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Overview

The model used to simulate the health and economic impact of Prevent is a Markov-based microsimulation model where a person’s current characteristics are used to predict health outcomes in the next year, with the process repeated annually for 10 years. In this section we provide an overview of the model; detailed technical documentation of the model data, methods, assumptions, and validation activities are published elsewhere (1). Construction and validation of the model followed recommendations from the International Society for Pharmacoeconomics and Outcomes Research for best practices and transparency (2,3). Validation activities include review by experts in obesity, endocrinology, modeling, and health economics; internal and external quantitative validation; and extensive sensitivity analysis. A schematic of the model is shown in Appendix Figure 1.
For each person in the sample we created a health risk profile that consisted of demographics (age, sex, race), the biometrics listed previously (SBP, DBP, A1c, HDL cholesterol, total cholesterol), current smoking status, and the presence of recognized obesity and diabetes-related comorbidities — hypertension, ischemic heart disease, congestive heart failure, renal failure, diabetic retinopathy, diabetic amputation, history of stroke, history of heart attack, history of 16 types of obesity-related cancers, major depression episodes, obstructive sleep apnea, and osteoarthritis (4,5).
Clinical outcomes

Prediction equations that relate a person’s health risk factors to annual change in disease states came from published clinical and observational studies and are described in detail elsewhere (1). Annual changes in biometrics (SBP, DBP, total cholesterol and HDL cholesterol) were linked to age, sex, and BMI change using published parameters (1,6–8). For patients where diabetes onset was simulated, then prediction equations for change in biometrics and diabetes sequelae came from the United Kingdom Prospective Diabetes Study (UKPDS) Outcomes Model (9). Change in A1c levels was linked to age, change in BMI, and total cholesterol (1). Prediction equations for atrial fibrillation, left ventricular hypertrophy, ischemic heart disease, myocardial infarction, congestive heart failure, stroke, chronic kidney disease, renal failure, peripheral vascular disease, and diabetic retinopathy came from published sources (9–11). The primary data source for equations modeling incidence of cardiovascular disease and adverse events for people without diabetes was the Framingham Heart Study (8,12–14).
Although mortality probability was low among the population analyzed and there were few simulated deaths over 10 years among the sample analyzed, the simulation modeled all-cause and disease-specific annual mortality probability taking into account participant demographics, smoking status, and disease presence (9,15,16). The impact of disease and aging on quality of life reduction reflects published findings for a nationally representative sample of US adults (17,18).
We used each person’s health profile at intervention start (time 0) to simulate disease onset and change in biometrics over the first year (year 1). The simulated health risk profile for year 1 was used to simulate health outcomes for year 2, with the process repeated through year 10. In the absence of Prevent, this scenario represents the natural history of disease. Then, we modified each patient’s risk factors at time 0 to reflect his or her change in body weight and change in A1c (from the Pilot study) (19) achieved through Prevent and re-simulated outcomes reflecting the participants’ new health profile. Differences in simulated population health outcomes between the two scenarios (with and without Prevent) reflect the estimated health impact of weight loss and improved A1c associated with Prevent participation.
For the nonintervention scenario and for the intervention scenario for years 2 through 10, we modeled annual change in body weight associated with aging. The annual change in body weight associated with aging reflects average differences in BMI between subsequent ages using cross-sectional data with adults in the 2007–2008, 2009–2010, and 2011–2012 NHANES files. We estimated the relationship between age and BMI separately for men and women by BMI category (<25.0, 25.0–29.9, or ≥30.0). Validation activities found that this approach produced weight change patterns similar to published findings using longitudinal data (20).
Economic outcomes

The model simulates annual medical expenditures based on demographics (age group, sex, race), the disease states modeled, smoking status, body weight status (normal weight, overweight, obese, and continuous BMI above 30). The prediction equation for medical expenditures came from generalized linear model with gamma distribution and log link, analyzing data from the 2006–2010 files (n = 165,913) of the Medical Expenditure Panel Survey (MEPS). Regression results are published elsewhere (1). Costs associated with cancer (onset year and subsequent year) came from published sources (21,22), as did costs for chronic kidney disease (23), gallstone disease (24), pneumonia (25), pulmonary embolism (26), osteoarthritis (27), gastroesophageal reflux disease (28), chronic back pain (29), and non-alcoholic fatty liver disease (30). These costs reflect annual costs for people living; the higher medical costs associated with end of life are based on published estimates (31).
Prediction equations for other economic outcomes (employment probability, earnings, missed work days, and receipt of Supplemental Security Income for disability) are based on regression analysis of 2008–2010 MEPS data linked with the National Health Interview Survey. Regression specifications and results are published elsewhere (1). The same explanatory variables described above were used, with employed status (n = 25,296) and receipt of Supplemental Security Income for disability (n = 26,080) both estimated by logistic regression and annual missed work days (n = 18,699) for employed adults analyzed using negative binomial regression. Ordinary least squares regression with MEPS data (n = 165,913) modeled household income. Probability of employment and household income was simulated through age 70.

Appendix Figure 1. Model Overview


Note: Connecting lines show the items in the model that are linked. Abbreviations: BMI, body mass index; CHF, congestive heart failure; CKD, chronic kidney disease; DBP, diastolic blood pressure; GERD,  gastroesophageal reflux disease; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; IHD, ischemic heart disease; LVH, left ventricular hypertrophy; NAFLD, nonalcoholic fatty liver disease; OSA, obstructive sleep apnea; PVD, peripheral vascular disease; SBP, systolic blood pressure.
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Appendix 2. Detailed Model Outcomes
Table 1. Simulated Outcomes – Prediabetes Population Total
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	24.4
	38.1
	62.7
	17.6
	26.8
	46.4
	6.8
	11.2
	16.3

	History of ischemic heart disease
	2.0
	3.9
	10.8
	1.8
	3.4
	9.2
	0.2
	0.5
	1.5

	History of myocardial infarction
	1.2
	2.3
	6.8
	1.0
	2.1
	5.7
	0.1
	0.3
	1.1

	History of congestive heart failure
	3.4
	6.4
	16.5
	2.9
	5.4
	14.0
	0.5
	1.0
	2.5

	History of stroke
	2.4
	4.8
	12.7
	2.1
	4.0
	10.7
	0.4
	0.8
	2.0

	Obstructive sleep apnea
	16.4
	28.1
	59.1
	14.9
	25.3
	53.4
	1.6
	2.8
	5.8

	Major depression episodes
	23.5
	40.1
	84.0
	21.4
	36.1
	74.9
	2.1
	4.0
	9.2

	Medical expenditures saving, $ per capita
	22,855
	41,738
	102,004
	21,545
	38,873
	92,787
	1,310
	2,865
	9,217

	QALYs increase per person
	2.12
	3.42
	6.29
	2.17
	3.51
	6.52
	0.05
	0.10
	0.23

	Sick days reduction per person
	12.0
	20.3
	41.8
	11.6
	19.6
	40.2
	0.4
	0.7
	1.6

	Average 3-year program costs, $
	1,942
	3,214
	6,171
	1,881
	3,095
	5,935
	61
	119
	236

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	5.1
	

	Medical expenditures saving, $ per capita
	1,663
	1,663
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Table 2. Simulated Outcomes – Prediabetes Population Starters
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	24.5
	38.2
	62.7
	16.8
	25.8
	45.2
	7.7
	12.4
	17.5

	History of ischemic heart disease
	2.0
	3.9
	10.9
	1.8
	3.5
	9.6
	0.2
	0.5
	1.3

	History of myocardial infarction
	1.2
	2.4
	7.0
	1.1
	2.1
	5.9
	0.1
	0.3
	1.1

	History of congestive heart failure
	3.5
	6.6
	16.9
	3.0
	5.6
	14.4
	0.5
	1.0
	2.5

	History of stroke
	2.5
	4.8
	13.0
	2.1
	4.1
	11.0
	0.4
	0.8
	2.0

	Obstructive sleep apnea
	16.6
	28.4
	60.0
	14.7
	25.4
	53.8
	1.9
	3.1
	6.2

	Major depression episodes
	23.5
	40.1
	84.0
	20.9
	35.5
	73.6
	2.6
	4.6
	10.4

	Medical expenditures saving, $ per capita
	23,329
	42,597
	104,488
	21,796
	39,280
	94,444
	1,533
	3,317
	10,043

	QALYs increase per person
	2.12
	3.41
	6.28
	2.18
	3.52
	6.53
	0.06
	0.11
	0.26

	Sick days reduction per person
	11.9
	20.3
	41.6
	11.5
	19.5
	39.6
	0.4
	0.8
	2.0

	Average 3-year program costs, $
	1,942
	3,208
	6,136
	1,872
	3,075
	5,842
	71
	132
	295

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	5.3
	

	Medical expenditures saving, $ per capita
	1,462
	1,462
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Table 3. Simulated Outcomes – Prediabetes Population Completers
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	24.3
	38.1
	62.5
	16.2
	24.3
	43.0
	8.1
	13.8
	19.5

	History of ischemic heart disease
	2.3
	4.3
	11.9
	1.9
	3.7
	10.2
	0.4
	0.7
	1.7

	History of myocardial infarction
	1.4
	2.6
	7.6
	1.1
	2.2
	6.1
	0.2
	0.5
	1.5

	History of congestive heart failure
	3.7
	6.9
	17.9
	3.1
	5.7
	14.8
	0.6
	1.1
	3.2

	History of stroke
	2.7
	5.2
	13.7
	2.1
	4.1
	11.2
	0.6
	1.1
	2.6

	Obstructive sleep apnea
	17.0
	29.1
	61.2
	15.0
	25.6
	54.3
	2.0
	3.5
	7.0

	Major depression episodes
	22.7
	38.8
	81.5
	20.0
	33.5
	69.8
	2.7
	5.3
	11.8

	Medical expenditures saving, $ per capita
	23,829
	43,643
	107,879
	22,039
	39,749
	95,853
	1,790
	3,893
	12,026

	QALYs increase per person
	2.12
	3.41
	6.25
	2.19
	3.54
	6.54
	0.06
	0.12
	0.28

	Sick days reduction per person
	11.7
	19.9
	40.5
	11.2
	19.1
	38.7
	0.5
	0.8
	1.8

	Average 3-year program costs, $
	1,920
	3,172
	6,021
	1,841
	3,044
	5,733
	79
	128
	287

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	6.0
	

	Medical expenditures saving, $ per capita
	1,232
	1,232
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Table 4. Simulated Outcomes – USPSTF Population Total
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	13.1
	21.1
	37.9
	9.1
	14.2
	26.4
	3.9
	6.9
	11.5

	History of ischemic heart disease
	2.2
	4.1
	11.2
	1.9
	3.7
	10.2
	0.2
	0.4
	1.0

	History of myocardial infarction
	1.3
	2.3
	6.5
	1.1
	2.1
	5.6
	0.2
	0.2
	0.9

	History of congestive heart failure
	3.6
	6.6
	16.5
	3.3
	6.0
	14.8
	0.3
	0.6
	1.7

	History of stroke
	2.5
	4.8
	12.8
	2.2
	4.3
	11.2
	0.3
	0.5
	1.7

	Obstructive sleep apnea
	15.7
	26.8
	57.0
	13.8
	23.7
	50.8
	1.9
	3.1
	6.2

	Major depression episodes
	29.7
	50.0
	103.7
	26.8
	45.4
	92.9
	2.9
	4.6
	10.9

	Medical expenditures saving, $ per capita
	24,773
	44,505
	105,906
	23,377
	41,693
	97,954
	1,396
	2,812
	7,951

	QALYs increase per person
	2.08
	3.37
	6.25
	2.14
	3.47
	6.47
	0.05
	0.1
	0.21

	Sick days reduction per person
	12.3
	20.8
	42.8
	11.8
	20.1
	41.0
	0.5
	0.7
	1.8

	Average 3-year program costs, $
	1,966
	3,237
	6,215
	1,893
	3,125
	5,947
	73
	112
	269

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	5.0
	

	Medical expenditures saving, $ per capita
	2,152
	2,152
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Table 5. Simulated Outcomes – USPSTF Population Starters
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	13.0
	20.9
	37.7
	8.7
	13.5
	25.5
	4.3
	7.3
	12.2

	History of ischemic heart disease
	2.2
	4.2
	11.7
	2.0
	3.8
	10.2
	0.2
	0.5
	1.5

	History of myocardial infarction
	1.2
	2.4
	6.7
	1.1
	2.1
	5.7
	0.1
	0.3
	0.9

	History of congestive heart failure
	3.5
	6.6
	16.8
	3.3
	5.9
	14.7
	0.2
	0.7
	2.1

	History of stroke
	2.6
	5.0
	13.1
	2.3
	4.3
	11.5
	0.3
	0.6
	1.6

	Obstructive sleep apnea
	15.9
	27.1
	57.5
	14.1
	24.1
	51.2
	1.8
	3.0
	6.3

	Major depression episodes
	29.1
	49.2
	102.2
	26.1
	43.9
	90.0
	3.1
	5.3
	12.1

	Medical expenditures saving, $ per capita
	25,077
	45,092
	107,669
	23,508
	42,045
	99,059
	1,569
	3,047
	8,610

	QALYs increase per person
	2.09
	3.38
	6.25
	2.15
	3.48
	6.48
	0.06
	0.11
	0.23

	Sick days reduction per person
	12.2
	20.7
	42.2
	11.7
	19.9
	40.5
	0.5
	0.8
	1.7

	Average 3-year program costs, $
	1,961
	3,222
	6,134
	1,881
	3,096
	5,888
	80
	126
	246

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	5.3
	

	Medical expenditures saving, $ per capita
	1,892
	1,892
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Table 6. Simulated Outcomes – USPSTF Population Completers
	Outcomes
	Without Intervention
	With Intervention
	Intervention Impact

	
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year
	3-year
	5-year
	10-year

	Disease onset (%)

	Diabetes
	11.1
	17.8
	31.6
	7.2
	11.0
	20.3
	3.9
	6.7
	11.3

	History of ischemic heart disease
	2.4
	4.6
	12.3
	2.1
	4.0
	10.7
	0.3
	0.6
	1.6

	History of myocardial infarction
	1.3
	2.5
	7.1
	1.2
	2.2
	5.9
	0.2
	0.3
	1.2

	History of congestive heart failure
	3.9
	7.0
	17.7
	3.4
	6.3
	15.5
	0.5
	0.8
	2.2

	History of stroke
	2.7
	5.1
	13.7
	2.2
	4.3
	11.6
	0.5
	0.8
	2.1

	Obstructive sleep apnea
	16.1
	27.6
	58.6
	14.4
	24.7
	52.5
	1.8
	2.8
	6.0

	Major depression episodes
	27.7
	46.6
	97.1
	24.3
	41.1
	84.3
	3.5
	5.5
	12.8

	Medical expenditures saving, $ per capita
	25,628
	46,221
	111,294
	23,863
	42,785
	101,328
	1,765
	3,436
	9,966

	QALYs increase per person
	2.09
	3.38
	6.23
	2.15
	3.49
	6.49
	0.07
	0.12
	0.26

	Sick days reduction per person
	12.0
	20.3
	41.5
	11.5
	19.4
	39.4
	0.5
	0.9
	2.1

	Average 3-year program costs, $
	1,931
	3,182
	6,061
	1,856
	3,042
	5,752
	75
	140
	309

	Average weight loss, %
	0
	1,300
	NA

	Sample size, n
	0
	6.0
	

	Medical expenditures saving, $ per capita
	1,588
	1,588
	


Abbreviation: NA, not applicable; QALYs, quality-adjusted life years.
Note: Dollar estimates are 2014 US dollar values using 3% discount rate.
Appendix 3. Sensitivity Analysis, USPSTF Population
Appendix Figure 2. Sensitivity analysis on weight loss over 10 years, USPSTF population.

Note: default weight loss for USPSTF population is 5.04%; diabetes onset is based on the absolute number of new diabetes cases in the time period; a tornado diagram shows how key outcomes change relative to default scenario. The red or blue bars above represent the change in model outcome when weight loss increased or decreased by 1 percentage point, respectively.
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