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Abstract

Background Currently there is insufficient evidence to inform the co-design of an exercise intervention as part of

a multimodal intervention for renal cachexia. Co-design is an effective approach in collaborating with service users,
carers and healthcare professionals to identify acceptable methods of improving delivery of care. The aim of this study
was to use a co-design process to adapt an exercise intervention for patients with or at risk of renal cachexia as part of
a cRCT for a multimodal intervention (NCTO7107087)

Methods The objectives were as follows: (1) To co-design a strategy to promote optimal recruitment and adherence
to an exercise intervention for those with or at risk of renal cachexia receiving HD, (2) To produce a conceptual model
in relation to the implementation of an exercise intervention for this group. Using Bird and colleagues generative
co-design framework for healthcare innovation, we adopted three stages of pre-design, co-design, and post-design.
Accordingly, three workshops were conducted to correspond to each stage and the operational decisions recorded

in seven steps to report the iterative design of the exercise intervention. The co-design workshops took place in
November 2023 (n=10), June 2024 (n=11) and February 2025 (n=6). Public co-design partners from Northern Ireland
and England representing Kidney Care UK, Northern Ireland Kidney Patients Association and Northern Ireland Kidney
Research Fund, participated in the workshops.

Results Contexts, intervention factors, mechanisms and outcomes which influence the uptake of, and adherence
to, an exercise intervention within this patient population were identified. These included: the exercise intervention
with an individualised and flexible approach; ensuring the exercise programme is manageable for patients receiving
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HD (session duration, timing and fistula awareness); ensuring the content of the exercise booklets is relatable and
achievable (using household items rather than traditional exercise equipment and accrediting everyday activities as
part of exercise log); providing support during the intervention (weekly telephone calls and progress tracking); and
invitation to patients receiving HD considered most promising to encourage recruitment, sustain involvement and

maximise impact from trusted healthcare professionals.

Conclusion Using the generative co-design framework for healthcare innovation, a conceptual model has been
produced to promote optimal recruitment and adherence to an exercise intervention as part of a multimodal
intervention for renal cachexia management in practice. This has informed component design, the wider
implementation plan and evaluation design of a multimodal intervention for renal cachexia.

Plain English summary

People living with kidney failure who receive haemodialysis (HD) can develop renal cachexia, a serious condition
that causes muscle loss, weakness and poor quality of life. Exercise could help, but we do not yet know the best
way to design and deliver an exercise programme that patients will find acceptable and manageable. Working with
patients, carers and healthcare staff through co-design can help make sure any programme meets their needs.

What we did

We used a co-design approach to shape an exercise programme that will form part of a wider treatment package
for people who have, or are at risk of, renal cachexia. Our goals were to:

1. Work with patients, carers and subject experts to design the best ways to invite people to join the

programme and to help them stick with it.

2. Develop a clear model showing how an exercise programme for this group could be put into practice.

We followed a three-stage co-design framework (pre-design, co-design and post-design). Three workshops were
held in 2023, 2024 and 2025 with public partners from Northern Ireland and England, including representatives
from Kidney Care UK, the Northern Ireland Kidney Patients Association and the Northern Ireland Kidney Research
Fund. We recorded decisions at each stage to guide the ongoing design of the programme.

What we found

Participants identified what helps, or makes it harder, for people receiving HD to take part in and continue with an
exercise programme. Key points included:The programme must be personalised and flexible.

- Exercise sessions need to be manageable for people receiving HD, considering session length, timing and

fistula (dialysis access site) safety.

- Exercise materials should feel achievable, using everyday items and recognising daily activities as exercise.
-« Ongoing support, such as weekly phone calls and tracking progress, can encourage people to stay involved.
- Invitations to join the programme should come from trusted healthcare staff, which may improve recruitment

and continued participation.
What this means

By using a co-design approach, we developed a clear model to support recruitment and adherence to an exercise
programme for renal cachexia. The results directly shaped how the programme will be built, delivered and
evaluated as part of a wider multimodal treatment approach.

\Keywords Co-design, Cachexia, Exercise, Multimodal interventions, Haemodialysis, Muscle wasting

Background

Pathological loss of muscle mass, or renal cachexia,
is a major contributor to morbidity, excess mortality,
increased healthcare costs and reduced quality of life [1].
For patients with kidney disease, protein-energy wasting
(PEW) is deemed part of the continuum of cachexia and
used interchangeably with cachexia or at risk of cachexia
[2, 3]. In view of the strong association between adverse
outcomes and the development of cachexia, authors
have opined that patients with or at risk of cachexia
should be supported to maintain body weight, improve

strength, enhance the capacity for independent function-
ing and reduce frailty [4]. The pathogenesis of cachexia
is believed to be multifactorial [5]. Multimodal interven-
tions using exercise delivered adjuvant to conventional
therapies are commonly recognised as the treatment of
choice in cancer cachexia populations [6—8] and research
on exercise and nutrition is building momentum in renal
cachexia [9-13]. Given that aerobic and resistance exer-
cise can increase the rate of metabolic stress and over
time stimulate subcellular pathways involved in mus-
cle protein synthesis [14], while also having a potential
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anti-inflammatory effect [15], exercise may help coun-
teract syndrome-related muscle wasting [16]. Consider-
ing that patients with end-stage kidney disease receiving
haemodialysis (HD) are most likely to experience the
syndrome (75% of adults on dialysis show some evidence
of muscle wasting) [17] this introduces complexity into
the design of an exercise component as part of a multi-
component intervention, due to the multifaceted ramifi-
cations of dialysis treatment.

The European Society for Medical Oncology (ESMO)
guidelines emphasise the need for tailoring exercise to
the stage of cancer cachexia and patient’s physical capac-
ity and recommend resistance exercise two to three
times per week as well as moderate aerobic (endurance)
training [18]. This requires the expertise from a multi-
disciplinary team, as guidelines recommend that exer-
cise prescription should involve a physiotherapist or
an adequately trained professional [18]. The identified
need for personalisation is similar in guidelines for CKD
for example, Kidney Disease Outcomes Quality Initia-
tive (KDIGO) guidelines [19] recommend that “people
with CKD undertake a cumulative duration of at least
150 minutes per week” however this must be adapted to
“a level compatible with their cardiovascular and physical
tolerance” In practice, this means that although HCPs are
supportive of the benefits of exercise, they may under-
prescribe or avoid advising about physical activity due to
lack of CKD exercise/physical activity specialist staff [20,
21]. This points towards the need for adequate resourc-
ing and education which helps to bridge this gap and sup-
port HCPs to deliver personalised exercise plans to their
patients.

Although, there are reported benefits when using exer-
cise as a unimodal treatment for cachexia management
(e.g. increase in strength, function, muscle mass, and
weight), there is no clear evidence that this is enough to
target the multifactorial pathogenesis of cachexia [6-13,
22, 23]. Specific to renal cachexia, authors from small
scale trials such as Hristea [24] have reported the fea-
sibility and acceptability of a multimodal exercise and
nutrition programme for PEW wherein partners com-
pleted a six-month training programme. As relevant to
this co-design work, the exercise programme consisted
of a progressive submaximal individualised cycling exer-
cise using a cycloergometer during the dialysis session
[24]. In cancer cachexia, the interim [25] larger scale
trial (n=221) of a multimodal intervention which used a
behavioural home-based strength (resistance) and aero-
bic self-assisted exercise programme appeared promising
in stabilising weight. High-quality trials of multimodal
interventions using exercise for cachexia management
are evidently in an infancy period, and there is little avail-
able evidence to relating to the optimum design of the
components [7]. It is evident that achieving adequate
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statistical power and “clinically meaningful” changes in
outcomes are resource-intensive goals; pilot and feasibil-
ity data are required for the confidence needed to design
and carry out well-powered multimodal intervention
randomised clinical trials (RCTs) [7].

The literature relating to exercise intervention for the
general HD population is more advanced and can offer
useful insight into the optimum design of an exercise
component for this cohort. However, there is wide varia-
tion regarding exercise type, intensity, timing (e.g. intra-
dialytic or home-based), safety precautions for patients
receiving HD and an absence of directive guidelines [26].
A recent systematic review and meta-analysis focused
on patients receiving HD, indicates that both intradia-
lytic and home-based exercise types improved aerobic
capacity, walking capacity, and health-related quality
of life (HR-QoL) [27]. Evidence-based outcomes such
as this are valuable as well as learning from co-design
efforts which have sought to facilitate an exercise pro-
gramme which best suits their public partners’ needs.
Two of the most prominent and relevant exercise inter-
ventions which are suitable for people receiving HD are a
digital health intervention to enhance physical activity in
people with CKD (Kidney BEAM) [28] and intradialytic
exercise program (COMEX) [29]. Both interventions
[28, 29] incorporated patient involvement. The Kidney
Beam online resource [28] was refined using feedback
from people living with CKD based on their preliminary
study as reported by Mayes and colleagues [30]. Similarly,
in COMEX [29], feedback regarding design elements
was incorporated from patients and dialysis staff and the
intervention was then tested on two patient representa-
tives. Although there has been an increase in the report-
ing of public involvement within health and social care
research and many frameworks exist [31] rarely do stud-
ies use a framework for reporting such involvement [32].

Co-design is a methodology aiming to engage groups of
stakeholders to aid in the development of interventions
[33]. Co-design initiatives promote patient-centred care
by prioritising the value of their lived experience in the
design of the interventions [34]. It is recognised that real-
ising the potential of research co-design requires more
systematic reporting of the activities involved [35]. Bird
and colleagues [32] generative co-design framework for
healthcare innovation offers an approach which is closely
with aligned with the Practical, Robust Implementation
and Sustainability Model (PRISM) guidance [36] and
is underpinned with the values of Participatory Action
Research [37]; Community-Based Participatory Research
[38]; and Experience-Based Co-Design [39]. Thus, this
framework offers a methodical seven step process to
engage partners meaningfully in the co-creation of the
intervention and implementation strategies in order to fit
local context and enhance equity. Aim:
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To use a co-design process to adapt an exercise inter-
vention for patients with or at risk of renal cachexia
as part of a cRCT for a multimodal intervention
(NCT07107087) [40].

Methods

Design

We used a co-design approach to engage with public co-
design partners to aid in the development of this inter-
vention through knowledge sharing [33, 41, 42]. This
methodology was used to formally and meaningfully
incorporate the ideas and values of our partners to ensure
that this intervention was adapted to meet patient needs
[43, 44]. This approach promoted patient-centred care by
prioritising the value of our partner’s lived experience in
the adaption of this exercise intervention while providing
further insights than could have been gleaned from the
research team alone [34].

Using Bird and colleagues [28] three stages of pre-
design, co-design, and post-design three workshops were
conducted and operational decisions made in each phase
recorded to iteratively design the intervention. This
Generative Framework for Healthcare Innovation uses
a seven-step methodological process for co-design [32]
which is structured in three stages comprising of seven
steps. The seven-steps [28] (Fig. 1) detail the iterative
process used to amend the design of an exercise inter-
vention as part of a multimodal intervention for patients
with or at risk of renal cachexia. These seven steps of
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development and application of the framework recipro-
cally informed each other.

Objectives

1) To co-design a strategy to promote optimal
recruitment and adherence to an exercise
intervention for patients receiving HD with or at risk
of renal cachexia.

2) To produce a conceptual model in relation to the
implementation of an exercise intervention for this
group.

3) To design an adapted handbook suitable for
implementation as part of the multimodal
intervention.

Setting

Three co-design workshops took place in November
2023, June 2024, February 2025. All three workshops
were held in-person in the United Kingdom.

Participants

Eight public co-design partners with lived experience of
receiving HD or being an informal caregiver for an indi-
vidual receiving HD attended the first workshop along
with three academic staft (see Supplementary docu-
ment 1: Table 1). Six public co-design partners with lived
experience of receiving HD or being an informal care-
giver for an individual receiving HD attended the second
workshop and five academic staff (see Supplementary

PRE-DESIGN

Step 1, Contextual
Inquiry: observational
fieldwork, informational
interviews

Step 2, Preparation &
Training: participant &
facilitator selection,
preparatory materials,
technology tests

CO-DESIGN i

Step 5, Sharing Ideas:
presentations of
generative design work,

appreciative inquiry creation

Step 4, Generative
Design: latent needs,
challenges experienced,
future state/artefact

Step 3, Framing the
Issue: lived
experiences, ‘what
must change’, shared
vision for the work

POST-DESIGN

Step 6, Data Analysis:\
preparation

Step 7, Requirements
Translation: action

(transcription, analysis
framework), organizing
(coding), reporting )/

items, feasible
priorities, close the

\Joop

Fig. 1 From: A generative co-design framework for healthcare innovation: development and application of an end-user engagement framework [28],

figure is licenced under CC BY 4.0
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document 1: Table 2). Three public co-design partners
with lived experience of receiving HD or being an infor-
mal caregiver for an individual receiving HD attended
the third workshop and three academic staff (see Supple-
mentary document 1: Table 3). All public co-design part-
ners received the National Institute of Health Research
(NIHR) half day payment rate, which is reflective of their
expert input and active involvement in this programme
of research. For information regarding the quality, con-
sistency and transparency of reporting we used the
Guidance for Reporting Involvement of Patients and the
Public 2 (GRIPP2) checklist (Supplementary document 2:
GRIPD2).

Analysis

The data analysis process was guided by the context-
intervention-mechanism-outcome-impact (CIMOI)
framework used widely in realist synthesis and evidence-
based intervention design [45]. After applying the CIMOI
coding framework the data generated in the workshops
was reviewed to merge similar codes and identify the
contexts, intervention factors, mechanisms and outcome
themes in relation to how to successfully recruit to and
implement an exercise intervention for patients receiv-
ing HD with or at risk of renal cachexia. The purpose of
analysing the data which emerged from the co-design
workshops was to identify the connections that work-
shop attendees made between features of the context and
intervention and the resulting mechanisms and outcomes
and hypothesise an impact.

Results

What follows describes the iterative process to adapt an
exercise-based intervention for patients receiving HD
with or at risk of renal cachexia based the seven steps of
Bird and colleagues [28] generative co-design framework
for healthcare innovation.

Pre-design

Step 1 - contextual inquiry

This step was focused on obtaining key stakeholder views
on the potential development of a co-designed interven-
tion for those with or at risk of renal cachexia. An initial
workshop (Nov 2023) was held with stakeholders to dis-
cuss the prospect of a multimodal intervention for renal
cachexia and particularly the components of the exer-
cise intervention. The half-day workshop was hosted at
a neutral venue based on the preferences of the public
co-design partners external to the university to ensure
utmost comfort and ease of transportation.

The facilitators (JR and CB) made suggestions to
encourage an equal contribution from all members of
the group with this and subsequent workshops. At the
workshop there were two contextual talks to provide
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information about renal cachexia and the proposed mul-
timodal intervention, each having structured discus-
sion breaks. Subsequently, a more formalised feedback
session was facilitated where partners were randomly
divided into teams, each team of two/three started with
one question and had 10 minutes to write responses (each
having different coloured markers, flip chart paper and
the ability to place a tick if they agree with what someone
else’s view or an ‘X’ if not). After 10 minutes each team
moved clockwise, with their uniquely coloured marker so
as discussion post-session could easily be facilitated see-
ing the comments from each team. The four questions
were based on gathering contextual thoughts about the
specifications of 1) the exercise intervention; 2) psycho-
social support; 3) the multimodal nature of the interven-
tion, and 4) patient and caregiver education.

Step 2 — preparation and training

Based on the outcomes of the initial workshop, relevant
materials were explored including COMEX [29] and
Kidney Beam [28] and EXACT exercise intervention
[46]. Despite the appeal of focusing on a digital inter-
vention which has been designed for patients with CKD
[28] or an HD specific programme [29], the research
team deemed the EXACT exercise intervention [47] for
patients with advanced cancer to be most suitable given
the outcomes of the first workshop. The suitability for
patients receiving HD was confirmed by the findings of
the EXCITE trial (EXerCise Introduction to Enhance Per-
formance in Dialysis) which showed that simple, person-
alised 6-month walking exercise intervention in patients
on dialysis performed at home improved exercise capac-
ity, as assessed by the 6MWT [47, 48]. Given the lit-
erature on combined resistance and aerobic activity the
EXACT exercise intervention [46] consisting of 12-week
home-based progressive, moderate-intensity walking
and resistance exercise, two-five times per week [46] was
deemed the most suitable. The rationale for the suitability
of the EXACT intervention [46] was based on public co-
design partners’ desire: to have ongoing in-person sup-
port, the flexibility to complete walking and resistance
exercises consecutively or separately based on readiness
(e.g. symptom burden) or preference, to have hard cop-
ies of an exercise handbook and exercise diary to monitor
progress and for a home-based programme. The research
team deemed this autoregulated programme suitable as
it involves muscle strengthening and balance retrain-
ing exercises, progressing in difficulty over 12 weeks [46]
which was the proposed length of the larger feasibility
CRcT. Autoregulation refers to the permission of dose
modifications to reduce the intensity of exercise and
catch up on missed exercise based on individual readi-
ness [46]. This was deemed particularly important by the
public co-design partners who described the complexity
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of the treatment burden when receiving HD (e.g. fatigue
after dialysis which was described as potentially last-
ing for 24 hours or longer) which was deemed similar to
the original population who had a familiar experience
post-chemotherapy. Furthermore, the EXACT interven-
tion [46] was also deemed suitable as it had been suc-
cessfully delivered with high retention to those who had
similar functional ability to the expected cohort in a
Multi-Modal Integrated intervention combining Exer-
cise, Anti-inflammatory & Dietary advice (MMIEAD)
who were unable or ineligible for high-intensity exercise.

Co-design

Step 3 —sharing ideas

In the second workshop, two academics (IS and AS) with
expertise in designing exercise interventions delivered
two contextual talks. The contents were based on the evi-
dence in relation to exercise in renal cachexia and fun-
damental principals in exercise interventions. Finally, an
overview of EXACT [46] was provided. Using the same
structure as the first workshop (step 1), partners were
grouped into two/threes and presented with questions
focused on 1) manageability for those receiving HD and
if amendments are needed; 2) the resources and whether
this is acceptable; 3) whether additional support or pre-
cautions are needed and who should deliver and, 4) who
would be the best person to approach patients about
recruitment to the intervention.

Step 4 — generative design

In the second part of the public involvement workshop,
we collated the feedback from the interactive session and
opened for further discussion. The outcome of the work-
shop confirmed that an amended version of the EXACT
exercise programme specifically for those receiving HD
would be acceptable as it had been successfully con-
ducted with those with chronic illnesses including frail
populations. It met the requirements for resistance and
cardiovascular exercise through (1) a walking programme
(2) a strengthening and toning programme. However,
a series of suggestions were provided to adapt to pro-
gramme to the HD population.

Step 5 - framing the issue

We took the findings from steps 1-4, compared and
contrasted the EXACT intervention [46]. Additional
requirements needed to be included in the interven-
tion to encourage sustained involvement and maximum
impact. These included, firstly the exercise intervention
adopting a more individualised and flexible approach;
ensuring the exercise programme is manageable for those
receiving HD (fistula awareness, duration and timing).
Secondly, ensuring the structure of the exercise booklets
are relatable and achievable (using household items not
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traditional exercise equipment and crediting everyday
activities as part of exercise log). Thirdly, support dur-
ing the intervention (weekly telephone calls and progress
tracking). Fourthly, invitation from consultant nephrol-
ogist, dietician or clinical research nurse to eligible
patients (meeting pre-specified inclusion criteria) receiv-
ing HD. Fifthly and finally public co-design partners also
suggested including an option for supervised, individual-
ised intra-dialytic exercise should patients desire this as
a supplement to the home-based programme. We then
framed the findings of the workshops alongside the body
of our research team’s reviews of the literature [5, 7, 8, 49]
and wider relevant research to ensure contextual align-
ment with renal cachexia.

Post-design

Step 6 - data analysis

To establish what works for the HD population, in which
circumstances, through what mechanisms, and with
what impacts we coded the important CIMOI factors
using the responses to questions recorded on flip chart
paper from workshop one and workshop two and agreed
feedback to develop of a conceptual model for the exer-
cise intervention, under consideration of context, effec-
tive intervention factors, leveraging specific mechanisms,
targeting meaningful outcomes to optimise impact. Con-
sideration was given to the most important aspects of the
social and clinical context into which the intervention
would be introduced. Firstly, the active components of
the intervention. Secondly, the mechanisms for change
embedded in these components. Thirdly, the outcomes
that these mechanisms tend to generate in relation to
the experience, knowledge and skills of partners in the
intervention. Finally, the hypothesised sustained clinical
impact that these outcomes may generate. These factors
were drafted in consultation with key stakeholders (pub-
lic co-design partners and research team).

Step 7 — requirements translation

A conceptual model was creating a based on necessary
changes from the original EXACT intervention (see Fig.
2) which included comparison with existing concep-
tual models and implementation science literature. Post
further consultation with our wider international, mul-
tidisciplinary stakeholder group and public co-design
partners (November 2024), a final conceptual model was
developed (See discussion - Fig. 3). The last stage of the
co-design process included developing the associated
resources for the exercise intervention in a final work-
shop with three public involvement representatives and
three academic staff with experience in exercise interven-
tions. During this final workshop, the suitability of the
amendments to the exercise programme were confirmed
by the public co-design partners. Two former patients
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Intervention Original EXACT Adapted exercise Nature of Rationale
component Intervention programme (as adaptation
component of MMIEAD)
Target Men with Adults receiving HD with Population Tailored to HD population
population metastatic kidney cachexia adaptation with severe muscle wasting
castrate-
resistant
prostate cancer
Intervention Stand-alone Exercise delivered as part Contextual Address multifactorial
context home-based of multimodal intervention | adaptation mechanisms of cachexia
exercise (exercise, diet and omega-
programme 3)
Exercise Aerobic and Moderate-intensity Retained core Maintain aerobic
modality resistance walking remains the same. | structure but components, change of
training Amendments to specific specific resistance exercises
resistance exercises due resistance necessary for patients
to e.g. fistula awareness, exercises receiving HD
limitations post kidney changed
transplant
Frequency Two-five Two-five sessions per More emphasis Account for symptom
sessions per week depending on on modified burden and dialysis
week depending | readiness, textual dose flexibility schedule
on readiness awareness in handbook of
the fatigue experienced by
patients receiving HD
Programme Structured Structured progression Retained Maintain training
progression progression over 12 weeks progression
over 12 weeks
Exercise Standardised More emphasis on More emphasis Accommodate functional
prescription prescription individualised prescription | on options for capacity in patients

with option for
personalisation

following
physiotherapist/suitably
qualified member of
research team
assessment

personalisation

receiving HD

Autoregulation | Autoregulation Autoregulated intensity Further Allow adjustments for
possible and scheduling through flexibility fatigue and illness
through weekly phone calls (up to three
phone calls times per week)
Behaviour Behavioural Weekly phone calls Added Improve adherence in a
change components focused on goal setting, behaviour population who are likely to
support self-monitoring, feedback, | change experience higher fatigue
action planning techniques and lower motivation
Monitoring Remote Weekly telephone support | Enhanced Support engagement in
monitoring and additional monitoring population who are likely to
through weekly physiotherapist/suitably be frailer than EXACT
telephone qualified member of participants therefore
support research team review at physiotherapist/suitably
baseline and six weeks qualified member of
research team reviews to
increase necessary safety
of participation
Patient Exercise Re-designed exercise New resources Support personalised self-
materials instructions in handbook and daily specifically for management and ability to
handbook and exercise diary with this population identify with former

daily exercise
diary.

photographs of male and
female former patients
performing exercises.

patients demonstrating
exercises in photographs

Fig. 2 Adaptations made between the EXACT intervention and the new intervention for MMIEAD
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Fig. 3 Conceptual model of exercise intervention

who had experience of receiving HD performed the
amended exercises and consented to photographs being
taken. Post workshop, the photographs were integrated
into the amended booklet and text subsequently changed
reflective of the specific exercises which were deemed
suitable. Finally the amendments were checked by the
research team and sent to a member of the team who had
previously implemented EXACT to ensure agreement.

Discussion

Following updated Research Council’s (MRC) guidance
[50], we have reported on how we collaboratively devel-
oped the exercise component of the MMIEAD interven-
tion and prioritised public co-design partners voices [51]
usingBird and colleagues [32] Generative Framework for
Healthcare Innovation. Local contextual domains with an
equity focus [52] have been translated to practical out-
working through our adoption of CIMOI [45] to analyse
and code data from the workshops to produce our con-
ceptual model (see Fig. 3: Conceptual model of exercise
intervention). The conceptual model that we developed
describes the features of the context, uses evidence-based
key components of the intervention with amendments
based on public involvement representatives’ recommen-
dations and details how the mechanisms are anticipated
to influence outcomes and subsequent impact. Consider-
ing there is a lack of evidence available relating to exer-
cise for renal cachexia we have focused our discussion
on the wider literature providing a rationale for person-
alisation, adding resistance exercise and maintaining the
domiciliary setting from the EXACT programme. This

is followed by a final rationale for our focus on interven-
tion-context alignment in preparation for integration
into the MMIEAD feasibility trial.

The rationale for personalisation

The certainty of evidence is low regarding the effect of
multimodal interventions for cachexia as relating to
improvements in physical functioning namely due to the
small body of evidence Nevertheless, it is notable that all
studies in a recent systematic review [53] were individu-
ally tailored and there was evidence of improvements in
multiple domains, most notably physical endurance and
depression scores. In a relevant Cochrane review [23],
authors describe a strong rationale for the use of exer-
cise for cancer cachexia.However, there are no current
data from RCTs to elucidate the specific effects nor the
specific modalities in this population. In the HD popu-
lation, the findings of our co-design work align with the
majority of factors contributing to sustainable exercise
programmes identified by Bennett and colleagues [54].
Although focused on peritoneal dialysis authors [54]
describe the need for dedicated exercise professionals,
dialysis and medical staff commitment, adequate physi-
cal requirements of equipment and space, interesting
and stimulating exercise and individual prescription.
Although clinical recommendations for people receiving
dialysis exist, there is wide variation regarding exercise
type, intensity, timing, and safety precautions and there is
an absence of directive guidelines [26]. Using our adapted
handbook, personalisation will be prioritised and the
exercise diary will help to record exercise adherence and
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therefore demonstrate whether this component of the
intervention is feasible.

The rationale for adding resistance exercise

The PEDAL trial (the PrEscription of intraDialytic exer-
cise to improve quAlity of Life) [55] the CYCLE-HD study
[56] and the DiaTT study [57] are three relevant recent
large interventional studies which examined the clinical
effectiveness of intradialytic cycling. The combined data
from the PEDAL trial and CYCLE-HD study demon-
strated no impact on body composition with six-month
intradialytic cycling exercise training in patients receiv-
ing HD [58]. Furthermore, the overall adherence amongst
the exercise groups in PEDAL and CYCLE-HD was sub-
optimal, with more than half (57%) completing less than
70% of the prescribed exercise sessions [58]. The lack of
observed effect with PEDAL [55] and CYCLE-HD [56] is
in contrast to the DiaTT study [57], which demonstrated
that 12months of intradialytic combined endurance and
resistance exercise training significantly improved physi-
cal function (60s sit-to-stand test) compared to usual
care. Notably the DiaTT study [57] included a longer
intervention period (12 months), a progressive resistance
training intervention and although the intention was for
intradialytic exercise sessions, a significant period was
completed at home (due to the pandemic). The DialTT
study [57] therefore introduced telephone consultancy on
a weekly basis until intradialytic exercise training could
continue. Although it is not entirely clear if the observed
effect was influenced by the unprecedented circum-
stances of the pandemic or whether this is due to the lon-
ger duration from best evidence, to date it appears that
adding resistance exercise into a home-based programme
with added telephone consultations for patients receiving
HD has the potential to improve outcomes.

The rationale for a home-based programme

The choice of place of exercise in this multimodal inter-
vention has been an important decision and although
influenced by our public involvement co-design partners
we have also aligned with wider patient centred perspec-
tives on the benefits and barriers to engaging in exer-
cise for patients receiving HD. For example, a survey of
patients receiving HD (n=423) reported that they wanted
to exercise at home (73%) using a combination of aero-
bic and resistance training (41%), regardless of modality
or age category [59]. We have also been influenced by
the fact that differing evidence exists on the safety and
effectiveness of intradialytic exercise. For example, a sys-
tematic review [60] suggests that regardless of modality,
exercise interventions in patients receiving HD improved
objective measures of physical function. In contrast, a
recent meta-analysis [61] and Cochrane review, wherein
most exercise interventions were conducted during
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dialysis [62] concluded that the safety of exercise dur-
ing dialysis remains uncertain. Although this is most
likely due to the adverse effects of exercise training in
adults undergoing dialysis being rarely reported and
poorly defined [62]. There are also concerns relating to
the potential disruption of cardiac haemodynamics [61]
which could consequently increase the risk of complica-
tions in patients receiving HD. Ultimately there is more
consensus that developing safe and effective individual-
ised exercise programmes requires collaboration among
a multidisciplinary team [54, 60, 61, 63]. This is what we
have strived to do through a comprehensive approach
integrating clinical, academic and experiential expertise
alongside the valuable voices of those with lived experi-
ence to co-design adaptions to the EXACT home-based
aerobic and resistance exercise programme.

Integration into the MMIEAD feasibility trial

To ensure optimum intervention-context alignment
we have interwoven the findings from this co-design
activity for the exercise component [37] into our larger
feasibility trial design. The adoption of PRISM’s context-
oriented approach in addition to the co-design work for
the exercise component has further helped us to prepare
accordingly for the intervention, for example taking into
consideration the infrastructure supporting the interven-
tion [37]. Our conceptual model (See Fig. 3) aligns with
our Theory of Change (ToC) map [51] for the full mul-
timodal intervention for renal cachexia, and has subse-
quently provided more detailed intervention plans for
the intervention as a whole. Alongside efforts to ensure
involvement from practising nephrologists, physiolo-
gists, dieticians, clinical research nurses and academics
we have actively demonstrated an ongoing and iterative
engagement process with public involvement represen-
tatives not only through this co-design process but also
through ongoing active involvement in the expert refer-
ence group for MMIEAD ([37]. Public co-design partners
priorities, needs, and values have been and continue to be
deemed equally important alongside organisational per-
spectives, resources, and infrastructure because we are
aware that these factors impact an intervention’s uptake,
equitable implementation, and impact [52].

Using best evidence to date, exercise is likely to be a
crucial component in multimodal interventions to help
individuals experiencing or at risk of renal cachexia,
maintain body weight, and improve strength to enhance
their capacity for independent functioning [9-13]. Our
hope is that through this feasibility trial and subsequent
definitive trial, evidence will be generated for those with
or at risk of renal cachexia and research findings will be
applied into multimodal interventions which include
exercise as a component [64].
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Strengths and limitations

Using CIMOI configuration, we have developed an in-
depth understanding of what is needed in the exercise
component, how and why it should achieve impact and
have designed the processes on best evidence available to
achieve the strongest external validity possible [65, 66].
A distinctive strength of this public involvement work is
based on having a co-designed conceptual model which
provides a rationale for why this exercise component
should in theory work. If MMIEAD does not influence
the outcomes and cause impact as expected, this con-
ceptual model will help us to ascertain whether the lack
of effectiveness of the intervention as a whole is due to
the design of the exercise intervention, problems with the
implementation or ineffectiveness of the intervention.
This component has adopted an iterative design and will
continue with agility. Where necessary, amendments will
be put in place to recognise and respond to the recruit-
ment profile in each site. The main limitation of this work
is based on the weakness that although all participants in
the co-design workshops had experience of either receiv-
ing HD or caring for a loved one receiving HD, we are
unsure whether any had experienced renal cachexia. Due
to the low physical functioning of those who have or are
at risk of renal cachexia it would have been particularly
difficult to recruit workshop attendees, if we had speci-
fied this a necessary criterion. Furthermore, if we had
specified this criterion, we could not have accurately
confirmed eligibility without collecting data unsuitable
for co-design activity to make an assessment. To ensure
that this limitation did not detract from our co-design
activity we designed the first workshop with an educa-
tional component on what renal cachexia is and how it
can affect physical functioning to ensure awareness of the
added physical manifestations of renal cachexia for those
receiving HD.

Conclusion

Using the generative co-design framework for health-
care innovation, a conceptual model has been produced
to promote optimal recruitment and adherence of an
exercise intervention as part of a multimodal interven-
tion for renal cachexia management in practice. This has
informed component design, the wider implementation
plan and evaluation design of a multimodal intervention
for renal cachexia (MMIEAD) [40]. The results of this
study provide the basis for the further design and devel-
opment of the exercise component as part of the full scale
MMIEAD intervention for those with or at risk of renal
cachexia. The model’s emphasis on personalisation, resis-
tance exercise and the preference of domiciliary envi-
ronment in particular add to the literature on preferred
exercise interventions for those receiving HD. In the fol-
lowing phase, we will test and possibly further adapt the
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conceptual model through the findings of this feasibility
cRCT in preparation for the full-scale trial.
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