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Abstract
Background: The cost-effectiveness of the treatments has generally been established in reviews of economic 

analyses of physical activity in public health; however, the validity of the conclusions drawn depends on the suitability 
of the modelling techniques employed in the particular studies.

Objective: To give a general overview and critique of modelling techniques and important structural hypotheses 
utilised in practical investigations to calculate the effect of physical activity on population health.

Methods: We conducted a thorough search of electronic resources for pertinent model-based economic 
evaluations. The modelling investigations were evaluated using a theme approach. The assessment determined the 
suitability of the modelling frameworks and the veracity of significant structural hypotheses.
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Introduction
Given the limited resources at their disposal, decision-makers must 

commission treatments based not just on their effectiveness but also 
on their cost-effectiveness. Economic evaluation is frequently used to 
assist reimbursement decisions for funding interventions if there are 
several options. Numerous studies that examined the cost-effectiveness 
data for encouraging physical activity (PA) in the general population 
discovered that the treatments were, for the most part, cost-effective. 
Methodological reviews have, however, drawn attention to a number 
of difficulties with the economic assessment of public health [1-10] 
initiatives, such as PA. These difficulties have previously been divided 
into four major categories: attribution of effects, measuring and valuing 
outcomes, intersectoral costs and consequences, and incorporating 
equity concerns. They cover every aspect of the evaluation, from 
research design of the intervention to statistical and economic analyses. 
A recent study looked at two categories of PA treatments (targeted PA 
and sedentary behaviour) to see how the four methodological issues 
mentioned above have been handled in applied studies. This research, 
which confirmed earlier findings, discovered a general lack of reporting 
quality and obvious variations in the methodologies used across 
economic evaluations. It then offered a number of recommendations 
for the creation, analysis, and evaluation of economic evaluations. 
The methodological reviews that have already been published did not 
include a critique of the suitability of the modelling techniques employed 
to calculate the effects of changes in PA on population health. More 
precisely, they made no comments about whether the [2,6] structural 
aspects of the modelling technique were suitable or whether they were 
consistent with the basic characteristics of the behavior-population 
health dynamic they were intended to depict. This is crucial because 
faulty model assumptions and inadequate structure can undermine 
the reliability of cost-effectiveness findings. More precisely, in terms 
of quantifying efficacy, the [9, 6] literature has explored a number of 
difficulties in modelling healthy behaviours for public health economic 
evaluations, including PA. These difficulties stem from the fundamental 
complexity of the relationship between behaviour and population 
health, which necessitates the use of modelling. These difficulties 
include: 1) the relationship between multiple chronic diseases; 2) the 
dynamic nature of behaviour; and 3) heterogeneous responses to the 
intervention. A recent scientific report , which forms the basis of the 
current UK PA guidelines , describes the relationship between PA 
and the downstream risk of disease, by assessing the relevant available 

evidence from systematic reviews and meta-analysis against five criteria 
(i.e. applicability, generalisability, risk of bias or study limitations, 
quantity and consistency and magnitude and precision of effect) (i.e. 
applicability, generalisability, risk of bias or study limitations, quantity 
and consistency and magnitude and precision of effect). This study 
confirmed that there is compelling evidence linking PA to conditions 
related to metabolism (such as type II diabetes), the cardiovascular 
system (such as coronary heart disease and stroke), genetic mutation 
(such as colorectal and breast cancer), the mind (such as depression), 
and the elderly (such as falls). Furthermore, the likelihood of an [11] 
illness may not be independent of one another. For instance, type II 
diabetes risk has been linked to Breast and colorectal cancer risks are 
mostly a result of common risk factors, with PA playing a significant 
role. From a modelling perspective, this intricacy is a technological 
challenge since, depending on their PA level and other personal factors, 
healthy individuals are always exposed to a variety of competing and 
complementary illness risks. In addition, while some disease risks 
will be immediately impacted by changes in PA behaviours (such as 
psychological advantages), others will take years to manifest (such 
as the incidence of colon cancer). While most people's PA habits 
remain consistent throughout adulthood, a drop in PA is frequently 
linked to getting older. Evidence has been demonstrated that seasonal 
factors or specific life phases might cause natural variations in PA. 
Furthermore, it is reasonable to anticipate that different people will 
respond to exposure at the same level in different ways in terms of 
changes in behaviour, as well as that these changes will persist over 
time at various rates. Although the size of the effect will vary depending 
on the type of intervention, it is generally more likely that rebound 
trajectories will occur than it is to assume that changes brought about 
by the intervention in the short term will persist over time. Last but not 
least, it is critical to consider the heterogeneity in the natural history 
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of the PA behaviour-health process and the effects of interventions on 
this process for two key reasons: to lower the risk of producing bias 
in the cost-effectiveness results and to align the modelling approach 
with the goals of the decision-makers the model is intended to inform. 
Because society values eliminating unfair inequities combined with 
increasing health, public health decision-makers prioritise minimising 
existing health disparities in the population, such as those related to 
socioeconomic variables. Numerous studies have been conducted 
with the goal of creating taxonomies of the mathematical and 
epidemiological paradigms that health economic modellers might use. 
This has also been taken into consideration in order to enlighten model-
based economic evaluations in the field of public health. Based on their 
capacity to explicitly represent time-dependent effects and interactions 
between people and their environment, these frameworks have been 
broadly categorised into cohort and individual level methods. To put it 
briefly, cohort-level frameworks are typically simpler than individual-
level ones. With decision trees and comparative risks assessments 
(CRAs), which have the highest modelling capacity, neither time nor 
interactions can be explicitly taken into account. Instead of representing 
time in the process implicitly as a series of state [12-15] transitions, 
Markov chains, which may be applied to both individuals and cohorts, 
can explicitly express time in the process. More complicated are discrete 
time events and agent-based models, which have only seen limited use 
in public health despite their formal capacity to depict changes in states 
over time and interactions between people (the latter), using either 
discrete or continuous time frameworks. The implementation of these 
methods in practise (i.e., the structural assumptions used) can have 
an impact on the validity of cost-effectiveness conclusions in addition 
to the applicability of the modelling framework. Similar to how the 
National Institute of Health and Care Excellence (NICE) assesses 
models submitted by manufacturers, previews have been made in other 
public health evaluation settings to question the veracity of the models' 
fundamental structural assumptions. No rigorous study has, to date, 
specifically looked into these problems in the PA literature. This gap is 
to be filled by the current paper.

Methods and Discussion 
The search approach, eligibility requirements, study screening, and 

selection procedures are all given in detail in Appendix I. From the 
beginning of the database through April 2019, model-based economic 
evaluations of PA interventions were found in the published literature. 
Only complete economic evaluations were included due to the review's 
focus (i.e. cost-utility, cost-benefit, cost-consequences and cost-benefit 
analyses).

Main findings

This methodological study, which complements earlier reviews , 
offers an overview and assessment of the modelling techniques used in 
model-based [12-15] economic evaluations for evaluating implications 
of changes in PA on public health. The key structural presumptions that 
underlie the models have been clarified by this assessment, which can 
help comprehend the cost-effectiveness results and point up potential 
areas for model development.

Results
There were 25 different models found. The most popular models 

were cohort models. Across studies analysing comparable populations, 
there was significant variation in the modelling of downstream 
diseases. Most of the time, structural assumptions about the dynamics 
of changing physical activity were erroneous. Only a few research 
addressed heterogeneity, and writers at best acknowledged the issue of 
health equity.

Conclusions
The majority of this material is characterised by modelling 

techniques that do not fully meet the challenges of illustrating the 
relationship between physical activity behaviour and population health. 
These sources of uncertainty might be diminished with the creation of a 
reference model and agreement on how to model the effects of physical 
exercise on public health.
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