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Abstract

Background Decision models are increasingly used to inform policy-making processes, and there is a need to
improve their credibility. The estimation of health and economic outcomes generated from decision models is
influenced by the development process itself. This paper aims to present the conceptual model development process
of cardiometabolic disease (CMD) policy models in the UK setting.

Methods This conceptual model followed the International Society of Pharmacoeconomics and Outcomes
Research-Society of Medical Decision Making (ISPOR-SMDM) Modelling Good Research Practices Task Force-2.

Results First, for the conceptualisation of the problem, the CMD disease staging, progression and current clinical
guidelines were summarised, followed by a systematic review of published policy models. We critically appraised
policy models such as cardiovascular disease and type 2 diabetes. Key messages from the review emphasised the
importance of understanding various determinants influencing model development, including risk factors, model
structure, models’ parameters, data utilisation, economic perspective, equality/equity consideration, transparency
and validation process. Second, as a sequential process, is model conceptualisation, to determine which modelling
types and their attributes best represent the defined problem. Expert opinions, including a clinician and experienced
modellers, provided input on the state transition model to ensure the structure is clinically relevant. From this stage,
the consideration and agreement to establish a disease state in a state transition model was discussed.

Conclusion This conceptual model serves as a basis for representing the systematic process for structuring a CMD
policy model to enhance its transparency and credibility.
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Background

Cardiometabolic disease (CMD) is an umbrella term
encompassing a range of chronic, co-occurring condi-
tions, including cardiovascular disease (CVD), diabetes
mellitus, chronic renal failure, hypertension, and stroke
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with diabetes and is projected to rise to over 5.5 million
by 2030 [6]. Additionally, an estimated 850,000 individu-
als remain undiagnosed, further complicating efforts
to manage the disease effectively [7]. CVD also poses a
substantial public health challenge in the UK, affect-
ing approximately 7.6 million people, including around
4 million men and 3.6 million women who are living with
heart and circulatory diseases [8].

Policies for early and timely prevention of CMD are
crucial for improving cardiometabolic health. Over sev-
eral years, modelling techniques have been increasingly
applied to assist decision-makers in considering and
evaluating public health strategies. A model, particularly
in health economics terms, is defined as a structured
approach that typically involves the use of mathemati-
cal and statistical techniques to simulate the natural
history of disease and the impact of particular interven-
tions, leading to the estimation of health outcomes, cost,
and cost-effectiveness [9]. The decision analytic model
plays a vital role in evaluating these strategies by predict-
ing health and economic outcomes, facilitating scenario
analysis, prognosis, and generalisability concerns [10—
12]. We therefore propose the development of a CMD
policy model, tailored specifically to the UK context.

While decision models are increasingly used to inform
the policy-making processes, there is a need to improve
their credibility [13]. The development process itself
influences the estimation of health and economic out-
comes generated from the decision models. An appro-
priate decision model requires more than mathematical
operationalisation alone; it demands understanding com-
plex real-world systems and translating these com-
plexities into credible conceptual structures [14]. This
understanding is supported by model structuring, which
is pivotal in the decision analytic model. Model structur-
ing involves defining the model’s framework and compo-
nents, and ensuring all relevant elements such as disease
pathways, risk factors, and potential interventions are
considered and accurately represented. Once the struc-
ture is established, the model can be populated with data
and parameters. A conceptual model can illustrate these
overall processes [13, 15].

In the health economic model, the transition from
conceptual model frameworks to practical model struc-
turing is also crucial for producing reliable and action-
able insight. Within the conceptual process, focusing on
model structure is important. This involves choosing the
appropriate type of model, integrating data, and deal-
ing with uncertainties. It is where abstract ideas from
the conceptual model are translated into a quantifiable
model. This ensures that the policy model is not only the-
oretically sound but also practical and relevant for guid-
ing healthcare decision-making [16].
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Developing an appropriate conceptual model and
specifying key model structure offers several advantages,
including enhancing understanding of the decision prob-
lem, ensuring alignment with policy objectives, and sup-
porting stakeholder engagement. Conceptual models are
instrumental in fostering consensus on problem defini-
tion and guiding the development of the model structure
[15, 17, 18].

As an initial stage, the conceptual model will be used
to guide our CMD policy model development. The CMD
policy model is intended to be applied further to estimate
costs (e.g., healthcare costs) and outcomes (e.g., life years
and quality-adjusted life years) as well as the cost-effec-
tiveness of CMD prevention strategies. This conceptual
model is also aimed to enhance the transparency of the
model development process, providing clear documenta-
tion and justification for the considerations made during
its construction.

Methods

This conceptual model followed the International Soci-
ety of Pharmacoeconomics and Outcomes Research-
Society of Medical Decision Making (ISPOR-SMDM)
Modelling Good Research Practices Task Force-2 [13].
Two main components of modelling processes are pro-
vided in this report. First, is the conceptualisation of the
problem, which covers the translation of the healthcare
process knowledge into a representation of the problem.
Second, as a sequential process, is model conceptualisa-
tion, to determine which modelling types and their attri-
butes best represent the defined problem as well as data
and parameters used, followed by transparency and vali-
dation of the model. The general stage of the conceptual
model process is illustrated in Fig. 1.

Conceptualising the problem

The conceptualisation of the problem requires an under-
standing of CMD progression and prevention based on
clinical and public health guidelines available in the UK.
This was followed by conducting a systematic literature
review (SLR) of published CMD policy models.

Systematic literature review (SLR)

Before developing a model, it is crucial to define and
elaborate on the decision problem and the significance
of modelling within that context. In this study, the scop-
ing of CMD policy model development was initially dis-
cussed within a small workgroup (SP, CG, GC, and JL)
[19]. This group formulated an initial proposal based on
a literature review and potential data sources. Following
this, the SLR was conducted to summarise and critically
appraise published CMD policy and decision models,
with a particular focus on models addressing CVD and
T2DM.
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The search strategy was applied in multiple databases
including MEDLINE (Ovid), EMBASE (Ovid), CINAHL,
Google Scholar, and Open Grey, with publication dates
restricted from January 1, 2000, to 1st May 2024. A hand
search of reference lists from a previous SLR was also
conducted using the snowball technique. The review
included models that evaluated both long-term health
and economic outcomes, with a focus on primordial pre-
vention targeting the entire population or population-
based prevention strategies [20].

The review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [21]. Details of the inclusion and exclusion cri-
teria, as well as the search strategy, were published in the
protocol registered on PROSPERO (CRD42022354399)
[22]. Data from fully eligible studies were extracted using
a standardised table in Excel spreadsheets. The quality of
reporting on decision models and economic evaluation
studies was assessed by independent reviewers using the
Philips et al. checklist [23]. The critical assessment results
are presented in a narrative format.

Conceptualising the Model

Expert opinion

The objective of the model development is not to repro-
duce, but to represent a simplified reality [14]. The model
development process should reflect the reality that rep-
resents the decision problem. To accommodate this, the
role of clinical experts is important to meet contextual
relevance [13].

This stage highlights the significance of collabora-
tion between clinical experts and experienced modellers
to achieve consensus on model structure. The expert
group, consisting of a clinician, two health economists,
and a medical statistician, provided diverse and valu-
able perspectives that contributed to the refinement of
the model. The clinician’s input was particularly crucial
in ensuring that the model remained aligned with clinical
practice and relevant to real-world applications. The pro-
posed conceptual model draft (Additional information 1)
was presented to the group, and informal feedback was
gathered during the presentation.

After engaging in informal consultations with these
experts (2—3 meetings), the conceptual model and model
structure were revised to better reflect clinical realities
and to enhance its overall validity.

Results

Understanding disease progression

The complexity of CMD arises from the interconnec-
tion of numerous risk factors (cardiometabolic syndrome
(CMS)), including insulin resistance, dyslipidaemia,
hypertension, and obesity, as well as comorbidities such
as infections, gastrointestinal disease, and kidney disease
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[1-3]. Without intervention, this can further develop into
more severe conditions such as CVD and T2DM [24].

The progression of CMD typically begins with insu-
lin resistance, which may lead to metabolic syndrome
or ‘pre-diabetes. As CMS progresses, the body’s ability
to respond to insulin diminishes, compelling the pan-
creas to compensate by producing higher levels of insu-
lin. However, over time, this compensatory mechanism
becomes insufficient, leading to impaired glucose tol-
erance (IGT) and, ultimately, the onset of T2DM. CMS
also doubles the risk of CVD contributing to the rising
incidence of heart attacks, strokes, and coronary artery
disease. The interplay of insulin resistance, dyslipidaemia,
hypertension, and chronic inflammation in CMS acceler-
ates atherosclerosis by promoting endothelial dysfunc-
tion, oxidative stress, and plaque formation. This process
narrows the arteries, increasing the likelihood of myocar-
dial infarction (MI) and stroke [2, 24—26].

The identification and diagnosis of cardiometabolic
syndrome (CMS), which encompasses a cluster of these
risk factors, are based on guidelines from several authori-
tative sources. These include the World Health Organiza-
tion (WHO) [27], the European Group for the Study of
Insulin Resistance (EGIR) [28], the International Diabe-
tes Federation (IDF) [29], the National Cholesterol Edu-
cation Program Adult Treatment Panel III (NCEP ATP
IIT) [30], the National Heart, Lung, and Blood Institute/
American Heart Association (NHLBI/AHA) [31]. Several
recent recommendations and guidelines for CMD stag-
ing have also been introduced [3, 32, 33]. Based on those
guidelines, the general CMD staging system is sum-
marised in Table 1.

The CMD prevention and treatment guidelines are
still in the development stage in the UK [34]. A recent
screening strategy has also recently been proposed
[35]. However, the diagnosis, prevention, and treatment
guidelines for CVD and T2DM have been published by
The National Institute of Care and Excellence (NICE) as
well as the Scottish Intercollegiate Guidelines Network
(SIGN) [36]. Physical activity, dietary recommendations,
behavioural changes, and other primordial preventive
policies are covered in the guidelines and recommenda-
tions. Risk assessment tools such as QRISK3 are used
for people without CVD aged between 25-84 years old.
Further, lifestyle advice and drug treatment for HbAlc
management level for people with T2DM are elaborated
in these guidelines. It is evident that these guidelines are
continuously evolving based on the latest evidence and
are aimed at addressing the prevention and management
of CMD in the population [37-39].

Decision modelling which accommodates cost-effec-
tiveness analysis is also available for guidelines in the UK,
for instance, existing CVD models simulate several CVD
prevention strategies targeting the whole population [38].
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Table 1 The cardiometabolic disease staging system (CMDS)

Stage Descriptor Criteria
Stage 0 Metabolically Healthy No risk factors
Stage 1 One or two risks factor Have one or two of the following risk factors:
a. high waist circumference
b. elevated blood pressure or on anti-hypertensive medication
c. reduced serum HDL cholesterol or on medication
d. elevated fasting serum triglycerides or on medication.
Stage 2 Metabolic syndrome or prediabetes Have only one of the following three conditions in isolation
a. Metabolic Syndrome based on three or more of four risk factors.
b. Impaired Fasting Glucose (IFG)
¢. Impaired Glucose Tolerance (IGT)
Stage 3 Metabolic syndrome + prediabetes Have any two of the following three conditions:
a. Metabolic Syndrome
b.IFG
c.IGT
Stage 4 T2DM and/or CVD Have Type 2 Diabetes Mellitus (T2DM) and/or cardiovascular disease (CVD):
a. T2DM
b.CVD

Note: This is general staging. Each clinical guideline may vary slightly in defining staging criteria (risk factors measurement based on gender or consensus standard)

Similarly, diabetes models have been used to simulate the
prevention and treatment strategies for diagnosed T2DM
patients [37]. From these available models and an under-
standing of cardiometabolic disease staging, a model can
be constructed that represents cardiometabolic events
(i.e., including both CVD and T2DM).

Systematic literature review

Model types and structure

A total of 44 articles were retrieved for this review.
Detailed results and discussions are available in our sys-
tematic review published elsewhere [20]. One of the clear
advantages of modelling is the capability to estimate and
simulate long-term disease progression and the impact of
an intervention, which complements RCTs [9, 40]. Our
review established that models were either state transi-
tion cohort approach (Markov-based cohort) or indi-
vidual level (microsimulation) approaches, with different
perspectives chosen, costs incurred, and sensitivity anal-
ysis performed (Additional information 2). The choice
between these approaches depends on the study objec-
tives, policy questions, and data availability.

Cohort simulations are advantageous for their effi-
ciency and generalisability but are limited by their inabil-
ity to account for individual variability, lack of precision,
potential for ecological fallacy, and challenges in model-
ling complex interactions. In contrast, individual-level
simulations offer greater granularity and personalised
insights, capturing heterogeneity and specific outcomes,
but they require extensive data, are resource-intensive,
may involve significant uncertainty, and can be less inter-
pretable and generalisable [41-43].

In state-transition models, disease states are defined by
clinical guidelines and the natural progression of the dis-
ease. The structure of models represented either T2DM

or CVD disease progression, and some studies include
both of those conditions either as an additional state or
as a comorbidity [20]. Although the states represent the
final stages in CMD staging, there is a need to include
states that are likely to be clinically important in the
future, for example, specify complication state for T2DM,
or MI and stroke states to represent CVD events.

Risk factors

Risk factors are attributes, characteristics, or exposures
that increase the likelihood of developing a disease or
health condition [44]. The relationship between risk fac-
tors and outcomes is essential for predicting the impact
of interventions, understanding disease progression,
and estimating cost-effectiveness analysis. In a health
economics model, the use of risk factors is to demon-
strate the causal pathways (e.g., unhealthy diet increases
T2DM), transition probabilities (influence probability
between health states; e.g., from healthy to disease), and
outcome (e.g., affecting mortality and morbidity inci-
dence) [12, 23, 43].

Generally, risk factors/covariates can be classified into
two main types: modifiable and non-modifiable. Modi-
fiable are further categorised into clinical (BMI, blood
pressure), behavioural (diet, smoking) and socio-eco-
nomic (economic status) (Fig. 2). On the other hand, age,
gender, genetic factors, race/ethnicity, and family/medi-
cal history are considered non-modifiable risk factors.
We included common CMD risk factors in the first draft
of our conceptual model.

Other model features (costs, outcomes, validation, sensitivity
analysis)

Most policy models adopt a healthcare provider per-
spective, however, incorporating productivity loss from
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Fig. 2 Risk factors included in policy model

patient and caregiver perspectives can be beneficial to
inform decision making. Furthermore, validation tests
can test model consistency (e.g., face and internal vali-
dation) but need to be transparent in terms of reporting
the results and the impact on the modelling. All studies
reported that they conducted sensitivity analysis as part
of the modelling. These uncertainties are often explored

through sensitivity analyses (SA), deterministically and/
or probabilistically [20].

Few studies assess the equality and equity assessment,
addressing these can help to design mode holistic inter-
ventions that balance efficiency with fairness, leading to
more socially acceptable and sustainable health policies
[20].
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The reliability of model appraisals is contingent upon
the quality of underlying data. From this SLR, a consistent
challenge is the scarcity of representative, locally derived
data for model development. Consequently, researchers
often rely on assumptions or data from external sources,
introducing uncertainty and compromising data validity.
While secondary data can be valuable, inconsistencies
in data transferability standards and inadequate justi-
fications for data application hinder their effective use.
The use of survey and observational data, susceptible to
biases, further undermines data quality [45].

To enhance model accuracy and generalisability, the
incorporation of appropriate real-world data (RWD) is
essential [46]. RWD offers a more representative patient
population and treatment outcomes. Nevertheless, RWD
presents complexities that should be carefully addressed,
including confounding variables, missing data, and lead-
time bias, necessitating rigorous methodological consid-
erations to optimise its utility in model development [46,
47].

Expert opinion

Inputs from a clinician and experts are mostly focused
on the proposed model structure and key features of the
model since this model is planned to accommodate any
further early prevention strategies that can improve car-
diometabolic health.

Initially, the risk factors included following the SLR
result — see Fig. 2. However, aligned with the clinical
guidelines reviewed above, metabolic conditions such as
obesity, hypertension and hyperlipidemia/dyslipidaemia
are also considered covariates due to their strong correla-
tion with metabolic syndrome [1, 48]. Experts proposed
atrial fibrillation (AF) to be included in the health state in
the conceptual model, as cardiometabolic risk factors can
increase the risk of AF, while AF itself can contribute to
the progression of cardiometabolic conditions [49]. There
was also an input to re-evaluate the T2DM progression,
whether it is adding states with/without diabetes compli-
cations before the final state.

The onset of diabetes accelerates the development of
atherosclerosis and other CVD risk factors, showing that
people with diabetes also have a risk of having CVD [50].
This progression was recommended to be added to the
final conceptual model since the first conceptual model
did not draw this relationship.

For CVD, we must include the second event (e.g., MI
and stroke), and post-CVD event, since there may be dif-
ferences in terms of utility assessment that could influ-
ence the cost-effectiveness results if we plan to conduct
further cost-utility analysis (CUA) [51, 52].

Finally, we discussed further with the health econo-
mist team that the model should be representative but
not too complex, AF remains considered a potential
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covariate when analysing data. In addition, the struc-
ture was presented in an internal meeting with a broad
research audience, and several points were discussed.
First, the simplicity but representativeness of the model
state, considering the feasibility and time needed for
analysis and modelling exercise. Second, the possibility
to put productivity loss parameters in analysis or sensi-
tivity analyses, therefore the proposed outcome not only
healthcare costs but also indirect costs of patients/care-
givers perspective. Third, aligned with the findings from
SLR, addressing the equality and equity concerns in the
model will enrich the further analysis.

Final conceptual model

The final conceptual model is illustrated in influence dia-
gram form (Fig. 3). This proposed model will facilitate
the improvement of clinical and economic representation
of CMD, where metabolic dysfunction conditions could
lead to various events including both CVD and T2DM.

To translate this conceptual framework we present a
more detailed model structuring stage [16]. A state tran-
sition model (STM) will be applied. STM (i.e.. Markov)
is well-suited for population health assessment due to
several reasons. First, the ability to capture disease pro-
gression across different stages within a population by
representative health states. Second, this approach is par-
ticularly useful when the timing of transitions between
health states is important. These models allow for the
analysis of long-term outcomes by simulating multiple
cycles (e.g., years), capturing the dynamic nature of dis-
ease progression (e.g., recurring events such as MI).
Third, it can incorporate uncertainty and variability in
inputs, allowing for more robust predictions and plan-
ning [43, 53, 54]. Specifically, the semi-Markov approach
will be applied with several assumptions, such as non-
exponential holding time, accounting for time-varying
covariates, competing risks, and the ability to integrate
with statistical methods such as survival analysis or joint
modelling [55, 56].

From the proposed model, the patient population of
interest is all adult patients (=18 years) with no confirmed
CMD. The first part specifies patient characteristics when
entering the model and specifies them by modifiable
and non-modifiable risk factors, as well as deprivation
groups. Disease states include disease-free, T2DM, CVD
(ML, Stroke), post-CVD (post-MI and post-stroke), and
death (Fig. 4).

The Cox multi-state model, as an extension of tradi-
tional Cox model will be applied to analyse time to event
data where individuals can transition through multiple
states over time [57]. This method aligned with the model
structured in conceptual model. Transition probabilities
between the states are derived and converted from sur-
vival rates. The values of the modifiable risk factors will
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change ‘naturally’ over time and will change the risks
of developing CMD when they do so. We will estimate
the outcomes including all-cause mortality, disease-
related death, life expectancy, QALE/QALY, and lifetime
healthcare costs associated with the disease. Sensitivity
analysis will be performed both deterministic and proba-
bilistic sensitivity analyses, to handle the uncertainty in
the model [43].

Following this conceptual model, for further data
analysis, we will utilise Clinical Practice Research Data-
link (CPRD) data. CPRD contains data that encompasses
60 million patients, including 16 million currently reg-
istered patients [58]. The data records patients anony-
mously in the electronic health record (EHR) system
from general practices (GPs) in England, Scotland, Wales,
and the Northern Island on a monthly basis. CPRD
includes routine clinical practice information on patients’
demographics, behavioural factors, signs and symptoms,
diagnoses, prescriptions, immunisations, referrals, and
lifestyle [59]. As well as the strength of a large represen-
tative sample size within the UK, CPRD collects data
over extended periods, allowing researchers to study the
development and progression of diseases over time. In
addition, the feasibility of data linkage for hospital and
death registries will be beneficial to capturing compre-
hensive patient’ journeys [58].

Discussion

It is well-understood that models should be clearly
defined and conceptualised before analysis. This paper
provides a conceptual model that serves as a foundational
framework for developing a policy model that is both
appropriate and fit for purpose, by carefully outlining the
key components, relationships, and underlying assump-
tions [13, 14]. It is instrumental in ensuring that the
resulting policy model is both theoretically sound and
practically effective.

Given adequate reporting quality concluded in the SLR,
the findings from our review were deemed reliable and
served as a valuable resource for informing the develop-
ment of the conceptual model. The incorporation of clin-
ical guidelines, the systematic review, and expert input
significantly enhanced the model development process.
Moreover, particular attention was devoted to the stage
of model structuring [16], resulting in a more technically
precise and detailed conceptual framework.

Areas requiring further attention include carefully
selecting and incorporating relevant parameters, par-
ticularly using high-quality routine data to enhance the
generalisability of the model’s conclusions [20], which we
have tried to address in our final conceptual model. The
proposed model structure aligns with established stages
of CMD and existing economic evaluation models, dem-
onstrating its consistency with current practices. Based
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on these findings, no major modifications seem neces-
sary for our conceptual model.

Once the CMD policy model has been developed, it
potentially be applied to assess early prevention such as
dietary intervention, screening programmes, and preven-
tive medication. Within the analysis, structural sensitivity
analysis and model performance evaluation will be con-
ducted following good practice in modelling [23].

To date, the published conceptual models are relatively
limited [60-64], and our conceptual model represents
a novel contribution to CMD particularly in the health
economic modelling area. It extends and enriches exist-
ing research by providing a comprehensive and system-
atic conceptualisation process, by following the good
practice for modelling transparency.

We acknowledge several limitations of this concep-
tual model. First, we asked an experienced clinician and
experts to ensure the disease state relevance at a prac-
tice level. It is done by gathering input informally during
the presentation of the modelling plan. A Delphi pro-
cess panel with a structured questionnaire potentially
improves the process and minimises subjectivity [65].
Second, the structure is trying to cover both T2DM and
CVD states that represent major CMD events. Unlike the
second event such as the post-CVD event, we did not
consider T2DM complications as a second state in the
model. Third, we plan to use a healthcare perspective for
the model in terms of facilitating further economic analy-
sis. Considering societal perspectives in the model may
optimise societal decisions [66]. If any sufficient data is
available, we may incorporate this economic perspective
in the sensitivity analysis. Furthermore, we are still con-
sidering the use of utility value to generate QALY, such as
EQ-5D. However, the EQ-5D-5L valuation study remains
ongoing for the UK general population [67]. Our solution
is to potentially use published EQ-5D-5L for each state (if
we conducted a hypothetical public health intervention),
or consider QALE as one of the outcomes (without incor-
porating utility value).

Conclusions

This paper serves as a first step in representing the sys-
tematic process for structuring a CMD policy model in
the UK setting. It will be beneficial to enhance our mod-
el’s transparency and credibility and also provide insight
to a broad audience who are scoping and planning policy
models to inform decision-making.
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