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Objectives: This study aims to assess the key structural modelling approaches applied in published obe- 

sity models, and to provide an expert consensus to improve the methodology and consistency of the 

application of decision-analytic modelling in obesity research. 

Methods: Using a previously published systematic literature search as basis, ten individual interviews, 

and a face-to-face expert panel meeting were conducted. Within the expert panel meeting, the interview 

findings were presented and discussed, rated and where possible consensus statements were obtained. In 

particular, five topics of interest were assessed: time horizon, model type, obesity-related clinical events 

simulated, event simulation approaches and external event validation. 

Results: In addition to generic modelling standards, several obesity-specific recommendations were gen- 

erated: Simulating a lifetime horizon was regarded as optimal (100% agreement); Ideally, both short and 

long-term results should be presented (100%); Using a risk equation approach for simulating the clinical 

events was the most preferred approach (60%) followed by applying a body mass index (BMI) related rel- 

ative risk to a base risk estimate (30%); Continuous BMI approaches were preferred (100%); An individual 

patient/microsimulation state transition model was regarded as preferred modelling approach (90%); Dis- 

crete event simulation (DES) was regarded as the most flexible approach for building an obesity model 

but it was recognised as complex, and more difficult to build, populate and to disseminate; Performing 

an external validation was rated as important (100%). 
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ist of Abbreviations 

Abbreviation Meaning 

BMI Body mass index 

CHD Coronary heart disease 

DES Discrete Event Simulation 

EuHEA European Health Economic Association 

HEA Health Economic Assessment 

ISPOR International Society for Pharmacoeconomics and Outcomes 

Research 

PRISMA Preferred reporting items for systematic reviews and 

meta-analyses 

RR Relative risk 

STM State transition model 

T2D Type 2 diabetes 

UKPDS United Kingdom Prospective Diabetes Study 

WHO World Health Organization 

ntroduction 

Obesity, a major public health concern, is a multifactorial dis-

ase, caused by both environmental and genetic factors [1] , that

as reached epidemic proportions globally [2] . The worldwide

revalence of overweight and obesity has doubled since 1980 to

n extent that nearly a third of the world’s population is now

lassified as overweight or obese [3] . A common measure to de-

ne obesity is the body mass index (BMI), which is obtained by a

erson’s weight in kilograms divided by the square of his height

n meters (kg/m 

2 ). According to the WHO definition, a BMI ≥
5 and < 30 in adults is overweight; a BMI ≥30 in adults is

besity [2] . 

In 2015, high BMI contributed to 4.0 million deaths, which rep-

esented 7.1% of the deaths from any cause; it also contributed to

20 million disability-adjusted life-years, which represented 4.9 of

isability-adjusted life-years from any cause among adults globally

4] Both overweight and obesity are associated with the incidence

f multiple co-morbidities including type II diabetes, cancer and

ardiovascular diseases [5] . 

These considerable health impacts of obesity are accompanied

ith a substantial economic burden, which highlights that there

s an urgent need for public health measures in order to save

ocietal resources [6] . Due to this considerable economic impact

ealth economic evaluations are quite commonly applied in the

ontext of obesity prevention and management. Such evaluations

llow decision makers to make an informed judgement on the

ealth economic impact of an intervention, by assessing the ad-

itional benefits of funding an intervention relative to its addi-

ional costs [7] . As shown in systematic reviews [ 8 , 9 ] decision an-

lytic modelling has commonly been used to evaluate the long-

erm economic consequences of obesity prevention and therapy

easures. In the context of these obesity related decision mod-

ls the key structural aspects are of fundamental influence as

hey are impacting all outcomes simulated by the model, includ-

ng clinical parameters & events, quality of life, direct and indi-

ect costs and hence the whole spectrum of relevant economic

onsequences [10] . 

Previously, it was shown that there are huge variations in the

tructural modelling approaches focusing on the prevention and

herapy of obesity [ 8 , 9 ] and up to now no consensus meeting on
hts, discussion and consensus can provide valuable information for devel-

 to generate high-quality and transparent economic evidence for obesity

p of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved.

he structural aspects of obesity models has been performed. This

akes it difficult for researchers to select an appropriate approach

hen designing a model, and subsequently for policy makers and

takeholders to assess the quality of an applied model, intended to

nform political or medical decision making. 

The aim of this study is therefore to assess and measure expert

roup consensus for key structural modelling approaches of obe-

ity models, and to provide information and recommendations for

odellers and decision makers. 

ethods 

On the basis of a previously published systematic literature re-

iew [ 8 , 9 ], the key structural approaches applied in published obe-

ity models were identified. 

In particular, five inter-related topics of interest were assessed:

ime horizon, model type, obesity-related clinical events simu-

ated, event simulation approaches and external event validation.

hese features represent the structural aspects of models listed

ithin the Phillips reporting checklist [11] which are not related

n the quality of research reporting (as e.g. statement of the deci-

ion problem or statement of scope / perspective etc.). Additionally

hese features showed a huge variation in published obesity mod-

ls [ 8 , 9 ]. 

The findings from the systematic literature review were then

sed to guide the topic content of the subsequent ten individ-

al interviews. Data from the combined interviews were then pre-

ented and discussed at a face-to-face group meeting in order to

erive consensus statements with respect to the key structural ap-

roaches applied in published obesity models. 

ystematic literature search 

The interviews and the group meeting were informed by a pre-

iously published systematic review [ 8 , 9 ] that was performed in

he PubMed Database and the NHS Economic Evaluation Database,

ollowing the PRISMA guidelines [12] . Three different searches

ere combined: one for health economic evaluations, one for de-

ision models and one for obesity. Eligible studies were original

esearch articles on decision models for full health economic as-

essment in the context of obesity; the definitions from Drum-

ond et al. [13] (health economic assessments), from the Interna-

ional Society for Pharmacoeconomics and Outcomes Research (IS-

OR) Task Force [14] (decision models), and from the WHO crite-

ia [2] (obesity) were applied in order to define eligible studies. In

otal 4,293 studies were identified via the database searches, and

ere reviewed. From these 142 articles were selected for full-text

eview; of which 87 papers met the inclusion criteria. Of those,

2 models simulated obesity associated events. The rationale for

his selection is on one hand to investigate the selected event sim-

lation approaches. On the other hand the rationale is to enable

erforming and investigating external validations of the event pro-

ections made by these models, which increases the credibility of

he modelling approaches for researchers, physicians and decision

akers. 

For more details on the literature search, the eligibility criteria

nd the literature selection please refer to the published systematic

eview [8,9] . 
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Box 1 

Interview questions and definitions of event simulation approaches. 

Interview Questions: 

• Which time horizon would you rate as the minimum acceptable for a health economic obesity model? 
• Which time horizon would you rate as optimal for a health economic obesity model? 
• Which (obesity associated) events would you rate as the minimum acceptable to be included into a health economic obesity model? 
• Which (obesity associated) events would you rate as optimal to be included into a health economic obesity model? 
• Which model type would you prefer for a health economic obesity model? 
• Why would you prefer this model type? 
• Which event simulation approach would you prefer for a health economic obesity model? Please rank the top 3 approaches that you would prefer (1 = most 

preferred one to 3 = least preferred but still preferred one) 
• Why would you prefer the top rated (#1) event simulation approach? 
• Would you suggest to use different approaches for different events (consider coronary heart disease, type 2 diabetes, stroke)? If yes – why? 
• How important do you rate an external validation for a health economic obesity model? 

Definitions of Event Simulation Approaches 

• Risk Equation / Change in Risk Factors: E.g. Framingham / UKPDS equations – the base risk is calculated as an equation of risk factors and the intervention effect 

is simulated by the change of risk factors 
• Disease Incidence Estimate / BMI related relative risk (RR): Any kind of incidence estimate (e.g. age-specific; gender-specific incidence etc.) is used as base risk 

and the intervention effect is simulated by applying a BMI related relative risk to the base risk 
• BMI Function / Change in BMI: Base risk is calculated as function of the BMI which is directly influenced by the intervention effect on the BMI 
• Disease Incidence Estimate / Obesity related RR: Any kind of incidence estimate (e.g. age-specific; gender-specific incidence etc.) is used as base risk and the 

intervention effect is simulated by applying an obesity status related relative risk (e.g. BMI < 30 non-obese; BMI ≥30 obese) to the base risk 
• BMI Group Function / Change in BMI Group: Base risk is calculated as function of specific BMI groups (e.g. < 25 normal weight; 25-30 overweight; 30-35 

moderate obese; ≥ 35 severe obese etc.) which is directly influenced by the intervention effect on the BMI group 
• Disease Incidence Estimate / BMI Group related RR: Any kind of incidence estimate (e.g. age-specific; gender-specific etc.) is used as base risk and the 

intervention effect is simulated is simulated by applying a BMI group related relative risk to the base risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

Time Horizon – Systematic literature search and expert interview outcomes. 

Time Horizon Literature Review 

(n = 87 models) 

Expert Interviews (n = 10 experts) 

Minimum Optimal 

< 20 years 23% 20% 10% ∗

≥ 20 and < lifetime 14% 20% 10% ∗

Lifetime 63% 60% 100% ∗

∗ 2 experts provided 2 different answers: ≥ 20 years in adults / lifetime in 

younger subjects; ≥ 10 years / lifetime optimal 
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Individual interviews 

Several health economic experts, with in-depth experience in

decision analytic modelling and/or economics of obesity (using a

convenience sampling), were requested to participate in an Ex-

pert panel meeting during the European Health Economic Associ-

ation (EuHEA) conference 2018 in Maastricht, and ten (of twenty-

two contacted) agreed to participate the meeting and to perform

a 60-minute individual preparation interview beforehand. Within

this interview the outcomes of the previously published system-

atic review, related to the key structural aspects (time horizon,

model type, obesity-related clinical events simulated, event sim-

ulation approaches and external event validation) were presented

via a web-based platform, and related to each of the key structural

aspects of a model specific questions were asked. 

With respect to the choice of a specific event simulation ap-

proach, different definitions were first obtained from the system-

atic review [9] and are presented, together with the interview

questions, in Box 1 . 

The individual interview data were then analysed quantitatively

in MS Excel and summarized in a MS PPT presentation in order to

serve as basis for the discussions at the expert panel meeting. 

Expert panel meeting 

The face-to-face expert panel meeting was performed as satel-

lite event of the EuHEA conference in Maastricht, on July 13 th 2018.

Within this meeting, the interview results relating to each question

were presented and discussed, with the aim of reaching a group

consensus or to capture the variance in opinion for each item.

Within this meeting the key structural aspects, were discussed in

detail with a specific focus on obesity-specific criteria. After the

meeting the results were summarized and sent to the expert panel

members for further comment and approval. 

The results from this expert panel meeting are presented below,

together with the results of the individual interviews and the key

results from the systematic literature review. 
esults 

ime horizon 

Table 1 presents the outcomes linked to the choice of time hori-

on for all published models identified in the review, and for the

xpert group opinion. 

In the expert panel meeting, it was agreed that a lifetime hori-

on is optimal for a health economic obesity model (100% agree-

ent)) and it was further agreed that both short- and long-term

esults should be presented (100% agreement). Short-term / trial

eriod simulations may indeed also be interesting for practitioners

 physicians, and are less susceptible to assumptions such as the

ustainability of the intervention effect size and the natural course

 development of BMI over time, including potential weight-regain

ost intervention. 

besity associated events 

Table 2 illustrates the findings from the literature review with

espect to obesity-associated events (based on the 72 studies

hat have simulated obesity-associated events) alongside the find-

ngs from the expert interviews. Most of the published models

imulated coronary heart disease (CHD) ( ≈83%; 60 of 72), type

 diabetes (T2D) ( ≈74%), and stroke ( ≈67%). A minority of the

odels simulated cancer ( ≈35%), osteoarthritis ( ≈24%), hyperlip-
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Table 2 

Obesity associated events – Systematic literature search and expert interview outcomes. 

Obesity Associated Events Literature Review 

∗

Outcomes (n = 72 

models) 

Expert Interviews Outcomes (n = 10 experts) (Minimum acceptable events) ∗

ChD, T2D and, 

Stroke 

ChD, T2D, Stroke 

and Cancer 

ChD, T2D, Stroke, 

Cancer and HT 

Coronary heart disease (ChD) 83% 

50% ∗
20% ∗

10% ∗
Type 2 Diabetes (T2D) 74% 

Stroke 67% 

Cancer 35% 

Hypertension (HT) 11% 

Osteoarthritis 27% 

Hyperlipidaemia 11% 

Peripheral arterial disease 10% 

∗ no definite answer was provided by 2 experts (n = 20%) - in general those events with strongest association / causal relationship to obesity 

should be included 

Fig. 1. Which (obesity associated) events would you rate as optimal to be included 

into a health economic obesity model? 
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daemia ( ≈11%), hypertension ( ≈11%), and peripheral arterial dis-

ase ( ≈10%). 

From the expert interviews, with regard to the question on the

inimum acceptable events to be included in a health economic

besity model (presented in Table 2 ), in 50% of cases only CHD,

2D and stroke were named as “minimum acceptable events” in

0% of cases accompanied by cancer and in 10% accompanied by

ypertension; whereas in two cases no definite answer was given

ue to the rationale that “in general those events with strongest

ssociation / causal relationship to obesity should be included”. Re-

ated to the question on the events to be included in a health eco-

omic obesity model in the optimal world (presented in Fig. 1 ) the

icture was more diverse. 

In 40% of cases it was stated that all events with a clear associ-

tion with obesity should be included. One expert stated that this

lear association should be combined with the severity of event

onsequences. In 50% of cases, CHD, T2D and stroke were named

alone or in combination with other diseases), whereas by one ex-

ert no definite answer was given as it was claimed that it de-

ends on the goal of the model and on the available evidence. 

During the expert panel, several discussions around these obe-

ity associated events took place (please refer to discussion part),

ut it was not possible to achieve consensus on the whole. How-

ver, finally there was general agreement that those events with a

trong statistical association to obesity combined with a clear clini-

al causal relationship to obesity should be included in the optimal

ase. 

odel type 

Table 3 presents the results concerning the appropriate model

ype. 

In the expert interviews, in 90% of cases a state transition

odel was named as the preferable approach, and, within these

esponses - 60% suggested a state transition model alone, and 30%

lso recommended a DES as an alternative model type to consider.

nly one expert (10%) recommended DES alone. 
On the question “why a specific model type was preferred?” the

ollowing rationales were provided by the experts: 

• “STM is adequate to simulate the three major health impacts

(T2D, CHD and stroke); 
• STM is most practicable for event based simulation; 
• STM is the most familiar approach (for health economists and

stakeholders); 
• STM is the most familiar approach - and individual patient sim-

ulation enables; building in specific memory; 
• An individual patient simulation STM is preferred as it is possi-

ble to include a kind of memory”. 

In three cases both the DES and the STM were preferred by the

xperts, for the following reasons: 

• “Memory is an important factor (as time with obesity / re-

lated morbidity impacts event risk) - therefore a DES would be

preferred or a STM on a patient level with included memory

states; 
• Due to competing risks a DES / STM using a microsimulation

approach will be preferred (for DES not all data might be avail-

able); 
• DES might be scientifically the best approach but difficult to

build, inform and to explain. STM might be the most accepted

approach”. 

For one participant the DES alone was preferred as 

• “DES allows considering timing of events which is important

due to the inter-event dependencies”. 

Within the expert panel, a consensus was reached in the form

f the following two statements: 

• An individual patient / microsimulation STM is regarded as pre-

ferred approach for an obesity model; 
• DES is regarded as the most flexible approach however DES is

complex, difficult to build, to inform and to explain (to stake-

holders). 

vent simulation approach 

Within the expert interviews the experts were asked to rank

 list of potential modelling approaches identified from the sys-

ematic review. The results are presented in Table 4 and in Fig. 2 ,

espectively. The risk equation approach was the most preferred

pproach (60% rated this as number one, followed by BMI-related

R (30% rated this as number one) and one expert felt it difficult

o rank the approaches. 

• The reasons for the number one rating for the Equation /

Change in Risk Factors were: 
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Table 3 

Model type – Systematic literature search and expert interview outcomes. 

Model Type Literature Review (n = 87 models) Expert Interviews (n = 10 experts) 

State Transition Model (STM) 85% 60% 

Discrete Event Simulation (DES) 2% 10% 

Decision Tree Model 13% –

STM or DES (expert rating) – 30% 

∗3 experts rated both STM and DES as suitable - depending on the data availability (for the DES model) 

Table 4 

Event simulation approach – Systematic literature search and expert interview outcomes. 

Event Simulation Approach 

Literature Review 

(n = 72 models) 

Expert Interviews 

(n = 10 experts) – Ranking (#1, 

#2, #3) 

Risk Equation / Change in Risk Factors 32% #1 (60%): #2 (10%); #3 (20%) 

Disease Incidence Estimate / BMI related relative risk (RR) 21% #1 (30%): #2 (40%); #3 (0%) 

BMI Function / Change in BMI 12% #1 (0%): #2 (20%); #3 (20%) 

Disease Incidence Estimate / Obesity related RR 12% 

BMI Group Function / Change in BMI Group 9% 

Disease Incidence Estimate / BMI Group related RR 7% 

Others / Others 7% 

∗ 3 experts rated both STM and DES as suitable - depending on the data availability (for the DES model) 

Fig. 2. Outcomes of the interview question: Which event simulation approach would 

you prefer for a health economic obesity model? (Rank 1-3). 
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• “Method is quite robust, widely validated and widely used; 
• Quite valid (accepted) approach and most commonly used; 
• Not everything might be explainable by change in BMI and there-

fore it may be important to consider further risk factors; 
• Risk equation approach describes the whole nature of a chronic

disease; 
• Risk equation approach takes into account inter-event dependen-

cies; 
• Risk equation approach is widely applied and health economists

are most familiar with this; 
• Familiar approach, well know, risk equations are also used in clin-

ical guidelines; for the others it is the key question how strong the

association between BMI and risk is”. 

The reasons for the number one rating for the Incidence / BMI

related RR were: 

• “Most valuable / simple to set up events driven models for obe-

sity; 
• BMI related RR is preferred as always small changes are taken

into account; 
• Continuous BMI approaches are preferred against categorical

approaches (there was 100% agreement on this statement in the
expert panel)”. r  
Furthermore, in the interviews, the experts were asked whether

hey would suggest using different approaches for different events

f considering CHD, T2D, and stroke. With regard to this question,

0% answered with “no”; whereas 40% mentioned that not neces-

arily different approaches need to be applied and 50% answered

hat consistent approaches (if applicable) are preferred. One expert

ound it difficult to rate this topic and gave no answer. 

xternal validation 

External validation was defined as comparing the model’s re-

ults with actual event data [15] . External validation involves sim-

lating events that have occurred, such as those in clinical trials or

pidemiologic studies, and examining how well the model results

ompare. 

According to the systematic review, only ten published model-

ased health economic assessments in obesity included an external

vent validation (14%; 10 of 72). 

Within the individual interviews the experts were asked how

mportant they rate an external validation with possible answers

eing: “essential”, “very important”, “important”, “less important”,

not important” or “other” (please specify). All experts (100%) rated

he external validation as “important”; 60% “very important” and

0% as “essential”. These findings were confirmed during the ex-

ert panel. 

ummary of key recommendations 

A summary of key recommendations generated as a result of

he expert interviews combined with the expert panel meeting are

resented in Table 5 . 

iscussion 

Focusing on the key structural aspects outlined in the Philips

hecklist [11] , this paper presents the main findings relevant to

besity models that have been identified (systematic literature

earch), rated (expert interviews) and discussed (expert panel). The

xpert panel meeting resulted in specific modelling recommenda-

ions that go beyond the findings from the systematic literature

esearch, which is also representing the novelty of this research.



B. Schwander, M. Nuijten and M. Hiligsmann et al. / Health Policy and Technology 9 (2020) 314–322 319 

Table 5 

Overview of key expert recommendations by key structural aspect. 

Key Structural Aspect Expert panel recommendations 

Time Horizon Simulating a lifetime horizon was regarded as optimal for an obesity model (100% agreement) 

Ideally, both short and long-term results should be presented (100% agreement) 

Obesity Associated 

Events 

No consensus was possible on which clinical events to be included in a health economic obesity model 

There was general alignment that those events with a strong association to obesity combined with a clear causal relationship to 

obesity should be included in the optimal case 

Model Type An individual patient/microsimulation state transition model was regarded as preferred modelling approach (90% agreement) 

Discrete event simulation (DES) was regarded as the most flexible approach for building an obesity model but DES was recognised as 

complex, as more difficult to build, populate and to disseminate (to stakeholders) 

Event Simulation 

Approach 

Using a risk equation approach for simulating the clinical events was the most preferred approach (60%) followed by applying a body 

mass index (BMI) related relative risk to a base risk estimate (30%) 

Continuous BMI approaches were preferred (relative to categorical ones) (100% agreement) 

External Validation 100% of experts rated the external validation at least important 
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nomic model. In this context it is recommended that the inclusion 
he main findings by key structural aspect are discussed in de-

ail below; each topic starts with a summary of outcomes of the

xpert panel meeting and these outcomes are then discussed and

et into perspective by reflecting the complex circumstances and

onsiderations related to each aspect. The latter discussion points

re mainly driven by statements obtained during the expert panel

eeting, which were accompanied and completed on the basis of

elated literature. 

ime horizon 

With regard to the time horizon of a health economic obesity

odel, it was possible to obtain clear expert recommendations.

owever, there were some interesting viewpoints expressed dur-

ng the expert panel mostly around the question of whether or not

 short term (e.g. trial period) simulation should be performed and

resented. One key consideration in this context was that prac-

itioners, physicians and stakeholders might be (additionally) in-

erested in short term results and it is recommended that health

conomists also take into account the information needs of the

ealth care personnel involved and also the requests / preferences

f policy makers and other stakeholders. From a scientific point

f view the key reasons for presenting short term / trial period

utcomes (in addition to lifetime) were to present the impact of

ifetime extrapolations as well as the practical need to determine

hether the model adequately replicates the underlying study/trial

esults (internal validation). The key issues of extrapolation named

n the context of obesity were the sustainability of the effect size

e.g. weight or BMI reduction and the related regain over time) and

he natural course/development of weight / BMI over time, which

s often based on a limited time-horizon, which again requires ex-

rapolation to lifetime. These key issues of extrapolation were the

ey drivers for recommending an additional presentation of short

erm / trial period results. 

besity associated events 

The discussions around obesity-associated events to be mod-

lled reflected some divergent views but there was general align-

ent among the experts that those events with a strong associa-

ion to obesity combined with a clear causal relationship to obesity

hould be included in the optimal case. In contrast to the causal

elationship of a specific event the strength of association could

e more easily assessed, as the odds ratio or relative risk based

n the best case could be extracted from prospective cohort stud-

es. In a systematic review and meta-analysis of Guh et al. 2009

5] the relative risk of various obesity associated events was pre-

ented and results by prospective cohort study and pooled results
ere provided, by gender and weight status (overweight / obese).

ccording to the pooled results for obesity the strongest RR based

ssociations in females (defined as RR ≥2 in subjects with a BMI ≥
0) were obtained for T2D (RR = 12.41), CHD (RR = 3.10), Gallbladder

isease (RR = 3.08), Endometrial Cancer (RR = 2.86), Kidney Cancer

RR = 2.64), Hypertension (RR = 2.42), osteoarthritis (RR = 2.19) and

ongestive heart failure (RR = 2.06) [5] . For males the strongest RR

ased associations (defined as RR ≥2 in subjects with a BMI ≥ 30)

ere obtained for T2D (RR = 6.74), osteoarthritis (RR = 4.20), pancre-

tic cancer (RR = 2.29) and asthma (RR = 2.19); the association to

HD in males (RR = 1.75) was not that pronounced as in females

RR = 3.10) [5] . Furthermore the association of obesity and stroke

as not that pronounced with a RR of 1.50 in females and a RR

f 1.68 in males [5] . Hence looking at the results of the system-

tic review (T2D, CHD and stroke are the most frequently included

vents within health economic obesity models) it is clear that not

nly the strength of association is important but also the sever-

ty and consequences of the specific events need to be considered,

hich was also discussed and determined as a selection criteria

uring the expert panel meeting, and might explain the brought

nclusion of CHD and stroke into the health economic obesity mod-

ls, as both events are potentially leading to mortality or disability.

urthermore from a health economic perspective the absolute in-

idence of events plays a role, as a strong obesity-association that

s observed only in a very small number of patients, might have

ess impact on the cost-effectiveness than an event with a weak

besity-association that is observed in many patients. 

The answer on the strength of statistical association, the sever-

ty and the absolute incidence of events are much easier to be

nswered than the question on the causal clinical relationship to

besity. The passage from obesity to T2D is caused by a progres-

ive defect in insulin secretion coupled with a progressive rise

n insulin resistance. Both insulin resistance and defective insulin

ecretion appear very prematurely in patients with obesity, and

oth worsen similarly towards diabetes [16] , therefore the causal

elationship is well understood. Also, there is good evidence on

he causal relationship between obesity and CHD, and obesity and

troke and insulin resistance has been identified as the primary

echanism driving the progression of cardio-metabolic diseases

such as CHD and stroke) [17] . For different types of cancer the

ausal relationship is more challenging to capture and it remains

nclear how obesity impacts the aetiology of cancer, which itself is

ot fully understood [18] . Hence, many researchers might have not

ncluded cancer as an obesity associated event within the model.

f including only those events, for which there is clear evidence

f a causal relationship, T2D, CHD and stroke would be an ad-

quate minimum selection to be simulated within a health eco-
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of events for which the causal relationship to obesity is not yet

fully understood is investigated within scenario analyses. 

Model type 

The model types recommended for a health economic obesity

model were either an individual patient / microsimulation STM or

alternatively a DES. DES is clearly understood as the most flexi-

ble approach for building an obesity model, but it was also recog-

nised as complex, as more difficult to build, populate and to dis-

seminate (to stakeholders). Many shortcomings of (cohort) state

transition models can be compensated by an individual patient /

microsimulation approaches which enables patient history to be

tracked using tunnel states and therefore overcome the Marko-

vian assumption; this is important for obesity as time with obesity

and/or obesity associated morbidities impacts the event risk. How-

ever, there is still some functionality of DES models that cannot

be reproduced by a STM [19] . The DES can simulate interactions

amongst individuals or between individuals and the environment

[ 20 , 21 ], which might be interesting in obesity prevention models

in which the positive effect of an intervention could have a posi-

tive effect on the whole community (e.g. on a whole school class or

the whole school setting). Furthermore DES is well suited to mod-

elling situations where patients are subject to multiple or compet-

ing risks [ 21 , 22 ]. A DES manages the competing and the sequenc-

ing of events by generating a future events list, then, for example,

selecting the next closest time-to-event to ascertain which event

occurs next in the process. This is relevant for obesity as there are

several obesity associated events to be simulated. In a STM a tran-

sition probability is derived for each mutually exclusive competing

health state and these competing health states must be exhaustive,

and it requires many health states to achieve a level of detail com-

parable to DES. In a DES it is also easier to manage multiple events

at the same time and to include and exclude events [23] . In the

STM the patient is in one of a variety of mutually exclusive health

states at any one time, which need to be clearly defined in the

model structure, hence including / excluding events is a complex

task. Furthermore, DES models can capture a greater level of de-

tail than STM allowing the model to capture more detail regarding

uncertainty in the system and including time to event information

[ 21 , 22 ]; this is important for obesity as multifactorial conditions

and complex interventions (e.g. in the context of prevention) need

to be simulated. 

Besides all these advantages it needs to be considered that

there are also several disadvantages, which prevent a broad ap-

plication of DES in the fields of health economics [19] . DES mod-

els are generally more complex, require more data (that is often

not available), and take more time to develop and run than STM;

furthermore this could lead to a DES-induced over-specification

[24] where models may become more complex than necessary,

which again leads to increased data needs for DES models com-

pared to STM [24] . 

These issues prevent a broad application of DES in health eco-

nomics of obesity. The STM is rated as a pragmatic, widely applied,

practical, familiar and widely accepted approach by the expert

panel. Especially the communication and dissemination of (com-

plex) DES models to stakeholders and policy makers is seen as a

key hurdle for a broad application, as usually the model approach

needs to be understandable to achieve research impact. 

Clinical event simulation 

The obtained event simulation approaches are quite diverse but

it was possible to identify two preferred approaches by the expert

panel namely the risk equation approach (most preferred approach

- 60% rated this as number one, and the BMI related RR (30% rated
his as number one). Many reasons were provided by the experts

hy the risk equation approach is preferred. The most prominent

nes were that the risk equation approach describes the whole na-

ure of a chronic disease and takes into account inter-event depen-

encies whereas within the BMI based approach the question re-

ains whether everything can be explained only by the BMI and

ow strong the BMI association of a specific disease really is. A fur-

her point that was highlighted in the expert discussions was that

he modellers’ decision on the event simulation approach is often

riven by data availability. Whereas for the BMI based approach

nly data on the BMI development (over time) is required, the

isk equation approach requires data on all risk factors included

n the equation, and is therefore far more data demanding. In the

ase that data on the risk factors is not available the BMI approach

ould be the most pragmatic way to estimate the health economic

mpact of an intervention, although the named limitations need to

e considered and extra sensitivity analyses and scenario analy-

is may be required. Furthermore the experts agreed on the pro-

edure that (if possible) comparable event simulation approaches

hould be applied for the different events, mainly to have compa-

able strengths and limitations for the simulation of the different

vents included in the obesity model. 

xternal validation 

The systematic review identified only ten models (of 72 that

imulated events) that performed an external validation [9] . As this

rocedure is a key part of testing the validity of the modelling re-

ults with regard to the predictiveness of the event simulation ap-

roach, this was in general regarded as a limitation of published

besity models. All the experts rated the external validation as (at

east) important for a health economic obesity model and that this

hould be performed as standard together with the internal valida-

ion that is usually performed as part of the internal model testing.

eneral issues of obesity models 

Besides the key structural aspects that were investigated and

iscussed there are several other aspects that make it a challenge

o model health economic assessments in obesity. As already men-

ioned one key difficulty is that the chronic events associated with

besity require a lifetime horizon and therefore several assump-

ions related to the sustainability of the effect size and the natural

ourse of weight / BMI. It is recommended that these two factors

equire clear and transparent handling and need to be investigated

n a sensitivity analyses. 

One other aspect that makes obesity models so diverse is that

n intervention might focus either on the therapy or on the pre-

ention of obesity. Whereas prevention measures usually start in

ounger age groups (e.g. in the school setting), the therapy of

besity could either target young or older age populations. Mod-

lling prevention measures are usually more complex than mod-

lling therapy, as the prevention effect might have a positive in-

uence on the whole community setting, and would hence require

imulating interactions amongst individuals or between individu-

ls and the environment, whereas therapy is usually targeted to

he patients receiving a specific intervention. 

Besides the diversity in the setting and intervention there are

uite some challenges related to the understanding of the aetiology

f obesity and of obesity associated diseases including so called

besity-paradoxes [25] . Whereas obesity implies increased risk for

hronic diseases, it is in fact associated with decreased mortal-

ty risk compared with normal weight [25] . Another paradox con-

erns the observation that when fitness is taken into account, the

ortality risk associated with obesity is offset [25] . Furthermore

here is a paradox describing the presence of a sizeable subset
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f individuals with obesity who are otherwise healthy [25] . Even

hen some obese persons are healthy and for late phase of dis-

ase, obesity may be protective, it still is considered an important

isk factor in the development of chronic disease. This has been

ecently stressed in a review on cardiovascular diseases [26] . Mod-

lling may thus have to distinguish several subgroups, depending

n time and diseases analysed. 

imitations and implications 

As discussed above, challenges around the economic modelling

f obesity are not purely structural, and hence one limitation of

his study is the focus only on key structural aspects. However,

specially as there are many challenges, it is important to offer

ecommendations on the handling of some key structural aspects

hen simulating obesity. The rationale for this is that the basic

tructure of the model is integral, and each decision that is made

n the key structural development is carried forward to each cal-

ulation step of the model. Therefore the provided consensus on

hose fundamental structural issues could minimize the challenges

odellers, stakeholders and decision makes face, while developing,

nterpreting and rating model-based health economic assessments

n obesity. 

For the expert panel, we focused on experts that were attending

he EuHEA meeting in Maastricht (2018), as a result of this selec-

ion criterion we had only European experts participating. Hence

ne limitation of this approach was that researches from non-

uropean countries were not able to contribute to this research.

onsidering that, according to the previously published system-

tic review, 47% of decision models focused on a European set-

ing, 27% on US setting and 20% on an Australian setting, it would

ave been interesting to consider additionally the expert opinion

f non-European experts. Additionally the limited number of ex-

erts (n = 10 experts) has to be rated as limitation of our research,

herefore it could be interesting to validate our findings on the ba-

is of a larger sample of experts. Accordingly the presented work

s not to be seen as a strict guideline for obesity modelling but as

 set of information and recommendations that are regarded to be

seful for other researchers and decision makers in this field. 

Further, in the expert interviews and in the expert panel we

nly used basic quantitative methods in order to obtain an expert

ating and an expert consensus, as the style of questions were not

esigned to involve more advanced quantitative methods (e.g. dis-

rete choice experiments) or qualitative techniques (such as the

elphi method). Furthermore the set focus on health economists

s a limitation related to the composition of the panel. The ratio-

ale for selecting health economists was that modelling is primar-

ly driven by this discipline, but as a consequence it was not pos-

ible to get a clear expert rating on purely clinical aspects, such as

he obesity associated event selection. In case of specialized epi-

emiologists and / or clinicians the discussion might have moved

ore into the direction of which events are nowadays considered

s clearly obesity associated, a fact that we have tried to resolve

y discussing the latest related literature. 

Although we have observed consensus on many structural is-

ues, there is no structural approach that covers all needs, and

ence related to the decision problem, research question, and ac-

ording to the data and resource availability there are different

tructural approaches that were rated as suitable for building a

ealth economic obesity model. Furthermore, depending on the

urpose of a health economic evaluation in obesity, researches

ight take different approaches than those recommended in our

aper, if they have a good rationale for doing so. 

One key question that remains in this context is, how the ap-

lication of different approaches to the same decision problem, re-

earch question and population might influence the results of the
linical event prediction and subsequently of the whole health eco-

omic evaluation – which is seen as a valuable field of future re-

earch. 

onclusions 

While the working group acknowledges the challenges in

chieving consensus, several recommendations for the key struc-

ural approaches for a health economic obesity model were de-

eloped. The obtained insights, discussion content and consensus

an provide valuable information for all decision makers, health

conomists and modellers for developing decision-analytic mod-

ls to generate high-quality and transparent economic evidence for

besity interventions. 
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