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Background
Novo Nordisk, working with Health Economics and Outcomes Research (HEOR), developed a Microsimulation Core Obesity Model (MS-COM) to assess the cost-effectiveness of semaglutide 2.4 mg in obesity. This model is an addition to the existing Core Obesity Model (COM), which is a cohort Markov model.1 A microsimulation approach was adopted to address the challenge of representing interrelation of risk factors and nonlinearity of outcomes in obesity.2 3 Inputs were largely adapted from the COM model, utilising Qdiabetes risk equations and UKPDS. 4 5 This evidence was supplemented with results from the pivotal STEP 1 study of semaglutide 2.4 mg for obesity, and the Qrisk3 and Framingham risk equations. 6-8 The latter were recommended improvements to COM by published commentaries.9
The model itself is illustrated in Figure 1. The time horizon was set to 80 years to allow evaluation in younger populations. Cycle length was variable, with the first eight cycles being quarterly and the latter cycles being annual. The intervention was semaglutide 2.4mg while control was diet and exercise.
[bookmark: _Ref147402104]Figure 1 Diagram of Microsimulation Core Obesity (MS-COM) obesity model, provided by Novo Nordisk and HEOR
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A lack of validation and transparency for cost-effectiveness models can be significant barrier to their acceptance by health technology assessment (HTA) payers and other decision makers.10 It is therefore recommended that validation be conducted of the MSM obesity model. External validation requires the comparison of model estimates with reports from dependent (i.e., used to inform the model) and independent external data. A systematic literature review (SLR) of previous obesity models (Schwander 2018) found that only 10 of 72 (14%) of identified obesity models had been validated using such external data.11 Despite the general lack of validation of obesity models, a detailed external validation was conducted and published on the COM.12 
The evidence for validation was provided by a 2017 validation of the ECHO-T2DM model and the previously noted SLR of obesity models from 2018.11 13 Targeted literature reviews were then used to supplement the studies identified in the ECHO-T2DM validation and systematic review. 
The face validity of COM was evaluated by clinical expert feedback and presentations at conferences, while verification was performed by double-programming. However, a commentary argued that the face validity and verification should also have been published.9 Cross validation was not performed as programmers had access to only one model. The external validation considered 193 validation endpoints (162 CV and mortality outcomes, 10 T2DM incidence outcomes, and 21 OSA outcomes). Predicted outcomes by the model were compared against reported outcomes from the study, using visual assessment and statistical measures of concordance. The validation found only limited disagreement with reported studies, with the exception of an underestimation of CV disease and mortality, and T2DM.12
Novo Nordisk requested Clifton Insight to conduct a full external independent and dependent validation of the MS-COM model. They requested that methods follow those of the validation of COM.12 It should be noted that two studies used to inform the review are now over 5 years old.11 13  Also, the latest study identified was published in 2016, with the oldest being published in 1996.14 15 It included studies also had few obesity patients and one included patients with restricted lipid profiles.16 The age and limitations of previously identified studies strongly suggests that an update search would be required to repeat the validation on the new obesity MS-COM. Without such an update, it would likely prove challenging to publish the MSM validation in a peer reviewed journal. 

[bookmark: _Toc146394838][bookmark: _Toc146976099]Objectives
The overall objective of the evidence reviews was to identify published studies in populations with obesity or relevant patient populations against which predictions of the model could be compared.
Specific objectives were to:
· Update the 2018 Schwander SLR.11
· Conduct a TLR for more recent T2DM model validations than the 2017 validation.13
· Conduct TLRs of Medline and Google to identify more recent and relevant evidence sources than used in the earlier validation, which had been limited to studies published before 2016.12
Studies were selected for the validation if they were in primary prevention of CVD or if less than 15% of patients had CVD, aligning with the target population of the model and the earlier validation.12 Studies were also only included if sufficient baseline characteristics were reported so as to match with model predictions, and if they reported long-term risk factor trends. Endpoints of included studies also needed to be identical or reasonably close to those in the model. 

[bookmark: _Toc146394839][bookmark: _Toc146976100]Methods
Update of 2018 Schwander SLR (published since 2015)
A systematic literature review (SLR) was conducted following current methodological guidelines17 outlined in this protocol. The study followed the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols extension (PRISMA-P) 2015 statement.18 The SLR also followed (as closely as possible) the PICOS and search terms used in Schwander 2018.11
[bookmark: _Hlk151548175]Schwander 2018 aimed to determine and describe the methodological variations in the event simulation approaches and the related external validations of published health economic decision models in the context of obesity. They stated their eligibility criteria as “original research articles on decision models for full health economic assessment in the context of obesity.” They applied definitions from Drummond et al.19 to define health economic assessments, from the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force20 to define health economic decision models, and the WHO criteria for obesity21 in order to define eligible studies. For our updated SLR, studies were therefore selected according to the PICOS criteria outlined in Table 1 and detailed below.

Eligibility criteria
Population
The population of interest was adults suffering from obesity according to the WHO criteria. For adults, WHO defines obesity as a BMI greater than or equal to 30.21
Interventions/comparators
All analyses comparing interventions targeted at obesity or obesity-related events including coronary heart disease (CHD), type 2 diabetes (T2D), stroke, cancer, osteoarthritis, hyperlipidemia, hypertension, peripheral artery disease. 
Outcomes
The outcomes of interest were methods for event simulation e.g. risk equations and application of relative risk (RR) on the base risk. Methods for model validation were also of interest.
Study design
Only decision analytic models as defined by the ISPOR task force were included. This definition assumes that models account for events over time and across populations​, are based on data drawn from primary and/or secondary sources​, and aim to estimate effects of an intervention on health consequences and costs​ in order to aid decision making.20​
Publication type
Only original research in the form of published research, conference abstracts or registered trials were included. Therefore, reviews, letter to the editor, and editorials were excluded. 
Language
We did not exclude studies by language. 

[bookmark: _Ref136526295]Table 1 PICOS for update of Schwander 2018
	Population
	Adults suffering from obesity according to the WHO criteria. For adults, WHO defines obesity as a BMI greater than or equal to 30​.

	Interventions/
Comparators
	All interventions targeted at obesity or obesity-related events including CHD, T2D, stroke, cancer, osteoarthritis, hyperlipidemia, hypertension, peripheral artery disease ​

	Outcomes 
	Event simulation approaches​
Investigation of predictiveness and validity of models​

	Study design
	· Decision analytic models accounting for events over time and across populations​
· Based on data drawn from primary and/or secondary sources​
· Purpose to estimate effects of an intervention on health consequences and costs​
· Aim to aid decision making​
(ISPOR Task Force definition)​

	Publication type
	Original research​ in the form of journal publication, conference abstract or trial registration​
 ​

	Language
	No language restriction​
 ​


CHD=coronary heart disease; T2D=type 2 diabetes

Search strategy for SLR
A comprehensive search strategy was used to identify relevant literature. This included searching electronic databases, clinical trial registry, conference proceedings as well as hand searches on the reference lists of included studies and relevant systematic reviews. 
Studies reporting decision analytic models were searched in the following databases: MEDLINE, and EMBASE, and National Health Service (NHS) Economic Evaluation Database (NHS EED). The search strategies are presented in Appendix A. 

Study records
Data management
We searched MEDLINE and EMBASE through the Ovid® platform, and NHS EED. Records obtained were managed in an Endnote library and research information system (RIS) files were stored. 
Selection process
Search results were uploaded into Rayyan22, a tool to increase the efficiency of systematic reviews, and screened by two reviewers independently. We used a two-stage process to select studies for inclusion. First, records that do not meet the eligibility criteria based on title and abstract were excluded. Second, full texts were retrieved for all records selected in stage 1 and checked against the eligibility criteria. The lead reviewer held regular meetings with reviewers to assure consistency in eligibility criteria and reconcile differences in the event of a conflict. 
Reasons for exclusion were recorded at both the title/abstract screening stage and the full text screening stage. A list of excluded studies with reasons for exclusion were provided as recommended by systematic review methodological guidelines17 and quality checklists.23 24
Data collection process
We developed standardized data extraction sheets (DES) in Microsoft Excel. These were tested on a few selected papers and adapted where necessary. Data extraction was performed by one reviewer and at least 10% of the studies were extracted, independently, by a second reviewer. Data extractions were checked by the lead reviewer and any discrepancies were resolved by discussion.
Risk of bias assessment
Risk of bias was not assessed as studies were expected to comprise a mixture of designs and extracted endpoints were unlikely to be primary endpoints of the studies.
Data items
In line with Schwander 2018, data to extract included:
Obesity-associated events simulated, including CHD, T2D, stroke, cancer, osteoarthritis, hyperlipidemia, hypertension, peripheral artery disease
Approach used to simulate incidence associated with CHD/T2D/stroke (i.e., incidence estimation approaches (such as potential impact fraction, BMI, age and gender) 
Approach used to simulate intervention effects associated with CHD/T2D/stroke (such as BMI or BMI group-specific RR) 
Approach used to simulate event-specific mortality associated with CHD/T2D/stroke
External validation approach, along with quantitative measures used (e.g., measures on fit), and associated results for each reported endpoint 

Targeted literature reviews
TLR 1: Recent T2D model validations (published since 2017) 
A targeted review was conducted to identify more recent T2D model validations than Willis 2017 (ECHO-T2DM), which were published since 2017. For our TLR, studies were therefore selected according to the PICOS criteria outlined in Table 2 and detailed below.
Population
The population of interest was patients suffering from T2D. 
Interventions/comparators
All analyses comparing interventions targeted at T2D were included. 
Outcomes
The outcome of interest was investigations of the predictiveness and validity of models.
​Study design
Only decision analytic models as defined by the ISPOR task force were included. This definition assumes that models account for events over time and across populations​, are based on data drawn from primary and/or secondary sources​, and aim to estimate effects of an intervention on health consequences and costs​ in order to aid decision making.20​
Publication type
Only original research in the form of published research, conference abstracts or registered trials were included. Therefore, reviews, letter to the editor, and editorials were excluded. 
Language
We did not exclude studies by language. 


[bookmark: _Ref151550469]Table 2. PICOS for TLR of T2D model validations
	Population​
	Patients suffering from T2D

	Interventions/Comparators
	All interventions targeted at T2D​

	Outcomes ​
	Investigation of predictiveness and validity of models​

	Study design​
	· Decision analytic models accounting for events over time and across populations​
· Based on data drawn from primary and/or secondary sources​
· Purpose to estimate effects of an intervention on health consequences and costs​
· Aim to aid decision making​
(ISPOR Task Force definition)​

	Publication type​
	Original research​ in the form of journal publication, conference abstract or trial registration

	Language​
	No language restriction​


ISPOR=International Society for Pharmacoeconomics and Outcomes Research; T2D=type 2 diabetes

TLR 2: Recent evidence sources than those used in Lopes 2020 (published since 2016) 
A targeted review was conducted to identify any additional evidence sources published since 2016 which provide data on baseline characteristics and long-term trends of risk factor progression, have a sufficiently long time horizon, include individuals who are overweight or obese, and report endpoints identical or reasonably close to those included in the MS-COM. For this TLR, studies were therefore selected according to the PICOS criteria outlined in Table 3 and detailed below.
Population
The population of interest is overweight or obese patients. As the MS-COM was designed to assess the long-term cost-effectiveness of weight management interventions for the primary prevention of CVD and other obesity-related complications, studies must also be in primary prevention (i.e. exclude patients with CVD history, or have a proportion of individuals with CVD less than 15%). 
Interventions/comparators
All analyses comparing interventions targeted at weight management/preventing obesity-related events​ were included. 
Outcomes
The outcomes of interest were endpoints identical or reasonably close to those included in the MS-COM. These must be reported alongside data on baseline characteristics​ and long-term trends of risk factor progression​.
​Study design
Regarding study designs, we included randomised and non-randomised evidence. Randomised evidence will include randomised controlled trials (RCTs) and Phase 2-3 trials, whereas non-randomised evidence will include interventional studies without randomised allocation and prospective observational studies. Other study designs, such as retrospective studies, case series and analysis of clinical records will be excluded due to higher risk of bias and limitations to establish causality from interventions. 
Publication type
Only original research in the form of published research, conference abstracts or registered trials were included. Therefore, reviews, letter to the editor, and editorials were excluded. 
Language
We will not exclude studies by language. 

[bookmark: _Ref151550484]Table 3. PICOS for TLR of more recent evidence sources than used in the earlier validation
	Population
	Overweight or obese patients with CVD history as an exclusion criterion

	Interventions/Comparators
	All interventions targeted at weight management/preventing obesity-related events​

	Outcomes ​
	All three of:​
· Data on baseline characteristics​
· Data on long-term trends of risk factor progression​
· Endpoints identical or similar to those included in the MS-COM

	Study design​
	Randomized evidence:​
· Randomized controlled trials (RCTs)​
· Cluster RCTs​
· Phase 2/3 trials​

Real-world evidence:​
· Non-randomized trials ​
· Prospective observational studies​

	Publication type​
	Original research​ in the form of journal publication, conference abstract or trial registration​

	Language​
	No language restriction​



Search strategy for TLRs
A targeted search strategy was used to identify relevant literature. This included searching MEDLINE and Google, as well as target searching for relevant studies reporting relevant endpoints for the MS-COM. 

Study records
Data management
We searched MEDLINE through the Ovid® platform and Google. Similar to the SLR, records obtained were managed in an Endnote library and research information system (RIS) files were stored. 
Selection process
Search results were uploaded into Excel where screening was performed by one reviewer. We used a two-stage process to select studies for inclusion. First, records that did not meet the eligibility criteria based on title and abstract were excluded. Second, full texts were retrieved for all records selected in stage 1 and checked against the eligibility criteria. 
Data collection process
For TLR 1, we listed and summarised all included studies in a slide deck. For TLR 2, we developed a simple DES in Microsoft Excel for TLR 2 that captures all relevant information on recent evidence sources and findings associated with endpoints of interest for MS-COM. Data extractions were performed by one reviewer and checked by a second reviewer for validation purposes. 

Results
Overview of SLR findings
We identified 5,509 records through database searching, 2,555 records from EMBASE and 2,954 records from MEDLINE. After removing 778 duplicates, 4,731 titles and abstracts were screened for eligibility. 
At the title and abstract screening stage, 4,602 records were excluded. Reasons for exclusion included wrong study design (n=4,091), wrong population (n = 445), wrong outcomes (n = 47), and wrong intervention (n = 19). As a result, a total of 129 records were assessed in full text, of which 74 fulfilled the inclusion criteria. Additional reasons for exclusion at this stage were wrong population (n = 26), wrong study design (n = 18), wrong outcome (n = 6), and wrong intervention (n = 3). 
Three studies were mapped to primary publications, leaving 73 publications available for data extraction. The study selection process according to the PRISMA statement is shown in Figure 2.
An overview of the study characteristics and events simulated are provided in Table 3 and Table 4, respectively In Appendix B. 
[bookmark: _Ref196926420]Figure 2 PRISMA flow chart systematic literature review
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Overview of TLR findings
Summary findings from TLR1
We identified 259 records through database searching, which were screened in full. At the this stage (i.e., title and abstract screening), 246 records were excluded, leaving 13 records to be assessed as full-text. Each of these records fulfilled the inclusion criteria. The study selection process according to the PRISMA statement is shown in Figure 3.

[bookmark: _Ref196927452][bookmark: _Hlk196924352]Figure 3 PRISMA flow chart TLR1
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Summary findings from TLR2
We identified 1,391 records through PubMED Central, along with an additional nine records via grey literature searching, yielding 1,400 records to be screened. 
At the title and abstract screening stage, 1,338 records were excluded. A total of 61 records were assessed in full text, of which 10 fulfilled the inclusion criteria. Reasons for exclusion at this stage were wrong population (n = 8), wrong outcomes (n = 41), and wrong study design (n = 2). 
The study selection process according to the PRISMA statement is shown in Figure 4.


[bookmark: _Ref196929469]Figure 4 PRISMA flow chart TLR2
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Selecting studies for inclusion in the external independent validation
We sought to validate approximately 100 endpoints using a mix of evidence from the Schwander 2018 review (that informed the external validation of COM by Lopes 2020),our updated SLR, and the TLRs.11 Studies were prioritised if their endpoints were deemed identical or reasonably close to those included in the MS-COM. Where endpoints were simulated in studies included in the SLR, the primary source publication used to inform the event simulation was then checked to assess the closeness of the endpoint to those included in the MS-COM. 
In total, 106 external independent endpoints were included in the external independent validation. Of the 73 records included in the SLR, four studies evaluated endpoints (that were based on primary publications) that closely matched those used in MS-COM, yielding 26 endpoints for validation.25-28 One study identified from the TLRs included outcomes that were sufficiently matched to MS-COM, yielding a total of 20 endpoints for validation.29 Six studies used in Lopes 202012 included outcomes similarly matched to MS-COM and were included in the external independent validation, providing a total of 60 endpoints for validation.30-35
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[bookmark: Appendix]Appendix A: Search strategy – SLR: Update of 2018 Schwander review
Ovid MEDLINE (Search date: 2024-01-05)
	#
	Search terms
	Hits

	1
	exp Obesity/
	265467

	2
	exp Overweight/
	277000

	3
	exp Weight Loss/
	50138

	4
	exp Economics/
	668005

	5
	economic model*.ab,kw.
	4264

	6
	economic evaluation.ti,ab.
	11984

	7
	(cost* adj2 (effective* or utilit* or benefit* or analy* or outcome or outcomes)).ab,kw.
	209130

	8
	markov.ti,ab,kw.
	28692

	9
	(decision* adj2 (tree* or analy* or model*)).ti,ab,kw.
	39643

	10
	((Micro or Discrete or Agent) adj2 simulation).ti,ab,kw.
	1823

	11
	4 or 5 or 6 or 7 or 8 or 9 or 10
	864350

	12
	1 or 2 or 3
	302214

	13
	11 and 12
	6400

	14
	limit 13 to yr="2015 -Current"
	6158

	15
	limit 14 to "all adult (19 plus years)"
	2986



Embase (Search date: 2024-01-05)
	#
	Search terms
	Hits

	1
	exp Obesity/
	675344

	2
	exp Overweight/
	675344

	3
	exp "Weight Loss"/
	92854

	4
	exp Economics/
	249866

	5
	economic model*.kw,ab.
	6283

	6
	markov.kw,tw.
	37197

	7
	"economic evaluation".tw.
	16626

	8
	(cost* adj2 (effective* or utilit* or benefit* or analy* or outcome or outcomes)).ab,kw.
	286272

	9
	(decision* adj2 (tree* or analy* or model*)).tw,kw.
	52815

	10
	((Micro or Discrete or Agent) adj2 simulation).tw,kw.
	2594

	11
	1 or 2 or 3
	745992

	12
	4 or 5 or 6 or 7 or 8 or 9 or 10
	590696

	13
	11 and 12
	7555

	14
	limit 13 to yr="2015 -Current"
	7442

	15
	limit 14 to (adult <18 to 64 years> or aged <65+ years>)
	3468



NHS EED (Search date: 2024-01-05)
	#
	Search terms
	Hits

	1
	MeSH DESCRIPTOR Obesity EXPLODE ALL TREES
	1025

	2
	(overweight)
	502

	3
	#1 OR #2
	1224

	4
	* IN NHSEED FROM 1996 TO 2023
	16965

	5
	#3 AND #4
	217



Appendix B: Overview of studies identified in SLR
Study characteristics
Table x
	Study
	Type of analysis
	Model type
	Setting
	Population
	Intervention

	Alsumali, 201836
	CEA
	MSM
	USA
	Adult aged 18 to 74 years with BMI ≥ 35 kg/m2.
	Surgery

	An, 202037
	CEA
	Decision tree and Markov
	South Korea
	Morbidly obese people (BMI>=35) or people with BMI=30-34.9 + obersity-related comorbidities (hypertension, diabetes or hyperlipidemia)
	Surgery

	Assumpcao, 201938
	CUA
	Hybrid Markov decision tree
	Brazil
	Severely obese with diabetes and severely obese without diabetes.
	Surgery

	Avenell, 201839
	CEA
	MSM
	UK
	Severe obesity
	Behavioural, surgery

	Bernard 202140
	CEA
	Markov
	Canada
	Obese
	device

	Borisenko, 2018a41
	CUA
	Markov
	England
	Morbid obesity
	Surgery

	Borisenko, 2018b42
	CEA
	Markov
	Belgium
	Unclear
	Surgery

	Borisenko, 2017a43
	CEA
	Markov
	Denmark
	Moderate (start BMI: 33 kg/m2), severe (start BMI: 37 kg/m2), morbid (start BMI: 42 kg/m2) and super obesity (start BMI: 52 kg/m2)
	Surgery

	Borisenko, 2017b44
	CUA
	Markov
	Germany
	Obese
	Surgery

	Borisenko, 201545
	CUA
	Markov
	Sweden
	Obese
	Surgery

	Chen 201746
	CEA
	Markov
	Germany, France, Italy
And The UK
	Mild, moderate or morbid obesity
	Surgery

	Cohen, 201747
	CEA
	Markov
	Brazil
	Severe obesity
	Surgery

	Daniel 2022
	CEA
	Decision model
	USA (assumed)
	Obese
	Surgery

	Davis, 202048
	 
	 
	Canada
	Obese
	policy

	de 2018
	CEA
	Markov
	Europe?
	Obese
	NR

	Dottino 201649
	CEA
	Modified Markov
	 
	Obese
	device

	Elliot, 202150
	CEA
	Markov
	United Kingdom (assumed)
	Severe obesity
	Surgery

	Galvain 202351
	CEA
	Markov
	Tunisia
	Severe obesity
	Surgery

	Galvain 202152
	CEA
	Markov
	United Kingdom
	Severe obesity
	Surgery

	Gil-Rojas, 201953
	CEA
	Decision tree and Markov
	Colombia
	Severely obese
	Surgery

	Gomez 202354
	CEA
	Markov
	United States
	Obese (assumed)
	Drug

	Gulliford, 201755
	CUA
	Markov
	United Kingdom
	Obese
	Surgery

	Haseeb 2023a
	CEA
	Markov
	US
	Class II obesity
	Drug

	Haseeb 2023b
	CEA
	Markov
	US
	Class II obesity
	Surgery

	Haseeb 2023c
	CEA
	Markov
	US
	Class II obesity
	Drug

	Haseeb 2023d
	CEA
	Markov
	US
	Class II obesity
	Surgery

	Haseeb 2023e
	CEA
	Markov
	US
	Class II obesity
	Drug

	Hu 202256
	CEA
	Decision-tree
	US
	
	Drug

	Jacobsen 2019
	CEA
	--
	UK
	Severe obesity
	Behavioural

	James 201757
	CUA
	Markov
	Australia
	Class II and II obesity
	Surgery

	Jirapinyo 2018
	CEA
	decision analytic state-transition Monte Carlo microsimulation model
	US
	Unclear (BMI of 32.5 kg/m2, probably the mean)
	Surgery

	Jordan 2022
	CUA
	Markov
	Ireland
	Obese
	Surgery

	Kelly, 202358
	CEA
	Markov
	England
	Class II obesity
	Surgery

	Kent, 201959
	CEA
	--
	UK
	Obese
	behavioural

	Kostic 2023a60
	CEA
	state transition Monte Carlo computer simulation model 
	US
	Class II obesity
	Surgery

	Kostic 2023b61
	CEA
	state transition Monte Carlo computer simulation model 
	 
	Class III obesity
	Surgery

	Kostic 2021
	CEA
	microsimulation
	US
	Class III obesity
	Surgery

	Kovacs 202362
	CUA
	Markov (with patient-level simulation)
	Hungary
	Obese
	Surgery

	Lauren 202163
	CUA
	Microsimulation
	US
	Severe obesity
	Surgery

	Lee 2018
	CUA
	State-transition model
	-
	Mildly obese
	Drug

	Lester, 202164
	CUA
	Markov
	Canada
	Severe obesity
	Surgery

	Lin, 201765
	CUA
	Markov
	US
	Obese
	Behavioural

	Lucchese, 201766
	CUA
	Markov
	Italy
	Moderate, severe, morbid, and super obese
	Surgery

	McGlone, 202067
	CUA
	Microsimulation
	UK
	Severe obeseity
	Surgery

	McLawhorn, 201668
	CUA
	Markov
	US
	Morbid obesity
	Surgery

	Mital, 202169
	CUA
	Microsimulation
	US
	Obese class II or III
	Surgery

	Neff 201570
	CUA
	Markov
	US
	Obese
	Surgery

	Nuijten 202171
	CUA
	Decision-analytic model
	Switzerland
	Obese class I and II
	Behavioural, surgery, and drug

	Nuijten 2019
	CUA
	Decision-analytic model
	Canada
	-
	Behavioural, surgery, and drug

	Nuijten, 201872
	CUA
	Decision-analytic model
	US
	Obese class I-III
	Behavioural, surgery, and drug

	Olivieri 2022
	CUA
	Markov
	Canada
	Obese
	Drug and beheavioural

	Ontario Health 202373
	CUA
	Decision treeand MSM
	Canada
	Obese class I
	Surgery

	Paranjape 202174
	CUA
	Markov 
	US
	Obese
	Surgery

	Paw 2019
	CUA
	Markov 
	US
	Morbid obesity
	Surgery

	Pollack 2021
	CUA
	Markov 
	US
	Obese
	Surgery

	Premkumar, 202075
	 
	--
	 
	 
	 

	Retat 2019b
	CUA
	Microsimulation
	UK
	Obese class I-III
	Behavioural

	Retat, 2019a76
	CUA
	Microsimulation
	UK
	Obese
	Behavioural

	Rieder 2016
	CUA
	Markov
	Canada
	Obese
	Surgery

	Rognoni, 202077
	CUA
	Markov
	Italy
	Obese
	Surgery

	Sanchez-Santos, 201878
	CUA
	Markov
	Spain
	Morbid obesity
	Surgery

	Sandhu, 202379
	CUA
	Markov
	UK
	Obese
	Drug

	Saumoy 2023a80
	CUA
	Markov
	-
	Obese
	Surgery

	Saumoy 2023b
	 
	--
	 
	 
	 

	Schmidt 2020
	CUA
	Markov
	Mexico
	Obese
	Drug

	Shah 2023
	CUA
	Markov
	US
	Obese
	Drug

	Sharaiha 2023
	CUA
	Markov
	US
	Obese class I-III
	Surgery

	Tankou 2021
	CUA
	Markov
	US
	Obese
	Surgery

	Valdez-Huerta 2022
	CEA
	Discrete event simulation
	US
	Obese
	Drug

	Viratanapanu, 201981
	CUA and CEA
	Decision tree followed by Markov
	Thailand
	Morbid obesity
	Surgery

	Walter 202282
	CUA and CEA
	Markov
	Austria
	Obese
	Surgery

	Wan, 201983
	CUA
	Markov
	China
	Obese
	Surgery

	Yu, 201784
	CUA
	Markov
	US
	Obese class II-III
	Medical device


CEA=cost-effectiveness analysis; CUA=costutility analysis; MSM=microsimulation model


Types of events simulated
[bookmark: _Ref196938716]Table 4 Summary of outcomes simulated
	Study
	Types of events simulated 

	
	T2D
	CHD
	Stroke
	Myocardial infarction
	CVD death
	Osteoarthritis
	Hyperlipidemia
	Hypertension

	Alsumali, 201836
	No
	No
	No
	No
	No
	No
	No
	No

	An, 202037
	Yes
	Yes
	Yes
	No
	Yes
	No
	Yes
	Yes

	Assumpcao, 201938
	Yes
	No
	No
	Yes
	Yes
	 
	 
	 

	Avenell, 201839
	Yes
	Yes
	Yes
	No
	No
	Yes
	No
	Yes

	Bernard 202140
	No
	No
	No
	No
	No
	No
	No
	No

	Borisenko, 2018a41
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Borisenko, 2018b42
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Borisenko, 2017a43
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Borisenko, 2017b44
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Borisenko, 201545
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Chen 201746
	Yes
	No
	Yes
	Yes
	No
	No
	No
	No

	Cohen, 201747
	Yes
	Unclear
	Yes
	No
	No
	No
	No
	No

	Daniel 2022
	Yes
	No
	No
	No
	No
	No
	No
	No

	Davis, 202048
	Yes
	No
	No
	No
	No
	No
	Yes
	Yes

	de 2018
	Yes
	No
	Yes
	No
	No
	Yes
	No
	No

	Dottino 201649
	No
	No
	No
	No
	No
	 
	No
	No

	Elliot, 202150
	No
	No
	No
	No
	No
	No
	No
	Unclear

	Galvain 202351
	Yes
	No
	Yes
	Yes
	Yes
	No
	Unclear
	Unclear

	Galvain 202152
	Yes
	No
	Yes
	Yes
	 
	 
	Unclear
	Unclear

	Gil-Rojas, 201953
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes
	Yes

	Gomez 202354
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No

	Gulliford, 201755
	Yes
	Yes
	Yes
	No
	No
	No
	 
	No

	Haseeb 2023a
	No
	No
	No
	No
	No
	No
	No
	No

	Haseeb 2023b
	No
	No
	No
	No
	No
	No
	No
	No

	Haseeb 2023c
	No
	No
	No
	No
	No
	No
	No
	No

	Haseeb 2023d
	Yes
	No
	No
	No
	No
	No
	No
	No

	Haseeb 2023e
	No
	No
	No
	No
	No
	No
	No
	No

	Hu 202256
	No
	No
	No
	No
	No
	No
	No
	No

	Jacobsen 2019
	No
	No
	No
	No
	No
	No
	No
	No

	James 201757
	No
	No
	No
	No
	No
	No
	No
	No

	Jirapinyo 2018
	No
	No
	No
	No
	No
	No
	No
	No

	Jordan 2022
	Unclear
	No
	Yes
	Yes
	No
	No
	No
	No

	Kelly, 202358
	Yes
	No
	No
	No
	No
	No
	No
	Yes

	Kent, 201959
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No

	Kostic 2023a60
	Yes
	No
	No
	No
	No
	No
	No
	No

	Kostic 2023b61
	Yes
	No
	No
	No
	No
	No
	No
	No

	Kostic 2021
	Unclear
	No
	No
	No
	No
	No
	No
	No

	Kovacs 202362
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No

	Lauren 202163
	Yes
	No
	No
	No
	No
	No
	No
	No

	Lee 2018
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Lester, 202164
	Yes
	No
	No
	No
	No
	No
	No
	Yes

	Lin, 201765
	Yes
	No
	Yes
	Yes
	Unclear
	No
	No
	No

	Lucchese, 201766
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	No

	McGlone, 202067
	No
	Yes
	Yes
	Yes
	No
	No
	No
	No

	McLawhorn, 201668
	No
	No
	No
	No
	No
	Yes
	No
	No

	Mital, 202169
	No
	No
	No
	No
	No
	No
	No
	No

	Neff 201570
	No
	No
	No
	No
	No
	No
	No
	No

	Nuijten 202171
	Yes
	Yes
	Yes
	Yes
	Unclear
	No
	No
	Yes

	Nuijten 2019
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Nuijten, 201872
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	No
	Yes

	Olivieri 2022
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Ontario Health 202373
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No
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	No
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	Yes
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	Yes
	Yes
	Yes
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	Saumoy 2023a80
	No
	No
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	No
	No
	No
	No
	No

	Saumoy 2023b
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	Schmidt 2020
	Yes
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	Unclear
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	Yes
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	Unclear
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	Unclear
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	Sharaiha 2023
	Yes
	Unclear
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	Unclear
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	Unclear
	Unclear
	Unclear

	Tankou 2021
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Valdez-Huerta 2022
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Viratanapanu, 201981
	Yes
	No
	No
	No
	No
	No
	No
	No

	Walter 202282
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes

	Wan, 201983
	Yes
	No
	No
	No
	No
	No
	No
	No

	Yu, 201784
	Yes
	No
	No
	No
	No
	No
	No
	No


CHD=coronary heart disease; CVD=cardiovascular disease
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PRISMA 2020 flow diagram   for  targeted literature review  for more recent and relevant evidence sources than those used in Lopes 2020                                                                        
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