Journal of Clinical and Translational Hepatology 2025
DOI: 10.14218/1JCTH.2025.00155

Original Article

Co-designing Approaches to Sustainable Exercise Care for
People with Metabolic Dysfunction-associated Steatotic

Liver Disease

St

Check for
updates

Shelley E. Keating!"®, Jack de Boer!, Georgina Catsoulis!, Jonathan G. Stine>*>*>, Ana Goode',
Graeme A. Macdonald®’, Elizabeth Powell”#? and Ingrid J. Hickman!?

1School of Human Movement and Nutrition Sciences, The University of Queensland, Brisbane, Queensland, Australia; 2Divi-
sion of Gastroenterology and Hepatology, Department of Medicine, The Pennsylvania State University- Milton S. Hershey
Medical Center, Hershey, PA, USA; 3Department of Public Health Sciences, The Pennsylvania State University- College of
Medicine, Hershey, PA, USA; “Liver Center, The Pennsylvania State University- Milton S. Hershey Medical Center, Hershey,
PA, USA; >Cancer Institute, The Pennsylvania State University- Milton S. Hershey Medical Center, Hershey, PA, USA; °Fac-
ulty of Medicine, PA-Southside Clinical Unit, The University of Queensland, Brisbane, Queensland, Australia; “Department
of Gastroenterology and Hepatology, Princess Alexandra Hospital, Woolloongabba, Queensland, Australia; 8Centre for Liver
Disease Research, Faculty of Medicine, Translational Research Institute, The University of Queensland, Woolloongabba,
Queensland, Australia; °QIMR Berghofer Medical Research Institute, Brisbane, Queensland, Australia; 1°The University of
Queensland ULTRA Team, Clinical Trials Capability, Centre for Clinical Research, Herston, Queensland, Australia

Received: April 09, 2025 | Revised: June 17, 2025 | Accepted: July 18, 2025 | Published online: Month 00, 2025

Abstract

Background and Aims: Regular exercise is fundamental
for people with metabolic dysfunction-associated steatotic
liver disease (MASLD), yet exercise maintenance is gener-
ally poor. This generative co-design process aimed to embed
the voices and opinions of people with lived experience of
MASLD and their care stakeholders to (i) frame barriers and
enablers to exercise maintenance and (ii) highlight priorities
for exercise-focused research agendas in MASLD. Methods:
A generative co-design framework was applied. Two virtual
co-design sessions were undertaken: Session 1 - Framing
the issue, where initial discovery was conducted with people
with lived experience of MASLD; and Session 2 - Genera-
tive design and sharing ideas with lived experience partners
and healthcare stakeholders. Sessions were audio-recorded
and transcribed, and key determinants and considerations
were discerned by two independent researchers. Results:
Lived experience partners (n = 5, 53 + 16 years, 40% male)
ranked five equally important barriers to exercise mainte-
nance: musculoskeletal and pain issues, lack of access to
exercise equipment/facilities, cost, competing priorities,
and low energy levels, which influenced core positive and
negative determinants. Alongside lived experience partners,
healthcare stakeholders (hepatologists [n = 3], exercise pro-
fessionals [n = 3], 67% male) identified three core needs
with eight considerations. Some disconnects in priorities
were observed. Lived experience partners emphasized af-
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fordability, accessibility, and considerations for comorbidities,
while healthcare partners advocated for research on natu-
ral history, prevention, behavior change, cost-effectiveness,
and health system change. Conclusions: This co-design
methodology highlights unique consumer-informed research
questions. Exercise interventions and their associated imple-
mentation trials will benefit from being co-designed with both
people with MASLD and care stakeholders.
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MA-
SLD) affects approximately one third of adults globally.! The
increasing prevalence of MASLD is linked to the obesogenic
environment (e.g., poor diet quality, food inequity and inse-
curity, physical inactivity) and is underpinned by metabolic
dysregulation.2:3 Healthy eating and physical activity, includ-
ing its subdomain exercise, are central to the lifelong man-
agement of MASLD.3 Despite the emergence of new drugs
for MASLD treatment, these lifestyle-related factors remain
fundamental components of care.* For example, in the Unit-
ed States, the newly approved thyroid hormone receptor-
agonist Resmetirom is indicated for use in combination with
diet and exercise, and many payers require enrollment in a
lifestyle intervention or an attempt at lifestyle change prior
to prescription. The broad benefits of exercise training for
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MASLD management include reducing hepatic steatosis, in-
flammation, and hepatic stiffness, as well as improving body
composition, cardiometabolic disease risk, and cardiorespira-
tory fitness.5-7

Reducing physical inactivity is considered a ‘best buy’ in-
tervention to address the burden of steatotic liver disease.®
International guidelines for physical activity and exercise for
MASLD management were recently published, providing a
framework for exercise assessment and prescription within
the setting of patient-centred multidisciplinary care.>¢ De-
spite compelling evidence for health benefits, only approxi-
mately 20% of people with MASLD meet recommended phys-
ical activity guidelines.®-1! The literature base for exercise
and MASLD is largely derived from short-term, supervised,
laboratory-centred settings.> Only two trials have evaluat-
ed longer-term follow-up after supervised intervention, and
these have found exercise maintenance to be poor.12:13 This
hinders the scaled translation of exercise programs for imple-
mentation in the MASLD community.

People living with MASLD experience higher levels of fa-
tigue, decreased physical function, poor cardiorespiratory fit-
ness, and exhibit higher perceived exertion rates at equal ac-
tivity thresholds, which collectively may contribute to lower
engagement in physical activity.14-16 People with metabolic
dysfunction-associated steatohepatitis (MASH) have report-
ed that support from exercise specialists is a valued ena-
bler of exercise uptake and maintenance, supporting session
logistics, accountability, and a sense of safety.!2 However,
there are no established models of exercise care for MASLD
management globally. Moreover, qualitative evaluations of
participant experiences and perceptions of exercise follow-
ing supervised and self-directed (unsupervised) programs
have indicated a disconnect between the clinical research
primary and secondary outcomes and patient-important out-
comes.112 This disconnect may hinder patient motivation
for exercise.

For interventions to be sustainable within the healthcare
system, they also need to be delivered with fewer resources
and at a lower cost. Suitable and sustainable options for ex-
ercise maintenance for people with MASLD need to be un-
derstood and explored. Recently, global action!” and global
research® agendas were developed in collaboration with a
large international multidisciplinary panel to establish priori-
ties for research and public health action for MASLD. A uni-
fied, standardized, and consumer-informed approach to ex-
ercise-related research, and community priorities that align
with these global MASLD priorities, are needed to advance
research and implement innovative exercise care solutions.
Therefore, this generative co-design process aimed to (i) en-
gage people living with MASLD who had previous experience
initiating exercise to understand and document key barri-
ers to sustained engagement with physical activity/exercise
maintenance and (ii) co-design a research agenda including
core research priorities, methodologies, and patient-impor-
tant and stakeholder-important research outcomes related
to sustainable exercise.

Methods

Study design

This study employed a generative co-design framework spe-
cific to healthcare innovation, as proposed by Bird and col-
leagues,!® to comprehend and explain the perceptions and
experiences of consumers and stakeholders across two se-
quential co-design focus groups (Fig. 1). Co-Design Session
1 - framing the issue (Step 3 of the framework) sought to

Keating S.E. et al: Co-designing exercise for MASLD

undertake an initial discovery session with consumer part-
ners with lived experience of MASLD who had at least one
prior experience with exercise engagement. Co-Design Ses-
sion 2 - generative design and sharing ideas (Step 4) aimed
to build on the discovery session to co-develop research
approaches with consumer partners and care stakeholders
(clinicians and industry representatives). Prior to co-design,
preparation and training of partners were undertaken (Step
2, Fig. 1). All procedures were conducted in accordance
with the ethical standards of the 2024 Helsinki Declaration
and its later amendments and were approved by The Uni-
versity of Queensland Human Research Ethics Committee
(2016000010). Methods and outcomes have been reported
according to the GRIPP 2 checklist for reporting patient and
public involvement in research.20

Partners and recruitment

The overall sample size (n = 11 partners) was selected ac-
cording to recommendations for traditional co-design prac-
tices?! and partnership-focused, principles-driven online co-
design.22 A higher number of lived experience partners were
selected to address potential power imbalances within that
group.22 All partners were purposively sampled from the re-
search team'’s clinical and research networks. Lived experi-
ence (consumer) partners included people with MASLD who
had previous experience with physical activity/exercise and
varying levels of exercise maintenance (4/5 not meeting
guideline-based amounts of physical activity). Stakeholder
partners included clinicians (clinician-research hepatologists)
and industry representatives (clinical exercise profession-
als accredited by the professional accrediting body, Exercise
and Sports Science Australia (ESSA)). All partners received
emails describing the project, and written informed consent
was obtained from all partners before undertaking surveys
and participating in the focus groups.

Data collection

Online survey: One week prior to each focus group, all part-
ners (lived experience and stakeholders) were given access
to an online participant survey to capture demographics,
including age, gender, ethnicity, employment details, con-
fidence to exercise, current level of engagement in physi-
cal activity, and amount of sedentary behavior. Additionally,
lived experience partners were asked about their initial MA-
SLD diagnosis (previously termed non-alcoholic fatty liver
disease. Stakeholder (clinician and industry) partners were
additionally asked about their years in their current clinical/
industry roles and employment settings.

Focus groups: Semi-structured focus groups were con-
ducted via video consultation (Zoom™) and facilitated by two
researchers (SK, female, accredited exercise physiologist;
IH, female, dietitian and implementation scientist) with ex-
perience in qualitative descriptive design methods. Sessions
were audio recorded and auto-transcribed via the Zoom™
platform.

Co-Design Session 1 - framing the issue (90 min, lived ex-
perience partners only) focused on three topics: (i) develop-
ing an understanding of the issues regarding poor long-term
exercise maintenance, (ii) a mutual understanding of lived
experiences and challenges faced by partners, and (iii) initial
ideation for research methods that can address arising is-
sues. Throughout the session, four main questions regarding
exercise maintenance were explored to facilitate discussion
of barriers and facilitators to exercise among individuals with
MASLD. To address topic (ii), the primary facilitator (SK) cre-
ated an online poll to quantify the main barriers to exercise
maintenance experienced by participants. The first poll con-
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Established evidence shows
exercise is an effective therapy for
MASLD, yet uptake and
maintenance is low

Step 2, Preparation & Training

Co-design partners invited,
preparatory materials developed,
ethically approved and reviewed,

Step 1, Contextual Inquiry technology tested with partners
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Following the generative design
process, the group was asked to
highlight points of emphasis and
share ideas related to a specific
scenario.

Step 4, Generative Design Five people with MASLD and previous
exercise engagement (lived experienced
partners) discussed a case scenario,
shared experiences and framed core
issues and considerations for exercise

maintenance.

Lived experience partners alongside
industry and hepatology partners
generated latent needs for ongoing
research design and priorities based on
guiding questions drawn from Step 3.

Step 5, Sharing Ideas

Step 3, Framing the Issue

Pertinent and significant ideas were
mapped to two relevant global agendas
for MASLD to determine priorities for
ongoing innovation in exercise research
and clinical practice.

| Step 6, Data Analysis |

Academic partners sorted and
transcribed data, captured and
reviewed pertinent ideas and

messages with co-design partners.

POST-DESIGN

for Translation

Fig. 1. Generative co-design process employed in the study. Adapted from Bird et al. 2021. MASLD, metabolic dysfunction-associated steatotic liver disease.

sisted of 16 possible barriers drawn from data derived from
themes (i) and (ii) during ‘framing the issue’ and current
evidence,11:12:23 with multiple rounds employed until a ‘top
five’ consensus was reached. Barriers selected by at least
3/5 partners (60%) progressed to the next round. In round
1, participants were instructed to select up to 10 barriers
they experienced or to list their own. The anonymous vote
results were viewed and discussed, and nine barriers were
selected for round 2. In round 2, participants were asked
to select their top five. The top seven were selected for the
final round, where participants again selected their top five.
The process was completed when a clear ‘top five’ barriers
emerged.

Co-Design Session 2 - generative design and sharing
ideas (90 min, consumer [lived experience], clinician, and
industry partners) involved tailored questions applicable to
each group’s specific roles and experiences.

Data analysis

Responses to survey questions were summarized with de-
scriptive statistics. Focus group transcripts were reviewed
and corrected by two researchers (GC and JdB) to ensure ac-
curate verbatim transcriptions. De-identified transcripts were
independently reviewed for data familiarization, preliminary
coding, and theming (GC, JdB, and SK) of determinants,
barriers, and/or enablers for exercise maintenance, following
the generative co-design framework.1® Coding was managed
in Microsoft Excel and examined independently (GC, JdB, and
SK) for key barriers and enablers. To validate interpretations
and ensure consistency, key concepts were cross-checked

with relevant quotes tabulated in Microsoft Excel.

To address the ‘Requirements Translation’ (Step 7, Fig. 1)
of the co-design framework, key determinants, needs, and
considerations were mapped to the Global Research Priority
Agenda (six domains, 28 priorities)!® and the Global Action
Agenda (six domains, 29 recommendations).!”

Results

Five lived experience (consumer) partners participated in Co-
Design Session 1 - framing the issue. Of these five lived
experience partners, four had participated in a research
study that included both supervised and self-directed exer-
cise phases.?* The other was recruited through a consumer-
engagement conference via advertising. All lived experience
partners reported sporadic engagement with exercise since
the formal intervention, with only one partner sustaining at
least 120 min per week for the last two weeks (Table 1).
Lived experience partners rated their confidence to exercise
as 3 £ 0.7 on a scale from 1 (no confidence) to 5 (high con-
fidence). One partner was unable to attend the second ses-
sion; therefore, four lived experience partners, three hepa-
tologists, and three exercise physiologists participated in
Co-Design Session 2 — generative design and sharing ideas.
Socio-demographic characteristics of partners are presented
in Table 1.

Co-Design Session 1- framing the issue

Determinants (positive and/or negative) of exercise:
Four core determinants were identified by lived experience
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Table 1. Participant characteristics
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Characteristics

Lived experience
partners (n = 5)

Healthcare stakeholders
(clinician partners n = 3,
industry partners n = 3)

Age, years

Gender, male [n (%)]
Ethnicity [n (%)]
Asian

Aboriginal or Torres Straight Islander

White
European
Other
Employed for wages, yes [n (%)]
Flexibility in working hours [n (%)]
None (set hours)
A lot (have choices)
Weekly paid hours [median (range)]
Confidence to exercise (Scale 1-5)
Weekly exercise [n (%)]
<29 min/week
30-59 min/week
60-89 min/week
90-119 min/week
>120 min/week
Daily sitting time [n (%)]
5-7h
8-9 h
10-11 h
12-13 h
213 h
MASLD diagnosis by: [n (%)]
General practitioner

Specialist (hepatologist, endocrinologist)

Other
Research study
Employment organization
Private clinic
Hospital service
Community health service

Years in current clinical/industry role [years as mean (SD)]

53+ 16

2 (40)

1(20)
0 (0)
3 (60)
1 (20)
0 (0)
2 (40)

2 (40)
1 (20)
0 (0-15)
3(0.7)

1 (20)
1 (20)
1 (20)
1 (20)
1 (20)

1 (20)
1 (20)
0 (0)
0 (0)
3 (60)

1 (20)
3 (60)

1 (20)

NR

Range, n (%):
18-29, 1 (17)
30-39, 3 (50)
40-49, 1 (17)
60-69, 1 (17)
4 (67)

1(17)
0(0)
3 (50)
0 (0)
2 (30)

4.8 (0.4)

0 (0)
0 (0)
0 (0)
1(17)
5 (83)

0 (0)
0 (0)
0 (0)
1(17)
5 (83)

2 (33)

4 (67)

0 (0)

12.5 (89.2)

Data are mean (SD) unless otherwise stated. SD, standard deviation; MASLD, metabolic dysfunction-associated steatotic liver disease.
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Table 3. Poll results for top barriers to exercise maintenance for people with MASLD

Round 1 % Round 2 % Round 3 %
Musculoskeletal issues- pain 80 Musculoskeletal issues- pain 80 Musculoskeletal issues- pain 80
in muscles and bones/joints in muscles and bones/joints in muscles and bones/joints

No access to exercise 80 No access to exercise 80 No access to exercise 80
equipment or facilities equipment or facilities equipment or facilities

Cost 80 Cost 80 Cost 80
Competing priorities (family/ 80 Competing priorities (family/ 80 Competing priorities (family/ 80
work/caring/travel) work/caring/travel) work/caring/travel)

Low energy levels 80 Low energy levels 60 Low energy levels 80
Not being accountable to 80 Not being accountable to 60 Not being accountable to 60
anyone for doing exercise anyone for doing exercise anyone for doing exercise

Fear of health event 60 Fear of health event (e.g., low 60 Fear of health event 60
(e.g., low blood sugar, blood sugar, fainting, heart attack) (e.g., low blood sugar,

fainting, heart attack) fainting, heart attack)

Lack of time 60 Lack of time 20

Fear of injury (e.g., 60 Fear of injury (e.g., fall, 20

fall, muscle strain) muscle strain)

High fatigue/sleepiness 40

All over body pain 40

Low motivation 40

Dislike exercise 20

Not knowing what to do 20

Transport 0

Don’t have the right 0

clothing or shoes

MASLD, metabolic dysfunction-associated steatotic liver disease.

partners, with illustrative quotes presented in Table 2 (par-
ticipant numbers noted in brackets).

Key barriers to exercise maintenance: results from
the poll: After three rounds of voting, five key barriers, each
receiving an equal percentage of votes (80%), were identi-
fied. These were: musculoskeletal issues, access to equip-
ment and facilities, cost, competing priorities, and low en-
ergy levels (Table 3).

Co-Design Session 2 - generative design and sharing
ideas

Three core needs with eight considerations were generated,
with illustrative quotes from lived experience partners, hepa-
tologists, and industry partners (exercise physiologists) pre-
sented with participant numbers in brackets (Table 4).

Target outcomes

Patient-important outcome measures: Lived experi-
ence partners and health practitioners identified improve-
ments in health-related quality of life (HRQoL), including
mood and energy, and activities of daily living (ADLs) re-
flecting daily experiences, as priority outcome measures for
exercise interventions to improve exercise maintenance. As-
sessing the ability to perform daily activities such as house-
work and gardening was highly valued. Specific ADLs to be
assessed included strength, exercise capacity, and exercise
tolerance or “limits”. These outcomes should be tailored to
individual circumstances based on participants’ goals and ex-
pectations.

Physiological and natural history: Lived experience
partners were interested in how exercise maintenance could

influence basic physiological health markers, including blood
pressure, heart rate, cholesterol, and body mass index. Indi-
viduals who had participated in exercise interventions valued
monitoring these parameters during exercise, as it increased
their confidence and motivation. Hepatology partners were
particularly interested in outcomes demonstrating direct im-
provements in liver health. One hepatologist emphasized the
importance of altering the natural history of the disease.

Strategies to enhance adherence

Habit forming: Hepatology partners expressed concern
about exercise uptake and maintenance in people with MA-
SLD and were interested in clinicodemographic factors that
predict adherence. They sought to understand whether there
is @ minimal dose of exercise needed to create a sustain-
able habit. Given the high prevalence of comorbid illness in
this population, hepatologists were also interested in ways
to manage exercise during illness and, particularly, how to
re-engage patients after forced breaks due to health dete-
rioration.

Hepatologists also highlighted the importance of identi-
fying factors influencing adherence. They were interested
in differentiating intellectual from physical motivators and
identifying the point at which exercise is performed out of
personal motivation. Lived experience partners expressed
feelings of guilt when failing to complete prescribed exercise,
which led to poor outcomes. Industry partners were inter-
ested in supporting adherence from a behavior management
or stage of change perspective. They suggested that people
with MASLD need to be made aware of the behavior change
model and that relapses often occur.
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Exercise professional support: Industry partners and
hepatologists expressed the importance of patients’ percep-
tions toward exercise. Providers observed that patients who
have not previously participated in exercise therapy com-
monly hold negative thoughts toward participation and as-
sessments. Lived experience partners expressed that they
highly valued supervision by a trained exercise professional,
as this made them feel safe and provided motivation and
support to continue. All lived experience partners who par-
ticipated in exercise reported enjoying the experience and
being impressed with the health outcomes.

Factors influencing scaled implementation: Lived
experience partners had little to no knowledge of MASLD
before diagnosis, with many believing they had lived with
the disease long before diagnosis. Health literacy and under-
standing of exercise benefits for MASLD were viewed as low
among MASLD partners. Cost of intervention was frequently
mentioned by lived experience and industry partners, who
indicated they were only willing to engage in exercise inter-
ventions if the cost was low. Industry partners emphasized
the need for exercise interventions to demonstrate a posi-
tive monetary impact on the health system to support scaled
implementation. This includes the need to transition patients
into self-directed exercise. Gaining support from policymak-
ers requires investment and active participation from many
individuals who successfully engage with and adhere to the
program.

brackets)
I need someone to direct me!”(EP1).

"What we need to do is work out the dose, dosing schedule, and how long we need to
keep the medication going for, in this case, exercise.”(H2). "Like over what time range

in
is it effective? Like as in, is it only effective while you keep doing it? Is there some

Awareness of exercise benefits

t number noted

Benefits beyond weight loss: Lived experience partners
valued education targeting youth about the importance of
exercise for physical fitness, rather than focusing solely on
other health factors such as body weight. Hepatology part-
ners were interested in disease prevention through education
and early management, as well as the role of sustained ex-
ercise in improving hepatic outcomes. They emphasized that
knowledge of exercise as a potential therapy to improve liver
health needs to reach general practitioners and other refer-
ring health professionals.

Personalised doses: Lived experience individuals and
hepatologists were interested in understanding effective
exercise ‘doses’. This included when to exercise, intensity,
duration, and mode—commonly referred to as the ‘FITT’
principle: frequency, intensity, time, and type. One hepatolo-
gist compared this to pharmacological studies and advocated
for applying similar outcome measures for exercise doses.
Lived experience individuals were also interested in how to
manage comorbid illnesses during exercise. Musculoskeletal
comorbidities were frequently mentioned, along with other
chronic health issues for which they required support.

Clinicians as gatekeepers: Hepatologists suggested
that there may be a bias in exercise studies toward patients
who are physically able and motivated, whereas drug stud-
ies do not require these qualities. Exercise was described
as a therapy that requires time and effort, factors clinicians
consider before referring patients to exercise studies. More
effective provision of information regarding exercise-based
clinical trials is required to improve recruitment. Hepatolo-
gists and industry partners believed that increased training
in exercise is needed in medical schools, as misconceptions
about the safety and efficacy of exercise may prevent refer-
rals. One hepatologist noted that clinicians who have not up-
skilled in exercise therapy may not recommend exercise and
instead only do the “safe things”.

Role of professional bodies: ESSA, the accrediting
body for exercise physiologists in Australia, was mentioned
by hepatologists and industry partners as responsible for up-

icipan

What do you want me to do here?...

| [EP] part

iona

Profess

ercise
"I think that the professional bodies have a role in advocacy and that’s always an important one. Advocacy

with the Government but also with the clinicians.”(H2). "ESSA’s [professional body] responsibility has to

be getting to [Hepatologist 1], getting to hospitals to be like, if someone comes in, they need to go down
and create, obviously, an understanding among the community members that if you have NAFLD [MASLD],

improvement from doing anything at all?”(LE1). “Like what sort of exercise I can do, how

long I need to do it for, you know, because I have other chronic health issues.”(LE4).

"I suspect that there is some sort of bias, that you would think a patient would be more physically

able or seem more motivated...then for a drug study where you just have to swallow something or

take an injection.”(H3). "I don’t think there has been a trial open that I am aware of recently that

I could’ve enrolled.”(H3). "And so the safest thing to do in that situation, if you're a clinician and

you only like to do safe things, is not to tell them to exercise more, to keep it like that.”(H2).

this pathway, this is a pathway option that’s available.”(EP1). “"We need the professional bodies to step in
you can go on and see an exercise professional.”(EP1). "I reckon most of the time a doctor, a GP, will be
like, you need to change your lifestyle, you know... go out and find something. The clients like... I don’t

Illustrative quote (with Lived Experience [LE], Hepatology [H], and Ex-

know what I'm looking for?...

d)
Personalised doses

IcIse

(continued)
Clinicians as gatekeepers

Role of Professional Bodies

NAFLD, non-alcoholic fatty liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease; ESSA, Exercise and Sports Science Australia.

Core needs and considera-

tions (ital

Table 4.
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skilling relevant clinicians. They described a central role for
professional bodies in advocacy with government and clini-
cians to address the lack of training in exercise prescription
for medical undergraduates and practicing clinicians. Indus-
try partners highlighted that models of care are needed to
increase awareness of Accredited Exercise Physiologists and
to connect those with MASLD to Accredited Exercise Phys-
iologists. The view was that professional bodies like ESSA
should serve as the nexus between researchers, universi-
ties, doctors, clinicians, and hospitals for recruitment into
exercise-related research studies. It was suggested that the
professional body’s website should provide clear and simple
directions to clinical trials and exercise physiologists to help
individuals make healthy behavioral choices. There were
strong opinions that there is currently a lack of direction and
effectiveness in referring individuals to exercise-related re-
search studies, and that personal referrals are more effec-
tive than referrals through association bodies. Most partners
indicated that primary healthcare providers play a significant
role in motivating patients to engage in exercise. However, a
need for skill development in exercise assessment and pre-
scription was identified to better support primary healthcare
providers in recommending, referring, and supporting exer-
cise uptake and maintenance.

Standards mapping (Step 7 requirements for trans-
lation)

Determinants and needs were mapped across 11 statements
from five domains of the Global Action Agenda and 12 state-
ments across five domains of the Global Research Agenda
(Table 5).

Discussion

In recent years, there have been several global calls to action
to elevate the prioritisation of MASLD in global health and
research agendas.'7:18 These consensus-driven, multidisci-
plinary agendas were co-developed by healthcare providers,
clinical researchers, and policy experts to articulate coordi-
nated strategies for global, national, and regional efforts to
address MASLD. The principle “Nothing about us without us”
is now widely adopted in clinical research, highlighting the
importance of embedding the voices, needs, and opinions of
people with lived experience in the design of effective care
strategies.

Patient-centred research strategies in MASH have recently
been advocated for and include principles of transparency,
whole-person focus, patients as partners, family and car-
egiver awareness, and responsiveness to patient needs.?>
To research and translate innovative exercise care solutions
for people with MASLD, it is necessary to adopt a cohesive
strategy that addresses specific consumer-informed research
questions, employs suitable research methods, and focuses
on outcomes that are meaningful to both patients and stake-
holders. Exercise guidelines for the management of MASLD
have recently been published,>6 along with tools to enable
clinicians to prioritise and facilitate regular physical activity
for people with MASLD.26:27 However, the uptake and main-
tenance of exercise remain a global challenge, with the ma-
jority of people with MASLD insufficiently physically active to
achieve and sustain benefits.

This generative co-design process partnered lived expe-
rience experts and their care stakeholders to frame issues
regarding barriers and enablers to exercise sustainability and
to co-design priorities for exercise-focused research agendas
in MASLD. The findings align with several recommendations
and priorities outlined in the MASLD global action!? and re-

Keating S.E. et al: Co-designing exercise for MASLD

search priority!8 agendas, as well as the principles of patient-
centred MASH research.?> QOur lived experience partners
recognised core barriers to exercise maintenance and, along-
side healthcare stakeholders, identified intervention targets
and strategies to enhance long-term adherence. Increasing
awareness of both MASLD and the benefits of exercise was
viewed as crucial for ongoing research aimed at developing
pragmatic and sustainable exercise solutions.

Through an iterative voting process, five key barriers to
the maintenance of regular exercise were described and
equally prioritised by lived experience experts (in alpha-
betical order): competing priorities, cost, lack of access to
exercise equipment and facilities, low energy levels, and
musculoskeletal and pain issues. These are consistent with
broader literature exploring barriers to exercise adoption and
maintenance in people with MASLD,5:11:12,23,28-30 byt this is
the first study to illustrate a patient-led ranking of issues
that require targeted strategies before or alongside further
efforts to refine exercise prescriptions for liver and clinical
outcomes. Embedding patient-led priority activities into es-
tablished tools (e.g., those listed in Table 4) could be con-
sidered. Competing priorities, access to exercise equipment,
and affordability of access to exercise facilities and profes-
sionals should be prominently addressed in future research
design and clinical implementation.

Selecting patient-important outcomes to prioritise in ex-
ercise research and clinical prescription was identified as a
critical factor by both lived experience and hepatology part-
ners. This aligns with the consensus to “increase the use of
patient-important outcomes in clinical and research settings
and include these as primary study outcomes alongside clini-
cal outcomes” (item 3.4 of'7). Key HRQoL outcomes, spe-
cifically mood, energy, musculoskeletal issues and pain, and
ADLs, were highlighted by both lived experience and clinician
partners. These factors have been comparatively neglected
in exercise training studies,3! and there is currently no con-
sensus on a standardised approach to the assessment of
patient-reported outcome measures in MASLD. People with
MASLD report lower HRQoL scores, particularly in physical
activity and functional performance domains.32 Emerging
evidence shows that exercise can improve various aspects of
HRQoL, with no evidence of worsening from such interven-
tions.24 In one study, lower pain interference and improved
sleep (as assessed via the PROMIS tool) were reported by
people with MASH after 20 weeks of moderate-intensity aer-
obic exercise.33 This suggests that incorporating strategies
into large-scale research that target HRQoL outcomes, such
as musculoskeletal impairment, pain, and low energy, may
enhance the maintenance of exercise behaviours. A strategic
imperative is to standardise the tools used in clinical research
to better understand the impact of exercise on HRQoL. Re-
cently, patient-reported outcome measure tools promoted
for MASLD have been evaluated.32

Elucidating ‘personalised’ exercise doses was also advo-
cated for by both lived experience and hepatology partners.
The ‘minimal’ dose required for habit formation was high-
lighted as a priority by hepatology partners. Evidence from
general, apparently healthy populations suggests that exer-
cising at least four times per week for six weeks is the mini-
mum requirement to establish an exercise habit.3* While the
dose-response relationship for exercise in MASLD has been
evaluated,35 habit formation has not yet been investigated in
this context.

Beyond these shared priorities, a disconnect was evident
between lived experience, hepatology, and industry partners.
Hepatology partners expressed the need to better under-
stand the impact of exercise training on the natural history of
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MASLD, which has traditionally been constrained by the reli-
ance on invasive liver biopsy to assess histological outcomes.
Significant progress has been made in developing non-in-
vasive measures, and emerging evidence suggests that ex-
ercise training improves histological features of MASLD, as
informed by imaging and blood-based surrogates.3¢37 Ongo-
ing research should prioritise both established and emerg-
ing surrogates for liver histology to better understand the
impact of exercise on disease severity and long-term clinical
endpoints, alongside what patients value. This is particularly
relevant in the context of personalised medicine, as MASLD
subtypes are increasingly identified and characterised.38:39

Hepatology and industry partners also expressed a need
for clearer pathways and improved communication to fa-
cilitate referrals of individuals to exercise-related research
studies. They further advocated for the integration of ex-
ercise therapy into medical school curricula. New tools and
resources have been developed to support clinicians in pre-
scribing exercise and understanding its role in MASLD man-
agement.56:26.27 professional bodies (e.g., ESSA, American
College of Sports Medicine, British Association of Sport and
Exercise Sciences) have a critical role in advocating for in-
creased training in exercise for medical undergraduates and
clinicians, bridging the gap between scientific knowledge and
its clinical application. This is the intention of the global Exer-
cise is Medicine initiative,*® which aims to foster a culture in
which healthcare providers routinely include exercise coun-
selling and prescription as a standard part of patient care.

Exercise physiology partners recognized the importance
of addressing exercise adherence through behavioral man-
agement strategies and an understanding of the stages of
change. When designing interventions, it is crucial to incor-
porate educational components that support habit develop-
ment beyond supervised sessions. Research examining how
to manage interruptions during periods of illness or forced
breaks, and identifying factors that contribute to or hinder
adherence, is needed. For maintenance to be successful
long-term, strategies that address relapse and assist re-
engagement are required. Providing information about the
stages of change and normalizing the concept of relapse may
empower individuals and enhance their long-term adherence
to exercise programs.

Lived experience partners emphasized the need for
awareness and education regarding the benefits of exercise
(notably beyond weight loss) and perceived that health lit-
eracy is generally low in people with MASLD. This is consist-
ent with previous research showing that 70% of people with
MASLD believed it was a hereditary condition, and only 2%
recognized MASLD as preventable.#! They also expressed
the importance of targeting youth with education on healthy
lifestyle choices. Indeed, there is a relative paucity of litera-
ture on youth compared to adult populations with MASLD.42
Primary healthcare workers play a pivotal role in connecting
patients to exercise interventions and promoting engage-
ment in physical activity, as people are more likely to start
exercise therapy when recommended by their doctor.43 How-
ever, a leading barrier to exercise participation was a lack
of resources and education from their treating medical pro-
viders.1! Clear and concise messages about the safety and
effectiveness of exercise to manage MASLD should be com-
municated by primary healthcare providers. Many primary
healthcare professionals have reported a lack of knowledge
about MASLD and consequently experience difficulties when
communicating about the condition to patients.44

Identifying, evaluating, and implementing strategies to
enhance exercise maintenance should be a priority for ongo-
ing exercise research. This aligns with several priorities of

Keating S.E. et al: Co-designing exercise for MASLD

the global agendas. Emerging evidence suggests that digi-
tal approaches, including smartphone applications#>-47 and
telehealth,*® are feasible and effective options to support
self-directed exercise.*® The support of an exercise profes-
sional was viewed as beneficial to adherence, increasing the
capacity to individualize exercise prescriptions and enabling
participants to feel safe, particularly those with significant
musculoskeletal pain. However, innovative strategies to in-
crease affordable access to specialists are needed. Regular
‘check-ins’ were also valued by people with MASLD as moti-
vators to reinforce behavior. Digital technology may enable
the continuation of exercise care beyond supervised settings
but could also worsen disparities in care access.>? Addition-
ally, identifying predictors such as clinicodemographic factors
associated with exercise adherence can help tailor appropri-
ate support to specific subgroups.

These findings should be considered within the context of
study limitations. Four of five lived experience experts were
recruited through participation in previous exercise studies,
which potentially biases the sample toward individuals in-
terested in exercise. The guidance and education provided
in those studies likely influenced their responses. Similarly,
two of three hepatologists in the study were actively involved
in lifestyle interventions for MASLD. Additionally, the pre-
existing relationship between interviewers and participants
may have influenced responses during interviews. However,
participants were selected using non-probability sampling,
taking a grounded theory approach. This sampling meth-
od is commonly used in similar research contexts, and the
decision to utilize it was informed by academic and clinical
partners. Although the interviewees represented a largely
diverse group, the generalizability of results may be limited
due to the small sample size.

Future co-design studies could promote broader stake-
holder engagement through strategies such as embedding
the activity within clinical settings with an opt-out (rather
than opt-in) approach. Initial co-design findings could be
shared with a broader group of stakeholders, including those
less involved in exercise care, which may help validate and
refine insights. Comprehensive stakeholder mapping should
be undertaken to identify underrepresented voices, such as
inactive people with MASLD, primary care clinicians with lim-
ited exposure or access to exercise interventions, or cultur-
ally diverse populations. These efforts should also include di-
rect and indirect stakeholders such as community members,
policy actors, and industry partners. Patient advocacy groups
could facilitate this.

Conclusions

The disconnect between research priorities of hepatologists,
exercise professionals, and people with MASLD highlights
the critical importance of community and consumer involve-
ment throughout all phases of research design and delivery.
Key clinical recommendations include: (i) Patient-important
outcomes should be assessed and prioritized in research
concerning exercise and MASLD management. (ii) The ben-
efits of exercise on patient-important outcomes should be
highlighted in exercise conversations. (iii) Exercise research
should include standardized non-invasive outcomes of liver
histology and appropriately assess and report exercise ad-
herence data to better inform dose-response relationships of
exercise on histological outcomes. (iv) Research concerning
exercise adherence-building strategies, which may include
digital technologies, should be co-designed with lived experi-
ence partners. (v) Culturally responsive models of exercise
care and point-of-care patient resources need to be defined,
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evaluated, and implemented across local, national, and glob-
al settings. (vi) Training in exercise-related care should be
embedded in the curricula and professional development of
medical practitioners and clinicians involved in MASLD care.

There is a need to address the priorities of people with MA-
SLD in ongoing research. Exercise and diet intervention stud-
ies are well placed for hybrid implementation-effectiveness
trials, which have co-primary aims to investigate the effec-
tiveness of type and dose of exercise along with implementa-
tion strategies to overcome non-liver barriers such as access,
cost, and complex lives with competing priorities. Co-design
at each stage of the research lifecycle is vital to advance the
awareness and management of MASLD.
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