights into participants’ experience of the intervention and the impact on their health, wellbeing and social engagement. All interviews will be recorded on a digital Dictaphone for the purpose of transcription.
Data analysis
Statistical analysis of quantitative data will be conducted using Statistical Package for Social Sciences (SPSS) IBM statistics (version 29.0.2, SPSS UK Ltd Chertsey, UK). The normality of continuous variables will be checked using QQ-plots and the Shapiro-Wilk test. All tests will be carried out at the 95% confidence interval and in all analyses with a threshold of p < 0.05 considered statistically significant. Chi-square tests for independence will be used for comparing categorical variables such as sex, ethnicity and marital status. 
Means and standard deviations will be computed for continuous variables including age, blood pressure, BMI and other body composition measures. Paired t-tests and repeated measures analysis will be used to examine the effect of the intervention on secondary outcomes including physical activity, social activity, health-related quality of life, blood pressure and body composition of participants over time. Correlations and regressions or non-parametric equivalents, as appropriate, will be used to examine the relationships between continuous variables. The analysis will be conducted using intention-to-treat principles and for completers only. Participants’ baseline characteristics will be presented descriptively in tables using appropriate summary statistics, with categorical variables reported as frequencies and percentages and continuous variables using means, medians, standard deviation (SD) and ranges.
Qualitative data, including photos and transcripts of semi-quantitative interviews from Photovoice study, will be analysed using NVivo Pro 12.5 (QSR International, 2020), which permits the coding of photos as well as text. Interviews will be audio recorded with the participants’ consent and transcribed. Thematic analysis (56, 57) analyses using both deductive and inductive approaches (58, 59) will be conducted to test initial theories while allowing for the emergence of new themes, and will include stages of familiarisation, coding, indexing and charting, mapping and interpretation. The deductive analysis will enable to test whether data are consistent with prior assumptions on intervention outcomes while the inductive approach will allow research findings to emerge from the frequent, dominant, or significant themes inherent in the raw data.
 
Patient and Public Involvement Statement
Involvement and engagement of stakeholders within the community are integral to the co-production community-based interventions. This study has embedded patient and public involvement in key aspects of the research to ensure a central role of participants and public contributors. By nature of design, the study will be embedded within the community to facilitate the participation of as many different groups as possible across ethnicity, age and gender. We will also apply minimal inclusion and exclusion criteria, reflecting the real-world scenario and all older adults who have the capacity to consent will be allowed to participate in the research. 
Project advisory groups: The project’s Community Engagement Group (CEG) and Food Research Advisory Group (FRAG) will include older people and members of the community from diverse backgrounds. This will ensure that the project is inclusive, a true reflection of the community of Bermondsey and it will also facilitate ownership of the project. The knowledge and network of members of the CEG and FRAG will inform the co-creation of the intervention elements, implementation and dissemination.
EDI training for the research team: The project team will receive training on equitable ways of working with older adults from diverse backgrounds and underserved communities, inclusive language, unconscious bias and intersectionality. This will ensure that the team are well equipped with knowledge and skills to embed EDI within their roles in the project.
Promotional and recruitment materials: All promotional and recruitment materials will be designed to be inclusive, in accessible formats and representative of the diverse backgrounds of our target participants and in accessible formats to ensure that we attract participants from diverse backgrounds into the project. Recruitment for the study using word of mouth, community champions and gatekeepers and the snowballing approach will ensure access to a wider pool of participants from diverse backgrounds.
Public engagement events and photo exhibition: Two end of project public engagement activities co-produced with and for older adults, key stakeholders and the wider community will showcase outputs including digital stories, a recipe book, photobooks, exhibitions and presentations from participants to share their unique experiences of the project.
Ethics and dissemination:
Ethical approval has been obtained in line with the Bournemouth University Research Ethics Committee Code of Practice (Ethics ID: 51979). Informed consent will be obtained from participants prior to enrolment in the intervention. Participants who respond to the study invitation will receive a participant information sheet with detailed information about the project, the nature and objectives of the study and possible risks associated with their participation and will be required to sign a consent form before participating in activities. All data collected for this project will be anonymised, and no identifying characteristics of respondents will appear in final manuscripts, reports and publications. We have considered the ethical implications for residents of Appleby Blue who may not be interested in participating in the research. To ensure inclusivity, participants will be welcome to attend activities even if they do not wish to be involved in the evaluation and data collection. Consistent with community-engaged research methods employed in this study, the outcomes from the research will be disseminated through academic publications, public engagement events, a final project report and both academic and practice conference presentations. Additionally, outputs including recipe and photobooks will be co-produced with participants, and a public project exhibition will be held to showcase the outputs from the project. 

DISCUSSION
[bookmark: _Hlk188959895]This study will provide new knowledge on the feasibility and acceptability of a co-produced community-based intervention with food as a focus to improve nutrition, health, wellbeing and social connectedness of older people living in an inner-city area. The study will use a combination of CBPR methods, collecting both qualitative and quantitative data to determine the feasibility and acceptability of the intervention. While there have been few studies (60) reporting benefits of community-based interventions  including lunch and social clubs, meals on wheels on the health of older adults, evidence of feasibility and effectiveness has been inconclusive (61). There is still a lack of data on objective measures of health outcomes and a range of barriers and facilitators which require consideration in future research. Therefore, the findings from this research will provide novel data on feasibility as well as the effects of the intervention on objective and subjective health outcomes in older adults. 
The findings and new learning will provide an example of best practice and a template for co-producing and implementing inclusive community-based food initiatives that improve nutrition, health, wellbeing and quality of life of older adults, particularly those living in socially and economically deprived circumstances. While the research is set within an older people’s social housing facility, we anticipate that the findings around feasibility and acceptability will be scalable and transferrable to other urban settings with limited resources and infrastructure. New learning on scaling up and implementation will be informed through identifying and elucidating the contexts of the research, interactions between different elements of the intervention, intervention resources, participants' responses to the intervention and how this leads to outcomes. 
Strengths of this protocol include the use of  multidisciplinary, community-engaged and mixed-methods to co-produce and examine the feasibility and acceptability of the intervention tailored to the needs of older adults. The inclusion of both objective and subjective methods will ensure robust data demonstrating the effects of the intervention. The pre-post evaluation method chosen will also minimise the effect of interindividual variation on outcomes.
[bookmark: _Hlk190411103]In conclusion, this research is very timely and responds to several national and global initiatives including the WHO global strategy on ageing, recommendations from the UK Older People’s Housing Taskforce and the UK Chief Medical Officer’s report 2023 which all highlight the importance and benefits of co-produced interventions set within the community on older adults’ health, particularly around fostering a sense of community and reducing loneliness. The findings will highlight the need for support within the community with a focus on prevention and will inform future research to improve quality of life and independence in older age. 
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