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Abstract 

Background  Older adults are the fastest-growing and most sedentary group in society. With sedentary behav-
iour associated with negative health outcomes, reducing sedentary time may improve overall well-being. Adults 
aged ≥ 75 years are underrepresented in sedentary behaviour research, and tailored strategies to reduce sedentary 
time may be warranted. The development of an intervention to reduce sedentary behaviour in adults aged ≥ 75 years 
using co-production and behaviour change theory is reported.

Methods  Four co-production workshops with community-dwelling older adults aged ≥ 75 years were held 
between October-December 2022. The intervention development process was informed by the Behaviour Change 
Wheel (BCW) and Theoretical Domains Framework (TDF). Audio recordings and workshop notes were iteratively ana-
lysed, with findings used to inform subsequent workshops.

Results  The co-production group consisted of six community-dwelling older adults aged ≥ 75 years and two 
researchers. The developed intervention consists of four components (activity monitoring, educational material, 
group sessions and researcher follow-up), maps to 24 behaviour change techniques and targets barriers to reducing 
sedentary time. Participants were receptive of the co-production process.

Conclusions  Integrating co-production with the BCW can provide several benefits, with the BCW providing structure 
to the intervention development process, and co-production increasing the likelihood of the developed interven-
tion being viewed as feasible by older adults. Furthermore, coding intervention components to the BCW may further 
our understanding of what approaches are successful at influencing behavioural change. Transparent reporting 
of the intervention development process may benefit researchers developing interventions with older adults. Future 
research will pilot the co-produced intervention.
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Introduction
Sedentary behaviour is described as any waking behav-
iour characterised by an energy expenditure ≤ 1.5 METs 
while seated or reclined [1]. Common sedentary behav-
iours performed by older adults include watching tel-
evision, reading, doing puzzles, and knitting [2–4]. Older 
adults are the fastest-growing segment of the world 
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population; and with approximately 67% of older adults 
spending over 8.5 h per day sedentary [5], they are also 
the most sedentary group in society [6, 7]. From a 24-h 
activity cycle perspective [8], it is important to address 
prolonged sedentary behaviour as older adults can spend 
65–80% of their waking day being sedentary [9]. Sed-
entary behaviour in older adults is associated with sev-
eral deleterious outcomes, including hypertension [10], 
hyperglycaemia [11] and obesity [12]. Additionally, sed-
entary behaviour can reduce social opportunities, roles 
and relationships and contribute to poorer cognitive 
function [13]. The physical and social burden of seden-
tary behaviour in older adults in the United Kingdom 
accounts will account for £120 million annually by 2030 
[14]. The importance of reducing sedentary behaviour in 
older adults has been highlighted by the World Health 
Organisation [15].

The population of adults aged ≥ 75 years is considerably 
underrepresented in sedentary behaviour research, with 
previous reviews by Chastin et al.[16] and Ramalho et al.
[17] only including one randomised controlled trial, and 
five qualitative studies conducted in community-dwelling 
adults aged above 75  years, respectively. As such, our 
understanding of sedentary behaviour, and the effective-
ness of sedentary behaviour interventions in this popula-
tion have been disproportionally informed by a younger 
subset of older adults.

As individuals age their care needs typically increase, 
with an Age UK briefing reporting that the percentage 
of people experiencing difficulty with activities of daily 
living (ADLs) increases from 15% in those aged 65–69 
to 1-in-3 people requiring some level of care and sup-
port by age 85 [18]. The importance of social engagement 
to improve physical and mental wellbeing and promote 
healthy ageing has been highlighted in a review by Dogra 
et al.[19]. Social isolation and reduced social support net-
works are significantly associated with ageing and have 
been shown to predispose to increased sedentary time 
[20]. Such barriers may require tailored strategies to tar-
get reducing sedentary behaviour. However, reducing 
sedentary time in this age group can be challenging due 
to increased frailty [21], balance impairments [22] and 
cognitive decline [23, 24]. With the population of older 
adults aged ≥ 75  years expected to double by 2039 [25], 
developing effective interventions that account for their 
diverse levels of sedentary behaviour, attitudes, and care 
requirements [18, 26] is crucial.

The Medical Research Council (MRC) highlights 
the importance of combining evidence, theory, and 
stakeholder involvement for developing and evaluat-
ing interventions [27]. O’Cathain et  al.[28] outline 
eight approaches to intervention development includ-
ing 1) Partnership, 2) Target-population centred, 3) 

Evidence and theory-based, 4) Implementation-based, 
5) Efficiency-based 6) Stepped or phased approaches 7) 
Intervention-specific, and 8) Combination approaches. 
Frameworks, such as the Theoretical Domains Frame-
work (TDF), COM-B model, and Behavioural Change 
Wheel (BCW), provide structured approaches for 
designing interventions. The TDF highlights cognitive, 
social, and environmental influences on behaviour [29, 
30], while the COM-B emphasises capability, opportu-
nity and motivation as key behavioural determinants 
[31]. The BCW incorporates these frameworks to analyse 
and guide intervention development through the use of 
intervention functions, policy categories, and behav-
iour change techniques (BCTs) [32]. The BCW requires 
involving the target population in the intervention devel-
opment process, and may be particularly suitable for 
older adults as it allows interventions to meet their spe-
cific needs, preferences and capabilities [33]. Although 
MRC guidance advocates combining stakeholder input 
and theory when developing complex interventions, it 
lacks specificity on how this might be done in practical 
contexts [27]. Partnership approaches ensure collabora-
tion and shared decision-making between researchers 
and end-users and increase the likelihood that developed 
solutions are acceptable and feasible [34–37].

There is a lack of interventions targeting sedentary 
behaviour reduction in older adults that integrate part-
nership and theory- and evidence-based approaches dur-
ing development. The Frail-LESS intervention by Bailey 
et al.[38], aimed at reducing sedentary behaviour in older 
adults with sarcopenia and frailty was developed using 
the BCW. Similarly, Leask et al.[36] co-created an inter-
vention to reduce sedentary behaviour. Combination 
approaches recognise the difficulty of facilitating behav-
iour change and can assist the integration of evidence 
and theory into participatory action research designs 
[33]. This study aimed to co-produce an intervention 
to reduce sedentary behaviour in community-dwelling 
older adults aged ≥ 75  years, guided by the BCW. The 
objectives were as follows:

	 i.	 To conduct co-production workshops with stake-
holders to design an intervention to reduce sed-
entary behaviour in older adults, informed by the 
BCW and findings from a previous mixed-method 
review.

	 ii.	 To develop a logic model outlining key intervention 
elements including mechanisms of action, media-
tors, and expected outcomes.

	iii.	 To develop intervention materials that incorpo-
rate behaviour change strategies to reduce seden-
tary behaviour in community-dwelling older adults 
aged ≥ 75 years.
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Methods
With reference to the methodology described by Hall 
et  al. [39], we conducted four semi-structured focus 
groups between October and December 2022 at the 
Bradford Institute for Health Research with adults 
aged ≥ 75 years to co-produce an intervention to reduce 
sedentary behaviour [40]. The co-production process, 
grounded in the BCW, is particularly suited for the target 
population, as it can enhance the feasibility of the devel-
oped intervention, with the BCW providing a structured 
framework to identify key intervention components, 
mechanisms of action and BCTs [41]. Focus groups are 
recommended to help mitigate potential power differ-
ences between participants and researchers, which is 
vital for shared decision-making necessary for co-pro-
duction [42]. The first two focus groups provide a qualita-
tive profile of sedentary behaviour that will be reported 
elsewhere [43]. Ethical approval was obtained from the 
University of Leeds School of Medicine Research Ethics 
Committee (project number MREC-21–052).

Recruitment
Participants were recruited from the Community Age-
ing Research 75 + Study (CARE75 +) cohort. The 
CARE75 + cohort is a longitudinal cohort study of com-
munity-dwelling older adults. The cohort consists of over 
1000 older adults aged 75 or above, of which participants 
optionally consent to be contacted about future research. 
The CARE75 + study is led by the Academic Unit for Age-
ing and Stroke Research (ASR), University of Leeds, based 
at the BIHR, Bradford Teaching Hospitals NHS Founda-
tion Trust. CARE75 + is funded by the National Institute 
for Health and Care Research, Yorkshire and Humber 
Applied Research Collaborations NIHR200166 [44, 45].

The recruitment process was conducted over a three-
week period. The lead author (RT) collaborated with the 
CARE75 + cohort manager to identify eligible partici-
pants. Potential participants were purposively sampled to 
ensure a diverse range of sedentary time, frailty, and liv-
ing arrangements were recruited. Identified participants 
were sent an advertisement and a participant informa-
tion sheet. Following seven days, they were contacted by 
phone, provided with additional details about the study, 
and were able to ask questions. Those who expressed 
interest in participating provided verbal consent over the 
telephone, with written informed consent obtained at the 
start of the first group meeting. Demographic data infor-
mation was collected from participants, with frailty clas-
sification, measured by the Electronic Frailty Index (eFI) 
obtained from the CARE75 + cohort, and sedentary time 
assessed through the Measure of Older Adults’ Sedentary 
Time (MOST) questionnaire at study onset [46]. Experts 

recommend focus groups of 4–12 participants, ideally 
5–10, to encourage discussion without inhibiting input 
[47, 48]. Over-recruitment is advised to offset cancella-
tions [47]. Thus, we aimed to recruit 5–7 older adults.

Eligibility criteria
The inclusion criteria were as follows:

•	 Aged 75 or older
•	 Residing in the community (not in residential or 

nursing homes)
•	 Located within a reasonable distance of the Bradford 

Institute for Health Research
•	 Able to stand and walk without assistance
•	 Willing and able to give written informed consent 

and proficient in English
•	 Classified as having mild (0.13–0.24), moderate (0.25–

0.36) or severe frailty (> 0.36) according to the eFI.
•	 Available to attend at least three of four scheduled 

group sessions

Principles of co‑production
The workshops presented were informed by the princi-
ples of co-production, a collaborative process where key 
stakeholders share authority to design and implement 
interventions relevant to the target population [37, 49]. 
This process involves jointly setting the research agenda, 
devising and executing the research methodology, and 
analysing, communicating, and applying the research 
outcomes [50]. This approach followed the framework by 
Hawkins et al. [51], which included three stages:

1)	 Evidence Review and Stakeholder Consultation: 
This involves gathering a wide range of perspectives 
on the target behaviour. These perspectives were 
gained from a mixed-method review [52].

2)	 Co-production: The co-production group, com-
prising researchers and older adults, iteratively co-
developed the intervention materials through a series 
of structured workshops. Each session built on the 
previous one, incorporating participant feedback to 
refine the intervention components. For example, 
sedentary activities identified in earlier workshops 
shaped the development of prompts to reduce seden-
tary time in the educational booklet.

3)	 Prototyping: Throughout the co-production pro-
cess, group members tested the various intervention 
components and provided preliminary insights to 
refine the intervention components. The acceptabil-
ity of the developed intervention was also explored 
through a feasibility study [53].
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Workshop format
The workshops followed an iterative structure, adapting 
to participant discussions while maintaining alignment 
with the BCW [51]. Between three to six semi-structured 
focus groups can sufficiently capture 90% of themes in 
homogenous study populations [54]. Each two-hour ses-
sion included three main components:

1)	 Introduction and information sharing: Essential 
information relevant to the current session and an 
overview of previous sessions were provided during 
the meetings’ first 15–20 min.

2)	 Workshop activities: The group was divided into 
smaller subgroups to complete one to two 30–40 min 
workshop activities that aligned the BCW stages 
(Table  1). Technical language was minimised for 
accessibility, using terms like ‘solutions’ or ‘problems’ 
instead of ‘intervention components’ and ‘behav-
ioural diagnosis’.

3)	 Evaluating the workshops: At the end, subgroups 
reconvened to reflect on and evaluate the workshops. 
Feedback was used to enhance participant experience 
in future workshops. Additional evaluations included 
researcher reflections and evaluation forms. Partici-
pants evaluated the co-production process against the 
following Co:Create Co-production matrix domains 
[55]: holistic, resourced, transparent, inclusive, itera-
tive, positive, equal, and sustainable (Supplemental).

Data collection and analysis
Qualitative data were collected through a combination of 
audio recordings, worksheets, and field notes. The pro-
cess of data collection and analysis was iterative, with 
collected data analysed and used to inform the content 
of later workshops. For example, in the first workshop, 
participants identified activities they performed while 
sitting, which shaped the discussion in the second work-
shop, where barriers and facilitators to reducing these 
behaviours were explored. These identified barriers then 
guided the third workshop, where participants developed 
strategies to address them. In the final workshop, partici-
pants provided feedback on the prototype intervention to 
ensure it aligned with their perspectives. This included 
deciding the content and frequency of some components 
(educational material, group sessions and follow-up 
phone calls), and the preferred mode of other compo-
nents. (smartwatch vs self-monitoring).

All workshops were audio-recorded and transcribed 
verbatim by the lead author (RT). Audio recordings 
were used to accurately capture the content of the dis-
cussion, and inform the thematic analysis. Worksheets 
provided an additional layer of data, capturing points 

not explicitly verbalised by participants, for example, 
activities performed in sitting that were not read aloud. 
A co-facilitator (SK/SAH) took detailed field notes dur-
ing each workshop, which were cross-referenced with the 
transcripts and the worksheets. To ensure the accuracy of 
the field notes, a verbal summary of the main discussions 
was presented at the end of each workshop, allowing par-
ticipants to verify and clarify key points. Field notes also 
helped guide the data analysis as they highlighted key dis-
cussions and their timestamps. Following each session, 
the lead author and co-facilitator debriefed to discuss the 
key takeaways from the session. Summaries of the previ-
ous workshops were shared at subsequent workshops to 
ensure continuity and validate findings, and resolve any 
discrepancies between data sources.

All data from the workshops were coded using NVivo 
11 by the lead author (R.T.), with regular input from other 
members of the research team. An inductive and deduc-
tive thematic analysis was conducted using NVivo guided 
by the methodology described by Braun and Clarke [56]. 
The inductive analysis explored the participants’ experi-
ences with sedentary behaviour and will be reported else-
where [43], whereas the deductive analysis was used to 
chart data according to predefined themes as part of the 
BCW framework.

Research team and reflexivity
The lead author, a male researcher of Egyptian Irish 
descent with a background in Physiotherapy, has signifi-
cant experience in qualitative research. He received spe-
cialised training in qualitative and participatory research 
methods and facilitated the co-production work. The 
research team also included four supervisors, from 
diverse academic backgrounds, with extensive research 
experience with older adults, intervention develop-
ment, health psychology and behaviour change. The 
author group is gender balanced and consisted of jun-
ior and senior researchers from various disciplines, with 
some members belonging to marginalised groups. There 
were no prior relationships between any member of the 
research team and the focus group participants before 
the study began. Participants were informed that this 
study was part of the lead authors’ doctoral research, and 
the findings would contribute to the development of an 
intervention to reduce sedentary behaviour among com-
munity-dwelling older adults.

Results
Participant characteristics
The co-production group consisted of six older adults 
and two researchers (RT and SAH/SK). A total of 23 older 
adults met the eligibility criteria. The most frequently 
cited reasons for refusing to participate included a lack 
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of interest (n = 9), other commitments (n = 5), and trans-
port difficulties (n = 4). The demographic characteristics 
of the recruited group members are provided in Table 2. 
Participants had an average age of 83, five members were 
male (80%), and participants’ sedentary time ranged from 
4 to 13 h per day.

Workshop attendance, and evaluation
One member could not attend the final workshop due 
to illness, and the remaining participants attended every 
session. No participants withdrew from the study. Mem-
bers of the group evaluated the degree to which the co-
production process against the Co:Create Co-production 
Matrix. Responses ranged from ‘agree’ to ‘strongly agree’ 
for each domain, and the most well-received domains 
were ‘Transparent’, ‘Iterative’ and ‘Equality’. Positive feed-
back from participants included exerts such as “The pro-
cess couldn’t have been made easier” | P1-83F.

Intervention development guided by the behaviour 
change wheel
All aspects of the intervention development process were 
performed collaboratively, but a deductive thematic analy-
sis was performed with qualitative data being classified 
according to pre-defined categories, theories or techniques 
as part of the BCW process for each workshop (Table 1).

BCW Stage 1: Understanding of the behaviour
To understand a behaviour, it is necessary to define it in 
behavioural terms by identifying the target population 
engaged in the behaviour and the behaviour itself [57]. 
Following this, one must identify the behaviour(s) that 
need to be addressed to solve the problem, the locations 
where the behaviour is carried out, and the population 
involved [57]. This stage of the BCW was informed by a 
preceding mixed-method review. A behavioural diagno-
sis was also undertaken in the second workshop.

Step 1: Define the behaviour in behavioural terms
This study defined the problem as reducing prolonged 
sedentary behaviour in community-dwelling older adults. 
The study focus was conveyed to participants during 
recruitment and reiterated during the first workshop.

Step 2: Selecting the target behaviour
This step involves creating comprehensive lists of all 
other behaviours that could impact the target behav-
ioural issue. This can be systematically minimised by 
evaluating the potential influence of each of these behav-
iours. For this research project, behaviours such as physi-
cal inactivity, sedentary behaviour, and sitting time were 
considered.

Step 3: Specifying the target behaviour
Once a target behaviour is chosen, it must be clearly 
defined with a detailed description of the behaviour and 
identification. The co-production group chose their pre-
ferred terminology during the first workshop (i.e. reduce 
time spent sitting and lying down). The target behav-
iour was further specified as reducing excessive seden-
tary behaviour in community-dwelling older adults. The 
behaviour is specified according to the criteria described 
by the BCW in Table 3.

Step 4: Identify what needs to change
The last step of Stage 1 involves identifying necessary 
changes in the individual and/or surroundings to achieve 
the desired behavioural change. Intervention developers 
should conduct a behavioural analysis to identify nec-
essary changes by understanding the target behaviour 
within its context. A ‘behavioural diagnosis’ was under-
taken in the second workshop, identifying barriers and 
facilitators to reducing sedentary behaviour. Barriers and 
facilitators were generated by the group members and 
supplemented with findings from an earlier review.

Table 2  Characteristics of Recruited Participants

Participants Gender Age Falls within last 
12 months

Sedentary 
hours
(weekday)

Sedentary hours 
(weekend)

Frailty Classification Ethnicity

1 F 83 2 4 6 Mild White British

2 M 84 2 8 8 Severe White British

3 M 82 2 9 10 Moderate White British

4 M 82 2 10 10 Severe White British

5 M 84 2 13 13 Moderate White British

6 M 83 2 13 13 Mild White British

Average 83 2 9.5 10

SD 0.89 0 3.4 2.8
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BCW Stage 2: Identify intervention options
The COM-B and TDF analyses of the target behaviour 
were used to identify relevant intervention functions 
and the policy categories to support their delivery, which 
were then graded using the APEASE criteria as recom-
mended by the BCW process.

Step 5: Identify intervention functions
The COM-B model determines the necessary changes 
to achieve a desired behaviour and what should be tar-
geted in an intervention. The BCW identifies interven-
tion functions and supporting policies that are likely 
to be effective in causing change. Specific intervention 
functions are likely to be effective in bringing about the 
desired change in the target behaviour for each identified 
COM-B component. The intervention components iden-
tified from the final co-production workshop were coded 
to seven intervention functions as outlined by the BCW 
(Table  4). They were as follows: education, enablement, 
environmental restructuring, incentivisation, modelling, 
persuasion, and training.

Step 6: Identify policy categories
Group members decided that intervention would be 
delivered at an individual level and no relevant policy cat-
egories were identified. However, the intervention will be 
piloted, and relevant policies may be identified from par-
ticipant feedback.

BCW Stage 3: Identify content and implementation options
After determining the policy categories and interven-
tion functions, the subsequent phase entails identifying 
particular behaviour change techniques and the mode/s 
of delivery that are most practically viable within the 
local context.

Step 7: Identify Behaviour change techniques
Intervention components were coded to the most 
appropriate BCT(s). For example, the education inter-
vention function was deemed most appropriate to 
address barriers relating to the ‘knowledge’ domain 
and ‘psychological capability’ component of the TDF 
and COM-B, respectively, and ‘information about 
health consequences’ and ‘information about social and 
environmental consequences’ were deemed the most 
appropriate BCTs. A total of 23 BCTs were identified 
(Table 3).

Step 8: Identify delivery modalities
Delivery modalities were discussed during the third 
workshop and refined in the final workshop. Except for 
group-based sessions, the remaining intervention com-
ponents would be delivered at an individual level and not 
require face-to-face contact.

Habit Formation and intervention duration
As recommended by Lally and Gardner’s habit-forma-
tion framework [58], the provisional intervention was 
designed to: i) Increase motivation to translate the inten-
tion of replacing sedentary behaviour into light-intensity 
physical activity; ii) Support the development of automa-
ticity of reducing sedentary behaviour. iii) Promote con-
tinued repetition of the desired behaviour in the presence 
of the same contextual cues. Furthermore, with automa-
ticity reported to plateau after 66  days, an intervention 
length of nine weeks was chosen to support ingraining 
this behaviour change [59].

Co‑produced intervention
The four intervention components were charted to the 
BCW and TDF in Table 4 and described below. A logic 
model of the intervention was developed (Fig. 1).

Table 3  Specification of Behaviour according to the Behaviour Change Wheel

Considerations Specification of Target Behaviour

1 Who is responsible for performing it? Community-dwelling older adults

2 What adjustments are necessary 
to attain the desired change?

Several intervention components (including goal setting, planning, feedback and monitoring, social 
support, education, instruction on how to perform behaviour, prompting, and receiving information 
from credible sources) were positively received by older adults

3 At what time will they execute it During waking hours

4 In what location will they perform it? The behaviour will be targeted in the home, during voluntary work, during transport, and during leisure 
time

5 How frequently will they engage in it? Daily

6 With whom will they collaborate? Social support and information from credible sources are valued. Collaboration with other older adults, 
friends, family or healthcare professionals/carers considered
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Activity Monitoring: Members felt that monitor-
ing their sedentary behaviour was important to increase 
their awareness of their sedentary time. Some mem-
bers preferred smartwatches to monitor their sedentary 
behaviour, which can measure sedentary time and notify 
them of prolonged sedentary bouts. Others valued self-
monitoring through diaries, which they commonly use in 
daily life. As such, both measures were incorporated in 
the intervention.

Educational Material: Members requested educa-
tional material to help them interrupt their sedentary 
behaviour. The desired content included defining seden-
tary behaviour, health consequences, health benefits of 
reducing sedentary time, and practical advice on reduc-
ing sedentary time. Prompts to reduce their sedentary 
behaviour were tailored according to their sedentary 
activities identified from the first workshop and wider lit-
erature. An educational pamphlet was created from the 
second workshop discussions, presented in Workshop 3, 
revised based on feedback, and a second prototype was 
shared in the final workshop (Supplemental).

Group Sessions: Members expressed a strong prefer-
ence for three-to-four group sessions which would serve 
two primary purposes. Firstly, sessions would include an 
educational component delivered by a credible source 
(e.g. a healthcare professional). Secondly, group sessions 

would provide opportunities to meet other older adults, 
share advice and develop support networks.

Follow-Up Calls: Members felt that follow-up phone 
calls during the weeks between group sessions would be 
helpful. These follow-ups would allow them to revisit and 
progress their goals accordingly and provide opportuni-
ties to overcome intervention-related difficulties with 
assistance. Follow-ups could also be used to document 
tangible benefits experienced during the intervention, 
which may promote adherence following cessation.

Discussion
This study details the methodology for developing a com-
plex intervention to reduce sedentary behaviour in com-
munity-dwelling older adults. To our knowledge, this is 
the second co-produced intervention designed to reduce 
sedentary behaviour in older adults [36] and the first to 
focus on adults aged ≥ 75  years. The intervention has 
since been feasibility-tested and refined, as MRC guid-
ance recommends for developing complex interventions 
[27].

Experience with Co‑production
Co-production can be a valuable participatory research 
method that can be used to inform the development of 
an intervention [50]. A similar approach was used by 

Fig. 1  Logic Model of Co-Produced Intervention
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Leask et  al.[36] to co-create an intervention to reduce 
sedentary time in older adults, and by Giné-Garriga 
et  al.[60] to co-create strategies to reduce sedentary 
time in care home residents. By  involving older adults 
as shared decision-makers, co-production aims to 
increase the likelihood that developed interventions are 
feasible, acceptable and appropriate to the target popu-
lation [34–36]. This approach builds trust with partici-
pants by emphasising their expertise and abilities to 
make significant contributions. Furthermore, the small 
size and constant nature of the co-production group 
helped members feel comfortable contributing to con-
versations and having constructive debates. The itera-
tive nature of the development process enabled group 
members to see how their views were actively shaping 
the intervention which can promote agency, and an 
important predictor of involvement in and success with 
co-production [49]. This may reflect the positive feed-
back received and the high retention of participants 
during this study.

Another well-received aspect of co-production was 
the social interactions the group setting provided. 
Members made direct reference to social benefits when 
choosing to include a group component in the devel-
oped intervention. The social enrichment provided 
by group sessions may help combat the social isola-
tion that is increasingly encountered in older adults, 
which can negatively impact physical and emotional 
well-being in this population [61]. Doing so may also 
increase older adults’ social support networks, which 
can decrease in older adulthood following the bereave-
ment of friends and family [62]. However, this group 
element may exclude certain subsections of older adults 
from participating in the intervention, as common bar-
riers to attending group sessions, such as poor public 
transport and physical health problems, can also pro-
mote sedentary behaviour [63, 64]. Strategies to over-
come this barrier will be explored and may include 
similar remote social support options described in the 
Frail-LESS trial [38]. Through co-production, group 
members navigated the steps outlined in the Creating 
Domain of the taxonomy of approaches for developing 
health interventions [28]. Between the third and final 
workshop, members of the co-production group were 
able to trial components of the intervention. They were 
able to give feedback on certain aspects of the interven-
tion including the researcher follow-up, group sessions, 
and educational booklet, and some members had expe-
rience with using devices with a sedentary reminder 
function. In doing so, feedback from the target popu-
lation was obtained about the proposed intervention 
during its development and provided valuable informa-
tion prior to feasibility-testing.

Experience with the behaviour change wheel
The BCW provided clear stages to structure the co-
production workshops, making the process reproduc-
ible and addressing limitations identified in the previous 
co-created intervention described by Leask et  al.[36]. 
The behavioural diagnosis conducted in the first two 
workshops served as a useful activity that introduced 
findings from the literature in an accessible manner to 
upskill group members about the topic. Furthermore, it 
provided a sense of agency as it allowed group members 
to prioritise the key barriers and facilitators to reduc-
ing sedentary behaviour in this population from which 
solutions would be developed. Owing to the complexity 
of sedentary behaviour, the identified barriers could be 
charted to nearly every domain of the TDF and COM-B 
instead of narrowing the intervention options as intended 
[57], a similar issue encountered by Hall et al. [39]. Con-
sequently, the intervention components, including edu-
cation [65], activity monitoring [66, 67], group sessions 
[68], goal setting and action planning [69], each target 
multiple determinants of sedentary [70, 71] and were tai-
lored to the specific contexts of participants’ sedentary 
behaviour as highlighted during the behavioural diagno-
ses conducted in stage 1. Furthermore, integration of the 
COM-B within the BCW, helps consider broader socio-
ecological influences on sedentary behaviour [70, 71].

Although the latter stages of the BCW translate to 
the co-production process, they were less congruent 
than stage one. A balance needed to be found between 
upskilling group members about current strategies and 
intervention components whilst not limiting creativity. 
To do so, group members generated solutions to bar-
riers identified from the behavioural diagnosis before 
being presented with current strategies to reduce seden-
tary behaviour. The solutions selected by the group were 
then retrospectively coded to intervention functions and 
BCTs of the COM-B and BCW, respectively. As seen with 
other co-produced interventions [72–75], the selection of 
policy categories was less straightforward than in other 
BCW stages. Although no relevant policy categories were 
identified during the co-production process, the identifi-
cation of policies can operate as an over-arching consid-
eration rather than a distinct phase in the BCW process 
[73], and can also be identified during later stages of 
intervention development.

General difficulties with the intervention development 
process
The co-production process outlined in this study involved 
significant time and effort from both the researchers and 
participants. While the approach followed was similar to 
those used by Hall et al.[39] and Wray et al.[72], the spe-
cific tasks and content were tailored to this study. Due to 



Page 13 of 16Tadrous et al. BMC Geriatrics          (2025) 25:201 	

the iterative nature of the process, workshops required 
immediate analysis to inform the planning and content 
of subsequent workshops. Furthermore, workshop con-
tent had to map to the BCW framework whilst remaining 
engaging, accessible, and appropriate. Additionally, cer-
tain activities, such as mapping the behavioural diagno-
sis and intervention components to the BCW, TDF and 
BCT, were particularly time-consuming.

Strengths and limitations
This study makes a valuable contribution to the existing 
body of literature on the development of complex inter-
ventions. Specifically, it outlines the utilisation of co-pro-
duction and behaviour change theory principles in the 
process of intervention development. Transparency in 
reporting may help us understand which strategies lead to 
the development or refinement of effective interventions 
and help other researchers who are attempting to com-
bine partnership and theory-based approaches to develop 
an intervention. Furthermore, the cumulative benefits 
from combining co-production and the BCW may result 
in interventions that are more feasible, acceptable, and 
effective than interventions developed using each strat-
egy separately. This study is also important from an inclu-
sion perspective, as older adults, particularly the oldest 
old, risk systemic exclusion from participatory research 
methods [76] due to being more likely to experience sen-
sory and cognitive impairment [77]. This is evidenced by 
the comparatively slower adoption of co-production in 
this demographic compared to other groups [78–80]. This 
study demonstrates that co-production can be conducted 
with this sub-section of the population, but older adults 
may need additional assistance to effectively communi-
cate their perspectives and requirements [78].

This intervention may have been limited by the 
recruited sample not being wholly representative of the 
wider population of community-dwelling older adults 
aged ≥ 75  years. Despite purposive sampling being 
employed with factors such as sedentary time, frailty 
status and living arrangements being considered, the 
recruited sample could not provide perspectives of older 
adults who are socially isolated or cultural perspectives 
on reducing sedentary behaviour in this population. In 
an attempt to mitigate this limitation, members of the 
co-production group were urged to consider older adults 
outside of the group members to ensure that the inter-
vention would be appropriate for as many older adults 
as possible. Furthermore, additional perspectives from a 
preceding mixed-method systematic review were incor-
porated to provide wider perspectives on reducing sed-
entary behaviour in this population [52].

Despite trying to mitigate these limitations, all group 
members were able to travel to the workshops and 
share their views in a group setting. These prerequisites 
may have precluded many isolated older adults who are 
not comfortable leaving their homes or have unreli-
able public transport services from participating in the 
workshops, which are common barriers to reducing 
sedentary time [81]. As such, certain intervention com-
ponents, such as group sessions, may be more accept-
able or appropriate to older adults who are socially 
active than more socially-isolated members of the com-
munity. Semi-structured interviews with older adults 
who are socially isolated were considered to explore the 
acceptability or appropriateness of the developed inter-
vention. However, these interviews would have pro-
vided insights into how they perceived the intervention 
components prior to their participation in the inter-
vention. Instead, the acceptability of the intervention 
was explored in a feasibility study that will be reported 
elsewhere [53].

Conclusions
This study successfully integrated co-production 
with the BCW to develop an intervention to reduce 
sedentary behaviour in community-dwelling older 
adults aged ≥ 75  years. The co-production process can 
enhance the feasibility of the developed intervention, 
whereas the BCW provided a structured framework 
to identify key intervention components, mechanisms 
of action and behaviour change techniques [41]. While 
the study addressed its main objectives, limitations 
remain, particularly the underrepresentation of socially 
isolated, and minority ethnic older adults. Although 
efforts were made to mitigate this, future research 
should explore alternative engagement methods, such 
as individual interviews or community-based out-
reach, to ensure inclusivity. Additionally, future studies 
should assess the intervention’s effectiveness in diverse 
populations. By systematically integrating theory and 
stakeholder perspectives, this study lays a foundation 
for future interventions and highlights the need for 
inclusive strategies to reduce sedentary behaviour in 
older adults.
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