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Abstract

Background: The number of individuals living with multiple (≥2) long term conditions (MLTCs) is a growing global
challenge. People with MLTCs experience reduced life expectancy, complex healthcare needs, higher healthcare utilisation,
increased burden of treatment, poorer quality of life and higher mortality. Evolving technologies including artificial in-
telligence (AI) could address some of these challenges by enabling more preventive and better integrated care, however,
they may also exacerbate inequities.

Objective: We aim to deliver an equity focused, action-ready plan for transforming MLTC prevention and care, co-
designed by people with lived experience of MLTCs and delivered through an Innovation Hub: SysteMatic.

Design: Our Hub is being co-designed by people with lived experience of MLTCs, practitioners, academics and industry
partners in Liverpool and Glasgow, UK. This work builds on research into mental-physical health interdependence across
the life-course, and on mobilisation of large-scale quantitative data and technology validation in health and care systems
serving deprived populations in Glasgow and Liverpool. We work with 3 population segments: 1) Children & Families:
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facing psychosocial and environmental challenges with lifetime impacts; 2). Working Life: people with poorly integrated
mental, physical and social care; and 3) Pre-Frailty: older people with MLTCs. We aim to understand their experiences and
in parallel look at routinely collected health data on people with MLTCs to help us identify targets for intervention. We are
co-identifying opportunities for systems transformation with our patient partners, healthcare professionals and through
discussion with companies and public-sector organisations. We are co-defining 3/5/7-year MLTC innovation/transition
targets and sustainable learning approaches.

Discussion: SysteMatic will deliver an actionable MLTC Innovation Hub strategic plan, with investment from the UK
National Health Service, civic health and care partners, universities, and industry, enabling feedback of well-translated,
patient and public prioritised problems into the engineering, physical, health and social sciences to underpin future
equitable innovation delivery.

Keywords
Multimorbidity, digital health, health technology, wearable devices

Received 9 July 2024; accepted: 10 July 2024

Background and rationale

Multiple long-term conditions (MLTCs) challenge patients,
families and health systems.1,2 Individuals living
with ≥2 long term conditions have reduced life expectancy,
complex healthcare needs, higher healthcare utilisation,
increased burden of treatment3 poorer quality of life1,4 and
higher mortality.5 MLTCs are functions of interacting and
multiple biological, lifestyle, social and environmental
factors that vary over the life-course.1 MLTCs dispropor-
tionately affect more socioeconomically disadvantaged
groups where prevalence is higher, and onset is around 10-
15 years earlier.6 Combined mental and physical MLTCs are
more prevalent in these populations6 and are associated with
premature mortality (20-year lifespan reduction7) alongside
reduced health-span (years lived in good health).8,9 Closing
the mental-physical health divide and improving care
pathways and coordination across health- and social-care
systems is critical for meeting the needs of increasingly
complex populations with MLTCs1 and the ability for
healthcare systems to provide care within the context of
rising demand and workforce challenges.

The prevention and management of MLTCs challenges
traditional research and service models. For example, the
usual approach to new technologies tends to focus on single
diseases, ignoring common, real-world complexity. Digital
transformation through e.g., remote consultation, remote
monitoring (via wearable or remote, non-invasive sensing
technologies), and the use of data-driven technologies in-
cluding artificial intelligence (AI) and machine learning
(ML) to support decision making, have potential to tackle
the challenges posed by MLTCs. However, there remain
large gaps in evidence and translation, with innovations
failing to take root in services despite large investments.10,11

This failure of practical innovation can arise from narrow
problem framing/solving, short implementation cycles, or

from failing to examine the relationship between human
actors and the wider context, which is vital for MLTC
systems of care.

Co-creating, implementing, and embedding healthcare
innovation involves complex processes of change. These
changes are at the micro level for patients and professionals,
at the meso level for providers, and at the macro level for
commissioners and public health services.10

To avoid a one-size-fits-all over-simplification of
MLTCs, it is vital to elicit and synthesise data on
stakeholder-facing MLTC models (micro- and meso-scale
system models) and compare them with the sometimes-
conflicting priorities identified from macro-scale data.

Healthcare is delivered by different professionals across
a range of settings and contexts, with various intercon-
nections and interdependence making it a complex system
(of professions and organisations providing care for a de-
fined population). Therefore, in SysteMatic an interdisci-
plinary team of health, engineering, computing science,
design, social science and arts-based researchers will em-
ploy systems engineering approaches12,13 and systems
theory14,15 to pave the way for an Innovation Hub. Sys-
teMatic will embed continuous learning of how to prevent
MLTCs and improve care for affected individuals equitably,
as core business of civic integrated health and care systems.
We will work with stakeholders to define their own unmet
needs and problem priorities for MLTC prevention and
management using design-driven methodologies that em-
body participatory, inclusive, and human-centred design.

In this development phase, we will prepare SysteMatic
for rapid scale-up, leveraging National Health Service
(NHS)-embedded data and digital innovation hubs and
MLTC research across the life-course in Liverpool and
Glasgow, in the United Kingdom. The extreme socioeco-
nomic disadvantage of our populations demands MLTC
innovation that harnesses understanding of biopsychosocial
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determinants of MLTCs and diverse care contexts. Our
pragmatic approach acknowledges that systems of MTLCs
are complex, sparsely measured over the life-course, and
need highly iterative and agile design and engineering of
solutions. SysteMatic will therefore focus on three pop-
ulation segments in which our health and care systems are
driving projects as catalysts for MLTC transformation. Our
patient and public involvement and engagement (PPIE)
groups advised us to focus on these segments and have
shaped our programme of research.

Aims and objectives

We aim to deliver an action-ready plan for transforming
MLTC prevention and care through an Innovation Hub:
SysteMatic. Our Hub will be co-designed by people with
lived experience of MLTCs, healthcare practitioners, aca-
demics and industry partners in Liverpool and Glasgow.
Planning will build on research into mental-physical health
interdependence across the life-course, and on mobilisation
of large-scale quantitative data and technology validation in
health and care systems that serve deprived populations in
Liverpool and Glasgow. We will produce an action ready
plan and initiate SysteMatic through a 5-stage approach that
is currently underway:

Stage 0. Convene a design cooperative of people with
MLTC lived experience, health and care professionals,
scientists, engineers and designers, to embed MLTC data-
action-research and design (systems definition, optimisa-
tion, innovation and transition) as core business of health
and care systems.

Stage 1. Map out MLTC intelligence in 3 key segments
of the population:

i. Children & Families: facing psychosocial and
environmental challenges with lifetime impacts.

ii. Working Life: with poorly integrated mental,
physical and social care.

iii. Pre-Frailty: people with MLTCs and opportunities
for pre-frailty interventions.

Stage 2. Co-identify opportunities for systems trans-
formation using the intelligence from stage 1, and further
discussion with companies and public-sector organisations
developing new technologies for person-centred complex
care and population health management.

Stage 3. Co-define 3/5/7-year MLTC innovation/
transition targets and sustainable learning approaches.
PPIE-ranked targets can draw on our innovation pipelines,
with prototypes, for example, of ambient sensing (that
capture health data continuously and unobtrusively within a
given physical environment without having to wear a de-
vice), and wearable sensing (for example using a smart
watch or medical device) for managed self-care and earlier

comorbidity diagnosis, proactive decision-making and
better/shared care.

Stage 4. Co-produce a MLTC Innovation Hub strategic
plan, with investment from the NHS, civic health and care
partners, universities and industry, enabling feedback of
well-translated, PPIE-prioritised problems into the engi-
neering and design, physical, health and social sciences.

Developing an innovation hub through a
design cooperative

Vision and General Approach (Figure 1)

We will design SysteMatic through 3 working groups
studying systems, people and intelligence, in a cooperative
of: those living with MLTCs, health and care professionals,
scientists, engineers and designers. We will apply design
rigour and use large-scale quantitative and rich qualitative data
to produce MLTC intelligence arrays (e.g. visualisations
describing multiple condition morbidity patterns across ge-
ographies), systems failure scenarios (e.g. where stakeholders
identify how and when existing healthcare systems fail for
managing their conditions), and when possible, identify and
map these outputs to relevant system theory. The working
groups will converge in workshops to: 1) co-define and co-
prioritise problems, system elements and failure points,
complexities and interdependencies, and stakeholder relations
and narratives for eachMLTC population segment; and 2) co-
define systems visions, targets and potential solutions for each
segment – prioritised through PPIE. Our development work
will deliver a MLTC learning systems framework and stra-
tegic case for the Hub, with partners investing in long term
iterative co-innovation for better MLTC prevention, care and
system monitoring. This framework will drive prompt ac-
ceptability and feasibility testing for new technologies, ser-
vices and pathways in useful contexts. For example, a novel
technology to detect accelerating frailty from an ambient
sensing device in the home would be validated within a whole
pathway/system context of how the NHS and social care can
respond to signals from the device and patient, and not an
isolated validation of e.g. ability to sense activities of daily
living.

Design principles and systems science

Our innovation hub design embeds a novel Triple Learning
Health System framework as illustrated (Figure 1). We adopt
human-centred16,17, inclusive18,19, equitable and
participatory20-22 design principles to ensure an innately
patient-centred, equitable and innovative approach. Design
futuring23,24 and speculative design25-27 provide ways to
research and build shared futureMLTC scenarios that can help
to identify systems innovation and transition targets and help
to inform and incorporate the new technologies and tools.

Mair et al. 3



Our cooperative of disciplines includes systemsmodelling,
systems engineering, systemic design, clinical research,
public health research, and health and care commissioning
and provision.14,15 We apply three orders of systems science
to health and care systems, distinguished by: a) how they
define a system; b) the associated researchmethods; and c) the
tools, frameworks and techniques. These three orders are:

1) 1st-Order optimises discrete components with clear
boundaries, quantified inputs/outputs, crude ontol-
ogies and a governing process with feedback and
error correction.28-30 For example, feedback to GPs
on their potentially harmful prescribing of antipsy-
chotics and interacting drugs with no wider context.

2) 2nd-Order is the mainstay of systems engineering in
healthcare.12,13 Modelling is ontological, but tolerates
ill-defined boundaries, uncertainty and unknowns, and
may adopt simulation methods,31-33 or statistical
process control.34 For example, modelling the po-
tential impacts of a weight management clinic/service
for people taking antipsychotic medication, after
psychotic symptoms are controlled.

3) 3rd-Order extends to soft systems14,35 with porous
boundaries, nonlinear behaviours, and contextual
sensitivity.15,36 Key approaches are participatory; PPIE
with practitioner co-design, action research,37 systemic
design,38-40 and transition design.41,42 This approach
suits transitioning from single condition/pathway/service
optimisation,43 to integrated MLTC approaches.44 For
example, transitioning from NHS weight-management
referral to a package of wider cardiovascular risk re-
duction and social support/prescribing for people taking
antipsychotic medication.

Design cooperative approach to multiple
long-term conditions

The complexity of MLTCs can be overwhelming unless
research questions are focused. To avoid this risk, we will
introduce MLTC scenarios in population segments in Stage
1, seeding co-produced research priority roadmaps in Stage 3.
The Children & Families segment focuses on families under
stress (parents and children) due to factors such as childhood
adversity,45 neurodevelopmental disorders (Attention Deficit

Figure 1. Schematic of design principles and systems science.

4 Journal of Multimorbidity and Comorbidity



Hyperactivity Disorder/Autistic Spectrum Disorder, intellec-
tual disability), other physical health issues (e.g. asthma) and
positive and negative risk-behaviours (including sport/
accidental trauma, sedentary lifestyle, self-harm, and sub-
stance use).46 The Working Life segment considers mid-to-
late adulthood (∼30–60 years) with a focus on mental-
physical health interactions in chronic pain/fatigue, mood
disorders and risk factor accumulation (cardiovascular risk,
metabolic syndrome/diabetes). The Pre-Frailty segment re-
flects mid-life through retirement (∼50–70 years)47 with a
focus on multiple organ disorder, decompensation/failure of
adapted psychosocial mechanisms (early retirement, life-
transitions, suicide risk), hypothalamic-pituitary-gonadal
axes (menopause), cognition and neurodegeneration (de-
mentia) andmusculoskeletal decline –with commonlymissed
opportunities to prevent frailty among people living with
MLTCs. PPIE-prioritised solutions may include ambient
sensing of sleep, heart rate variability and mood changes,
hastening intervention to avoid frailty.

Design cooperative 5-stage process to prepare the
systematic innovation hub

Stage 0: Involves convening a design co-operative to ensure
A. People Insights will be achieved through putting a

diversity of patients, practitioners, and public
partners – including those seldom heard, at the
centre of design. The group will consolidate lived
experiences into person, journey and system maps,
informing system failure scenarios.

B. Health and Care Intelligence will feed practi-
tioners’ knowledge of MLTC segments into system
maps and failure scenarios, using local data to
quantify MLTC pressures and trajectories. The
group brings clinical, social care, managerial and
public health professionals together with public
advisors, systematically grounded with inputs from
the People Insights group.

C. Systems Futures will synthesise evidence for
MLTC systems methodology and apply this to
optimising existing services, driving innovation, and
transitioning MLTC services to sustainable im-
plementation of the right innovations. The group will
draw upon substantial clusters of HealthTech industry
partnerships and linked PPIE shaping new technol-
ogies and tools in Liverpool and Glasgow.

Deliverable: MTLC insight and design community ready
to execute Stages 1–4.

Stage 1: Deep dives into MLTC epidemiology, experiences and
services in 3 population segments. Questions: What are the
MLTC burdens in our populations? What do people with
MLTCs and practitioners see as systems failures and

priorities? Route to answers: triangulation of lived expe-
rience, practitioner and data insights.

Using cultural probes48 and photovoice autoethnog-
raphy,49 contextual interviews and generative workshops,
the People Insights group will map experienced care
pathways and system failure scenarios – identifying com-
monalities and differences in stakeholders’ perspectives.
The Systems Futures group will consider the literature on
healthcare systems design, extended to include social care
and population health management; by targeted review of
this diverse literature, we will identify patterns across theory
and applied work to provide a preliminary ontology of
principles, methods and techniques50. The Health Intelli-
gence group will work with regional data teams to develop
sociodemographic and MLTC profiles for the segments.
This information may also help target neighbourhood ini-
tiatives to support families with complex lives including
drug and alcohol problems.

Deliverables: 1) Ontology of MLTC systems principles
and techniques; 2) MLTC population segment profiles; 3)
MLTC journey maps in each segment; 4) system map of
pathways and their bottlenecks for patients and practi-
tioners; 5) system failure scenarios in and across segments.

Stage 2: Co-identify Priority MLTC systems failures and targets
for action. We will define and prioritise the system pres-
sures, maps, conditions, and failure points in collaboration
with patient partners and healthcare professionals. The
People Insights group will use the rich qualitative data and
segment profiles from Stage 1 to populate arrays of system
failure points. These in turn will be used to co-create MLTC
(systems) research priorities and roadmaps.

Deliverables: 1) Shared problem definitions/priorities,
system maps for each MLTC population segment linked to
outputs from Systems Futures and Health and Care Intel-
ligence that emphasises opportunities for optimisation,
innovation and transition.

Stage 3: Co-define research, technology and intervention pri-
orities for systematic. The 3 working groups will iterate
through workshops to generate a consensus on the key
research, technologies and intervention targets needed to
initiate a ‘learning systems flywheel’ of MLTC innovation,
acknowledging that transformations never happen outright
but rather through consistent efforts, building momentum
until a major advance is achieved.51 PPIE groups will
consider MLTC person maps and mock-ups of (systems)
solutions for better experiences (Figure 2).

Deliverable: MLTC learning system framework with
actionable examples in each population segment

Stage 4: Co-producing the SysteMatic MLTC innovation hub
strategic plan with system partners. Stakeholders will co-
produce a strategic plan to implement the MLTC learning
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system framework in the SysteMatic hub across Liverpool
and Glasgow, with co-investment from academic health
system and industry partners. A sandpit event, advertised
through our networks, will gather working group members,
public, and interested parties. The sandpit will spawn sub-
groups responsible for each part of the plan.

Deliverables: 1) Strategic plan for MLTC action research
and design as core business of two health & care systems in
England and Scotland; 2) bid for National Institute for
Health and Care Research (NIHR) SysteMatic MLTC
Innovation Hub.

MLTC systems knowledge commons

Outputs from Stages 1–4 will be organised, shared and
disseminated online via an open knowledge commons
similar to the Turing Commons.52 Outputs will be available
to other Hub developers to encourage synergy and avoid
repetition across the themes/projects, maximising public
return on the funding for the development stage work. The
outputs will also create a platform for the SysteMatic de-
velopment team to align with UK strategic priorities (e.g.
the UK Life Sciences Missions, NIHR priorities, UK
Research and Innovation (UKRI) healthcare technologies
and Department of Health and Social Care (DHSC) areas of

research interest), and to collaborate with other institutions
developing related hubs. Our findings will also be dis-
seminated at public meetings and national and international
events, through our online open knowledge commons and
publication in peer-reviewed journals.

This study was approved by the University of Liverpool,
Faculty of Science and Engineering Research Ethics
Committee (approval number 12724) on August 22,
2023 and the University of Glasgow, College of Medicine,
Veterinary and Life Sciences Ethics Committee (approval
number 200230002) on October 6, 2023. We have an
External Advisory Board to inform the strategic direction of
the hub.

Discussion

We have described an ambitious programme of research that
aims to underpin development of an innovation hub
(SysteMatic) designed to foster and implement solutions for
people with MLTCs. This programme of research has in-
tegrated PPIE throughout the development phase. Our PPIE
groups contributed to the decision to focus on three specific
population segments, emphasising the importance of fam-
ilies with complex lives. They advised on terminology and
methods throughout and have worked with the research

Figure 2. MLTC learning system framework.
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team to craft the PPIE strategy. To maximise the inclusion of
relevant lived experiences and specialist expertise, we will
use a participatory, inclusive and human-centred design
methodology pioneered by the Inclusionaries Lab.53,54,57,58

Risks, barriers and mitigations

Such ambitious programmes always have potential risks. Two
key risks relate to recruitment challenges, especially of
“seldom heard voices” and failure to develop shared under-
standings and overcome interdisciplinary barriers. These risks
have been mitigated through: our existing partnerships and
infrastructure, for example, working with the Liverpool Civic
Data Cooperative55 and the Byres Community Hub, Glas-
gow56 to ensure access to people with MLTCs from diverse
backgrounds; and the incorporation of a research triangulation
approach with iterative feedback to stakeholders from dif-
ferent disciplines, for maximum validity and reliability and
development of a glossary of terms to promote understanding
of disciplinary differences in terminology.

Conclusion

While our key deliverable will be a strategic plan and
funding application for an equity focused innovation hub
(SysteMatic) for people with MLTCs, there will also be
considerable learning and consolidation of sense-making
tools based on our engagement work with the three groups
of people with MLTCs, who will provide new insights into
the lived experience of people with MLTCs and the key
challenges they face in navigating current health and social
care systems.
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