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Abstract (250 of 250 words) 36 

Objectives: This study aims to assess the key structural modelling approaches applied in published 37 

obesity models, and to provide an expert consensus to improve the methodology and consistency of 38 

the application of decision-analytic modelling in obesity research.  39 

Methods: Using a previously published systematic literature search as basis, ten individual interviews, 40 

and a face-to-face expert panel meeting were conducted. Within the expert panel meeting, the 41 

interview findings were presented and discussed, rated and where possible consensus statements 42 

were obtained.  In particular, five topics of interest were assessed: time horizon, model type, obesity-43 

related clinical events simulated, event simulation approaches and external event validation.  44 

Results: In addition to generic modelling standards, several obesity-specific recommendations were 45 

generated: Simulating a lifetime horizon was regarded as optimal (100% agreement); Ideally, both 46 

short and long-term results should be presented (100%); Using a risk equation approach for simulating 47 

the clinical events was the most preferred approach (60%) followed by applying a body mass index 48 

(BMI) related relative risk to a base risk estimate (30%); Continuous BMI approaches were preferred 49 

(100%); An individual patient/microsimulation state transition model was regarded as preferred 50 

modelling approach (90%); Discrete event simulation (DES) was regarded as the most flexible 51 

approach for building an obesity model but it was recognised as complex, and more difficult to build, 52 

populate and to disseminate; Performing an external validation was rated as important (100%).   53 

Conclusions: The obtained insights, discussion and consensus can provide valuable information for 54 

developing decision-analytic models to generate high-quality and transparent economic evidence for 55 

obesity interventions. 56 

 57 

Introduction 58 

Obesity, a major public health concern, is a multifactorial disease, caused by both environmental and 59 

genetic factors [1], that has reached epidemic proportions globally [2].  The worldwide prevalence of 60 

overweight and obesity has doubled since 1980 to an extent that nearly a third of the world's 61 

population is now classified as overweight or obese [3]. A common measure to define obesity is the 62 

body mass index (BMI), which is obtained by a person's weight in kilograms divided by the square of 63 

his height in meters (kg/m2).  According to the WHO definition, a BMI ≥ 25 and < 30 in adults is 64 

overweight; a BMI ≥30 in adults is obesity [2].   65 
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In 2015, high BMI contributed to 4.0 million deaths, which represented 7.1% of the deaths from any 66 

cause; it also contributed to 120 million disability-adjusted life-years, which represented 4.9 of 67 

disability-adjusted life-years from any cause among adults globally [4]  Both overweight and obesity 68 

are associated with the incidence of multiple co-morbidities including type II diabetes, cancer and 69 

cardiovascular diseases [5].   70 

These considerable health impacts of obesity are accompanied with a substantial economic burden, 71 

which highlights that there is an urgent need for public health measures in order to save societal 72 

resources [6].  Due to this considerable economic impact health economic evaluations are quite 73 

commonly applied in the context of obesity prevention and management. Such evaluations allow 74 

decision makers to make an informed judgement on the health economic impact of an intervention, by 75 

assessing the additional benefits of funding an intervention relative to its additional costs [7]. As shown 76 

in systematic reviews [8, 9] decision analytic modelling has commonly been used to evaluate the long-77 

term economic consequences of obesity prevention and therapy measures. In the context of these 78 

obesity related decision models the key structural aspects are of fundamental influence as they are 79 

impacting all outcomes simulated by the model, including clinical parameters & events, quality of life, 80 

direct and indirect costs and hence the whole spectrum of relevant economic consequences [10].  81 

Previously, it was shown that there are huge variations in the structural modelling approaches focusing 82 

on the prevention and therapy of obesity [8, 9] and up to now no consensus meeting on the structural 83 

aspects of obesity models has been performed.  This makes it difficult for researchers to select an 84 

appropriate approach when designing a model, and subsequently for policy makers and stakeholders 85 

to assess the quality of an applied model, intended to inform political or medical decision making.  86 

The aim of this study is therefore to assess and measure expert group consensus for key structural 87 

modelling approaches of obesity models, and to provide information and recommendations for 88 

modellers and decision makers. 89 

 90 

Methods 91 

On the basis of a previously published systematic literature review [8, 9], the key structural 92 

approaches applied in published obesity models were identified.  93 

In particular, five inter-related topics of interest were assessed: time horizon, model type, obesity-94 

related clinical events simulated, event simulation approaches and external event validation. These 95 
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features represent the structural aspects of models listed within the Phillips reporting checklist [11] 96 

which are not related on the quality of research reporting (as e.g. statement of the decision problem or 97 

statement of scope / perspective etc.). Additionally these features showed a huge variation in 98 

published obesity models [8, 9].  99 

The findings from the systematic literature review were then used to guide the topic content of the 100 

subsequent ten individual interviews.  Data from the combined interviews were then presented and 101 

discussed at a face-to-face group meeting in order to derive consensus statements with respect to the 102 

key structural approaches applied in published obesity models.   103 

 104 

Systematic Literature Search 105 

The interviews and the group meeting were informed by a previously published systematic review [8, 106 

9] that was performed in the PubMed Database and the NHS Economic Evaluation Database, 107 

following the PRISMA guidelines [12]. Three different searches were combined: one for health 108 

economic evaluations, one for decision models and one for obesity. Eligible studies were original 109 

research articles on decision models for full health economic assessment in the context of obesity; the 110 

definitions from Drummond et al. [13] (health economic assessments), from the International Society 111 

for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force [14] (decision models), and 112 

from the WHO criteria [2] (obesity) were applied in order to define eligible studies.  In total 4,293 113 

studies were identified via the database searches, and were reviewed. From these 142 articles were 114 

selected for full-text review; of which 87 papers met the inclusion criteria. Of those, 72 models 115 

simulated obesity associated events. The rationale for this selection is on one hand to investigate the 116 

selected event simulation approaches. On the other hand the rationale is to enable performing and 117 

investigating external validations of the event projections made by these models, which increases the 118 

credibility of the modelling approaches for researchers, physicians and decision makers. 119 

For more details on the literature search, the eligibility criteria and the literature selection please refer 120 

to the published systematic review [8, 9].  121 

 122 

Individual interviews 123 

Several health economic experts, with in-depth experience in decision analytic modelling and/or 124 

economics of obesity (using a convenience sampling), were requested to participate in an Expert 125 
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panel meeting during the European Health Economic Association (EuHEA) conference 2018 in 126 

Maastricht, and ten (of twenty-two contacted) agreed to participate the meeting and to perform a 60-127 

minute individual preparation interview beforehand. Within this interview the outcomes of the 128 

previously published systematic review, related to the key structural aspects (time horizon, model type, 129 

obesity-related clinical events simulated, event simulation approaches and external event validation) 130 

were presented via a web-based platform, and related to each of the key structural aspects of a model 131 

specific questions were asked. 132 

With respect to the choice of a specific event simulation approach, different definitions were first 133 

obtained from the systematic review [9] and are presented, together with the interview questions, in 134 

box 1.  135 

 136 

Please add box 1 here 137 

 138 

The individual interview data were then analysed quantitatively in MS Excel and summarized in a MS 139 

PPT presentation in order to serve as basis for the discussions at the expert panel meeting. 140 

 141 

Expert Panel Meeting 142 

The face-to-face expert panel meeting was performed as satellite event of the EuHEA conference in 143 

Maastricht, on July 13th 2018. Within this meeting, the interview results relating to each question were 144 

presented and discussed, with the aim of reaching a group consensus or to capture the variance in 145 

opinion for each item. Within this meeting the key structural aspects, were discussed in detail with a 146 

specific focus on obesity-specific criteria. After the meeting the results were summarized and sent to 147 

the expert panel members for further comment and approval. 148 

The results from this expert panel meeting are presented below, together with the results of the 149 

individual interviews and the key results from the systematic literature review.  150 

 151 

Results 152 

Time Horizon 153 

Table 1 presents the outcomes linked to the choice of time horizon for all published models identified 154 

in the review, and for the expert group opinion.  155 
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 156 

Please add table 1 here 157 

 158 

In the expert panel meeting, it was agreed that a lifetime horizon is optimal for a health economic 159 

obesity model (100% agreement)) and it was further agreed that both short- and long-term results 160 

should be presented (100% agreement). Short-term / trial period simulations may indeed also be 161 

interesting for practitioners / physicians, and are less susceptible to assumptions such as the 162 

sustainability of the intervention effect size and the natural course / development of BMI over time, 163 

including potential weight-regain post intervention. 164 

 165 

Obesity Associated Events 166 

Table 2 illustrates the findings from the literature review with respect to obesity-associated events 167 

(based on the 72 studies that have simulated obesity-associated events) alongside the findings from 168 

the expert interviews. Most of the published models simulated coronary heart disease (CHD) (≈83%; 169 

60 of 72), type 2 diabetes (T2D) (≈74%), and stroke (≈67%). A minority of the models simulated 170 

cancer (≈35%), osteoarthritis (≈24%), hyperlipidaemia (≈11%), hypertension (≈11%), and peripheral 171 

arterial disease (≈10%). 172 

 173 

Please add table 2 here 174 

 175 

From the expert interviews, with regard to the question on the minimum acceptable events to be 176 

included in a health economic obesity model (presented in table 2), in 50% of cases only CHD, T2D 177 

and stroke were named as “minimum acceptable events” in 20% of cases accompanied by cancer and 178 

in 10% accompanied by hypertension;  whereas in two cases no definite answer was given due to the 179 

rationale that “in general those events with strongest association / causal relationship to obesity should 180 

be included”. Related to the question on the events to be included in a health economic obesity model 181 

in the optimal world (presented in Figure 1) the picture was more diverse.  182 

 183 

Please add figure 1 here 184 

 185 

Page 6 of 23 



Accepted Manuscript – Health Policy and Technology 

In 40% of cases it was stated that all events with a clear association with obesity should be included. 186 

One expert stated that this clear association should be combined with the severity of event 187 

consequences.  In 50% of cases, CHD, T2D and stroke were named (alone or in combination with 188 

other diseases), whereas by one expert no definite answer was given as it was claimed that it depends 189 

on the goal of the model and on the available evidence.  190 

During the expert panel, several discussions around these obesity associated events took place 191 

(please refer to discussion part), but it was not possible to achieve consensus on the whole. However, 192 

finally there was general agreement that those events with a strong statistical association to obesity 193 

combined with a clear clinical causal relationship to obesity should be included in the optimal case. 194 

 195 

Model Type 196 

Table 3 presents the results concerning the appropriate model type. 197 

 198 

Please add table 3 here 199 

 200 

In the expert interviews, in 90% of cases a state transition model was named as the preferable 201 

approach, and, within these responses - 60% suggested a state transition model alone, and 30% also 202 

recommended a DES as an alternative model type to consider.  Only one expert (10%) recommended 203 

DES alone.  204 

On the question “why a specific model type was preferred?” the following rationales were provided by 205 

the experts:  206 

• “STM is adequate to simulate the three major health impacts (T2D, CHD and stroke); 207 

• STM is most practicable for event based simulation; 208 

• STM is the most familiar approach (for health economists and stakeholders); 209 

• STM is the most familiar approach - and individual patient simulation enables; building in 210 

specific memory;  211 

• An individual patient simulation STM is preferred as it is possible to include a kind of memory”. 212 

In three cases both the DES and the STM were preferred by the experts, for the following reasons: 213 

• “Memory is an important factor (as time with obesity / related morbidity impacts event risk) - 214 

therefore a DES would be preferred or a STM on a patient level with included memory states; 215 
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• Due to competing risks a DES / STM using a microsimulation approach will be preferred (for 216 

DES not all data might be available); 217 

• DES might be scientifically the best approach but difficult to build, inform and to explain. STM 218 

might be the most accepted approach”. 219 

For one participant the DES alone was preferred as  220 

• “DES allows considering timing of events which is important due to the inter-event 221 

dependencies”. 222 

Within the expert panel, a consensus was reached in the form of the following two statements: 223 

• An individual patient / microsimulation STM is regarded as preferred approach for an obesity 224 

model; 225 

• DES is regarded as the most flexible approach however DES is complex, difficult to build, to 226 

inform and to explain (to stakeholders).  227 

 228 

Event Simulation Approach 229 

Within the expert interviews the experts were asked to rank a list of potential modelling approaches 230 

identified from the systematic review.  The results are presented in table 4 and in figure 2, 231 

respectively. The risk equation approach was the most preferred approach (60% rated this as number 232 

one, followed by BMI-related RR (30% rated this as number one) and one expert felt it difficult to rank 233 

the approaches. 234 

 235 

Please add table 4 here 236 

 237 

Please add figure 2 here 238 

The reasons for the number one rating for the Equation / Change in Risk Factors were: 239 

• “Method is quite robust, widely validated and widely used; 240 

• Quite valid (accepted) approach and most commonly used; 241 

• Not everything might be explainable by change in BMI and therefore it may be important to 242 

consider further risk factors; 243 

• Risk equation approach describes the whole nature of a chronic disease;  244 

• Risk equation approach takes into account inter-event dependencies; 245 
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• Risk equation approach is widely applied and health economists are most familiar with this; 246 

• Familiar approach, well know, risk equations are also used in clinical guidelines; for the others 247 

it is the key question how strong the association between BMI and risk is”. 248 

The reasons for the number one rating for the Incidence / BMI related RR were: 249 

• “Most valuable / simple to set up events driven models for obesity; 250 

• BMI related RR is preferred as always small changes are taken into account; 251 

• Continuous BMI approaches are preferred against categorical approaches (there was 100% 252 

agreement on this statement in the expert panel)”. 253 

 254 

Furthermore, in the interviews, the experts were asked whether they would suggest using different 255 

approaches for different events if considering CHD, T2D, and stroke. With regard to this question, 90% 256 

answered with “no”; whereas 40% mentioned that not necessarily different approaches need to be 257 

applied and 50% answered that consistent approaches (if applicable) are preferred. One expert found 258 

it difficult to rate this topic and gave no answer. 259 

 260 

External Validation 261 

External validation was defined as comparing the model’s results with actual event data [15]. External 262 

validation involves simulating events that have occurred, such as those in clinical trials or 263 

epidemiologic studies, and examining how well the model results compare. 264 

According to the systematic review, only ten published model-based health economic assessments in 265 

obesity included an external event validation (14%; 10 of 72).  266 

Within the individual interviews the experts were asked how important they rate an external validation 267 

with possible answers being: “essential”, “very important”, “important”, “less important”, “not important” 268 

or “other” (please specify). All experts (100%) rated the external validation as “important”; 60% “very 269 

important” and 20% as “essential”. These findings were confirmed during the expert panel. 270 

 271 

Summary of Key Recommendations 272 

A summary of key recommendations generated as a result of the expert interviews combined with the 273 

expert panel meeting are presented in table 5. 274 

 275 
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Please add table 5 here 276 

 277 

Discussion  278 

Focusing on the key structural aspects outlined in the Philips checklist [11], this paper presents the 279 

main findings relevant to obesity models that have been identified (systematic literature search), rated 280 

(expert interviews) and discussed (expert panel). The expert panel meeting resulted in specific 281 

modelling recommendations that go beyond the findings from the systematic literature research, which 282 

is also representing the novelty of this research. The main findings by key structural aspect are 283 

discussed in detail below; each topic starts with a summary of outcomes of the expert panel meeting 284 

and these outcomes are then discussed and set into perspective by reflecting the complex 285 

circumstances and considerations related to each aspect. The latter discussion points are mainly 286 

driven by statements obtained during the expert panel meeting, which were accompanied and 287 

completed on the basis of related literature. 288 

 289 

Time Horizon 290 

With regard to the time horizon of a health economic obesity model, it was possible to obtain clear 291 

expert recommendations. However, there were some interesting viewpoints expressed during the 292 

expert panel mostly around the question of whether or not a short term (e.g. trial period) simulation 293 

should be performed and presented. One key consideration in this context was that practitioners, 294 

physicians and stakeholders might be (additionally) interested in short term results and it is 295 

recommended that health economists also take into account the information needs of the health care 296 

personnel involved and also the requests / preferences of policy makers and other stakeholders. From 297 

a scientific point of view the key reasons for presenting short term / trial period outcomes (in addition 298 

to lifetime) were to present the impact of lifetime extrapolations as well as the practical need to 299 

determine whether the model adequately replicates the underlying study/trial results (internal 300 

validation). The key issues of extrapolation named in the context of obesity were  the sustainability of 301 

the effect size (e.g. weight or BMI reduction and the related regain over time) and  the natural 302 

course/development of weight / BMI over time, which is often based on a limited time-horizon, which 303 

again requires extrapolation to lifetime. These key issues of extrapolation were the key drivers for 304 

recommending an additional presentation of short term / trial period results. 305 
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Obesity Associated Events 306 

The discussions around obesity-associated events to be modelled reflected some divergent views but 307 

there was general alignment among the experts that those events with a strong association to obesity 308 

combined with a clear causal relationship to obesity should be included in the optimal case. In contrast 309 

to the causal relationship of a specific event the strength of association could be more easily 310 

assessed, as the odds ratio or relative risk based on the best case could be extracted from 311 

prospective cohort studies.  In a systematic review and meta-analysis of Guh et al. 2009 [5] the 312 

relative risk of various obesity associated events was presented and results by prospective cohort 313 

study and pooled results were provided, by gender and weight status (overweight / obese). According 314 

to the pooled results for obesity the strongest RR based associations in females (defined as RR≥2 in 315 

subjects with a BMI ≥ 30) were obtained for T2D (RR=12.41), CHD (RR=3.10), Gallbladder Disease 316 

(RR=3.08), Endometrial Cancer (RR=2.86), Kidney Cancer (RR=2.64), Hypertension (RR=2.42), 317 

osteoarthritis (RR=2.19) and congestive heart failure (RR=2.06) [5]. For males the strongest RR based 318 

associations (defined as RR≥2 in subjects with a BMI ≥ 30) were obtained for T2D (RR=6.74), 319 

osteoarthritis (RR=4.20), pancreatic cancer (RR=2.29) and asthma (RR= 2.19); the association to 320 

CHD in males (RR=1.75) was not that pronounced as in females (RR=3.10) [5]. Furthermore the 321 

association of obesity and stroke was not that pronounced with a RR of 1.50 in females and a RR of 322 

1.68 in males [5]. Hence looking at the results of the systematic review (T2D, CHD and stroke are the 323 

most frequently included events within health economic obesity models) it is clear that not only the 324 

strength of association is important but also the severity and consequences of the specific events 325 

need to be considered, which was also discussed and determined as a selection criteria during the 326 

expert panel meeting, and might explain the brought inclusion of CHD and stroke into the health 327 

economic obesity models, as both events are potentially leading to mortality or disability. Furthermore 328 

from a health economic perspective the absolute incidence of events plays a role, as a strong obesity-329 

association that is observed only in a very small number of patients, might have less impact on the 330 

cost-effectiveness than an event with a weak obesity-association that is observed in many patients.  331 

The answer on the strength of statistical association, the severity and the absolute incidence of events 332 

are much easier to be answered than the question on the causal clinical relationship to obesity. The 333 

passage from obesity to T2D is caused by a progressive defect in insulin secretion coupled with a 334 

progressive rise in insulin resistance. Both insulin resistance and defective insulin secretion appear 335 
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very prematurely in patients with obesity, and both worsen similarly towards diabetes [16], therefore 336 

the causal relationship is well understood. Also, there is good evidence on the causal relationship 337 

between obesity and CHD, and obesity and stroke and insulin resistance has been identified as the 338 

primary mechanism driving the progression of cardio-metabolic diseases (such as CHD and stroke) 339 

[17]. For different types of cancer the causal relationship is more challenging to capture and it remains 340 

unclear how obesity impacts the aetiology of cancer, which itself is not fully understood [18]. Hence, 341 

many researchers might have not included cancer as an obesity associated event within the model.  If 342 

including only those events, for which there is clear evidence of a causal relationship, T2D, CHD and 343 

stroke would be an adequate minimum selection to be simulated within a health economic model. In 344 

this context it is recommended that the inclusion of events for which the causal relationship to obesity 345 

is not yet fully understood is investigated within scenario analyses. 346 

 347 

Model Type 348 

The model types recommended for a health economic obesity model were either an individual patient / 349 

microsimulation STM or alternatively a DES. DES is clearly understood as the most flexible approach 350 

for building an obesity model, but it was also recognised as complex, as more difficult to build, 351 

populate and to disseminate (to stakeholders). Many shortcomings of (cohort) state transition models 352 

can be compensated by an individual patient / microsimulation approaches which enables patient 353 

history to be tracked using tunnel states and therefore overcome the Markovian assumption; this is 354 

important for obesity as time with obesity and/or obesity associated morbidities impacts the event risk.  355 

However, there is still some functionality of DES models that cannot be reproduced by a STM [19]. 356 

The DES can simulate interactions amongst individuals or between individuals and the environment 357 

[20, 21], which might be interesting in obesity prevention models in which the positive effect of an 358 

intervention could have a positive effect on the whole community (e.g. on a whole school class or the 359 

whole school setting). Furthermore DES is well suited to modelling situations where patients are 360 

subject to multiple or competing risks [21, 22]. A DES manages the competing and the sequencing of 361 

events by generating a future events list, then, for example, selecting the next closest time-to-event to 362 

ascertain which event occurs next in the process. This is relevant for obesity as there are several 363 

obesity associated events to be simulated. In a STM a transition probability is derived for each 364 

mutually exclusive competing health state and these competing health states must be exhaustive, and 365 
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it requires many health states to achieve a level of detail comparable to DES. In a DES it is also easier 366 

to manage multiple events at the same time and to include and exclude events [23]. In the STM the 367 

patient is in one of a variety of mutually exclusive health states at any one time, which need to be 368 

clearly defined in the model structure, hence including / excluding events is a complex task. 369 

Furthermore, DES models can capture a greater level of detail than STM allowing the model to 370 

capture more detail regarding uncertainty in the system and including time to event information [21, 371 

22]; this is important for obesity as multifactorial conditions and complex interventions (e.g. in the 372 

context of prevention) need to be simulated. 373 

Besides all these advantages it needs to be considered that there are also several disadvantages, 374 

which prevent a broad application of DES in the fields of health economics [19]. DES models are 375 

generally more complex, require more data (that is often not available), and take more time to develop 376 

and run than STM; furthermore this could lead to a DES-induced over-specification [24] where models 377 

may become more complex than necessary, which again leads to increased data needs for DES 378 

models compared to STM [24].  379 

These issues prevent a broad application of DES in health economics of obesity. The STM is rated as 380 

a pragmatic, widely applied, practical, familiar and widely accepted approach by the expert panel. 381 

Especially the communication and dissemination of (complex) DES models to stakeholders and policy 382 

makers is seen as a key hurdle for a broad application, as usually the model approach needs to be 383 

understandable to achieve research impact. 384 

 385 

Clinical Event Simulation 386 

The obtained event simulation approaches are quite diverse but it was possible to identify two 387 

preferred approaches by the expert panel namely the risk equation approach (most preferred 388 

approach - 60% rated this as number one, and the BMI related RR (30% rated this as number one). 389 

Many reasons were provided by the experts why the risk equation approach is preferred. The most 390 

prominent ones were that the risk equation approach describes the whole nature of a chronic disease 391 

and takes into account inter-event dependencies whereas within the BMI based approach the question 392 

remains whether everything can be explained only by the BMI and how strong the BMI association of a 393 

specific disease really is. A further point that was highlighted in the expert discussions was that the 394 

modellers’ decision on the event simulation approach is often driven by data availability. Whereas for 395 
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the BMI based approach only data on the BMI development (over time) is required,  the risk equation 396 

approach requires data on all risk factors included in the equation, and is therefore far more data 397 

demanding. In the case that data on the risk factors is not available the BMI approach could be the 398 

most pragmatic way to estimate the health economic impact of an intervention, although the named 399 

limitations need to be considered and extra sensitivity analyses and scenario analysis may be 400 

required. Furthermore the experts agreed on the procedure that (if possible) comparable event 401 

simulation approaches should be applied for the different events, mainly to have comparable strengths 402 

and limitations for the simulation of the different events included in the obesity model. 403 

 404 

External Validation 405 

The systematic review identified only ten models (of 72 that simulated events) that performed an 406 

external validation [9]. As this procedure is a key part of testing the validity of the modelling results 407 

with regard to the predictiveness of the event simulation approach, this was in general regarded as a 408 

limitation of published obesity models. All the experts rated the external validation as (at least) 409 

important for a health economic obesity model and that this should be performed as standard together 410 

with the internal validation that is usually performed as part of the internal model testing. 411 

 412 

General Issues of Obesity Models 413 

Besides the key structural aspects that were investigated and discussed there are several other 414 

aspects that make it a challenge to model health economic assessments in obesity. As already 415 

mentioned one key difficulty is that the chronic events associated with obesity require a lifetime 416 

horizon and therefore several assumptions related to the sustainability of the effect size and the 417 

natural course of weight / BMI.  It is recommended that these two factors require clear and transparent 418 

handling and need to be investigated in a sensitivity analyses.  419 

One other aspect that makes obesity models so diverse is that an intervention might focus either on 420 

the therapy or on the prevention of obesity. Whereas prevention measures usually start in younger 421 

age groups (e.g. in the school setting), the therapy of obesity could either target young or older age 422 

populations. Modelling prevention measures are usually more complex than modelling therapy, as the 423 

prevention effect might have a positive influence on the whole community setting, and would hence 424 
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require simulating interactions amongst individuals or between individuals and the environment, 425 

whereas therapy is usually targeted to the patients receiving a specific intervention. 426 

Besides the diversity in the setting and intervention there are quite some challenges related to the 427 

understanding of the aetiology of obesity and of obesity associated diseases including so called 428 

obesity-paradoxes [25]. Whereas obesity implies increased risk for chronic diseases, it is in fact 429 

associated with decreased mortality risk compared with normal weight [25]. Another paradox concerns 430 

the observation that when fitness is taken into account, the mortality risk associated with obesity is 431 

offset [25]. Furthermore there is a paradox describing the presence of a sizeable subset of individuals 432 

with obesity who are otherwise healthy [25]. Even when some obese persons are healthy and for late 433 

phase of disease, obesity may be protective, it still is considered an important risk factor in the 434 

development of chronic disease. This has been recently stressed in a review on cardiovascular 435 

diseases [26]. Modelling may thus have to distinguish several subgroups, depending on time and 436 

diseases analysed. 437 

 438 

Limitations and Implications 439 

As discussed above, challenges around the economic modelling of obesity are not purely structural, 440 

and hence one limitation of this study is the focus only on key structural aspects. However, especially 441 

as there are many challenges, it is important to offer recommendations on the handling of some key 442 

structural aspects when simulating obesity. The rationale for this is that the basic structure of the 443 

model is integral, and each decision that is made in the key structural development is carried forward 444 

to each calculation step of the model. Therefore the provided consensus on those fundamental 445 

structural issues could minimize the challenges modellers, stakeholders and decision makes face, 446 

while developing, interpreting and rating model-based health economic assessments in obesity.  447 

For the expert panel, we focused on experts that were attending the EuHEA meeting in Maastricht 448 

(2018), as a result of this selection criterion we had only European experts participating. Hence one 449 

limitation of this approach was that researches from non-European countries were not able to 450 

contribute to this research. Considering that, according to the previously published systematic review, 451 

47% of decision models focused on a European setting, 27% on US setting and 20% on an Australian 452 

setting, it would have been interesting to consider additionally the expert opinion of non-European 453 

experts. Additionally the limited number of experts (n=10 experts) has to be rated as limitation of our 454 
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research, therefore it could be interesting to validate our findings on the basis of a larger sample of 455 

experts. Accordingly the presented work is not to be seen as a strict guideline for obesity modelling but 456 

as a set of information and recommendations that are regarded to be useful for other researchers and 457 

decision makers in this field.  458 

Further, in the expert interviews and in the expert panel we only used basic quantitative methods in 459 

order to obtain an expert rating and an expert consensus, as the style of questions were not designed 460 

to involve more advanced quantitative methods (e.g. discrete choice experiments) or qualitative 461 

techniques (such as the Delphi method). Furthermore the set focus on health economists is a 462 

limitation related to the composition of the panel. The rationale for selecting health economists was 463 

that modelling is primarily driven by this discipline, but as a consequence it was not possible to get a 464 

clear expert rating on purely clinical aspects, such as the obesity associated event selection. In case 465 

of specialized epidemiologists and / or clinicians the discussion might have moved more into the 466 

direction of which events are nowadays considered as clearly obesity associated, a fact that we have 467 

tried to resolve by discussing the latest related literature. 468 

Although we have observed consensus on many structural issues, there is no structural approach that 469 

covers all needs, and hence related to the decision problem, research question, and according to the 470 

data and resource availability there are different structural approaches that were rated as suitable for 471 

building a health economic obesity model. Furthermore, depending on the purpose of a health 472 

economic evaluation in obesity, researches might take different approaches than those recommended 473 

in our paper, if they have a good rationale for doing so.   474 

One key question that remains in this context is, how the application of different approaches to the 475 

same decision problem, research question and population might influence the results of the clinical 476 

event prediction and subsequently of the whole health economic evaluation – which is seen as a 477 

valuable field of future research. 478 

 479 

Conclusions 480 

While the working group acknowledges the challenges in achieving consensus, several 481 

recommendations for the key structural approaches for a health economic obesity model were 482 

developed. The obtained insights, discussion content and consensus can provide valuable information 483 
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for all decision makers, health economists and modellers for developing decision-analytic models to 484 

generate high-quality and transparent economic evidence for obesity interventions. 485 

 486 

List of Abbreviations 487 

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 

 488 

  489 

Page 17 of 23 



Accepted Manuscript – Health Policy and Technology 

References 490 

1. Huang T, Hu FB: Gene-environment interactions and obesity: recent developments and 491 
future directions. BMC medical genomics 2015, 8 Suppl 1:S2. 492 

2. World Health Organization. Fact Sheet on Obesity. 2003. 493 
[https://www.who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf] (Accessed on 494 
09.02.2019). 495 

3. Chooi YC, Ding C, Magkos F: The epidemiology of obesity. Metabolism: clinical and 496 
experimental 2019, 92:6-10. 497 

4. Afshin A, Forouzanfar MH, Reitsma MB et al: Health Effects of Overweight and Obesity in 498 
195 Countries over 25 Years. The New England journal of medicine 2017, 377(1):13-27. 499 

5. Guh DP, Zhang W, Bansback N et al: The incidence of co-morbidities related to obesity 500 
and overweight: a systematic review and meta-analysis. BMC public health 2009, 9:88. 501 

6. Tremmel M, Gerdtham UG, Nilsson PM, Saha S: Economic Burden of Obesity: A 502 
Systematic Literature Review. International journal of environmental research and public 503 
health 2017, 14(4). 504 

7. Ananthapavan J, Sacks G, Moodie M, Carter R: Economics of obesity--learning from the 505 
past to contribute to a better future. International journal of environmental research and 506 
public health 2014, 11(4):4007-4025. 507 

8. Schwander B, Hiligsmann M, Nuijten M, Evers S: Systematic review and overview of health 508 
economic evaluation models in obesity prevention and therapy. Expert review of 509 
pharmacoeconomics & outcomes research 2016, 16(5):561-570. 510 

9. Schwander B, Nuijten M, Hiligsmann M, Evers S: Event simulation and external validation 511 
applied in published health economic models for obesity: a systematic review. Expert 512 
review of pharmacoeconomics & outcomes research 2018, 18(5):529-541. 513 

10. Afzali HH, Karnon J, Merlin T: Improving the accuracy and comparability of model-based 514 
economic evaluations of health technologies for reimbursement decisions: a 515 
methodological framework for the development of reference models. Medical decision 516 
making : an international journal of the Society for Medical Decision Making 2013, 33(3):325-517 
332. 518 

11. Philips Z, Bojke L, Sculpher M, Claxton K, Golder S: Good practice guidelines for decision-519 
analytic modelling in health technology assessment: a review and consolidation of 520 
quality assessment. PharmacoEconomics 2006, 24(4):355-371. 521 

12. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for systematic 522 
reviews and meta-analyses: the PRISMA statement. Journal of clinical epidemiology 2009, 523 
62(10):1006-1012. 524 

13. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW: Methods for the 525 
Economic Evaluation of Health Care Programmes. Oxford: Oxford: Oxford University 526 
Press; 2015. 527 

14. Weinstein MC, O'Brien B, Hornberger J et al: Principles of good practice for decision 528 
analytic modeling in health-care evaluation: report of the ISPOR Task Force on Good 529 
Research Practices--Modeling Studies. Value in health : the journal of the International 530 
Society for Pharmacoeconomics and Outcomes Research 2003, 6(1):9-17. 531 

15. Eddy DM, Hollingworth W, Caro JJ et al: Model transparency and validation: a report of 532 
the ISPOR-SMDM Modeling Good Research Practices Task Force--7. Value in health : the 533 

Page 18 of 23 

https://www.who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf


Accepted Manuscript – Health Policy and Technology 

journal of the International Society for Pharmacoeconomics and Outcomes Research 2012, 534 
15(6):843-850. 535 

16. Golay A, Ybarra J: Link between obesity and type 2 diabetes. Best practice & research 536 
Clinical endocrinology & metabolism 2005, 19(4):649-663. 537 

17. Aslibekyan S, Garvey WT: Obesity: Obesity and cardiometabolic disease - more than 538 
meets the eye. Nature reviews Endocrinology 2017, 13(10):566-568. 539 

18. Stone TW, McPherson M, Gail Darlington L: Obesity and Cancer: Existing and New 540 
Hypotheses for a Causal Connection. EBioMedicine 2018, 30:14-28. 541 

19. Standfield L, Comans T, Scuffham P: Markov modeling and discrete event simulation in 542 
health care: a systematic comparison. International journal of technology assessment in 543 
health care 2014, 30(2):165-172. 544 

20. Brennan A, Chick SE, Davies R: A taxonomy of model structures for economic evaluation 545 
of health technologies. Health economics 2006, 15(12):1295-1310. 546 

21. Karnon J, Stahl J, Brennan A et al: Modeling using discrete event simulation: a report of 547 
the ISPOR-SMDM Modeling Good Research Practices Task Force--4. Value in health : the 548 
journal of the International Society for Pharmacoeconomics and Outcomes Research 2012, 549 
15(6):821-827. 550 

22. Caro JJ, Briggs AH, Siebert U, Kuntz KM: Modeling good research practices--overview: a 551 
report of the ISPOR-SMDM Modeling Good Research Practices Task Force--1. Value in 552 
health : the journal of the International Society for Pharmacoeconomics and Outcomes 553 
Research 2012, 15(6):796-803. 554 

23. Caro JJ, Moller J, Getsios D: Discrete event simulation: the preferred technique for health 555 
economic evaluations? Value in health : the journal of the International Society for 556 
Pharmacoeconomics and Outcomes Research 2010, 13(8):1056-1060. 557 

24. Karnon J, Brown J: Selecting a decision model for economic evaluation: a case study 558 
and review. Health care management science 1998, 1(2):133-140. 559 

25. McAuley PA, Blair SN: Obesity paradoxes. Journal of sports sciences 2011, 29(8):773-782. 560 

26. Elagizi A, Kachur S, Lavie CJ et al: An Overview and Update on Obesity and the Obesity 561 
Paradox in Cardiovascular Diseases. Progress in cardiovascular diseases 2018, 61(2):142-562 
150. 563 

  564 

Page 19 of 23 



Accepted Manuscript – Health Policy and Technology 

Box 1: Interview Questions and Definitions of Event Simulation Approaches 565 

 566 

 567 

 568 

 569 

 570 

 571 

 572 

 573 
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 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

 592 

 593 

 594 

 595 

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 
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Tables 596 

Table 1: Time Horizon – Systematic Literature Search and Expert Interview Outcomes  597 

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; ≥ 598 
10 years / lifetime optimal 599 

 600 

Table 2: Obesity Associated Events – Systematic Literature Search and Expert 601 
Interview Outcomes  602 

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 603 
strongest association / causal relationship to obesity should be included 604 

 605 

Table 3: Model Type – Systematic Literature Search and Expert Interview Outcomes 606 

Model Type 
Literature Review (n=87 

models) 
Expert Interviews (n=10 

experts) 

State Transition Model (STM) 85% 60% 
Disease 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 607 
DES model) 608 

 609 

  610 
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Table 4: Event Simulation Approach – Systematic Literature Search and Expert 611 
Interview Outcomes 612 

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 613 
DES model) 614 

 615 

Table 5: Overview of key expert recommendations by key structural aspect 616 

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 
  617 

Page 22 of 23 



Accepted Manuscript – Health Policy and Technology 

Figures 618 

 619 

 620 

Figure 1: Which (obesity associated) events would you rate as optimal to be included 621 
into a health economic obesity model?  622 

 623 

 624 

 625 

Figure 2: Outcomes of the interview question: Which event simulation 626 
approach would you prefer for a health economic obesity model? (Rank 1-3)  627 

 628 

 629 
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